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SECTION 1

INTRODUCTION

BACKGROUND

The cu r ren t ly  proposed Na t iona l  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 func tion ,

the initial development of the network must be oriented to-

wards improving existing services as needed where technolog i-

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. In particular , the need for im—

provernent of the two services is urgent. The current load on

the existing networks is near saturation. Load projections

indicate complete saturat ion 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 e f f ec t iveness  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 , h igh ly
* uti l ized, and represent a significant investment in dollars

and human resources for operation , their improvement must come j
through a smooth evolution of Operat ional  n rocedures  and hard-

ware t r ans i t i ons .  The purpose of this study is to examine U

the operational  and technical f e a s ib i l i t y  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 object ives  for  Ser-

vice B and AFTN , but ulso 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 confiquration of

mult iple 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 internat ional  message t ransfer
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.

1.2.1 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 Circui ts
Supplemental Circuits

Utility B Subnetwork

Air Car r i e r  Ci rcui t s

Military Circuits

Center B Subnetwork

Center B Circuits

Computer B Subnetwork

Computer B Low Speed Circuits

Computer B High Speed Circui ts

The most common circuit in Service B is a 75 bps

(100 wpm) inultipoint 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 faci l i t ies, consists of approximately 36 multipoint

send/receive (S/R) 75 bps circuits interconnected by a 750 bps

high speed c i rcui t, and approximately 4 receive only (R/O)
multipoint 75 bps circuits similarly attached to the 750 bps

high speed circuit to relieve the heavy traffic load on the

SIR circuits . The basic S/R circuits are called Area B cir-

cuits , and the R/O circuits are called supplemental circuits.

1—3



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 c i rcui t s  in the subnet are 75 bps (100 wpm) h a l f — d u p l e x

facilities. They are in tended to provide stat ions which  have

frequent daily insertions of IFR flight plans a di rec t  con-

nection to the responsible NAS 9020 computer.

The Center  B network is p r i m a r i l y  used for  the

exchange of flight movement and control messages normally

related to IFR f l i g h t s  between the areas controlled by the

contermi;ious ARTCCs and the Systems Command Center-Airpor t

Reservations Office (SCC—ARO) . Serving all ARTCC5 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 Ci ty .

The Computer B network is composed of low speed

and medium speed circui ts  interconnect ing 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 t r ans fe r  system, and is not included in

the scope of this study.

1.2.2 Aeronautical Fixed Telecommunications Network

The Aeronaut ical  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 regular , e f f i c i e n t, economi-

cal operation of international air services. The i~FTN 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

fo r  which FAA has responsibi l i t ies  is divided into two major

areas,— the North Atlantic and Caribbean Area and the Alaskan

anti  Pr ic if ic  Area ;  each being quite d i ff e r e n t  in c.1~~a n i z a t. i .r , .

The A l a s k a n  and P a c i f i c  Area is served by mu 1t i~ .1c Sw i t : h in c ’

1—4
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centers at ~chorage and Hon I ulu . tkn:se centers operate

in a fully automatic mode . In 1970, th- .~ FAA replaced t h ~
manual switching centers ~t o.-ia~~-- i with the North Atlantic -

and Caribbean Area by an auLnmat~~- i central distribution

center  at Kansas  C i t y , M i sso u r i .  It s  f u n c t i o n  is the re lay
of i n t e r n a t i o n a l  meteorolo~j t c :~~j ~i n i  a et on au t i c a l  t r a f f i c
which was originally performed at: each of four locations:

New York , Miami , San Juan , a n i  ~~~~~~~~ Th ese fou r  loca tior.s
have now become hubs which  11ui tfl~~~ Kansas City centcr.

The Honolulu  IATSC has been converted to the same type of
hubbed operat ion as Kansas  c it y .

The most  common te rmii1~~ in the AFTN network is

the Model 28 t e l e typewr i t e r .  T hE r e  is a large number of

both point—to—point circuits and mu~~ p o i n t  circuits.

1.2.3 National Airspact I t ~~ L. r1te~ change Network

The NADIN concept is aimed a t  m e e t i n g  the new

and evolving communicat ions  r equ i remen t s  of the upgraded th i rd

generation National Airspace Syst c t  ( N A S ) .  Included w i t h i n

the concept are the da ta  t r a n s f e r  ecrirn-jaication requirements

for central flow control , modernized Flight Service Stations

( F S S ) ,  and those elements of the terminal and enroute NAS

dealing with ground-to-ground transfer of digital data . The

NADIN is a conceptua l framt-w <. for i n l e d L a t e d  data communi-

cations in FAA. The integration is on the levels of p lanning ,

operation , and control. It l e ~ not prec lude dedicated
systems, but rather denotes a c c L e r en t  perspect ive.  A r : atu rai

result of such integration is an awareness of where facilities

may be e f f e c t i v e l y  shared and t h e  ab i l i L y  to i nst i t u t e  such

sharing . This study, w i t l- i~~s L r~~~
) )

~~~d common network
a r c h i t e c t u r e  fo r  AFTN and Sec. o n  .3 , ~~~5 -

~ step toward such

i n t e g r a t i o n .
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1 . C ~- 1 n -) r -
~ [Cc Da~ a Interchange Nc e I - r k

The Ci ,j concept is that of a hi~~b level , packe t
- e l t ch .  r L ~1 ,  ~ n t er n at l  na l  ne twork  ic~r v in g  the e-xchar,ec- of

f l i c h t  r e l a t e d  rn -s sd : ,es uet~~een t hr ~ i 1~e; nor  s t a t e s. S t a n —

da~ ds and R e c c n  moor e~ i’rac tice~ (~~AP P~~) fo r  C ID IN  -i re cu r—

~- n t L y  ne inq ri~~valoped by the A ut  ma t ic 1)ata I n t e r cn ar .ce

y atc-rn~ ‘A DIS) anel of ICAC . 51
~~ior message ~~w t ch in a  c o n —

£ r. h~ t~~fj 1N are envisioned .~s J~1: t i r I u~~nq a lso as the-

C I D I N  c c s ;~~crs  cnci a e d  Pc ftc :o ted t; . The intcrrola—

tion ef the sy s : c r r s ana concepts de.~cribed above is shown in

Ti qure  1~-i . As trort~ aved in the ririare, toe result of this

stacy 13 3 ro;)Csed network architect-r e tha i :  sa t ls f ~~es the

basic ob icctives for ~ccprovinq AF1~ r and :~ :r ice B, and w ill

serve well as a kernel for f u r th e r  N A D I N  • l : ’ -  i~ - nm r i t .  The
architecture is referred to in this ro~ior t as N A h i h .

1.3 STUDY STRUCTURE

The goal for this study has ~~e . ~ deve lop  a n o t -

work arelitecture to natisfy FAA messay - - transfer requir~ n en t s

(throughput , delay , reliability , economics) as defined by pro-
jected Service B and AFTN demands. Pursu o- of the goal was

guided by the objectives of:

Continuous operation transitions ,

Consistency with the NADIN concepts ,

Economic evolution from the exist jyc system

to eventual system ,

Consistency with CIDIN.

m e stricture of the study was first to determine the opera-

t i n i l  r r ~~u ir em en t s  fo r  the AFTN and Service B ne tworks , then

appraise the feasibility of satisfying these requirements with

a r o n r n n f l  o~~t we r h  architecture , and finally to develop a recom-

mend ed architecture .
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In Section 2 of this report , the ope ra t-~ona1 re-

q u i r e m e n t s  are briefly reviewed , and in Section 3 a brief dis-

cuss ion  is given of the feasibility considerations. In Sec—-

t ions  4 , 5 , and 6 the process of developing a NADIN erch itec-

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

2.1 PRESENT SITUATION

The design and eng ineering of a telecommunicat ions
network is dependent upon the form of the information to be

carr ied , the des i red  d i s t r i b u t i o n  of the i n f o r m a t i o n, and the

desired speed of i n f o r m a t i o n  t r a n s f e r.  The AFTN and Service

B network (except for the Computer B subnetwork not considered

in this study) share many fundamental operational requirements .

These common requi rements  are l isted below :

a. 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 simultaneous action.

c. 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.

f. The traffic includes a proportion of messages

in pl a i n  l anguage  in which e r rors  are s e lf — e v i d e n t .

g. Almost all of the textual information conveyed

is manually interpreted by the recipient; presentation

is therefore geared to slow speed printers .

2—1
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These r e q u i r e m e n t s  have been met by the AFTN and

Service B networks whiot: share the following network charac—

teristics:

a. They are common user networks.

b. Access to the networks is random and

traffic loads therefore vary widely with time .

c. They are message relay networks in which

the addressing instructions are contained within

the message.

d. 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

Internationci Telegraph Alphabet No. 2 (Baudot).

-: f. There is no widespread employment of

error detection and correction in either network.

The fundamenta l similarities of the networks as

h scribed above appear to make integration quite attractive.

~icwcver , the networks also have significant differences. These

are listed below :

a. 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.

c. The message formats used in the two networks

are different.

2-2
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d. The geographical dispersion of AFTN terminats

includes the Pacific , Alaska , and Caribbean reqioi1s , as

well as the conterminous United States (CONUS), whereas

Service B t e rmina l s  are all located within the CPNUS .

e. The message format and the device control pro-

cedures for the two networks are different.

f. Although both networks use Model 28 teletype

t e rmina ls, the terminals are currently configured
for different operat ing procedures and consequent ly

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.

2.2 PROJECTED REQUIREMENTS

There is reason to believe that there exists con-

siderable demand for additional access to a common user sys—

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

2—3
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~o tw()rfs t x l :i b i t ed  a s t ab i l i zed  g rowth  curve . When computer

-m ssage switches were introduced in these networks (usually

for economic reasons), they were sized based on handling exis-

ting traff ic wi th a modest growth capability de termined by
exis ting trends. However , in most of these systems , the

traffic took a step-function increase considerably above exis-

~in r levels. This happened because the improved speed of de-

livery offered by the network stimulated demand . This pheno-

~encn has been readily observed following other well—known

service improvements , e.g., overseas radio-telephone and ca-
bles , direct distance dialing , and communications sa telli tes.

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 technolog ical

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 existinc 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.

2—4
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We determined to our satisfaction t- hat the rela-

tive growth predicted for traffic by station is a good basis

for s y s tem  planning . However , we offer an almost c e r t t i n  dic-

tum for sys tems 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 s t ra tegy for large scale common
user sys tems 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 traff ic flows at a
message—by-message level is unnecessary . If suca 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 -ible to survive the uncertainties

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

2 . 3  OPN RATiONAL OBJECTIVES

It is clear that the FAA has a continuing require-

ment for a generalized common-user record communications faci-

lity whose basic up~~rct~ cnil requirements stem from current

needs. A modernized system to meet those needs must have the

capabilit y’ to grow in an economical fashion and to utilize

technological improvements th~~t lower costs and improve ser-

vice in an acceptable cost-beneficial manner.

The 1~ ng term objective is a common user network
in which opera ar procedures, message formats , and priDrities

are c o n s i s t e n t  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

2—5
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onl y 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—

- V u U , tile short term objective must include support of the 
-

• ‘xi stinq 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 NAD IN concept,

Operational consistency with CIDIN guide-
lines where appropriate ,

Economic evolution from the existing
system to the eventual system.
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SECTI OM 3

FEASIBILY1 APP -:hir-AL -

3.1 TECHNICAL FEASIBILITY

Two major questions of teclii -ilcal feasibility were

considered:

a. Is the technology nv ai]able for a n t - a r k  ar—

chitecture that will achieve cost—effective improve-

ment of Service B and AP ’L h  t h r o uj h the use of common fa-
cilities?

b. 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 a l low 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 requirements of improving

the existing services; the second question deals with a broad

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 sonwor to both questions

is affirmative .

The rapid advanc- s in t he  technology of multi-

plexers , concentrators , and me sscqc 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 satisfyi~~j similar requirements for

other organizations are currently in existence. The opera—

tional transparency of multiploxc-rs guarantees , at least , the

3—i
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f e a s i b i l it y  of r educ ing  c U r r nt  o p - ra t i n g  costs  h i  s i l a r i n g

leas h lines. The sof ~~w a r c  flexibility of conc ent ra tors and
message switchino computi-rs cakes it feasible for t i c- existing

sen rces , with their incompatib le differences , to s h a r e thes~
facili tie s c r i - U  t t i n :  possibly greeter cost reductions . It

is , in f - c t , the f i t  xibility and eff ic ienc y of the so f twa re
approach to concentrators an d  message switching computers

that peninits an affirmative answer to t I e second question.

In a p r- c-v~ ous study, reported in DOT / FA W A27 O 7 ,

Nerwork Analysis Cor ner-ition and Telcom presented a netwe~~ic

architecture for modernizing Service B that satisfied the ba-

sic objectives of cost effective imnrover-~ n t  in service, and

flexibility in vertical growth to satisfy arowing service

demands and hor i zontal grow th to satisf y 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  i t  can  support  and the po tent ial  of

the concentrators servicing the operationally incompat ible

terminal sets. The referenced study indicated more than

enough potential throughput capac ity, while the sof tware
flexibility of the concentrators ensured feasibility of serving

the distinc t terminal sets. Thus , th is  a rch itec ture r ep re sents

one feasible alternative for satisfying the broad objec t ves

raised in the second question of feasibility.

With the feasibility of sat isf ying the overall ob-
jectives for integrating AFTN and Service B with available

technology identified as affirmative, it remains to deceit- p the

most approporate architecture for the integrated network.

The remaining sectirns of this report present this development.

3—2
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3.2 ADMINISTRATIVE FEASIBILITY

The netw rk - i i c l it e e t u r e  presented in t h i s  report

for the integration of AFTN and Service B has the po t en t i a l  -

for evolving to satisf y the long r ange 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

consis tency and in tegra ted  p l a n n i n g , operat ion , and c o n t r o l .

3 — 3 / 3 . 4
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SECTION 4

ARCHITECTURE ALTERNATIVES AND EVALUATION CRITERIA -

4.1  EVALUATION CRITERIA

There are several network a rch i t ec tu res  tha t  may

be considered for NADIN I. The se lec t ion  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 .

4.1.1 Performance

For a network such as envisioned here, “perfor-

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

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

4—1
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is us- is ily characterized by the avera’o- tra~ic-rsal t ime as a

func tion of the throughput.
In gener~ l, network design is orientee t ow , i r ~~s -

achieving an “acceptable pertor roi -e ” specified is an avera’~e

t r a v e r s a l  t ime for a given t h r o u g hp u t .  !ew -cn- r , in b i W I ~~,
many of the physica i aspects of tht- netwo r~ affecting th~ ~er-

formance are fixed (i.e., Model 28 t e l e t y p e s ) .  W i t h e ~~t know-

ing the impact of t h i s  l i m i t a t i o n  it is ver” difficult and

even daneerous to specify a priori a required perform ance 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 object~ ves

and good engineering. It is this course which has been taken

here . Fo1~ owing this approach , the designs considered have

been evalua ned on the basis of their basic throughput cans-

city , while not exceeding traversal delays achieveble by good

engineering,but subjec t to existing equipment constraints. In

all cases considered , the alternative designs were calculated

to have acceptable delays in terms of the operational require-

mens-s outlined previously.

4.1.2 Cost

The cost of the network desians may be viewed as

composed of three basic components:

Leased lines cost ,

T r a n s m i s s i o n  equipment cost ,

I n t e l l i g e n c e  cost.

The leased lines cost is simply the monthly ch~ r~ t- for use of

the teletype and voice grade lines employed in a design . ihe
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transmission equipment cost includes the rnulti plexers dnd mo-
dems required to realize the designs. Tbt intelligence cost

includes the cost of concentrators and mes -;age switching com-

puters. The concentrators are included in this component ra~
ther than as part of the transmission equipment because of the j
direc t impac t they have on the charac teristics of the central

switch required . The intelligence cost includes both hard-

ware and software cost based on turnkey implementation . I
In all cases , the r e s u l t a n t  cost  f o r  a des ign  is

expressed as a monthly charge based on a 10—year amortization

schedule at 10%. This permits an easy comparison of the al-

ternatives. -i

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 f u n d a m e n t a l l y  d i s t inct 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 Iare 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 ,

WTD - The worst-case probability that a ter-

minal will be disconnected from a switch.

4-3 1
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The FNP measures t h e  general ru~~~ab ility of tue

network , whereas the P I P  measures  the  worst—case m l  iat~ilit y

that s iav  result from the design. The FPJC measures t h e  relia-

bili ty in t e rm s  of the users ’ capability to c o m m u n i c a te  with an

intelligent center , at which network starus messages area other

gerrer il administrative messages are generated aJ received .

These t hree 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 .

4.1.4 Growth  
-

The term , grow th, is int erpreted as having both a
ver tical and a horizontal component in the network . Verti-

cal grow th 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 horizonta l

~r ow t h  potential is not easily measured and consequently is
appraised in more qualitative terms .

4.1.5 Consistency With Objectives For NADIN

The network designs are also appraised in terms
of their consistency with the basic objectives of the N~kD1h

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—ef~~ective manner .

4.2 CONCLUSIONS OF PREVIOUS STUDY AND THEIR VALIDITY

A previous study reforrrh to above was conducted

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

viable technical development strateay for modernizm n 1  her’: ice B”

(DOT/FAwA2707). Several conclusions were drawi in the study

4—4

- .,, 
~~~~~~ ~~

•-
~~~~~~

- i~~ “ . i-~ 
- . • — - - -- I — • .-



which bear directly on the subjec t of this study . In this

section, these conclusions are reviewed and the i r  v a l i d i ty  w i t h

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

4 . 2 . 1 Number of Swi tch ing  Centers  
-

The previous study examined several different ar-

chitectures for a modernized Service B network , e v a l u a t ing

each in terms of the basic criteria presented above. The num-

ber of switching centers considered for the new network was

varied f rom one to ten.  It was found tha t  n ei t h er  l ine  cost

nor r e l i a b i l i t y  was s i g n i f i c a n t ly a f f e c t e d  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 a rch i tec ture  was based on two geographical ly

dispersed centers .

For the early phases of the portion of NADIN located

in the CONU S , th i s  conclusion appears quite val id  also . The

number of AFTN terminals in this reg ion 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.

4.2.2 Line Mix -

The previous stud y examined three possible l ine

con f igu ra t i ons: al l  teletype, all voice grade , and a m i x t u r e

based on t r a f f i c. The last was found favorab le  in a l l  respects.

The va l id i ty  of this conclusion for NADIN appears clear and
is the only a l t e rna t ive  considered in the design stud y .

4.2.3 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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-:un~ ertrarOr s gave designs of basicall y the same cos t as
multiplexers , but achieved considerably better growth poten-

tial  w i t h  much less s e n s i t i v i t y  to poss ib le  chance in ~ r a f f i c

c h a r a c t e ris t i c s .  This  conc lus ion  has been reviewed in this

s Lu cly and found to be quite valid for NADIN . It is reinforced

by the objective of NADIN to establish a kernel for further

development - is a common user network. The utilization of

concentrators pro’; ides a cost—effective means of evolving

an i nc rea s ing  capaci ty  and broadening  of scope . The use of

multi plexers is much Je- ;s 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

t h e  l i n k s .  Th i s  conclus ion r e i n f o r c e s  the basic conclus ion

f a v o r i n g  designs w i t h  c o n c e n t r a t i o n  devices over designs

w i t h o u t  concen t ra t ion  devices.

4 .  3 ARCHITECTURE VARIABLES

The resul t s  of the previous  s tudy  give cons iderab le

j u s t i f i c a t i o n  for  an a r c h i t e c t u r a l  s t r a t egy  of two m a j o r

soitClLrAaj centers in the CONUS and the use of concentrators.

Hcwever , it left for subsequent development a network dosiun
for  the extended system which v e r i f i e s  these conclus ions  and

which  also appropr ia te ly  answers several  add i t iona l  quest ions,

nc I ud i ng:

Where should the swi tch ing  centers  be located?

Where should the concentrators be located ?
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Should there be swi tch ing  cc-x ite rs , c o n ce nt r a t o r s ,

- or multiplexers in the Alaska and Hawaii r e ;ions?

What  is the cost of a ne twork resulting from the -

integr ation of Service B and AFT N?

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

5.1 SYSTEM CONSTRAINTS

The ini tial phase of the NADIN is to be a common

user network serving the FAA data communication requireme nt s
currently being served by the Service B and AFTN networks.
Because these ex i s t ing  networks  are well  es tabl i shed, 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 mus t be done as
efficiently as possible. This not only must encompass a smooth

evolution of operational procedures and hardware transitions ,

but  must  a lso be done in a manner cons is tent  w i t h  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  s tudy , several cons t ra in t s  for  NADIN designs  have been

developed on the basis of the above guiding princ iple 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 terminal s on multidrop

circuits.

New terminals operationally consisten t w i t h

ANSI standards and with each other will re-

place the older terminals as either traffic

or operational considerations require

3 — 1
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The const  r a in t :s  have b -cen detent-m ed by d iv i  dine

t h e  terminals in to  ca t ego r i e s, such tha t all  t e r r s rn a l s  in  a ny

pa rticular category will be compatible to the- point of being

able to be placed on a common multiIroo circuit , but terminals

jr d if t r rc -nt categories cannot share a circuit. The bas i s  fo r

~ ivisiom~ includes physical charac teristics of the terminals ,

compatibility of operating procedures , and administrative poi-

id es.

NADIN is to- prov ide  an in tegra ted  telecommunica t ions

Sory~~~~~ to lo c a t i o n s  distributed in four major regions:

C ONU S

Alaska

Pacific

Car ibbean

In order to use existing equipment within each region , twelve

cateqories of rerminals have been defined that permit design

based on existing facilities and operational restrictions.

The development of these categories is detailed in Ap e endi:- :

Pi . For locations r equ i r ing  te rmina ls  other than  those c u r r e n ti - ’

available , a medium speed , ANSI—consistent terminal is assumed .

The twelve basic categories are surnn-arized he ow:

C ON U S

1. All Area B, Supplementa l B, and Center B
locations.

2. All Military A i r  Base Operations Offices

(BASOPs) currently served by Service B circuits.

3. All airline locations currently served by
Service B circuits.

4. All AFTN terminals .

3-2
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- KA

~~. A la s t~e outj y inq loca t ion. : .

6 - A: chon~ ~e n o n — c i r i iso ya  - - i o n s .

7 . A n c ho r i c e  a i r l i ne  I a c t io r~s .

O~~C I F I C

8. I iaw r~~;a f l  I s l a n d  n o n — o mr l i n e  l o ca t i o n s .

9. Honolulu airlin e locations.

10. Pacific outlying locations .

C 3~<I BBEAN

11. Carihb~ an non—airline locations.

12 .  C a r i b b e a n  a i r l i n e  loca t ions .

A Usting of all locations in each category is contained l i i

A aona~~ 1-1.

2 TOPOLOGICAL CoNSTRAINT:~
As part of the NADIN der-ign process various topo—

loqies of circuits interconnecting terminall-, concen tra tion

f a c i l i t i e s  (CFs), and swi t- -hing centers (SCs) are evolced .

There are many constraints on the topolog ies resulcinq

from traffic , performance , and reliabili ty considerations.

cowever , t h e r e  are also many practical considerations on

feasibility of obtaining circuits that also lead to con-

straints on the topologies. Furthermore , there are prdcnic~~
cons id -- ra ti an s which also simplof y the topologrc;ei desjin p~~ r--

n e s s .  In  th is  section , these varmo a:,  p r C ct l c e  ~. ons~ ee ra ~~~a i r

ant ~ ~he~~r impact  on the  N A D I N  rc c log.  e sign  m :. ‘- r  ~~~~~

cussed .
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Loc~~l_Constraints

There  ar  - ;evnra i  s i t u a t i o n s  i i i  ~ hi,:h f -  rminals

in t b  imme .d  ~te p r o x im i t y  of one a n ot h er  ar e  c o n n e c ted . These

si tuitions are easile: divided into two c tecories: airlmne

facilities at ~irpo rts - nd te-rminals collocated with a Con

c en t r a t  i - n  F a c i l i t y  (Cl’ ) . The c i r cu i t  l ayou t  fo r  sucu  t e r n i —

rid s is pr imar ily dictated be; local cost co iei id i- r -itions and

the  cas t  of c orr ect i n g  c ir - :u it s  to a CF.

5.2.2 Intraregion Constraints

In order to determine topological constraints

based on ~ractical considerations of obtaining circuits , it is

anrirosniate to examine each of the four NADIN regions indi-

viduall y. 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  wi l l  be called the ARTC C cons tr a i n t op-

tion.

ARTCC Constraint Option

1. 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 cominunica-

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.

5.3 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

A
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not rer-ic it from tailoring the design to detailed knowledge

of traffic ; flows at a message—by—message level. Any netwo rk
desiun- - -i on such a basis will never h~ able to survive the

uncertainties of actui l 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

t he  result ing designs were carefully appraised for sensitiv ity

to traffic variations and growth .

An appropriate traffic portrait for use in design-

ing networks such as NADIN includes considerations of message
length ibestribution, distribution of message arrivals at ter-

m i n a l s , 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 wi th respect to changes
in these charac teristics, which will occur as the system evol-
ves. However , it is necessary to formulatc- a reasonable , con-

serva tive portrait of the traf f ic charac teris tic s 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 .

5.3.1 Message Length Distribution

Termina l s  in the NADIN are expected to handle sev-
eral different categories of messages , including all those cur-

rently handled by Service B and AFTN terminals , and possibly

some new categories.

The message length distributions for the twe dif-

ferent existing si-stems are different , due to dif ferences in
both format and content. However , current administrat ive pol—

icies are directed at making the basic message formats consis—

tent. Furthermore , althouqh initially the existing terminals

4
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wil l se rv e prima r ily in their present roles , the evolving inte-

gra tion o f t i  - network will lead to terminals serving more gen-

eral functions. With these considerations in mind and with ar

obj ec tive - of developing a general and conservative portrait , it

appears that a common message length distribution for all ter-

minals is a~ nropiiate . 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.

5.3.2 Message Arrival Distribution

The arrival pattern of messages to either AFTN or

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 arriva l

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 t h e

server , the arrival distribution to the server c a n  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 pattern of messages

to the terminals in NADIN was modeled as Poisson.

5.3.3 Message Arrival Rates

A primary requirement for the NADIN network is 5ac-

ceptable response time under the traffic loads anticipated for

the next ten years. To appraise the performance of network

5-7 N
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d e s ign s  i n  meeting this require-Iner t, it is f irst necessary to
def i ne and q ua n t i f y the “acceptable response time” and “an ti-
cipated traffic loads” . 

-

W i t h  a g i v e n  message l e n g t h  d i s t r i b u t i o n  and arri-

val r a ttern , the load may be defined as the average arrival

eate of messages from outside the network to the entry points

of the network

The NAD IN , like most networks , w i l l  ex per i ence

periods of peak activity. The acceptability of a network de-

sign will be based in ;art on its performance during this peak

period . In NADIN , this period is appropriately selected as

an hour card the traffic load will then be expressed in terms

of the “busy  hour . The data describing traffic levels in the

exis ting networks is usually expressed in charactern 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 p r o j e c t i o n s, data

available for the existing systems has been extensively U sed .

The development of the load projections is detailed in Appen-

dix C , and individual termina l projections are given in the

list in Appendix H.

5 .3 . 4 Message Routing
Messages originating at a terminal may be destined

to:

1. A terminal on the same circuit ,

2. 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 be-twe ’~n

CF’s and SC ’ s and be tween SC ’s, and the constr ai nts for the -

number of t e r m i n a l s  on a c i r cu i t .  However , a c c u r a te  i n f o r m a t i o n
on the r o u t i n g  of the traffic is we-rn hard to obtain , as no ted
in MITRE Report MTR-1e73 , and furthermore , should be conside-re-d

as subject to change . Thus , for appropriate sizing of the

channels and development of circuit constraints , conservative

assumptions have been made coupled with sensi tivity analysis .

These assumptions and the related analysis are the sub ject of

Appendix D.

5.4 PERFORMANC E-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 im~ csr-o

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 ,

A < 20.0 - .2M KCHR/HR

For polled circuits using new 1200 bps

ANSI—consistent terminals ,

x < 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 .

--4
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Use of ICAcy—re cenw~~ideJ r ocedures f r  d a t a  in te r -
change has been assumed for circuits bet wee-n c o n c e n t r a t o r s

~~~~ swit : - :hos t a d  use of the il l C JjJ[t~ -roe hires tic s been

a s s - m e d  bet w - en sw fnhes . The 1~~-r :or1ra ’ ce implications of

t hose  a s s u m pt i o n s  h av e  been c ar : a ln ;o a i  in Appendix D, and care
fou-e i n it - sati sfact o r . - .

5.5 FFPIAB ILYFY CONSIDERATIONS

Severa l asr-ects of reliability have already been
d i s cas s ed. A detailed d in cuss i on and analysis is presented in
Appendix E. The conclusions drawn from the analysis are:

The use of concentrators in the network design

improves rel iability significantly.

Concen tra tors which perform local switching i~-
rn~- -~’ reliability insignificantly as compared

t o  concen~~r ,t cars which do not perform switching .

A line cons traint of five terminals per line ensures

-t b- 1 e s- rvcce to all users with insignificant

cost impact when concentrators are used.

Reliability can be significantly improved with lit-

tl u increase in cost by using a multiplexing dial— up redun-

dancy schcr .a .

5.6 COST CONSIDERATIONS

The E- gui pmer t costs used in this study are detailed
in Append ix 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 i n —

creased by 2O~ to reflect the fac t that direc t routing is not

always available and to account for IXC charoes.
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TYPE PURCHASE AM (J} 4T ~~Z k D  COST
(+i -~ me.ntenarice)

($ ) (S/mouth) -

MODEMS

<1200 bps $ 500 $ 13.33

1800 750 20 .00
2400 1,780 47.4-5

3600 3 ,620 96.51

4800  4 ,800 127 .97

7 2 0 0  7 ,200  - 191 .95

9600 9,750 259.94

M U L T I P L E X E R S

FDM $ 400/channel $ 10.67/channel

TDM 2,500/station + 67.00/station +

150/channel 4.00/channel

CONCENTRATORS

$24 , 000 + $350/low speed $ 640.00 + $ 9 . 3 3 /
line low speed line

SWITCHES

CATEGORY 1
for  network wi thou t
concentrators $700 ,000 $ 18 ,662

CATEGORY 2
for network with
concentrators 400,000 10 ,6 6 4

CATEGORY 3
for small subnet
(A l a s k a  or Hono lu lu)  360 , 000 9 , 598

TABLE 5—1 : SUMMARY OF EQUIPMENT COST
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Lin e L e St

T ei et y p e  $ . 25/m i i e

t’oice ~ r ade-  $.50/mile

T -r m i n a l  Connect  Cos t
$ 4 0 / t e r m i na l

A nasic t -iri f f acquired from RCA Globecom Alaska for Alaska

c i r c u i t s  is g iven below :

• 45 bps half-duplex B A . M . - 5 P . M .  $. lO/hour/mile/month
5 P. M . — 8 A.fl. $.04/hour/mile/month

2 5 %  a d d i t i on a l  for  75 bps half—duplex service

25% additional (over the 75 bps half—dup lex) for
75 bps full-duplex service

- 200 0 type channel — lalf dup lex

0 — 250 miles $3.50/mile/month

250 — 500 miles $3.15/mile/month

500 — ai l es  $ 2 . 8 0/m i l e/m o n t h

25% additiona l for a 3000 type half-d up lex channel

25 a- additional (over the 3000 type half—dup lex) for
3000 type full-duplex service

This tariff yields the following cost structure for full—dup lex

full—period leased circuits :

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 addi t ion, connection of Anchorage to CONUS has been priced

by RCA Globecom Alaska as follows :

5— 1 2
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A n c h o r age  - Seattle Line Cost

Voice Grade $3 ,100/month

Anchorage — Montana

Voice Grade $3 ,594/month
TTY $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 Secti- i. 6

following.

5-l3-’5-14
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SECT ION 6

IA-ALl -‘iT I Oh 01 Nh IWORL ARCHITECTURES

6. 1 IN iP-  )l)iidII0N

f The urpose of th is  sect ion is to outline the process

which has led to a recommended architecture for NADI~. aru to

present the recommended architecture . The process of netwc-rk

design , although immensely aided b y computer analysis , is still

4 

a human task . The analyst must develop reasoricci lo cor.snrsints

for the network designs and conceive furtdar~en tall y se-wid stra-

! 
tegies for a network architecture . The previous sections have

- 
- 

discussed the design constraints and architectural strategy.

~~~~
_ Th is sec tion 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 ,

daribbean , 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 a f f e c t e d  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 reg ions a ques tion of benefit rather than a matter
of necessity .

The Alaska , Pacific , anC Caribbean regions have clear
geographical justification for centralized topologies , w i t h

centers at Anchorage , Honolulu , and San Juan , respective ly.
Four basic architectural alternatives are then available :

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

b. Placing a concentrator at the central locat~ on
and doing all  swi t ch ing  e lsewhere ,

S F — i
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c .  ~ieeing cc~~ce trcat .r a’ the -en ’ r al lu -nati on
and  —~oi .g a. 1 switching re iu inirl o

~~: i i t n O i~ aq ~ l~~e-~~her , hi t ~L h r
S W 1 E O t

~ ~~~
- l oc a l l y, or

i i .  P1. c c i n q  a c c w i t c l i  at t h e  c en t r a l  l c c c a t i o :

th e sita-atior . for the CFN-JcS is coasiderab ly more

onmn lox. lT veo W I  tO a nusic a r ch i t e  c tur e  establisbe - : of two s wit
in - - ‘r -~~~ rn oh the u -a: -of C - m e -  tranors a T~. RTCC 

‘ s sul ufant i~ 1

on; of to~ o1uqv r e m a in  . ± n  tile next n o- t ion , t h ese

a rc- rose I vu.I o;,d t h e  following SCC ti Of l  considers

the jiti~~~ati ~-:s for the other rogi-ms. the last section giveS

the combined r- :u~~tant network design .

6.2 CONLS

The - - - .alucitior. of the architectural wart b i a s  tn be

-near ~~
- e n d  f-e n CONUS is c a in - n o t  entire ly depenii -an t on Are a B

considerations. This is because of the r e l a t i v e l y  large o ar;—

nor of Area B terminals , their qec-crap h i c  dispersion , a i d tee

little impact no the topology of the otrier -n c m aonenit  s of too

Service 0 and AFi7-~ netwonas t h a t  result from the variations

conside red. Conseg u c it l y ,  in the discuss~~on which  follocs ,

consideration will be restricted to Area B.

€- 2 .1  Baselune System

The baseline desicin consiHe-rc-d for CON’JS is composed

of two switching centers geographically separated , but  in the

immediate vicinity of Kansas City , and 20 concen tra tors , one

at each ARTCC , connected in a point-tc--- aoint manner with the

s w i t ch  L u g  center : . For ourposes of tc-~~e-I acical a na l ys i s , the

two cente rs ar-a considered as one 1 cutul at ~~a ns a a  2
~~t v .

The basic  de si gn f o r 1975 t raf f ic is sFc own in Figure 6_ 1 *and
its structure and cost are detailed in Table 6-1. Kansas City

was selected for the centers becaus e o f its proximity t : -  the

geographic center of the country . For comparison pc i rpc ’ne s , a

~E- Lc ju r e s  6— i throucjh 6— 9 and Finures 6— li l:r uah 6—12 ~ro oaks
which may be found cit the end of thi s Section 

-
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design composed of Kansas City located switches but no corccen-
trators is shown in Figure 6-2 ; its structure and cost are-

detailed in Table 6-2. Both designs were sub j ect to the same

re l iabi l ity and performance constraints. A comparison of the

two desi gns indicates that even at 1975 traffic loads with a

concentrator at every ARTCC , the use o f concent rators is sti l l

cost effective . A study is currently in progress to determine
the most e f f i c i e n t  manner to evo lve N P~DIN imp lementation , which

may result in procedures to use few er con centrators 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.

6.2.2 ARTCC Constraint

For administrative purposes , it appears attractive

for Area B circuits to be entirely contained wi th in  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 basel ine desi gn.

It is assume d that this minor increase in cost is warranted
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—

ccc-ntrators . In 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 insuf ficient to

6 — 3
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boot concern if traffic increases or new reguirements cannot

be met .~ithout a point-to—point configuration . Wi thin the

1984 time f rame , the projected requirements can all be satis- -

fied ~ ith such a staged configuration . Because of the multi-

p ]ecxing redundancy and dial-up backup provided for all concen-

trators , the reliability of the two des igns is vir tually
equai . The stag ing of the concentrators will introduce a new

delay componen t , but because of the line speeds specified for
the concentrator interconnect circuits , the addi tional delay
w i l l  be neg li gible.

6.2.4 Switching Center Locations

In addition to the baseline switching center loca-

tion of Kansas Ci ty, two other alternatives were examined :
Kansas City and Wash ington , 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 cos t differences are insignificant , differing
only by about .5%. Thus , all of the three options are consid-

ered equally attractive .

6.2.5 Growth Cost Analysis

In order to evaluate the network architecture evolved

above in terms of growth , desi gns 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 ,

and 6—9. The traffic levels on which the preceding design cons i-

derations are based follow the flight plan volumes predicted in

6—4
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the DOT aviation forecast of 1973. ihi se -ire shown in F i gu r e

6—10 , along w ith a plot of tb. - rcr iect d cost of the new net-

work . The cost is normalized with respe- -t ta 1975 cost and

f l i g h t  p l a n  volume . cl~~t is actually plotted is the fli ght

plan volume that would be processed if the 1975 ratio of f 1: ht

plans to system costs remained cerat at. hs the  plot  - a s

the r - t c -  of i ncr e a s :-  in the p r oj e c t L i load , fo r  -~.-L i c h  the- sys tem
is designed , is c o n si J i - r a b l y  g r e a;e r  than  t a -  r t e  fo r  the  1975
unit-cost-related load , indic rt i n n  an inc -easin 

~
ly cost-effec-

tive network. The costs include irc r ec~~os in concentrator and

switching computer core to meet projected incr~ .s c-s in stoiage

requirements. The incremental costs are amortiseji c t 10% over

the time remaining in the 1984 time frame of the c-- :uipment.

6 . 3  ALASKA , PAC IFIC , AND CARI BBEAN R E G I O N S

The question to be resolved is whether multip lexer s,

c o n c e n t r a t o r s, or s w i t c h e s  should be used at th e  c e n t r a l  loca t ions

in the Pacific , Al aska , and C a r i b b e a n  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

p e r f o r m  local s w i t c h i n g  o f f e r  a c o s t - e f f e c t i v e  means  of pro-

viding high reliabilility service within a region. If the

answer is yes , the requ irement for reliable local opera tion
wi th in  the reg ions provided by a local minor switch with its

hi gh cos ts ($ 350,000 , or $9,600/month) must be weighed against
the lesser cos ts and reliabili ty obtained from a concentrator
with remoted switching in C NLJS. For the same reasons a con-

centrator is recoi-mended at ARTCC ’s, it is recommended for

the Caribbean region. Therefore , if local switchinq can be

done wi thout journaling, then swi tching concentrators should be
used . If local swi tching requ ires jo urnaling , non-switchirq

concentrators are favored with remoted switching in CONUS unless

(- -5
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local re l i a b i l i t y  is deemed wor th the exoense by FAA a-lrci ri—

stration. Thus in Alaska , Elawaii and the Caribbean , concen-

trators are favored. 
-

Each region should be connected to CONUS via a

voice grade facility to ensure acceptable response times for

messages traversing between centers and reasonable insensitivity

to traffic growth. A sub—voice grad - channel wo u l d  ine roc iu c-

an additional low speed channel and queuelug iel~~y that would
impair network performance objectives. The-- uau of a multi-

plexer would avoid the - il d i t ic - na l delay because of its functional

extension of the terminal circuit d l t e c t ly ’ tO the switch.

6 . 4  NADI N A R C H I T E C T U R E

The network designs  considered in th is stud y have

all satisfied the performance and reliability constraints

presented earlier and thus are assumed of equal evaluation in

terms of these measures. For the mea5ures of cost , growth ,

and consistency w ith the NADIN concep t, the uniformly bes t
architecture is composed of two major switching centers in

CONUS , with concentrators at ARTCC t s, Anchorage , Honolulu ,

and San Juan. The NADIN network design fo r  1975 t r a f f i c

is shown in Figure 6—11 , and ior 1984 traffic in Figure 6—12.
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Center : Kansas City
Concent ra tors :  21 Poin t -to-point
Traffic: 1975

Service: Area B

Area Constraint: No

Leased Lines Cos t: $33 ,457
Trans . Equip .  Cost: 533
Intel l igence Cost: . 

-

Switches 21 ,328
Concentrators 15 ,515

$70 ,833

TABLE 6-1 BASELINE DESIGN

(FIGURE 6-1)

6-8
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Center : Kansas City
Concent ra tors: None

Traff ic : 1975
Service : Area B

Area Constraint: No

Leased Lines Cost: $37 ,928

Trans. Equip. Cost -

Intelligence Cost 37 ,324

$75 ,252

TABLE 6-2 COMPARISON SYSTEM

(FIGURE 6-2)

6—9
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Center: Kansas City

Concentrators : 21 Point-to-point

T r a f f i c :  1975

Service : Area B

Area Constraint : Yes

Leased Lines Cost $34 ,158

Trans . Equip. Cost 533

Intelligence Cost

Switches 21,328
Concentrators l5 ,593_

$71 ,612

TABLE 6-3 VARIATION A 
—

(FIGURE 6-3)
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Center : Kansas City
Concentra tors :  21 Multipoint.
Traffic: 1975

Service : Area B
Are a Constraint : Yes

Leased Lines Cost $29 ,638

Trans . Equip. Cost 1,977
Intelligence Cost

Switches 21 ,328

Concentrators 15 ,515
$68 ,458

TABLE 6-4 VARIATION B

(FIGURE 6-4)

6—11
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Centers : Kansas City , Washington

Concentrators : 21 Multipoint

Traf f ic :  1975
Service : Area B

Area Constraint : Yes

Leased Lines Cost $29 ,620

Trans. Equip. Cost 2,156 
-

Intelligence Cost

Switches 21,328

Concentrators 15,515

$68,619

TABLE 6-5 VARIATION C

- 
(FIGURE 6-5)
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Centers : Denver , indianapolis
Concentra tors: 21 Mul t i poin t

Traff ic : 1975 
- 

-

Service : Area B

Area Constraint : Yes

Leased Lines Cost $29 ,411

Trans . Equip. Cost 1,977 
-

Intelli gence Cost

Switches 21,328

Concentrators 15 ,515
$68 , 231

TABLE 6-6 VAR iATION D

(FIGUflE 6-6)

6—13
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Centers : - Denver , Indi ana~ e1is

Concentrators: 21 M u l t i po in t

Traffic: 1977

Service : Area B

Area Constraint: Yes

Leased Lines Cost $29 ,719
Trans. Equip. Cost 1,977 

-

Intelli gence Cost
Switches 21 , 328

Concentrators 15,541

$68,565

TABLE 6-7 VARIATION Dl

(FIGURE 6-7)

6-14
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Centers : Denver , Indianapolis

Concentrators : 21 Multipoint

Traff ic : 1980

Service : Area B

Area Constraint: Yes

Leased Lines Cost $30 ,201

Trans . Equip. Cost 2 ,250
Intelligence Cost

Switches 22 ,928
Concentrators 18 , 396

$73 ,775

TABLE 6-8 VARIATION D2

(FIGURE 6—8)
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Centers : Denver, Indianapolis

Concentrators : 21 Multipoint

Traf f ic : 1984
Servi ce : Area B

Area Constraint :

Leased Lines Cost $33 ,704
Trans . Equip. Cost 5,118 -

Intelligence Cost

Switches 26 ,128
Concentrators 22 ,076

$87 ,026

TABLE 6-9 VARIATION D3

(FIGURE 6—9)

6—16
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SECTIoN 7

CONC~ UJO TONS

7. 1

i n  this study the feasibility of cost—c-ffs/-ative

iIi !nrcI v~~n /~t .t of Service B ii d AFTN by in tegra tion has been
e~~~mi :~ed a:~d :i -~1~twjrk architecture tas be~ n developed which

not on ly  ch m on s t r a tes  the f e a s i b i l i t y  of s a t i s f y in q  the
b a s i c  kirn r - jvcme~i~ obje1 -t~~-- .’es , bu t  which  may also serve as the

~-:-r~~ 1 Car - ) n t i ~~ ~~C I 1  ‘ ADIN development. The designs develop-

ed a s e~ rt of abs study illustrate partièular attributes of —

th architectures bc~~nci 2onsidered. The designs do not neces—

sar ~~iy r e f l e c t  the ~p-~ropr i a t e  evolu t ionary  stages of n e t wor s .
implementation . These stages are the subject of continued

s audy .

Thi s sec tion reviews the major findings of the

stLei y and attempts to assess the meaning of each finding to

the network designer and the network manager. In those cases

where the findings state that the network is relatively in-
sensit./.ve to the attribute in question , the interpretation to

the net-wor~ designer is “wider latitude in design ” and to th~
is- 1LNor K manaqer a nan-critical item. Conversely , if the study
reveals that the network is v e ry  sersitive to an attribute ,

b oth  the network designei- and manager have been alerted and

they can provide the a t t en t ion  war ran ted .

7 . 2  OPE1?~~T i0NAL R E Q U I R E M E N T S

The tI AD IN network n-a t only meets all the operation-

al requirements pres ent ly being sa tisf ied by the Service B
and AFTN networks independently , hut it will be more cost-

eff-a otive , C-rovide for greater throughput , and reduce message
delay time as shown in th is  s tudy . Th u s , it may be concluded

5-
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that for  the in lnl- C-d i a te f u t  - , NZ.L UC can aud .- d r- ~~
til e two inJo-~icnd~-nt netwer)~s 

— Service b and AF~~ i ; i - ~- ir~me-

-f la t s  benefi . t ale:ie jnstlL yiIIj CTh action.

More diff cult to answer  i s  the 0uest IC- n . ,  -- Is dA~~IN .

th~.1 proper network fo~ tr-e i- AA requirements of the ~9 80’ s?”
In try ing to answer t h a t  question , Te1crn~ and SAC c~ere fec-a d

with trying to ascoirtr c i r I  and then 5Caut - ify the 1985 FAA cora-

municat ion  requirements suitable for integration Lnto ~ .J. Th.

In any requirements  s t udy ,  there  are de-~rees of un’ ertaiaìt-~

that can be associated vwd.th sf l y  set of r e - Iu i r e m e n t s .  ThE- F --a

sets of requirements nay be orlostlized i C / t o  The followir~c’

categories:
- - 1. Existing r e q uir e m e n t s ,

2. Quantified rew requirements ,

3. Potent ia l  new r e q u i re r i e nt s ,
4. Unknown new requirements.

The first category is the easiest to pro jec t  i n t t-
f~ t-are requirements .  Bas ica l ly ,  it is a mat te r  of pred ic ts~~q

the growth of the existing requirements. For this study , the

contractor primarily relied on the  F -A  aviation f o r e c a s t s .

Difficulties that occur are caused not by t i i O  a;-nl -ist ’ s in-

abili t~- to relate the now requirements to san e grcwth factor

(e.g., new message type as a fu ;-ction1 of f i ~~ht plans), but

by his inability to predict the user ’s reaction . The users

may totally reject the methodology eraployed to meet th~~Lr

r equ i r emen t s, or the rnethodoloqy rn i.-~ht  provide such improved

levels of service that trie users must  ~( 1di :y  their bus/ ness

methods , thus bege~ ting new r2quirements. II this ~tu-~y,

the latter situation is artt~ cipated by e~ tah1ishi rL g n e t w o r k .

architecture that cani accomr ic-’date a 25% i.ncr ea~~e -aver t he

1984 projected traffic ‘ evc~~-~ and still maintain avceptaC-iri

service levels. (It abo11~ I /l he nE -ted  that this s t u d y uses

7—L
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.1 90% qrowth factor in -cv iat on L-tween 1980 and 1984 in arder

to ass ir~ sy stem expandabilit- v - )  Through the aforementio~ -1d

u n a ly sl s , the :on t r act or  has endeavored to meet the t L r .t tW O

i:lt - -j orles of requirements.

The Third category of requiranic-iits includes C~~ i~- iL -  ied

h~~t ~cot funded  era j e c ts , p ro jec ts  c u r r e n t l y  under  s t u d y ,  a r - i

current working papers. Some of these projects will have

little or no effect on NADIN as their communications require-

~nenrs are minimal. Other projects have potential c o m - u a 2 ~~a —

tion requirements that individually would impose a throughput

requirement of an order of magnitude greater  than today ’s

Service B traffic load or require service levels of between

one and two orders of magnitude faster than is today provided

in comparable message-oriented systems . If the system archi-

tect designed the network to handle the entire aggregate of

potential new requirements , the network would be so large and

expensive that , in all  probability, it would not be cost-

effective in the short term . The network architect must pro—

vide cost-effective networks at implementation time , yet the

nC tWO L k must be able to meet those “potential” new require-

inents that are implemented within the life cycle of the system

design . The same is true of category 4 requ i rements .  ~‘bc

study contractor has accommodated category 3 and 4 requirements

by providing for both horizontal and vertical growth . This

growth  is more than the conventional growth obtained by adding

more c i r c u i t s , f as te r  c i r c u i t s ,  more t e r m i n a l s , f a s t e r  tenm-

nals, more concentrators , larger switches , etc . The growth

2s also in new functions primarily obtained by the inherent

f l - ~x i bi li t y  and modula r i ty  of the concentrators.
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r re c i  -as i - - -
~ bha SAD h ac- -k I ‘ -  r - , E Slaen: i i i  1 Lv

E r i e  E - -  ~~~ - -; red - s t  t~~Ula -~ oi. - aon r t-i~cnh an’- - ral ~~~~~~~~~~~~~~~~~~ L

-e f - I  lc-v ,- ~ i e - n r a l - I L  i n k s  - - i e - l - e con-c] u—

5 i i~~ är ri -.I~ s-.urs ~~ i- h -ec t - ca the . i I  15.1- C r. m a - i - -~s-a r a~d dc-s~ -~r:ei

7 — 3 - 1 a-: _ - -  - ~
- - - }~~~~r_~~ a

r iiis s ti ~d - 5’ . ~r - i~~O-a~ fla t idie i. r - a t s - r r K  ~~~~~~~~~ i s  i e a

i n S e n s : L 1 ’ ~’a t E -  the 0C r~~~~~u -at nhe su-i t~- h H  -~~ ~~~~ - ‘ - i ~~~ ( - s ’ - ‘Ic

tb - - re~ t’erJ~- des t n i O r , it  :il owi-; aim -- r ~t c orn~- l . re  f reedom ta l-

cite aba ~~~~ t - r i n c  a a nt e r s  To -h - ‘ . - -: ia.- i jr t  mana ~- , ~ -

lieves him at l~~.Cn ~ t- o-~rr . der --eLi’erk co-~Ls in n -i~~~-aq a

sita sr-l-~ct  on - ‘ft-n r~~~~~-n r ~ m ar -a g - a r i - s  f r ee to con~~ic~-ar c -n ly

c-tD€ - r fact-~r~- ~- - .~ch —is the ann -i i a i  lit- . -a5 T-ace - pei nc-fine- i aii d

—ether r -i- r c~~r ce s.

7. 3. 2 Quan fl’a-.  Sw i tc - er ta- S

The s --id a- -a -n rc  L~ i~-- ~ t h a t  a - N c r  1 east - - r3tiy n-

architceaure 0;.- . u ;  as on ly  one switching center r~~d- To 

networ k de s iJ a  - , a eu -- n o d - -  n etwrr r~ i s  aT cc- t~ie -;inu~ CR I IC

design . a ove c~ the ne w a - k  manager must  ImO concerned i-h

serv ivahil i ty . To ~ ra~- ide  sur-~1vahiii ty, a ‘Iw o—node ns:ta-. -~rh

is recommended in this st u b .  The ia--r:wark man m a o  does h~v:

a cost tra-1 a---ef f deCr s a n  ta !f l- ~~ — n u r v i - a n b i litv  ‘~n-:r suu s ‘ a i n i r a a - a

cost. It is nat-Id. ak - t  :na- a ;i -.- c rIa-i~c~rc .~ u i anul -anti-TIns , arm-- --

muru:ca1a-nrs h av e  ch~~~en the sTh—T ]e—node architec - are and ~ :tae

mirJmuzr cost .

7, 3.3 N c n -—C000E L-uc-rtiana

The s u -ad ’ i  C C RC  ~unl -~-i that nc -n—3 ’.- r i t c r u i n g  cou r e n t r a —

tors should be placed ir do~~-Lulu . nuhca-e-u-~ and Pueu t-e S~ce.

The nruclta tu~ -inn - arC la- -SC-li on t re a sC-u rnr - - t h a t -  enuanall i i - :

will h-c a r-~- urr i - a r - e n t  for ].oc-a1 -
~
- swi t-Th€-~i craft ic an-I 5-at

switch n-:r u m ~ -a no~ j ( J . s iqnif  -:ar -.Ly - 0  u~~. ~~ l 1 d , L l i  t~
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i b m  omutwork  mann u e r  could, choose to loca te  m i n o r  sw~~t ch i n g

canteen at these locations to provide local switching and

j rurittlling , bu t a t woul a be an inc r~~rsed network cost that

does not a p p ear  to be -ac t — b e n e f  i ai a l .

7 . 4 DESI-:h kFFECTS

There are twa sig ; ;it i c a n t  design areas t ha t  are

at~~-1-am-- - - I  by the network a rch i t ec tu re. One is the choice of

To n c e n t r a t i on  techniques, the o ther  is the impact of integra-

t ion  on operational compatibility . Each of these areas is

dI s c u s s e d  f u r t h e r .  -

7 4 1  C o n c e n t rat i o n

The study concludes that it is advantageous to

ehonse cl ocentrators over multiplexers for the NADIN network.

Tire conclusion is based on the fact that concentrators pro-

vide significantly greater reliability and flexibility over
multiplexers for about the same cost. This mainly affects

the designer. However , the network manager should be particu-

larly interested in the flexibility of the concentrator , for

i t  i s  by t h i s  fle x i b il i t ’a  tha t  the NAD IN can accommodate han-

z-o - tal a j ra .-zth of requirements .

As other requirements  and possibly services are in-

tegratud into NADIN , it may be cost—effec tive to use multi-

pi-~~i-ars between the concentrator node and terminal locations ,

especially where there are several terminals located at or

ne~~c the- same service location . There is nothing in this
study that pracludes the designer from recommending and utiliz-

u~~~rj adti plexers (either TOM or FDM) if the situation warrants.

1
p.-
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7 . 3 . 2  uL-:-retlone t CoulipatiUl ii ty

The s t u d y  I r - - - a : c r - d~ t h e  i r i t - - ~~r a t  wrr C L  ~~I e -ET

B ~r id AF’I h e- --t -w - - r k r  , whi Ic at I. - same a - I ’o.L eta .  I r : ~ oat 1 2

c u t e y L - L  l t ~ a of - -n / a L 3 . The ca t - . -j c-: - -s are caes -d U -

• i n -  n u : t  s t n t lu r e  c a t - - :mI s ,

- I nn- -sistent f r  mats ,
. 

~ - - - . O i L  na - -a r e q u i T e r - u - - n - t a ,

• G o - - i c - a u - N r c d , i sp er s ir r n .

Tue - ru tWJ r -~‘ aic n. ia~rt  , a-~ a nimlin , II reveuct ~ he faat m-- l~~—

t 10/i C u~ U i1f l r~ u a- ~:sa~ \ car- r t - ~~--o r  1 c-s - f tn a-r~ flaj ~a -a -ad , ca ns I 5 eEl

t ’ : c l i ia- q -c s $ r car rti:a~u reI; r.ire u-:r-r-ts , work toward Lt~ C e —

dnct ion  of Lb- — : -l ra m- j r-r f i n n - - m i n i  u c a a - e r u sr i  es .  in e  ado~~r inn ’,

of a h A b i b  f - n ~ c-t  d e s i an e r d for  t l - -x i b t l i t y  i s  ona- o~~si~~~-~
step t -~ ci a IT i t S  i - l r ’ : n r P I t l r le m a n t - q o r y  ~u r r - i i f e r a t i r - c-

7. 5 a - ‘ -  £C cu a:T hEa- ! 1- I r -: ~

Af t er asc er~ aiu a.~ - a  - h a~ ~~~~~b1 b net- ts the Fl-c!’ S

operational ceq ua. r ciaeat ~-: dac in g  t h e  i— ar ~~cu 1975 19SF- , tNt

next  most impor tan t  sub jec t  is the economic  benaf i ts  di n v -

from t h e  network .

Inimred4 ebc Sa-aincn ;

The. -Ya au ly c~~~u a - - lod~~s t h a t  im m c -b i a t e  :, V 1 a- e S  can hr

reala.za-a as so-on i n  b A l l i b  ~ s i:4-ieinerated , d c  tii the r ’~]uc

t eor in n e ta or e  c o n es .  A d u i t i o r , n l  by ,  it al:-pears that ft - r n - a.

sa v i ng s  could be: r c - a i az e d .  - ;i t b in  r h e  f 1~~sc t --io 1’- : a ’n  nh  - ‘y s a —

t i ri i  as o~ s~~:1 csc-ant faci .~ i ± a e~ hi :-a - - ‘  Lv ‘a-- l a r cr-n - ~~r 
~~ ) -r e

c i  on~er1 t-i n’~c 
~~ i ~da t s d .

‘a

/-,

7’ ‘ ~~~~~
‘ - - -“ ~~~~~~ - - -~ 
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7~~5~ e ur o wt h

The st -i y cc-ur c l  rd ~~: t h a t  t T e  ‘.~~-~~ N rre twa - I a car : b-i

den I l I f led .-sa ~ a t O  yr ea  r : - a d u f . u r l - ,’ ~i ~ i. “ e q ;u i  r -rnn - r a t s  . -rhis

reduces ini tia ’ r r r v - e s t u a e n t  ca st s .  i t  a l s o  i r-avides the n e t —

w ar t  mar a a- : r and  d e S - I - T r u e r  w i t h  f 1 e t a .b i l~~ty  to meer t. new n - -

: T i i i r e m e a t  - • P n u a - - W ! v  t he  most  I Ci t a n ’  f a c t  c a  a . r .  a ;aoa- - i - a r

g r o w t n  c - t a ; ;  I S  that the 1 - - r a i q i n  doe s n ot  rr d ’- u d  to rare all im—

plemer t~atio;- ic= cisi- ns m i t :  ally, h-u, car made these decisions

- - ‘Icr the- e n t e r e  l i f e  of t b :  S i t it c i r m , hencti t i n T  f r or o p e r a te u na l

f - e ~~n ct i r u r a .  ma - t i o n c  -

~~~~~~~

p.-
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0 1

It. n-as b ee-n S i r  -;r a b ut  a combination of the Ser—

vice  B ~r :d f - f ~ r r a ~~w - ; u  n in to a s ingle NA J I N  network would pro—

vie~~~r:uoi:v e f f a -- at iv e  acrvice at less overal l cost. Inte~~ration
-ao u-ni d e:’a ’-ions in iv cr Ve ace  succes s fu l  operat ion of the new ne t—

~k -j~~th -~~ ;uIa. uu r r ;~ii e f f e c t  on operaa na personnel -and sxistin-5

-:.r.:c n d  e.1ratne rent ‘nc r .1:- h o a r  from the predecessor networks.

