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.1
A BST R A C T

This report documents work performed during FY 1978 on the
DCA-sponsored Network Speech Processing Program. Three
areas of work ~re reported: ( 1) a voice/data integration study
investigating the effectiveness of combined circuit and packet
multiplexing techniques; (2) a study of Demand-Assignment
Multiple Access (DAMA) schemes for future integrated satel-
lite networks; and (3) plannIng of experiments for an Experi-
mental Integrated Switched Network (EISN) test bed.
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N E T W O R K  S P E E C H  P R O C E S S I N G

I. INTRODUCTION AND SUMMARY

This report documents work at Lincoln Laboratory during FY 1978 on the DCA-sponsored
Network Speech Processing Program which consists of three major tasks: (a) a voice/data
integration study Inv estigating the effectiveness of hybrid (combined circuit and packet) multi-
plexing techniques; (b) a study of Demand-Assignment Multipl e Access (DAMA) schemes for
future integrated satellite networks; (e) planning of experiments for an Experimental Integrated
Switched Network (E!SN ) test-bed being developed under joint DAR PA/DC A sponsorship. An
Importan t purpose of the two systems studies is to assist in the identification arid definition of
significant experiments for the network test bed.

Section [1 deals with the voice/data integration study. Two hybrid multiplexing techniques .
Slotted Envelope Network (SENET) and SENET Virtual Circuit (SVC). are considered. An in-
vestigation of the effec ts of var ious forms of flow control in a SENET multiplexer is reported.
This work was an extension of a simulation and analysis effo rt described in the previous Annual
Report,1 in which a basic simulation model was developed and the need for flow control was iden-
tified. The best flow-control results were obtained with limitation of the data buffer combined
with data-queue-dependent voice-rate control . The results of simulation of an SVC system,
which differs from SENET In that Speech Activity Detection (SAD) is exploited so that voice users
transmit only during talkspw ts, are described. Comparisons of the performance of data traffic
for SENET. SVC, and Packetized Virtual Circuit (PVC) are presented. Performance is shown
to depend more on the fundamental characteristics of voice and data traffic than on the details
of the multiplexer scheme.

The DAMA study is the subject of Sec. III. The focus is on the problem of taking full advan-
tage of SAD in a situation where a large number of ground stations , with a relatively small num-
ber of voice users at each ground station, share a broadcast satellite channel. A prediction

• scheme, which has the potential for effective anticipation of speaker activity at a ground station
In time to obtain the required capacity through a reservation request on the satellite channel.
is derived and verified for measured talkspurt/sllence characteristics. The effect of buffering
of speech at each ground station is investigated, and a fundamental trade-off is demonstrated
between the amount of delay that is allowed and the efficiency or “TASI (Time-Assigned Speech
Interpolation) advantage ” associated with the exploitation of SAD.

• Section IV consists of a pr~ lLmi nary experiment plan for EISN. A development plan for the
network test bed is presented, wi th descriptions of maj or network subsystems. Advanced sys-

• tems experiments are defined and categorized. Seven major experimental areas are identified ,
and objectives and performance measures are described for each class of experiments.

Since the development of the network test bed and the experiment planning effort are joi ntly
supported by DCA and DARPA, a similar description of the preliminary experiment plan appears
in the 30 September 1978 Semiannual Technical Summary for the DARPA Wideband Integrated
Voice/Data Technology Program. Some of the experiment areas discussed are of more-immediate
concern to one or another of the two sponsoring agencies. For example, the DCA i s particularly
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interested in experiments related to satellite DAMA and to switching techniques for voice/data

integration. However , the problem areas are so interrelated and comp lement ary that all are

of Interest to both agencies; therefore , descriptions of all experiment areas are included in the

reports to both agencies. The experiment plan is expected to grow and become more detailed

as the program proceeds. In fact , a more-detailed version of the preliminary experiment plan

ia being submitted to DCA and DARPA under separate cover. This separate version is more

specific with respect to schedules and requirements, and is intended to se rve as a working doc-

ument for coordination among the experimental network program participants and sponsors.

The previous Annual Report 1 included work in the Secure Voice Conferencing area. Work

in the DCA Secure Voice Conferencing program during FY 78 is reported under separate 

cover.2
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I I .  VOIC }: t ) .\ F.~ IN rl:(~H .~ liON ~

this  sectio n reports on t’(fo rts dti ring F\ 7$ in the study of hvt . t ’ id  t ec t in iqu i s for  c~ ~ce

in t eg r a ti on .  Two hybr id  i ult ip lex ing t echniques Slotted F tiv lope ~~~~ o t k  ‘dS V 1 ~ and “F\ 1 I

V i t t u a l  Cii  cu lt  (SVC 1 —— a I • t’ conside i t ’d. An i taves t iga t ion of the e f fect s  o C v .~ t htus Co i m s  of (lou

coot rot in a S~~N K I’ niu lt ip li xe r is reported . t h is wo i k  wa s  i i i  ext i ns ton of a ~ iiaiul t t lota nail

tn . , )  t s i s  e ffort  descr ibeti In the pre’vious :\nnual ttep~ rt .
t in wli lt’Ii a b as te  simulat ion model u as

develope d and the need for ( u ’  c~~nt tol  was Identi fied.  flat best flow —co nt t o l  r esults  ut i c  oh—

t i m ed with limitation of the data buffe r combint’d with d~ t .i — queue —dept ndt’tat vo ice — t . it t  coot t o t .

11w results of simulation of an SVC system , which differs from S i N  K 1 in t h a t  S teecta ~s t i vU

L)eteet lon (SADI is exploited so that  voice u..e i s  t t . w ~~t n t t  onl dut tng I t i k  ‘ u t l — , a re  i t t s. I l ’ . i I .

Cotupa t isons of the pe i fo  rmance of dat a  t r a f f i c fot SKN K I , S Vt ’, and I ‘ u k i  i t :  ~d Vt  i t  ual U i i —

cult (PVC at ’ ,’ prest’nted. l’e t fot tminct ’ iS shown to dt ’peiad nio r,~ it ti ( i i , ’ ftind ana t ’n t a l  d i,  u t ,  V —

i s t t c s  of voice and data  t r aff i c than on the details of the mult iplexi  r seh.’m, .

1. 1N V K S  i n ;.~ liON OF Fl OW—C ON TRO l .  I KUIINI QUES FOR St N I  I

in the previous Annual ‘po i t t the results of i N l• ’ 1 ~~~~~~~~~ i t . ,  t . t multiplex .  t e c

senti ’d. t h e  conclusion was th at  at t empt s  to . , i h l e v ,  hig h chann el uu l t :  a (to n  led to it i t i • u k

queues so large .,s t~ overflow tn t easonatal ,’ amount  tiC sb t ige in the mult  iplexe t . I v , it  as —

sum lag infini  (v s t~ • rage , the mean dat a delays we rt ’ Ia i g i  bec.,tist’ e C the hu ff ,  r but idup ~tu i t t i g

periods when vole, channel occupancy wa s  high . i’ii,’ need Cot a flow — cota t  m l  nwch ,iatsni  be —

came ipp. t rent , and two types of flow control have been inve stigatet i~ (I  voice — i . , i ,  cont t o t ,

whi r.’ voice coil,’ a me assunwd to be capa ble of o p . t i  (t og at .1 V i  i n  ty of I t t i s m d  t new voice

call is assigned (at d ial—up i one of several  iv i t lab i, ’ bit mates , based ott liii ’ cur r ent  voice u t t l i  -

it  (on and/or data —queue si: t ;  and (~ data — flow control . wit , me a fi xed 1 m itt i s  int ixis cit on the

Si : , ’ of the dat a  queue. •\ unified description of both the basic SI NE I in tl sis t i t i l  the flow

control investigation is presented in Ref .  I . i’his report focuses on the r i t id y of tloa — i ’ o nt t o l

techniques .
Before discussing the flow —c ontr o l mnvest iga lions • it is ust ’ftil to it n e  ti ret ’iew h i . ’ S t :  ~ t :  I

multiplexing scheme.