7 - a r- . ia a ls o  the a 1 ta : r of s~ s t -ar t  a ntea~~ation wholly wi thin

the fl-sw n; - - anI ~.. It r’;u::t be de -~igned to be self-consistent

i c-jaerahi-e Ur e t e r  all of tao c o n d i tl on s  to which it may be

S ad j  e a

i a - :  tt:is -sectinu: , CO r : s i - - i e ra t r - en  is given to some of

:~~re factors Len- -:-nd system r c h i r - : -r  - e th a t  a f f e c t  sy s t em de—

se ar . det- o~~lec consideration is be-ycnd the scope of the study

‘enoated h e r u r an .  ba-we . er~ these matters must ultimately be

:cu sa . de r e d  in a un i f : i cci manner  and in detai l .  The pe r fo rmance

ead. co-~t of er , e syster -d.€-~ -u~ - -j ; :t-n the switches , c ot -co nt r a --

t n t : , t.-rmroa !s , tran nuc-issiori f ac i l i t i e s, r )er sonnel  and the  in—

ter -scriue-ns between due- s -n a i e n- i a -t s  Decisions  on various sys—

t t r I P S paraiee~ ers connc- ’- be made in i so lat ion  but must co ns i d e r

a ll  c f the s~~.-:~~r~o rarnaficacrons. The present Service B and

.\}‘Tfl netwo~ ks h :c-!o - V-I 1 VUC as n-:ncra dictated . The networks

ha - -; worded well and set- ed their purpose. However , the de-

sign at tcn i-:t-sora-: ~.d N A L - I N  p’- des  an oppor tuni ty  to re—ex—

-~n i  at e au-f eva b ate all of the factors inherent in a systel de-

s. -a-. and to set an - -- -~er lai y t r e r :  s tandard of e f f i c i e n c y  for

t i  ore cr-erations .

r ~ 8— 1
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~ .2  LINK co~.-: rDERATIb-cs

8.2.1 Error Contxcl Prcu c~ bira --~
Interf-:a -.ana- . a n a i l  t r . a t : - a u a i s s .cor: ant :aj IF: can ca -se 

-

in tended coded symbols to be t r:ira; i at - ~d into ar in tended  symbols

As a result, messacoc garbles rc -ay ca-- o r , or eYnarpran t i r :y Of

a message may take blacc. The process of crc-ar  con Lro l is

intended to prevent these e ff ec e- ;  ~i orn beccrr ir r T in t o b er a b l c -•
A basis for au t - o :rat ic  -error d- --aec - i, :n is t h e  L r a .n s

mission of redundant b i ts  a long w i t h  the  ir~~n r r r a t i - : u o  b i t -c  i n  3

message. The resulting b~~t o tterns are siqoed amO t h a t  t c~~rs-

~ mission disturbances are more L i d e by; to bif t r ana1ar a~i -c to

illegal bit patterns than in-- - those p~attern :-a t hee  are consi-

dered valid message mat or :-  at. i t i ~ evident, t hat  with er ror  de—
t u a - t t :j ofl the n umber of h i t s  transmitted in a message is Trecarer

than the number of bits ~u .  end to er ar:sr it on ly t a r n  a . r r fo rma -a~~nn .

8.2.1.1 Error_Detc-atc -e : -
~4th Five I e - T e- i Code

If we conside r each iota-r e -a- f tb -a a lphabet , c-ac t - .  s in—

gle digit, number , essential punctuation marks, and a minimum

n umber of control functions s-ach as carri age at-torn and line

feed , we find that 40 characters -;a~ furt -a t nt-s an-; rn-ceded . A

f i v e — b i t  code is capable of prodootno  on 1~ 52 c he r - r c t - cr  comb i-

nations ( i. e .  symbols , le t te rs, n w-abe cc , p ’an ct - a t ion  marr s ,

and control codes). By the- use of f ig - a r ~ and letter shirt

symbols , it is possible to r e m r e a - : u r :  as r-unv n-nc ~ C- characters

with a 5—hit code. CIt--an y, th~ r ~~-a - - t ~ ee  ~edu:r -c a r t t  a i L s  in such

a:a arrangement. For this reasur , five-- J o - c-i to] a !urjnter Ci rn; i ts

have not been designed wa t t ;  au to ran t ic  ei ; ‘- rI ut - -a ct ion :ura~ co r r e c-

tion capahility Ir. such cases , it- i n i—ft t -  the r~-c- n1ent to

detect errors in the messagi- . Syru bol ~ e : r n s p o a it  ons arc d ;t o : t a-d

because of the recipient’s p r ior  ~n- ew .e nqo of -hm 1 ’ :-rr - - cal sense

of the message , or be- -au nr e a-j the redcu :-d: ’uct . rent in langua-ne

tr r :- : t: . Data and pcrr -~u :-ue--c:-anl in [‘. ncat i-an t i r e  not eon f i n

amenable  to visua l error -ri -~ a - -~ t 1~nn 1r1 t a -  r ec ;p i r ’n t .  :~h er - ,a

4 8 — 2
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: u n i e r t c~a i  data an-- - not a sic 1 n if ic .i : ;t  frac cit-- n of the t ru f f ic ,

~~- --a a abi  :ith  mu t he  t ex t  can cc pan- V cdc--a so that the

ieci :erut -can de tec t  er:nors . This can be a ;plishc-i by

- - tat - i o u - i n c  the  data  w i t h i n  the messaci- . I t  can also be -

a-a2crna p u i shied Lv spe I l i ng a - am er a l s .  A u . ;ore c i oh o r a  tn- approach ,

as u~suful where anutoma -n i c data process ln cu equ ipment  is

avatbab le , i s  to u r an  c ; t-ma t data cheti. ci r o ot er s  or nta-aun r;a-eS
- torn the data boise transmitted and constructed in a

pre d asi  oani .ed m - :un-rc r . The da ta  process ing  equipment  at  tr-~a

n -ecetl’ni -q stat~~on a~ s-a de n ives tn-; ci.~ta check sentence Lea-ia tnt-

n o ne  j v ci d a t a  and tne1 cc n l .- a res  ta t  a ar a t ; s r a i tt e d  and received

ci~ack s-c:;uanc-;s. A di rciepancy indicates that a transmission

-.- r ru r  lazs -ccurrea .

All  of. tao preceding  t c -c h r i qn i e s  a re  d-.~signed to

ove r -- e~ce the -error d c ;t e c c i c r g  d e f i c ie n cy  of five—level code.

In-janco ns :aetnods have been devi sed for automatic error detec—

ti-an with five-1e.el terminal equipment. This has invol-ted -ose

of tce star t and s top ir~t-~rvn]s for adding redundant bits to

each — -h~~~~ct~nc. Characters are then usually transmitted in

blocks resulting in a pseudo--synchronous transmission mode.

(acre m e t  an d  uses a 7 ni t  f ix e d  length character code which

aL caa~’s h~~:-c exactly L h x e ~ .aarks for each symbol. It is ic-a-da ly

seen th at  th i s  a -e a r - r i t a  tee tre!-smisslon af US symbols , onl y

3~ of which are S i a g a t .  id-n-erdingly , a measure of redundancy Is

c - a  L.a m ed . 

1.2  Er ror  De t e--:tion Wtth Seven—Level Code

Seven—level eqeu i or-u-ant usually designed so that

~n ei ah th  level is provided ~or a p a r i t y  ( r e d u n d a n t )  b i t .

ih ~~n, Drove-des -r ar trai-:sr- ittinq 256 symbols , only 128 of which

are  v a l i c u . The use or  a 128 symbol c h ar - -nnter set elimina tes
the creed for  f - ju r e s  ~t ; :  ec- t~~c-rs ~hlft characters and permits

8—3
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the use of n u dr t  ic-nai ‘— a lu a b i t -  c-cc tr o l  ~~-cnhe is. ~‘hen a a y e —

ahrn -a ous  t r ar u sm i r  cc C- - jar n-reu , t Iu t- patH ~ v bet or e-a~:n

a -r Id  r auct e  i is set ~ o thm - t t :t- ta-ta: !IUi . r C - r  or  v a u k a  ~n a enaract .-;r

is alwxjs an e v a  ic r -b r (AflEI X 3 .  it  — l:~ ~ . hoc r- :ceia’l;ig

equ

~

pauent is desiqrn-d do courm t the ,-imu :ab-~ of ma r  as  ~:: emnCh

character. bhoru par ; ty is not cc o d d , th o  recei- p rr ct or
p;a~ be ca-r i i qu t  u- -u to p r i n t  a apec r -~ 1. -aba act - r , nn~-tu -ut an

asterisk or a q u e s ti  en ma L k , a p l a ce  o~ the in co r r ect  t- - echo]

This aids t b -  a ma -asaqa recipient in o e tc - : ei - g  t r u e  -~-ao-ec;nce etS

dI~ er r  r .

8.2.1. 3 Er or c - r - - - r: ~~oua

Error ~ on 1 -ct ]  oru in cc-ne : a I l \ -  co~~side r nd to be c f

twa typ e s :  n u a n c e  I n r A  cu-eon : t c c .  ~ or most a s ;n c h r o m i e u a ;  t r an s- -

m i s s ion  a pp l i cat Lo c s  invo i.v; ng r e l i ab le c i r c u i ts , co u c o - cn u c a t or s

have dep e n de d  11 -an t he  t- rt~~i p -r tO ~n k  t i n t - -n a t rua ruand  

1 eeriest  for r e t r a nn mi s s .i c -n .  (~hen tb-~ c i r c u i t s  w e r e  cuxccs~ ive y

noisy , OnmThu:-~~c 3t O r s  ~-; ; p 1a- -’ed -j utom~~t i .c rep ’ y - r e~~-;cst (AE Q)

c-n a character basis coupie :i -w i t h  error detactroni (i.~- ., three-

out—of—seven) teci m nicue r to i ~~~ c -v- - the cu a l i ty  of i u m Cr r n a tl o n

~r a n s fer .  ARg is thea r i r u r i ]. rn~-tb-a - : of ?t: c cc r e c t a n c u  re rf - -rr: E- d

wi th  synchronous t r a n s m i ssi o n . The er c ar  d c t e c ti ~an techn goes

commonly used are  ci tu er  ion-c r tucl a t-~a r ec iun -] t ncv  check (LP C or

C~~Ciic  re - : ictn dar -c -  c h u -:-ck (Cl~~) . ~ u a . ai th e r  -n - i so • ‘n iquc  h i  ccc

check ch a- r eoner  se~~ur-n c- -~ i s  co;i s t c - octed osin g  i ef c - i m - a e i cn  fr-o n

-all of tb-a c h a r a c t e r s  in tj ce b~ cc l’ , As ~ - ‘~ - d it i or -a i thocT ; ,

character parity :r t -a , a u c ; -: b- a din ~~~~~~~ A~ ~-l- e :eceivir;c

s ta t]o ; - , the b i t - c 5 O n k  ~uc- ce it -’ 10 u ’tcUCtc~Q fi-oni the

transmitted data ar;d tjac- - crc-mr t - -~--1 w a i b  t h e  r -~c-~auoa d I lock

check aequence . If they agree , a o .~~ca: ;ucl ’u-.o~~ledqence’a t scoira ].

is r e t u r n e d  to the  se;;a. - - q ~e:n-~ na1. \ d~ s-:reparcy ren uui t~ J a

a request for retrain ;.:. - i c  a o t  th e  blsc~- -

E

- 
- :~
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A n o th e r  t o O - u  ~j t  acte ma t i a ~ rr - r c o rr e c t  Ion am _-na nole

to  s v r u c h r o u r o r i s  r r a : - n u : e i on  in  forwarca er r u i ~ co r r ec t ion  br EC )

.-;h~- :- f o i w a r - ~ e r r o r  : c - u r n c t i o u u  is used , suffi cim-nt r-chuuruanc y

- u r i s ’  h a  p r e se nt  - n catch rick t r ’n s i c i s si -a n  So that the- occur~
i - ance  oL ar a c  r a n  t :hait  a l t er  the  bit  c omp o s i t e on  of the (a l ock

r~~ S r c U t  m. !e~ u t  t.ne ass -c l ot  inn  of th e  r e sL ;l t ir ;q  e r roneous

h i t _  c a t , e - r u  w i th  - ir ~r i n c  -n c~~c r -  - (a1 f pa t t ern . Thus ,

- v la c- n r - a r w-ar d  e r r - a r  cor r e c t ion  is used , t a process ru ~ O f  0 1

I -l~ er ic- icr  c -c :  P l u c k  a t  t i c  r a c e av in q  st at  ion  r ant  -a ia ly  r~ets- : ts t e e

o lock  c- m rs b u t  a lso  - : er r r r c t s  thea . Tu~c- number of r e d u nd a n t

h i t s  c- eq - a i r ed  fo r  FEC r s  a f u n c t i o n  eat  the  - s p e c i f i ed  d n - ~ ree

of er r or  co r rec t i o n  and may equal  the number of i r u r o r m — I r eon

a rt s  it  a h i~~O degree of er r o r :  cor r ect i o n  c a p ab i L i t y  ~s n — a —

s i r -a -i .

As a general ro le , for transmissions o’.nar laurA lrra -a s

-r .l-~ for radio transmission s where circuit noise is not exces—

giv e , ARQ error: detection and c o rr e c t i o n  is more comm a- ; than

L o r w a rd  -ar e  ar  : or r e ct ioj i .  For satellite transmission , where

t r an s m i s s i o n  d e la ys  are l a rge , fo rward  er ror  correct ion may

e sirable .

The for c g olru ] discussion points up the merit of

t r  c : - s r u t i s s r o r ,  wh ich  p e r nu i t a  au L c m a t e a  error dctection ~i d  cor—

rection to be crap toyed and cu , - result in virtual v e r r o r- - f r e e

messages in the hands of system users and operators. The

pra;uaity aid fcc thi , benefit is the cost f r  more comp lex

t e r a c i r i a l  cquiprneflt.

d - .2  L in e_ E f f i c i  - 5 - u c y

A n  important cor-sideration for c o m m u n i c a t i o n s  I i r m -~
is t i e  r . ~ t~ n of information transmission when aliow uic is -i -a

for  the r an sm i s s i o n  of c o nt r o l  ch ar a c t e r s  and t r a n s c a i s n i n

lr r.-iys . 1 - uure aft ic i c nc- f  l.a an often neg lected pa ’cran - ~
- 

- Frc j u e r u t l y ,  system users  whc  evaluate line ,-fficienc v -

a nominal 100 word p-er m i c r a ;  circuit oporaLes art  e i
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~~t tes of 50 ~o ~b ~.ords per m in u t e .  ~ r ~: i i . s re~is~~n , sw i tH ~-

ing sy~ tern ~si~~i~er~ w~~c spe ;~~fv  1. Li i ~ p r r t  ~ r~~l3 must. take
p~~iris to i~~~~~ r-~ :t ‘~o un r ~en~~ssa~~y ie!a y~ ~ rr~ desi~~ned ir~to

c i rcui t  opera~~~nj  ~)r~~~e.t u r ~~s. Low U n (~~~ f L~~iency  is ~s grea t
a threa t  to h t c~-~- - iwc~~d i~~ t~) low—speed per~~t L~~ F.; ca r e fu l  de-

s~ m is ne. J.~~ i n  ;~~ ther  c-~~e.

8 .2 .3

On cir ~n~it~ us ‘q ~ R - ~~ ~~~~~~~~ cori~~~ol , m on i to r i ng  of
the n .~rcu~. L ~~~i i ty  •~en be ~ ccornp li~~heJ i~~e~’ :r~~ive3.~ ’ at- the
sw~~~~h : r ~~ cent~~r . Tn ~ j a t e  of ret~~an -ni ~ ~sio n  ciar i be related
d i rec t ly  to c i  t J~~ 11~~c~:. 0. ~w lt  t —p o n t  c i rc ui ts , ~e—

s’ onses to p~;i l i n~ S icJ i l i iS  ~ O :  j . ’~~~~t2 ~r l int :’  ~U3]  ~ tY

rLt~dsu ring  me~~~~ wh .i :h is ava l ~~~~~~ :~, , : L e j r ~~

N o n — A R Q  p c int—tc - -~’ci .nt  c Lr c~~i ~~~~~ ~es~ ane’-l t~ ~:ei i d test

messages ( t o )  ~~ n in g  id~ e pcr i~ -~9~ Lh a~ ev~~~€~ .a~~~~~ aL~~c
responses (an swerb ac ’~s ) .  Th~~~e ~‘~~~m meS a i ~ :~~n be u t i l i z~~d

by the comput~~r swi tch to ~~~~~ ci rci; t ~p i~~i l ±t ~’ ~c~~n-

tinuity p lus quality) wi thout the ~ xp ens~-~ of au tomat ic  tech—
nLcai control circuit mc-nitorinq ~~ u i pc-~’~u t .

8.2.4 Accountabi~4~ y
Accountar I i ty ‘:. r~~c’: d~~~es -, ~ i-c~-tut to : • tC’er t  I uss

of messages on a t ra~~sm~ ss iz~~ ~~~~~~~ A h ugher ~and j~ore de-

s i rable)  degree of ac n~~~b~~1itv ~~ ‘ i i a t~~l~ infc.rms the

sending te rmina l  that  ~he ~r~i’~s~~ t t~~d i , 1 ess •~~~~t~ n c~~- . 1 0—

ceived . Au Lo:p~ t ic  ~o - s a~~e t c¼nc~~ ~ ~~~~~~~ is read t i V  per—

formed by ~bo con inu t  ~ n e ~~~o~~ ~~~~~~ ~h. T~ it  ~~~~~ h~~ swiLch

‘.i:ll confirm t t ~ a ns~~y’ se~Aer r~ ’~~t. i.t r~a L ~ ~ at i  sfac h r ~r i l y

r ece~~’~~I a ~r s ~~~e .  T~u tc~~at t n  ~~~t~~~e ~ t~k ~~: ~~~~~~tc ~it by a

te rminal  is pos~ ible fc~ a~ -~~nc’~ J p~~ of t~ ~
- r ~ls ,

usua l ly  opera t ing  z~t n~ gher eod.~ ~ it i -  A~~’~’ ~~~~~~ c e nt  ro.

procedures . v;h~~n c ’tch : rc ;’ ~~~~ ~re ::ot ~ n cd , it i s  p ass1—

ble for  th~’ ~n~~~~aqr . ~w~~t~~h to rc ~~;est. r est  nr  . s i g n i~~s from

8—~
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the receiving terrinal before and af ter the message i s
LL~~i1sInitted . This tssures circuit continuity at these times ,

bu t  does not gua rantee  that the message has been received
L 1 t t d C~~ . The use of channel sequence numbers is a method used
to i nsur . t t i at  messages aio net lost. At the mes3age switch ,

L;.~e .~:ict~c-n ‘iu~tue- r: for .~~ceived mess ages from any terminal
is  a~~~ s~~i t i J I l l y  checked for  c o n t inu i t y . The occurrence of
u i ~ out—o :--sequence number will immediately be detected and

~~tuse ~n ala~ c or a service message . A similar check can be
ierformed for messages received by a suitably designed termi-

- - ) n V e~~ t Iz)nai asynchronous  low speed terminals  have no

~~~~~~~~~~~~~~ 
..~ number checking cap a b i l i t y . It is necessary to re ly

on the ~~: n at or  to check sequence number cont inui ty.
The oessage ac~~nowlec~uement procedure is present ly

~ cco:n~ lished manua l ly  on S~—I .V~~Ce B for  some types of messages
and on AFTN for priority SS ~nessages only. Channel sequence

:umb ers  are used on the AFTN .

8.2.5 Survivability

Certain types of traff ic , such as Air Traffic Con-

trol tnes~ ages, must be successfully communicated in spite of

f Lr t k o~~t~~qe3 which n : c u r  at random th roughou t  the n e t w o r k .

For this type ct traffic , the network must be designed with

ai’crnate nsths to vital stations or with some other form of

redundant circuit configuration.

8.3 TERMINAL CONSIDERATIONS

While the use of computer message switching allows

~r r i in a l s  of differing speeds and codes to communicate , the
network configuration restricts this latitude . On any single

i~u ] t i -p o ir t .  circuit , ~ll terminals must operate with identical
speeds and odes , and use the same line protocol. Therefore ,

if i—leve l f e~ r m t r : : i l s  er~ introduced whil : 5-leve l equipment

is still in UEC . the  new terminals must either be used on

8—7



single terminal circuits or mui~. be segregated in mul t ipo in i -
circuits , excluding 5~- level ~~j meni .

T r a f f i c  volume w i l l  d i c t a t e  whether  poirn~-to—poin t ,

or mult i-point  operation is des i rab le .  A spectrum of t r a f f i c
volumes from very low to high can be accommodated in cc
with the follow in~j listing of circuit configurations .

a. Low speed asynchronous multipoint

b. Low sp~~ b a rv . e r tous  point—to—point

c. Me d ium speed asynchronous mult ipoint
c. ~iedium speed asynchronous 2oant -t o -p o int
e. Hig h s~~eeci sy r t cb ru i ~ous mul t  i po in t
f .  High speed synchronous point-to- ; o .int
The cost ef nermin~ ls usuallj increases with the

speed of oper~.tion ~An exception is t b :  2 .~ thode ray tub~
terminal  which is i’~ss cost ly  than in equ .Iv s  i ent low spe’~d

te lepr inter, but :~oes not j T o  cc h a r d  t opy ou t p u t )  . High
speed terminals  are war ran ted  wben response time requirements
are s t r ingent  or when t r a f f i c  levels are h igh .  The cost per

bit of operating a single hieh speed terminal over a voice

band c i rcui t  is less tb~ r~ o~:orating a multitude of low speed

terminals over 100 ~:pm ~~~~~~~~~ provi~~ d the traff ic loading
on thc  high speed t e rminal  i s  ~t an efficient level. Accord

ie~~ly ,  as the t r a f f i c  r c ’nu irements  of a single t e l e p r i n ter

e:i ’~ ipped stat ion increase , consideration should be gi’.’en to

r ep lacement  b~ a h i g h  speed te~~m ir:a~ ..

In some instnw~~~~ multiple’ capabilities rn~y he

required in ~~ termi n~. i - -ft~~t is , there may be a requiremen t

fe~ a cathode -oy tube  ..!i s p l ay ,  .~ h igh  s r c d p r in t e r, and

perhaps some cn -ab i i t . y tc ’ p resen t  message f o r mat  cues to

the terminal operator. While special terminals can he des~ qne.

for such n~~p L  ca t  i orz s ,, n r .n n s~~der ~~tiOn should ne given to the  u sc

of a small rn ~n i  — - “ru i t er  rd- c r face  be~:wcen the commun ~ c: t i r’~~

8—8
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l ine and the various Lerminal devices. This arrangement

pr o vf des  c ir en t  f l e x~ I t i i t y  in meeting present requirements
as wel l  as adapt ing  to ~~anticipated future requirements.
The use of an intelligent terminal (such as that described)

i~ts  the ah’~antage of reLieving the computer message switch
of the loading required to transmit format cues and other

data which could be locally generated. This mini—computer

i n t e r f ace  approach also provides flexibility in permitting

diftei et:t commercially available terminal devices to be

eouu ined with the mini-computer to form a single multipurpose
teii~~ nat of high capability .

The cost of terminals should not be considered in

isola tion , but should be viewed together with transmission ,

concent ra tor, switching and operator costs. The last is

of part icular concern , since it appears likely that operator

costs are of the order of magnitude of transmission costs

in a network . By utilizing the capabilities of the switch,.

the concentrators , and more modern terminals , there is the
potential for reducing the operator workload and correspond-

ingly reducing costs. As an example , much of the format

~mater iai in a message , such as the SOM sequence , the sequence
--~urnber , the originating station identifier , and the EOM
sequence can be generated automatically. These items could be

supplied by the sending terminal. However , in cases where
modification or replacement of the sending terminal is not

fe asible , certain items can still be automatically provided by

the concentrator . For example , the concentrator mi ght supply

channel sequence numbers on outgoing traffic and check for the
con tinuity of channel sequence numbers on incoming traffic.

Thus , The design of the NADIN must consider the

ope :ators , terminals , concentrators , switches and transmission

facili ties as a system and optimize system performance at the

lowest possible cost.

8-9
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8. 4 ADDRES SIN G ANt ) 1iO~J r IN ( ~ CO~ SIDi~RATlONS
8. 4 .  1. Address Conv~ nt i c~is

8 . 4 . 1 . 1  Service h

Service h currently uses a thr~~~-le tter desi gnator

to indicate the address e~- . The designatot identifies the

station addres~~:h.

8.4.1.2 AFTN

AFTN uses a six at eight-letter desige~~tor as fol1ows

I d e n ti f ic at i on

~ t~r~~r a oh i r  ar ea
Couxitr .’

3rd and th I C A t  s~ ~tion I et4~~r~
5th and ‘5 4Th Zei rcr3tt o~~era t  ing aqei :~~es ,

~cr e i eu t i ail -~u t hor i t ~~es ,

and ser”] ~~~
7th and 8th Office :d ~ ~if used)

8.4.1.3 Proposed NADIN

The proposed NADIN network must use an addressing

scheme which preserves for AFTN operators the address con-

ventions of that network since it operates in accordance with

ICAO standards. Because of the computing capability a~ allabie

at the switches , concentrators , and (in some cases) terminals ,

• it may be possible to reduce operator effort. Service B stat : rr’n:

need not use an ICAO format , since Service B and ICAO station s
will interconnect via a conmuter switch or concentrator that:

can perform address and format conversion . Even within the

AFTN network , techniques are available for reducing the opr~ ~~
work load.

8. 4. 1. 3. 1 Explicit  Addre s
When explicit addressing is used , the originatinq

station by some means designates who the intended recipi~~nt::

8—10
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are .  Th~ a h u s  u eoi i  t h e  :~ethod used on both Service B and
AFTN. There  are L- -~:l:Od s ~va i  i.able for  po t en t ia l l y  reducing
)perat or  w ork . l o a i .

~3. I . l. 3 .l . l  An~ r e v i a t c u  Addressing

Many stat ions ~e;d messages only to a small sub-

E~°~ u l atj o n  ;f toe :iot ~~ur~ e iminais. In such cases , abbrev—

~a~~eh addresses arc p ossib t c .  Depending on where the nearest
comput ing  2 epn ci ty  i~ avai~ .-ib1e, the ne eminal , the concentrator ,
or 4 ne message switch  o n  be used to provide the  complete

~Jci~~e~~s . co : d n ng  to n e t w o r k  s t anda rds .  The responsible
0 o~d- 1.nUj f un c t i o n  h i ll  fct~-in a t ab~ n fo~ each originating
aLetio~. giving ~he nerresp• n1nr~ee between the abbreviated

aid ni as ~nJ tTh  complete ~Jdress designator.
8.4.1.3.1.2 Mu1t~~~~~~ Adh~~~~-se s

In the AFTN , m~ t tLp1e-address messages are restricted

to a numben o f addresses that  wi l l  not exceed one line of the
iessage . Acini tional addresses require that a new message

oe composed. In NADIN, this restriction can be substantially

r~~la~ cd. Multiple address messages with many lines of addresses

c o n  cc sent: to the  message switch . There , the message can be

recomposed accorC~~ng to ICAC standards ar.d transmitted as
several L .ras~ gea , eaci: with only one l ine o~ addresses.

8. 4 . l . 3 .l .  Ac~~re~~s S t ~~~~ e~~~~
• dh’n n m u l t i~i la  add ress messages ar e transmi t ted on

~J A D T ~ . ,  the rneasage switch can , if desired , str ip all address
des ign~~~or: .: com a trar n cted message except the address

to ? on it i~ b :in q deli~~- r I. This reduces the times

required to rint and read the message and (for Service B)

o ny :.eduee tei’~pr L at er  ; .ir er consufliption .
8.4. 1.3.1.4 (hno~~~~Ccth.s

½. : n certain groups of stations are frequently

addr essed in a mul ti p~ e--ndd ri~~s message , a group code can be

8—li
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used instead of the indivicI u~~l , i : it~ ’,-,scs. tic group codes

are stored in the me s~ qc s~:itch whi ~h then e e e ~~ates t h e

nd.Lvidual Inesseces to cart ~i d d L ’ -s~~c n .  This procedure reduces
operator effort. and transaLasiori tine I t :  sending such messages.

8.4.1.3.2 Im2k Add~ css i n~
[n some r a s P s , rLai r k  n t t t  ~ n S  1n v a r i ~~t iy  send a

message type to a S F 0  i f io  ‘tation ~r other st.~i tions . Then

it is not necessary to address the n~ ss-~qe . The d s s ~~e::.

can be deduced ~ t h e  r~r j  d L n ~~ Lor 1~ ntif ler and the ::i e~~ s

t ejo. The messn~jo switch h~~s a Lib1~~ f ..r each such origi n ~ a

by message typ~~, wh.~~h con~- a i r~~ rh o  aIdrocees f-i  the r e - age

dn janet to the mess~ 5 ~witch , th~ adi ~ c~ s for an 1 ric h c i t  .y

addressed messaqe nec ’ no: ~e i r d  u d r e  . fhn OU nu t  ~ r’ the
message switch wil l  coat-ad : t i ’~ ~~~~ ~n w i t h  the  r.’~~ocer

address inserted.

8. 5 MESSAGE °GRM~VT’

Since al l ines-~aoe’~ will prss t h y n qh d TTi e~~ae ’.~ sw~ t ct ,

and sioce format conversion can to o~ rferrned ~t th e swi tch ,

it is not necessary to use a si’gle format t h r v u g h it  t h e

system. Although AFTN stations must cc: , i. nue  to u s~ ~he

ICAO format , Service B is not so constrain~ d. Therefore , the

options for a NADIN fonma t are ~hown in T’h ~~e ~~1.

NADIN ~ervice B u~ exs 1~V TnJ a sors

1. ICAO forma t Service ~~ form at ICAO format

2. Service B forma t- ~hnrvice B foom~ t TO~( forrai~t

3. ICAC f o r n t ~~t iC.”~O lormat TCAO furrrit

4. New format ~“ew fermat IC\O for at

TA~3LE 8-1 MESSAGE FC 1?M~,T dP~~T1j N1~

44
8— 1 2
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Optior o 1 or 2 would have the least impact on the

users. Optio:i 3 would elani nate the need for format conversion .

Both the Service B and the .[CAO formats were designed with

electro-rrechanicai and rn :o-: u ru l switching procedures as a back—

jround . Theri~~~; , consideration should be given to the use
of a new NADIN fo rmat designed to operate e f f iciently with
mor~ :‘apal le terminals and computer message switches , as well
as with teleprinter terminals.

A new messa ge forma t for NADIN would be required to
a ch i ev e  certain obja-onivea as follows :

a. 9~~~rator  or face
The new ~Lo reat should be easily read and used

by the Service B operators (AFTN operators
will see only tne ICAO format). It should be

designed so that  it can be readily understood

and does not require a substantial training

ef f or t .

b. Machine readability

The format  must be designed with proper heading
and eridiri .j delimiters so that it is machine

reada b1~-~, as are present Service B arid ICAO

fo rmats .

c. Efficiency

The format should be designed to minimize the

transmission time for a message.

d. Flexib iU~~ ’

The format i~~~~ld he expandable or contractable ,

dependanq on the application . It should be adapt-

able to :an y different message types including
computer gener-ne (i flight plans , weather collection ,

ARTCC mes s~ir 4 -~s, service messages , etc .

4
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APPE NDI X A

SYSTEM CONSTR1~INTS

A.l. INTRODUCTION

ThE- initial phase of the NADIN is to be a common

user network serving the FAA data communication requirements

currently doing served by the AFTN and Service B network. Be-

cause t~ ese existing networks are well established , operation—

al jn::i hj e I~l’~ utilizedr they represent a significant oper—

aticeci investment in dollars and human resources. Their up-

erudi~ o and intn-gr~ tion in the initial phase of NADIN not only

must  be done a S  efficiently as possible through a smooth eve-

lution of operational procedures and hardware transitions , but

it must be done in a manner consistent with the basic objec-

tives for NPIDIN. A guid in~’ principle is therefore the use of

existing facilities and operating procedures where such usage

does not impair acaievement of the communication requirements.

In this section, severa l constrai nts for NADIN designs are de-

veloped on the basis of the above guiding principle and the

f allowing observatio~-c ;

The equipment characteristics and operating pro-
cedures for government and non—government terminals H
in the existing networks are not uniform , prohibit—
ing indiscriminate placement of terminals on multi—
drop circuits.

New te rminals , operationally consistent with ANSI
standards and with each other, will replace the
older terminals as either traffic or operatio nal

- . considerations require.

A-i
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The constraints are defined by dividing the tor-

minals into categories, where all terminals in any particuJ ar

category are compatible to the point of being -able to be placed

on a common multidrop circuit , b-at terminals in different cate-

gories cannot share a circuit. The basis for divisicn includes

physical characteristics of the terminals , compatibi iity of

operating procedures , arid adrrinistrati’.’e policies. The cost

and administrative decisions required to make terminals in dif-

ferent categories compatible are considered elsewhere.

The categories are determined by consider i n ;  the

existing networks, then the impact of the categorization on

achievement of an integrated network is appraised . Finall~~,

a summary statement of the categories as constraints is pre-

sented.

A . 2  SERVICE B
A .2.l General

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 , but a lso serving
a variety of other functional needs. The transmission of VFR

and IFR flight plans acounts f or the bulk of t~ e traffic .
Other types of messages involve safety , weather , notices ,

NOTAMS , emergency information and administrative matters .
Table A—2 lists message categories by ICAO precedence w t h

their handling requirements.

A.2 .2 Service B Subnetwc ri- s

The network is composed of Sever il suhnetworks

described in terms of the circuits in the subnets. The sub-

nets and circuits are categorized below:

Area B Subnetwork

Area B Circuits
Supplemental Circuits

A-2
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U t i l i t y  B Subnetwork

Air  Car r ie r  Circui t s

Mil it a ry  Ci rcu its

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
ter~:unals. Although the circuits have a common line protocol,

they mae serve different functional needs. It is on the basis

of these differences that the above categories are formed .

Each of the ca tegories is briefly discussed below in order to
form and justify categories of terminals to be used in con-

straining the design process.

A .2.3 Area B
The Area B subnetwork forms the backbone of the

Service B system. It 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,’O)

rnul t ipoint 75 bps c i rcui ts, similarly attached to the 750

bps high speed circuit, serving to relieve the heavy traffic

load on the S/R circuits. The basic S/R circuits are called

Area B circuits and the R/O circuits are called supplemental

circuits. A functional diagram of the Area B subnet is shown

in Figure A-i. A brief explanation of this diagram is given

below.

An Area B circuit (1) is a half—duplex (every de—

vice hears all transmissions) 75 bps facility . The model 28

- teletypewriter terminals (2) are five—level, 7.42 unit code

A-3
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dev ices w h i c h  ope rat e  a t  7~ bps , and are connected to the cir-

cui t through ~t.untbo: es (3) . The stuntb-o x is an electre-me—

chanical device that prov~des the control functions enabling

polled operat on and is c1~~st inguished from the keyboard and -

printer elements composing thc- “ term inal” .

The  Area B c i r c u i t s  are terminated in a ro~~ay cen—

~er (fl w: ich hc-jse~ the necessary equi pment to transfer mes-

sages to and from the high speed interconnecting circuit (5).

Connected ~-o the Area B c i r c u i t  is an electromechanical de-
vice ca~~lcd an A u to od t l- Polling Unit — Low Speed (APULS) (6).

The JLd prov ido~ th :- v- Hu ng discipline for the circuit. I~l—

so connected to the ciicu.t is a low speed reperforator and

asso.iated high-speed transmitter which is coupled to the reper-

forator thro ugh a paper tape 1oop and is used to transfer mes-

sa ges destine d for termina ls on other circ u its to the high
speed circuit (7). Similarly, there is a high speed reperfor—

ator and low speed transmitter for transfer of mess ages fr om

~he h i g h  speed circuit to the low speed circuit (8) . A con-

trol cabin et (9) (for intracenter circuit transfers) and Bell

Sv~~t~-m 202 data sets (10) for the high speed c i rcuit complete

the relay center equipment.

The operaaioiL of the circuit is as follows:

a. The APtJLS transmits a polling sequence coi sistinv

c- f  seven characters as shown below :

E < ~ A~ A
2 

÷

(Table A— i expla ins  these  symbols and - ct h e r ~
used subsequently.)
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l i n e  feed

< or ~ cai~~~ g~- i e t  ‘ i t f l

t~~ : ’ ~ ~; h i ~ t

f i- ; u i e ’~~ sP I f t
-
~ or

A 1 , A 2, etc. an-k a lp h a h i~~ 4 ’ ~- r - i i ~~a c t e;

N 1, N 2 ,  etc • ~ny

\, B, etc. ~*e act’ 4 cr ;a i  acre~ shown

:u~~~rals i:cicating 1~ iV of
thp m’~n th

H I-I numerals  i n dic a t in g  hour of
the 6n ’

num e r a  is in~ Ca Li - q minutes
;)7I~~ t ~ie hour

* (N) * N recet~ t i~-ns of the character *

I
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b. The first three characters of the polling se-

quence (: < ~- )  r e f e r r ed to as a “condit ion

-20J e ” p lace all the stunt boxes in a “select

c o n d i t i o n ” p e r m i t t i n g  in te rp re ta t ion  of the

f o l l ow ing  char acters as an address  sequ ence .

c.  The two alpha charac ter s are an address
sequence for the terminal being polled .

The address sequence used to spec i f y  pol l ing
(two letters followed by two spaces) is called

the transmitter st art code (TS C ) . If the
termi nal has no message to se nd , it wi l l  s imp ly

remain idle . The APULS will time out after

approximately two seconds and advance to

poll the next te rminal .

d. If the terminal polled has a message to send ,
its stunt box will recognize the TSC and
t ransmission wi l l  commence after the

A-7
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compl~-t ion f th- T~ C. he t e~ m~~n a l s  no t

polled , not n1~~~nq rec- ~n i z e~ i Ta ’ ’ , et u r  n
to the r .u r i — s e~ oct cortdit- i or ~•x i ~~~~~i ~iq n e fo i e
the pol l i n c  ‘- o i cn ce .

e~ The L rans mitted message 1or’r i ’~ is as follows :

< < -
~ A

1 A2 
7~3 

< <  TF~XT - i ( 7 )  N N N N

The ~i r s t  t h tee  oh i r a u t c  - are a -j a m  ~ cc- n d i  t~ - 
- _

code w h - ’h e : a - c - ~ all ~--~nt h~,;v. s in a

C 3 f l d l t i O f l ” . (Nate that the f’Zrst chara—ter

o f r i  - cond j F  ~-1~~ i s  h~- “ < “ ~~~~ ther  t l c~n
the “ - “ rIse i r ; t}~~’ poll n~ sequence cond ’ t i cr!

c’ -xi e , as t h e  res-a t- f u n c t i on  is - - c - ’ requirc ~ h~-~ ~

f. The thre ’-  let t er  a ~~~~~~~ cod e (u s u a l l y  c al l e da ‘ u~~l1 d i re c t i a - i  code ” , or  CDC ) se l ’-T ’ ts  a

particular terminal on the circuit for recep-

tion of the message .  (~Oo- a ] J  ~-!-rat all termi~~a~~s

on the c i  ~-cu i t  wLl l  r ina LIH S ~r

If tao rressage is t ) be t r  i r s f ~- -~~ ed to the

t i qh  speed c i r c u i t, ~~ e CUP is f - -- -ai 1 et t - - - rs ,

the f i r s t  o~ ~ n i ’ h i~ ~n \ tha t ~~o - sed tr ~
s ta r t-  the rep - fo!aic,~

g. After the trn:€-e charac ter  Cr) C , a three char-

acter  “al i ~nnect ” cod s (~ 
< 

~ ) is transmitted .

This cn-ie resets  the  st unt  boxes -~~~~ a l l  ~ena io - -

- • als to rh o  non—~~~lect eon-~ on hut ~c ~c’-~s the
p :in tn r  of the c a l ed tcn~ir ,ai r-nabled . In

th i s  ~oy, an o r  called terp~ ni~T i— prevented f ro m

r ” c o iv i  n— - a jT ’I t-ion of L h o  ‘oessage a(~ . i d e n t a l  ly
rbouJd t~~e u1es~~a- :c -~~-rt con

4 a ~n a s~~~ienee o~
c h a r a c t e r s  ident o;al to i~~~s CDC . Fol lowino he
a lj q n m ~~r -t  code , & ther anotJ ~ - r  condi ti on ~odr ,

~~~~~~~~~~ —
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CDC , and alignment code sequence, representing

another addressee, or the message follows.

h~ In general , Service B message text (non—

computer B) complies with the fo l lowing
format:

1. Preamble:

(a) Precedence sign (see Table A-2)

(b ) Address identi f i e r  of destina tion
terminal.

(c) Message 3—character sequential
serial number.

(d) Originating station identifier.

2. Address: (i.e., office or individual to
which message is to be delivered) .
Omission indicates addressee is identical
with  teleprinter address identifier.

3. Text:

4. Signature:

Transmitted one line below text includes:
(a) Last name of originator .

(b) Reference number or abbreviation of
the originating office.

(c) Date—time of origin.

Some deviations from this format are required

in certain instances.

i . Selected terminals (and the reperforator , if

selected) copy the message. At the end of the

message a page feed sequence of seven line

feeds and an “end of message” , EOM , sequence of

four N’s are transmitted . This trailer

sequence serves to disable all printers.

j . The APULS also recognizes an idle line , followina

a transmission of a message, and thereafter resumes
-~ its pol l ing sequence.

1
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k 
• To transf er messages f rom the h igh speed

circuit, the APULS includes the interface

low speed transmitter on its polling list

(wi th  pol l ing  sequence < 
~ Q S 5 + ~) .

The low speed t ransmit ter  respond s analogous
to an ordinary t arminal

Co d e s  associated with the functions described
are listed in Table A-3 .

The transfer of messages over the high speed
ci r c u i t  beg ins with the low speed interface reperforator. After

th is  r aoe r rfo ra tor  has  punched a paper tape of a message for
t r a n s f e r  over the hi gh speed c i rcuit , t-h e interface logic sets

a message available indicat ion.  The Automatic Polling
Uni t , Hi gh Speed (APU H S) ( 11) ,  polls each connecting high

speed c ir cu i t  in a manner analogous to the APULS except that
in te r face  c i rcui ts  respond with a “message not available”
transmission when they have no message rather than remaining

idle. Thus, if the APUHS receives no response , it times out

and i n i tia t e s  an alarm . The hi gh speed circuit is a four-wire
facility bridged to operate half-duplex so that every interface
c i r cu i t  can hear the t ransmiss ions  on the high speed circui t
of all  other i n t e r f a c e  c i r cu i t s. When a message is t r a n s—
r r it t ed  on the high speed c i rcu i t, the interface logic of the
low speed circuit with the appropriate terminal recogni zes
the terminal’ s address and copies the message with the h igh-

speed r e p e r f o r a t o r .  The message is then available for trans-

mission over the low speed circuit in the manner described above .

The supplementa l  c i r cu i t s  are used to o f f- l o a d

busy terminals  on Area B c i r cu i t s .  Thus , messages transmitted

on ~-he biuh speed c i rcu i t  to be t r a n s f e r r e d  to a location

served by a supplemental  circuit are not copied by the ~rea B

-
. c i rcu i t  i n t e r f ace  h igh  speed r e p e r f o r a ta r , but r a the r  b y the

A — i l
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TABLE A—i

SERVIC E B ASYNC HRONOU S C HANNE L CONTROL CODE S 
-

1. P o l l i n g  sequenc e 3 Charac ters
condition code

2. Message transmission 3 Charac ters  +
condi t ion code

3. Call Directing Code 3—4 Characters A ~- A or

(CDC) x~ L -

1

4.  Transmi t ter Start Code 4 Characters A A -
~~ ‘

(TSC ) 
1 2

5. Alignment Code 3 C har a c ter s  a

and

End of Line Code (EOL ) 3 Characters

6. End of Text Sequence (EOT) 4 Charac~~~rs  + < < a

7. End of Message Sequence (FOM ) ~ CL-:racters N~~NN

. 

A- i - 1
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supp lemental  c i r cu i t  i nt e rf ac e  hi gh speed r e p e r f o r a t o r .  The

supp lemental  c i r c u i t  low speed tr a n s m i t t e r  then fo rwards  the

me~~ age t~ the R/O terminal. The stw t boxes associated with

the R/O Lermina I~ ~ ra programmed to accept messages in the

~ar~e manner ~as the S/R rern ixials. Clearly, to be of use , a

supp lemental terminal cannot be on the same circuit as the

terminal it supplements.

The fol low ing two categories of t e rmina l s  are  no~
Ce f m cd:

Category A: Area B S/R terminals operating
according to the procedures outlined
above, which will be called P

1 proced-

ures.

Category B: Supplemental R/O terminals operating

consistent  wi th  P1 procedures.

Before  leaving this descript ion of Area B , it should also be
noted that the NAS 9020  computers also have drops on the
Area B circuits. The computers also operate according to

P
1 procedures (but with a polling sequence of E < + Z C A

1 5).

A . 2 . 3. l  U t i li~~~~B

The U t i lit y  B subnet is  used to t r a n s f e r  milita ry
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

--ire intended to provide s ta t ions tha t  have f r equen t  da i ly

i n s e r t i o n s  of IFR f l i g h t  plans with a direct  connection to

the responsible NAS 9O 2~
) computer. The message format is th a t

prescr ibed  fo r  machine entry of flight plans directly into the

NAS 9020 r u mp u t e r . Tb-a circuits are terminated either in the

NA S 9020 computer or at  a terminal  where an operator can e a sil y

A- l3
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manually enter the flight plan i i  the computer . Thus , the
function of the Utility B circuits is r~un h  narrr~~er it- scope
than that of the Area B circuits. There s no connec t ion  of ~h :
U t i l i t y  B circuits  to the high speed c i r cu i t  in te rconnec t i --

Area B circuits. Some of the c i rcu i t s  are S/R and are polled
by APULS units, wha ( others are R/O at the ARTCC . Some of - -

‘~

latter type have U -
~ Lrmina ted in the NAS 9 02 0 - -om hul at - .

The Utili B circuits are primarily inten&d fo~
military air base operations offices (BASOPs) and corr~nerc i~ 3

car rier dispatch o f f i ce s .  However , there are also appro  i .  -

33 high—activity Flight Service Stations CUSS) that arc

served by these circuits in order to have additiona l r ap a b i ty

and a secondary means of distribC.ting data . In addit ici , ‘ —  -
-

Canadian centers are served by Utility ~ circuits . In a~ nera t ,

air carrier terminals are on multipeirt :~ rcuits at ajrL ai—

ports terminated in R/O drops at the responsible ARTCC ;

consequently they do not share circuits with military terminals.

All Utility B circuits are operated consistent with  th e P 1 pro—

cedures outlined above for Area B c i rcui ts .  The fo l lowinq two

categories of terminals are now defined :

Category C : S/R terrnina i~ loca ted at BASOP s or hSSs,
dedica ted tc- insertion of flight Dlan~.

in machine format and opera t ing  acc11~ d-

i.ng to J- 1 procedures.

Category D: S/R te rminals  loc—t -ted ~i t  a ir  c a r ri e r

dispatch o f f ices , ded icated t -  in~~e~-

t ion  of f l i ght plans  i.n mach.in~ form- t,

and operati~ c accordi-iq to P1 p r oc- e.~.

It should be noted that recent administrative de -isions hove

been oriented towards expanding Category C to ail’—~ - r l aL ~ on~~l.

air carrier facilities to be served by Util i ty B r i r c l it s .

~_ 1 4
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ucwcver , the extent to which these decis~ o~is have resulted

in new drops on Utility B is not r ead i ly  known .

A . 2 . 3 . 2  Center  B -

The Center B subnet is composed of five (100 wpm )

ci~~cui ts ter minated in the DS 714 AFTN switch at NATC OM in

K~u :~~ a r-  City. The switch operates each circuit according to the

P1 
procedures and provides for their interconnection. All

A~~TCCs have a S/R drop on one of the circuits. In addition ,

~r u  SCC-~ R .- (Systems Command Center - Airport Reservations

Cf~~ice~ in Washiruton , D.C. has a drop and , the record center at

-‘- r ~-~~r-..’burq , West- Virgania has a drop .

The Center  B network is primarily used for the

cx~ hanqe of flight movement and control messages normally re-

lated to IFR flights between the areas controlled by the con-

t erminous ARTCCs and the SCC-ARO . The following category is

ncw defined :

Category E: S/R terminals located in ARTCCs ,

the SCC—ARO , and the record center ,

primarily used for the exchange of

flight movement and control messages ,

and operating according to P 1 pro-

cedures.

A . 2 . 3 . 3  Cor~E9ter ~
The Computer B network is composed of low speed and

med~ urn speed c i rcu i t s  interconnecting all  the NAS 9020  corn-

p-iters on a point—to-point basis. The network is intended

only b c  computer-computer communications , is not part of the

common user message transfer system , and is not included in the

ccope of ti is s tudy.

A-iS
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A .3 AFTN

The A~- - 
~r i a ut i  -- ~ I Fixed T~ ~~~

- N nrn~A n L c et i u r s  N et ~~ k

(AFTN) is a world w -ae t e  ~~~ r ewi i tcr ~ornn ur~1 ~ations ~y s tt -

intended primarily tar f ~~c : c i l a n - J u  rd r n e s r : a q u s  , r c e t

the safety of air naviqarion and Luqu ar , eff ican; 1L , ar~- ~~~
- 0 -

nomical operation of inteio~ tional air services. Th€ ? f - T’1~

provides c o m ln u n i c at x o ; s serv -:c- for internarioral air-:r ft

movements , a d m i ni s t rat i v~ messages , ~r1d meteorolog c~ l ~~~~
between the U.S. ~~~ - -t h -~r Intern r t - o i a l  Ci~— il  Av~ atini

Organization (ICAO) nations. Specif~ ca1lv the cntrq -r~~~s~
of messages handled b~’ the AFTN are~ -

a. eisr r~ ss mp ~~~-j ~~es and distress t~ affic (SS)

b.  urgency Irtussages  (SS~
c. f l i g h t  s a f e t y  messages (FF to GG)

d. meteorol-~aical messages (GG to JJ)

e. f l i g h t  ~- u ju 1 ar i t~ - messages  (G-; to JJ)

f . c~eronautica1 adminis tr t ive rnessaues ( JJ )

g. NOTAM — Class I distribution (GG to JJ .~
h. reservation messages (}~A )

i. general 3ircraft operatin- .~ agency :~essaqec LL ,

j . service messages (as a p p r o p r i a t e)

This lis t ing  includes , in pare’~theses , the ~ev-
of precedence range in which r-rich category of mes~ age is h~i i r 1~~d. .
Table A—4 defines brie AFTN prccedrnce levels.

The present portion of AFTN f’—r which FAA has
responsibilities is d ivided in :o two uj-i-~: areas — th ’~ Nc~ t i
At lan t i c  and Caribbean Area , and the ~ i~~s~--ar -  and P a c i f i c  T-~~~~ .
The Alaskan and Pacific Area is served by mu l t i p le s~--i t c h in .
centers at Anchorage a~~d Honolulu . ~ih ~- -~~e centers op~~~~t-a
in a full automatic mode .

-



TABLE A - 4

AFTN PRECEDENCE LEVELS

~y~ e Messages

1. SS Emergency messages affecting
s a f e t y  of li~ e and property .
Message requiring special pr iority
handling .

3. [F ‘
~essages concerning control and
movement of traffic. Flight
safety messages.

4 .  GG Fli ght regul ari ty messages and
meteorological  forecasts.

5. JJ Administrative messages , meteor-
ological observations , and f l ight
regularity messages.

a-d

Reservation messages.