SENE 1’ is .1 1’in~t’ li lv is ion Multiplex sdaenie which is ., h v t i i i d  of c ir c U i t  — and p i c k e t  —

switching techniques. rime slices of fixed dur at ion , .t  f ram e  perIod . t i e  p a t t i t t o t i e d  attil al —

Inca ted to the I rails mission of ci r e i n  t— s w lt c h e d  d ig lt . t  I vo l , ’. t i t  (ft c mu tt p acke t  — sw it ch,’d d i  Ia

t h e  basic SE N K 1’ fratiat ’ st ruc tu re  is i l l u s t r a ted  in l ig. Ii — I. Voice I i ,  Cite is allowed to occupy

~~~~~~~~~ ~~~~~~~

~~~~~~~

Fig . U — I. Fran~m’ st i t i c tu t e  for SEN KI ’  hybrid mull ipim’ xtn g scheme. 
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V

up to a specified fraction of the fr a m e , as specified by the cir cuit-switched limit  indicat ed in
the f igure . l’he r ernaintag portion of the f rame is mi st j ’vecl for data  p a c ket s .  t h e  c i r c u i t —

switched limit must be selected to maintain a specified blocking probabili ty for voice . Ge n-
erally, some of the total maximum capacity for voice will be f r e t ’  due to statistical fluctuat ions
in the voice t r a f f i c ,  this v a r i a b l e  capacity fot data which is indicated in Fig. U- i  as the legion

between the circuit/packet boundary and the circuit-switched limit . may he utilized for t r ans -

mission of data packets. In general , the voice slots t ot  c ircuits )  can be of varying si/c depend-
ing on the bit rates of d i f f er e n t  voice users , and the siit ’  of data packets is also vai’iable . The

work reported in the previous Annual Report
1 assumed a multiplexer frame (taken to be of dura-

tion b 10 msec) divided into S + N equal-capacity slots. l’he nominal bit rate fot the voice
coders was taken as 8 kbps, which is accommodated with an SO-bit slot size.

The flow-control investi gations reported here include a set of simulations which have been

run to gather statistics on multiplexe r performance with different flow -control strateg ies. Gen-
erally, total channel capacity was fixed mt 120 kb ps, with voice capacity limited to 80 kb ps (suf-

ficient to accommodate N 10 user’s at the nominal S-kb ps rat e) ,  and 40 kbps dedIcated to data .

(Fo r comparison , one of the flow-control schemes was tested with a 600-kbps channel .)  A mov-

able boundary was employed to allow data packets to be sent in temporarily unused portions of

the voice capacity. The usual tele~~one traffi c model for voice calls wt S used , with a Li0 jS SOfl

call arr ival  process and exponentially distributed holding Um~ s. For most of the experiments ,
the call arrival rate was set at A = 0.05 sec 1 and the mean holding time was taken as i/ ’i

t OO sec. This corresponds to S Erlangs of offered voice t r a f f ~e. The maximum number of

simultaneous voice calls was limited to 10, with blocked calls cleared. Data Ixickets , with

fixed lengths of 80 bits , were assumed to arrive in a Poisson process. The purpose of the

simulations was to investigate system performance for data-packet arrival rates greater  than

500/sec (or equivalently 5.0/ frame) , when a portion of the voice capacity must be utilized for

data. For the cases where the data-packet arr ival  rate Is less than 500/sec . no significant

data queues build up. The performance measures of interest fo r’ data include average delay,
average queue size , maximum queue size , and fraction of packets arriving when the data queue

Is (tall (when data flow control is employed). With voice-rate control, the distribution of callers

among the available bit rates and the average voice bit rate assigned serve as performance mea-

sure s f o r  voice users.