6. I L  Corr~-any and operating agency
messages.

A— l7
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in ~ 971’ , the FAA rep i - a v e l hr ~a r t u a 1  ~~~
- itchi~~-j c- er-~ ers ass~

cl- Cited w i - h  the  No t i  L- antic :r~ i CarihO~ an 7r r:ea with -an aui. -~~—

-:a ~~. € d c - n t r a l  d i f t r f r f t i c r t -  ce~~te~ -at i sa~ City , ~~i

i t s  lun ct ic -n  is t he  •‘Liy ot i n t e r n -~~t - Ccl  r net e :~ c-ci c i i  a nd

.~~-t  ~ru’utica1 t r a f f i c  o r i g in i l ly  relayed a t  each of font ic-c

b io n s :  New Y ork , M~ :tiai , San 3 ian , an d  Bal hoa . Th e - - c f- ~
loc-: t ions have nu~c become hubc t~:h ich F eed the K a ns as  C i t y

center .  The Honolu lu  c v n t  - - Ua-~ been cor ~v er t - - .1 to the :aa~ €

t-’c~-- of hubbed opero~~ion ac iUnsas City .

The most common t e rmina l  in the  AFTN is the M~~~
-
~~u i

23 teletypewriter . There is a large numbe’r of p a i n t _ t r ) - - r ~~~.t

circuits and mult Loint cir~~uits. The messaGe format i~~
defined by ICAO standards , nd is differci~t frern that— ns~ c

Service B. The format is described in deta~ 1 in TCAO dcc u~ - . nt

rxumber f l 4 6 — A N ,’~~68/4 , ATneI dment No. 7 ( 2 5 - 5 / 7 3 ) ,  M ar -c-a l c 4

Tele typewri ter  Operat i ng P r ac t~~-:es. The b asi c  i n r m ~~t has I

major divisions: heading , address , orig in , text , and endio-- - - .

These are described bri efly below:

a. Heading

Z C  Z C ÷ A 1 A~~ f 4 - N  N~~ N + - ~~~~~-,- -~ -* + < < E
~ a 1 ~. 3

‘-5--- _ _ __I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ \____._._~,_
__

1 ~.._______.____ _ _1 ~~~ — -

1 2 3 4 5

-

- 

]~ 
- Start of aiessage code

2 — Tr-: as-nitti.cg stct~ un identi ~ier

3 — desoace  ~~ ~nce ri rtber

4 — Tear space ~w: 
t.h manual swit -h~ n~~ s ~~~~ ~ n ~

5 - A L  o~~Ia1Tent code

~~~ ~~~~~~~~~~~~~~ ~~~ ~~~~5-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - - -  - - 
~~~~~~~~~ 
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a. Address

A1 A 2 A
3 A 4 A 5 A 6 

A
7 A 8 

A
9 
A 10 < <

L_~ _..1 ~~~~~~~~~~~~~~~~~~~ —1 L.~~~_1 ~._., ._..1 ~~~~~~~
1 2 3 4 5

1 - Precedence designator (see Table A—4 )

2 - Address location
3 - Address organizational indicator
4 - Optional extension of address organiza-

tional indicator
5 — A lignment code

Origin

~~D D f l H M M I -~~A A A A A A A A ~~~< E
_ _ _ _  _____

~~

1 2 3 4 5 6 7 8—
~~~~~

- 

~~~~~ ~~~~~~~~~~~~~~ L-~~~’
1 2 3 4 5

A—1 9
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3 — ‘ at — e ~Pt~ t i i i i 01 ‘i ) q i ’ ’

— U~ i’-~:i:~~ ‘ 1 - 1  I

:3 — Oriq~~n-3 t i~~-j o~~oar ~~~~c ti o f l  i c l in a t o r

4 - Option - -i .-. ~-~- . t - -~~s inn  of or i - , j r ~~~t i - 0  ) t u  re -

: a r ~~nn ind~~c L I t e y :
S — Al. in cimcct ~e 1 — ~

d . :~~n~ 4-

e. ~~- c l  ng

- - - 
= = 4~J ~~ N . ~ 

- 
~ ~

‘- -5- ---~ -, ‘-,-——--- —-— - - --5 - 

1 3

1 — En d  -~~~~~ t cy t  ~~~
— F -n i  at -~~ s - c - : e i n - ~~- - ~t - ’r

3 —- T-. ~tr s1rn~ 
-
~~ (Wi th ma l i t .  i ~ t -chin-i svs r. cr ’ln

a a 
~~y )

There ir- no ICAO ~tacr1-crd descr biiic poll oig proc ‘J1L ~

be used on the AFTN s s te r . However , in most of th e  a~
operated by the Uni ted  States , th - - po l l in-3 pr~~cedu re  is a

modified version of the B~- 1 l S-;stem i~~~ 3 m ( c etvp -C ’~ rite r S~~J~ r~

tive Cal l  System , as descrila~-wl b e l o w .

a .  The s w it - c -h i n g  -~~~ c : e r  t~ an ~~n ts a ~ - c h . i r r - r -  Ler

~A 1 ~ f~~ 
}r  st at i o n  b e i n o  p a ’ li e- 1 , cnn

t i i .:T iri i± -s  a t .c e_ O . l t

b. it  - i -r r o i le d  s ~~~~~~ i~—~ 
-
~~~ F- s ~c~~

- hà ’~e ~, 1

t ; be tronsi~ it ~;-d , j4- 
~~~~ t~ s~~its ~~ i r - ~ hac i:t.~~c

- V ’ 1 an ’ aft€ r rLr~r c i v i r1a ‘h ~~-~ c’ht~~~c t - - r , h ’

t L- - ~~~
l ’ ’- rt2 r  .1 V a E- .S I ~ ~1 1 ~~~~ 

r 
~~~~~

or .

C .  If t h c  ~~-i led ~~t:~ i ’ l - f l  is a ii r’~~ s-~ r- ~ h~ X c 5

rn i~ t c - l , it f i r s t  l. r ~~—sm it . s an “1 1 3  of  T~o - i ’ - ’s r ’

- - n~ - ( < fl Le 1 ‘ a 1 1 cfh c r  ‘ ‘ r I -

r —  r aetec ng 4- - i  ~ addrec~s i: J e  n ’~-

- - -  
-- — 5-— — -5



nhe - caji- ci . 1 f f i c , and c r r - ~ it transmits U n -  message.

d. WL:n the switching cent  er  receives the “E r ?

of Messaqo ” se c :u e n c e  (N N N N) , i t  r esur-ies

p O l l i f l I .

e. It :he cw itcli inq cen c-r receives no response

ierii-
~a 1t t ime—ou t i n t e r v a l ,  i t  t r a n s m i t s  the

“End or Message ” se~ c . nce wh 1c-~ : rese ts all
t c rm~~n . ~s and causes an alarm ; then it resumes

pol l~~nq .

f . If  e switching center has a message fer delivery

to ~ t er ~~1flal , i t  transmit~ a three cnaLacter

CDC tar the terminal (A
1 A 2 +) and then waits

fr- : receipt of a “V” from the te rminal  s i g n i f y -
ing recognition of the CDC .

g. Upon receipt of the “V’1 . the s-~i i t c h i ng  center
transmi tc an “End ~f Address ” sequence ( -< E

followed by ‘hr - me’isaoc.

~he above cr o c e dur e , w it ~ i ts i n c o rp o r a t i o n  of an answer—back

whe c  a t e rm i n a l  has r o  message  and dur ing switching cen ter to
1 cr m i n a . messaL;e dn l i v e r y ,  is s u b s tan t i a l l y  d i f f e r e n t  f rom
the 

~ 
procad :r€ s described for Secvice B. Fur thermore , s in ce

~~1:  r cssages in ~LFTN mus t  be journaled Lv the  s w i t c hin o  center ,
i~~r~ ct inrracircuit terminal to terminal message transfers

are not oermittLd , even though the circuit is half duplex .

~‘his AFTN procedure will be called P2. Since all AFTN terminals

adh--
~re to a comm on message format and have similar functions ,

it it iy appear appropriate to p lace them all in one ca tegory,
a - s ~. r i n :  terminals on point—to—point circuits could easily

he m-r,ditaed to operate according to P2 procedures. However ,

the terminals are located in distant geographic regior.s,
C to the c o i r  where multidrop lines of terminals in different

ri~j ions would be inappropriate . It is on this basis that

A-2l
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ca tegori~:a tion  is made .

The qeogr-aeiiie r - :~ ens scr~ I ~y L Y E  ci r~~n ~ -

are the conterminous U. S. ( ? ) N U E)  , A1a-~.--U , . i C f L r - , and

~ar bbean regions . in  ad d i tio n , there  is -n r:~~~r f i c e  w i t h

the i n t e r n a t i o n a l  a e r o n a u t i c al  c& 1 C~crcmr~C fl i catio;e n e t W  — i k .
1 -~c~ h of these r e gi o ns  ~s b r i - - f l y  d e s c r ib e d  1- ’ lr: - -i i t  order t O

j u s t i f y  toe ca t ego r i e s  dcv’ l - -p~ d .

A.3.l CONUS

Within the CONU:-i, tte :e exist A}TN I t - ’ . n . - ) rr ~“

V~ -n t e e n  point—tc---po .~nt circu~ ts and on Len mu ’. 4 - i - l - o i n t
r i r c u i t s .  Each mul t.i point circuit connects siveral ~i~~l3nen

at a corrunon airport. C orcuits - ‘re term i nated ~n the

ic~ 714 switch at Kansas City . Multiplexers are currectlic

present n New York , M i a m i  and San F ra n ci s c o . This  ar !a :~~e-
ruent leads to defining the f .ii owina t~ c- catecp-ries of t e r n i  -~ai s

Category F: CONtJS AFTN t e r m i na l -  n a t  s e r v i r r h
airL:nes bunche-J at airports.

Catego r~ G: ‘~ NPE “d- ’iN termina Ls- servinc air -

- ines bunched at aim -n - s .

:.  3 . 2  Alaska

The t e rmina i s  in Al— iska  are  used fo r  both S e r vi ~-e

B and AFTN t r a f f i c, but operate in t he  AFTN forma ’- . All t€ r r~ i -

nals are connected t.o a Phili ps ES—3 switch loctted in S

rage , which provides fully automatic teletypewriter t w i t t i O c i

w i t h  manua l  (push  b u t t o n )  ~wi ’--”hing cap-3bili t~’ used wher -:i~~ u i t

ccnditions preclude fully automatic operation . ~ l1 lines -)~~ PU~t’

at ‘ipeeds of 100 WPM. Control of transmissieu fro”i ~-nd to 1-errH_

n d L s  on the various circuits is well as the fully dUt )~~’ c

.v~~~ ~~~~~~~~~ ~~
- 
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twitching of messages is performed by the switch. Onli emergen-

cy, non-routing functions or error conditions are called to an

operator ’s attention.

The Anchorage ES—3 Syst -m provides communications

switching capabilities for the Alaskan regioc IFSS’s as well
a switching interfacc between AFTN and Service B. It

~co resents an in~ egratch Service B/AFTN switching system in

Al aska and in a sense , is a precursor to the NA DIN concept.

In qene ca ~~, traffic originates and is transmitted

as foil~~ccws :

• ~ntra-A1aska (between t’SS’s, FAA o f f i c e s,
~ rc. ..)

• T- ’~’rom S ~n Franscisco

• To. ’From Tokyo

• To I - r- ~~ Honol u lu IATSC

Peports -~ f Fix. d Services Activities and peak hour

messa ge form-- have -i - - o - i i t c ~ traf f ic data which were supplemented
by site sr-~ vo~-s an-i teietype roll analysis

• T~~t a 1  dnoua l  ( l - 3 7 3 )  t r a f f i c  3 x l0~ msgs.
200 x 10 word s

• A vi:i i c ; e  oe k l y  t r - - f f i c  57 x l0~ msgs.
3 x 10 word s

• A /CC - i - -j r he - ly tra f f i c  8 x lU ~ msgs .
528 x 10 words

• B sy hour t r a f f i c  4 ? 5  msgs .

• Percenta~je of total traffic
sc-nt to CONTJS 6%

• Perc-entage of tota l t r a f f i c
received from CONUS for
A l a s k a n  d i s t r i b u t i o n  12%

These m -~ssages are transmitted on the following

categories of circuits: four rnultipoint circuits serving

term ina l s  in out l y i n g  areas , a multipo int circuit serving
airlines in Anchc-rage, a mu ltipoint circuit shared by Ca nadian

I

z

~
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author i t i es  and the Uni ted  ~ ta r- .-s ~i l i t a r v , and approx~-
mate ly  21 p o i n t — t o —p o ~ nt  c i r ca i . ts in Anchorage .  T h i s
arrangement leads to definirt y tire f o l i ow ht c-i c a t egor ies
of terminals:

Category H: Alaska outlying terminals.

Category I: Anchorage non—acrline terminals.

Category J :  Anchoraqe  a i r l i n e  t e r m  tia l
Category K: C eaci o and U.S. military terr i rc,ls.

A .3.3 Pacific

The \1 ~‘i terminals in the Pecific are conuec~ eu

r-o the switching c-&..r:ter at Honolulu, a Wr--~~t-or:r E:rio: Plar . 59A .

i!awa i~~

Honolulu has approximatcly 16 local p --~ nt-to-poinL

circuits; two local mu~ tipoint circuits connecting airli n es ;

circuits to Pago Pojo , Midway, Kwajalein , h-jar., Anchorage ,

and Kansas City; a—rd interr atior-~al circuits to ManI]a , F ij i ,
and Japan .

A total  of 34 circuits presenr-1y handles AFTN

communication requirements. ~ port-ion o~ the t r a f f i c  is
non—AFTN as weather dat.~ is  sent over thes  - circ -~its i o n
redis t r ibut ion to other s t at i o n s  ouane ct c -d  to thr -- c r - :j t ’~r .
Circuits operate at speeds of 60, f ’  and 100 bPM .

A great varir-~:y or t r an s mis s ion  links are used

to interconnect the area staLior’s with the swi tchiri g ‘-- i r t ol 5 ,

e.g., sub—voice grade land Ji rres , satellite ‘iri ~~s, ‘~ndersea
cables , radio l i nks .

Undersea cables ink the IATSC with Japan , Guam ,

Manila, ‘Jake Island , Fiji and - -hd ~~ay Isi a-:~~s. Satellite

— channels are used between the con~:er a~-~ Japan , ‘—MC ‘~‘uit1arid,

San Francisco and Anchorage. Land line cir~- i i tc pro:ide

A— 24
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t r a n s m i s s i o n  c a pab i l i t i e s  f o r  in t r a — i s i a n d  communications.
Two of the cird lits ar~ mul tipoint full duplex while oth -~rs

are n ilf dep l cx or u.LocJ .~ -X . - eve ra ]  f~c r J  l ine c i r cu i t s  ar-~
openited a a simplex oroadcast mode woore the traffic f r o m
the c - : i r r e n  is sen t- to all stations on the particular ci r c uit.

~i~~n ;o~~ssiort with a static-n on a m ult i p o i n t  ci.~~cu it
u er ~hrc swi t L O i ! q  juri~ dic t ~on of Honolulu is accomplisn-ci

ho means of the following select code: two l e t t e r - s h i f t
characters , .‘

~~
- “ , the stition alphabetical identifier

‘ \ , [~~, C , etc.” , one cao:iage return and one l ine  feed (~~~WA <~~~ .
Th~~se f~~nct ion s  - i r e  eu t o m a t i c a l ly  perforated  on the outgoing

~:~ap-e receding the start of message. The two letter—shift

char o-ters ,’ W ” , and the correspondent ’s ident if i e r
tum u on ~.he receiving eguipe ent. The carriage return ind~ o ctes

the end of the select mod e and locks other equipment on the

cir:uit. Line feeds act only as a prevention against “SOW’

overL.n~ ng when more than one terminal is selected . The EOM

onlocks prev~ -ously locked out t e rmina l s .  Group codes ar e used
for simultaneous transmissions to all terminals on the circuit.

~€vices on r~ultipoint circuits are equipped with “idle start ”

-m d  “tr a n s f er lockou t” . The idle s--art permits only one

t-~- ndt- r to transmi t at a time. The transfer lockout prevents

term:nals fcc- rn receiving each other ’s transmissions. Incoming
messages must be in proper ICAO fo rma t  and contain the SOM ,
a three letter indica tor , channel number , text and a ~ di Id EC- M .

The Honolu lu IATSC is the extension of AFTN in the
P a c i f i c  a rea .  I ts -reo -~r . -t p h i c al  location as wel l  as i ts
swi tch ing  c a p a b i l i t i e s  have placed it as the P a c i f i c  hub

responsible for the orderly exchange of air serv ices messa ges in
cha t area. As shown below a large portion of the traffic

handled by the Honolulu IATSC is destined to intra-Pacific loca-

tions. A quarter of ti-c total data communication load is

received f rom or r el ay mi to the CONUS.

A A-25
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x rcs ot Ft> e -i ~
‘orvict’s- -\ctiviti et and peak hour

messaci - ’ forms cOi1r-~ t eU a’: the Iiono~ uln f1i S c alc’ng with

on—site surveys , u ’7e  rcv aled toe fo1lowi~~q t ~tffjc in formna - rt .

• Totai innoal (19~~3) co:’h~~r e-cI  
6AF T N / M L T  craffic t, x 13~ 5~~~~~~~

D 2 3  x 10 -.-ordn
- 3

• ~ve ag weekly ~- reff-’ --’ 155 x 30
6 

msgs.
10 10 words

• A ~-~ aqe h -  l y t raf ~ i c  22  x 1 r s g s
1 .5 x :o~ word

• Ai- ’N/MET busy h- :cc :r t a f ~~ic 768 msgs.

• AFTV busy 1-nu : traf ~~rc 60:) msgs.

• i~’eraqe r ’-ssaqe engt-° 300 cha~
• ~~o c - ~~t 1 t - ~~~ e of tct:a traffic

~ o~ -i  to CON~ S t o t  re -u striL t~ on

• ie~ certage of tutut traffic
i from ~~~~~ for

i a c :f i c  d~~s t ri hu t io n

A . 3 . 3 . 2  Other  P~-~ i f i c  Sw i t o ~~es

The switches at Guam , Wake Isla nd , and Pago Pago
appear to have a minima l AFTN rol e, ser~~ing primarily as

relay points for the Honcrulu circuits. There is a multi—

point circuit ccnnoctina aini . rrc~ at Guam . This ar:-anigemert

l eads to defining the foilow~ nq categories;

Categor’- - L H~twa i ~ an Tsiand r o n ~ n in m e  t:err~ ~nal s.

Category i~i~ H o n o l u lu  a ir l i ne  t e r m i n a l s .
Category N : P a c i f i c  out:’ yn- e terminals.

A .3.4 Canibb~ on

The Car ibbc’~trx LFi’N ter do als ar- - on circu.~ ts h i ;h ~~ —d

at a multip lexe r  i n  ~~ n J-aan. There ‘-re five local V - d n t - -t -~~ r~~i nt

circu i ts , plus a pc o ’:-- to- point c c  r r i it  to  ( ,u a n t a r - -n -e Bay,

and two local muit ipoirt c ir c i . r ts  connec t-~~no a i r l i n e s .  T h i s  li~ ’ds
to the f o l l o w i n g  t~ c categoriEs reing dcii nc-i;

S’ . 

J
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Ca Le ; o ry  Cr :  C a r i o b e r r i  qovernment.  t€ r m ir e ~ i s .
C a t . -y ory  P : Caribbean  non-ccovernment t e r n ir u l s .

A . 3 .5

The Ar -rN e t - ,- io ik  is i n t e r n a t i o n a l  in SCO 1)~ . ; he

o- r t~ on or -~ t - rJ by the  Uni ted  S~ a t es  in terconnects  w i t h  por-

t io n s  on-~rn t , . : I  by o ther  na t ions  a t  m u n y  p o in t s .  -rh e i n t e r—
co r nec t i n g  c i r c u i t s  are not consid -red a v a i l a b l e  for  op t im i z~-
n o r  as pa r t  of N A D I N .  Th ese c i r cu i t s  w i l l , however , impac t
the  !- a f ~~ic toad to be hand led  by s w it c h s w i t h i n  N A J I N .

i n 2 1 ~d~ - c - r c u  i ts to Ba lboa , Bermuda , Mo n t r ea l , Li sbon ,
Tokj o , 1- u : r i l a , F i j i , and  a series of c ir cu it ~ hurbee at Sa r.
h r a  in  the  C~ir ibbean .

A.  4 d.D TN

A basic c L n e c t i v e  for flA~~lN  is the ir r t e~~r a t i cn  of

the ex i s t i ng  S e rv i ce  B and AFTN f a c i l i t i e s  in to  a s ing le  common
ir ~~c-r n t - t w a~~~~ . However , the discussion of the e x i s t i n g  n e tw c rk s
presented a b ’ ~e outlined f i f teen ca tegories of termi nals ,

each cateycmy in some sense being d i s t i nc t  and i nc o m p a ti b i :  d i t h

othe r  ca tegor ies .  A fun i damen ta l  quest ion is the i mpact of
suc t~ d i f f e r e n t  categor ies  on thc achievement of an i n t egra t ed

fldi\-,cjlC- . r~~ t r i s  sect~ c n , a basic s t r u c t u r e  for  NAD I I- . ~r

ou t l ined  and is t he i — rel a ted to the above ca tegories , shown to

ce consis tent  wi th  th e  g u i d i n g  1 r i nc ip l E  o ut l Ir e n  in the
f i r s t  :~e-rt ion , and used to form new categories  of t e rn - ir r a l s
tor  i n v e s t i g at in g  a l te r n a t i v e  network a r ch i t ec tu re s  f o r  hAr-IN.

In  terms of topology, NAD IN may be ‘~icw i as

: -- rn 1-nsod  of t n e  four  AL- rh ~ eaqr a~ hic regions ;  each i e - ~ ic n

ieserving consideration in its own r iht, but also h av ~~rr- ~ to

uc i nt er - :onn ec~~ e-~ with the o t Lei s and ha .-ing to he locall~,

consist~ :.~ w ith the global objec tives for an integra~~oi conirnon

use r network. As 1 rnes-~aqe t r a n s f e r  system , N A D I N  r eg r ir e s  at

4 2\- 27
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leas t  one sw i t c h i ng  cente r  t ’ - per~~-) rn  the t’-c n - fe r 315 m ’-ssaqes

h- -w e en circuits an.: ~~~~‘ fu  i i  the  - o irr. a~ i ng re-~ui --men t-~
n o t  A1 TN messageF . For ro ll-- h i ~ity , n t-n te~ urida ncy shei ld

be I~rese- t , s u gg ent ir - -j a t  le~ St. two such cc-i cons .  Beyond t~- .is
minima l requ i rement , the r eed for  ot h - -~r cei.c *- S is to  he a

pa r t  of this  s tudy .  IC - e s , c .oh region may he serviced by none ,
o n-~~, two , or more s w i t c hin g  c-en te r s , so L u n g  as - ‘ e are at
least  two centers  in a r h ~~ ibJ e c o r f i q u r ~- t i o n for  t h c  to-~al
N A D I N .  3crn e noe l  irn i r: c - o en s i d e ri t i o r o- . of ih~D l ~ as a toi~ 

j

system r a k e  the opt ions c o r s~ Jerab ly  more L r € ~ i sa . The cate—
.~onies for  use 1 ~ i h-: d e s :  go process are developed on t t : - - b : s is

of the reo~~onal c on s a e ’- -- r 3t i or  5 .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

For cc; cep t - J5  - - ~~~~L p o ’ e n , ‘or ~ider th- ‘I- sign problem

in  ~t — most basic fort -, a set f ie ~~. on s i t t n  w S l ely

disoersed over the toe c n e H  ~i ens d~ ed ahr- ’e , ~~ a ha s .
requirement. for erich tei:—ri na i ¶ -- he abi-~ to c-:y nn-unicate with

each other terminal. Traffic requirements will reatric t the

number of t e r i c r i n a l s  t h n  t can re p laced  on a s t rq l ~ m u lt i d r o p
c i r c u i t .  The dispersion c ’ te: - l n c l S , coup led w n t h  r h i s
res t r ic t ion, makes it  e ro n ’ n n i c-  i~l: ttr~~c1J t - -  o 1 ace cc n -
centra t ion f ar  i l it ~ c-s at  ic -ca t . i on” ~ Io re t t ’e ” r ’~~ be esed  ~-r~

reduce the ~ost of ‘u r r e c t ing the c ir cu i tn  to swi tch ing
centers . In th i s  cc-nt e-. t , sw n tch ing cen t  c-is nay  also he r icwed

as concor .tnr a t ion f~- . ci lmt io ~ for  c o n n e c t ion  n~ t e r m in a l s  to
o ther  ow L tc h~~r1c e t e r n .  Thu s , t t e  c o n c c — r t r  a t ot f a c i l i ti e s
n e y  be any  of the f o i l-  - ‘~- i r ~~ :

• • na ti’alcxer,

• c ’ - c - e r t ru~- -~~

• oc- ~~t;:tt Itor ~- - t- h sw ’- -h- 4 :-c , 15 u t  with ou t

~e : : r r ol ing ,

• ~~.~~rel -~~~g c’~n ter , comple te  ~-itr j O u r f l~~ ’~~~: ~~~
. F

4
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A t o -  t - - a l  de~~’ r ipLI  i i  of each c-f these  dc~v i c c~ S g i ’i - -~i in

- l a t e r  s & c t J ~~r r .

For teliaI.~ili ty, each of the facilities of the

F i ~ st i ~~~~~~ ty p e s  shou I ni he able -~o co n u-u n i c a t e  w i t h  a t  east

:.- J  ~-~h i ng  ce-n ers , w th c-Tic centaur ic .ation j - a t h  ovL r a

dcnnL cated I - - a  sea 1] no and the ot h e r  j T L s s ib ly  being a d i a l — u p

i a ~~ k i t— I inc . The s~~i e h i  sq oe r tt e r s  should be able to s~~~n-

he load of any f a i l e d  centers .

I- ocaun-;e oi ¶ i e  geographic immensity of the CON U S

a f l O  t~ iL: la~ ge ru: r)er 01 r - -~ u r i n a l s  and t r a f f i n  in this region ,

u z  l~~ast  two aw~~inching - - -n t e r s  are required . In Alaska  ~ nd

~~~i -  : cific , ther - t  a re  c on s i d e rab l y  iewer terminals , c-.~~ r e - -

s~~onding 1 y less r a t  f ic , -a nd ceo r an h i - cons iderut ions  tha t
:nahe at most Ofle  switch u j  cente r  feas  it l e  for  A~~aska at.

-
- n h - C L a g e  and one swicohi i i~~ center f eas ib le  for the P a c i f i c

at Ilcnolulu. It may no (lore attrac tive to use one of the other
o o nc en t r a t i . :n a l t e r n a t i v e s  at these locat ions . I n th e
C ar i b b e a n ,  t d o  smali i - r u - e r  of t e rmina l s  and t r a f f i c  o a ± u  only

~usti~ y either a multiplexer or a concentrator . The funct i-na l

oitersat.v’~s f~~r trie o:t~rall  network are d i splayed in
F i g ur e  A— 2. In t h i -~; -~r r . -- n e r t , in t e gr a t i o n  wi l l  bc ach ieved
through t he  capabi] it~ oc the swi tch ing  c e nt e r s  and eo r c en t r a —
t O t  S tO n e i :~~Orr1i code coot -irs n and to o i n~

- y oat the d i f  i € - o e n t

li.~e pro-a ndures ire;essary to operate circuits with dii terent

i a  t~~~-c~ jes of terminals.

‘lIre des-ga t~~ k for the overall network can 15-c

divided i nn s  two pa r t s ;  :l-~stj r r of the subnet within each

region and the in tcr c  -n n e c t i o n  of the regions . ‘i hese two
pa r t .- — i c - c no t  i sdepcnn~~ -nt ; however , i t  is appropr ia te  to
co:-~ ; L l ~~r -~ nnio of the c o n s t ra  i~~ts on t e r i - in a l  connection to
conceni-r ior. f-acLlities on a regional basis. These constraints
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~

are deve toped h~- i (  -~~ i n  th o  fo~ rn c f  ‘h - c~-~ c - ’ - ’  I C S  J e s er i h~-d

s~ o’’n . L_ w -av- ~-r , L .-fcur - :io ceciltc to th is -~ c s - - j 1 P P n t , it

se- i-sir b~- irc - ’eU n . r a~ a :e~’ n. ‘ e - C ~v -~~~~ i - ’  ‘ni 1a1 ~~ ~
pi e-c-nt t i  Ni h ih  th ~t is non 1 r esc-nt  i n  E - ’15t ~~n-d s~ -;h c’r.s.

T h i s  is the ca cc-jca v - f ried i i ir .u sp ec-c-  ten L n r  1 S U S  li - ‘0:

seven level ITA #5 cede ar i d  - p c -r a t  i l i g  consisteni: tv wi th PLh ~ T

s t a nn a r d  proceclui es (~~t~~ - P  s- - i l l . he ‘relied •- c - -c t-d ores)

These tetnn i n u s  w i l i . n c -l a ce  M’ - J O i 2 H  
~ l-~ - -~ po-. r i te n t r r i i r s I s

as either t ; -~f f i c  or o ’o:  - i L I O T I  ~ - i n s i d - e - a  t iOPS  ~- ,-ir: ‘rut i t ’ ’  C d l

be i nterconnc-ctc- - ~-:h~~ . -~~e 5e’:Vir~~ c-c i flu-a ; i 1y /~° ‘N or t~er ~~ce I~

users, thus , ch  - ar.� the h: ~ic err . ’ ~e’i for th e intc~ rat or

nc - tv - - . rk , and e the :j~~sis fo r  J e f in ~ irn be fclLo-~- i n 0  o’i ;- :qc-c

Cater : ;  ~ : Ae~~e. u l -~ve5 1’t-~- 4 ‘~ ni —~ci e. m s j u e e h  t e~ mina l  s
op- c n a t  nq ~ i~~i: P, sc odures .

A.4 .2 CONU S

c-,-Lt h in th~- C - N’J S, c ir c u :i.ts L a - -- i;Ti ina l s wi l  1 be
connected .o either neitip .CA ~~ Y 5~~ ‘,- u r -~~~r tr a s.rs , or cOncer i—

trators wi th  sw n t c h i c nj . The c - c e :  icn t c c 1 , concentra t ion f a c i l it y
(CF ) , wi l l  be o~~c- -3 to d — -~c r ib e  s1:c~ - d e -” i ; c - s .  The e x ist  ‘og
ca tegor ie- ;  of t rminu )s to be ccunne- ct- -r 2 CT - ’s s i c  A , B, C , E ,

E , F , and G. In u’1 d~~ ~~ ‘1~ ,. er :rid -s1 s in - T a t e  i a -  ~ Q a r e  to he

inc I uded . F u r t -h e~ !1( m e  , t h’~ -I ~\ ~ ~i 0 21  C noute e sb n m  1 -~~ he c-n

c i r c ui t r  ccnnect ’~~ ~ c I F s  in u - n , ~ c-c tha t t i r i r  a l s  may a v -
access ~ the c om n u t  err - ’- . n . e ; : ist i r  -

~ C - -’ cc c:~~~-~~~~~-mc~v -~
-- n ” c l v - -d

due  to  a nuinhc-r o~ d i L c or ._
~ni~ r e  ~~u r ~n - 

- H: ’ - c-a ’ -
~~ 11. c c i  -‘i -han . ‘

he d e s± g r n  of  . o’ , ~t i s  - n-c r r - c i a . r t c .  c. r~~~~: I er  ~h,- r e —

quir : rn ’-c ~n ‘ne r r a  of l’ ca~ i - c c  w h i c h  m ,~~~~ ho p r r v i d e  :erc i~’e
us ing  - :-v ’c ~ r j  - - - c-u)ment , ~~~~~~~~~~~~~ prac’t-c a1 . .~ r ” r o t  ) f l  ~~~~~ cns

of : ; L - ~u p l . r  s s x vi r ~~: i c - ’~~~ r~~ ~- r t - u r ; ~ 1e . r r~ ~ , cat - c - ru - r i ’ s
A , B , and F a re  or-era  t i - n i - a  i J y  corn -’ ‘— ibJ~~, ar I ~~lin  I ii be c-  )~~~~‘-. h—i c--i

as J e f i n i n g  -a s n  r i l e  cat e-40r5 c-f loca-~ c - n ’s ‘-o P c- -~r~ - r  c-

e i t he r  - x i s t i n q  t c r t r u n - : ls  or ri -; ~- m r nir :dl ” - - 

~it e i n  y Q) ..

~~~~~~~~~~~~~~~ ~~~~~~~ 
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c~~~n u : - ; s ’ v  of l o c .t  j r - r i - ‘~~~ 
m cc.a~iL 1 I f  u -~~ I .  c-i~’

~;~nt € i q r i L~~ ~ I ~~ . S p 1 - u r n - n  Lu~ 5 , and

P

TOL - e~ci~~t I i  -~ C~i t oc -r ~~es (2 ~~~ : : r -  0 (~~i r J 1 .~~-s~ are to P t
c -c o c a  in hA )JN to ~~-~~

-
~~~ ‘ 

- ~ - - :r~~~ a r c ~~-;~ u - a  the ne t s-ark  as -

-~~~~ to sumpi a- t rio fli jht ~;lm- -i a-;. the ‘~~5- 9 - 2 ~ ’ :-onuput  or  s.

h-c -~s - ~~-n , -n a ru —-_i ct s s t r v i i r -~ :~A t-( P ar  - c- haa- - .~ c -un iv  - ‘u -aPs c - c r --

l~~ - c teci . ‘ C i  eFi-!Ercy t ,~~~~t : Of l.S.  2~ i: i ( - c ac : n c- :’s ‘it t- r ‘L n a l s
. , c r v ~~ a a  aii iit-e., t a  d a n e - n  c ’-’ E~ 5v~~rl - u t  - -i i th  t hc-sc - 2 ’ - ’ at e--_ o r y  C

i i  ugh  -e ;a t r r ; , or cc-c -dun—u -n 1 ( ~ tb~ -s - -; t .- -. ;-n~ ’--gcr: ’-:s are

‘~ ua ~;c’ ~~~~ a cs r- o~~ c~~~~ I c ~ p r c c ~’u ic- i i ;  :onsiau;red

- ,t- , - f r i  t ru s  , ‘- i c-s c  t ;-.‘o Cu  ~€.-(~ C ti  ~;5 ‘— - i  11 he unre rged

1~- t ; r - -r as a si- rIe i c c - -  a r - 1 - ;-~C2  r n -  - then’: terminals are

~~u t n :  ali ’i O i u i c L at  - - u~~ r - - -j r L s , ~~~~~ N L  
- I he c: ur - u i - eni ed ins

p a - ri t a  n a t -  our ‘.‘ t rc-:r the r i ut ta ruri ; r ;a~ S . i r r u m s  , t he t
twc c~ t - m ies ar c -  d e f i n e  1.

C a t  cc - c’.- 2
: ~~~~ Ci (P s  c sr  r en t ’  ;; ~.o r ’ c- -’-~ b ;

c- i c c - C t~ c i r c u n  u s

- a tegorv 3: t.1l a i r~ - - a l o c a t i o n s  cur  n- n t l j  se r - ’ec
P’ c-~~~~ i F c~. 

t’he l a st  cat~ -cr r~ to be jnclurd~ e s thai- on t in ~‘~~N ‘:-~ r ~ea

th- - C- NiF~. Tu es e t eor d  Ci~~ -~~ --‘ ne c - e r - s r . d mr c - d  1istin - t fi - - a l l
‘ h -i above , and tn- i s  de~~i r - c -  , - e - r 7 - ’i c tc.o;,r- as belew :

Ca t - c - u  ~~~
-
~

- -
~ : A u~ f-i 2.~ - -- :xT1rr -a l~ - .-~t r h  tin s

It s~~c a . i l a  °e j iL t - (~. 
‘c t  Cui t -u c r 1 Q t a - . air . r ich. ut, penal AN~’I

c- nsi:te it ) will P dr nat~ n 4a r ucc~ . :y i ~ nu foLa: ~s nbc

( c - S  l e~~ c n n c - i c l , - r a t i u r s  ~- - : - i i  u r n . I hos , .~it.~~ip u:h~- CUN’’S, t -O u

categori:-s of tem~~J r ’ ~ I -nr a i~~ ~ C L C  -h . P i ’dnr e  .\—3 abows

nba f ;nc . .inn a i  - -
~~~~ at or: 01 P -n c - s  :‘ r ‘i t r io l  :5 to ~~~~ t~AP : N st r : rc- te~-

witti ju : _ h.: CCi-J h ’,

In, —

4
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A i a ska

- ‘ n 1c- c;- istia q AiCi skar- ce t i i u e c - ls  have been placed
i i i  f o ur c j c- - h :r i er - ; i i , I , J , and K . The l i S t  ca t eg -a ra , K ,

conc; i st r-— . 1  t— -na: nairu on a c i r c uit  snared by the  CaI ;ad L Zu I .

ac-i U . S .  :n i i i t a r y  e s t ab l i shmen t s .  This  n rc -u t is not to

be conside red  in t h e  scope of t h i s  s tudy . Of the  o ther  t h ree

C it: e j or i e s  al l  tei nin c-il s are cc-rr;~ atih ~~
- . However , Cat:  n - a r - 7-

1 , -:oriLa~~:, LH th e  outly ing t e r m in a ls , is  the on ly  cateq. ry

‘f ru t- - re s t  for  the t - c -  e o Q i C i i  d e s i g n .  Category  J cui c a i ns

cc-c a a - j  ir e  a u lr i r a i i~~ ; e r n ir ~ ii a w hn c h  are a i J  located St  tt ~ Er

Au~:1;orri- ~ air ,;-ort and Ca tegory  I cu r t a in s  t e r i u u ; .r a ! s  served

oa p o i n t — c a - p o i n t  c i r c u i t s  in the A n ch ’) r a iu  v i c in i ty . These
t . n - i n - a l a  (Ca tegory  I )  t r y  be placed on in u l t i p o i nt  c i r cu i ts

i.1 w c - r r a ’u t~~’ h-; I/O port  c o st s  or m ult i p l e xi r c u  channel  costs ,

but -~.hl l  r ot  s i g n i fi c a nt l y a f f e c t  tb-  r-opol-:g ical d e s i t n .

-Thus , tb - se three c ar ~— qo r ie s  wi l l  remain  f ixed , and sir :~p 1y

:- ‘ u h u i ed as:

Ca tecu o rt  5: A l a s k a  o u t ly i r - iq l o c a t i o n s .

C-at e ’~u r :  n :  Anchorage n - en — a i r l i n e  loca t ions

Cat -cuor y ~ : Anchorage ~ i r l;n e  loca t ions .

A . 4. 4 P.~c- ic

The hacific situation is very anaioqoas to Alaska.

Thus , ch e ‘hree cat e n c - r i e s  of t e rmina l s  a r c  re ta ined , ash

s i m p ly r e ) a b e lu u  ~inn tollowsu

Ca ceqc-r -n 8: i owa i ion Isl i;ud non- a inline locat- nor .

Cat e-~ory 3 : H o n o l u l u  a i r l i n e  locat ic -os .

C a t - -j o r  10: Pac~~~ic o u t ] y l n q  l o c a t i o ns .

Onl y the. l a s t  c a r e gu ’r ~ is  of in te rest  rc -  the  topological  desi’c- .

A— in 3
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.\ . - 1 .5  C i r i ab e a r

l ie Cc -n i b be a n  s i t u a t i o n  i s  very s~ n:plc- . Then-

is -ely c-nc t -rm nai locanian outside of San Juan , t ’ s- —

C u r a L  ic-aa.O Pay location. A l L  other tcrminals are ei thux or.

pc r ;t -t 0- -p o in~ c i ’ - a u r t s  nb San Juan or ~re on m ult i point

~~i c c - -~~t t s  s e i:i n g  tb -a a ir i i nc s  at San J ua n.  Thus , the fo l l ow-

ing tn~c- ca t o n o r i e s  of t e r m i n a l  locat ion:,  are  d e f i n e d , based
r ç ç  -nx~ Sting system;

Catego ry  i i;  Thr ibbean  n o n — a i r l i n e  loca t ions .
Category 12: Caribbean airUne locations.

SUMMARY -

:ais t i  is to proHcl e an integrated telerorrjnunications

n e rv i ce  tn- c oc a tio n s  d i st ri - -i t cal in four major regions. In

order to use ex i s t ing  equi~ rn ent  w i t h i n  each region , twelve
cate- annies of terminals have been defined that permit design
bane c i  on ex i s t ing  f a c i l i i;i e s  and operational res t r ic t ions .

For locat ions  r e q u i r i r - u  terminals  other than those cur ren t ly
: v a i lab ~~e,  a med ium speed , ANS I consisten t terminal  wi l l  be

used . The twc - lve basic ca tegories  are summarized below :

. CONUS

~~~. A l l  Area B, Supplemen ta l  B , and C enter  B
locations.

2. All BASOPs currently served by Service B
cin-cuits.

3. All airline locations currently served by
S~~rvice F~ c i r c u i t s .

— 4 .  All AL TN terminals.

• A laska

5. Alaska outlying locations.

6. Anchorage n o n — a i r l i n e  locations.
7. Anchorage a i r l i ne  locations .

A A — 3 F

1

— ~~~~~~ ~~~~~~~~~~~~~~~~ 
. - . 

~~~~
- •-- - ~~ 

.-:.
- -‘- 

______ ~~~~~~~~~~~~~~~~~~~~~~ 
-- — — — •‘_ *_

~

_

;_ - - 4



- -~~~~~~~~~~~ — 
- ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• P a c i f i c

8. Ha wa i an I S l u i — c -  c - on — c eir l i n e  loca~~ioss .

9. Hono lu lu  a i r l in e  c ’car t i -n e .
10. 1-ac-~~l i  ou . tl y i ng locdt~~O flS .

• Car :hbeon~

U .  ‘a rih i--ar - non—air lne locatianu- .

12. Car r ,i; ar- air~~~- e  l~n :-:c tjOn5.

A l i s t i n g  of il l  locat ions  ~~ these ca t eq-ar i e s  j~ c -e nt t iy t e d  i r ~
Appen-lix H.

A-36
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A P P C N D I X  B

-ruPO:O~ ICAL CONSTRAINTS

- I -i N F R P u T - T C i

- - c~ : p a r t  of the  NA~~IN design process , vat  b u s  to—
- - s  ot  c ~r cu it s  i nt e r n on i n c - e t  rc -~ t e r m i n a l s , Concent ra t ion

.f- ~c-~ ~ 1t c-s ( C l - u )  O n n .: s i t e  h ing  cc - st a r s  ( S C s )  have been consi—
c-- c ad - i c - u - :: -a ar e -  man~ - c - s ; u s L r  -a in t s  on th e  topologies d et e r—

n a n e ~~ sc-rn t r c - f f ì : ; , pe n fo  T u ; u .  a ,  ar -i d r e l i a b i l i t y  c o n s i d e r a —

io :is . ii - ,wan \ -c r , i here are ; r 5 c - -  p n :c ’ ical  cons idera t ions  on

~he ~h-~~sib i ii t y  cc-f a bt a i - - i n g  c ir cu i t s  t -l a t  a lso-  lead cc- COfl—

S t  i i i  -S Ofl t c -e  ta ; ,oIc-c :1e~- .  T h - a r c -  ai- e also p rac t i ca l  c o n s i —

l et - i t :  :nns t h a t  s imp L t f y b u r t -  n a -paloq icd l i  design process. In
n!:is sectioc-, these V~~r 1O : . practical considerations and their

“p a c t  on t at  h f - c h I N  topolc’4 ’ d es i g n  ~ r -Cuess are d iscussed.

P . LOCAL CI R CU f T ~
There arc several si t ua t ions  in which  t e rmina l s

are ~~~~ - c -  ‘- ir-nmecil: te i ’r o Y im i ~~y to - ne another . These sit—

J , I t L U I r S  ar e  ~asi~~v d cv roe d . n n t o  two c at e ’n n n i e s :  ai r l i n e

t~~~a - n n .  n c - I s  a t .  -~~ i ru o rt s  and nr iriQIr collr c- : : :t - - d w i t h  a CF .
The c i r c e n t  layout  for  su ;-tn t c -rm ir : a l s  is p r i m a r i l y  d ic ta ted
Pp 1 usc-i cost cons d e r a~t i o  a arc-  the cost of connec t ing  c i r —

c u i ts  to a Cu - . T i- - tw a- na t - rrc ri es are discussed below .

-~~ 2 . 1  A i rl i n e  -a- -en- Js at_A ir u or t s

In thc: ex i-st- c-— r iFt’N and Service U ne tworks , there

c-r * a n t e -  :hL .i  2 n i t i p - n a n t  c a rcu st s  serv ing  a i r l i n e s  at 14
i - s t a t i c - r n ; ; . F- - n  a u r p - ~ s- a c-t cons u r i c - r i n g  topolog ical a lt e r n a t i ve~
for  Ntt )Ih , the  t n ;:: in c - i s  rrcn y be cons idered  as a s ingle  Is ca t ion
i - n - n d  r i ng  a n u m h c - r  of  c i r cc- i~ u- r m i na~- i o n . s  based or ,  thu-ir e x i s t —

B-l
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ing c o nf i g u ra t i ons  and projected t~ a t f ic  loads. ‘fl u - , in

the NA DIN design proces~~, t h - se te r m i n s f u -  ar-: rep laced  by

si ngle nodes on a per ci rcui t  basis. The l~~nt i ng  in A p p c i n — ; i x

H are based on such consolidated nodes.

B.2.2 Terminals Colocated with a Concentrator Facili~~~

In the existing ATTN and Service B ne tworks , the re
are several locations at which terminals in the immediate ri-

cin i ty  of. a CF ha ve been conveniently connected to the CF cr
a point—to—point basis. These terminals could be placed on a

multidrop circuit, but there is little topological imp ac t  by

so doing . However , there would bt- an impact on the number

of I/O ports used at a CF and , if the CF is a m u l t i p l e x e r,

tt er e  would be an impact on the number of channels  which mus t

be derived . The impact of these alternatives is best apprai:- e4

in terms of particular s i tuat ions, as they depe nd on availa-
bility of ports, local cost factors, and equipment chan-~cter—

istics. However , for the purposes of this study, it is appro-

priate to simply consider all terminals in the same categc-r~
at a common location near a CF elig b~e for placement

on a local multipoint c i rcu i t , s - i bj e r t  Cu t n- :  u sual r : :r~ or_

mance and t r a f f i c  cons t ra int s .

B . 3  INTRAREGION CONSTRA IN T S
In order to determine topoloalcal constraints on

practical considerations of obtaining circuit:, ~t in rpnro—

p r i a t e  to view NADIN as composed of four  d i s :in cn ; geo’~~- m r h 1 c
reg ions: Conterminous U.  S. ( C ON U S ) ,  Ala ska , P-sc~~~ic~, and
Caribbean . Within each of these reg ions , there  are p r a c ti cn i

considerations a f f ec t ing  the a v a i l a b i l i t y  of c i rcu i t s .  T’rnes,r-

considerations are discussed below on n reg iona l  b c - a i r .  In

the next section , the acqulsiticru of circuits irt-nrcuenectin- ~
the regions is considered.

A
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K~ 3 .1

Within the - UhIJS , C i r c u i t s  coi -e u ec t i n g  c - I i~ ’ two

u- ’ints or -a tea-a ully o; t-i iied with little ditficulty. Al though
r i )  di r ect pa ch n a y  t - :~~i st b et  I O r a fl t he  points , the tart t fs are-

-T - ne- -:niiy based ic-n p-. - n --tn —p c-n nu distances derived ft - - r n ’  the
‘ S tn—pc :log ic-a l -J u n  q I , not on the ~is tance  of the

~ t - 5 : t 5d l l- -~ asut 0~~ be - T h i :  l i t ;  i~s as - - o— ; icie-:l by the telephone
- n r a ; - ~~ - . : i c -w r~ver , n b c -r e  are  p r a c t i e n~ considerations

red~ - n  ive to the f-’A~ u h o t -na y constra in acceptabl e topolog ies.
di eI(~ FAA h a s  d i :  is: ~d the (f -iNLJ S m t-n 20

re~; i s c - s  of a i r  t r a f f i c  ;or ~Lrol (ATC ) r e s p o n s i b i l i t y, as shown

in  Fd : ur e  B—I . l~ - c-etch r en ion  there  is an Air  Route T r a f f i c

Con t n al Ce nt e r  (~~hr2( , ) ;nsp -:;s~ ~ le  i— ar  the A-IC ~ ‘:nctionS in

it s  re ‘ion .  The AL CC is  a a c -j o r  F~J insta1la tion~ i t  u s u a l l y
h- runes thin centralized facilities and personnel responsible

for -i- :-neral system maintenance within its area. Furthermore ,

the ~‘d --TCfl al so houses tee ‘-AS 9~~20 compu ter to w h i c h  a ll
f l i g h t  n i ans  of f l ij h t s  o r i g in a t i n g  in  its region are to he
d rec t e - c i .  Thus , the  ARTI ~ ‘ s c -r e  considered to be prime
c a n d i d at e  sit:es for  i ’ c a t : r n n of concent ra t ion  f a c i l i t i e s .
F i r oh e - n a n o r e , b ecau ’:c- - h e  r eg ions  correspond to areas ef

-a r -aCio~ ai - -sp on~~io~~i: ty and b ecosse  most t r a f f i c  f rom a
Flight S rvice Static-tn (FSS) a.ill be directed to the ARTCC

iii b u s  reqio n , it is r( :isidered a t t r a c t i v e  fo r  c i r c u i t s  to be

cons t r a i rea l  C O u  a reg ional basis. That is , all terminals rn

a region are to be connected to c i r cu i t s  en tirely contai ned
in the region (provided there is a CF in the reg ion) . This

c o n st r a i n t is a d m i n i s t r a t i v e  in n c -Lu r e ;  it i_ s to be considered
an  a cesign o n ti o n  fo r  comparison to the unconstrained cane - ,

w h e r e  cost d i f fe r en c e s  an-I  other fac to rs  w i l l  de te rmine  the

f i n a l  dr c i s i c n .  The f o l l o w i n g  s ta tement  is a forma l spe-

c if i r ut i c - n of the cor st r a :r - t s  fo r  th is  option , which ‘-ail i be

c a l l e d  t i -  c -R Tu C cons t ra in t  opt ion.

B-3

*- -- 
~~~~~~~~~ 

-‘-‘P’ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~‘~~~~~•~~‘- 
- - * - - - -“  ~~~~~~~~~~~~~~~~~~~~~~~~ ; -. &ib-~~ . - ‘ - 

. -

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

——- - --—---- -~ 
- -—-— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -—----_ -_ —--..--- —.--~~ -



-
~~~~~~~~~~~~ 

— 
~~~~

--
~~~-— - 

~

- 
~~

— -- -- 

~~~

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ T>~

\

I ~1
) I

1

’

j



— - ---—- -- - -- --- - - -......-..- — - - -------. _ - - _~~~~~~~~~~~~ - — -~~~~~~ . — - -

ARTC C C n a a s tr a m n ujj t~~er ;

1. Every  AR ~ -~C :s to have a concentration

facility of some form . 
-

A ll t e r mn n - l s  in tn e  region of r e s o o n u ; i —

bi l i t y  ul  - n  WitTn a c -  t a  be connected to the
CF a t  tL-~ ~~FTCC .

i bi s  o p t ic -n  a i f f e r s  from the  uncons t ra ined  case in both cost
inn d tiatfic ci;i;aste: ~ctics i c i  the  high level side of the

n~ - : w o n h . ;h a ~~ d i f fr r c - eces are appr aised elsewhere. The lo—
aE’tn -nS r--bject to this constraint (Ca - ---qory 1) are l isted
in  ~~ - c - u r n  H or a r e-ad cn~~i ba s i s.

P . 3 . 2  ~iaska

The immense size of Alaska , coupled with its
- -: u zrrse population and difficult terrain , places severe phy-
sical constraints on the in terconnect ion  of locations in the
remote regions . However , the structure of the tariff for
A f lu sk a  appears to be based on point- to-point  distances de-
rived from the cusr  c -mar ’ s topological design , and not the phy-
sical routi ro~ c-f the circuits . Thus , the design process -c a r.

proceed -~nder the as~~u m p n 1n n  that  topo logical op t imiza t ion  is
appropr ia te.

B.3.3 Pacific

Tb - - locations to be served by NADIN in the Pad-

fi c cnn La divided into t~ -a groups: those in the Hawaiian Is—

lands c-nd those in the outlying islands. The iriterconnec-

tion of ç:-oirts in tb Hawaiian Islands is governe’~ by local
facilities and tariFFs and is not of topological sig n i f i c a n c e .

The ir;t-arcannection of points in the out ly ing  i s l a n u s  ~s con-

siderably constrained ny the presence of exist~ i - ~ fac ilities.

The optiens -available arc’ listed below .
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c ~o .~ake  Is land
R~&djo to ~~ike Isinod

Radio to Honolulu

P~dL~ ~l2i - 
—

R c- d~~o Lc I -~o n c fu i u

Radio ‘s- F i j i , catise from Fiji to Honolulu

~Jaxe I s l an d  -

C a bl e  to P on o lu lu

adio to IV- -i o iu l u

B.3.4 Tiribbean

The Cc-r]bi a- - n : -  a oarticuiarly simple region

for topological consideration. All but one of the locations

of interest are in the immediate vicinity of San Juan , and con-

sequently govc-rned by local tariffs. These are not of topo-

jo-jical significance. The remaining point , Guantanamo Bay, is
con3traitied t -  -~~ rac ii: - channel to San Juan . It should be noted

that there art- several internauiond l points in the C a rib be a n

region which :;nuid h of ropa n ogical in te res t .  Howe~ier , the
topology of circuits connecting tThe -e points i s  not within

the scope of this study .

B.4 INTERREGION CONSTRAINTS

The four regions of NADIN described above are geo-

graphical i j  d i s j o i n t .  d i l e  options —allable for- the iritercon-

nection of these regions are a-nti--rmmn ed h~ the presence c-f

ex i s t ing  communicat ion facilities , The options are described

below .
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Cahie bet;wuen Honoiui u and Anchorage

S ar : ed it t e  be tween  H o n o l u l u  and Anchorage

Pa c i f i c - C O P U S

C ab li - - b-a t: c- en ! t , ; n c - l n i l u  and San Francisco

~‘c-ble between Honolulu and Los Angeles
S it c h  i n c  b et - :r e i i  H on o l ulu  and San Fr. rs-isco

d\ ask - -

105 ~n i - - :  c-’. - c-v~ car~nbrr-ed with cable from An—

c r c r a ~~e- to ~n e a tt l o

Sa~ ~- l l  ~te b-c-tween An -Tdor age  and Seatt le

loS microwave  between f ach or a q e  and Montana

CONIJS-Caribbean

faoic- between Miami and San Juan

C c - i - I c  a - a  microwave f ac i l i t i e s  are to be preferred over satel-

lites wh c-r -a ~-conomi os p e r m i t  due to the propagat ion delay

an sat~~1hite sy s tems cabout 500 ms in a roundtrip).
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APPENDIX C

T RAFFIC CONSIDERATIONS

C.l INTRODUCTION

In or—Icr to design a cost—effective integrated

ne twork , apprn priatc- traffic information describing the ex-

pected load for the network is required . However , it should
be emphasized that proper network design is not based direct-

ly on detailed information of traffic flows at a message—by—

message level. Any network designed on such a basis would

n-. -ver be able to survive the uncertairties expectod in actual

;of ic flow in the real world of a dynamic network. Thus ,

i n  t he  NADIN desi oi process , the traff ic projections on a per

s ta t ion  basis are used to e s t ab l i sh  the equi pment  and c i r -n u i t
requirements , and the resulting designs are caref ully ap-

praised for sensitivity to traffic variations and growth.