1. Experiments with Voice-Rate Control but No Data-Flow Contro l

In the work reported on previously, all voice user-s we re assumed to ope rate ~t 8 kbp s.
the  voice channel utilization exh ibited la rge va riations a round its mean and data queues would
build up during the peak s of voice utilization. The Idea behind the voice-rate control techniques

studies here was to cut down the peak s of voice channel utilizat ion by assigning lower bit r ’ates

to callers who ente r the system when utilization Is high , Of course, this scheme assumes that

each voice user has a flexi ble vocoder capa ble of a variety of rates. The presumption Is that

the assigned voice bit rate and the corresponding speech coder performance will vary depending

on the traffic load In the system.
The results for four voice-rate control schemes are reported here. To define these

schemes, the following notation is Introduced :

4



tt~ st in t  , i t  h i t  l m t , s ~i t  i l l  v~i ic .  us. I s  i , t i v ,  at  a g iv . n r un e ,

n i ax i u t u n t  t’han nt ’l t a ~’ m c i t v m t I ~’~ .ai d ~t v ’ic. ,

~ nun atx ’r  of p acket s  ~‘u i i t ’t r t l y ii i  th~ t i t t i queue;

H bit l i t ,  assigned to t r ica  vet  t , , . i I l , ’t mt ~t i i I Up .tie w

t t r l , ss o r h e r a  is,  noted , t~~ was f ix ed m t 80 kb ps. t h e  f i r s t  ~e m m e — r it e  cent t i1  s m h , rn ,  Ilt it  a i s

i d  is i l l u s t r a t e d  in Fig. 1 1— 2 .  Ni -a c ills we r e  a s s i gn ed at .!, 4 , 8 . or Ic k bps t s r  tunc t ion  at
, u r r ’ , nt t o t i l  v O l t , ch ,mn nt ’t  u t t l i / it i on R~. 

~~~~~~ 
w ith  lower  I- _ i t t ’s .mssigr i . ’d , 1ur mn ~ t r i g ht ’ u t i l t .’ .m —

It o nl p. r -tod s.  Ihe  tnclusion of .i Ic 4bps t a t e  Wo uld )‘ ! t i v i t it  b e t t e r  V O l t , s. i v i e t  t o t  sen t , u s e r s ,
but had the e f f e c t  of filling in the v a l l ey s  of vale ,  u t t l i : . m t i t ’n  t h , m r  ~ ‘ ‘~~ ;~~~s u t  when vi i i , - , — it , -

‘u’

I t  — 2 .  t - :x,m r u p lt-  of vot e,  — l . m t t ’  t’ont t e l
h i s e t i  on cut i’ent voic e channel utili: att on . :.
h i t  r a t e  as signed to t new user  is plotted ~i’t i f un c t ion  of cur  nI tot  ml l i t  n i t t  I ill 

~ 

—

, _ ‘~~i ’, _ i c r .\‘,‘,r  ~~~~~:.t ’ ,-‘-  ii

con t ro l  w i  s not employed . l i i i . second sch , ’m.’ a is stmri a U tO the f i r s t  ,‘xc ept th at  the voice r , m t , ’

~if Ic kb ps was not used , but 8 kb ps a is assigned to c,mll e I s  .m r r ivtng  w h e n  R v 
i ,,,, w a s  u s s  tha n

0. 2 S . l’he th i rd  appro ach used voice — r ’ ,r t t ’ cent ro l . combined with menito ring ot the data queue .
When the data queue was empty , voice  rates  we’re assigned as in I”ig. I I — .’; however , voice ~‘ a l l —

ers arr iving when the data queue was not empty were assigned a r5te’ of 2 kbps. In t i le fou r t h
techniq ue , the r ate of a new call was governed solely by the size’ of the dat a  queue. If the queue

was empty, i rate of 8 kb ps was assigned. If the queue was non-empty but did not exceed 150
p i cke t s , 4 kbps wa s assigned. OtherwIse, 2 kb ps was used. l’he (out ap p r o a ch e s  3ust outlined
will be refet’red to below .ms schemes v i , t’.~. t’ ira] t 4 ;  vi) will denote the’ $j t t h i t lm ) r i  ~ ht ’ r e  no
contro l Is Imposed. these voice — n a t e  control schemes ire summ a r i :  .‘d as follows:

vO : H constant = S kbpsnew

It. kb ps ~~~~~~~~ 0. .~6

8 k b ps ~~~~ H •v t :  H =new
4 k b ps (t~ 5 