An appropriate traffic portrait for use in de-

signing networks such as NADIN includes considerations of
messa ge length distribution, distribution of message arrivals
a t terminals , the rates at which messages arrive at the ter—
minais , and the source—destination characteristics of the

mes :- a°es. It is cf  ten  both impossible and inappropr ia te  to

deter oine and use these traffic characteristics in detail .
As noted above, the network design should be insensitive with

resprct to changes in these characteristics , which will
0cc- n: as the system evolves. However , it is necessary to

f n rm r a : l a t e  a reasonable po r t r a i t  of the traffic charac teris-
tics in order to determine the necessary capacity of network

compo nents. In the sections which follow , such a por t r a i t
is derived .
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r C 2 MESSAGE LENG ru~~ ) - a s~~RIBUT 1 iN

Terminals n.n tnci NADih c-re exnec ted ta handle sev-

eral different catregorres of snessales , inc l uc nng all those

- 
- currently h inid led by Servi- .-o B cr- b AFTN t e rmina l s, and p ossi—

— bhy some new cicugurles.

The massage leiici t~a di stributions for the two dif—

fc ’rent ex i s t i ng  s~~stema c - r e  d i f fe r enL , due to d ir f e r e n c e s  in

~~~ both fo rma t  and coaten t .  Huw ~-ve~ , cu r r - .~r i t  - l d m i n i s t r a t i v L
policies are r~irected at making t i c  basic  messag e f o r m at s
consistent. Purthermore , although initially the existing

term ina ls  w ill s~ rvc ~ r : m a r i ly  their present roles , the evolv-

- 

- 

ha y rntegratron or the rietwc—rk will -ac-b to tei~~inals ser— ;iro
more ~er er u i  f u n c t ion s .  W i t h  these cons idera t ions  in mind
and with an o b j e c t i v e  of deveiop ing  a s u i t a b l y  gen era l  por-
trait , it appears that a common message length distribution

tor all terminals is appropriate. To develop this distribu-

t ion , cons ide rat ion  is t i r s t  giver  to the enisting nc t~ n a rk s ,

and then to the integrateri network.

f C.2.l Service B

The MITRE Corporation has described Service B

traffic in two reports , MTR 4lf- 8 and -ITR 1673. f r i  ‘-~TR 4158
report , the traffic was characterized with continq”ncy tah~ es
of message type categories and o r l q i n— de s~:in a t r - a n  c’atcocries.

MTR 1673 concluded that message lengtia~; w rUir cach cat e - .. - n ~~
were consistent (few percent v a ri at i on )  . Tb- a av cr a g c  l eng ths
by category are given in Tab~ e 1.6 cf ~f1R 1673 (Table C-i

here). Furthermore , the frequer - c~ di~~t r i bu t ion  a l  the c a f e —

n on es was consistent , as shown in Table 3.10 ~Tab~~e (2 — 2

hi re)0 However , the fre-:Tuency dist irbu tian of the origin—

destination categories was found ta~ bf in c a li d , -and i t  is
— prec isely this information which is rca -- led tc- link the tables

together to produce a messac--- leng r a distribution. In order

C_i
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to appraise this data , we have calculated the mean, standard
dev ia t ion, and c o e f f i c i e n t  of va r i a t ion  for  each column of
Table 2.6 of the 1673 report, using the updated frequency
distributions of Table 3.10. These results are shown in

Table C-3. These data were gathered at a time when the do-

mestic message format was as follows:

<<-p A
1 A 2 

A3 
‘- -CE header

~TEXT)

EOM

~
<“  I

where

— Carriage return
— Letters shif t

A1 
- Alpha character
— Line feed

Thus , every message had a constant overhead of at least 29

characters .  In order to be conservative and consistent with

the above observations, the message length model used in this

~t’d~ is composed of a c n s tant overhead plus random length

text , where the distribution for the text is exponential. —

Thus , the message length distribution for domestic traffic
as a b iased  exponential with general form :
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M E S r - ’\aL LEN n ‘FU STATIs’r l CS

(Characters)

STAT IOr~-COMPUT~ R STATION-STATION

IFR VFR

r’-~can 78.1 58.4 54.1

Standard 42 35 27.7

at ion

Variance .54 .60 .512

TABLE (2-3: DOMESTIC MESSAGE LENGTHS
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where ,

k - Constant overhead
— Average total message length

— Prob (message length < 9~ characters)

The density function for this distribution is analytically ex-

pressed as: 

— k

i L1- k

L — k e u (9 ,  — k)
1

and has the appearance

f ( ~Q )

IN

L kl
_ 

I N

I N
N

I N
I N

k

The mean is

I Z f ( ~’ )  d~ 1-s
0
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The exponential distribution has a coefricient of variation

C’-~ual to unity , and i n  general , pxcvides conservative re—

suits in polling an~ Ly~ is; hence , its selection for the text

model. The :onatrlnt k should apparently be selected on the

basis of the ~at±~ iOusly described message format, a~d the

mean , L~, selected on the basis of the reported data . i-iow-

c- ver , since the data were gathered , the fo rmat has been
changed to the following :

<< ~~ A1 A 2 A 3 <<~~

(TEXT)

(7)

NNNN

This gives an overhead of 24 characters instead

of 29. Thus, the overhead and overall message length aver-

ages reported in the data must be correspondingly reduced .

With this in mind , a nominal domestic message length dis-

t r ibu tion is f i xed at

k = 25 Characters

L1 = 75 Characters

( 1 — e — ( . 0 2 ~ — .5) ~ > 25
FL ( 1 )  =~~~1 0 9 i < 2 5

C 
C— 8

4
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As a worst  case check for  th is  d i s t r ibu t ion, note
that the average messa ge length found by using the largest
number in each row of Table 2.6 is 82.97 characters , with

the  old format . This is very close to the mean of the above
distribution . However , it should be noted that the average

~icssage length determined on the basis of data reported in

~1 ITRE ~P-7229 is 89.4 characters , with the old form at, or

approx ima te ly  84 characters  with the new format . The coef f i -

cient  of variation squared determined on the basis of the
WP - 7 2 2 9  is .6 , whereas for the above distribution , the corres-

~ -~ r d in q  value is only .4. The data reported in WP-7229 re-

sult-ed from measurements taken on circuits at Fort Worth and

Los Angeles. As noted in MTR-1673, much of the informa tion
gathered in such experiments was invalid . However , as w ill
be seen in the following sections, the distribut ion used to
model NADIN messages is sufficiently general as to be consis-

tent with all the above results .

C.2.2 AFTN

There is no informat ion describing traff ic within the
AFTN report comparable to the MITRE reports on Service B.

Field trips wore made to several AFTN sites resultir~- ;  in the

col lect ion of a s i g n i f i c a n t  amount of raw data. The Kansas

City I~FTN Switching Center appears to have the most comprehensive

statistics , and is typical of a substant ia l  portion of the U . S .

operat d AFTN f a c i l i t i e s .  Consequent ly ,  its data have been

- :tr :il yzed in some depth , and the results are used to portray

cv r 1 f th AFTN traffic characteristics. The most signif-

~c 
C a t  d -ta were contained in a twenty-four hour histor ’ tape

on - I l n Sg 13 ,265 AFTN messages. The analysis resulted in a

hi s tog ram of the number of messages as a funct ion of the message
length , I T )  q~~ ntum steps of five characters. A porti- n of

thCs histogram ~s shown in Figure C-i. Based c-n this i istogram ,

C-9
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~~- - nav~ ca lcu la ted  an avel  a -j o  message l e n g t h  of 2 02  charac te r s

a s~ :~ i i - ~~a rd de’ at i on  ol 2 17 . I~- -wcv~~ , t h i -  :-  )Ip let e his—

togi :am sho-~-s ~1 sizeab) e number of nc-ssages ( 9 8 0 )  as hav ing
1 n ; t h s  greater than  50’) c har a ct c ~ia- . ~~ r~ce such messages
are  Ii cir Ila~ ly soS- t in of ~ hours , ~h e y  ~h o u l d  not be included

ii0 a husy ~u )r i~odel . Thus , considering only mess~-ges of
i - -~ng t h  less  than 500 characte: s, a new average of 154 charac—

5- ers Ls found , with a ataridard deviation of 102 .

The h i s togram appears to be appropriately modeled
by a biaaed ~ x r ) c n e n t i a 1  d i s t r i b u t i o n  as described ear li e r .
i h e  : c& :r  beau aor4 stan t  was determined on the basis of a “least

-;-~ uar o s ” f it  of the h is togram w it h  t~ie biased exponential .

With bis ap~~r oa-r1i , the constant  k was found to be 50 charac—

~ 
--rs. Thus , the nomina l AF TE message length distribution is

t ixed at :

k = -:0 c !-C1 - ’acters

= 154 characters

9 , — 5 0

(i - ~ ~~104 9, > 50
FL 2 ( Z ;  = 

—

9- < 5 0

T h i s  J 0 - s t r~ hut i c n  is comparea with Lh e histogr-~n i r  Figure

C-I.
I T I  - . -~FTN messaq~ ~o rm a t ,  as dascussod in Appendix

A , has a nominal overhead -f  ‘~6 c h a r act c .’;. i Tu s , there is

dincrepancy bet-aee~ the no- -ina l forma t reauitcnlents and the

T L at-oqram . Based on other inf-nnc-ation (attachment to State

Letter AN7/1.3.a3 — 73/158) iaierenced by r!5 -~:OM , ~an ~~as C i t y ,
1c - - CC d i scr eP an c y a j :  -

~~~ i r s  v a l i d ;  indeed , SOCtI C AFTN ~ossages have
1
~~ss than the ec-Cina]. 66 character format. This appears to

have l~ ttie impac- ~~~- in hhc- i nves t i ga t ion .

C—b
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The nes-~agc 1€rio th di s t r i b u t i o n s  dov C pccl above

f a r  ~- ;eT - v- i ‘ - .~ B ~ no AFTN are s iq n i f-ui- mt l’,’ d i f fe r e i-t .  Wi th  t h ~-

i n i t i a l  implerr i a t c r of ~Ji~h i~ -: - i t ~~l i z i n u  ex i s t i n g  ta.. -r: r n i r i a l s

7~ 
ic iarily i a tn~- exist L f lC  roles, it. vauld ;Ap -p eir that a Lh--- -

~ tiled desThn of + e- i i e rw o r k  shouid r~ cnonize this d ~f erenc e
i T )  the Jov~~1opc~cnt  of C -o~:s t raiT r s for  each cat  eOoT ~~ of t r~--

t e r l i  Ln: ! .1 . U -eL - v r , f or  the basic overa l l  ~;ystenl anal ~~~~
bca. -q cn~~duc t~ - as pa~:t of th i s  study , it was conside re)  s a t i  s—
rac er-v to use a commo n d ist ’  i b ut i o n  for  a 1  t e rmina l s  t h a t

i~ i- m ed or ~he results ach i-av - :-a  above.

Th as , c~ ncidering that tI c- majori~ y of termi -Cals in t :r i~
n t . ~ork  w~~l~ be oriented towards domestic mussages (including

-~ i a ska  and Pac i f i c  AF TN which also oerfcrm Service B func-
tjOfla), and consideriric; the evolv:i ng change to an A F T N — c o n s i n —

Lb-nt c:-:nat , 3 biased exponential d i s t r ib u t i on  wi th  a c o n s t a n t
- - 

-;
~~ Ii ead of 40 characters and average messauc length of 110

caaraa-ters was judged to  be sui table  to model the NADIN mes—
sages. This cistribution repre~ ents a aoma romise L-etwoLn the

diatributions founj for each system separately , with the over—

band weighted in favor of the AFTN format , and the tex t

leng th weighted in favor of domestic messages. This )istri-

i n t r o - n r s  f o r m a l l y  stated Lm - l-aw :

- ‘~A o I N Messaae_ Leng th  i - : n t r i b at i o r ,

—

I~J ( i . )  =[ — 

~~

- > 40

LO 
-~ - 40

I.

-. 5’ —~~ -~~~~~ ~ ~~~~~~~ : K 
— 

— —. .-
~~ — - 

— —
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0. 3 MESSAGE ARRIVAL DISTRIBUTION

The arrival pattern of messages to either AFTN
or Service B terminals is almost impossible to determine from

the measured t r a f f i c  s ta t i s t ics .  However , it is logical to

a s s u m e tha t , as in most communication systems , messages a r r i v e
randomly and independently. These are the basic attributes

a Poisson process. The messaga arrival distribution is

pr~~m~C r i l y  of i n t e re s t  in the performance ana lys is  of the mul-
-drop lines. These lines are appropriately modeled as single

s er v e r  queues , with the arriva l pattern to each queue being

the sun of the arrivals at the individual terminals on the

l± rn . I t  has been shown , in analysis of such queues , that if
there are several inputs to the server , then the arrival dis-

tribution to the server can be approximated as a Poisson dis-

tribution regardless of the distribution types of the m di—

vidual inputs. Thus , with this consideration and the pre—

coding one , the arr ival  pattern of messages to the terminals
in NADIN are modeled as Poisson. That is;

Pr [r arrivals at location i in interval of length tl= Fi (r )

F i ( r )  = 4 e 
_R

~ t 
(R
1

t ) r i l ,2 

where R. is the average arrival rate of messages at location

1.. The va lues  to be used for R. are considered in the n e x t

SÜ C  tion.
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I t  -~~-u u o b -  n o t o d  t .bat zbe- abe -
~~~ d~~~tr.-autic’ri !~as -j c o e f f i —

t: cmi; e: v ar iat_ r er  3 q UL i -oc~ e-iudl .4 • F’ a- o r � ~er v-~ t ive

ys~~s , - - ‘h e r e  this d i s t rj b - t t  an is un-? d , a v a l u e  of .6 was
- - :1- . 

-

-; y H$- 5A01. A U R I V A L  P A c O O

Tb -~ ~.AD IN n~~nwu,r ~ ‘runt prc - ’e. de  -cea tar-l e res—

~ ‘m c  u i n d ~cr th~ tnnffic loads -a r i-~~ccpa ted for the next
-~~~~;-~ ye t i s.  To m p r r m r s e  tie- p : — r - ~o rn a  ~c:c: -t  iire wa r - k desicns in

m -eti - -~- t h i s  a - u ~~m r - : ~et.t , t is ft. st oe(’essarv to define and

a-~ -i-~t Ity the acc ptable L - - u ’o n s e  t~~nc ” and ‘~~~~t i ci p a t cr~
r oaff ic 1oa -i- -; ’ - In t n i s  n~a - ° r ;d i x , two tOj S~~~~C c h a ra ot er ir t i c s

or L r~e t r - ~ f f~~c n e -n c  t e~ the n e t w o r k  I -‘e i - c e n  e s t a b i  i she~
i n  t~~ iS scot - -n , th~ nortion of the ~ I i-a mo 3el most com—

retarre~ to S tue  “ ie c . r s  d e - ~ -c - - -d . In Anpendix

P . h - ‘ r c s  -onse triTe’ is n - ~-~ ir e ) ,  an d t u e  t r a f f i c  ~nodel de—

~ r f~~j~ anLIend j >r is u s -~ to ;i~:h 3ise  r1c W~~Yk e12 ’ -Tit--

r n I ~— a- :~ .

The “load ” on -a u -‘-:var,’ 13 a rnp u~~un e  oi the

-
~ c - i m t of nativity in the ne t w o r k .  W i c h  U n  message l e n g th

-~~ s hr  Lb ’rt~ C arr~ a r r i v a l  pa t  - - - - n - -4 it-~-rm , the lead n-3 y be do--
liar - as the -u - n r n L l - - er r  vs~ 

-
- ite ot teSn-::TCS f o r - r n  o u t si O c  the

to tU: - - -try poin t.- -af the network. a ~se t h i s  ;rf a-—

r a T  on ~
- -

~ deturrimne the f lee ~s~~ar y  na~:-ari tn , of neiwack CCuiiCr - —

n E : t i~, i t  is he~ r fui to r~~ ;- ’.- -~t 2 C I  he o a r n ct :~- r i t  ics of

J - w  a - i ’n a t  r . i it hir ~ t~ ~ r - e t worh  • Jr ;:a :Lrcu ~er , r-Tf ~ rriT 1

to i- t qr ’r e  Y - - ~ , it i-~ i ’eio r i ~l ~ ~~~l. - T W  a- :”- much c t  h ’ - - :  L’ui f

for a circait such  as ~ ‘a ’~ ~ an s m-~ht~ .-~ f r -o si r h ~~ t e r m  - a - -i s
t i : - - ci: :uit ~~~, 2 , 3 , - i ) ,  -n r ’ d hew rT ( ’b n nr ’ hc’ t r a n s m i t- d

t he u~cr m ~~n~~ , s fron thu CF .  F i r  t n e r r s n~~~, to  - trr:Ta ne u r i c.

s i~~~
— of t b - - c: i ;. e - : t ~~ b - m t e e a c  ‘ or’ CF~~s -~ n~ - t h e SC’ s, it is

~ — ~ f r j J to k n -  -w how much  or  Lh -~ tr a ’ f i :  is held l o c al l y ,  :a ci

r cch i s  cent  C t O t  the port of the r o t w T : -  1 te:-connec t rig

C F ’ s. ~ e t a r i ~~-i~ i n f o rm a t i o n  on tOe n e t - - a r - :  f l o w  p r t t c rn  ~s

c— 14
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to  c~ c - a i n  ;in’~ is ~ ‘d - ; e c t tO C V 0  over  ~~~~~~ ~ r ::1

a: ~c t H  c i r L i e r , ~s no~ app  c-: r i c t e  t o - n  r- - twt’H doS1gn .

E-lc- .-; e r semi: q’- r - - r J  L ci. i r  an t E ’ . l n~~’e?- c- i  the e’1pe d-t~~:r: h n i

a t :  ye a tL -  r:e:-es~~ar a  ic.: I r -  a’ -
- tarot be -~e t~ - - ~ mm i c d  by I. -

nOi ’’-3t r e r , re: :;rInaL ’v c -r n- e ‘i t  i . e  n -  s r a ~~~~ris a _i Id hO

~~
C- t im- - d - m s c - t : i  - r e a e ~~n £ 5  ( i - - d O s  t O ) - -v u i c : ,  ra i . - r a l Q i : —

s y - ~~. 1~~-:s~ ch : : ’ -a c~~~ ic - ~~ i - ’r; d c C  vac  r i m o j : c t of rh - ’ !a- ? Xt

sQi t i e n . E - ~ Lhi~~ n e c t : D , ~ u ~-.‘ i T t  1rar ~~C t - - r 1 ? - T  th e  n a t -  t .~

~rr t -;-: s : r - of the  t o - t a t  ao- - ’ : t -~~~~ a- a t t i c , r i t :t C!)415C -

t i a O  ar ~ . sc-ce ‘‘ n d , a Ierv i~ nal o -:r -n  e r r  c-s. a i v i sio r  ~ f
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: Af- . However , the observat ion  period s dur ing  the f i e ld  tr ips

cour-i not be arranged to be- ci f the planned dura t ion  and la ter

ex p e r i m e n t s , as reported in 1673 , showed inconsistent results.

t Th is led ~o a ceneral  conc lus ion  tha t  ‘ the routing information

c- -:aairied tn ì the orig ina l ly pubirshed results of MTh-4 158

t i C  i n v a l id  and all are caut ioned not to USe  t ha t  data . ” How-
he second set of experiments did v e r i f y  that  t he  total

n e s s — ~~ie c i o~~f ic  p r o j e c ti o n s  could be v a l i d l y updated to r en-r- :-

s~~n’ a-irrent FAA projections of air traffic acti’.’it:’. Applying

t h ~ sac q es t t- -J technique for upda ting th i s  informa tion , the

:~~r c pro e ctions for the Ca tegory 1 locations are obta ined
as sted in Appendix Fl. The detailed traffic projections

ar~ a-dy mvailable up to 1980. Correlation with current FAA

~.‘-:i -cUon jlcr ecasts indicates  that 1984 t r a f f i c  can bc- esti-

mat e d  as approximately 35% more than 1980 traffic. Based on

the b r c a d e n i n g  scope of NADIN services and to insure that
the ne twork is insensitive to variations in traffic , this  es—
t c r n a t e  is taken to be 90%. The terminals located in ARTCC ’ s
:tre assumed to have a 1973 base traffic estimate of 2,333

charac ters  per busy hour. This again is based on broadening

in scope of the NADI N O T r a f f i c  projections for the o ther
years are based on correlations with the other traffic pra—

3cc. tions.

The te rmina ls  at Category 2 locations (m i l i t a r y

air bases)  a re  estimated to handle 4 0 — 6 0  f l i g h t  p lans  per day

p r stat ion , as noted in Telcom Report No. FAA—RD-72. Based

on this level of activity , the report develops a busy ho::r

e :~~j. ate of 1000 charac te r s .  The FAA aviation forecasts ind i-

ca te a s tab le  level of mi l i t a ry  f l i g h t s  over the 1984 f r ame .

Thus , this projected traffic is held constant for all years.

T h i s  traf f ic  is listed for the Category 2 loca t ions  in Appen-
i i H 
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j a m s  on theae cir : i , i n a -  ~:e i - u n c l n - m .. at c a -~~-~ - r U -  c o d  -~~3n be a f —
fec~~lveJ y re t -j ~~- 0 1  ii a l ’  c 4 ? e  - . cp- ~~~1am-  e r I I I I a L  i n  the— 3~~—

S - r n  ruc€-- ;  -~~ or  ~hus -~ ~~( t~ r,s c Eìm ~ v i - :~ - tì ci cu m cc , ‘ l .a

ac5pos~~te :n~~- f - c  ca-  .ce - m a U r c m r : ~-d am aLe s e -f nIiu., r as in
“ :- onm Re c’t c Or /F2U. - .A : 7) 7  , I’ L -. : ae  p~~o : c t_ c r a~ - - - a m i l f i te d
L - ~n~- - m d i x  H .

- -~ . Ar TN

Or f o c  tar n t el y , rim cm rc~ i~~ no i n:  r n a t_ - - . ~ir ~ t}- i- / - F T U

te r :r j .na l  Ir ~~f t r - .: ~c : r - i u r m m h  e ta ~- I T : P~~
- ~ nits i - c t aerv ct h .
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5- . - r t m n i t i v i u y  to v a ri nt i o n s  i: the t r a f f i c . Si m ilar ly ,  fo r a i r —
i m n r - s l rc ui t a  w i t h  terminals bunched at airports , a con p a a it e

node : t s  been used , i-or geog r ap h i c a l l y extended c i r cu i t s  w it h
r c u l t i n le  t v r r r i n a l s , the  t r a U  ic has been evenly divided a:;~~- : i n

he a~~- 1; : :  i n i l s . c i t e  res u l t s  are n ; l to ~~n in the l i s t ing ir ; Appen—
-i:x H.

C .  ~ ‘IFS SAGE ROUT ING
R e f e n m i r : n ;  to F igure  C — 2 , messages orininatina a t

cm U rrain z : l may 1-c des t i  rico to :

1. A termi nal  on tn e  same c i rcui t .

A t -r :cinal  on a d i ff e re n t  c i r cu i t  served by the same CF.

3. tac ~-~AS 9020 ::o:aprmter at the CF .

4 . ~\ t e rmi nal served by a d i f f e r e n t  CF.

The d iv i s ion of the t r a f f ic  over these fou r  cate-
gories could affect the appropriate sizing of the communication

ch an a e l s  between CF’ s and SC’ s , between SC’ s , a nd the con—
s :raints for the r :uober  of t e r m i n a l s  on a c i r c u i t .  However ,
acc u r a t e  r n f o r m a t i cn  on the  r o u t i n g  of the t r a f f i c  is very
hard to o bt a i n , as : ot-~-d by MIT RE in: MTR—1673 ; f u r t h c -r r :c -r e , i t
shou ld he considered as subjec t to change . Thus , fo r appro —
pr i a t -  s i z i n g  of ti n - communica t ion  channels  and develc~~m e nt

of c i r c u i t  co ns t r a in t s , con se rvat i ve assump t ions  shou ld be made

coupled with sermsiti’:i ty analysis. These assumptions and the

r e l a t e d  a:~~1vsis are the bu ajec t of Appendix D.
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A p PFhD J . X 1’

PLRFORMP-J4CE ANALYSIS

b .  I IN TRODUCTIO N

k For a netwo rk such as NADIN , “ perfo rmance ” ii-

caucilly d e f i n e d  in terms of the t i me i t  takes a message t o

t r a v a r n e  the network fr - a -r n en t ry  to exi t  (which w i l l  be
c~~t i eJ  t ra ’;crsal  t ime ) and the t r a f f i c  leve l the n e t n - c r K
experiences (which is called the throughpu t ) .  These two atc -r~-
butes -are int-nrrll ated , the  cefore performance is u~ a l l y  n - t a i  —

acc -e r i z e l  b -1- the  average t raversa l  time as a func t ion  of t t n a
thro  a o l cp t i t .

In general , network desi gn is or ien ted t o - :e r -nt-

achievinc-r an “ acceptable pe rformance ” specif ied as an ave r ~ca-

tra versal time for  a given through pu t .  However , in N A D L .

nnatny of the physical aspects of the network a f f e c t i n g  per-
fo rmance are fixed (i.e. , Model 28 teletypes). Without

knowing the inpac t  of these l i m it a t i o n s  it is very d i f f i- :  a l t
and even aincn qe rous to s p e c i fy ,  a p r i o r i , a r equ i red p ar f o r -
mance fo r  the network desi gn.  An appropriate approach is am -
in ves t igat e  the f~ac tors that  wi l l  contr ibute  to the t raver—
bal  time in te rms of the given equi pment cons t r a in t s  an d ,

c i  the basis of th is  inves t iga t ion, devel op des ign con—
s ’r a i nt s  and requi rements that  are consistent wi th  the ove r-
111 network object ives  and good eng ineer ing .  It is this
iur.;c oh aflh ~~ taken here .

[ . 2  T[< 1~VE R SAL TIME
The traversal time of a messaae is precisely de-

fined as the interval of time from the instant at which the

0-assage iS  ready for transmission at its entry point until

L - -
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c t  l a s t  c1am~r - - C - e r  of U - - I ssaqe is rc-c i v -~a at  i t s  I~- .-o’

~- -ai c it .  The a at r - :  au e x i t  L~’aI r 03 01 r !l-4 rcc t ~,or L- ~~ia~- - - - nc

~l l y t n u u - ~h t  Of s t e n i n :~ L hC)t-:- ’ V 1 1  , t~1:~~ —~1i a i ~~~n- i ’ -  I It C p L I I2
9 0 2 i i 1-0 l 1 put er S  - a d  a - :5 t ~o. ~he r’a- - n-~r a ’aat ~-~~~~~~:-w ~~t l l i ’aS

(i~~- ., a nc :itcistratlve €_~~3 1 u~ -S t 1fl1~~ - 1  i - - r c l - - . ~~~
- t~ C - ~

s-a . ed-~led Cmi tnqn tn :  for  fl iciulct- -cicn C c , etu . - - Tte r ; - - r a ~~ cnn—

a a - - a t s  C -f  t i av e r -~al [ c i  ~l l - C  e X u d f l - t .  ‘n  1 - -~ r-ns f Foccmrti

I b i s  f i gure is a f L u I  [ici cil a r c - a c - i 4 cc- - N  an u j O [ —

C ork  a t  queues . showing to- - nc-n n - ; i t r n ’ - - C r —  ar i r m C ) 11. 0 1 —

--uci e cted by am swi [chin 
~ 

caa [a-r Ti - - n tn  - a C)~~10:d~- i OCt ,

the  - - )x l c e c l t r at o rs aie assuni Cd to 1 - - — w i m - ’i c ar g  C m~ abil~~ty
a ct  a l l  messa ut-ia X a  ui rc j o C c :- :r a t i c l q ,  and all t en - i  ‘ :a lce C n n  on
i x - ~l f — d u p lex ~j n e s .  T hi s  i s the  most - -e r - c r c - -’ case . -a ra~ 0 - c t

n c - : u s s -~r i l-/  -ac-rr es ;aand to 1-JADIt1 r e( a:rr c - c ) ( I a t i n r c  - ( j [ er a s s u- -- ’a-

t o - I - C s ca n h n  a a r l I l o c l y m c — i e l - 0 .  ~ c si ’- c -- - t i  -a n a’..Th a n u l t : ’a l c ;c e r

-~~~ C - n -~~~
1L a 1 n e d  as a s i m p l i t i c - c i -~ c - f  ~Oi s h ar t n - C it~

D . 2 . l  Ne twork Operat ia :
To explain the op :-c - at L -- r of - a - -ce reno r- c , th e tia~ hs

a “- assage y f o l l ow are ccnsi .Oer- -u . C a- ’s~~-h - r c- :nessa- - —c - - cr- -

r am ’ s  r~q at a term in a l , suoh -sn T , ii . ) - The ‘ a :-’- i ve i  -, i~ the act
of the  C N I I c- a t O r  lfl i ni t l at in t  t i.e te I~~Ja - a L  c-m t t a t i a m ’n t  ccc tb -~~
:~ e :lecs:rge w i l l  be a u t c - r n n t i c a i i y  a n ~~r n : c i  U - - - ~iben [cia- t - - r c : i r a i

is p a l  lu-i . ‘rhe t r a v er s c- l  t ~~~
- -&- z r - i t -  c - I  f n-r ~~i : : e- ;- :- i -j e be- : ica’.

-~hec the operatc-r is done. Th,-c oo n -ti ec[ r - It ---r C . c 4 )  pr - ;cesi -e c a
p c 1~~ing l i s t  f o r  the l :n e  ( 2 1  - -‘c-~~r t a n  na? 

~ 
is r’- - :- te-i arc

-a h - -- l n t , the  t o t  n i n - l  is pc-lie- i -c-c - . ats n:eC - cca -~-: h- t r a n s n 1 n~~ eI .

i f  ‘-he r-w-sa’lqe doer-c not nec-ca : -a-~- ticac r :-c- ’j’n-’ ?a- ’ .s -:~i a - a ’  -d [a

a ter cni nal  ‘o- 4- c-c --ar-e C ir < :  - i t , t c - c -  -~~- c - r - - a - -  C c - i a  t e c C  n a I  ‘a- n o :

the t r a n s m i s si o r ’  -a-nd the ‘--ar e r t  c r -  is - - - . J n th s cn-ise,

~he r ia ’ e- r sa l  time is Sic -t i the l e l c -y  ~r- L c -~ - po~~l i ng  c~ le

reach ic- q th e  + a -- r : i n : l p lus 4 h ’ -  t i rn- ’  r C X r j ( c~~~~ to ar - - -~:-c’ t tb -c

Li —

•v~~~~~
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If  t i i ~ r r e scn a q e  requires  j o u r n a l i n g  or ia due for
a t e r m in a l  on another  ci r c u i t , i t  is received uy the COLC I)-

cr a t u r ~C 1) , b a i f i e red , ac . I p laced on the input  qu eue  ( 3 ) .  -

-\i 1 a I e s S a :r E - s  rccc c ved U ’ the concen t ra[- r f rom its t e rmina l s
l r~~ ul nce c on a common Lcput dun ue  and processed on a p r i o r i t y

hac - c - . s  w i t h  a FIFO disci p l ine w i t h i n  priority classes. The

-r u c e s s i c a c  cons i s t s  p r i m ar i l y of r~-u t~~- i q ,  w i t h  code conver—
s i a n  i f a; pioprr c - t a - . II [lie message rc- a4uir es  j o u r n a l i n g  or
as  u r r e a c - e d  to a t ermina l  not cona -acted [C the cc nc c -n t r at a -.c- ,
i t  iS  p laced in the  o ut p u t  a c - e u - c -  ( 5 )  f o r  the h igh speed lina-
( 6 )  to the s w if a a c i i n g  c e n ter  ( 8 ) .  Othe r~-ise , the message is
s c a r - l a  cc- laced i n  the out put  queue (such as 7)  f o r  the appro-
p i la t e  c c-cujt. .-~ote t h a t  a c i rcu i t  connecting terminals  to

~he concentrator is modeled as half-dup lex , thus providing

messages to th~ common input queue (3) and also transmitting

aecisages f rom the a p p r oc ni a t e  outar -a ut qua-ia (such as 7)  . The
rn ec esc -a ry  coord ina t ion  is p rov ided  by the concentrator soft—
c- 1 -e  The t r ave r s a l  time ends - -:1.en t~ e last  character of
[ice cicc-ssace is remo ;- -d f r o m  the o u t p u t  b u f f - cr and comp letes
transmission over the ccrcuit.

When a rnussac: - is t r a na r ni t t e d  f rom the con tien :  ia n-
tor ( 4 )  over the h i g h --p~-c- 0 l ine ~6 )  , it is received by th-

c -w i t c h i n g  center  ( 8 ) ,  L-- - f f e rad , and p (aced  on the common h ig h—
spu~c- d l i n e  inp i que ue ( 9 ) .  A l l  c i -e ssage s  received -a ver  h - g b —

speed lines by the  s w i t c h i n g  n- - c .t~~r are p laced on t h i s  q u - a u c

l c d  are rocessed on a p r i o r i t y  basis  w i t h  a F~~FO dis ci p line
wi l bin pri  n t - , cL - -sr  - 

m c - - n proc ss rl g c -n c i s t s  - f T hu  n a —

f ar: if a p p r o p r i at e , ar -~~ ing If  the -essage is d e s t in e d
f-a r a terminal connected to t n e  s~;i t c h i n g  center , the message

s s i r -p ly t r an s f er r e d  to ~he - - pr :pniat e  output  queue (such

as l O t  - Otherwise  tb  messa , e is t an i s fe r r -c -d to an ou -  pu
:; c - L a i o  f o :  -o i r . ~ f  the r i g c-pee- - - l i nes  (such as 11). The h gh
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e het ( l l i n e  may lead ta another switching c~ - r : t  r , in w h i c h

eaa- e the p i c c us s i n g  ~escribed above in :  repeated , or to a con—

c e m nt r a t or  as shown the f iq u r e

i lic - - message is it-cu ived by t h e  concen t ra to r  C 2
( l i t )  , bu a : c-r e-h , ar id 0-i  c - c d  .i n t i n e  hi gh—speed  l ine i n p u t  que ue

( i i )  - The c u c l a L c l tr a t o :  processes the message on a priorJ ty

i~ c-~~is w i t h  a FIFO discijaline within priority classes. The

processing consists pc -ic:ari ly of determining over wha t circuit

the :aassage is to be a n t  and performing code colcv eraic— :c if

.ip nruc --ciait e. The message is then p laced in the a p p r o p r i a te
c i rcu i t  ou tpu t  queue (14 )  - When the last. character is re-

c-eiv -d a-var  the low speed l ine, ( 15)  t-~ tah~ appropriate e n c c z —

m ; ~il  ( i c - ) , t he  t r av e r s al  t ime i s  ended .

D .  2 . 2  Traversa 1 Time Cp~~:-unents

As may be seer: f r op  t h e  above d iscuss ion , the tra-
v e r c - - c -f t i m e  may consist of many con~ponents depending on the

path the rr c-ssage follows from entry to exit. The time re-

quired fo r sever al of the events in the passa ge of a message
may also c e overlapping . This is exemplified by the cas e of a
mes~;age ar iq i n a t i n g  at a terminal using f i ve level Baudot code
on a 75 bps circuit and destined for a terminal using seven le-

vel ±~SCII code on a 1200 bps circuit connected to the same

cuncentrnt :r. Typical timing relations that may be ‘involved
ar  shown in Figure D-2. At t

1 
the message arrives at the t e :—

cr Inc ai l , v:h er - .~ i t  wai ts to be polled . A f t C -r the t e r m i n a l  is

p~~l 1ed , me sac qe  t r ansmiss ion  beg ins .  A f t e r  the header is re-
- -e i v - - d , -an e n t r y  is placed on the i n p u t  queue to indicate t he

rc- g :asa -e is rr  c - - i y f o r  r o u t i n g .  The header may be processed
zoc -urrently with reception of the rest of the message. The

pr -cessing of the header indicates a routing to the other c m —

: u it  and a requirement of code conversion . The code convur. ion

commences immediately on the partially received message arid
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5 011  c e~~t C h C S  t h e  point of convert ic. a e c - c i :  new c har a ct e r  as re—

c-c ia .  d.  us , when the fa s t  character is received , w i t h in  mi-

c r u - - ac o n d s  the massaiqa processing is  comp ic-ta and an entry is

r c t~e o u i p c r (  queue . The message t r ansmiss ion  t a h -~ c- much
l e ns  t i c - i c  on Lao  1200 bps c i r c u i t  than OIL the 75 bps c i r c u i t  -

c-nc  ah en  t i ce  last cha rac t e r  is rece i ved by the de s t i na t i on
tt. m r m i n a i ,  a t  t a m e  t~~, the operat ion is complet e . T b -  t rav. :csal

L . me i -  s :ap ly , t
T 

— t 1I c-nd as can be seen ~~r -t t h i s  case ,
u — i n  be fr- cad as simp ly the sum of the t ic - ic required to rr covca

toe messaqc fr an :  the o r i g i n a t i n g  te rmina l  to the concen t ra to r ,
p lus t O L’ t ime required to  move the message f rom the concentra-
tor to t h e  r ot in a t i o n  t crn t in a l .  I t  should be noted t h at  code
-acc vers i c - c a  could be done cc-s suggested or , as each chara - - t e r
is read y-r d at the concentrator, it could be converted to a
g: a:: -Ia -i -J -~ade and , i f  roccu ired , each charac ter  could be con—
-~- : r ted on output to the c i r c u i t .  However , in e i t he r  of the
pr ocedures , the code conversion would occur on a low leve l ,

~n t e r r u p t basis concurrently with message transmission opera—
clea n aci d would not add to the traversal time . This leads tn

a yene r a l  observat ion about properl y designed and sized commu-

n I ca t i o n  processors for  a network such as NADIN: such pL-oc~a r- -

n ra- - m Id an insignificant amount of delay to message traversal

time in compauison to the basic delays of transmissior: tim-a

arch the t ic-ne spent w a it i n -~ for  a v a i l a b iL i t y  of t r a n sm i s s i o n
facilities . Consequently ,  in analyzing the component :- c-f de-

lay ti c-i: ma-i contribute to traversal time , attention will be

paid only to the primary sources of delay. These include :

Terminal—Concentrator Time (T
TC

) : To tal t ime f rom
the arrival of a message at a terminal until re-

ception of the last character by the concentra tor .

Concentrator-Switch Time (T
~~~

) : Total t ime f rom
availabil i ty of a mess age for transmission from -(
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a concentrator to -c- c - i toh u- - ii :J.~ - l as t  eh~~ra a--

ter is rec e ived at the a-c- n t ic-u .

SWitcu—~ w:tCh TiLP L- (T ss~ TO t . i I t i c -ne  f r c n -  cc’-

a v a i l a b i l i t y  of a mess~L a at  on -a sv.~~tch ur.~ i~ t in e

last charac te r  is received - -it  the  seccad s~~i :cb

Switch—Concentrator ‘l ime ~~~~ : -rotal ti n e fromc-c-
the ava ilab il i ~y nf a me5-~nq~-- -at a swatch c - c - t i

F the last character  i — a Fee t i ae:i ~ t e c : L - - a :cn c e nt r a c or .

Concentrator—Termirm 1 Ti:ae-
~~~

T
~~

.
~
): T ot a l  time f rom

the a v a i l a bi l i ty  of a r a s s a g e  - i t  -i c o n c e n t ra t or
un t i l  the last charac~~e r in  a — c eiv , - t  at - . uh:: tert f l i—

na 1.

The t raversa l  time fo r  the s~~t:u~u tions d t sc r~~bec

earlier can now be simply exprenc-ed ;

• Terminal—to—Terrni-a .i on s-au-c C a  c c c .i *

T = TTC

(as the other tercar a I L l  c - - i c  s tic mi -c-c nc-ge a t  th~
same time the cofLu ontrator h-_ con ) .

• Terminals on d i f f ~- a  c -n t  r ircui’:s  - -f same concen-

trator:

T = T  + T ,~~,TC

• Terminals  at d i f fc r : :, t  cccnu’ c r r c - c - a~~: - ~ a, cor :nc- . tea. to

the same s w i t c h;

T = T~~~ + -f T~~c- ÷

• Termina ls  at d l f f E  rc-.i t cenc c- r-~ r i t o rs  co nn e c t ed  ~c

d i f f e ren t  s w i t c he r :

T = T  + T  ~~~T . .- --
TC CS ‘S SC CT

0-8
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To mc-k-r a quantitative appraisal of the t r a ve i na l

- i a  c - u  to ‘c-xtract appropriate constraints , the various com-
- a - : i c 0 ) t :~ identified above are considered below . Prior  to th i s

a nsihe !~~ttLon , :i note should be made about the situation with

nc - tti~ -l xers. In t hi s  case , there is no delay component of
c cun a e nt ’  ‘to r—t .o-- swi tch ; a message goes d i rect ly  f rom terminal

~-,-. i t c h  over the c i rcu i t  on which it is p laced. The m u l t i —
p ’axcr is operati )ncall y transparent (except for perhaps a sin—

ole Lih iracter b u f f e r  d e l a y ) .  Thus , the m u l t i p lexe r w i l l , in

-n-neral , have slightly better traversal time . However , i t  re-

quires I/ O process ing by the switch for eabh circuit sic_ ce all

icitercircuit traffic within a region is directed to the central

swit-ah for processing . This requires a high er bandwidth , he nce
c-c-re costly line f r o m  the region to the swi tch  than  does a con-
c er c ar a t o r .  I t  also requires greater  processing capaci ty  at
t h e  swi tch than does a concent ra tor .  These e f f e c t s  wi l l  be
ac-antitatively appraised later.

D. ~3 TERMINAL CIRCUITS
In this  section , consideration is given to the

t i m i n g  involved in messages being sent f rom a te rmina l  to i ts
c er ic a - at r at er  and from d concentrator to one of its terminals.

Three situations are i d e n t i f i e d :

1. Model 28 teletypes on 75 bps circuits using

Service- B procedures (P
1 procedures as defined

in Appendi x A ) .

2 .  Model 28 te letypes on 75 bps c i rcu i t s  us ing
AFTN procedures (P 2 procedures as def ined in A ppe ’ -

dix A).

3. ANSI const a nt terminals on 1200 bps circu its

using fCc-hI consistent procedures.
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-These th-c-c- cacioc- Wili he cot- ~- i  - ~- :  - -c-C ince - e r a u m i t  [V

below . iluwever , there c- I c  a - c - n a  -~ asp_ cats c-c - - - c c  LO cii ‘1 ~ - -

~h:cn are cons~ der -c - h c -- - ’.-~. -

P.3.1 Basic Analysis

Two b a n - l a  i t u - ris O~~ t i t n i : c q  i a z _ c - I ,  c - t~ - on a~~e :L T cSi  c c -h

t the average time frora the  ~t r r i  vol a f a e ns  -i~~c- ~~~ a ter’cc nal

u c - t i. l the ]ast  ch: r cta~ is r~~ca ivcai h ’- the con c- trar ~ , cal ~eC

the po l l i ng t i m e , c-n d the average - - fr_ cam t b _ c  a va i l  nb- i L i  I !’

a message at -
~ cuncent rato r  u n t i l  re ac ip t  us  L c -  a~~ char --

acter b-1 the Lerr ~~ nal , c a li e- i  abe d e lav or v . t ic-c . The pcl~~i::g

t i n e  d i s t r ii -u t i o n  c-ad deliver ’, - t i m e  d is t r.  , u t  - on C t c nd  on

-c-any f ac tors  in c i u d in a :  th c - pc - c - JIm 0 hi  sci -_ c- J i a e s , 1~a- c-.. ~rc c - - a —

pab ilit ies , overhe ri t r a f f i c, l ine - _ c p e - - - J c- , c e n  ~ce i e ca t h  -i ~~s--

t r l ou t i o r L s , message arr ~ va1 d i n e  - a r -~t~ o :s , b uY  s izes  - c-u n - -
i_ cr r of b u f f e r s , etc.  Eve n if  all t a - : t -ar s  a r v o J -~ed are p rc-~~i s c —
ly def ined , it ic_ a I r_ c os t  can . -e~~-c ~~~~ tz0 nrc -4 . ~ n a pr e ci s e  ~L r1 -~Cly- -

5 tical por tra i t  of the system due to i ts  - : - ~~~~ xi ty . S i m i lar l y ,
simulation without simplificat i-c ra is a ray h i f f i - u ~~t c - - i d  ~~~

- ray

costly thus it is not at tr aca ia .— e .  li - - e r r , a t  s p~~~~~~r)~~~e to

u t ~~t f l  reasonably conservative c - a t - u I  c-c - b’.- rac -~-~~nc a - r - -r o-~_ c r 1  c - t a

s i r np l i fic :a t i o n s . For the basic s- ’stem cl€Y cC: c o n s i - : l e ru t i o n s

involved  here , an a n alv t ic c-  ii c-r -ar oi -_ cf q i - a sufficie:- t ly aced

res-a lts  to be favored over he cn e-i -e n i  f f  c - a lt  a n d  ra- :-st ie ~r j m —

u l a tio n  approach .

D . 3 .l . l  Timing h e f i n a t i o c s

On c- mul t idr oc-  l i ne  us:i~n c -  u i .y  of the three control

~: r u ~~-~-~ures o u t l in ed  in !g~~-- - r - - a i \  A , wl-’en ~n- ’ ‘~ t a h~ ‘‘ is t r a i n —

nu t t ing , no other  s t a r t i  on on t h €  sc-c-re line cc-c-n t r a n - ; c j t .  The~ ~-c- -

fore , the m u l t it h  - a - c -  l ine can be vi owed a~ t ac t -  ci r- -j l e ;c - c~c- -c f o r

the messages from the t ern- i n al s  cc- the - a -
~~~ - T ine  ‘air  c at i o n  may

a- c modeled as a s i n - y b s e r - ? - r  g u cu -~ i n  w t i ci- message~- join nbc

- r u e  upon the i r  ar r i v a l  at  a t e rmir .ai  (or  a -  the cc - r- cen t re~~-~

p.
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How-u.er , the -aervice dis ci pline is not FIFC as is custo;.c-ty,

but rat~ccc r determined by the polling cy-ah- - , and messages at

the -ac -r rce rc - t r a to r  are g iven  non—preonrp t iv e  p r i o r it y . Further-

c-ore , the service time w i l l  depend on not onl y the l e n g t h  of

c c c s sa ~Jc , b u t  also on the ef f e c t  of polling tern- n - il s  w i t h —

o~~t n-sass-a -s pr i o r  to p o l l i n g  tc- rminal w i t h  a message . h i t h
-- -c- sr c - n c r  s~ ecp lifc cc-tnon s , these fa ct o r s  can a l l  be a-: c - oc ra r o dc - a -~ d

.n the analytical c-n rc tch .

Wi~- - .. a tarniina is polled , one of two e ’- r n t s  n c -

0 c c - c r  ~c - s s w n in q  the ta rncinal  is -_ cp e r a c -J e  and. t r a n s mi s sl u n  e r —
m c  -- no n e t  o c c u r )  tue  t c i - n n i n a l  i_ c ay have  a message , at w h i ch
ti me- ~

- is _ c r a n s m i t t~~d , c m  the  t e rmina l  does not have a nc - e s —
sa e .  ihe fo rmer  is ca lled  a positive poll and requires a t ime

i n t e r v a l  wh o s e  d a r a t a o n  depends on caic-s tant  f a c t o r s  (modem
recacst-to-seic~1 , clear—to—send delay , transmission of polling

c a d s , etc.) p li - ~ t he  message length. This time may be cx-

presued  as:

T~~~= T pc + TL

ho n -a t ’~rm i n al  h -c -s no message to t r ansmi t , the p o l lin g  of the

ter m i n a l  is c - l i e d  a negat ive  r o ll  and requires a constant t :oe

T~~~. t:h~ n -a coi cen t r  cto r  t r an smi t s  a message ( a s s u mix i c  the br -

nc-i . t is av a i l a b l e) , again t h e r - c  is a constant circuit  prepaca-
tian tim e plus a time dependinq on message lengths , Or:

Tc 1cc + TL

i c ;in q  tue  above t i mi n g  de fin i t : o~~s- , expressions can now be

C ~ri for t - ivor -ge po l li n  - t i c -c- c-rid the averaqe deli ~
time .

i_c D . 3 . 1.~ Waitinq Time

$ 

-dne of the moat g en - -r a i , a d commo n , relata uc-~
-
~

SC U  A l l  ~ueueiccg analys is  is the Po~ lc-czek—Khintchine fe- rca -do

te ing t c  e ac - -c -rage  wa i t ing  t i m -  of cu stomers  to the t h r o u g h-

D-l
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pu t for single server c-leuc-s Uth P~ i :~s - -n - c - ca  ~ i va l~ and arc -c-er -al

~- - -n - v Ice time dis ts  Win t i  3r c-I - Ui ,

A - - A~-~ c -a - a rr ~ as r ate ( 130/5cc, * 
-

— — A-i .~racace arc -nyc-ce ~a ~e at a messaae (se-c - ‘ms -~ (

— ~---:c - ’d one -ut  of so -:ic-e ~ irn- .

2 x~~~~~~ 2 
- - -C = —------

~
------- - n - a  c c - r e a r - n t -  oc vnmnia tlor. sa~ua-aed.

X — Uti1J ~~~t

The average w a i t i n g  time is - - a n - - c -  ~i n :

W = n ~c

= ÷ 1/. -<~~~~

The average wa i t ing  t ime  W i-s thE- a _ c c - r a e t ic-c  t n -crc a

io ining the queue ur tar l i ts id ns -~~- c - c c - e n  t as  been cor rp i - :t e1~;

c a r m n s m l t t e d . The ser - - l ce  t ic- iF X c-f a cc - -c - nc -sane  is  ha~~- :ca 1ly a c e
t i re req uired to tra n sm i t  th e  no.5 -‘ -  a- a - 3  - 1 r - l :e r de  c~ ~t s 1 :~tL
ix; characters and the ii. -: t r an- ---r iss lc- -- t c - t _ c c- . - c c  - . -r , c - t

noted earlier , to use t h a n  f c - -r-c le. srcp er ]  y ,  the service
time mus t  also include t cc ic-iner t of - i i  lacT C i  .‘a. ,
pos - i b i l i ty  of seva- -cal  r e c -mt i v e  n- r i m  U-~ f m rc ~hc poll c- f c- -

~~~

r r ina l  w i th  a message). Th i s  i c - a c - c t  w i l l  he ~v -c -atar i  a h ar t l y .
The general  foracia ‘~ivn_ c c-bc - -a- can i-a oc0cor :c to

handle  due ae s  wi th  ra n - c - —~ r c  a - ptla-e nnnur it l erc , tha t is , a ’euc-s
ar c which the next n-o ss ac ca  s e 1 r - a r e~ f oc- t x a n s m i s s  - o n  a c-c thr -  c-- c -c
wi t i c  the h~ -~hest  pr ior lt - r- , hra~- c-acn message s~ C cr c ’c ed is t n - - T a- -

nci tt ac1 to comple - - r c b c-fe i  e t r sr  c-- cc -i sr. i or of t -ch c - r-- ~x t
(even if of h igher  p r i o r i t y )  ~s irr~t I 5 t E -r-J . T b _ c s , wi t h z

Er p - ) - -
I
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A. — Average arrival rate of messages with priority i

( i  < j  implies i of h igher  p r i o r i t y  than j ) .

— Average service time of a message wi th niriori~ y i,

— Second moment of service t ime ,
1

t:hr average  wa i t i ng  time of a message wi th  p r io r i ty  j may be

~ocpres sed as:

~

_j
j 

= + 

j -i

_ i=l
_

~

i

~~~ j
(I — ~ ~~ X . )  (1 — 

~ A . X . )

i=l 1=1

where  N is the c-umber of priority classes. Note that the

second moment of the  service time can be found f rom the average

ser ’c -c e  t ime ari d the coe f f i c i en t  of va r i a t ion .
In order to relate the above formula to the analysis

of the  polling situation , it is first necessary to examine
t he  service discipline of the queue. Messages which arrive at

a concentrator are transmitted immediately after completic— n of
c- ‘- r i r r - - r t  po l l ing  r-ver t  (whether  a negat ive poll or a pos i—
ive poll) . Thus , these messages are given non—preemptive pri-

c-n t_c’ over those which arrive at the te rmina ls  and which  must
— - -~ i t  to be polled . The messages which arrive at the terminals
re r ot  necessarily transmitted on a first come—first serve

-4
Er 0 — 1 3
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basi s , due to the ;‘c J _ 1~ irn q ( 1 - c r  c-t  icc - i . .  kj~- e n - - r , since !co p c c - f * - n  —

s i n c e  is g iven to s a t a r  messages , tI _ cc - i V C ’  ~3e- waiting t i m e  i n3

-ch ~.~ caine an that  of a f i r s t  anT - - - - - i i is st ~r ’-: - _cC ( i . - . ,  F i ’-st I n —
I - irsc Out — 5 T P O )  ac er . ice d i - a c  ~— U r e .  1~~U S , i er  t I - c  4~~ c-~c-~ n?
situation of 1ntc~unc t he r- - , tc~-cO prloriti~ -s c-re ic3eni ’ i c - i - - c -:
priority one is g iv en  to mess ~q-ss which arm iaf at thf - --cionc- -i n—

trators and priority twa is qivec to see  cs —-Li ~ rc c-i ni~”- a t
t he  ~e rn n in a l s .  Thus , the  ev en a-~ -~ w c - l t i f l  r i n d - s  -an c  he
expressed as:

l/2 (A- + x . X~~ )i i
W i = 

~ l +

1 — ‘
~1 ~ l

i / 2 ( \ ~ ~~ + 2
= x 2 +

( l_ \
i c- 1~ ~l-A , 

~l ’2 ~

Consideration is now given to ::Eìe proper d - U n i t a i o n  ot t i n e  r s -v i c e
times and X 2 .

0 .3 .1 .3  Service Time

The ser~ ice time of c - c - e saca r - - s  a r r i v i n g  at  f - a c -  :1-cs - sn—
trator is the t ime  f r o m  the pre sen- -c- of t h e  cr as-age ~ t dcc

head of the que ue u c -it i l  c o mp le t i o n  of  it s  ~-r a ;  sct i s s io r.  in
l - - -h t  load s i t u a t i o n s, wh’c-:c a m e - s t a n - ?  a r c  i - - ’-~~ - at- - h cr -n- -e n—
tractor , i t  is immedia te ly  a t  the  - -3 ‘f c-h e sue-c-c ~ oc m u s t
wact only for ccnc-~Cetion of Lhe rur-~- c c t p - ~ i a c a  e ’_ cc nt  c- f o r e  in
is t r a n s m i t t e d . I f  the  event  is a r-’--:at~~vc- riad i , C n n  t in .-
- - t no u id  be considered as part of t h e  n -e c :v m -e  ~ir-.c - . r he event
is a positive poll , the time is L. - c a - J a r - s d  a s part 0 the

service time of a c- es- _ cc - g e  t r a n s r - a  sac -on in n r ’~~ress - ind is a ir c a - l y
i ncorporated in the rri rmula . ~ n he-  l i c n h t  nan si Lu a t i o n , ~ci an
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a message arrives at the concentrator , the vast major ity of eventa

in progress will be negative po1is and , since the messages

arri~~e at random , the average delay will be simply one—half

t h e  ne a t i v e  p o l l i n g  time . Thus , for the light load situation ,

the- average r-c-rvice time for messages arriving at t h a -  concen-

t ra cor , X 1, is:

= 1 - 2T~~ + Tcc + TL

- - - r t  is the average message tran smission time . F -cc- c heavy

1cc-i s~~t -c-at ions , an average factor somewhat less than 1/2 T~~e-

will be present. Thus, as described above , will be used as

c- cor c sr : r v at i v e  expression for  the average service time . Th~
— .-ariance is simply:

2

~~ -2 TNP
- = —.

~~
--- ÷ Var .  (TL)

The service time of messages arriving at the ter—

rainals must include the time taken for polling as well as the

t ame for transmission. In order to determine the average ser-

vice time , the average number of terminals polled before

finding a terminal with a message must be determined . For

the light load case with M t e rmina l s  and assuming the messages

arrive equally likely among the terminals , an average of

‘-I-l)/2 terminals will be polled before the terminal with the

Ic-sss aqe is polled . Thus , the average service t ime of messages

a r r i v i n g  ac t  the terminals for the light load case is:

= !~ -~~-~~ T~ p + Tpp~ + TL

L’or heavy load situations an average factor somewhat less than
( ( M — l ) / 2 )  TNP wi l l  be present .  Thus , as described above
wil l  be used as a conservative expression for  the averayL ser-
v.1cc t ime . The var iance  is s imply;

4
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D .3.2 Service ~ Ci rcuits

The baa formulas ~1c- _ c - i1_ c~-’?-i a~~ t:br- nr c-cc-i c ‘ g  a c e S --

t ion can now be used to appraise nn r :-_ c cn---ran r-c-- c _ c ai:cc-ter-is ti ’s

of Service B circuits. The t i me  -mc - -i p a s ~~t i a  ~ n l l  ir ~ ~~~~~~
F contains the t o c-w ~i -c- ~ : o mfo n e a cfc. a

— Time to send p oiL c--i inquiry .

T - Time for t -~ rminal to lra-cp ’rd. -

r

T L - Time to transmit massage .

T — Idle t a m e .e

hu s , the positive pol l ing t i m - c , T , is ,

T = T  + T  = m -~- T  ~c T  i - Tpp PPC L ~P - - e L

For a negative po11, tne circuit tirrte h-c- s two bas ic  -n oapcnsr .t : ;

the time required to send the p 3 n - -c i~~g -u i r _ c -  c-n d ahe time-

out delay. Thus ,

TNP = T~ +

The results of a study by 4TTI-~ to  N - c c - e L  t v -ho ahoa-~ tj rT .cc-

components are contained 
~~ I-~~P- 1673. ~hesr~ rc- a’iltv i n a c i —

cate that for exis t ing  vga  i p mn: ni~ m r 1 c)~-) c - T - . I t J O f l S , ~eT~ acpr iane
values are 3

T~ = .8 seconds

T -1- T = 2.1 secondsr e

Td 1.4 seconds

7-16
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The report also considers the case where existing hardware is

-acejuste~ for optimum performance and achieves the values:

.8 seconds 
-

p
T ’ + T ’ = 1 .2  secondsr e

T~ = 1.0 seconds

T h u s , the basic polling times are:

Exis t ing

~~~ 2 . 9  + T L

T~~ 2 . 2

Optimized

~~~ = 2.0 + TL

~~~ = 1.8

Usinn~ thc. above results , coupled with the common message length
distribution developed in Appendix C and a transmission Oc-~ ac~t~
of 75 bps , the service times for the formulae developed in the

previous section can be developed. However , because the E XcL S-

r ing system is based on delivering messages from the high-speed
cizcui t  i n t e r f ace  by pol l ing , rather than on a pr ior i ty  bas in
as with a concentrator , there is no value determined for cir-

cuit  preparat ion time for the concentrator. This can be con-
servatively estimated as:

T + ‘I’a-  r e
Thus , w$ ’i  e is ting equi pment ,

2.1 seconds

arid si t t opt-i m’ zed r~ -uio” nt ,

T~ c = 1 .2  seconds

The basic service times are t -en:

D- 17
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• Existing (~4 = number c-i tora -r - 1 L S  on ci cc i.t~

14~~2 s c-end s

= 2 7 5 . 9  
-

= l.IM ~ -~~~ seccl da

X~ = l.6M
2 + 2 8 . 2 M  + 2 - t . 0

• Optisnized

= 1~~.l seconds 
-

2 = 2 4 5 . 3Y l

= .9M + 12.1 seconds

= l.1M 2 + 21.8M ± 218 .7

Us ing  these values , several cu rves  ct  d~~iay versus  t cllc -c - - ’hnu t

h — a a ’e been generated arid are por t rayed ~.n F~~au r - --s U-3 thrcn -a-~ h

D — 6 .  The terminal delay is the aver3~~e ti:~ce fr ~a:r the -I vaj i - -

ability of a message at a terminal -atYc -al the ~est character

is received by the concentrator. The co iic- -ntcra t r -r de l -c - v is

s imi lar ly  defined . The th rouqhput  in: g ivc —c ira nh .  : a o e - r a d s— o f —
characters per hour , based on the ei;€ r ag’ messag-s- 1cn~; c-h of
110 charao te rs  as d~ v~~iOped in ~~~p -en ix C’.

F i g ur e  D — 3  shows the tcer: c-- in a i  - : e i a y  cv’-vccs for  cir-

cu i t s  w i th  2 , 5 , 10 , and 15 t e r m i n a l s , where  the  r : - f f ~~.~ :‘rn
the c i r cu i t  is evenly d i v i d e d  I c e t w r a o ;  meccsco~-c-s fc c .  ~‘c- - ai c a c s

to tic- n concentrator and messages f rom th e  concent;etcr cc the
te rmina l .  F i g u re -  0-4 shows the  co r -noc t rato  r delay curves for

the aanne -  c i rcu i t  condi t ions. Note t i~ a t tahe conceritra - or (cec -s ’ s1

C-
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Iv
are subctantially better than the terminal delays. This

eeflec-ts the fact that messages at the concentrator do not

4 have to wait until a particular position on the polling list

is t -ncountered . i t  should be noted tha t  this provision
reduces the overall message delays on the circuit , as it

c - im p ia’ uses the fa ct tha t the presence of messages at the

concentrator can be recognized without having to do the

polling operation .

The terminal delay curves for the optimized equip-

ment are shown in Figure D—5 for  the same circuit conditions
as described above. The optimized curves are very close to a

2 KC}IR/ hR shift of the existing equipment curves. The sensi-

t nvity of the curves to the division of traffic on the circuit

is pr-otrayed in Figure D—6 Three curves for a five terminal

circuit are portra-;ed , with terminal traffic ranging from 20%

to 8O~ of the total traffic . Note that the curves appear quite

icccsensi t ive to this  var ia t ion. This is due to a number of corn-
pensating factors. When terminal traffic is a high percentage ,

Lhe r- - are fewer occurrences of delays in the polling cycle due

to cu go i n g  messages and less time between positive polis.

When termina l traffic is a low percentage , a higher percentage
of the Message-s are serviced with priority which have a corres-

pondingly shorter service time . Thus , there is less queueing
delay t or the nonpriority messages. This insensitivity cc-n—

firms toe v a l i d i t y  of using the oven traffic division in the

remainder of the dnalysis.

ihe curves discussed above are for total delay,

or w a i t i g time , which i s  composed of the queueing time p lus
1 E serc-Tice time . Tm tbr- common queue with Poisson arrivals

- nd expon--nt-ial serv i c e -  time , t he  increase in queueing time

(the curve-s above shifted 1o the origin) for  an increase in

t a f f i c  ~ always ni e h -n pr p er 4 ion-i l , .e .,  a d a - b i  i n g

o~ -r affi- will more th in double queueina time . Furthermore ,

t - rat- - of incre ase s also more than proportiona l . Tb-i t i~
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a 50% increase- n o  t r a ff ic  st a r t in  i at  a l aqu  level wi ll  give
much mci-c severe qu icing (1 -lay in noase s t adn a 50% incr :ase
start 1n-~ at c-i. low l ’vel. I~ is c c c  ~~i p i d i t y  of t a h i s  latter

h a t i n - ~j c - -  as a function of thn ouqh~ ut w h i c h  -g~ the appear— -

-: 
ance of a i~f l e C ” Ii  the qu eae~~ng C~i t .~e -j .  A de~ i Jri  c o n s t ra in  t

b - -au on nc -cr  - a r m a n c e  arial y s i  s as ~- ra se-nted above must ref~ ect

no t  on~ v a ren conable  ace rae - .n t o t al  ~c l ay ,  but  also a

I reasonable ma ! ~- c n - . f o r  e r ror  i r 1  a~ f i ic  prcr~ect ions .  Since
the  t r a f f i c  project.  I o n -is and -a naLyses are alrerady based on

c on s e r v a t iv e  co-tirnates and assumot ic-ns , a reasonable design
requirement  fo r  busy hour conditions is th~ t a 2-T~ increase in

t h r - ughput  should not more than *ub ~~e the total delay .
A reasonabl e average total message deldv from terc-ioal to

t. - - a - - :Lna~~ through one concent ra tor  is 90 se-ccncls . With a five—

terminal crrcuit (M = 5) these c o n dit io i s  ee met -~ i t h  a
t h io u q h p u t af ap aroxin ia te ly  16 k - iCJi i ~/HR , h a -’: ng approximately
a 45 second average delay or. the termi na l t~C: con c e r t r a t - c -r

F link and approx imately a 2S secor 1 delay on the termina l

circuits . Since messages which ‘riginate or- a c i r cu i t  wi th
‘-

~ te rminals  may be destined for  ~ c i rcu i t  with terminals ,

a wors t case f or has been used ~n developing the- constratots.

Using  the above appr oach , tha following sicr p le fo r m u la  c~ ves

a close approximation to ~rm- ~-raffic- cc-c straii t~, as a fur. tiora

of the number of t e r t na l s  or: a c i r c ui~~:

X < 19.0  - . 6M KCHR/I iR

where -~ is the t:-ta .L t i ir ou g~ 4p-~ -L ~c -t  t r a f f i c )  -~ f the  c~~r a c u c r

~~n tcn these c o n s t r a i n t s, Sei-vi cc B c~ rc:i1-:s wiJ ~. on ’  n an a ver 1’~-~
uclay of :easages from tei~~~r.- aLa  to cac - n - : eut r at o r s  of less i nc- a rc-

6u seconds and an average delay of mo ssa j e s  f rom c o n c e r tr a t c r s
to te rmina ls  of less than 30 sncond —R r e s u l t  no in  a total del a y
of less than  -Th s e c on d s .  An i n c r E c - t -cc i-~ 

- n a f f i c  ci 2~~% beyond

the  ieve l nroiected for  1984 w i l l  less than doub le  thes ’i del ay .
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D 3 . 3 AFTN C i r c u i t s

The AFTN circuits differ from Service B in t e r m s of

4 the analysis presented in the previous section p r imarfiy in

c - h c - c  t i m i n g  components  for polling . The AFTN po l l ing  proe ed’o ee

I used in the reg ion  of AFTN operated by the FAA are a mod if~ ed
ve r s ion  of the Bell System 83B3 procedures as described in

Apic-endix A . Based on the t iming rela tions developed in the Bell

( Sy stem Technical  Referenc e fo r  the 8353 procedures , the nega-

t ive  poll time , TN P I  and posi t ive  p011 time , ~~~~ are deve loped

Lni Fab~~es D—l and D—2 . The propagation times are based en

the resul ts of a Bell System study of teletypewriter circuits

as reocr ted  in the above Technical Referen~ e. The pauses

reflec t the time for the stunt boxes to respond . The time

fo r  a message to be delivered from the concentrator  to the
t e r m i n a l  is developed in Table D-3.  Using these t iming va luca

plus the common message length distribution developed in Appendix

C , the service times for the performance equations a re :

= 12.7 seconds

= 234.1

= .38M + 11.58 second s

= .2M~ + 8 . 8 M  + 206.6

Using  these values , a set of curves s imi la r  to those presenteh

in th e -  l i s t  sect ion have be e-n  generated and are presen ted in
F - -or es  D— 7 , D—8 , and D— 9 . The analysis of these curves is

~u i t e  similar to tha t presented in the previous section.

- a t e -  th~ t the ovi~ral1 performance with the 83B 3 procedures is
consider -ably better than with the Service B procedures , as would

A be expected due to the shortening of fh e  nega t ive  p o i li n c
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Negative Poll

TSC Transmission 200.0 MSEC

Propagation Time 200.0 MSEC

Pause 59.5 MSEC

Negative Response (V) 100.0 MSEC

Propagation Time 200.0 MSEC

Cone. Proc . Time 1.0 MSEC

TNP = 760.5 MSEC

TABLE D-1: AFTN NEGATIVE POLL TIME

Positive Poll

TSC Transmission 200.0 MSEC

Propagation Time 200.0 MSEC

Pause 59.5 MSEC

EOA Transmission 300.0 MSEC

Message Transmiss~ un L X 100.0 MSEC

Propagation Time 200.0 ~SEC
Processing Time 1. C ~ 3EC

~~~ = L x 100.0 ~
- 
~~ 0.5 M~ FC

TABLE D-2: AFTN POSITIVE POLL TIME

D—26



(i
~

CDC Transmiss ion  3 0 0 . 0  MSEC

P r o p .  Deldy 200.0 MSEC

P ause  59 .5  fISEC

V J’n : ;wer back 100.0 MSEC

Pro~~. Delay  2 0 0 . 0  MSEC

Proc . Delay 1.0 MSEC

i:r~\ rransmi~~sion 300.0 MSEC

s~~~e Tr .u i~~:nission L * 100.0 ~‘iSEC

P i 0 L Dt-~ir i” 2 0 0 . 0  MSEC

L * 100.0 + 1360.5 MSEC

,\~~~ : r) r3~ C ~ CENT P \~:OR D E L I V r ~R ’~ TIME

0 2 7
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delays. The sensitivity to the traffic division is slightly

greater , but still sufficently low as to validate the use of
the even traffic division.

The same basic procedure for developing a design -

constraint as used in the previous section is appropriate here.

Limiting an increase in total delay for a 25% increase in traffic

to less than double the initial delay, and limiting the total

delay (terminal to concentrator plus concentrator to terminal)

to less than 90 seconds, the resulting design constraints

can again be approximated by a simple formula as given below :

20.0 - .2M KCHR/HR

For t~.e M=5 case , this gives a maximum average delay of slightly

less than 40 seconds for messages going from a terminal to a

concentrator and a maximum average delay of approximately
20 seconds for messages going from a concentrator to a

terminal.

D.3.4 NADIN Circuits

Medium speed terminals (1200 bps) using the IA #5

seven level code will be placed on voice grade circuits using

a control procedure consistent with ANSI Standards X3 .28-1971.

The standards give functional definitions of six categories of

“Establishment and Termination ” control procedures , and five

categories of “Message Transfer ” control procedures, as shown

in Table D—4. In addition , there are two categories of

establishment and termination pr cedures and one message

transfer category that are functionally defined and expected

to be standardized in the near fu tu re .  The basic form of
a standard polling procedure is defined by specifying one

of the establishment and termination categories and one of

the message transfer categories. The ANSI procedures appear

to be functionally divided into those appropriate for full

dupl2x circuits and those appropriate for half duplex circuits.
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ESTADLT.Sur~1ENT AMP TERC~lNATtON SUO A’fEOORIES

2.1. Two—Way Alternate; Switched Point—to—Point

2.2 Two—Way ~tli~~ :nat~~; Switched Po in t—t o—Poin t  wi th
I~ ent i t ic . tt ion

2.3 Two Wdy Alternate; Nonswitched Point-to-Point

2 . 4  Twc— Wav Al te rna te ; ~onswtt ch ad  huiti.po.~flt with
Ce ntral i : :~ d Operation

2. 5 Two—Way Al ternate ; No:~~~ tt~~hed Mul tipoint  with
Centra 1i:~ed Operat ion and Fast  Select

2 . 6  Two—W ay Al ternate ; on.~w L t c h ed N~~L t Lp O I n t  wi th
Noncen tr a l i .~~d Op era tion

~O~~Ji . ~ . ~~~ .; ~~~:. ~~cor~ L:2

Al . Message Oriented;  wi thou t  Replies and without
Longitudina l  Checking

A2 Messa’j e Or ien ted;  w i th o u t  ~eplies and with
t4ongitud inal Checkir~;

A3 Mossag~ Or i entcd ;  w it h  Replies and ~ i thout
Long i tud tna l  Checking

81 Message A~ socia L~ d B ioc~~ing ; o itn  L:.nqitud i~ial
ChecKinq and Single Acki -iowlc  ~~~~~ ~~~~~~ ts

32 Me ssaq.~ Associated T31 .ock L ~~ w i t h  I c  T i t a ~,Cna l
C’ :~::kir. j an ’I A 3 . t o r r ~ O.. i “q Ac~::i, ’te~~;:.’ at s

FU Tt J~~1 ESTA I3LT : 1EN~’ ?O~D T~ PF Ni\ CTO~J

~.2.7 Two—~1ay Alternat3; ;~ons,~itched ::‘i~~~ point with
CcL~t r J l i~ ed Opera t ion  and ;~~i l t ip le ‘;i.~ve Trans-
rn i,s~ L O f l

Two— ~~~v ?~lte~~~ate ; ::c :;~~ . tched r~u l t i p o~~nt  wi th
No cr ~~ r~t r i l i  .~~ d Op~~~a~ a- a~iO M i i I .t i p L  Slave
‘
~ . .~a~~r i  ~ ion
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D.3.4.l Circuit Typ s

FU ll . (~ U r i  e’~ circuits rua~ ~~~ ~~iico~~- .l  to be or gan i zed
aj in F .;ure D—l0 . Ia t i i iS  (‘a’.~ , a l l  t c  m i r i a l s  O ax )  hedr the

concen t rat ; o and th concen - at .  . a i~ t u ~~r all  t ermina ls ;

~~~~~~~~~~~~ no t e r i r u n~J ~ia a r s  a ro t J u r  t e rm in a l  d i re ct l~~. H a l f
lu ;  le x c i r c u i t s  may bo consiAcred to be rc~~~~i7od ~j S in F i q u r e

0- - it .  E n t h i s  case , all r a : n a i~ ~ n J  the ‘j nc~u1~~r a t. or hear the

~~ a i u i s si co s  of all otbtr te~~no ,a ].s aj A  the .c;~ ‘- o t r a t c x - .  One
(if th~ d i f f u x .  ences ue L .~~o! tA two c ir r uit  organi  zat  L . .ns is t ha t

with ~ ‘ i J  1 d u p l e x  the con~~~n tr a~~ar c transmit a message at

t .bo same t ime a ‘~~~tIL~ 1 r t 1  is tr ar ium i . t t i ng,  but ali. r. e r r r i n u i — t o —  

~~ ~nal  in t i a —c ir c u i t  messa -~s m u st  pa s .: th rough  the sw i t c h—

ing concen t ra to r ;  whereas  w i t h  t a i f  d up l t < , oni9  one device ,

e i t h e r concentra tor  c r  t e rmina l . can t. r~~r s m i  f- a t  a time ,

b at  messages may be de l ive red  ‘L r n : t iy  Pet - ;.; on t ex in in a l s

wI  : tout  passing ~-~~rouy h ~~~~ C i :  e;~ tc~~ to r.

S e l e c t i o n  of tAo best if the ~~ t : , r i ~~’t .ive pr a c ad uaes

for  use wi th  the medium speed N AD JN Lerr ~in;-iis ec 1uir c± s con-

siderable s tudy ,  and such stuJi . i s  : i ;r r er i t l y un d e rw a~~.

However , t ar  tho purposo-: c~f L I - i s  r€p nft , ~c ~s s u f f i ci e n t  to

selec t a reasoia-. h l o  candidaLo . ;ucb  a~ ~~~~~~~ 
- ~ 2 , a proc edure

appropr ia~ o fo r  hal. f ..iu p i c x  c l r c u i f- F .  1 ow chaotx- for th i s

pro -a d ur e  are sh a ;~n in  F -  ires D-- ° 2 ana .. —1 3. Ia the ana lys i s

~A jch fo1la~,is , c i r c u i t s  iavo a nL , Jrt i r a l  u a p ~ c~~ty of C = l~~00

bps . The 1 ermj r~ .i 1 s all oper a ; a  ~ 10 c ot  cod e corrrosea

~ in f or :~at  i o n  b it s , 1 pa ~t A t .  I s o L  t o t ,  3 r l  1 strp

l i t .  Thus , ~i on~~rac~~ ’r requ . . . i . ~ 8. 33..~ ~n .i i l i ; i ~co~A s  fo ti:~~n s —

f l L 5 . L O f l .

T fl l a r q e . p a . t , the c l r c a i t s  usad by ct: F ’iP~ may be

expected to be basic V O J C ~ u’~~A Be~~1 7y: teu Cl.; U L t S

( 3 0 0 2  d : s . ;r i i t i c n)  . Ii gen e~ a1., the circuits may be either

two—wire or four - -cire , and o~ ei at ’d i f l  eith’ r a x a l f  d n l E ’x

D-34
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Subca tegory 2. 6: Two-Way Alternate ; Nonswitched Mu ltipoint with Noncen tra lized Operation

Establ is hment Procedur e Messa ge Transfer Tsrmlnatlo, Procedu vs
I Procedure

I I
Polli ng Selection I Terminote

O’—” ~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~ 

K ~~~ 
1I_~
l
~.

N (12)

Inv alid Or
No Repl y I

(6) I I
I I

— • To Recov ery
(13) Procedures
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or f u l l  dup lex mode.  The Bell  System recommend s (Tech Ref .

PUB 4 1 0 0 4 )  t h a t  in rn u lt i po in t  c i r cu i t s  w i t h  more than six

s t a tc on s , fou r - .~i r e  c i r c u i t s  be used fo r  both ha l f  dup lex

on1 f u l l  d op l ex  opera t ion. In the FAA today , v i r t u a l l y  all

c : r c ui t ~ are t our~~~ire , hal f  dup lex . In th i s  ana lys i s , only

t-:ur— ~,-.’1re circuits wi l l  be considered.
The Bell Sys t em w i l l  not spec i fy  a nominal  propaga-

t i on  d e l a y  fo r  the 3002 channel , due to extreme v a r i a t i o n s

lej:Il ~1i cI on a number of physical  a t t r i bu t e s  of the c i r cu i t s.

The p ec i fi e d  maximum of 50 ms appears to be excessive; however ,

an citimate of 20 ms as a nominal value appears reasonable-

It is pis latter value that will be used in the followinq

nalysis.

0 . 3 . 4 .2 Modem Operation

Data is t ransferred over the channel through the use
t modems . Most modems for  a 1200 bps data rate employ an

a s y n chr o n o u s , FSK t ransmiss ion  scheme and are control led

tar-a u - h  the EIA R S— 2 3 2  standard in te r face .  The i n t e r f ace
si~~ nais  are ]isted in Figure D—14. Of par t icular  s i g n i f i c a n c e
in a dedicated , m ult i p c in t  polled operation is the sequence of

s t ar : l.s shown in F i q u ro  D — l 5 .  This  sequence occurs when a

t a r r a n a l  r esponds to a polling request .  The terminal  (DT 1)
r u s t  f i r s t  a l e r t  i t s  modem (DS 1

) tha t  it intends to send data

~~~ 
tr’ c—req;. cst to send). The modem starts transmission

of the carrier (T) and , after a preset delay , tells the

t r r m i r ia l  i t  is ready (CB 1 t rue-clear  to s e n d) .  Prior to t h i s

eve n t , the mode m at the other end (U S 2 ) should have detected
the  - r r i e r  and announced to the cen t ra l  (DT 2 ) t ha t  t r a n s—

m i ss i o n  was being received (CF t rue—rece ived  l ine  signa l

d e t e c t o r) .  Upon receipt  of the c l e a r — t o — s e n d  s igna l , the

o r i g:r u t in j  t e rmina l  (DT 1) supp lies i ts  modem (DS 1) w it h

da ta  (BA 1 — Transmitted Data). The data is sent in an FSK

in: O~ (T)  and de tec ted  by the modem at the other end (DS 2).

D — 3 9
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- C!i( .1 :111 t . . t c;t r ’~ tile A - d I -~ i a ~ ~ ru * . 1 0  c e n i  r a 1

(0L. 2 
— RecL i. e~~ i ;a .o) - ~~t~~ ei t ‘ I ~~~‘ u - ~ Lj r ’~ t-~r -  in : ]. A l 1

)

t i 1 ; 4  ; r p leied i t!-. ~- r insfe~ f 1-~ j , - t . - - ;ve ’ tri o

s:nT -°l~e — Fs~~sr -, ) .  ~~~~~~~~ i a  1 Ls~~~~~ n r c ~; ; ov a~ ann

c l e a r — t : o — s o r c l  is n a n c e i l c t l  ~~~~ - ~~~~~~~ , 10 tl e c0 -F :i~ ~rJ ,

the- r ’ulor  ( I i 2
) - 

. l icr* Los - A: to~ i - m t on of n r c  ~-n  ~CF 2 —
t e A; :  a n:: c lan c :; t n r ~ re ’- - a i~ n ~~~~~~~~ 

) . -
H or-d cr A- th- a ‘ov; c c 1  m—i i-~ c ha c- n , in  is

nece~,n.:r v t h a t , both tue  c~ i ni-~ - d  1-m --;i i a ln  bc in  :m “ r eady 1

non Or ion , ‘ t di - ~~ ; e:l by ~~; -  -~~iq r i~~ Ct ( I c c . - S t  P - i i iv ) a :d

tO Dsta rr’ivr l P.C; 1 t ~~~~ . t--: ’~ t .r I i ~~~ . b. ne s i qn al s  i m p i

p .- . ; Y iS Clii 4 ,C th e -  U i ,  . t S * 1O:i i - C I: ~‘ a  1 , ~ih i A  . i s :
- :oroal  ; . c l s v  ii t ice 4. T0~ a~-e ‘‘CL ia::  r~ t b ;  H i  t . a i  invest i qa ti o n ,

siqr ,al i :  oil] be Ol s u ;— -  a1wa~~s r i:, C -ic a n - n- F

: : u r:r ;q ±10 : xc t r :t-~ a . I o a s - n -  c . m i J l  b ’~ r - - : ’- s ~ r - r od  t i:.

0 .3 . 4 . 3  Basic Timi rcc b e l a t : - .- i - 0 .i p ’

Ic ; the cunt :o~ ‘-a .cn-i’Js d o T  r :c~~, I n o o c o -  th o  io;’’j csr-

IF-- l a y  e~~e cnent Is t ri o A~e— C ~ ( t o n :~~~~ .•* c - a n i  — c) e a r —t - n i — s n i v l )

- s n a u se  t i c u - i  - Thi s  do I :  -~~ ‘ e- - 
~ r~r the n.~~I cc n o )  c i r  ; .

coslun nd o pt ion s  srlec t rd a - ;  ~l -  ~~~~~~ - f ‘i ; :’’Lt char:m :-~ T I - -

it ~~:s. For a Fra: . _ ; .:j - : , m i ) t i i *j  i’  ~- j r c A t  ~ c i I : ’ t  :cC;i 1-c -

- r i  I qe s)  , t ho I~o 1. :~~ st - P - , i r i o  ~ v n e t  l ar  a

GO : noc dela -’ , a ct  car. ~ oUt i ra ‘
~~
, T ! ’ ~ ~‘a’- 

‘ 20 ~a5oc ‘i~ H’:

if fast - . r r  ra~ nd -in r ~~~‘ r — ’~. i rh a I ~~ ~~~~ Ta -i ~;o i~
a!;. i A”  set at  ~i r ;sec . C)~~~~~ n I ~~r - 1  ~~~~~~ Hve  ±1, t o E : n~~

rio ] ayr~ . n r  th I ’  . i, i :- ‘~~~i - 
~~ ‘ ‘ ‘ -~ ~ - n s  ~ 1 1 ha

i re - on Bell  . P~~~. I T 1  2 O~~.P a’ ~~~~~ O( tr 1’~~~ t - -eac  ( 3 A O i

serv i t ivu  ir .  p - ’ r : a - ~~o- ’~~ , :~- ‘ ~~~~~ ~~~~~~~~~~~~~~~~~ 1 a r ’ s  p n r s i b l~
- h O ~~~~ ’s m r  aCL; - - ; i  C ‘ ;  - ie ~7 i m -  - ~UL  w~ ~ ~~~~

i i l ) C l  l . : .n r ise of o’~~n L i a r ;  r r n ’~ ‘ ~~~~~~~~~~~~ 5: n’Y-oi

L a t e r .

0 -4: ’

~~~~~ 
~~~~~~~~~~~



I n addi t ion  to the CA— CB , other delays are present in
the modems . For a 2 02R modem , the carrier  turn—off  delay
( w i t h  “ qu ick”  opt ion)  is 7 milliseconds, and the received l ine
signa l detector time aeiay (terminat ion of carrier to CF — Fa l se )

is nomina l l y  15 mil l iseconds.  
-

In th e ha l f—dup lex  (HDX ) case , only one uni t  (ter-
m i n a l  or c en t r a l)  can t ransmit  at a time . In this section , we-

can consider the timing involved for a transmission of a block

and return of circuit to ready status , i.e., the time from

origina ting station making request—to-send true until the time

when the next station may be permitted to make request— to—

sand true. This timing is detailed in Figure D-l6 and Table

D-5 , and is found to be, for a block of N characters ,

TBHDX N x 8.33 + 72 milliseconds

Three basic operations of positive poll , negative
poll , ari d concentra tor delivery of a message may be viewed
as composed of the fol lowing basic events:

1. Polling message
2. Negative response message
3. Select inquiry
4. Positive select response

5. Negative select response

6. Message delivery

Event 5 c n n  be disregarded in this analys is .

The time for the three basic operations can now be

~ormu 1 e~ - 1  in tr ~rms of the  above events:

TNp~~~~Tl + T 2

~~~ T 1 + T 3 + T4 + T
6

T
C

4 T
3

+ T
4

+ T
€
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I — 

CA True initiate request

CB Tru e clear to send 30 ins

Propagation delay 20 ins

Carrier tu rnof f  7 ins

No carrier DetectiOn 15 ins

(CF return to fa lse)

~ characters NX 8.33 ins

TB HDX = N x U.33 ÷ 2 i~is

TABLE D—5: HALF—DUPLEX TLIING

D 4 5
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: l~.h of the  events used in  I - ;  t i f f i C i m ”  r * I n ’ l O f l S  iS a

b c s~~c TB l h X  o per at i o n  ( ;  r ’ i n mm , m 5; - 1 a -~~~~ . r~~~s su ge  of N c l i d r a c —

t c i  ~~~ c u t  ~~ n i r ; I au I y ; n  Aic - : mr, -~~ ci cl - i ::ters P i ng t r a n s —

m e t  tO (

L. . 3 . 4 . 4  De lay  Ana ly s i s

In ard:r to d L i n e  t h i ’S .  t n i r q  r . ’ PaLm ~~c,h;iS

a r e a se Lv , i t  is :‘ e - nessar v to de~ -a. c r i .’ i c ‘- ;n box  at  c l ar .~c—

te’s usc-: in tbc -ar ious ou’~r atimrc . [‘liE’ ; C T Ce no n i s t ar o  ished

7 — u n i t  code f’c ; o at  - - f - :  AFTN n , n s s r l ’  -
~~ ‘ , bat: th e FTOI has proposed

one ~ot n ’: ”n rj  (Set-’ r tt a d im e n t  1) whi oh wi~ 1. be used in t r m a s

- C, - .DN~ f a c t 1; p c -oP )s e~ 1; Te:Ueu ’i~~X .; this or other

L - : ~ : ;ta t~- ’~r id v-.riatior :n- can be e~~a i-: irc ’ n r -,nr: A-d i n  t he

ari a L , s c s  at a la ter  date .

~~~~~~~ cit.  the f or r ’ t ~i a r. P t t , a c h r c ’ ’ - -d I , t r~ r

l n - a t b  L is CU1C ;i s;: 2 of t h e -  f o l low i n g :

Header~ S
0 A , A 2 A N , N N ,
H 3 2

~ 
A5 

-
~ A . A 7 A~ “: A 10 

‘

~~~
-
~~~ 

— --

D 0 P H 14 P cm 1.  A , ~~~~ - J . , _  A ‘a
i. . , ‘ -- . - D  a

Te;;t: S
T ( tTXT )

T

E n d i n g :  E B I-
a _ C
X C T

The ::. ,t-;t . ion is ~xn~ ~ ined i n  - m i - h  ~ 
‘ 1 , . :‘ - e r  F or tb~

car: trol characters , wh i :n i - ’-’ <n a e n d  in ht r  i ‘ hai r -  t 1
Note th a t  an NaT ah ,r -ct a r  A - c : - :;- ddo~ to t b - ’

i - - as -uart :f tia ANSI terra .~~t].o:: ~~ r c c Hr e ; md ‘the h P - ’
c h a r a c ter  has bec ’n a ; 1- . ’d in  i- h :r-roi- ‘ ~ ‘ rO - r ’; ; , ;  

~ 
- : 0  t

of mess-ia-a transfer S u n — c a t e r ’i ::x y A 2 - Thi ‘ “ -s ~r, Dye?  --

coinponer t of 41 r h a~ ar : tcr s , c a r v e r - i e r t l y n u n  i n t e r  t wi-h t e

0- -I C-

~~~~~~~~~~~~~~~~~~~~~~~ ::~~~~~~~~~~1t ~~~~~I~~~~~~1~~~~~~~~~ - --- - -  
~~~~~~~~~

.

‘ 
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i .  al  D~ : :- ed exponential distribution of the message length dis-

t- rih~;tion J ov c l o n ed in Appendix C.

A p c lli r ci message requires  a t e rmina l  i den t i f i c a t i on

i - I C , n d e n t : f i ~~a tio n  of ~ol1ing opera t ion , and ENQ character .
- ;  sin .3 ]e charactcr is sufficient for station identi—

ic i an , 1 h e  p-a ’ 1 i u~~ m -, nisac’c requires a three character t i- c c r n-~ -

- t h e  n e -l a t i ~~e • -ol l  cOO response is simp ly an EXiT c h a r —

rc~~~r .  ‘ i t o ; , the  n ega t i ve  pol l ing t ime is simply:

~- 4  x 8 . 33  + 2 x 72 ins, or

= 177 ma

Thi~- select inquiry operation also requires a three—

hci e ,i - -:ter code (station identification , select designat ion,
md LN Q ) . A positive selectiori acknowledgement can be a

ii n I-i character , ACK , or a two—character code identifying

.~~‘eoted s t a t i on, I AC I- . The l a t t e r  wi l l  be assumed for  error

n r o l .  The p osi ti~’e poll Liming is then:

( 3  x 8 .33  4 7 2 )  + (3 x 8 .33  + 72)

-
~ (2 x p .33 + 72 )  + (L x 8 .33  + 72)

355 4 x 9 .33  ms

‘ lh- . a 00.-t ro t-or delicery time is:

TC = (3 x 8.33 + 7 d )  + (2  x 8 .3 3  + 72)

+ (L x 8 . 3 3  + 72)

I r i l t F- p “ r ’ - sn o - r ’ l eng th  ‘list r ibut ion  of Appendix C , this gives;

T , , 1  .177 sec .

= l.27~ -~~~~~~

1 . = 1. 174 sec .
- 
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1in se - - - t i e - s ‘~~r- I_ t en  -;~~~J l r ~ -o i l -  ;,‘- -~ _‘e c  se-n- v ice  i-~~f l e

;:eriuulae dc -~ t ’1 C l : . I -n t  ii~~r to -j~~v t - -

N
1 

= 1 . r O~ 5 C ” ( n i S

= 2 . , ; U

.09 M + 1. 18 cs, -aor r l s

= .O 1M + .-lN - ‘-

1;e L3 y v~~r su s  t b n  me- h u r t  n i ;  vn~s crr ~ r h  ‘ iese v a . L - t ~Cs b - vc: b r i e -n
--~c ; i i ccu t~ d , and are  ~ 

- - i t .  ~‘ i - p o n ,  D—i~’ , 0-) 8 , . - i  0—1 9 .
T;;e se - n u t ; - no i i ac~-’ i- h i  s r: r : U ; ‘~Ic  1 : - r e -  ri~ t*’ , Ce r . , , cr -} u C~~c, : i n

the  p r a v L o c” ~ Sc’ Tt  ‘: c’~ t u .  I ;  “~a- : , rr- ’ Ie  tn - f  a t ;  u : c .~ ; h n v - -  Pc --a ;

an ‘ n - U  r of n- -- - nitude , r cf i e c t j r mr ~ , -e fact tUat

voice gr a d - a  c i r c u i t --- ,  nf l  Cnrnpa ’ci  ~- or  w i t h  a - ;  r-~ - —i ~c1rc~~1tc3 ,

r-ro.-ide an ord-u- ot  n ;Cc- t i_ t, out , - A : - r e - ’se I’ : - , - - - : t : r ’ I L  c - i - C r - -i

~ it h  an o r d — r  of ma—pi ~~tneie r- . U n : t i a n  in  d : - i ny .  T hu a , aI~~ - -- ,:a:: h

th e  .o;a;- - I; ~n i c ;  c h s c r - . . n tj o ny -a~, r: b c made ak - a r t  tb~~se - n c  V , -~:

as was made ab u t  the - ‘a i r li  - - ‘ n . ~~~~~~~~ t h~ ~J c  u _ i :  ; ;t ive

-‘i t coctS ~ n b c o : c i)y n i s  Crc - d a t  f e r -en t . a pa’ ’ i — r I r - r .  ‘~- he

ave rage  t atr i  d ] c y  o~ a r-c a~~r - .q C  c rm ~ ~i-t~ i’cc -~ c i i  c ’ ;r ~ S

f c - i  rrrincJ — t o—aor :aca t . r- a a j c ?  i s  - . - n - c -  oft’ -~ “ - ‘  — “‘ — -- i~c n  an a l
nbc - old be’ tic r : a ~~c ~ I ’ . - r ,  e m i t  s~ 

- -  
- ~ic  ~~~c; aI ‘N’ .r~ fo r

t ue  -w sr , --- ed c a - c ’ - )  . As ~ e f , . rn ’ . a ~~~~~~~ i .rr-ea s~’ ‘i t h ;  ::.J

over  the accrU.;al d e r i g~ ~c D I U c -  cbr u~ i ‘cc - n r ~ - a ]e

t ;- ’iI d e ’ a - ~~. For t h i .. M ‘ ¶ cor - -o , ‘-- -~~s ’ ’c c u : u  w ’ i -hc a I ’ n ’ ; a f , c i c t

ci u -o p r e x  n a i -c i~- h c - h) !-‘ t ; ru c US , ha ’  i n ; ;  a t  - - ‘~ i’n~~t i i v  i 4 sacc ’- r cd 

ie .h-~1ay on - h - ’ t a r  r alar i - t - -- • e a r  r f : . rY~~ ‘o’, .1 ‘:~~ ar- d i~~~r-a:-; -—

i n n a t e ly  a 2 second ac’ c-a’;a- : m~~:~~a’,- an  n a . ’ - ln c o r o’ r - ’. t . rc r , — n a-

t e r c i ,;, — r r ~ l i n k .
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N sl ny  a-  On:n - -:i L a  i - - r a - -er u ; c ’  f i ’  c o n a tc a i n t  L’t:~v-3~~uj ~c—

r a n t  ~-;s b~sc’iL-id ‘ i r U  - t i , i h v U -i’ fl - r cr r ’ l r t  a i r-rox Licm ; ; t io n

21 1)  — UI rt_ ’ ik U . -

- .4 ~ Ot-t:hU- Tn]m ’T ; r- 
~~- i-iit O: !~~— ‘- , ,

‘i’ OC a r n i ,- r d t . ’; ~~~r L i O C ’ t i r~~ ~‘ - ‘:Ce - .~ t :r~i~~’c-i S t s-~ , - -:hes

~.‘ L l  be ; , an - e d  f - , r _’ r -—~; c t  - v a J e - . o r a l -  i m : ’ j ’ l -~F ~.a’’ ::ci t~~e

;icisiC charactc’raoi ’ , i-a s - i i i  J eu c r i t  ‘ - i . S--c l U - r i  0 .  3 i . 2 ,~~~~;- - ; , - -

-n- in ; to abtairoP tn u-- n  1iC ‘ ‘ 1~ - a l t o  ‘L  t h ’ - n , r - - , - l c - i — a ;

“t 1201 1 , l 8C m I ) .. 24~~0 , 3-a) O , 4ibI) ’~.~ ~2 a O , a’ 1 ~C 0 ’ )  b p u .  The

-n ;  r ipt iate r a t e- - . w~~i i  ‘c, ’-e~ d o~- t ra y f ~~-n F r -  be -, - , -a -c - t ed i-:-

t iiO ‘:i~~~co , n tin - h a ci ’ u l t s  y~ 1J ha -o n e -r a t  ;‘i i n  a f i l l

d : ; n c - le x  r to ’b U S 1 n ;~ t i S  Car ; ~ r .oa pt n- ’- ,~Pi’ res dn~ n E

- - - a?/ ~~ -lep-: - rt  f-n O , ni t~ - l sn -ne-:l 1:)~~u L -  - . — ao i r L  c - r - n L n ~~~;1 ~;‘ lOt ; .

‘[tar s-c c)roc D e e r ’ S  are s ioil -3 r ~-a i - I  -_ I’,b SI  a:i;.’ - nc b: Neta  Conr ~—

c - n .  O c r — t o  Pruoa-3 ,’, n : .- ee : - ) “ , U , c u d  a n ; -  h-~~seu err a

s~-n ch ronous  cce i , :j r n i c u a t i c - ! - a  acc ., u-c - - ;e~ r~~cr  at , j . t  g a bas ic  ‘xa ;r ’:

S r i  h G  L ac e  as ou t)  ~ raCU Jnc .

F A C  ~ axt FT’~~F

F — a a  an e i gh t  a i r  de~~1r r: , yC- . I ’ - l i l ! l lO )  cnU112P a

l laq.  I~- ni: a U !;  : ;e  aa~ -~- - - of b U t 3  that ~s

pr c-v cnt er) i - c o t ;  a p~-o~~r a n r : e  ~ 1 ~~~~~~~~~~~~~ a~ l e E er t —

a z : r c-  a ft e r  a-o  sec C r t ~~ o~~ L i v e  one ’s

a t  the t race :;  1 - - : -  • -i ;- c i t n l E ’ tnine a’;?  c,r ’cre ~
- u  a ’ ~~ Y ink eon: .

— a sir ’ e i cT r : L c n r  i f r _ :~C 3 1 — -

C — a m  a : , e i  ~ u r  p i t  c rc — ’ ~ l- - -i - i

— j r  a S 1 > : c e e: :  X C  ‘
~~? - ii : ’ .1 ‘-r:a:- P,e~ - i nc

c o d a  n - a - i  - n r c .
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in this proc - -durc- , the text is transpauc. t , i . e . ,  t h o r  i-- are

no restrictions on the t t - u t  code . The tm -xt transparency

:ierrn its eff’ icie:.t codil -4 of information and allows future - ‘,r l tr--n--

at - i  C fl S  in in f o r m a t i o n  s t r u c t u r e -  to take place wi thout af !i-ntirm -i

t i _ c  -om mu n i cat i o ri s  e n v i r o n m e n t

u h C  prct’ ncol d i s t i r u - l a i s c u e s  i primary station as

no : ‘ ; C ~ ;h ich  ot - J ir uut n s ;;ucun ’rr-ids. In order far each of t~wo

;t u t  c n s  n o  be ahi a to originate message trannicissions ,

?t- r ri r ’ ‘Pm car  y conf ia ’ n r a t i o r r  i s  def in -  d (ba Lance d  p o i n t —
o~ 

~~~
- n m l  - - as sh wn in t-’i q u re  D .. O . At  st a t i o r- . A , me s s a c - ’ a

[c- sem to station B arc- t:si:c-:rnittcd via t i n - s t a t  a -  n A
r c a n r ’  t - t h e  .u- a n o n  B st- --ont rr~’ . ‘~he s t c t c i O r ,  B seconda~ ’;

C - - n -a rn s~ ,c.e ., ackno~ 1c’ -ern entc) a C E ;  t h e n  r i - t u r n e d  to t i-c
r- t n t On A p r i m a ry . S i m r l i r l v , messages to be sn ot  f r i - r n

a t a t i on  B r s ta t i o n  A n i c e  transmitt-’- -t v ,:a the station B

pn  r~ar - ‘ t a  he e atici A sce c r e l a r y .  T h i s  divisier per m its

an an: ~ - -c~ - u -  t irg 01 s- ’ a o : . - e  ou r  b et s  enì I s econdary  s t i n t -

~ ac  - ‘ib t e s .  U ‘, chat  c ‘uil cIupla :. d o  inte-cfnco at ear h

a t a r  cc ~ i- s t a  tn  s o f tw a r e  f u nc tion modules , L i n e  C o z t c , l

f t , an c r n n n vz and L i e -  Control In for re;, ptio o.

oOs~ or- e~ n-~m r t  ‘11, the s€c ’o:-ida -m -v ‘s ow-n anl ;’lr e nc s si i  l O C - ’ iOiC - 
A

C -: t r o t  in  tri o ie i -nns tc det m ine to w h i c h  module (or i m e r y  o r
- c- ada - ; - am  ~. :nl’;lna fr ’ n. c is to  h -c t r an s~~c-r re cu .

The 1 6 hit poly; om al code pro-aides a crc -nrc Qf

i-Ic’ntj f -  in a - r me with a rarnauc i ssionr e r-~r. do corract An

error , i ’~ is ne-c ;e .ry to ra ranor-nit the frame . AcL r on- l edl- --

‘i -- an ’s  -lust  be ;‘ et ,u r  ‘cc  t-. t i n e  sender  of Lh ~ f r a m e  ta i d e n ta f  - u t i c i
c ram -s ar  ‘ u- ’ r ’~ t r a n s-n i t t c - i  . c h ;ceu - f r an c  st ~ ‘ ;~~

th p-  viau’ - f n a c n  - I t ’  bc - :c > r nw ) ed, ’ i , d Ia- f - i - - -  i t  i - n  ‘, r an~- —
mi ted , r - pr oc ’edure  is -ailed stop and n~ait automatic r a n  e~
e- :uest (

~ &W /\P(
’ ) . If f- ~ m~’s are con t i n uou s l y  t i- :n .  m i t t e d

- h - -  w- - i i r.g f o r  acknowJ~~d-k en ’en t s , b u t -  when n ” - r tiv e

Cl - r c ’ a - U l er -n c c t n  occu r the n ’ ;-cqativel actnow l edged fra~ und

-4
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i l l  sub s o q u i -n r t l y  L r a m r ; n l i t t , t n ;u {r a ; : r - s  ,j ”i- ’ i i - ’ t , a : n ~~r~i 1 t  :‘c I ,

n r c  m - ; , - - , lu r -c  ‘s c a l i c O  c-p i , t ~~: h c r J L  Mb . 0’. ful 0 - ,~;l cx  f

L I DS , F ! ; c - ’-n c u t  i~~ :U ; -U  AR c) i i i  S b~~’~ - i t n ’ a l , ‘‘ -i i- r ft i- cit -ut ~r,ar

; , - ~~1.V ARt) -and u~~ll i~~- ~~~ ~~ 1i ~ h -  - - m u

r l r i  c ; e c f o : m i a r n - - ’ - or  t o -  - -an r l ~~~i n c ~ ;Js A d - ’. U - f - i tO  - a L l :  13

m c .  t o r r r i c :  Cf th’~ e- t5 ’’c-t - ‘/C: I,.” ‘ :-;d ?ed ‘~a- r~ -cS tOe

t r i a l  t m e  r rpe~ce ) - ‘ iven b ’’

- ~ ~~~~~~— — -  

~ 4 V
V.

r e :

-- .s  he e - E 5 L v ’- ~ l e t - s- - i - c - c ,

S — i s  ~ hc nc-c- l oa l ~~i ’ ~ - r  s r ,cc cd ,

P (cc — i s  tk m i nL - , i h ’m ,~ -- v t i - a t  a - ‘ n r C  c f  r-. b i t - -
h u -  -an e c r r r  , n ’~ i - h ’~ m i l ; t  re ‘ - : t r a  - o n t m ’  a ,

X — a s  the n n n i m u m  m Ine - n ’ of i - c  h i s  f r i  L - .~~
ans~ L ss  i a - n .

The - ) v c r C c n . I race 5j ~~i cc a; iv”-r  h\  he sort of the

~, 4 t 3  b i n ,~~, (aecond f U~q n o n ’ -  at L - n c e ’ u i  c id e r i n i  fy

~-rcl a: f car ’ o ; si nai i - n i -  rr- - n s s,’- T a , l lU~ C~~3’~ ‘c ; i -L r ’ A - ~~ or ru-i

- ‘i~~~ 
f b i t s  per chax  a n t e ’  ( a l i o w :rmn’n c l i near i ’~es t - - be in

~TA 5 5  c o d e) ,  t i -u s  r rc ’ :en a f~~-arne n 5 z ’ - , o - � b  its. Based

on - i- Bc - i l  System ‘l echn i, :~n l  ~~~~~~~~~~~~ [‘150 f 7  f l h ) b~i~~70

:, ,.1 - a . - 5 ’ l c amif lur i (’ - - - t i o n s  N ’ t  -‘ r - , u , i a - ~~’ ion ~ i t\ ’C i~
In - -i : -  c i r cu i t s  5 1301 1 bc oht~~1~~3 : 1~~ - / i ’0 1 -1 U ‘ma ar,,~” 

- - — 2of mess if l  10 . Thus:

P (928) = . (h l

‘dine cal uc of X in  g i n-- n ha- :

I - ’ . ’ -‘ 1—x —

1 — 54

— — - .
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~f~ , - u  c - :

[Yj  
- s i q na f i e s  t h e  smal les t  in teger  grea ter  than

or equal to any given value y;

tR 
— is the maximum length of time within w h i r - h

an  “accept—no accept ” response is expec ted

f r o m  the  rece iv ing  s t a t ion  a f t e r  the l as t

b i t  of the f rame  has been transmitted ; and

n — is the average number of bits per frame (928).

1 i - n r- v a l u e  of t . ,  can be found f rom the re la t ion:
n 40t R = ~l + -~~ + seconds

a r n i e :

.1 — second i s  the sum of the p ropaga t ion  de l ay

and process ing  time f u r  the frame ;

— is the approximate maximum qucueing time for

the response (with responses given non—

preemptive p r io r i ty for the channel oicm

message transmission ) ; and

40 . - - -

n— — is the t r a n s m i s s i o n  t ime  of the response
(onl~ one flag needed since no text)

Using the se values , the effective line speeds for
ti - -  range of nominal speeds listed earlier are all approximately

3 o  less than  the nominal values. This result can now be u s a - -~
to -n i -T r a i s e  the t ot a l  de l ays  in  message t r a n s f e r  f r o m  a concen-

t r a to r  to a swi tch  and from a swi tch to a c o n c e n t r a t o r. ‘Ic i- ’-

-:hat i - ’ ‘-c r n e ’r ’ . ,  LI  rise two dE-~ a~-n will have the same average.

A sing le-server queueing model is again appropriate

for the s;stem , with Poisson arrivals and a biased exponential

5er/ice time . The biased exponential is now composed of an

overh ead ~onstanmt consisting of the previous 40 characters
cor i-he message p lu s  a f r a m e  overhead of 48 b i t s  r e s u l tin o  in

D - 5 5

I’.
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a n a- ic -t aco , t o t a l m n n g i q t - - i - - t m ’ : o~ -~2 R u to u~ r t i - - ’~~ c o n u s $ - an t

Ctm ’nfl~u oii - nt t of 368 b i t s  (as~-um t i c  - ‘ -
~ nt— hi t - i i  n ’ - t c - c s )  . The

mn - sc-i me l;-’ y r , t h  disin , .nibu tiori cc ’.- - a s  a - - n ’  i r m ~~’r t  of vnn rianion

- - - i n t l to  . t . Fol ccns ’ - r a - e c uj e a n a l y s i s , a reef  r i c a - m i -

of v a r i a tr o ;  of .60  a :  ~. bc used . r --  t o t a l  t ’, mnv  n ;-ctul r c sl for

mess m q e  - rans f-. -r~ r oy  be c-a- r~ ~~, - a r i r ,  wi - h t r-~ aid of t r-~~ ~~~ ~
k~h~~n i t c h i r r e  f o u - c n : ,.la as:

- 
~~~

T0 . = [~,

w h e r” :

— is ti-a aver - - - - ‘ - a- I’ (SO t ir C e nt a arr scape

(sec .- rn n c[ )

— A X  is the circus etil I :a t l c n m : :

— the cnn-  f f i c ~~r’ - -t  r - f  variation.

L [‘Ii’:: nice a g e  r ; - , r -cc time of a me - i -on-ge , ~~, is si -a t : thn  t r e ssac ’:

l er r ; ’ : t l n , in L~~ts , di vided by i-br ’ u - f [ ~~- t ,,~ ’e I i - c ~ rat ’: , i n  b t s

per s- - ‘ ar i a , or:

SE

rc~ t h i s  resul t:, the dei- -v versus e b r o u c -h p u ~, . cu r v e s  for  the

r n n m i r ” nu ] line st eeds list’ :] earlie’- ‘ - ‘- -a c-b ’n - ’4r : jr F ~ C i )—2 ] . .

In ti-one a n t i - / i r a , one t iar a  n u t  n s  i n  n i  i li cr a of r : s s aJ e

-ch a r a ct e rs  pea  hc- : r , a - ‘-- - , the -- ‘ n m n r c t t  1 - inc ludes -:h.e

r : h i m n j : n t o n r r s  in rho text p ar t  i~ ’ “- - “ ‘i-n p’ ~~ a ‘- U —-n t th~ -nactrri n

f r :n .,a nor i-h~ - ‘ :c r h n a- i  U i  r s  i n -  a o n ”  : ) r -  f r a m t - .

Tr e - - ‘ m r - v o n  sho-  r ’- in  F i q o r e  fl — ti a re  g u m  t O  s im i 1a l

rn  1 rn to tIm- :  i i ; -  n’- e r - - ’ , ’- t  ;-on n n m  i -h e  p - - - -a t  o t i s  sect ‘-arm . In ordr ’r

tar- d e s i g n  the N A D I  r ) n a r o r  ~~~ i t  i n C e O  o - n r , - i - c select a.

1 c m m~ speed fo r  the co’::: u~t r n a r ’ : n - - t n — s - -Ji c l ,  c a l - c o lt  w h i c h  w i l d

e n s u r e  boti  r e as o n a b l e  ci .  - ~‘v and r e a s o m m u r ,  ‘a m n i s e r  5 1 tj V i f ’ to

error in t r :  d f  ac esi-  n - s i t e s .  i - . m ~~, as c~- ’F C ’re , w ,~ t i m  a “ equ i r em n ~’

-~

V.-
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t hat  a 2 5% inc rease  in t r a f f i c  less than  double the to ta l

-i ma lay , a p p r o p r i a t e  h u e  speed s can be determined as a f u n c t i o n
of 1 l e  r equ i r ed  t h r o u g h p u t .  Based on the resu l t s  presented
abov e , Ta n le D—6 has been generated showing appropr ia te  line
soc-eds as a f u n c t i o n  of the through put requ i rements .  Als o
-~ - 1c a’ n u  a re the max i mum de lays  which may r esul t  f r o m  such

se lec t ions .  No te t h a t  in all cases the de lay  is less than
one second .