~~~ 
t ’

~~ * 0.76

.! kb ps 0 . 76  ~ h \• t ’
~~ ~ 1.0

8 kh ps H~. ~~ ~ 0. 6

v2 : H
~~ W ‘~ kb ps 0. 6 ~ i~~. t ’~ ~ 0 ,76

2 k b ps 0.76 -
~ i~~ ‘

~~. .~ 1.0

S

- -  _ _ _ _ _ _ _ _ _ _ _ _ _



TABLE Il— i
AV ERAGE DATA-PACKET DELAY AS fr CUNCTION OF DATA-PAC KET

ARRIVAL RATE FOR VOICE-RATk CONTROL SCHEME S
(vO Through v4 ~ D.scrtb.d In T.xt)

Flow-Control
SclWm.

vO vi v2 v3 v4
Pock.t

Arrival Rat.
(8b In pock.t~f~rams) Av.rog. D.Iay (s.c)

6 0.18 0.0 0.0 0.0 0.0

7 1.18 0.0 0.0 0.0 0.12

8 3,08 1 .19 0. 14 0.33 0.30

9 11,6 39 .0 1.6 2,55 0.63

TABLE 11—2
AVERAGE BIT RATE ASSIGNED TO VOICE USERS

FOR VOICE-RAT E CONTROL SCHEMES vO THROUGH v4

Flow—Control
Sch.m.

vO vi v2 v.3 v4
Pock.t _______ _______ ______ _______ _______

Arrival Rats
(Ob in pock.tr ~ffra m ) Av.rogs Voic. Bit Rat. (kb1*)

6 8.0 5.7 6 .6 6.0 7.9

7 8.0 5.7 6.6 6.0 7 .6

8 8.0 5.7 6.6 5.5 7 .2

9 8.0 5.7 6.6 4.8 6.5
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pocki ’n a r t  l v i  r i m s ,  t - :v , - n i  t a r  sch, ’nit e v4 , Ut , - d i i i ’ ,  at  O n  s .c  it  t) , O  pack~’ts f t - o t t , - is o t t —

ic~- i p t i b 1 . ’ , o n t i l  co t  r i -spo t ids  to  ar t  v a r - mg , ’ ,lu ,’u, ’ s i - i - of 6 7 1  i’~u t -k , - t s  - O b s , nv , ’d n r i x t n i t u n r  tp i . tu ’

si - -s w , - i i  s t g t i u f t c o n t t l v  h t g h t , ’ n - , Ph . ~-o t i~’ lu s to r n  us t l i , it  i l t l i i i u gh i  v o i c e —  r i te  cent u I  a l on t i -  ~‘ l t l

, ‘nth t i c . - t iot a is- t f o  t n n ~i t i t ’ , Sa t t i t ’ f o t n n  i t t  dot  —t loa - con it t e l  is nt, - c r - ss . i  i v  to keep  mit - lay s  m iii queue
si~~,-s w i t h i u t  i -  - i sonable  l i n t r i t s ,

l i t ,  i -n t t ph u i s t s  he n - ,- ht is hi i’ni t i l t  tb. - ,‘ t , - t~ t i v , - t i , 5 5  i t  vo te, - — I - i t , ’ cour t -e l  tn t  n - educ in g dat a  —

p,ickct dc- lay ,  t t o w , -v, - r , Ut , ’ ab i l i t y  i t t  v oi c e  us, ’r s to ,.p, -r  i t ,  at van -t et \ ’  of t i l e s  ui , -p. - n t dt ng u i : t
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TABL E 11—3
AVERAG E B IT RAT E ASS IGNE D TO V OICE USERS
FOR FLOW-CONTROL SCHEMES dl THROUGH d3

dl d2

Anlv a$ R~. Averag. Votc . BII Rat.
(Ob in pock.t~/frams) (kbps)