P .5 SWITCH — SWITC H CIRCUITS

The c i r c u i ts i  i n t e rconnec t ing  switches  wi l l  be

‘ eaa-  ml f o u r — w ir e , v o i c e — g r a d e  f ac i l i t i e s  having  the basic
a : u r n - c t i , i i s t i c s  as descr ibed in Section D . 3 .4 .  The c i r c u i t s

aih l he opera ted  in a full dup lex  mode us ing  the same basic

c o nt r o l  procedure  descr ibed in the previous  sec t ion  for  the

exchange of i n f o r m a t i o n .  However , as part  of the NADIN

-oncer t , the switches are to be part of the Common ICAO Data

In t,-rc i-mar ~e Network (CIDIN). As part of CIDIN , the switch
- : ; : r a t  r o t ,  will have to be cons i s t en t  wi th  the f u n c t i o n a l

- - f i c a t c o u n s  f o r  C I D I N  being developed by the ADIS Panel
c -f 1- ‘AO . The imp-act of these specif icat ions  on NA DIN arc
n o  r e n t ic  be ing  i n vos t i q a t e d  in d e t ai l .  However , for  the

p ar n cs es  of th i s  r e p o r t ,  it is s u f f i c i e n t  to note t ha t  u s

p a r t  of these spec i f i ca t ions, an a d d i t i o n a l  overhead w i l l

0-c ur in i-he f r ame  s t ruc tu re  used in t r a n s f e r r i n g  i n f o r n m a t ~~on

i- - tv  -~~n t~~- : sw i t ches .  The basic  f r a m e  st r u c t u r e  as descr ibed

in t e  AD S P / 5  Repor t  is:

,~~~F ç’ r CDF D 1~~F

whe re DLC F ( D a t a  L i n k  Control- Field ) is the b a s i c  f l ay , c om - t r o l ,

adDrn: ; s , and f rame  check sequenc e f i e l d s  used f o r  f r a m e  t r a m i s f o ~
o’ r- i-he cj r -u- t r ’,’ as described for  thn ADCCP procedures in -u

i - h ,  p r ev ious  ee c t i o;r ;  CCF ( C o m m u n i c a t i o n s  Con t ro l  F i e l d ’  is

th e -  -a D nl u i on a l  i n fo r m a t i o n  to p e r m i t  r ’a r a t i r - q  of messages
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t - ; r - u - - - m h  m u lt i p le  sw~~t r C ie s; ~~~ (P - (C , i ’ - - m r r i r t io n s  ‘i to

a i- ( ‘;r tc ’i l  i r - n s - n , , -o’n h e i r - i o nr  The CCc ’ is i_ hr m a r ’

which  con t c  a~-c ’tes  d - i i t i - a - u a l  Ov f -l r  on m a l t ‘~‘ 1 c ti-ar o~
t i re  b a sic  proc -n i - r i - c  of l i t  e\’ , -n : ’ ; ! ;  En~’~t icr ’ .

‘I ; u O  cp~ 
: m mrr - I m d c ’ s  all int ’mn out - i i ;  reonm ,i -ci to

implement  tb -n ne ’ N l nt. cont : , n i  procedureu spec i f ied  for  C~~1: tN .
ft is :omposed of ioc~i c,;ton ~-: ocerm aa ] (-nut 1

b~~~r~’ a r m - i  -axi  t an’ i- l a m  1 T f l ; :mnrte r ’ - a - dr asses
• M - s rn :~qe c - / m a’:- t ort p r -

t-k-,- m n , i q e  -a m - I  t r  arm e : n ; u r r h - ’ ’ - - ‘

- d i -  , m a . ~ f- r tr : - t , 
-

• :m ’t , m~ nm ’k er ro r  c on t ro l  i n ’ m f r - r r r a t i o n .

T b - ’ C Cr ’ ia- g o n er  a t - -n ~~: ~~~~-f’ i n i t i a l  r - e -m t .rhing

nn r ter  i c , ; e i V i m - -~ t i m - a  m t ’a su - t e  ( e n t  - SC) and  is i - n t  -ru-n - c - I  h~
each SC which r um at  in , lay s- i ;  run ~ - -- ; : ; - q~ or d ir e c t  i t  to ( I C -
of i t s  ten r’ n - is a t  cc,l,c:~r u c-~ont ’r i:u ’:. The O n ’ ;  ic f ar r - i a t  of the

CCF is shown in F i ; e r t ’~ D - i _ 2  no — f in t e r p r et - - -.] in Table D — 7 ,

both. taken i:onr the Fr ’15P/ 5  D~~; ” i ’ t .  “s  - ‘ n r a  be - i n n e r : , th e basic
: - v e r , u r n a m ’i jrc-r”-a:;- is an tudd I tIc- “~-il 0 n — i t s  per h a m ’. T t n i s

g a ves a less than  ~~ ~~ r “:, . n - I’: t h e  - mccal l  ~ cet  ‘i n  f r e m n i , -
~

ai ze  fot DAD ~~ rnes ’, c mr a ’n ; as  c. c”n-r - -- r i-~ ~ mi ‘t h e  ha t -  i-c s i ze  ‘ - e I - : , ~~ei

~n the : r e ’ ’ i c - u u  mC ’ ’( : i - i O f l .  T I- S 13 -‘- - -11 t,, j -d~~, n tn t’ ‘o s a-j r

tol t -, r~~n c -r s  area in Uav€ ’], ::-tt Ta - -is - ’ J~)- , C f l m ~l t~~u -j 3 t r : ns  ta r i e
u S  n u n  so us ed i- - si : -nn-H ,~~v h e  ~r - r ’ ~~r c n:- raac l  t i c s  fo r

m~w i t c h — t o — s w i i - c h  c m r c u r t s  cms a T m n r e b ’ l u r r  of t y ,- ” - - n h r a ibprm l- .

D . 6  DA li _ TN PE -~~’ukl y - -DF

In i- i ” ) i ” V ! O n S  se- - a r : 5 , r u e  ~-r tmI n - c n t - ; n t S  o~ a-ti ’-~
-apor a t i  or t h a t  de _ e r n n i n e  ti- n ,: t-r- -v er’ta I tin:’ o’~ a niece a t -  r ain

it .s  o r m - - i r -  i-a l i - a  d t s - n  u t i r’ ha ; :,,’ beer : en-a ’ y ’ - -:-n ’ n ,~o n s t ra In t ’ n

ma e n s u r e  r -o i sonably  c’s ’a-nr ~ --;i-a -’ ’it i  e ‘1~ r s r a n n  were  d”- :’n ] aped on the
h-a s i a  n f  c - qu i , n m ern t  , , _ l , m r m r i i , r n s i  ;, ‘~~~~ 

c- ~~ as  ,n ía- ’ ~t io r  of t i - c -
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t r i f f i c . The performance of a NADIN network designed
t’OflSiStr ;It with these cons t ra i n ts can be sL 1mniarized by the

f o i l - w i m n q  v,.u l :u es f o r  the average component t imes  c o n t r i b u t i n g

to the t r a v e r s a l  t ime:

T
TC

(T e r m i n a l - t o — C o n c e n t r a t o r )

Service B , AFTN < 50 sec .
Voice Grade NADIN < 5 sec .

1
CT

(Concen t r a to r— t :o—Ter m in a l)  -

Service B, AFTN < 30 sec .

Voice Grade N AD IN 3 sec .

Tcs, TSC

iConcentrator — Switch also < 1 sec .
fl~~i i -c h  - Conc-an t rato r )  —

Ts5

( S w i t c h — i a — S w i t c h )  < 1 sec .

Thus , the m a x i m u m  average delay of messages occurs

when m e s sa g e s  o r i g i n a t e  a t  a Service B t e rmina l , are d e s t i n e d

fo r  a Sen ice B t e r m i n a l  on a d i f f e r e n t  c i r cu i t, and th is

circuit is connected to a different concentrator at a different

u~~itch . This delay is :np’ -r: -ra ima tely 83 seconds. The avera-ne -

ann-lay of ri n : -m-n anas originating a t  new med ium speed terminals ,

des tined  ~~ai - s i m i l a r  t e r m i n a l s,  located on d i f f e r e n t  c i r cui~:s ,

connected n - a  d i f f e r e n t  concentm ators , a t  d i f f e r e n t  swi tches

i s  ap p r cn Y ]r at e l i  1, 1 seconds. The use of mu l t i p l e xer s  i n s t ead

of c o n c e n t r a t o r s  wou] , d reduce the de lay s  by about two se-o nn ~~s ,

V.-
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but w- old h I V , ’ m severe t m t - n i c u  on cost  a~~ .m (-r-rc’e5s~ ing i c - p in - c-—

‘o r t s  - i t  1, h-~ ~-ei  i c h e m - .

The P/Cs I N  drsi~ n c c - n, s t  r a i r t s  o c r -  s t r u u - t ~~mc’J to

,s i u n : n r - ’ r oe ,a- ,, n aL -~ e , lc ’lavs C ,)r  t h e  S f . - -n - n  i t ied 1- -asi - l i t  ions  . -

Thus , the ~ i op-’ u d- a~~a - j : u  w i l t  n o r - ,- wa t h  the t r a t :  ic L r n n n u i r e —

me n t s .  P c - a c - - . m i ’ , to : m j - l ’ m i i n i c- t i - i c- l’a ’n i c  c- r - a c i u y  ot ’ huc ; d e s i g n s

i-i  - u i m c - c - - m I  u s i n g  the c m a n s t r a i r - t n - tha t w~-r -a a;-- - oi,an c-d , the

f o i l  n w i m ; -j  u h s ervj t ion s  r : -a ~ no m: nd —

Tb - n ‘rn -nximum traffic ~j - -ch c~in Lie harr d lc- ’d in

each rl i u e r :t iO r ,  Oet’~’e’ni m v .  :~~~,i t - n b m g ~ S 2 .  ~ x

C i i i  ic i c-u s  per ruo m n or -al p r ’ -’ ima t ’;i~ l50~ o~ 1

i984 rc --iuiren. OIL if a l l  n n nd-s ,,- ,m m i e s  h a d  to be : ra n s —

I cy, ’cn r a n”,; i t ch — t o — s w i ~-,:i- link. Since a

s icn i f ic a nt  r :o r t m e -r: of t:i e t ro t f i c  is riot exuec t -ad

to r e q u i r e  - uch t r a n s fer , t .e rm - i n  more tha i

adequate  p ot - :n t i ai  c a p a c ia y  in  t h i s  level  of the

n e t w o r k .

• The max imum traffic which can be handled in each

d m r e n : ; t i o n  between a s w i t ch  and concen +-ra tor  Is

2 . 8  x io 6 c h a r a c te - a r :  p- cr hoar . T h is  s ~ l m r - s t

an order a! m ag n i tu d e  n--c rc t i -e n that cx ‘- s - - i  c-c f r

even i-la n n o s i e s t  conc e~n t r a t o m

• The I n a x i m n - n i ”  t r u ,~ f ins c- - n - - a- . i ty - ,f tc.m - ;r , ’ n a l  circmi i ta

i s  2 . 2  x 10~ c h a r a c t e r s  r - - - nn hoor  ~w i t i :  m e — i c r --

terrncnals on voice q r n n a e  ci i ’ c o i t s~ . Ti - n is

a ip t - a x i rna t en  y 30 mess ; , - s t i ,  ; - nL - n m r _ , , -.~-b , ,:h -:

cor isi  ~e ra h i  ~ more hun ~ - - r  i-or C - a ’ r — , ’r - i i  r ty ,  t x u n i a

a —  nor.  eq r; :urari~~ul ‘a capoc itv ~~‘i m u l t i  2 r c - ~~p 1ruq

in ever  i - t i e  bon i e s t  cases.

Li r - t h e  b i n si s  of these rabser - ’at  m c - r u ~- , i t  —r an  can - n v  be concluded

tha t the  c o mm u n i ’-at l o n  or ,as-lOflS ‘r e i n s c-r -n s ut nr c- r3  ‘ u n  i-he N~ D 1, N

D ,- a : , n m ,  a r e  more t h a n  ad-  : l r a e  f o r  ~h :  i , m n ; e  of ‘- - e iu ir e ’a e n  nE
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expected . D e s i g n  c o n s i s t e n t  w i t h  the cons t r a in t s

leveloped in this appendix will have reasonable delay

p e r r - ’ r m : - ince , be r e l a t i v e l y  i n s e n s i t i v e  to e r rors  in t r a f f i c
- ro~~- - c t io ns , and yet be cost-effective in equipment utilization.

‘rhe maximum throughput values given above are those

that can be achieved with the basic NADIN architecture of

- one ‘i t ra tors  and synchronous high-speed lines interconnecting

~oncentrators and switches. Specific designs in accordance

w i _ h  t h i s  a r c h i t e c t u r e  use equ ipmen t  capac i ty  and l i n e  speed s

-i q r op r i a t e  fo r  the ac tua l  th roughpu t required , w i t h  cor re—

spec: t i - a g  costs .  The maximum values represent the fundamental

ca~~aa c’~~~ty  of the a rch i t ec tu re, and not a design r e q u i r e m e n t .
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~‘h’c ,i;: :~ i p n i t  L ine  Speed Maxi:uura D e l a y

bits/SEC (Tcs and Tsc)
Seconds

0 — .1 1200 .96

.~~~ 
— .3 1800 .82

. 3  -— . 3  24 00 .72

. 3  — .8 3600 .51

H • 3  — 1.2 4 8 0 0  .4 4

0 1 . 2  -- 1.9 7 2 0 0

P 1 9 — 2 8 9600  29

- i- D — 6 :  CCY-tCl- PTR\TQR — 3~uITCFi__L 1, 7- l i SP r i i~D t- I - i L ’ T l ,  ;-
~~;
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~ L 1. ~ s-,) , 5n; , other hun those: The h a - d i n g  :L~-sil comprise aU

I) Qrescribed in 4.4.1.5.2~~~, 4 . 4 .11.1.5 , characters froto tint Start-os- - ‘or
0 Headi - r~g (52 :1) up to -i rs-i i - - ’ n i , m d i n n - ,

L 4 . )  ~:-n -;pted in 3.3.8.1
Start of Tie- i. (SfX ) , -no d wi l l  b~
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APPENDIX E

RELIABILITY ANALYSIS

E.l INTRODUCTION

The purpose of this appendix is to consider relia-

bility aspects of the network architectures for NADIN. In

pa r t i cu l a r, it is shown that  concentrators (or mul t ip lexers )
gene ra l ly  improve the r e l i a b i l i t y  of a large network such as

NADIN and that  network designs incorporating concentrators  can

be constrained to ensure reliability without significant cost
increase. Such constraints are developed for use in the NADIN

design. Some of the results presented here have been taken

f rom the Telcom report (D OT/ FAWA27 07) ,  dealing with the moder-
nization of Service B, while other results are new.

E.2 RELIABILITY MEASURES

Three measures of reliability are considered :

FNP - The fraction of node pairs

which may communicate ,

FNC - The fraction of nodes which

may communicate with a central switch ,

and

WTD - The worst case probability that

a terminal wi l l  be disconnected from
a switch.

The FNP measures the general reliability of the

network , whereas the WTD measures the worst case reliability

that may result from the design. The FNC measures the relia-

bility in termth of the users at least being able to communi-

cate with an intelligent center to which

-4 E-l



ne twork  s t ’ n t : m n ;  mes n~j r ’ v and ~t h e r  g e n e ral  a d m i n i s t r a t i v e

messages are n ) - - n - r d  tned and r~-cei- ,~~cI . These tiu r €-v measures

were chosen over att , -r reli ,a r n s l i t \ -  measures  as these  are most
i n d ic a t iv i  of the d i s r m i p ’ [‘~i _ u ,  of o - n r v n - : -  brought about by

random f a i l u r e s  of components  w i t h i n  the s~- s tem .  
-

E . 3  BASIC A S S U M P T I O N S

The basic assumption used in the reliability ana-

lysis is that all lint - n m connectirm l two points fail with the

same rate. Thert- are several justifications for this assump—

tion . First , emp i r i c a l  da ta  for  other systems indicates that  - m

this is a reasonable assumption. Second , the exact routing

the telephone company will use in constructing the system is

not known . The assumption of uniformity of link failure rate

makes the analysis invariant under routing . Furthermore, by
assuming sequential connection of nodes in the same geographic

location , the analysis provides a worst—case bound on perform-

ance. Finally, the assumpt ion  of n o n - u n i f o r m  l ink  f a i l u r e

rates would obscure several significant results which are

clear under th i s  a s s u m p t i o n .

The network connect ing  swi tch ing  centers  to one

another can be mad e as r e l i ab l e  as is ne-n’essary without affec-

ting the regional  nets. The switches , being the most crucial

components in the system , are considered independently. Also ,

the trunk network is 2—connected and thus , the f a i l u r e  of 2
non—adjacent components is required for it to become discon-

nected . Analytically, the expected fraction of node pairs

not communicating in a minimally 2—connecteni network with N

nodes and N links and with probability of operation q
~ 

and q~-

respectively is:

N — i  i i-~-l  N N N NP = 1 — (N ,~~ 
q f q0 

— 

~~~ 
-
~~~~ q~~) / ( 2

)
i=l
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w h i c h  is mn - n q t i q i o i e  in c-n - m ;p a r i  -non wi t n  q and q~ in th e  at  as

of i n t o  - st .

The use  of ‘a d i a l — , ; , lire at  tj dCm’ i C- _- 1,C en L r - n a  i-or ,

n-ihich ca n - ha used ‘as no a l — a  :n ’n -nu ~c pit h for ‘ - onirr-nnication with

switches an mm make the links 5- ~- r on c ‘aa-entin ,,~tors and switcht
,c

cen te r s  1en- ,r f t ’ct , ly  r e l i a b le , as LhC f -i _ n i _ l u r e  of two components

w h i c h  in Line a n  - a  of i nt c ’ -n s t  n - S  in ’a-_ i I -~g ib1e in cor p ar i sn i -n  ~~ n

tI, failu re -n~~ one) is now r , muirod t o  d isconnect  a concen— -
‘

trator fLom its ‘a~~i tch m ’ t) ccrn ’ter . Sinailar1,~~, the presenco of

a mu l l ;  p lcx c  t - n  each cnr -ce r , -a : a t  or ~- n n - n t d emuit i p l exer a t one
CorI n ;nc t(at or  c i_ icl - i_i SCf , i CC u i _ m t number  of spare p a r t s  can be

used iso mn -ek e all concentrat~ rs pen ’afc-ctly celiabl’o. This can

be doam -a as Ic-  n5 ‘a s at -n-nast one po in t  possesses s u f f i c i e n t

o n ’a ; : m - ; l t y  is-:- handle  t in e  1-~s~ci of one concentrator. For b ’a c k - 2~n ,

it migh t  he dsnsir’aule to provide the additional capacity of

another concentrator elsewhere in the network. In addition ,

since each concentrator possesses Jial—up capabili ties ,

protection against switch failures is provided so long as

at leas t one s~-it cin has the capacity to handle the load of

any other swi tch. In this case it would be desirable to

back up t P m i ,s ,;‘-~‘1Lc L by an othe r  sim : lar  one at  another  l o c a t ion .

Ar. alter -~~m i v e means of insuring si- ’i tcL r e l i a b i l i t y  is to in-

s ta l l  I i _ i h l~ redui’ ti ,ant se- i tches .

E. 4 A’t-IiL 1L~~IS P - , _ i ’ C in l l ;U R E

In thi s section , th in - ana lys i s  procedure  fo r  eva), —

u a t i nn ;  i pm ’a FNP and FNC measures  are d iscussed . In the next

sec tion , severa l results of applying this procedure ‘ a r t  pre—

sented a m - i d i s c u s s e d . The d i scuss ion  of the WTD measure
fo l lows .

-
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E. 4 . L ‘ e m n - : n r a , I  P ’ -o~- i_n- n T - -

- -a ny o , Ji m n - a t i _ n j r n . s  ~e r f n n r u u . . - -n 1 ~~~~~ ~~~~~~~~~ 
- -

~~~~~~~~~~~ ~~~~~~~

trees can  ot t  ‘ar-  be €- f  1 101 , - n n L !  y rt t n ‘ i ( ; - ‘a C u t  n t -  r e c - n - r s , L u n m

Gi ver , ~iu b t t a m e s  .~‘1; I ch m 1 mi_ y he-cm ’~ evalua m c-i , a far c : er  n - n i _ O C r  Ct ;-  con
sisting of t h e  u rnion  of these s m m b i n - n - i_ -s ca m be eas±i ,y evaluatdd .
One can thus  b ui l d  larger nd tan ne t - subtrees ur~tn ,c l  the entire

tree ~s i_ -vol -n d Led . S n - m a e  t r e  u i_I-n t o n r m r k s  C o l t - m g  , n ’ a t n S leered can be

thought  i _ f  as t m - ocs .  w i t h  th e  nan t ch~, ucl center ?-Lhrmet as its

root , the ‘ab- nn ’:e ~ vr a t e gy  can LnL used so c a r r y  out c\ a luations
on these net ’~c- r k s .  c ver al  tel is [~n i  2 it-y measures rot randorrity

f a i l i n g  r ; e t w - r i, a c- - m n be ca lcala ted  I n n  t h i s  manner , i n c l u d i n g

the PNP and 151 , ’ r n c n c o c r e s  d c n - v r i b e d  soove . lt  is th i s  strate-

gy which Is  ,ms m - ,~ in i-he e igor ithm descr m o e - n - I  below. Thc net-

work is as surn ,’ - -l to ri _ nt of tree topology , n— here  if more than  two

cen te r s  are p ’ces-n r i t , they are ccinr ~~ct o :  in a s i - - m n ’ centered on

node 1. If i-ha su~ networ1: ~cr~nectirm c abc- renters is designed

for very hi gh reliability ct-aT-rare-I to m;ho~ other  components af

the network , the subnotwork  may be , u , - a ; l’~c r-i_ ~nin the a n a l y s i s  by

a single cen:-? c , and the or- c c en t e r  -; ‘-r sion  of the algorithm
may be used .

E.4.2 Anaiysi n Alqorithm

For SLOt ‘aye purposes in como, t ’- - t  methods of solu-

tion , it is n e c c - : - o T 7  tno iun 1;o se  a l ine-o r, a r c l m n r n  r n  on the nodes

of the tree . i S i s  is  d- -ncn by cu e n 2 i n i x u c  c’ f a t her  f u u — c t i o n , NF ,

on the nodes of 1,l’on- t ree . Supp -ase  we h a v e  a rree  of N ni  nodes

~l , 2 , . . . , ’lN ~ where  t he  nodes have L cm e ;o l abe l ed  in; n a t u r a l

order .  For each ar - -l i- i , ex r opt  node I , w n i , rS ~s i-hr rriot of

the tree , w - ,; dot t ’ne  NF ( i )  if j . . n  i and (i , NF~~i)  is a l ink

in the neework. NF (l) is arbi trarily -n e t  to be — 1 .  Thus , as-

sociated w i t h  s c nnu  nod ; I s a i i _ v i c e  s -u i i’- t r n t i _ -  -cons i s t ing  of

nodes ~ i~h o r ea~- .--a runabers ~~l m l  ch are c’ - ! m L - i - C~~~ to i i-~v a - ‘; t h

passing t n r a m .gb  i-od es with 1ev-n-mis > i -
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Now , let us consid-;r how to calculate the relia-

b i l i ty  measur es of -i t r~~e network assuming  the r e l i ab i li t y  of
its elements , nodes an d li n ks , is k nown .

We associate wi th  each node i , a s ta te  vector ,
which con ta ins  in fo rmat ion  relevant to the r e l i ab i l i t y  cri-
teria we wish to c a l c u l a t e .  Let

R ( i )  = Expected number of nod e pairs
communicat ing in the subtree rooted at
node i ,

S ( i )  = Expected number of nodes in the
subtree rooted at i which ca n comrnu—
nica te wi th i.

I n i t i a l ly,  the state vec tors represent a discon-
nec ted set of nodes.  We then de f i ne  a set of recursion rela-

tions which yield the state vector of a rooted tree, given the

state of its subtrees.  As the algori thm progresses , l inks
(i , N F ( i ) )  are brought  into the tree, merging subtrees into

la rger  ones , and the s ta te  vec tor of hF ( i )  is updated to re-
flect the presence of each new link considered . When the al-

gorithm terminates, the state vectors represent the state of

the entire network and reliability criteria can be otained

directlj from the state vectc-c of mode 1 without cor-~ idi-r -~-
t ion of any other node.

Associated with each node i in the the network ,
(t 5~ re are NN nodes) we have

PN 1 ( i )  — Probabi l i ty  of nod e i opera t ing ,

P N 2 ( i )  - PN 1( i )  for nodes which are nut
terminals;- l for terminals

P L ( i )  — Probabil i ty of l ink (i , N F ( i ) )  oper —
at inq ,

A E-5
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Nodes 1, ... , NCEN are  n n w i t c h i n q  cen te r s,

— NCEN + 1, . . .  , NCN are  co r ncn - r nt r a t o r s , and

NCN + 1, • . .  , NN are t e rmina l s .

If there is more than one swit-~:hing -o r m t e r , the

fa the r of the tree is a r b i tr a r i l y selected from amo ng them
and set to be node 1. A par nme t ’a I ”  ISWI~~~H is used to in d i c a t e
whethe r a concentrator can or cannot  p erforn ’  local swi t ch ing ,
with ISWITC H = 1 indicating switching .

The ‘ai-cor ithm consists  cot the f i v e  steps presen-
ted below . A discussion of the am l c o n ’i thm follows its presen-

tation.

STEP 1: (I n i t i a l i z a t i o n)

Set R ( i )  = 0

S (i )  = P N 1( i )

fo r all nodes i = 1, .. , NN

Set i = NN

STEP 2: (Subtree)

Set j = N F ( i )

R(j) = R(j) + R(i) * P N 2 ( j )  * PL ( i ) * + S ( i )  * P L ( i )

S ( j )  = S ( j )  + S(i) * P N 1( j )  ~~ (i)

i = i — l

If i. -
~~ NCEN , then go to Step 2 .

STEP 3: (S w i t c hi ng )

If ISWITCH = 0 , then go to Step 4.
For i = NN , .. , NCEN + 1, d o  the following:

Set j  = NFti)

R(j) = R(j) + P (i) * t l— P L i~~ + (l—PNuj) * Ru)

* PL(i)

n 

A E— 6
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STEP 4 : ( M u l t n i~ - le  Centers)

If there is only one cc mnter , then go to Step 5.

For 1 = 2, . . , .,  NC EN , do the following: -

R ( 1)  = S~ (l ) + R(i) i- S(l) * S ( i )  * P L ( i )

S ( l )  = S ( l )  + S ( i )  -

STEP 5: (Evaluation of Measures)

I

I 2~
1
~

FNC = S ( 1)
NN

In Step 1, the state vector components are initia-
lized , witi- the number of node pairs communicat ing being zero
(as no l inks  have been considered ye t )  and the number of nodes

commu n i c a t i ng wi th i is simply the probability that i it self  is
ope ra t i ona l .

Step 2 is the basic recursive step of the algorithm .
When a new l ink ( I , N F ( i ) )  is considered , the number of node

pairs  communicat ing through j  = N F ( i )  is simply the previous
n umber , R(j), plus the number communicating through i times
the probabi l i ty  that both node j  and l ink i are operational ,
plus the product of all those communicating to i times all

those communicating to j  t imes the probabil i ty  of the j o i n i n g

link being operational. Similarly, the number of nodes which
- -

- can communicate with node j ,  S(j), is the previous number ,

plus those which can communicate with i times the probability

that j is operational and the probability that the connecting
link i.~ operational. The justification for using PN2 (i)  = I
for terminals is that the failure of terminal does not affect

the ability of other node pairs to communicate , as communica—

~~~ tion does not take place through the terminal , but the expected

_ _  

- 
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nur rt - r - nn-c  c-f nodes t i _ i 4 , t c a n  a n o r c u m n i n n a t  e ;-~i Li node i does depend

on the or- , c m i  i L i t~ of notna i.

in  S~ : -  3 , t h e  ‘ s p n n  t ( 0 - n m e - e i ; r - i t o r s  d 0 i r i _~ in ,:—-

cal ~witch Sr _ -i  is ‘,‘~~i ~:a L a n n . W - - - cur -ee : i-r ; t u U n , ,  dO l oc al
- t - b  nic , , udi_ s ,nacm cul”,n ,umn -~at -  tb rou-c h them ev- - r .  if either ,

or bo th , the  t r u n k  l in e  nr :- ,’€ct n cm -i the cor c e n t r a t-a r C-a the

cente r  f a i l  m—~ o~ th€m cn~ m~ e1t- t s- -1 f f~~i1s . l4jw - - - r , th e  tv-n —

pecttn-d r~ n r . ’,n e r  of red -s - t i _ a t  ‘ann n - n c n n , o c n r j c t - t € -  w i t I -  a c e n m n e ,  is

not a ft e r  i- end b ’  v . -~~-t n ne r  c - u i _ mv -  -r ~ - a c  - n- ~nwitch or not .  Thus ,

e n t e r i n g  ~-t~ - -~ 3 , ni_he s t ; - n  vencm ,jrs 101 311 c-:rm t~~’ n -  have been

cel-c’iJ n ted . ‘;~hn mi , , ten nv’:~~tn r o n m r - - ’ t cator , the cnj t a h~~t of node

pairs whicm - con corm m n n - n - n i c a t e  ~~ ~- n , n- ScS i - r e  a n-’o -t  ~ci at its cen-

ter is no a on ly  t i _ m e  00510 ne ther , R j )  i- tct t tn i s number p lus

those which ccnmtnur ~; - ‘ate t ,hr - sun~L t~~n an r i _ r e m n i r n - t o r  i f  the

s w i t c h  as f a i l  c-S , or i t  the ~ ~~~~ i-na - is -~per~ - -n - il o u t t i _ m e  h -n i

is f - a n - l e d .
Sre i-n I s~ i_ i m p l y  auras toe -irs -iSnic’; -c ar rurun icate

locally through their S w i tc h  and those - ‘n ’m T n - m c m m c o i c a t i n g  over the

l ink  jo in ing  t h e  switches. The f i n al  e v al ua t i o n  of the mea-

sures as f u n c t i o ns  is -, i _ -- nd-.m ctc’at n r e Stn -- j ,  5 .

E . 5  BhSIC i-~~SJI~TS

T Ime b-a~’ic resul Inn -c of ap n n -  y l eq the - n b u v -  - a l a rm -r i  thin

to appra ise  tin - C L e l  i n t ; ,l n .  Ct-- irnu-a -‘t ~ ,~t ~~~~~ n P C C r  - roto r — in

a network suct as b-~D I N  havnn -i -er  a- - , : - “ t o n m  n - n  the  I r u i t  ial

NAC —Tol c orm u t e J ’- ’ bi flT/i  ~.~~~— -- - - - 7 )  - Sor e of i - } n - n m s e

t t i _ i _ U  t - t s  are r cprc~d o - n o 3  h - -re fcc, acan -pl ateres-; . ~n n -d di t i oru ,
new r esu l t s  ar e  p r e s e n a n d o n -  the  ~‘ r n - c t  ol u a s i n a  sw :t ch i r . q

rc a - n - n m - m i - r n  t-.ors v ~ t n 1 n-  - - t - - o u -~-v1 ~e i r : i _ i_ C , m f l e e f u t L’a t o t S.

E.5.l Use ‘ n  - ;  - e m - - c vt r~, m n - o r .

In t~ -a p r t - ’; aoUS si —~~~~~, :iesigr- usirei concent: ‘ tor s

at i _ i _ ac t - n  A ln-Ji’CC v.~- n ’~e - :m ’t  ~ s s tv d  v. t In - c - J  c n n  hI _ Ct use —i r e l y pro—

~
j ~r ]  y ( u i _ n - t L -, - m c i _ c l cio cc (j r a ( l ~ - 1; rn’s n-~ m-i o n l y  pr - ;p -  r ly  c-c nn - t r a i n e d

E— ~3
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te l e tv c ,ne l in e s .  The rc - l~~ - i b a l 1 L \  :‘haracter Hn-t,icc of the designs

ar - c  7 - or t r :~’n~- -ao i n  Fi - c - - --~ L’— l and i-~’-i - I t’n is imme d i a t e ly clea r
—~h - c m -  t h ~- f i  q na r - ,-s arc ‘ . : i _ n i  u -c-] , that t i _ h e ;n e s i qn  us ing  — c a n y o n —

t r a t o rs  is  si g n i f i n a r m i. l y c -m a re  r e l i ab le  than  tin - c- voice g rade  de—

s jq ,nm~ under  -.n o n s i ee  r a t  ~o cm , a\- c nn- W1th~~ut the use of any am-id i—

c i a n m a l equi pment on improve its reliability . This result is

ui -c t sot n - s i c -,~ in -  t i gh t  of t i - c  relative d c s c g o  c - on f i q m o nt i o n a .

Th e den - — an  -us - r i_ c , c o n n n 2 , n - n- cea noes  is p ri a i i ar i l v  composed of a l a rge
i_- number of small tr ’-eS :-otcd ‘at the concentrators , while the

evi n c e  d-~m-cn inn; arc  -p c i m a r i i y  ~; n n m n- em-i c- f much l a rge r  t e e n : m  rooted

‘at tne 5 - 9  i t c h i n g  centai’n . Thic - avem :~n - g ec  number of links i - e Ly - c er n

o node and i L m~ 3s~m - n - c i a t c cd r i ’ay  r e m n t e r  is much sma l l e r  i c-u the
n,’ -’a n - i  n -n - a - , eq ,n v l i c c  c - n. ro e n s  and , t her e for e , this  design is more
r e l in e  ie than  i-h ’: 1- i - no

?~n-~trm-e r a d v a n tag e  of the use of concen t ra to rs  is
t a -na t  they nroc’~ dc an inte rmediate step in the cha in  f rom n-cu e
to s w i t ch m en c-enter. t rmem- there is -a small number of concen—

t n - - c h a r s  r e l at n o - -- t.o t h e  teta l  number of te rminals, we can , with—

vat uppi -scialcay i r-c le a s i n g  i-he cost of t i_ he system , add addi—

t i c - n i _ a l  equ ip i -ne n f  a t  each concentra tor  and cons iderably  in -n n c 0 s e
ti -na systeen relm. a~nili ty. The results using dial—up I es ~nd
m n n - 1 t i p lexers at the c o n c e n t r a t o r s  bear out this  c o n c l u s i o n .

We c o n  r cd kc- an ot:;eI ’~!ation about the form of - i - m -’
curves in Figures E—l and E— 2, which y ielu s some im - ns i q h i -  in—

t i_n the results themsetves. Tin - a  cu r v e s  a re , in fac t , ni _ ear l’- ’
straight lines. This in  i t cn e l f  i n  not surprising since , nri~ —

lyti,cally, the r€-i iab cii ty criteria are low order pen i anu~-n~ S

in variables w f m c - s ~ V3 ’n U c -~~ are m u c h  smaller than 1 in the ‘area

of inter- - n-t to -ann . The nn-rher of the polynom ial is essential ly

the average number of links in the path from node to relay

center  in m - - ’a~~t’i_ des igr , . By minimizing this , we maxim ize r e t i~e—

b i it 
~~~ •
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Tbw - , tto - e - n ~ ’ c - cl - n, r - - l ’ai _ :c — is n ay :: that the con—

centr -octnn - -:n-; serve to ]nr rove t h - ~ c--c- I : eb i l i t  - .- onn p -r - et s  of ui_c net-

work tcpo lo :cI .
A;.-:: . t n - e : : - o c n I ’ i _ m n~~cii d r n w n  i c  t i m E -  t . . r c - : a . o nan n - t a - : :  was

t i :a ~ 
“ t_ i -~ e nei -e- ;nc rk  is - - n a t  r e lj , t hj e  ‘,~‘ n- - n t h i n  few en it  ni _ r i _ n i-er of

sw i t ches . ’ Th i s  is h u n - e d  on u - h - - ol - s e rv a t i o ru s t ha t  the average
fraction of tot.- . is c:ocn nmn nni :Tn -t n-.n w c - i n  S v i i _ m -’f l0 S , FNC , is in-
dependent n the  e -a :- n -e~ of --n-n n c - i _ n s - t i n t  t t n .- av :-raqe  f r a c t i o n

of term i r-n~ l i _ n - a i m -  —n c c r u m u r :1c~~t n - n i _ ,n , N~- , ‘ui_ rn - c -s as a f u n c t i o n  of
t hi_ .’ nn:ir.t nc of n-sir -hcs, as i_n- in wi in ~ n -

- r c  E — 3 .

te. 5.2 S’c;tchn-rmo

cot mn- a n aa  Dry the eor.-:e nlna’ator oa be des igned
to m n - n r f n n m  c c - s e a  no n ;wi t chn -nmu a I c-cal  b - s s i s.  t eve ra l
quest~ cnn -  rae- . i-c- r ’  :~ l’c-~cI - determ n. ne whetrnc- r tun e local

-m-w rtching f -~ n n - c t n - - e c-m shon. 1 - n -  be n i _ p a c i f i e d  fo r  the concentrators.

ncluded  n-n ra i - i _ m n  i_ n - i t O  t a r  j o u r n al i n g  c-ap a lnna l i t y  to be present
only at switci_cas , the adailcm :-na] cost of impl-n-mc-nting the

switch inq fur ni-ion , t I n e  i~ - n -  t of i _ n - n - i _ c  oh in g  loc a l t r a f f i c  at
the concentrator- c-ui t i n - c- fr an _ sn - lu g requi ienct-nn ts of the cen-

t ra l  switches • the benn e f ~t-s to ti_ ho In c a  e n i _ t - i _  s c-rn - h av a n a

local swit c In in q  c ap ab i l it i  du~~inn ;  i _ m i — n a t  r:,nages , and tho impact
of local switchirn-c on the n-u i ni-n-aJ me-ar-ui c-s -f r n -n i -w o r k  r e l i a b i l i —

‘y. It is i-ti-v i’n a t  c j--c-t . n - T m vn u C n ,  as “ a n w m n -’n~~ i i : n - e .
The f~- P  n-nea sn -n rc-  of :ehiabjli n.y i.s sho-~in in F igures  E — 4

E — 5 , and ~~- m -  f o r  both n - c s ’  of s w i t c h in c  ‘ar- c i_ n o o n -w i t c h i n g  as
a f u n c n - n - n n  of c en t r a l  switcu tc -w ;n r im ’- ,e -~‘t e n  : n a - n e n n - t r a t o r  fail—

ure is an- likeiy an-’ a b- -~~ec link failure . As is ‘- i _ m e n -  i e te l
clear , the switch m n-I ceca ii ity of ehe ‘:-ncentrators g L\ ’es an
‘ c - i _ n i _ n -~n i  ficant irc-r~-:-se in r-~ l i . n h i i  i i - ’ - a n n e x  S - ‘mg ni _ c ti_ i- ~~~ mea—

sar- . Thi n- is r’~~~i_ ly m nn -i- -r st nnca. ~\ - i _ m  i_ n a sw m  i-oh fails, the

number of t - ‘~~:-urr , c 1 p a i r s  ~ t n icL cm - nc  - rn i c n l  - -  n - r n - - u - n h  the con—

c-?ntr-mt crs in- - 1  t 5 -- sunn o’ i -h e  n um - -n i ---c r s which - - i_ rn commun i-

cate throu i-n- ~~ n i _ h c o n cen t ra t oc , s ~°rr i _ n - , wrv - ,m ~i-c switch is
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-a c9’ra b- L -n - , 0’~ -i- -~ d m - u r n i _ l , ” l  1 5  I n  u n - n t- - n  of pa r s  t - r ’ a t  r a n  hi-

forme - f~~” - n  tb-i ~~( n u al t- f’h- r ef  t e r m i c -  nt -a s , un- mn -~- ’i _ largen

r’uum ni_ er ,tl--at aron ~~at na -n.I, abi1 n-~~v T ’ - ~~~~~~ n 1tP . T h I E n  o b se rv a t ion  i _ S

n’c- -i ntoaced b—i ~: - ‘ en - - m Its r o y n r c -y * H j un c-’ . g m ” r ~--7 , F—8 , ar m S

5:— 9 , sh in -w ino t a }- -
~
j - n a n - t s r  çn ~ -~ s a f - - n - nc cl: a’- ’!’: eji_trator ~ie

i i au i li tv  ni_ cc t n -n u n k  ~:n-a  L e l i a b h i i t . 3  n - d - e r -  n - / n - o s - i t c h n c b  center

is assumed o a m — ’a i ’Ja- ’x -  i _ i c-  ~n - o  t -i -~~~ ~~~~ fc-i - t~ cc ‘ t c l n - i n n nj

c e n te n -  ac-co t i n ,  K 1 m m e ~- s -na- - no; — prm~~-5 La , F i _ n — u , i e  E — - 7 )

there  Is no ,J i f i ’ n n e n m c a  net .  -~-e a - - Si _ n - i t  ce I I - ~ -i_ed non - - n-w t ch i ;- n n’i

CO I l - i_ i_eOn :cato’nam - - : - u - n - - T  ti _ -~ be o~~m - -te l , ~ s i- r -~ t c - , - a l — a t c ’n

ni_witch 1 1 - : co n-n i _ i _ c rc  ~i_ .n t - o n - s are or l’v w— u nn -- f h O  . 1 n-I I T n  prov aSic--i i_ inr —

v i c e  a-tm - the ow it ni_hi i _ mo cacahi - u i- ’~’ on’ n- i -’ - center is u n - a v e  n L a—

b I n - n -.

As a fina l ~~t - n m  e,  i~ ~-ho ’ - ] - -t h i _~~~-c~n a c - n -~ i n m . s e e tha~ i-he

switchin.a f m c n  - ri at  cnonn -co  m i t l~~~~i_- ~~~~~ im~-ac - on the 1”NC

n-measure of rein- i _ i l l  t y .  Th- - , ( i _ i _ i  ~~ i-O  On a : i _ 1 t -  c- si- t in- n-n n - n b - n v -  rn --

suits , it mi_i_y be -0000lceed th a t  Ic-’ i’c~ i_ m i _ - c - ;  of na c - n i _ I  measures

of network reliab 3 t t- -i_ • cc-nn :e rn 4 n n n  t on  n- ‘-nha c n- swi a- -h  have no

sign i f i ca: c’ :mdn - ’ ’n ca  - - na- -~i_ : c o n - c  -~~ c~~s ‘n-~~l cm- d~n i _ nut switch.

5.6  D5~~1.IN5NC li_ i-i u~. i_ms NF2Ct-0tf7

T~n ,’- n--n ,‘~~ r e e u l t t n -  ~~~ n c : a~~n ~ tn n P0’i_ I t ’ 9 c -  impact  err

r el i a b i l ity  of u s i n n ’~ :-o r m n n o r n t n - a u n r nn  n -  the ne~”- - cn n-~ c d o si q n .  In

this seclior , we c c - i n s n d a i  ai c-~ her  “n- ~’a -: - i ~~- cf rtniiability di-

rected at ens-c r, ~no a lc- r €- n- of nc~n u n - ,~n le s~-n- -:ice f o  a l l  use rs .

Network -d nn- n-~ n - n c - n- -ar e  o f te ~- de~ce~ - ‘ ~ d or: t x v I basis c f iine c - on—

s t rai n t s  in tend ed tn --n - - e n - -~~- i  n a s nec -3,t ~/ level of performance .

Such a r~~~r,.:to~~~i i n i “---n~ n i - n - r , n l f  I f  ~ l~ rc’- 0-. - ’ rY - ‘-~~~~~i _ a l ’ -

c o a i r - q can ed or. a m n l  t 1p-’n-~.r i _  i_i u - - Tine Be’ 1 Svsf c-n-

re oci_ -u - ’cn -n ds n - h  ~
4 no n - n o r - ’- i-Fea r- 20 s -i-a - i c - i s  1’. c - - l a c e d  n - rn a sir-- I ~

mu it  n -p -- - ‘ c -  f an ) c t -3’  l I i f n  u r n  ‘1-c ‘ _ t  t h~~ - ‘ t } - - ncnrol~~xif - y of

n c -tw o’ K - C-c-n ~i St ’  i_ u O 01 nor -
~ 

f r - i n 20 pc i r mt -.n - i n -  ‘~ ~ tn t : m ~ t t h e

t ic-c-  re n l u i i _- ’-u t O  c- i_ u o n -c -  n- - - - i n  -
~

- t -  .“~w i n c~ o u t a g e s  c- ’-n the- i r i—

I Oi _ ’bn~ 01 m i _ l t  n;~~ 5 a s  ~h r- -n’ute: n oo~~n i -~ inc i ’- n-sas ,

E—20
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cause channel availability to be less than can be tolerated by

- r n - -n v data systems.” (Tech i-~ef. PUB 41004 — Data Communications

Using Voiceband Private Line Channels , October , 1973). In par-

tIcular , some rather primitive and conservative statistics ga—
i_nt n - n -r , d by the Bell System indicate an average link availa- -

bilite - of approximately .998. With this assumption , desiarm con—

straints of 20, 10, and 5 stations per line translate into worst

an n-nsa ter:o nal circuit availability (WTD) of .96, .98 , and .99

I respectively. Thus, a network design constraint of 5 stations

per h r_c is used to meet a basic objective of (.99)worst -case

circui t availability (WTD) *

Win’c-n concentrators are not used , the impact on leased

j  l i n e  cost of a 5 terminals per line constraint versus a 20

terminals per line constraint is severe, resulting in approx-

imately a 60% cost increase. However, with concentrators , only

about 7% increase is incurred .

E . 7  SYNTHESIZING A RELIABLE NETWOR I<
Since there is a large number of terminals connec-

ted to a switch through concentrators , improvements in concen-

trator reliability and the reliability of concentrator links to

the switching centers can significantly increase overall net-

work reliabili ty. Improvements can be made without appreciably

increasing the cost of the system because there are few concen-

trators relative to the total number of terminals. The fr~ac—

tion of terminals not communicating with switches as a function

-of average switching downtime is shown in Figures E—lO and E—ll

for the following three cases.

a . No attempt is made to improve the reliability.

- n : b. Additional equipment is added to assure that

there is always a path from any concentrator to an

associated switch .
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c. In addition to i-he improvement made in b,

additiona l e- :-uipment Inoludin multi j iexing

is urn nn - o ti_ c ’ ma ke the concentra tor fac il i t y
nearly pertectly lel ini_ L IC. 

-

The ni_ore useful criterion the expe : t- -d fraction of terminal

pai r s that communicated (FNP)  as a function of aven :mqe switc h

downtime and of the r imbnnr of switches , c-or the above “hi _ ce

c msn ~s, is shown in F i o u r e s  i~~ 3 , E-~-i2 , and En-13 .

There is no way to make a pat i from a concen 4- r a t o r

~-e  switch completely reliable. However , thn- re ir e  several ways

to achieve near perfect r S n a h i ii-y (fl in t is , to  make the fail-

n r a  rate negligibl e when ‘-c-c-p a red to f F; failure n-ate - - ~ other

elements) . Tn-n- a ch i e r e  such r eli ab il  it - y f-cr the pa n - i: I - -n - ~v r-n-n : a

concentrator and its associated switch , one can  e j th c r:

a. Ha n- - n- an additional lean-en-I Unn from the con—

centra’or to the switch SO t ’n e n t  t h e re  - a r e  t w o

diverse paths between them , or

b~ 
Have dial—up equipment at concentrator and

switch sites so that if i-Ire regular path is bro-

ken , the path between tn-bc concentra tor and the swi tch
can be reestablished by dialing through the

switn i’n~ n e t w o r k .

The second method is less convenient since human

intervention may be necessary , unless auto-dial equipment is

used , and there will be m e - m i - i _ t i n y  delays during the switch—

over. However , this nu- u ~ od aS meSs expensive. To make the corn-

centrator alrn - ’-st cornp lot- I ~ r e l .i a L l ’ - -n , one can either:

a Place  a redundant  concentrator  at each concen-
trator s it e-  so t h a t  if i-he p r i m a r y  concentrator
fails , its load can ho assumed by the backup con—

centratThr , or

E — 2 2
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b. P 1 - i - n -un - a r n U ! r r  n- e r at each  c on - n - c ot  r at e r  s i te

and a - l ,n:niin -~1 t i~ n l~ ,:~ - - n -  --i t - -~irv two cLnc -:nnno ’-ator (or switch)

s i t n -  i_ n - . s i n e -  n- we f i n - a  i~~i t  n - s  chosen will i-h i_ s  p rov i le 
-

r i_ u i - n i_ u s e n-v i c e  to h c i r  ~i i e - - s and a back—up snn - r vn ce

t D  tn - b i n -  ot :nc-r .

1 t he  c e n c e m i i - r  a c - c r  f n -~ils , all 1ev- -, e€-~~d lines, can be i _ n -n - I ti—

p I - : - x n - n - d  over ti-c dial -au’ b a c i-up  l i n e  t n -U one i t  tin-’: two demul—

t i p i n n -n - - er s  l o cat e d  at ‘he b an - n -r n - n p f a c i l i t y .  Cost  n -n o l n n p a r i s o n  fo r

:hien . Tn C ~ ~r cce  i’eL,iLilitie~ of these backup  f a ci l i  tie- s m d i—

cate  i _ b  — n t  1 5~ La n -n -r e e s e  i f l  t o t e ,)  ‘- t - - i_ ‘ n - n -
~~: cost (exc ludi :n--i

, v i ’ - n - h n-n on~t) f~ r i-he mu ltielexer anu dial—up, and about a 25%

i n n - c r c - -n - ne i_ i i_ n, cost for a f~ I ly r - n - d n r - d a : n t  d e s ign .

An n - is e v i d en t fr o m  f ig u r e s  - 1 2  and E— 13 , r eli~~h i l i t y  is g r e a t l y

:nnp ruv e c  us n-ag the ~~ e r r  in -c b a c k u p  equi pment. The same im—

prn- -/e e u n r n fn in i -n -h ah n 1 i L ~ can: be obtained by using dial—up vs.

1 - n - n i _ L i line backup am -~ by u s i n g  r edundan t  c on c e n t r a t o r s  vs .

m u l t i p lexer  i- - -~n r- -nu p .  T i c i  e~ cra cost uf one method over the

other is the on ce p n - r d  n o r  - n - n - -r at i o n a l  ease achieved by using

th’, n more expens ive  nn ei -h c--- I .

CON CLUS !-°~
T i_ n - a conclus n -n s  drawn in this sect ion are summar - zed

hel

Ti-a use of conc :rete’ators in the network design

im:’rc-ve:n- rd r a b ih i L y  si u ’n - i f i c a n t ly .

Concent ra tors  w h ir -n- p e r f o r m  switching provide c - e l y

an i n n - s n -  ~,nificact’ increase In r e l i a bh i ty  n-ic c

-, ,oncentra tors  w h ich  do not perform switchinnon .

The use of concen t ra to rs  w i th  a n-,ine constraint of

~ terminals on -- line ensures reliable sec~iice i-c-

all  users , - - th t h - ri q n n- i f i c a n t  cost impact.
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In - in -- i n r n - h n  tn ~’ cc n u  be s ; q n -  i f  u t- I -. - - ‘nnpr -uved wi,

little i n ’n - u c ’n l s e  in O C e t  by U~i _ i n c  a multip l n - - xi n - n
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The nn u r - n - - e ot  t H j 3  -aoun -eri_cjh-. is to defin e f u n c t i on a l ly

n-ha r - - J U n -  : ‘i i t -j t  c-a n n L - n i _ r n e o t  ~ t no in - b’n- uso-J in NADIN and to 

~te a r ’an -- nn ,n-le c - n s f  Ln - L  t 1~~~S~ ( To n  ~c n n - e n t s  in i-he con—
ti qanati-c:n -s ir. which t n - n a y  4c-uld be used in the NAD tu-J . The cost
also n - n  c n - ,  I r a  r e - 1 n : r n ’ l s i _ c n - - f o r  r e l ia bi l i t y  where it is anpreoriate.

l i -n -a  n-n- m o n - a n i y  n - C s L  ( 10 ne rcen t  a m o r t i z a t i o n  aver ’ 10 y e a r s)
on-a ca~~r n I - i t t d  by doublir .-j the  p u r c h a s e  p r i c e  and d iv id ing  by
I ,iO , c, ~~~ r n -n - a sli qhtt y h” jIc .. result than w hu i d  use of t I t n -  a n n u i t y

a .

F. 2

Th ree basic terminal types are considered:

a.  Existing Model 28 teletypes ,

0. Modifin-ation of existmni -a Model 28 tele-
types with electronic stunt boxes and
buff eri_ aig to allow them to operate at

~i -n-e steeds -greater than 75 bps , and ,

C. - sew  AN :~I consistent terminals cap able
of opecat4ng at line speeds greater
than 75 bps.

in  the aesi gn rnc c - -ss , -tither modifrad terminals or new ter-

e-inals are assumed dc_~~ ii_ n - r i  at e  fur locations having traftic

n-n excess of 16 K C H R/ H R .  ‘rhis assumption is based on the

u-ct-ailed anal ys is present-cd in the Telcom Report on Service B
r i o  mi zation aud dis-n-nussions witni - FAA personne l on t I n - c rela-

L O I I  of operator -a f i c ien c y  to terminal  type.  Because termi —
r~al char--un-over will be based on these factors , the cost asso-

, :iated wi th the changes -ill not a f f e ct the desi gn process.
Cn-n-: n -n-cquor~tly, no  a t t emp t is made here to associate a cost

-w i th  each of n - h e  al te rn atives.
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F.  3
Bc th  cn— c n - - , t ’  n - c n - i _ no ‘ t n _ m a lt, s uapp 1 - ~ r’nd n -r n- c ap t  i n  -

lormat, i n- in tin -c- fcr- - - - ni a d’ g n - r a l  asch -~ ici -; j en-’~~ 1 . A ‘‘c- n - - n - -—

- n- n ude f i n n - n -  (n -h-c - - n - t e O ? )  rn- ny bin-n n - - i - q h l n -,- c h ar , :’ - t -u n - j zc’d as h’ivi - n - c1

u-n cab le t-~~~rnw i nn - i- k e~-t :€ r ‘in - n - p  trne n i _ ~U O en-n - t~~ ,‘ -‘uU O i n -  (-i to -~i2-

d13 variati on , - c- li Sys~~t - n n  ‘J cn-n - hn 1 c a t  q,n- t- . ‘ - : r m n - -L n ! [ - n - -  • 1 ( ~j - ’ i
‘i n - n - c  f u n c t i o n  of t t e- fnOn le n ( m e s i _ u l  n - u i - c  - lOn -n -t - - - - - n- - n- ) i nn-- to in t a  r --

f i - -c t in -c: ‘li g i tn I l~aceL- -: u nob  re - n - i t - n o - . - - - - - Lcn - t t e  an al or a n - n - a n n c l~ n - u n - s

r e q ’n i r cnr n ~: : c , n-n-s ‘n- li - : - ~~n- i n  Fin - n - - n o  ) -
~ -- I in- -cn -’ r l ’n-ty o n -  tc - n c h n i q n n - e s

may be asea to aceurru p I n  s in  - 1- c  i na - - - n-n- n~j  qi vine ‘-n-cu tc- ni_ n - i

-n -x tr n - ,un -’-h l i _ r r - -  q’ - of nn-o-ie-;n -:~mn - - t n - n - n  ii i-er ‘c-n - n : a n 1 c n c -  o h J l  - no i - o n -n --

istic’- . T n - u i- ’e F— sb c~:n--s Ln -~ n- i -n -nal p u n  ci-~ i_ - - ’- p in-i, ‘ , i _ - ’ i-ase-~ on - i a

survey of -n- ’ar - n nit rc,l - iti y ava i l  c - i n - -  “-ne- : c n - n- nu . 2n-tso cnc -n --~x n n-i c--

m on t h l y c on- n Lu b -n-~ - n - . u n - n -  --;n -norn -c ,is~~t n-c a’ I.d %  i cr  t’ -
~~ t - ,, n - n O r- n - , p i n t s  -n-

n o ; n - t f l y  P i _ i _ n - i i _  i - e r n a f l I E’ c - n - st  of  i~ of ft c jon - -han- -n- ‘~r ice.

~ : n - n - o n - i t -n- 0 - n- no~~eC that .  ni l, 51: tn- -n- ’n~n-3 ~pn~ t o  ILOO i,,~~
alnio s t ci, ), m e l - , Di n-n- ap- _-r -a  Tn-n - ‘i_-i an a-i n- c e  n-b ro n - on’u  -n -c-n- i i n - n c ’  K

( F r eq ua n ocy  S n - r i  f~ i:e~~n- ng) ted - i- .~ues . Ai - - :e this c ur n - - n - i _ - -

cinronous modes c-I n - n - p - n - r a t i o n  - n - - vai l ‘- in -tb  u .  o n T n - n -  n- cn n - n - I, try

cost of the equin e- n - n t n - n - n -r :.q a -nc - - i -  di t e n - i 1 - ~ de c-t n - i_ c nn - ant on f t  n-n-

line speed a-n] r - tocl . ‘- -:-o-~ms w h i  n -h ~T h u , n - u : t C  at I -~~T - i )  ‘ 
~ ni _ n - ni -~~00 c-

u s u al l y rn- n-p-i : r n -  C2 n - n e  coma i _ t n - r n - u n -  j .
In t i n - i s  i e s i -4mn pr ocen-~-z , -n- 1 1 ,n--ed --r-’-s -n- i-ne -a - ~~n- rii~~d to

have die]  - -  - n - p back uc at n- un n-’- 1d - t l C f l~~~ 
‘ cc-- t- of ~ n- /mo e lb -

F. 4 M L L ’ rI P L - . <i:~~i-

2a m :  i-c nn- r n- “ nt ac i l i_ t . y ” I -5 ’ T n-c i c - f i_ n o to t i - n - -  pai l of

the  telep h onn -— p lan t : e -a c i ,t ’ :  - ‘ j fl t a 1 n ~~f I ~ n- r- ro n~~ rt ie’- n- n-n-

a tr an n - n- r u u s~~~ - n n -  mu ~,i umn- ; t~ie n - -yp ‘ i - n - li _ ni _ r i _u I ”  is ‘non e -n i to retci, ten-

a fun n- i- ‘n- r- n - I  coin--’ n - u- - i c - n - t  ion-an,  p n - i  . 1- -h - - —,n--a 1 i n - i n - u - : - i - n - - ni c-v

its capacity, i.e. , r n - n c -  m a x i m u m  r n -,~~-- am wh i ct in f o r ma i on -n - -n -a n

be acccptn-n-n- . ‘ n-n- - - r an - s for-red u-ron- it - A c r i _ ,~ rn ‘n- 1 f o r  t n - ’ n-’-r - i i s  n - c m

of digital d or a  i s  f e r m i _ e u b- ~ - i a - u u n o  ,-n- nl’ - t - n- -:n ,- - l n - n - n d  (n-f

1 — 2
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facility . ‘Ui_tn- ~~~~~~~~ on -n- the c u _ a r _ n - n - n - i, t n - no:  n - I O X I T O n- ’! ‘lin- t

r a te a c c n -~~ n~~~ib le  , deper -P n- n-~~ a v an - - lo t ’ -’ o f  actors , i n - n - I  n - i _ n - r i g

the o n - n - u n - - Un - alan - n - f  the fn-~n -il i tn -v and tire nn - i n c i w n-n re -:l-aracr - r i r  tics

O n -  ti-c: i:noOn - i_~~ . Thu use of ono f v c i  lit -c to form severai separ—

n-n -a cl n o e n r n , e l s  is o i_ I let m u l t i p l e x i n g .  2 de”ice whic n -n - con-i-i-inn -s

n- n - n - n - i n - i  - [a f a c n -j l i t n - c - n - s, eaca  used ror  - n e  or more distinct chan—

ui _ n - n -I n-i i n n - i .  - n-n- n-ac Fe n- u i-  n-~ 
f orme d into the s ame d i s t i n c t  c ha n n~ ls ,

n - s  n-n~~i un - i  a -oitcp iestnr. A device recrorming the reverse

process , n - .e . - r r n - n - n - - : F c r t n n - n n-J n - - n c- f a ci i i ty  forme d into  n - e - -,no- ra l
c h i _ n - i _ nnnoo , - n- into n-nultipl€ i a c n -  li— n-es , each sith one - n - r more of

t n - n o  c n n - - n - n i _ n - n o :  Is , is ~ n-J l -  -d a n - in - n-n- a ~p 1exer . t n - a n - n y  c u r r en t  L a r d —

are ~- n- -n --icos O C T  i n - n - r n  n-u c1o~ oaing in one dircctioii , a n n - u  den-cu]—

t i i_n - I C - L 1 : q  in  the n:n-nor n-P nect . :o :n .  Such n- device  is usuall --

s n - n - n - ol y -called a n1u~i ti p 1e - n - :n- r.

The cnn ’n c n n - ’nci is the uni n -rtiounai communications path ,
w i n - n - n -n-an- as t n - - n -  f a c i l i t y  n - s  part -  rn-- f the hardware used to form a
cn n - a n o n - n - I .  A m u ir ip lexe r does oat a l t e r  the channel st rn - cn - ore

On -  t in-c network , thus is func tiona l ly transparent. However,

the  n -i -n - -~’sical fac i l it i e s  Un-on-n wh ich  channels are formed n - i n - - t a r —
run -ne ,i_ i cr -p c part  of i~-tn --- ’: ,-n - - in-. costs . Mult i p lexin—1 o ffe r s  a
-.- cy  to n - n - C n n - i C 1. -a n-n n - n - j n f ic ant  economies in facilities use.

‘n-~ no bas ic  n i n o i t ip lexing t e c b n m n -n - u e ns are a va i l a b l e :

ron--: ( i i e n - j c m n - n -y D i v m n - n  ic-c: Pu i t i ple x i n g )  and TDM (Time Din - c ri - n-n ,

M ul t i p l ex ing ) . These two tnn-chn ’niques and associatn-0d costs

am-’ L r , e f l y descr iced ucelow .

p .4.1 Prc~~ier~ y D i vi sio n  Mul t ip l ex ing

t he  FDM app r oach is to divide the bandwidth uf the

f ’n -~icity l i n t - a  several separaca s e g n - u c r i _ t u  and allow each seq—
‘ n a n o t  to n-n- c- rn -va a s(~np a r a t e  channel .  This is graphically por—
t r ay e d  in F i aar c  F — 2 .  This class of m u l t i r n - l e x e rs when unn - n-n- ci
oven-c typ i -~~ -~~Q2 facilities has a maximum effective traunsr,uis--
n ; i c n n- ate of ajnniroximately 1800 bps. This capacity will

i
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support a - i _ , n u O ! n O~ 2 - i  7~~~~~:s- n - c  a n -n - n i _ n -’n- - -
~ i n - t  a 3 1) 3 un -ps na t n -

n-,he L n - n n -  l i _ i _ n - i s  t h e  n- n- -‘-~~n - n - r  tn - c tn - .  H r - w - - n- ’~~: !  , t n - n m - m n X n , , n n n i r - n - a - r n - i n - er

n-n- cn-r 75 t~~~,n - - - i n - n -rn - n - n - i s  ~ u p i ’ e r r - n - n --i b-~ a :- - , r.t- ’aila’ n -n - n - l t ip n- - - - : r~r r 1 a-~
- f-cIc rn-o re or in - - s i n-U . tn- un- S fl n- n d ) e - r  ac o rn - i I - - - q I t i _ c :  oaf T n _ n -  nu  ian- -

devn--n-e, tue assa n- i t e d rn -n - id:  ng acid  Si g n — n - o i l i n g  cn -n - c ’ r ; i -o  a n -n - -n , and confi—
pit -

n - i e n - i _ c n -  i u  t n-n ~,n -, i n e -  t n - n o -  -an - n - I - i n l o i _ i t m c ~.

n- n - n c n- ’u~~t 1 i _ G i n - - I n -  :cn-n-~ n- tom ~ 2n -n -~~ n -h --) ct ann e  I n - n - tn - h

(based - n i _ n -  a n n  8-- - n- i’ i ’~ na  o -  c n - f - I n - a~ 10 n-n -43 i- 7 f-Dr a on-a - ct -an -m el FL1X

-r ~ acn -kage . An n e- t ,n-;’ n - ’ :n- , , n - n - c a  fn , i n ,  - of ~~4 n ’ j  pe r  channe l — e n - -  I appears

cn -uppropr i at - .

DIn- a -a r-n -- ar li _ r n -ct on s~b - n - - crn oars i _ id tin e ‘na f i - i c i enn - :y

-at h i-C t i _ t n - l i ?  -1011 n-cc arg on-- not agai n-n-st n - n - f , n-n - w h i l n i  n - rn -n -- n-

an-_I s1rr I~ n - L c -  t n - n - - n-a r- the ~n -u n -:it v-n-n na n - i t s .  L n - -t c, - :inr ,-~1 In ’,s a

-n-inns -ic macda n- . ite m - n i n -  cc n- , - n - n d f o r  h i - - n -  ~- p  o- -d modenrs , t i _ i c r e —

fore no add n-n n - n a], -n -os Lu

As T n - i _ C bas i n-n- urn- . t of s’igna llmn--q is the bit , the co-ic

charac te r  s t r u c t ure is (if no - Te n - ’ i  - - n - r n - r e  rn -a t i n - -n -n ~
- n - I , only the

use rn--n - .

Ai _ iy  m i x  of n - - p e n -n-- i s n - n - n i _ t O r i  a re  s- ~v- :  ctrable -or a o n - v a n - n

m n u i t i p l- - n--n_- r n i_ dy n-n-an- umn - i n- -n - n . f o e  c ) r n - J y  J ‘ n-n -a t~~t~ n-nfl i n-n t h e  - n -~ fl nn -t-n - i d th

of thu line an-] sau - — cn-h~-n-r~nnel alla n -n -a t ‘ions -

A n -- vinuc irui teat- . rn-  n- c- - ‘ i s  i~~s a t - n - ]  i .t v  to h ave a

s n - r  ~ l-c s ut- — - ,:ri_ n -n - u , n - e I n- -as i n- ’ i _ i n n - ] L i p n - n - n- r I -r a~ n - in - f f n - -  r - ni t  l o c i_ - u t i r n s

~rnIs allows a sing le’ v- n - n - Ce - rn- r n-n- n- c- . ‘u l ti p  n-~ n - n - t f - a n - n - - n i  l~ t n- to r-ro--

vice severa l  ‘ i i - l t l p o i n n -  n -O ’n ’ ~~~n - i _ f n -i_n - - ’ ‘n- ~1flI i _ n - �~~~~. n - - . n -eve r , b -n-cause

mos t of t n - n - n-- i _ cn - c u i _~~ J O n - u s  to  i- .’~ -i n- - - ‘er - In - - !n-T]tD~~N ha ’j cn- - o n l y  one
t n - - n - n - n -i n-n- a I to In-c- noT n - r n-I n-n - n i ’  n -h e n - n i ’ i n - u i r a n - s n - n -, t n - h i s  f e at u r e
of FDM i s  mn-n - f L it’ le -usc .
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fn-i ur- e Divn -—-Jo n Itip le - n -

‘ l i e  i D in -I appn - ’n - :ac ln -  is to estab i isI~ ,,n- i u i q n -  si~~-~n - da

S L ~~ n-n- n -n -hlI on -ta r th e  t n -~n- - i I i  Lv and a n - s i n - j o  pe r i o d i c t n - - c a ~~ n-s çr ’

o n -u tn - 0oslt c n n - s  , o f L in e  n - t a n - n -  s t r e a m  to tn- u n - n - l a t i n -  n-i_ in- n-i n - : nn - n - i S  In- S

i n - n -  y m  n - i _ n - n - I n n - C d 1 1 ’  ~n-)O L, n-n in- en] n - i n -  P i - ,~u n n - u F- 3. ‘ i I u n - n - ’cmnn - ar c  n - i _ v e I n - n - n - ni

- n- i a t i o m n -~ n - - :  t hn -- I r c n - p J t n - a n - n - i .  tatjii: -of t~i,n- n-, n -e pn -n r u a -  n - i  Tw-n- i - i_ i .  In-i —

in- n - , Ot d i  veristicns n-~re ot ~ n-’ers n-n-s G in - n - u r n - ne ncr  i r : n - n - e n - l a o v i n - r q, C -n-i - n-fl

n on -n i c o n-r a l l y  capi-ule of h n - n - n u n - n - i l i n g  al - 3-3 bct/characnn-er

codas n-n- i n -lu a t t a in -n -  ,i n - , n - - n - ’n- S n - - r i / n - n i _ Cn - ip h i t n - .

u-le -S e ID  m n - i n - i _ I n -  i_ - l , ,’i _ - ti~~n- iTon - t’on -i c-n-n- q ra ct’n-- t :cn - L_t n-es LSn -~-

i ’j ci n -n - ln - ,- n - .  t i _ i c  ra” iu ;e n - F  12 0j  b ps to 9 n i O U  O~ - ’n-n - n-n-C e~~t i_ n-- t n - i i s i n -  n- he

h n - - t~ ip n -n - n-n- n- d n-n- ti_ tn- a S L n - n - c n -in- . T i _ ,  n - -~i i_ca tn- tn-n- a spee-t  rue~~d c-n ay be

yLn - TaL an - un - i n - at- t n - t i _ n -  su n -  u t  t n - un - sp n n -n -e i s  of the n-c h annels  beuni~,

in-n - r i  - ‘T in - c n n i a xj .mur t I  on-n-an -c a n -, cit s-j] n -n - scn -ni b- n-n,n -r s  s n- j n-n - cn - n - c -n-te n-n -n - n—t

n - n - n - l n -  i - - n -  i nput  n -n - a t -.t - - n - -mn - ies wn t h  n -mn -n -n -\ r it:n-e s u ru ct  n-re - , — - n - t n . s n - n n-tn -a

n -ie ’ziees limi tin-~ t n - n - u- n i _ in-n  of speed.s t h r - j n - n - -n -n - h  n - t n - n -  a n -u n -t i~ n i n-n -n- Xe- I’

-a - n - j .  , 75 , 110 , and 150 in-ps .  ion- n- n-- va r , -i :- n to t i n - n - n -  r e l a t i ve-  n -v

tn-n s s t n - a n n - i , n - n -  n - I in- goal 1 L i _ a T  s n-un-ads  used f r - n - n -  mn - —~; -speed asyrichronn -n-n-’~n-a

tern-un -n-n-i_ Is, -n-r’! n - n - n - u  the n-TICS I n - n - OVEn - CC -n - Iinal.n-, rn- q as n- n - n - t  n-a n - i a n-- or  S n-un- ~-i

o f ( n - O!n - CE n - - tnn -.

~: r ror  I-a ir - , ‘t -‘n- n-- i n - n - n n- Jma c a- ;t rn- r v e r s a l ly p m - ri Inn -n i

n - - o n  i~ n- - - ]  t i c n n - - u I .s . d c-n-- e n-n-e r a n -~n - n n n - u t i  n-n-n- j n -n-i tn- lt i_ on-n- d aI s  e m n - - n r - a~ _ L

i n- ,  a n-- n - n - i n - n - i n -  La on on--n i v  a t n - i _ n - n - n- n - un - c l  U i_ en - u is n - r n - c n - p t . n -  n - n -  on i  n--~l-

c-ne device s t u n - n - e n - i, I f  In- n - n - t n -  ty is inc lu-n -i -r n-n- in  th e  n-3~~ta  n -n -hd r

-nn- u - t n n -r , it  i s  a t  n - n - - - u r s e  passed  but not checked.
n-Tin e lun ~n- in- ci cc ii t i _ n y  -:i - n - n -~ u n -  red for  TDI - : g in - in - n -  -

un -m n - l t n - pl e n - n- a di c t n - n ; ’€ n - n n -  ~ ‘ :t  s t r u c t u r e  th aun - is the can -n- U-c

FUll. A pur -In- n - a t a  price of ~ l500 p 1-an-n - $1 30 per c h n ~n n - m n - a  
- 

n- C

s tni tn- a  i _ : n - u I s typical. A hi go speed mo ien-n- is also r . g n - u i  r ed ‘n- ar

each station. A rec1 I i n - n - -. n - n - t  common lad - TtL~n-~ u n i t  h o n -n- a t n - p

cal pu ce - - t  ~2500 p luS $150 per channel. W it h  a i i i O r t i Z a t - n n -j n

di d mainte n n - n - n - n - n - a, tin-i ~ qi nces a coot of $6 1 / mon t iu  p i n - i s  $4  ‘n -n - t n - n
per c i na n n e l .

-
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‘j’ n - ,  i _ i~’ i T i _ ,~~~- n-’~ n - j i n - ~ in - n - i~ n-i n-i

i l l  Ltn nn-n- n - U i  L — tn-n- ’ t - -  n i - i - n - n --  In - -  n - n - -  , -

‘ ni _ n - n - r i - comp1e n - r --~~ ~~ -c n- i _ 1 n -- 
~ n-n - 1

q - J ir em e nt  t e n -  ‘ i n - n- - i _ I n -  — I -n -ed -11 - n- n-n - ’  n- , n - n -
- 

from be n u n -  0 in - fc- - i I y n-n-ecU n - e n -  r - n - - n- r

s evn-n -ra l  in - n - i n -  I n -- - r ’ n - n - t  f l~~ - 1 1 ” i n - i _ n -, n - - n - ’, -

n- i_n - t i _ i _ in - - n- is r i _ a t  i i - - n - n - n - n - ’  - fl - 1

- for N / n i - I n - - n  i ‘ - n _ _ s n - _ n- n-n- 

F.5 ( -
~~~ - i t