6.0 8.0 6,6 7.9
7.0 8.0 6.6 7.7
8,0 8.0 6.6 7.3
9.0 8,0 6.6 6,8

9.5 8.0 6.6 6.4

10.0 — 6,6 6.0
10.5 — 6.6 5.5
11 .0 — — 4 .5

TAItE 11—4
PERCENTAGE OF PACKETS ARRIVING WHEN QUE UE IS FULL

UNDER FLOW-CONTRO L SCHEMES dl THRO UGH d3

~~~~~~~~~~~~~~~~~~ I~~~~ont~~l 

dl
_ j  

d2 d3

Ar rivo l Rats -.~~~ Pock.ti Arriving Whsn Data
(Ob In pocksttVfmm.) ~~~~~~~~~~ Qusus ~ Full (p.rc.nt)

6.0 0.3 0.0 0.1
7 .0 1.1 0.0 0.4
8.0 2.4 0.2 0.7
9.0 4. 2 1.4 1. 1
9.5 6.8 2.8 1.5

10.0 — 4.6 1,8

10.5 — 6.9 2.5
11 .0 — — 3.3
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TABLE 11-5

PERCENT UTILIZATION OF VARIABL E CAPACII\ AVAILAB LE
FOR DATA FOR FLOW-CONTROL SCHEMES dl THROUGH d3

d2 
--___

Arriva l Rats —
~~~~ Util izat ion of Var iable

(Ob in pack.tVfram.) ~~~~~~~~~ Data Capacity i~per cent )

600 19 18 19
700 39 37 37

800 55 55 55

900 70 71 70

950 78 78 76
1000 — 84 81

1050 --- 88 87

1 100 - - — 92
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FIg. 11—5.  Pe rcent of packets finding queue full is a function of util ization
of variabl e data capacity for schemes dl thi -ough d3.

percentages of data packets finding the queue ’ full , which ar c plotted in Fig. 11-5 , show that d3

again has the best performance for higher - utilization of var ’iab le data capacit y. However , there
is a price to be paid by using scheme (13. As utilization is increased by gn ’eater ’ packet an ’r ’lvul
rates , the data queue tend s to remain more than ha lf full durin g pe n’iods of higher voice utiliza-
tion, Consequently, more calls are assigned at 2 kb ps; :rnd , lest the average voice bit rates
shown in Table 11-4 be misleading, it should be mentioned that for all packet at-riva l rates tested
almost all calls were assigned at eIthe r ’ 8 or’ 2 k b ps using scheme d3. l’his Is in contrast to
scheme d2 where ill calls wet -c assigned at 8 or 4 kbps with a ratio of slightly less than two-
to-one , regardless of packet arrival rate . If voice user -s could tolerate a greater oven- ill In-
cidenc e of 2-kbp s voice communic ation with a bette r chance of be ing assigned at 8 kb ps , it can
be argued that scheme d3 Is slightly better’ than scheme d2. lit,’ pen ’cent a ge’s of calls assigned
at 8 kbps are plotted in Fig. 11— 6 . The urea  of particular intet-est is that corresponding to a

utilization of variable data capacity just oven’ 70 percent , which is where scheme d3 shows im-
provement over ’ scheme d2 in both Figs. h1-~ and 11-6. In general . comparabl e performances
could be achieved with both schemes d2 and d3.

Scheme d3 was tested fo r’ a lat’gen- population of users by increasing the channel capacity
fro m 120 to 600 kbps , with r voice’ capacity of 400 kb ps and a dedictt ted data capacity of 200 kb ps.
The offe red voice traffic for the larger population was set at 40 Enl angs. (Wit h fifty 8-kbp s chan-
nels of voice capacity and 40 En’ lang s of traffic , the ’ blocking probability computed on the basis

12
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Fig. 11-6. Percent of calls assigned at 8 kb ps as a function of utilization
of variable data capacity for schemes di through d3.