-r:- -e -i-n- n-n - n - n -P - ‘— - n -  - ‘ n - n - n I  - - -

t m - -au  n- n - n - - n -  n - n - r n - l b  - - J - n- ) - In - i - n - n - f l  i n - n -  - -

Sc Ct n - i n - t m n - , -i n-’ - y  n - n - n  , “‘ -

- - n--n \DIN , n -n -n n -ic-cr o -~ ’i n - n  r

- 
C n - n - fltt ra tio r i-’ n - i n - -  - n I: T111 -n -  ‘ — 1

F. 5.1 - n-n- n- n-n- i- -n- i }- n- n - i _ ( n - n - j n - - n - - n -  ott c -  in -. i

- - ~‘c a e i’-’c~ n- n- ~~~ n- n - n -~ !,a a - u . ~ a n ~~c
ted to i ’n-~ i n - n - i - - t n - a n - e n- o n n - ’L , - cn - nn - n - n - a  n - - n - n  n - i  

~

putt . At tn t :  n - a n - n - i n -  t n - h ’  - n - T e n - i c e  n-n-Sr h - ‘n- n- c n-- i -s n--n-er 1< ,‘ovu~

~~ j t IS m n - s~ i n - n - q ’ i n - n - n - n - n - ’d V 4 n - n En- n - n - n -n- O W L ,  n-t i  ‘n-n - ; .  i_ i

single fan- n- In - ty n-na n- I n - n - ’i~ cu - n - tn -p u t n-, , ,Ln -ic n-ic : n - f l n n  u n-a n - l ie -
c- npn-v n - i  tn -’ c-f n - n - L i oN n - s  leni n-- t h a n - i  n-

n- n-rn I nb -a  -

Oh It i n - n -  n n - n - i n -. tUn -- a n- a n-li _ s v.i - - a ~‘ n- — n- n- m n - n -i n - ~
- I

cn -n t i o n s  i~s cn sT n - e d  n-n- c n - n - n n - n - r ’ e n ’~ n M r  . n-, - , - - - j~~n- -

pare-nt to l !” -  n - n - . t n - F n - n rne n - i I . y  n - - n - L i e  n- - - - n -  c n -  -

- ohvious ty ~
n - 1 h o p e r -n - - r i r . f L 1 un~ -s - n -  n - n -,—

I 

n - i t  i i i  n -utn~ ‘i n -  - I ’ i n - n - i n -~ ’ i - n - n - n - n -  ‘ n - n -  - np- -n -- r n-_ - in- n - n -  n- n - i_n-n- n
an-  Ofl n- v n - - n  n - i n -  i _ -  - n- n- , n r  1 Cl  i s n - n - n - n -  In - n - n - ’  

- 
-

- 

rhc n - cha .unmmn - n- r cn-n c u l i n -  - n - n - ’  i n - i  a n - - a w n - n -. Ls ~~ ~~ n-n n
-

COfl( _ - n - - f l t i ’ i _ ’ i, t or  n - h  n - i n - n- i- -n- n- en- - n - -n-cnn n -n - n-I n - n - i  n - F  an-
l o w  n - n - n - I  I u, ’z , n- ln, i r  n - n - n - . !  ‘ n - i n - i n - n - n -  S ~- ,- n-n- i 31 In - 

~~~~-~~~~-:~~~~~ n-~~~~ .: ~~~~~~~~~~~ 
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- -  p~~ar n -n -~n - i L - n - I tn -n - tn-c r n-n - c o . n- n n - n - u n - t , r~~t~or i s  n - n - a n- n - t a  n - n - u i - p - n - n -  n-n -n -n au~ n - n e 1

00 q n - .  n - n - n - c r  i c a n - n  n - i . e  sun - - of t i n -u  average data rates of

~a n - -mn - i ln -  n n --i l .s rn - - i _ u it~ I n - u n - - n - u n -. tit is - n - n -  th i  a j n-n-oint perhaps help—

]u i  t o  ~n-n - X n - I n n u i , u’n- e L l u n - -  Un - i f i n - c r e u n -ce n - n - :  L w - n - u r n  n-u n i _ c u l t  n -n -n - lexer and a Con—

n-n - n - n - n - fl t n - n - n -  t~ or i fl n-l i_ cu re n-l& n-n n- si. ]

To e n - n - C i t  t i , n - n -~ slot of -n-n - n - c l u channel on tm_ c i n p u t  of a

i , ”!. ,  ~ l in en-  - n - tn - I is assi gnunU in  t ine  h i g h n- - a ;c uc i t y  char_n d ‘afi

1 s n - - u c n - n - u t .  n- n - I j~~S e f f e ct  ive i-n - divi n-a n-n- s t n - i _ C  n- ig i-n- c a p a c i t y  ou t —

p u t  c h a n - n - r  ci  k n - n - n - o  sea- rn - .l  3n - i n - n - -~~t~n- suln - n - i u a n n e l s , e a r n - u n -  asc o c in - st ed
— 

~‘ n- t i n -  n- - n-’n- n- -t u - : n - n - i a r  c h a i n - i _ u n - i or -n- n - i n - c  i n - n --ut . It does n-n- -a n- man -n - e l
- n - n - n - c  L i n e r  r nn-n n- ,n -t n-i tin-tie slot is b ei n g  used to t r a n s f e r  i u i t u r m a —

t ic’  . i-n- n - n - n - n - i _ c e - n i - r n - I  or han-n- n-un-crc n - n - m a  s lo t s  a r r i v in G  on i t s  ± run--

~~ut  . n - n -  n-La t n - i n - r n -  : - a j c l n n- n-n- on its o uL p u t  s:de. Each time ~ loL

n-n- n-a, r~ n- un -~ i n f o n - n -n n-n- rn - ion  u n - n - n - s t  be a s:i q u n - e n -i a time slot ui _ n - the e n - U t n - —

p n - n - t  Sn -n -n -n -e. n- ’ n - n U ~~ a c o f l c e n -n - t r n - ,n t c i r  n - n i _ n - s t  be able to -ier.n -I fy

tn n-ai n - n - j c - t  are in f ac t t r a n n s  fu r r i n g  i n f o r m a t i o n . Further-

in -OFO , i t  mus t  in - c  an-t ie to assign ou tpu t  time slots tn-u this i n - i-

t
n-

n - O n  n - n a t i o n ,  j u t  S n - n - Gi n- a n n - n - n - n - t n - i n -  n -sr  as to be unders tood by w h a t n n - n- .’er

d€n - vj n - e  is on U-n - c  t thn -n-n- end of the n-n-att n -u t  channe l .  tn-’ l t ln - o -n -u ga

n-In-n- a n - en - n -n - in -n - C u n - as- - n-be -n- of time SiOt. S carr-,-ing in fo rmat ion  on -n - the
m i u p u t ~ w i l t t  n- n - n -  iesn-n- than tn -l i e nu nntn -n - r available on the COn-put ,

n - n - n -n-n -ac a br ief in t e r v a l  ti n -c ram -Un --u i n d t n - n - n - r n - n - n -  of t e r m i n a l  U5~ i , n -  n-i

I. us u u - i t  t n - n - a  f l n - j n n - n b ’ ar - 
~n -f  ain - r i v i n o  slots ca r ry ing  i n f o n , u n - n - ,  i-ion

i c i n g  gr e a ter  ttu n-n - i_ ui tn - n - n - n -  nun - in -U n-cr of s lots available on t l n ~~ ou t p u t .

iie un -c~~ , t n - a  conce n n - t r n - , n n- a.- r  lu s t  also have the ability to - -u f Fer

t h n - n -  an n - v an - .  n-j ± u n - f o m n n - a t i o n  as it waits for available slots .

T n - n- n- iugn -un - - - n - n c r i t ~~ of i n t e l l igence si n- P storage f or  a c o m n c e n - n - L r a—

ten-a i c n - v - n-n - r i n - n - u i ’n- ’ lean -n - to its imp lementation wi,t}. a mini n -n -un-~in -p u t en - .

l b-n- n-uctua n - n - p E n - r~~~ t i O h i  -n-n- f -n n - n - r n - n- - - centrators varies consider-aLly ,

n - u t  n- n-; n - n - n n - u a i iy n - n - u n - n - I n -  more corn-n-ph - - n - i _ te d  than  i n - I n - a simp le bit

p a c i - n - n - u g  n - n - c l a d  above . By n-erfc n un - iug such local operati on-is n-n-n- s

p o l l i n g ,  a r m o r  c h e ck in n-1 , t i t a n  c:cn - I ,n ’ul , etc. , a n d  t r n - n - s” n-n- r L n -  n - n - n-

_ _ _ _ _ _ _ _  - 
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information Ic the cr-~~’ n- n - n - L i n -t  vi t i n -  n- i-f n- n i - n - n t  tn - i -n - I n -  s r - n -n-n- n - cn n - ta n - n - n - 5 - -

miss ion tech r . n- ’j~~n - e n -- i , t n - h- n -  - n’ ,n - ; : n - o n - n n - ,n-n n n - n - i _ t  or n-n- -n - zn-, - n- objet’-: n - n - u  app a rent

output channel u t i l i z a ti on  i n  o-<cess of [00 percent .
The :;-n -n -r for~~3nce of h u n -n - s m -  t n - n - n i - n -s an -  so ‘- cn - n- n - i c I~’n - r a I U y

reduces the r a n - n - u n -  n t s  f o r  t t u e  cen t ra l  - n - n - n -  i tch . -t n - u n --- - the

genera l functaon u n - n - f t i n - u  n--c - n-n- e n - n - t r ’ n - i - n - n - n is i-n rcd ’n -ce  n -n e  Cc- St  n-n-

by be t t e r  f a c i ln l tn- v n - i i - i l .iza t i -or 0 an d  tn-c off—i on -n -i n - Pc cent nn -n-i

switch by p e r fe  r an - rn -c n-ne ’, ’n - n - . i-al  of the c O m r r n - n - n - n -n - i c C t i o f l S  L n - i s k s .

F. 5 . 2  F ur -ct  L o i n - I  of Cor tcen- , l at c r -  for t- -ln -n- n-~~ lN

A n- ’ c - n - - cn -u t r a t o r n - n - i ’  be ‘used inn- N A Nn -  t f o r  the  in- n - n - s in - ;
reasons described in the pr n -n --n-’ious s n -n - ct ’  n - o n . In p a r t i c u l a r ,
the conceu utn --at- n-r won -n -n - P provide a means of l,ocna i i-n-’ t e r n -U -sa t i n g
several low speed cin -r i ru n-els  ann --i t r a nsf e r ri  m n - q  tha mess -n - r n -c 3 to

a central swin:cn over n - sn- i n - n -  n - - n -n - i c e  . rnn - dcn- - t n - S n - r n - i n - h  us r e d u c in g
line costs and t r ad ing  c-n-n-ncent rat -c r  I n-n -h por t  costs f c cen t --

tral switch ‘n-nat  costs . In -n-n -c-Pu— ion , the concentn-n-ator WOn -n -Id

perform the polling of the local. cirn-n ,cts , n - tn - us n -n - e - 1- n - n - n - - n - r n - q  n - h~
processing load on i-ti e cent ra l  swi tches. Tb -n -n - concentrator

would also provide a c o m n - v e r u i n -, n u t  and e f f i - - i  e n - n - i -  means of i nter--
facing with the NAS 9020  n - n - c- m p n - icc- r s  where n-n - c-~ i o ca t n - e t  -

A pa r t i cu la r  advantn -n --,Tt- to tin-s use of ccinceru tn-ratori

is the e f f e c t i v e  e s t ab h i st r n e nn - t o~ a hichn--speed n-l nn t~ t r a - s f e r
backbone that cn n-in initially Ln-~ tailored in -  s i ze  f o r  n - l i _ C
initial NADIN requirement.- , t n -n t  s t n - u - n - t u - r - n - nd to q i - n  n - n -

w i th  increas inG rc n - cn -u i r e r ner ,i - s ,

Conccn -rtrn-n-to-n-- n - n are n-n-lrt-uost irn- ’ n - n - u n - i - s b  tn -  t ’ l ;~ 1- :n p n - r , tn - en - l

wi th  m i n i n - n - o n n - n - t - u t n - r a, gi vin g  th s ’ - ’n a I— n - g m - - n -- n- o n - f  n - n t n - e l l i q c - T i c n - n -  ckn- Y ’.,

consequently ,  f l e x ± b ,n - ± i  n - n - . t i n - n -  in t e  i i i  T - n - n - t n - con -I d  n-n - r a n-n- n. ly ae
used t n-n- - p - c r f - n -  mn-n- the n-nn -essage n - w i  n- - h i n q  ‘i_ p p m - -p r -  a t e  t’c-i- ~o n- , n - i

intercircuit t r a f f i n - n -, t i n - n - n -s fn n - rther n - n - - 3 n - n - c n - i - n - b  tn-he processm;’n-n-7

requi rements of tn - t i n - n -  c en tr a l  s w i t ch .  iin -’w - n -c , to keep  n-n-on-

centrator rel. i n -i_ O il i cy l i _ I n - n - h  -u r n -i cost I cn-w , n - ti e coticenitm n -n - t o t

F—8
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, n-n- n - n - n -  - n - u  n - s  a d i s k  - t in -u s  - i - n - F u n - n - - t n - n - - c  . r  not local s~c ‘ n - n -  n - n - —

h u g  sh o u l d  on -n - n - n - n -n - u r n - n - c c - n -P n - n - i 1n - n - n - u n - i d  tn -n - d e o r n - i~n - I  on t cn -e i _ n - - n - n - n - i s  on --

wi n - n - i - h a n - c  n - h r  n - n - u t  j o u rn a l  in g  is to In-n -n-n- required, n - he cost in—

p.~ n - n - n .  n -c r  iW~~t C i n - n - u 1~ ( w i n - i n - o u t  J o u c n n - n - n - l ’ n - n - g) should be Jery smsi l ,

n - u n - u n- ‘n-n- .- n n- pr ised n - - a  iQ I ? .  in -n - eu .  t n -n - c t  ‘ mn -n- n-n - c , the cc n - n - n - r n - n - r n - n-n -n- - n - u t - , r

W i t  t r n - n - O n - i n - i n -  i -n - n - n - n - n - n -  n - n - n - I a t n n - a s t  i n-n-n a r eg ar d t - n-. n - n -  twork p e r f o rm - n- n - n - n - n - -n -n -a

n - In - n-n - t n - n - I C , n - t i n - i  ra n- 1n-,n-n-~n - n - l l l t j u ’.

- 5 3 Cost  - n - f  C n - ) n - 1 c C f l t r a n - n -~~ r

The n -n - non--n - i- ot n-n- - - n- , - n - n - n - e u n - c r n - i u o r  dn -n - p n- n - n -r i ds  oru t 1n - in -a~ n - n - n - n - c j or
-ian - - cteS:

I In -Tur n -n -h un-- n - ’  of i i in-c t -n - n - rm in a t a n -n -n - rus ,

2 - t i - n - u  n-
n- f i n - n - n -  - -.~n I n - n u n - :  -

n - i .  n--On- n-n - n - n - n - n - n -  of on-n ocessing r- n qu ir e m e n t .

lyrically a ba n -  it  it- b i t rn-d in- n- -‘ - cn - rn -np ut e r  w i th  8 , 000 warn-Is of

u n -n - a mo u r : costs from $4 , QLí P r n - u  ~ iO , OO O .  A wide v r n - e t y  n-n -n -n -
n -t r : r - h f t e c t n - t r e s is n - v n - n - i J  s in - - 

n - n - - , h a v in g  ~~~n- f : er e n t  I/O s t r u ct u rn -a s

n-~i - n - n - n - f  - n - a n - n - n - i n n - n I- r n - b t l i i I n -  chan -  a c ter i s t i c s .  Line i n t e r f a c i n g  -J a - p e n u~n-

on b a t h  t O n - n -  [/0  s n - r n -n-n -c - t n - n - r e  n - n - un - P  tradn -n -cn -ffs of processing power
n - u n - c a p e  ver sus  In- - im ’h. - n- i - t i  -n-n- u n.n - a b i l i t y .  2\ survey of the more

n- n-~ 
n- ar  n - n - - i - n - h i  n - n - e s  i - -e n -n- - used n - is c on c e r t - a  n- u i-s  reveals  a cost

r au n - n -n - {-n -  n - n - f I- n-n- n - i P  to n-i l - li t pen-n- low si- n -n - ed line . High speed ti n- i_ c s

usuall’:  in- -sc - n - i re n-O C-n --’n- Lat more -m onn -p l ex  iu n - t -n - - r f a c e s , at a

typical cost n - n - i $2 , 000  en --n-a 1 n-n -n -c.

‘ I n - t n - a  second  rn -n - s lur  con-n-tn- variable is traffic vo L n - j u i n - n - ,

Of t n - n - - n - h u n- i  t in - c  n-oedt-o rn-n-emory n-rn -n -pa r-; ty , memory speed , s u P  p ro—
G as si n g  - - ‘-‘n - n - n - n- - I i .  n -n - eon - n - n - n -  n -n - oun - n - s, memory costs  tn - av n - n - n - be n -n - n sub—
s h n - m n - i m n - i a l l y  -n - an- n - rn --ed (iron the long time standard of a doildO
n - n - E n - i ,-n- n - d , t O a pu t  rn- t. where u uua n -n or y  t s now n -n -va .lable in n- n-n - sn - n - n -

n - - n - i n n -  ~n- n-rn -p n L ~ - m s  -n- i -  a oos t . o n -  l~~~~s than 2 5~ per -n- - n-rd . M n - n - n -n - - n - F

c n y n - ; l[e - n - I .  n - r n -i-s n - - n - - n - - u .  r n - n - n - - n -- n - n -n-i 10 Icr-s than  one rn-n- u n-n ’rosecorn -d and
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s v n - r n- ,n - I ve u n- co in -  n- n- n-net n - - O n - -  mn - c r - u n- n- - i n-; n - - n - i n n - n - n -- n- r n - n - i - n - i  l i_ i_ es  n - n -i - rn - i d fi n - r

on -un -ur n -un r n - n - n - n -t, j  n - i n n - n -. n - n - - n -  , t h e - n - c  f n-n- n-tors -n -n- id t i n - n - n -  ca ’in -n-ince on-i -’

1, u overal t S n - n - n - n -E n - n - n - l i  n - n - - n - ’- ‘I , W i t — n -, such t S ( n - -~Or n -  n - s n - n e n - u n - o t v

ben-on-g d i r - - o n - l y  r n - n - n - n - n- n- n -n - n -I t o  n-no n -n - cu r n-n- O n-i -

The th in - P s n - g u n - n- i n - n - n - n - - n - n t  cost f i n - n - r u i n -c n - s  a f u n - n - n : i n- n- on -n-n- f

tn -n - a  amount c-f e n- ro n - n - - su ng i-n be <lone on - i  tn - m e nn -n - es ss q -n --n - n - tn - v n-n- n-n - a

c on c ent r at o r  - T i’n- n- n- n -n-n-n- S n-’ Lm n - i c In- In- O n-n- p roc e_ In a I rn - n - i  is in -wn- - f o l d .

First is the rcsL of n - n - b r  sc -n t- n -sir e i i  s n - n - i f  n - i _ r i d  ns-~ o - ‘n - n - n - is the

cost f o r  t in -n -n- - n- I n - i i n - n -L c - f l d I  n - n - - r n - n -  r equ i red n-~n- n - r  st or a oe  of t I n - e  e r - n - -

gra in -us ann - I  P a r c - .  bus  the add  tn-ion of i ; n - n -  n - w n - n - tcn-hing rn - n - n -- I - n - un-

to a c o n - n - e o n - n a  i n - ui _ n - n - n - n c - u rn - P b~n- e n-cp~n - n - - t -  n-n to  I n n - n - n -r n -n - u n-n-n- I t n-u Con - n- t-

somewhat, Fir-co-icr , nen -n n - a n - s n - -  tn - n n - - i i o r y  n - - n -mn -- n-n- n - n - u n -  d i s n -n n - n-n- n- n - n - s i n - n - -

-rnn-uckages arid i - In - n - n -ro c- -n -- ’ - - m n- n- n-ct t n-n-- n-~ u i ’-- cd for  In - h o  n - w i  n - n - c l  in n -u u . s

quite nom n-n in-ui - - n- i n - n - Oi f l~n- n- ii n- n - n - n -n - O n - -  I o tin - u n -  un -u n - -n - ss n -n -n -j n - n - stn -n-r a-n-ic re - n - ni L i  c--

ments and other q n - n - E n -n-~~~r - r rn - n- - n - n - u  u . n - t n -n- n-en- rut s - 
t n - - n - n - r u- is  n - n - m n -  n - i n - Z n - -  i f i  n - n - n -n n-n-

impact on n-h a - - n - n - n - n - n -n - n - a n n - n -n- n- t- -’n -n - n-ron-I n-I -n-n- i- s e n - I n - n -  ‘tn -ri g -

n-n- n - r n - n - n - r n - n - I  V n-n-n- n-~j n - I Q n - $  on - f i n - n - n -  - - n - i nn - r u n - n - i n -  ~-n - t j -n n - in- ,;of ~~e n -  - n-n-n- -

ages wat t -  It-n -n-i n-n- n - n - n -  n - n - n - ;  cn o n - n - p n -n - n - t a n -n- s. iicn- .cn- n - c - r , n- n -on -n -n - w l t  tn- n-n - n - n - rn -
p ietely acceptable n -s a t u r n - -n - k e n -n- system t n -n - n- -i - I n - r n  IIAn - n -n - I r -n - - q -o i r e —

ments.  T n - l i - -n- s of t w a r e  nI- - . -n-n- L n : p n - un -c -n tn - con -n - tn- 
- 

i- n-n- con- n- n -n --r I t in -c c o n c e r n - n - r n - t n - ;
package to satisfy N A n -n - T N  r - n- -n-n-i u i r n - - u r n - e r u t s  in-’ c - n - n - _ rn-n- n-n-ted as approx-

in -a~n-ely $200,00ti .

A particular ate; ihute of c o n c e u n - t m n - m t o , n -r win - - n - T n -  n - n - n - a n -n- n-_I

s n - n -~n i f n - c e n t i l y  to tn - n - i -n - i r  a t r r a - n -t  n- v o n - n - e n - n - ;  f o r  N r n - n - n-n -IJ is to- Fr po—
n- n- n - - n - t n - n - il e xpansi  mi tn-n - sn -n - i-v - n - n - n - n - t u i~ n- un - n - i n - n - il rn -n - cu u ir er n -n -n -n -u n -tn - s  . Tbus ,

in the cost e st ;u ’n-rn - tc devn - - ln -r n - e i J  below , cn- -n -re n--,n - an  o n - - n - n - n -n- ’ t n -n -  t n - s n - n -

costs on t in -n -- a- . n- ’ 1 s i , ie n c -n -’ h n -  n n - n - s  whn - ch l i a n - n - e  -;dv n -n-n--n-n-m ed r n - n - h i  tn- n -n - c --

tures n - n - a j n -’a ’;le a t n-- -a n -n - y e x r n - a n s u n - n - n - n - -n- nind —n - r e  o f f e r e d  by - n - n - n - t a t ,  I 

vendor s whi r-n- n-rn - n - ,’ he c n n - n - - n -  t n - n -n - n - f n- rn -- su n-pin -ot t Oont i n n -u u d  en- - h o r n - n - n-n-’-

menn-n-n- of their n- n- n -n- n - n - n - I  n - n - s t. .

4 
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n - i t - c  c o n c e n t r u n -mn - -r cost e n - n - t H a t —n- is expressed in

i - - n - r n - -s of a i- ~, si c  n n - c - c t n - i n n - n -  cost plus cost for each low speed

In-ne i n t e r i m -in -n - . T u e  un - cn -n -~ic machine cost includes irK w - - d s  -

(16 bit) n -n -n -aPi ary ,  two s-n- n - r n - i n -h i - o n - n - r n - n - i n - n -  l i ne  i n t e r f a c e s, r e a l — t i m e

n-n-lock, n- ~n n - n - — r y  pa-u t n-r ur~~~, n- n- - o w n - n - n -- - f a n - n - .  pro tection , and sn-c t un- ic--n - r n - n -

n - n - O n - n -in - S a n - n - r ut -n -n - in - a g a twenty  e C r n - c e r u t r a t ; n - r  n - I n - s i g n.
C o n c e n t r a t o r  - .2

$n-4 ,00u) + $ I n i t / 1 cn --n- speed line .

n - n - tn -i year amortization at 10’ , r - i u c  1% p u r c ha s e

n- n- n - On - ;  n- n - n -  mn-’ n- n - t h  for mai n-n- I- n-n- un -un - n - ce, n-n - lus a i n - -i m u l t l l n - l n n - n - x e r  at

Cn - n - C n - i  cn - n - n -n -cern -t ra tor  F- n- n - i  re~ n - n -- ’n - r n - i lit n- las di.s -us sn -n --n -1 in Appendix E)

gives n-n- m o n t h l y  cost ofn-

C o n c eu n - t i n - c a t o i n -  C-n - s t  (~~/Mo .
$680 + $l~i ow n - n - u n - n - n - - n - n --n-n- line.

F .6 n - -n -n - - IK SAG E n-in-n--ITCH

The term “ n-n-n- n-n-~SE d n-,-C :n -witch” r e fe r s  to a c om r n u x n - i c n -u t i o n s

r n - n -’on -n - n - n - n - s sn -n -r ‘-n - tn - c t - ren-,n -n - - ives , routes , an -n - C f o rwards  messageS.  ln-~n - t h
tin-T s broad d e f i n i t i o n --u , concent ra tors  which  pe r fo rm local swi t - n - n h--
in n-n- a r - n - n -  u n - n - c - n -sn-u qe  switches . However , the meaning intended here

is cons in - i e r a in -n -ly r u n - c - r n -n-n- n - rn - ise . A message switch in NAD n- l-I wi ll

in -a v e  t i n - c facilities n - t n - e n - n - n - n - r u t - -n- for journa ling, network man -n-age—

in-lent , n r p n - o a c n - n - n - r  i n t e r ac t i on, int e r f ace  w i t h  other  n e t wur i r s ,

etc . in gn - n - i n - n - n - ra i, a mn -- ssage  switch in N ADIN is c h ar a c ter ’ i  - n - - on - i

~ S c - rn, an intel lign -n -n -n -- center’ responsible for the overall Ca-

ord ina tad  operation of the mn - u� t -.-n-n-o~ k. There are three basic

cn-~te-;ories of message s~~n- tches tin-at might appear in NADIN:

C a t e g o r y  1: Those appropria te for te rmina t ing
a large numb er of polled mul tipoin t
l ines , i.e., switches appropriate
fo r  use in the -coNus when c o n c e ntn -- n - n - t o r s
are not used.

tn-

£ — 1 1

1 2 .
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C :i tn -n - q c n - ” n - -  2 :  i ’ m - - n - -n- n - n - -  i’ nn - n - r r n - n - n - n - r i a2 n -  for n - n - - r n - n - n -  in - i n-

n - n - n - u n - a l  n - - n n - ’n - u _’ en- ’  n-I u n - e n- u t  n -n-O~~~ U i n -O

‘i n- n - - I n -  u n - r u n -  S n - n -  ~n- n- I n - r n - e s , i . e . ,  ~~~ ‘ n- n- n- un - o n-n-

~ n - r y  n - n - n - n-n - a f t - n - ’  u s - - n -  in n- i - t n - n -- C(n - - , n - n- ’

n - - -n -~n - i-Yn- n - n - n - n - c n n - n - t n -t n -  3 m - Cr ’ S on-c 0 1,

Can-n -en-u n -n - n - n - : : n - T ’h o~~ n-n- n-n- p r nr o p r i -it e  n -c -- n- n- n- n - n - n - r n - n -n- natln(.n-
a -n -ma l i  n - n - n - n - i n - n - i  of n-n -n -n -i i n - n - f  u n - u n - n -i t ine  t n t
n- n - i- -on -, i .e . ,  S W t t n -  n - e s  o n - n - i o n -

n - n - n -n u n - s e  i n -  i \ i a~~t n - n -n- a n d  n-n-I n - n- -vn -n -n - i n - n -. .

A detailed (~ I S n - n - n -n-n-n-~-c 1 - ) ! n -  of n- n- i n - n -  — n - - n -  - n - n - f  t i-- - -- ’ ,n -rnn - r i’ n- , n - n -  S — n - i T , T n - i n - n-

con f i  e n - n - r n -  t ions  n-n- m n - e y n - n - r i n-I l i e  scope of this n -t un-n-i y .  however ,

i n -n - order to n - I n --n--n--c io n - T n -  n-n -n- i’ - S n -  n -n - p p r a n - i s a l  -ut i n - -  n-n- n - - n - n -c Lou ’r er--n - tn - n - —

tectural a n - t n -  r r n - n - n - n - i v n --s , n - n --n- n - s  - n - c - - n - n - - n -s en- n-n-n- y t n- n-- m— n-n- mn- n - t n -n - n - t n -  n- n- n- n- ’n -n -~ n- n-

of tn - I n - a s w i t o n - t n - a n - i  n - n - c n - r t n - n - un - n - r rn - u i _ n - n - n - n - n - n -  n- r ’ipJ . u -n-id -; n- ru e i t n -  — n - r n - - n - I

a r ch i t ec tu res .  n- ha - ‘ n - - t n -  ‘rn - a as n-n- in -n -en -u below are ban -sun -i n-n-n- n -n- - n - n t i s - -

f a c ti on-u of the ‘n-in-n-.- N i-to n-n- n n - i -  ecn - i~1 n - n - n -  ‘ n - n - r n - n - n -n - n - i - n - n -  ~ n - t b  pr n - n - - -ess ir n - n -~
delays r i e q i n - -n - n - i b i e  n - u n -  ( i - n - n - u I n - i r J  s n - - n - n -  n-o n - n - i - n -’. ban-n o con-n - n - r n - n - u - n - i -  - t i n - n - n - i n -

delays as desc mn - n - be n f~ in Appendix  P . fl-n- rn- est.irnatn-es n - n - n - sn - n - r n -- n --

hi gh qua l i t y  e quip r n -n - n - n - n t  n -ron  c - s i  d ’n- i_ shed vendors who -n -n -re cn - n - n -- im n - te

of providing - n - n - c - n - n - n - t i c  n - n - n - n - n - I  h n - n - r d w n -n -n - re n - n - n - n - n -  software n-u n- n-j r - n - n t a n - n - n -n-

they include U - n-n-n- sof t w a r n - - n- n - n - n - n - c s  of n-a i in -n-n -; n - t n - u i  Ox n- n - n - t  n - i a  r n - a n - n- . i - n - n - r n

to NADIN rn-n - q a i n -n - n - -n - n -n c n - n - o  n-n- p i n - u s  in--n - s t a l l a t i c n-n -on n- n- t n - n - n - .  in c n- n- ln-n--~~-- L~~ .

The estn -u. ma een -n - ,  - -‘in - n - n - n - - -n -en-n - Tn - ie v e d  ~rcn- n- . a n -n -ur n -rey c-f - ,- - j n - n - ; p ru in -nn -,rut  rn ,i n- co n - n - n iv

ava i lab le  f rom v e r-a hn -r s  a n - , n - i  the- est n n - a n -, n - n - -n- n-n- n -n - n - n--n- n-n-n- hn -v c -  n- -n - c - n - n - n -

adjusted to r n -n - n - f I -oct  n - n n c e r n  i - n - n - n - n - t i e s  n - n  n - n -  1 n - i 1 n- t S .

C-n-n- tn - n - - n - c ry in - $700 ,300

C a t e g r n - r -.n- 2 :  $ 4 1 - n - n -  oo n - n-
C a u - n--’n -.n- n - n - - r y  3: n-~ n - t n - , 00 1

Amor tizan-’n- or. ovc-n- t e r n -  -n- -a  i n - n - n -  n - n -  i ( n - i • n- C n - n - -n-i 1% n - - n - n - n - -n-° ‘ise b- n-- ~i r - ~

per month for main-ate nn-n-rn --e , O n - y e s  a “ -n- n--I- r - l v  ‘— oct  o f n -

C a t n - n - oi~ I :  $J~~ ,~f f n - 2 ,’rncn -- n t h

Ca~n-n egn-n-n-n-n-y ~ : $10 ,(-E-’/mont tn-

Cu-i tn - n-n- qor’y 3: ~ 9 , 19 8 / m o n - I  in-
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Amort ized  Cost
I n -  -u i u n - -- n - T n - 1 S -  n - n - n - n - n -  Purchase  ( $ / M o . )  P lus  l~

b~~~~n - n - - ( L i e )  Pr -c- - Mai ntenance

75 $ 300 13.33

h O  500 13 .33

150 500 13.33

3 n - u  50C i3.33

6 f l 0  3~~ n-j 13.33

1, 2 00 500 13 .33

1 ,800 7 n -
~~~

0 , 0 0 0  1, 780 4 7 . 4 5

2 , 4 0 0  1 , 780 - 47.45

3 , c ) U  3 ,~~n - 2 0  9 6 . 5 1

4 , 800  4 , 800 1 2 7 . 9 7

7,200 7,200 191.95

9 , 600 9 , 750 2 5 9 . 9 4

TABLE F - l :  IYPICAL MODEM COSTS
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APPtn -7~ l n - I X  C

NI’ i-n- ,n- -A( E

C . 1 INIR rn -1 )  ~CTitO!-n -

n - n  -n -c nn - I - n - n - r i n g  en - . n - i s t, n - n O n-n- - n -  to ri oun -t ou s n - n - n - n -twcii ’ i-’ S , i t  is

i r n - n - n - V n - n -  in- I n-n- t m - i n-i t ad~~n - r n s n - m -  n - i t s  n- - n - -  n - n - c ia tn - n-n- n - c r nh fln - l f l i c an -,n - i O r u S me t- n - n - c - O n - n -,

n - _ n -  n - n -  - n - d u n - n - s  u n - n - C  !f o i n - n - n - n - a t s .  i d e all y ,  t o n -n -  rn-n-Tjustment s should r , u n - n - n -i~
n-Tn - i  .~-n-- t i n - n-- t n - n - n - p a n - -i- on th n -n -  - n - .  -r  - n - n - ed on the communicat  ~uns  ~ pn- r - n - t n - )r
in rn - n-n - n - n - on --On -n - - Tui€ n - ,n -- n- a d j u s t n i n - n - n - r n - t s  a re  especial ly impor t an t  in-n

n- ha ; r n - t n -n-n - - g r a t i on  of AFTT-J n- n - n - n - i  S e r v i o n - n - -  B in ord n -n -r to preclude

J n - s r n - n - p t i o n  of se rv ice  arn - d ‘n-n- N u t i l iz e  ins ta l led  termina l equi p—

nhn-:- n- ’u ln- n-? n-n- f n - u i i  y n - n - s  mn - n - ” In- n- - cost -n - n - f f e c t n -n -v e .

The ohj - - - . n-t i v e  of t i n - n - s  a n - p e n d n - x  is to present  a N 7i~~1N

massage  n - C L  i tn -~~t aol s h n - n - - n-~ iow I o n -  v ice  B and AFTN un - r n- n - n - c s  a r~ iSo—
lat ed f rom t r a n s i tf  n - on - e f f e c t s  to t n - n - i s  new fo rma t  by the NADI N

n - ; j n - n - ’e n- n - t r ’ a  i-n- n-n-u a .

n- i n - n - n - n - sign of a T - I e s s an - u e_C o r n n n n - u n i c a t i o n - n -_Sy st e m
ftn-n-n--irn-rnnication-n-s methods, n-n--rocedures and f n - ,n -r n - n - c -n - n -t. s mani—

f u n - - it i n - m 1 n - n - c n - n -cn-lvc s in  a m e sn - a gn -n - - c o - i en t e d  communicat ions  sys t en -- u n - ’ as

i i n k  con t ro l , n e t w n - n - -mn- ]-n - c n n - n - t r o l , and cc.- n n - n - m u n - u n - c a t n - o n : ;  message con

t n - - n- i I n - t n - ) i n - n - 3 n - i L i O r l  n --n -Ii ch are added i-c-n - an - n - n-i deleted f rom the us n -n - n - r s 

n - n - -n -  message progresses It - rn -n -n -n -n - cd the n - ’ n - t w c r~ . The de—

S i n - n- n - n - c  of 3 n- n C e T 1 1 n - n - U n n c at i o r i  s’j s t -~u nt must ‘n - r n r n - J m n - n - r s t a n d  these func—

e n - u n - u s  and b a n - c a r e  the use of e labora te  con t ro l  t e c h n i q u e s  n - ri d

n - t - - ir l f l h r i  n-n - n t  overhead n - n - q a n -  n-- n - n - i -  tin -e users ’ needs , i n - h n - n -  n u n - n - t w n - n-n - k

n-- n - r n - n - l - l t e ct ’n - r e  and  cos t.

0. 1.  Commuun - j c n -,n - t n - j o n  C o n - n - t r n - n - L E u u v a l n - - p e s
The communications control tn~~- r ’ n - a t  -- - n - ,  needed to ~~-s s

a r r i n - - ssag o  th rough a u - -, t w n - n - uk may be r n-n -n- n- - ‘ n - n -  s~~rut jd b- n-- a n-n- r- r ’ iu s  of

i n f o r m a t i o n - n -  envelopes .  These e n v e l r n -  n -n - - s fo rm a n a t u ra l  h ien - -

n - i r cIn -y as see n - n -  i n - n -  Fi gure n - ; - - 1 .  A ma~~n - n - r  cc-c-si  n - n - e r a  t n - c - n - u  fox tin-c
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s-n-- s t u n - n -I I n - n - n - s i n - j u n - n -  n- n -s to he ab le  to I n - n - l i n e a L - n -  t N -n - s t a r L i n - n - n - j  n - n - n - n - -n - i

e n - n - I n - n - n - c ]  p o in t s  Ct n-n-n-~~c ln - n - n - V e  i o n - -n - n - n - - , tn -Spec n - a l l y  n- d’n -arn - the f n - r u r e o —

si n - u g  o t  t n - n - n- s n - n -  n -own-’ i op n -n- n--s  -~ s t y p ical  i~n- ’ p e r fo rmed  by a n - a n - r n - m u m - i —

n-n- a n - n - i c - u n - S  n - c - c -  n- n-n- n -n - s o ’- .

n - n - .  t - — .1 L i n k  ( n - o n - n - t n - -u i

Thu [ i n - n - k  n - I - n - n i - n - -  I envelope n - n - n o n - n - f n - a i n s  i n f o r m a t  n - - n - n
-u n-n- -cded to n - n -n- i- - c - in - tn- link es o u b l i sh ij i n -a r n-: , l i nk  ermin-rn-n- -ric n-n and

~n - n - n - s n - u u J e  t r a n s f e r  cc-ni-cc-i :m n - n - n-n- € n - - n - i u r c n - .  These  procn - i~~n - n -~~ n u n -n - s t

be s u n - n - - a b l e  t or  n - u n -, ii~ i - - n - n - c - i n t , p o in t—to— p o n -n t  n - n - r i - i  n - n - n - u t t i —n- Nc -nun-el

n- i n - n t  n--n- ; t n - n -  f r - - n - n- -n -n - n - n - n - -n - ic  a re  a d n - sn -n -  n - n - e d  to c i  n - n - s en - - s  of -t e rmina l

cn -qu~~ p -n- n - n - n -- u t , i n - ’, which eac n- n- n-n-lass represents n -n - i€n - irees  of n - - n - i- n - r n - n - n - n -i

c c n - : - pI :n - n n - t y  n - n - n - r d c a p a b i t n - t y ;  and , t t -n - n -n-- n - o r e t i c n - n - i l y ,  t b ’  l ink  con-

trol n - n - n v n -  ‘upo should c o , n - t c i n - n -  info: ’n-n--ation on - iy p e r - n - n - u n - - n -  to

n- i n-n -u l ,~, n - n - n - n -  be ing cc -t er n - n -n --n - n - . In p rac t ice  the p u r i t y  of i - I n -  S con-

c--epb is not aln -- :- ’iys ma n - n - n - t n - n - m ed. Id e a l ly ,  a l it -n - k c o n t rol  enve—

lor e is built and d i s-’n - a rdn - n -n-I f o r  each l i nk . In prac t ice  t i n - i s

c - s n - a l l y  i s  done , but  c - n - n - n- n -u s i o n al l y  in -n - f o r m a t i o r n -  c o n t a in -n -n-n - n - i  in

the l i n k  co nt r o l  n - n -n -n - ve lop e  is passed on to s u c c e e d n -n -~~ l i n k s .

G l .f .~ N e t w n -j r k  Control
n- j n - h n - n- network control  envelope c o n t a i n s  i n f o rm a t i o n

n - n - e n - n - d e n - I  to n - p f - n n - r t  t h n -, n - n - s t~~O n-a routin9 process. F n - n - a q u n -- n - , t l v  i t

is n - n - l - I -n - c .u a t  Lhn -n -n - n - n - n - n - t i ’ :  n c -Ce  t n-n-n- the n e t w m n - r k  n - n - n -i remove-I at  n-n -he

e n - n - n - n - i -  n - n - On - O n -  ~n -h u s  , n-n- Sn - - i n- - n- n - n - c ~ r n -n - eu e n t ly  not  c c - n n -n -n -r n e d  or rn - an - e n - u

n-n-~~~n- n - j’ n - n -  o r s n-n-x:s n - n - n - n - c e  It  can be c o n s in - i n -r e d  a tool on -  the

co i ia -n - u mn - i co’n-t or .

-C - 1. 2. 3 f l o in -u : u n ,~~~ n-n-~~~i n - n - r n -  M e s S an -j n -  ( u r n - t i c - i

T i u n - .n - c o m x rn -.n - n - i c ,n -  i - i o ns  message cont ro l  e n - - v a n -  ‘n -p € -n -n- nt ain s

n - : format i .c- ,r r e q u i r e d  by the communicator  to acn n - u n - i - - t  a m n - n - s s a t a

f r om  t n - n - n - n -  cr ~~J i n n - n - t o r  cr-i deliver it t~- the addressee .  Ti-un - n -  n - g T-u

i -h i s  i n -n - f o r m a t i o n  is for  the c o mmu n ica t o r ,  i t  f r e q u e n t l y  is

n -n- n - an t n -ji rn -n -n-d on t n - u n - n -  n - n I c i n - n - -- S s e n- ’- - ’ s copy . Many addressees erroneousin-n-

n-n-
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re ly  on this n - r- t’on -n - n-i n-~~~n - cn - n f o r  i t - n -  “~~~. t n -on - -~ . n-n- i n - ~~I n -, ‘ n- n-n-rn - - n - n  catornn -

c da n - n - cn -e prore  n - I n - n - c - e n -  — n - I t  n - r n - n - n - y  - n - c -  e l n - , n n n- rn-at , if lc u t h i s  i nf o r ma t in - n - n -

f rom the address-n--n - n - n- n-n-on-n-n-~
- y — n - n -Vn -y a n -  ~n- r n -  n- - n- in-’e u n e x i~-o-’ t,c-d cc -rn -n ----

n - - l n - u i n t s  fun - n-- rn- tb -  r i e two ’In-  u n--n-n-n- n- s.

1. 1 . 2 .4  Data INn- n- - - s s m n - n - n -~ Control

The d a t a  n - - r o c e m n - s l n n - 1  con t ro l e~-veiope c c - n i - n - n - m n -n-n- .i n f - a r - -

n - n - n - u t n - i n -  rn -n -- ed ,ed i--n- bridge t~~ n - - n - - - n- , n - e r f n -  n-n -n- n-n- oar  w e - e n - :  n- -u rn - n -n- n u n  i c - a t  n - n - n - r n --’

p roces s ing  ar--n-I da n- a n t - c- n- - n - S i c - a . It  may n - - - : -n - I’ n - n - n - r n -  n- - -ss~n-n- - i- n -- type ,

f i l e  i n - n - I c r , t i f $ , c , i t ’ i om.  - pr i  v0n - C n -n- n- i n f o r m a t i o n - i , n - t o .  T i - s  use is

Ne com in-n -n -  inc n- n - n - a n - n -n- ing lv  n-on - - n - n - m n - n - n - c - n  , espeun -’ a l l y  i n n - p r -  - n - n - n - n - it n - o n - n - n -  where

the n- ’n - c - rnLi U Tn - in-n - ’ an -  n - n - n - n - n - i  on - :-n --ssor s e n -n - y e s  as a f r o n t  n - n - n - n -C t o  a da ta
p rocessor.

G. 2 PI-Ri - - n - -I- 2 - n -  n -1x-In - S A C E  FoRMA T FOPn- N A n -  n - I

TOn-n -- Fn -n-’n-7n- a n-n-o - n - n-n-I n-i’ - I- . ‘n-u rn-n- to l n - - -n-~e1 oo a N A O I O  n - n - n - e s S n - n -  n -m e for  —

mat in IC ,O--~ c c - n - n-n-- u n-~~ n - b 1 e  i r  a n- a~~n-nn- e v a -  n - y n--n -f s i t - n - a~~n-L cn- n r- ,

i nc lud ing :

-1. Operator-ge-ncr-n- m-ed messagc-s,

b. Cen -u n - o u c - er — g e n e r a  c - m d  meu n - n-n- - n - iq cn -s ,

c. P n n - i n t - t o — p c - 1 n~ h r-c c- ,

d. Muj, - i - - r - o i n - n - t  l n - n - n - k c -

e. Sin - n -pIe t e ” r - n - i c - n - m - s, e .u .  t n - - l e t : y p -n - w d t e r,

f .  C - n - n - m p l n - n -- x t e r m n - n - n - - 31 n - - n - ~~- tn - ’n- ex t  n O- n -C n-~~n - ]pcb i t i n -_ E ,

n- o n - n - n - . ,  ‘ in te l l igent ’ t e n - n - n - a n a l  n-n- ,

Ii- Ssn-n-in-n -n -e S g o n e r - n -- n - L e d  for i n- i - u-n - ar .  ccn-nsn -anpti on ,

h .  ~~- T n - 3 S C n - n - E n -S genera te  ( o n - n - n - n - n - a c t - n - r n - n - n -  con -~~n - n - u n -n-n-p n - n - i c n -. .

in-dfitn-c- n-n -li y, n-
~~~~~ n- N A n -  n -j n - \n- n - n - ’ n - n -~~~3c]~~ f o rm -n-u, n n-’r n-n-n- s~~ he

machine  conver t ib  Le to n-i n-n- pn- rn - n -N c- n - n - - n-i n -n -n -age mn-r ,it in lAm - - 2 -n - c - dc - .
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0.2.1 Dn-n-s ,~j,n n- n - n - n - n - sn - -,1 --ra - n - o n - n - n -

an -h n- f - n - r u n - n - i n -  u n - r. n- n - ;n - n - m n -  n-n- n- n-n- n -o n - n - i n- r n - n - n - u n - n -  n - n - n - c u t  a n un-nbc-c of
— - n - i n - n - a  n - g u n -  - n -n -b J e r t i v es . T n - n - e n -  d n - n - S n - ,ct ii  - n - N y -  — n - n- -

n-
n- n - s  i n - n-n - I n - i n -

a .  T in - n - n -  u n - ’ n - : u n-, nin -u st be n- l n - n - x i ln-  e .  - n - n - L n -~~ - O l i n - -n - n - n-
f r - n -  n - n - m n - iu i t- s  n - n  c - - a c n - n - n - n - s n - r n - C  pr - n - n - u . n - n - n - n - n - r n - n -s

- _ -: n - n - ,  n - t l I c - n - n -  I c - c  n-~~- I n - t n - i c n - n n - - n - n -’n- i n - n f o r n a t n - u o n - n -  tn -u
be I n - i n - n- n-~~

n- . T n - n - n- u ’ n- n - in - ,  - n-~ä n- - n - n - n -  n -n r c - - n - id e s  n - n - n - n - -

n- n- s ’ n - n - n - u. n - n - i n - n -n-’ f n - n - r, n - n - i n -n - n - n -n-n- n- en -n - n - n - n - n - n a t i o n  of -a
n - n - n - n -_ n - S - n - n -n - n - n - i n - c - - n - r n - un - n - c  and .‘ i - - - - n- n- ,in - n- - L l y ,  i cr -u Un -c

n-n-esul L n - n - i — n -  e n - n - n - n - n - -  i e n - n - n - -, n- rn -n - s in -n-n - g e  f c n - n - n -~ n--n- L
CO n - n - n - ’ i n - l C s  n - n - r n -  n --c- n - n - c - m n - n - n - n - - O - n - -~ ‘i n - n - c - p r c n - n - n --- n- n- n- n - I

I o n - m n -n - n -  un-n- n - n - n - a  t n -O - i n - o x  - tn-n- : i n - t 7  n-n -mn -O tn- n-,’c- n - n - - a  I
~n-c ,n- - n - n - n -  n - in -o lin -  i a n - i n -n- n- n-n-~~

n- r n - n - - n- Ic - c-n - - n -n - n - n - > ’~ n - n - n - u n - 5 n -  i n - i c

- i n - n - t o O -  n - c s .

b .  T n - n - n -  i n - n - n - n - s  n - n - a - n- f o r m a t  rn- - n - S t  he n - c - - n - I i,I ~ D i n - n - i n - i t —

n- macmn - n - V n-~~ r ~~~~L C i t 1  i tS

( t n - n - n - n - n - - n -. i n - n- n - n -  e n - n - n - i n - n - n - n - n - u r n -  p - n - n - o n - n - s a n - n - nc- n-he
to  I n - , -- L sh o u l c n -  j r  cn - 1o ,~ r i V T n - n - c - a  it-ed , can -c

- -n - n-n - i , n - ?n - u i n - - n- t. n- in - c re in -’, n - n - In - n - an - I de l lnn - n - n - i t --:n-c . n - n - n d
t h e  i n - n - t n - n -n- p n -~~- tn - n-u i n - n - n - n - n - i i t ~~ n - i  ‘- rn- n-a sn -n -ljecmo.rn -n-

c .  The r u n - e n - s n - n -  - :n - - n - c n - n - at on- n - n - n - n- - r a n - n -n- i l - n- u n - n - i c r —
n- n - r n - n - n - n - n - i n - n -  L -n - - u -n - n - n-  n- - n -n - n -n - u n - n - n - t ’ n - L C d n - i n - T i t  rj an -n -rat n -’ c - .

0n- i n -n- n - n - n - n - -  ~~~~~~~ n-’ n- n- n- c - n - n -O n- n - n - n -n-it. n-c n - n - n - n - s i  l y  ~n - n - r e i - n - n -  i_ _ n - _ i
i-n - a n - ’ n - n - n - n - n - n -~ n - j - ’~ n-n- n-i n - n - n - c - s  oh- n-, r n - n - t o t  i n  i -h on -n -a n- n -u i  i—
(n - - a t. t O n i - n -  n - n - N n -~~n- - ,n - n -- rn - n - n -nu n - u n - n - e u  n - n - n  n - n - n - t i c - n, ~~n - n -n-n n-~- n - th
- n - c - u  u - i n - n - n -I n-n- sn -n - n - n - n -n - i  c - r u n -n - c, n - r n -  n-n-n- n-~~.J i S i c -n -u e d  - n- n- n- h -

m n - n - - n -n - -: j n -~ n- n- n - n -  t i n - a l  r n - n - r n -n- n-n-c r e - a d a in - l e  n - n - n - n - I  rn- o n - n - i c r - —
s t n - n - n - n - ,- . -n - n - b y ’ n- r n-Jn - n- n - i n - n - O ’ n -~-~ a t , : - n-n-~ n- n- c n - n - ; n - T & n - O F  t o
pun-n- rn - n - n - n- m o rn -  n - n - n -  - In - n - m c i  i n n - n -  n - f  a n - n - n -n-n - Ln - I ;-n -  - n - u n - - s n - n - c q e
_ n-- . c J ,  t o i n - -d c- m n - n - t - n- - , i- -n-n - n -  n- n- n- ig r e t r i n - v l n - n - c n -, e t c .
T in- i n-n --n- t n - n -’ n - - n -~~ n - n - n - m n - n - nt  n - n - u n -  n - I n - n - n -: n-

~
i. n-N Dm ’o p os en -n - l i e s— 

I n - i -  n - V u i n - n -~ - t , f l n - n - n -  n - n - n - n - n -n - o n - - n - p t  of dat a -n-cm—
[-~~ 

n-c-n-n- S i n - n - i  f o r  N m - e n - N .  rn -n - n - n -’O r in- ha n - e s  tIn- n - S  r n - n - n - n - C -—

c n - n - r r n - n -n - , n - i a t i - n - n -’n- rn-n the in-el, I ~ f i - t n - n - i t  n-n-n- cu n- n- n- mos t
n-i- C F  t n - n - c  t i n-n-i n-n-n - r e m — a d  n- n- n- ” n- - n - n - n - -, n - s s n -’ n - d  n -i n - t n - U n -  n - r n —
0 p 1-n- n - n - u-  c- n- n- n - n - c- - n -  r n - f  I- ADL , , n - h  a 1 o r i n - n -~ of  the

rn - n - e n - n - n -un - n - ic t n - j  n - r i - i  ‘ i l l  - n - ’ n - i - j ’ie tn-o be p r -n -n - In- n-n - n - - en - ]
m n - n - y a n - n - n -n- o r o  tn - n- n - n - il n - C  - n - n - n - r n - u L O n - ’ n -. !-. ‘ -; t h in - s  r ocesn - :

‘- s t n - l  I t s  t n - n- t In - n - n -  ~n - n - u i i -  n - I  tn- In- Eu t r a f f  i n - n -  } n - n - n - i n - n y  p u P —

n- n- n - n -  -n - n-I by c n - c n -r n - n - p u t e r n - n -  , hann-il n-i n-y n-On-n-in-A -n - i tn -c-r s a n - n - n -1
n-i i r - n - n - n -n- , n - n -05 n - n - t n - n - n -n -n - o n- m n -n -n- 

- rs — n- n- n - r a t o r cn -r i en t e d
n-n- y n-r t n - er -L - n - n - c  ~n-A ]u u n - h o c - i a  n - ’in -n - isid cr, dn-- -n - I ’l n-n - and
i r n - n - p l a n r n - n - n -  n-n- n-n- n- n - n - n - n - in- n - n - n  i - e r — c -t i n - on- t n -n -i fo r ma~ n - n - c rnq

r n - n - n - , d n -n - i ’ :n- t, -n - n - n -n - 1 n - u~n - i  qn - n -n- s of n - i n - n - t n -  co m p r e s s ion -n -  in -h e
hn- n - }n- n- e n - n - in -n - u’ tt c - t o n - n - ’  n - n - f a compute r  — o n - - i n - n - n i - n - - n -C Fe n- - mn-n -t
i- n - n - - t n - - S  n- n - n - n - n - n - u L t  n - t n -  r on-- - n- i i- e l li~~ n - n - n - n - t  Ic - rui n- n -n - a l

t to ar o pn -n -n - - n - t r r - - r - - n - n - - i a L n - l - u  f o r m a t .
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d. Tn - n-- n - n - i . i-n- S n - - n - -  5-n- n- n-n- n - n - n - n - i n - S I  r ,  - +  in - n-n -n -n - n-- - f c i- n-_ n - i tt h
n- t i n -  n - u n - un -  t n - En - n- n- n - i  -‘ n - n -n - n - n - t n - c -] s n - n -~ in- 1n- ,~n - n - n -,n - s . 

— 

‘fln -~ n-n-
o l :j n - n- - n - t  v i  I S  c - tn- n-~~~ur  n- -n-? r n -u  t n - n -  n - n - n - u n - n - n - C  n-~~ Son-’ ’

: n - - n- n - n - r - n - u - n - n -n-n- , x L i u - n - s  n - i n -’ S t - n - I , .  Ti- S n- n - n -  -ir~n-: n-- r n - n - l
ot n - n - n - h  u n - n - n - - n - ]  n - n -  n- n - n -  c-c n - n - L n -~ n- n - c  I n -  C n - n - i -  n- n - n - -
n -n - n-n- - n - i n -  n- n - ,  n- . i u i ~~ is n-n -~n-~~ n-~n - j  n - n - n -  n in-i-n-’ ~t n - n - n - n - n - n - n -n- n - n a —
i - n - n - n -  n - u u i c~t i t n -  n - n - t n- n - n -  a- ’t -n - n -n - n -s n- n- - 1 r n -c - S i  ‘ n - i n -  rn - - 3 n-n-n-n- fl -

s i n - n - n - Lye n- i a n - n-n - t r Ier s  n - n -  n- n - i lf l  i - n - n - - - - n - n - c n -n - i n - n -  t n - n - -n - n --n - n - .

G.2 .2
n - in -I n - c  I n - n -t n - i  ‘n - n - n - t n - n-u n - n - :  ~n - tn- n - - n - c n n - n -- - -  ç n - r n - p n - n - ’-n - - n- ~ n- n-~

- : n -n -d I I l  icr- --

p l er m e n t a -cn-ion ~ n-n- d - n --n -~o n -  I n -n - f  i r n - y 1 n - n --n - I  ~~~ u n- - t n - i  ir n - f o n - u n - : n - al - i n - n - i n - .  T i n -n -

n - -t r t ± cu  an -n -- i n- r t n -  n- - cn- .n -t r o i  n - n - t c n - n- ’n - - a n - i n - n - r n -  se n- n - - en -n - e d  in- n- n- n - - n - m e n- -n-P. s i n - n - n - n - n - , 1

he adapted to n- - ne n - s n - n - n - ]  - n - I t n - n - n - .  i n - n-n-k i n - n -  - n - n - n - r n - n - -~ In- n - rn- ‘n-n- u n - i t  In-n- n - n - s

not n- n - n - n - c - l i  a n - n -  n - n - n n - n - n - n - n - n - a n --; n - n - n - n -b I  e n - n - i n - n - i t - e n - of  ii n - - n- I-n- n - u n - n - c  I ;  - n - I - ‘n -n -n- - n - n - n -  rn-fl_ n- -s

o n - i t  does suggen -n -t t h a t  t her e  t ie  s c o r n -  I a l ]xn-- n - n - n - a l  n-n- n -n- -: u ub ’n - n a t -  i ) f l S .

i-n- -n- COn-iiPn- n - i f l t C n -’n - t  u i n - n - n - s  n-Dn- : n - n - n - n - a c n - n - n -  c - n - n -n-Je t O n - n - n - n -n- i s  I i v n - n - n - - -- n-n-i f o r  i -

u - ,n un- u--oSeS  n- , n -  i ’  n - I  n- n- n- u n - n - n-,- In-on- n-n- n- n - n -  y in - n - n - n - n - O n -  n - n - r n - n- , tn- at  t n - n - n- n - i - e r  - n -n - _n- ;:t , n - n - n d

n - n d .  It  st -n -n - - n - n - id  n-n- n - v - n - n -n-n --I th a t a t i n - n - - n -  En - in - n - n -  L i  n- n - n - n - n- S t  n - n - I  n- un -n -n-n-

mon -n- C t n - n - n - n - n -  i- i)  c - i - n -  n - n - n - n - - tn- a n n -n - .  n-n- In -n -n - n - n - n - n - I n -n-— - i n - n - s  i- -n-n- n--mat  is  S I n - -  - -n - n - -. Ic Table

G— l  arid n--he c o r n - n - r o n-. character s exp i ni a r - ed in Table n - n - -  2 .

-
n- 

c, .2 2 . 1  ?,‘~n-~~~~ 2_ ~,n - - .i- -

T I n - c  n - n - n - e~~~’n - n - n -’n - n -~ : L ~n - - i n -  n - n - n -n- In - s  C-n-lit n-eat en -n - i~-n-’ 
t I n -n-n- St a r t o[

n - I n -- - - adn - o  S I c - r a n - , I-- t i n - n - - I , ‘ n -  ~ n- n-nd cc-en -- n - n -n - n-
- -n - tn- n - n - c - - un  c - I l l  n- rn-, E n n - u ’ n - u n - t i o r n  n- n -”0

and inc lud :no tn- o c- n-- , t - -n- i -r -n-- t n- n -n --n-n- tn- in- n- n - - s i , -\ Tn- n-’ n - n - .

The r n n - - s a : i q n - n -- ‘~n - e n - r- n- n - I-n - i n - n -  cn - r c n -n- n-c- --n - n -n - : ’ n-~- t  _ i - _-O  n- n-n-n - n-- n- - the

f i r s t-  part is on - T i n -n- n - I  t n - u ’ -  n -es  ~~r n - , n- n- in-- ’ n - n - n - -h  n - r n - n -v - - r n - n - s t  n-it r n - n e

or I~n - n - c n - n- n - e lines ; t In -n - n -  ~c~~n - n - nn - n -  n - ’ n -~it- i n - ;  cc- .- t e n -  n-n- n - n - - : n - — L - ~~~rn- in-i I

s in - - t of -n - -n e u rn- - - n - n - n - i n -s tn- n- - - - I n - I ’-n- ~~j n -n - - n - n - s i  -

G. 2 .  2 - 1  1 b n - n - n - n - t n -, ; i n - t_ - n-, , L : - n- ’ n-n - )

The dun -n - - t ic - c -n - io n ~, n - r n - n - ’ - }  cnur mn - ) on -c - t n -~ n-n-r f i n - r i -  n- itt c-i-

the header.

I’
- - 1- ~~ n-~ ~~~ ‘n-n-~~ 
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T 
C — I  ~~~i n- ‘~ St~ L i n -  fl~

n-
~

-~~~ 
L ’

~~~ i . n - n - ) n - n - tn - n - i t  en -f i-he T n - n - o n -  y n - .n - n - n - n - J n -  it- ’r
I-I , ac ;n - - Part E L n - n - I n - n - n -n - n - , r n - n - f  n - n - n - n - n - n -- n --n- . -n - . n - , .-’n - n - n -~ n - n t  I - n -  n - n - a]

n - i n - n - i t t  n - n - I n - 1 n - s n - n -.~~n -n - e On -n -e ri-ira -tom ; - ~~~~~~i L L O  0/ i  s -

S n - n - j n n - n -n- 0
H

Pr i  in- n- n- ‘n-
n- t n - i t  in -n - cry ‘N-n-c- t n - n -  y.n- c -’ 2 — l e t  i n - n - n - n - n - y r o - . , nn - n - 

-

- n-i n - t n - n -m n - n - a s l f l d i C n - u n - n - i t’ ( n - i ) i n - n - n - -  sn - ) n - tmn -~n- , followed n - n - n - n - 3 , 6 , ; A ;n- I ?n- A
- 

0L  ~ n - n - t n - n -n-n- in- n - n -n - ron-i~n - s .  i f  mor e n-n- 3 4 n-n- 6

1’ t n - n - n - .  orn- n- . n- 
- 

- u n - n - n -  n - s  n - — e n - u n -’n- n--- n - - n --~ en -c .
t n - n-c d ~n- u . n - n - n - n - -n - l u t . f n - ; u n - c t i o n - n -  shaii

— b u n - n - u n-n- n - e n-n- .

in-i n-n- I of ‘
. n - J u n - n- - n--n- s 1-n- e r  n- un- i 2 ,’ l n - l  

. (~n -er - iu d  i
3- ii , : c i n - c n - n - n - t n - u r

-

- ~~ n- I C  r n - m e n - n - i -  - ‘ n- n- n- ,u t W f l  n - n - n -- n - c -  o a rr i ag e returrn - , o re  line -

f i-n - -h

~n - i l i r~~ Time 7 - I n - n - n - n - n - i -  d a t e- t i n--n -in -, g roup  ann - n -n ---
- c i f n -n-’ir n - a  n-n -n -hen the message was

f i led  for -  t r an s m i ss io n  D D o H n--i i-i M

n- , ’r .g n -n a t o r  a)  On -n -c i n - n - n - r n - n -

l u - n - f i r --n -to m h )  3 .  6 , c- in - 8 — l e t t e r  - n - r n - n - - up
i n - l e n -  n - n - l ying t i n - n - n - message A A A i- n-

- n- ori, -n -n inat or  8 9 10

n-i’ - n - n - t  ~rn-al H c n - n - n - n - ing i n - n - l i - n -  t i n - r n - a l  dat a  not t n - n -  exceed
l u n - f o r m a  n-n- n - un - -n  the  n- n - c n - n - n - n - r n - l e t  uj i the  l ine

A k i n - n -rn -cri er -n - i -  en- n-n-nction On - c c -ur n - age return , one ç
i n-n -n -c t n -n - e d  

:3

, 

Sn - a r t  of n - n - n -e n -.n - t  n - n - n - n -n-n-n- n - : h n - n -n- ’, n - c n - n - n-n - - r  oosit i ,o rn-  0 / 2  T

~‘1 n-n- s n--t n - - n -n-e f l y I n - u  A n - n - n- ’ c - n - ucn -t~~. t e n -  except e n - n - n - n - u d o d
- Ten-n-’n-~ ~rn -a rat or  co rn -n - n -m unn -n - ca t i ons  cern- t n -n -ui.  c ha r-  - ‘ n - d c - s i n -n-
-, a c - t n - n - n - c a

Sn-n-i n-- n - n -  i -ex t  One- - -Nc - r a n - n - t a r  n - n - n - n - s i t i n -’,-n 0 / 3  T
n- 

x
An - i n - i n- t n - a n a l  Cn - ’n - i -n - m u n i —  ?-n-d u l i t a o n in -1 data ma- ’ e-~n - c c n -~ - n --n--“ - n - t n - o n - n - i n f n -’- n -n -mation o n - n - n-n- n - i n n - n -

n-
n- ( O p t i o n - n - n - n - i )

-. en-n - i  i~~~n - , r n - n - n --n t  t n - n - n - n - n -- t n - o n  One car - ic-ge ret n -. n - x  n - n - , n - n - c - e

( 0J t  i o n -- n - n -i l )  i_ r u e  feed n-n- n-n-

-n- 4 i - - n - h - - t  i r an s mi s~n- . u n - t n -  Ur n - c - n - -  ‘ru n-nrdc~ n-n - n - r pc- n-n -n - i t  I o n - u  a -n- E
, 0

4

-

- 

0-7

- - 
~~~

fl - - n- -n-
~~~~ 

- - ,-
~
, -. n- - - . . ,  - S’S-n- .. n- S - — 

- - - - -.- a



_ _ _ _ _ _ _ _ _

n-in- -n-; ’- n - n-.  n - n - -  7

C c i n - t r , n - l  C l - n -n- n - n-n- - n - ’ n -  n - n - n -  I- ,’ n -n -b . n - t s  n - n - u n -- n - n- t n - n - n - i n n - r n - n - s

I

n - i~±n-il i2~

L n - n - , e  i n- n - e n -n -
A

7 or -- c n - n - r r n - ,~~ - n - n - - -  n - e n - U n - n - c n -

n- l n - - t n - a r n - n -- ~~, n - i it

- 
fI i-ru r€- n- n - i - i t t ,

- - or S r i-- n -n - n - c

b i n - n - n - n -  -

n- n- n- “2 ’  
,, t(n- . any n - l n - h n -n-n- € t ic  cN n - t r a c t o r

n-, n-s- n - ,  ~ , n - ,  etc . c - r n - n- numn-n- ur~n - t

A , n-n- , e 4n - c .  i-ho , -n -C n - n - n - a l l  e n - n - n - n - u n - a c  i-er s n - i c - n - n

n - n - n - n - m e n - n - a n - s  n -n -n - I n-~~~:r rn- I n -v  nf  Ln-e mc-nn -~n-

DUD n - n - u ; r n -- r a  n - a n - - n - n - i n - n - n - c - t n -  r. - n- Ju l  tar,  d c -n --’n-n-
I n - H  n - n - rn - J u n - - r a n -  n--n-n- i n -  d , i c~~ 1n - l ;n- n-j }-n- c - n - n - r  rn- f -n - n - n -c _n- Cr;

MM n u m e r als  n - n -— d - i c n - n - a t ,  n - n -  ; n - i r n - u n - ’ e -  1 n - n - s n -  the  ho rn - n-

* ( n - n - ) * N cer n - -- . n- t i n - i o n - n - S  n -n -f tn -n -c n - n - i - c - n -  c-C t n - n - n - t’

n - i ( n - : t  n-pr 0 I n - n - i n - r n - n - c n n - n -  ~~~ n-n-ic a a n - u — n - n - n - - n- ci n-n-n- n -n - s-’”n-e : n -n - n - sn-
H

l’’Ln -- or n - n -  c- n-n-n-- c- n - n - n u n - n - r n -  n-~ of  t n - n - n -  t n-n-h .i in- n-’n-c- n-j - n - - c s _ c  in u n- -

n - n - n-

1k in-
n - - I - i - n - n - n-n- or T and o f tn -n -- n--n - i - n -  -n -F c n - n - n -- n-n - t e r  p05 1.LOz ’- J 7n -

x
Sn-

n-i-n-’ n - r  0 en-n -’I n-n- mr - ’a saqe ; cb - n - r :n - rn - on -  1 - n - u n -  n - I ’  - .

I n - n - n -n-m acn-er position n-ien-signa ’n- n-xn-ns n - n - c - sn - n -  c-cc n - rdan n - n - n - n - e  n- n - n - h  r n -

n- CA -7 ch-c-r ’-~~n- - n -r set .
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( . 2 .  . 1.]  .1 St ar t  o~ ~~ r S~ qn a l

T~ t~ ~tart of heider signal (also start of message)

T CA ~~— 7 :o:~mu~ i t ions control  s iqnal  “SO!-!” , 0/ 1. It

t i~ bemn~~’inc i  d~~i i n c  :itor of the message envelope . All in—

r~~a~~io~: beñ: r t h i  ~ charac te r  is not j~ar t  of the permanent
nrnuf l3c , L~~~fls r ~c ) rd c•~ the me~;sage . Other than serving as

a ~~~ ir t~~~~, t hi s  chara  ~L -~i performs no funct ion .

G . 2 . 2 . l . i .2 Pr~~or~~t~~~~ n .~i ca tc r
!h€ priority i:~dicator consists of the relevan t

tw~ -- ] t ~tt e r  group . ~ d~~~~us~~ion in some detail of priority in—
dic~ . s in thc N AIJIN sy stem is contained in Paragraph 5 of
th i .~ .ippendix .

G . 2 .~~ . L . l . 3  Address ciic~ito r ( s )

Th e ad . ir ~~s~ indicator consists of one space , fol-
)~~w~ d by 3 , 6 , or 8 l e t te r  groups.  For a detailed discussion

of address ind ica tors  see Paragraph 6 of this appendix and
Sect ion 8 of the main body of this report. There is no spe-

cific limit to the number of addresses permitted; however ,

some reasonable number should be imposed on the communica-
t1On.~ s~’stern by pr~: c ed i r e . If the number of addresses in a

~~~~ exceeds 69 chara:ters, the addresses must be broken at

ai~ i.dd r &~ss indicator group and followed by the alignment func-

~ (JO , one carr u~ €~ return and one line feed .

G . 2 . 2 . 1 . l . 4  hnd )t Address Ind ica tor
The end ot address indicator is the graphic chdr-

3ct~n “period ” , ICAO—7 signal 2/14. The end of address m di-

catc i terminates the 1i~~t of addressees. It is not a unique

character , of course , out is position locatable in that it is

the f i r s t  “ per iod” character  in the heading a f t e r  SOIl .

G-9
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C. 2. 2. 1 . . 5 ~~ rnent~~~~r r t  ion

The c l i u nr ~~ n t~ f u  ~t ion consists of one carr iaoe

re turn  and one l i n e  teed , ~. CAc — 7 ~~ cn a J s  0/ 13 and 0/ 10.
Together wi th  the end oi ~c1rc~~s ifldicator, it terminates  the
Des tina~~~on Part  of the communications message header.

G . 2 , 2 . 1 . 2  ~~~~~~~~~~~ Line

~ tie origin 1 i re  is ucu~~~~i by t~ e end of i i d L C S E

indicator plus aiignmc n~t ~ u n c t~~m and by the  next occurring

aliqnment r~~r~~t i on . Ph u~ it ~r r . t  ~~ ceed 69 c racter~~.

G .2 . 2 .l . 2 .l F i l i n q ~~t’ ime
The f~~ii:-ig t ine cons i st s  ~ f ~ --~ven 3 igit ~s r epre—

seriting the Jullan day and time. ~~ sp:~cifIrs when the mes-

3age was filed for transni5sion .

G.2.2.1.2.2 9~~~jinator Ind ica~~~r

The oriqinator in~~ cator identifte~; the message

originator . It consists of or~ space and ~ i 3, 6, or 8-letter

group.

G.2.2.l.2.3 Operational Heading_Info rmatiu r .

This consists of additio~ a1 da~’a not to exceed

the,remainder of the line . It should be ~. irr itnd to communica—

t iO’l i? in format ion .  In forma t ion~~f und in th.i~ section of a

message may in~:lude special servicing inform~ ti~ n . communica—

t~~ ns accounting informat~ on , etc .

G.  2 . 2 . 2  Me~~~!~~~~Text
The t~~:t of a message consists of alJ 4

~~e infor-

mation contained after the communi’:rltIr)r’s- cntrol ch cct~ r

STX an d before the omr~ur:.cations control character FT> . It

contains  the i n f o rm &t io n  :hat the or:Lqir~~tor of the message

= wishes conveyed to ~-h a’~ci~ essee. It ~ay “cnt ~~in  in f o rr r n &t i o n

A

I.
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.~ idu~ by data procuss~ ncj, e.g., file n umber , message type ,

etc . It may ul so contain information added by the cominunica-

ti.ons c)~~tice responsible for filing the message , e.g. , repeat

of numerical inrormation , corrections to errors in text caused

~y the comniunica~~ ons office filinq the message , etc .

~
‘.2. ?.2 .l r n f o~ rn a 1-in n_Process ing

Ex c e p t  fu r  these few examples , the communicator

was ~~i n~-~rily foibidden to operate on the message text .
W L t h  t~~e ~1hvent of data processing and the implementation of
data con.muni”~ations processing the boundaries of responsibility

t e 2 ~ i : ~ b lur rc~d. A broader perspective of the system known as

information processing developed . From the information system

r~n~alys-~- s  c~ e~zpoir..t, e~ velopes , processing responsibility ,

etc., belong to the e;itity best suited to perform that func-

tion in an automated environment. ‘The front-end to a large

scale data processor is a good example of a processor perform-

ing mostly communicai-ions functions as well as performing some

data processing func t ions , e.g., preliminary edits, sorting to
functional files , etc. The functional divisions of informa-

tion processing vary Irom application to application . As an

example , in app lica ti ons where error detection is used but

crrcf  correct ion is r u t , the communication processor upon
i~~ ‘~~i.pt of a character in error might : (1) change it to a
spec ial char acter , or , (2) ignore the error . Application con-

siderations such as the importance of data integrity , alpha

versus numeric , machine versus human consumption , etc., are

f-T~ctors that would effect the decision.

G.2.2.2.2 ~!ADIN Da ta Processing Envelope
* To accommodate anticipated requirements , Telcom

recommends the inclusion of a data processing enve1o~ e. The

d i t a  processing envelope should be delineated by the communi-

ca t ions  control  ch~~r -~cte r ST X and by the first alignment

A C—il
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f u n c t i o n  fo l lowing  the STX . T~~~ccn suggests chat :hc f i r s t
fI e l d  in t he  UP enveLop~ be the nies..- age type- analogous to

f ~c i d  01 in the c ’u r r c r t  NAS Stage A me~~su in e ent ry  format .

G.2.2.3 ~~~~~~~~ ~ nde r
There i n  no w1ive . sa l  ~,r a c t i c e  among communication

systems as to wh at  t~~nr t i on s  io~c~ j r  a message ender. Sur—
• veying a variety of message enders , one migh t f ir~i end of text

separator . end of message E:en~~rat~ r .  link control informat ion ,

dev ice control informa t ion , format control information , mes-

~age accountability i nt ~~rm& H on , etc . Complicating the situa-
• tion is the pr E~ct i c~~

1 . L l J t y  of ~eleccing ciel’i.neators that are

~..~ent i fz a b l e  and io n ct  ~i~teifere wit i link or device contr l

procedures. Fu rt ~ € i l im it a t i o n s  may r es i i t  f rom the in f o r - -

~1r t 1) n  ~1fl ~~ibct ’ . F or example , the 1CAO~~7 alphabet provides
for a stai-irlard End of Text de li re~~tor v i  ~ t h i ~ use of the corn-

nunica t~ ons c’cntrul character ETX ,0/3. however , no prov ision
is made for unique End of M~~~~~je delinea tor in the ThAO-7
alphabet.

C.2.2.3.l A 1i r~~ent Furct ion

The alignment funct - °n of :arri~ ae return (CR) and

lin’e feed (LF ) ~:h-~ 1 f oI l c~ the l i s t  c h a r a c ter  of text .

C.2 .2 .3 .2 End_of Tex ’-

The en3 o~ text i~ tb ’~ (C~~I— 7 communications con-
tr-T)i character “ETX” , 0/ 3 .  Other in to . -~na ’: ton m ,~y fol l~iw this
character b ’it a i y  nuc ’ h Fnth~~ ”~ ec ’nt in~ o~ rni~ti r, nha11 only con—

te in comruuni *~i t l o .  i ; f c ,n ,e ì  ‘ ion .

• G . 2 . 2 . 3 . 3  A ’I d i t ; i on a l  ~onrc~~ir i icat i~~n i nf o rma t ion
Thi s ~~~T an opt ional  ele~~cn t  in the message format

ari~i r a y  not  exceed one line ienqth . Typical uses might in-
c~~u~~e :~c~~Cu n t i n q  intor~natio;’L , messa ge accountability , etc.

G-12
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(1 . 2 . 2 . 3 . 4  Ali gnment Func t ion

The alignment function of carriage return (CR)

and l i ne  feed (LF) shall follow the last character of the

~ idit ional Communicat ~on Information -

G . 2 . . 2 . 3 . 5  End of Transmiss ion
The end of ‘r~insmission is signified by the

ICAO—7 cutnnturi~ cations control character “E OT ” , 0/4. This

charac’ :ei: also implies t’nd of message. No Characters , not even

device control char~ eters , may follow the EOT signal .

G. 3 LINK AND DEVICE CONTROL E N VF ~L OPF

in this un~ endjx , the d i s t i nct i o n  between the
mesna~~e envelope ~v~~th its cIt nents of informatiun and the

link control envelope has been emphasized. To complete a

typ ical message exchange, one uses a rec nized method of

link establ ishment and termination pr ocedure and message
excha nge pro cedure . ~rc~juently ,  inthedded within the link

control information is device control information .

G.3.l Link Control

Because of he factors discussed in Appendix A ,

moire than one link cont r o l , procedure mus t be utilized in

NA~jIN . It must be the responsibility of the NADIN message

switches and concentrators to build the proper link control

envelope and mesh it with the message envelope .

G. 3. 2 Device Control

Device control information is, of course , a func-
tion of +h~: terminal presently in communication with the con—

-‘ troller. Typical functions performed by device control in—

[orm ation include turning equipment on or off , selecting
equipment at a multi-media terminal , selecting operator alarms ,

line and page alignment , tape feed for  a ROTR , timing delays

4 
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c~,~rrl~i j e  ~ui n or ~
t~ier rrn- c~u~nical i m ot i ons,  etc .

A .Jd ’in , i t” e~~t . ‘~e L f  • re~. n s eu  it ‘~ of the NP ~L N  message

Lcees ~tnd ~‘en.:e-~tratur~ to ~~ovi d~ the p; - r device con— 
-

t e l  information .
-

• 3.3 .1 MESSAGE ACCOUNTJ~B~ LITY

- • ~ ~:ariety of c - hniques ~r ’J  pr ocedures  have been used
to ‘~eriIy th~~ conio uu i  ia~ ions links were in order ~iton. ttoriii~

~unel 
• ‘ant ~

‘i ±Lv ~‘he~.’k~~t , ant i  ~o verify that all ~jC -’

t r~~n1: 1 L~ ci To e- i ~ i .e  ~;c r e , i L  fact, received Ly the recei’~—

i - ~ term~ na~~. Tuoso l a t t e r  p r oce d u re~ are qenerally referred

to as mess~ ge Tlcco ’lL enility p~ onulures

G . 3 . 3.1 M s ~~~~~~~~~~.h e i± nj
A meth~. i c~ o’I orn y ~r p loyce is sequential uueh’~ring

ot e-ich messaqe•. Thy interr- ’ :•ti ,en in the numberin~ sequence

requ i res  the rec i j ient ~o inquire o~ (se~~c’ice) the t r an s m i t t i n g

s t at i on .  This procedure can hc ”  imp l e m e n te d  e i t h e r  manua l ly  or

aut i mau ± c o l l y .  ~~ c oresen~- 
~FT~ t e T h t r ‘:w,r i ter  procedures in-

corporate this mek~~ ’~d o~ ~ e: se ‘~e ac ;emt;•~b~~lity . C~n m oitipoint

levels , r essayc seqoeneA-~- rmi~ also be ~~ed it  accountability

is’n.~ intained at a stat~ o’i level. This  s t yp i ca l l y  accomplished

by el i  s ta t ionc mori.r to rlng  the “t c p  i~~~•e- ’ , ~~ ich conteuns the

channel sequence imber or by ma - nt a i  n~ nq and t~~ansia t t i r g  in—

divi, c~uci i  sc.a~~~on sequence n umbers tn  e~~cb n e3saqe . The ic ’tter

techn~~r~e i:~ e rac t icaJ-  ‘ uen the u:cco~~~t’. i  ~q i-3 perfurmc’d by

a cornr~ -. r j C Tt t iCf lS  ~~~~~~
‘ e~~S) ~

_ 
*

General]-1’ the ir~~s ace n , JT- ~~eiiflc stcrts at 001 and

* ~;o’s to 999 or 9’ Y~ ~~- c . i whice it is recycled  to ~ O l .  Tb :

numbers are - 1su~~i ~y r-~~~’c~ ed at th’~ Iccy ineiie i of t he  dny  (~)C~0O ’~
usifl~- l ocal time or •~MT. ihi~ mc~~f l~ of message accountab~~’.it y

is universally ~c- eptec~ and cu i te p’actical to imp lement pro-

viding the  totai  num ber or r e  ~.4 eS cx o h an i e : i  on a ‘iai l y bas i s

is less ~‘ha n ~~~~~~~

G-l4
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G.3.3 .2 Automated Mess~~ e Exchan9~
For c ir c uit ~ ope io it ing  at medium speed , th e poten t ia l

da i ly  mes s~ - (e capacity is in the hundeed thousands for NADIN

a p p l i c a tio n s .  Many m e d i u m  speed link protocols have built-in
r~~ssage ~ccountahility ~xovisio’is , e.g., automatic message

•— 1 2 ~oi)w iedgem ent , p r e cl u d i n g  the necessi ty for  t r ad i t iona l  mes—
s~~~e se~~denc ’ing . U s i n g  the ICAO-7 alphabet, a 2400 bps cir-
cuit rn~s ~i t h eo r e t i ca l  t h rou ghpu t  of 300 characters per seconds
( C P S ) .  v~eJ l  designed , full duplex , continuous transmission

w L t h  s i r nu lt ineous Suoervi~~ion , synchronous .link control pro-
cecier es can attain ef’-iciencjes of 80% of the theoretical
throughput.

thus , the effective information throughput can be
240 cps . This  is appruxirnitely equal to two (2) NADIN messages
per second. Therefore , in one day , a link operating at 2400 bps
could t r a n s f e r  172 , 800 typ ical NADIN messages.

Teicom recommends selecting the message accountability

procedures that match the requirements of the link. Where the

message exchange provisions of the link protocol meet FAA re-
-~urrements for message accountability , there is no need to im-

pos
s
e addit c ,r~a1 overhead on the message t r a n s f e r  procedures.

For links uti ’
~Lzing less comprehensive procedures , the continued

use of message numbering on a circuit or station basis is in

order

3 Message Sequence Number ing i.n the NAD IN
To i l l u s t r a t e  t,he appl icat ion of message sequ - -Lee

num b r r i n ; in the NADI’ -j system , t h e  message f o r m a t  pru~e sed
in paragraph G.2.2 of this Appendix must have added to it a

link control envelope . For brevity purposes , establishment

device control , pol l ing , and termination sequences are net

shown .
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The tollc.:iny example illustrates message sequence

numbering on a channe ’ basis.

SOH A A :~ N . -
‘~~- ~~—— 1 2 3 2 3

Dest inat ion Line

Etc .

EOT

where A
1
A
2A3 

is the trarsmittirig identifier and N1N2
N
3 

is the

channel sequence number .  The same effect can be obtained by

placing the messace seeuence number after the ETX as shown

below .

SOH D e s ti ’ -r t i o n  Line

Et c.
ETX A1 A2 7~ N1 N2 

N 3

EOT

For links where station message sequerc ing is desired ,

the message accounting information should be attacned as follows :

SOH A1A2A3 N1N2N3 L~ A~A~A6 ~4h5~ 6 
1. A

7
A~A9 

N
7
N
8
N0 -

~ E

De~ tinat~~n Line
Etc.

ETX

or

SOH Destination Line
Etc.

ETX A1A27\3 t:
1~

T 2N3 ~ A4
A
5
A6 

N4N5
N
6 ~ 

A 7A8
A
9 

N 7N 8N 9 <

A G—lf~
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Note t t t n t  Lhe link  control  procedure reso lves  the
e h U  of the nu m ber i n g  ;cauen ~~e by the t e r m i n a t i o n  sequence , EOT .

~he p a rt  Lc~~la r r~et ;iod  and fo rmat  employed must  be
c o a t i g u r e d  to m at ch  the l i nk  con t ro l  r equ i rements .  This does
not imply that in inm. ie ~~- ;e ab ly large number of fo rma t s  is
t~~- ;ouu a nde~~; r a t t e r , t he  fo r m a t s  must  const i tu te  a compatible
t z i m i ly ,  hut -  l i m i t e d  in number .

( . -
~ ~~)~ E A N h  i DReIeT CONVERSION

The follcv v dig paragraphs i l l u s t r a t e  the pr inc ip les
of code and format conversion developed in the preceding para-

yra~ iIs of ~his append ix .  They i l lus t ra te  messages a r r i v ing
cripi ~p e c i f ~~’c devices 05 specific links and being forwarded to
specific ~ev in e s  on specific links as described in the limiting
notes at tendant w i th  each iilustration . The examples do not

sii o.-; potential benefits that can be derived from computer

assisted formatting . Therefore , these examples il lustrate the
aforementioned principles and are not intended to be the final

recommercL~ i p r e c e c i ne s  by l ine and terminal  c lass .

G. 4..l d~~rv~~ce 8 r 0  NADIN

The fo l l owing  examples  illustrate messages or iginating
f rom a S e r v i;e  B L e t n i na l . The t e rmina l  is polled by a NADIN
concentx ator.

Pol l :  E < + A 1A 2
Respcn3e: < < A

1A 2A~ < < =

ZC7 .C ABA O 53 < <

FF + A 1 A 2A 3~
BBR -

~~ CCCCCC <<

1012345 ±XXXXYY <<

- -

• 

Text

I
G—17
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- << = (EOT )

NNNN Ci~)M)

The above ic an exainp 1 ot a aessa-~e to one station

on the same circuit and two stations not in seine circuit using

non- centralized con trol.

Poll: < 4- A~ ’~ 
- *- -*

Response:  ZCZ C -* P~i3A053 <<

~F -+ A1/~2A 3 
-

~~ BBB -* CCCCCC <<

1012345 * XXXYY << =

Tex t

* 
‘

The abe -:i is se exam Ic of a message to one station on

the same circuit an~ t ’~c : - t i t i  e is  not on same c i r cu i t  u s ing

centralized control.

In both of the alcove examples , the messages are des-

tined to service B and AFTN termi nals.

G.4.2 NADIN to Service B

The following example~ iilustrate a message from the

NAI )IN  network being dé1it --~rfd t:-- a Service B terminal. The

terminal is called by ~ ‘~~T~T i’or c”~~t :  it o~~.

Call: << + A TI
A ,A . r (

ZCZC ÷ X~’Z076 <~
FF + A1J~ J\3 

<<

1012345 -
~~ XXX~iY -~ <

• + (< E

(7) E NNNN

The above is an example of a messa:e to erie station on

a circuit ~.,j t h ~ner’iel ‘~emence numb ci:s.

G—18
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G.4.3 A ETN to NADIN

As rioted in Appendix A , the ?~FTN format will not be

a f f e c t e d  by NADIN procedures.  The f o l l o w i n g  example il lustr ates

a message originat in~ from an AFTN terminal. The terminal is

pd led b; the NADIU c o n c e n t r a t o r .

Pol l :

r ;sporlse: < 4- ZCZC -* ABC 123 <<

FF -
~ AAAAA < <

201234  -
~~ BBBBBB <<

Text

4 (7) E NNNN

G.1.4 NADiN to AFTN

N A D I N  will del iver messages to the AFTN net .’ork .

The following example illustrates a message from N~DIN being

introduced into the AFTN network. It should b~ noted that
this examp le is of proper format and content; however , the

detailed design of format conversion must provide for mutilated

~essage formats , no enders , etc.

C a l l : A
1
A
2

Response : V

Concentrator:< 4 ZCZC -
~

- XYZ 45 6 < < E

EF —
~ AAAAAA

1712 34 BBBBBB <

Text

• 4- E (7) NNNN

IG-19
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G.5.l

Th~ pi e S e f i  L AF N - r D : e d u l  es penV I :~e ~~r sever.

~riority ia.Jt~ tc~~s a:~~ •~n~ 1ei e~~. of o~ d~~ of priority

t ransmission . The ord r of i lority for transmission of

messay€s i S :

1. SS

2. D.)

3. It

4.  c~;
5. JJ ted ~R

C .  LL
The p~ esent  ~eivice h procedures -ecognize the

ICAO priority indinaturs , and a.so the four precedence levels.

used in the Naticnai C iotm unication System (NCS). NCS and ICAO

indicators are related as shown ~~~~
- the ‘c~~ awin~ Table :

ICAO NC~
1. Sf Flash (Z)

2. DD Immediate (D)

3. FF Priority (P)

4. G~
, and JJ Ferutine ~R)

The pr oposed CID IN procedures n l~~ only t40 priorities

for network trunks.

G.5.2 NADIN PL Loritv

NAOIN messages may o~ dtvi~ eJ nto ~~o classes, each
with its own i c r eAd for priorft~ es The ~1ass e~ are :

In- rnition Transfer — no ~mr ediate reply
* Informat ~or, ran~ rer 

- mcredi at reulv.

Th e ¶ ~st lo s s , in~ o n t ~ or-l transfer — no c c p ~ y ,
contains the prep: noe.  ance of a l l  e x i r t i n g  Serv ice  P n - s r a q r s
and a l l  AFTN messclaes .  ~a -  l~- r s i :  ch a ’a c ~~~r ist ic  of th~~r class
of messages is taat no reply ~ d: o e r t e d  or , if th :~:c i.~ to ut

(-‘-2 0
44
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a rLnl y, ito respons3 tine at the reply is not signif tc~~nt.

the ~e~~u:~J d OSS at :-ssaOto~ are d i s t in ~~u i shable  in t h a t  a

repl y fs  expected and th€ response time f o r  the r ep ly  i s

Le ldLLve ly shorn (real—time or near  r e a l — t i m e )  - This class

of traflic e~~ currently be f - nind on Computer B c i r c u i t s .

h. 5 .2.t Re-~~~c n ~~o Tin e  vs Pri~~n i t i e s

The p r i ox i t y  r hi c a t o r s  s p e c i f i e d  f o r  use in AFTN

~ ud ~ CLV ~ce B have associated NCS defined message transfer

t e ~ s or n~ twoi~ response times. These response times are

fo i  tiess~~~es in the  f irs t class , i . e . , in forma tion t r ans f er

~ irh  t i c  i i t ~~eu i a te  repl y .  The n e t w o r k  response time for  these
sesanles r a i cJes Lrom :ui iu L L S  to hours.

To ~~~~~~~~~~~~~~ messages in the second class , network
response tl!lies of a few second s are required . No AFTN or
Service B priorities categories exist to represent these res-

ponse t imes .  Fortunately, these messages are distingu ishable
b~ r1e s~~o;e type and pres l2n t ly  are found only on Computer B
1ink~~. As concluded in Telcom ’ s prev ious s tudy of Serv ice B
it  Is  not reconiunenud that  rea l - t ime  response t r a f f i c  be
imposed on a come - -user  message or iented network because of

f e  r e s u l t i n g  cos t s .  Therefore , it may not be necessary to
de~~el ’ p ~-riority i n -d i ea to is  for  these  message types .

G . a . O  AD OR E SS INU

AFTN a - idieases  may be six—or eight—character groups.

Service B addresses are three— or four-character groups. It is quite

tecninically feasible to 1~~rmit a mixing of address lengths.

For the N AL J I N  n o t w c r k , Telcom feels that there are no siqni—
f i n - a n t  t e cr i n i c - a l reanoris precluding the mixing of address

lengths. Furt1je~ mocc , Telcom recommends the inclusion of a

five character address to permit addressing to functtonai

lcve ls Witi~in the present Service B env i ronment. A three

e r1cL~ L idd ress would automatically result in a default

G-2 1
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function at eaco specific loeatictn . i hi ~ d e f au ’t ‘ u~~ct i on  need

not oe the same at ce’ery ‘~cati r.

G . 7 AUTOM~\TEL~ A~~S :T A ~ - ’ ~“ ~M :  1J~~Lf

2~~itche~~, con ouf r-~it~~rs , a n’  programmable  t e rmina s

can he programmed to pc~~f a r m  many ~i c L~~OnS that  wcu 2. ot }c -r w i s e

~~ : on additional burden to tht~ cperr~;o’- and , ~r. some canes ,

rvolve an unne’~essary trao~~-issj.on ~f rd eroiat~ on. For exa~-nle ,

certaiz tern i nals mo’s’ in~~ir;abiv ~- e’c nessages to a small ,

t xed ~et cf addressees; in iuch case’~, the sw :itch, recoqniz i nc

the n o ur c e  of a mes oige , coui ci s-~pj - ly t .he addre s- e s  f r o n  stor u~
• tables , thus redu-ci~~ the -iolum e at ~he i nput t r a f f ic .  L ike~s ise ,

cer ta in  niessag e rypo s , regardless  of o r i gi n , may always be
destined to the samE set of ad d r es e~~s .  t i  n ’i n~ ~~~~~ r,-~ t~~o

s~~itch to surp lo the actu ; 1 ~ct i rr ~~ses.  Messages  invc7 ;or g a

re la t ive ly  smal l  O~flOU f l t  of va’r a b l E ~ in ~rrr a~~’c- n embedded in ~
stereotyped tCi~t can be nan-iled eno~ ono oa L 1 y 0’; t r a n s r n r t t i r -~ o i l y

the var iable  por t ion arid supp ly ir - i  he f i xe d  por t ion  at  the

dest inat ion concentrator or at th~t ~-id’i i essed t e - i n in a l , if it ~s

proqranunahle.  The NADJ N a r c r - c t ’o t o ~~e ij r -- des u n l i n i t e d

opportuni t ies of this k i n d  t - ~~r :nert~~~ st e:c-~~nr at operation,

in’ addition to the primary ec~~nor~~~’~~ in ne~ wc i-k fac i l i t ie s .
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