of fixed voice-rate operatio n at 8 kb ps is 
~~L 0.0186 , approximately the same as the blocking

probability for the 10-channel, 5-Erlang case considered up to now .) The perfo rmance of d3
with this large r population was compared with that of the smalle r populatio n considered above ,
where 80 kb ps was allocated for voice and the offered voice traffic was 5 Erlangs . As shown
in the plots of average data-packet delay, the percentages of packets finding the queue full, and
the percentages of calls assigned at 8 kbps in Figs. 11-7 . 11-8, and 11-9, respectively , the pe r --

formance was improved for the large r population. This can be attributed in pan ’t to the more-
rapid fluctuation in voice utilization , which causes the peaks of voice utilizatio n to be shorter
in duration.

B. PERFO RMANCE OF DATA TRAFFIC IN A SENET
VI RTUAL CIRCUIT (SVC) MULTIPLEXE R

The SENET simulation was expanded to model a SVC system in which Speech Activity Detec-
tion (SAD) is exploited. With SAD , voice-activated switching is employed , and voice user’s oc-

cupy their assigned slots only during ta lkspu r t s. Voice slots which are unused during periods
of silence may be utilized for transmissio n of data packets. The multiplexer frame structure
for SVC Is shown in Fig. 11-10. The organization is quite similar to the SENET frame shown
in Fig. I l - i , except for the inclusio n of a speech-activity header. This header gives informa-
tion as to which voice users are in ta lkspurt and therefore occupy ing their assigned slots dur-
ing a particula r frame pe riod. Slots belonging to silence voice users are free for’ data usage ,

The circuit /packet boundary in FIg. 11-10 moves forward and backward as calls enter’ and leave
the system , under the constraint that calls will be blocked afte r the circuit-switched limit is

13
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exceeded. The SVC simulation allowed var ia t ion  in voice ut i l izat ion due to call initiations .und
terminations to be supe r-posed on the t alkspurt /silence variation.

The’ performance of data tr ’aff i c fo r’ SE NET was comp a red with thy performance for - S5”(’
unde r the conditions of ( 1 )  a fixed numbe r of calls and (2)  a varying numbe r of calls. l i i i  corn -
pa n’ison was set up so that aver-age voice’ util iz ation fo r’ the th J ’ E’ e~ Ca St’S Of inte  r -est was the’ same - .
This was achieved by assuming a channel capacity of tw enty-fiv e 80-bit slots pe-r tO-nt s r ’c f r u n s e ,
or 200 kb ps total. The average voice util ization in the thr -et ’ cases was au -r ang ed  to Is’ ~ - slot s
fr ame. For Case A (SENE l’) , 10 slots were allowed fo r’ voice and 15 slots sri - r e  de ’dicate ’d for
data , with a variabl e number  of calls and an offered voice t r a f f i c of ~ l- n - lsr ng s . F’or Case It

(SVC) . 10 slots were allowed fo r’ voice and 15 slots we re dedicated to data , but the numbe r of
calls was fixed at 10, and speech tr ’ansmission was assumed to occur only dun -ing t a l k sp u r t s .
A typical talker was assumed to be In ta lkspurt  SO percen t of the t ime . F’on C u se  C (SV( ’t .
only S slots were dedicated to data , but call on/off va u -iat ion Wa S supt ’r’posed on the t a l k spun n
silence variation with an offered voice’ load of tO  Er langs . The t h r - t -i - c,,st’s a r~e i lh r st  r a ted i n
Fig. 11—11. Th~ three simulations were run for a packet  a i - i - i s - a l  I I  t I~ of i ’-) p a c k e t s  ft ,nne , w ith
the’ expectation that an average’ of 20 slots f t inne would be availab le ’ for d a t i  - Fo r (‘a ses -\
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____________ _________ for thre e eases as described in text.
-I1.1

t
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CASE A SENET , S EPI ANGS OP VOICE TR AFF IC
CA~~ $ SvC, to TALSERI WuTH SAD
CASE C $vC, to ENLANGS OP VOICE ‘FRAFFI C

Wu is SAD

TABLE 11-6
COMPARISON OF DATA TRAFFIC PERFORMANCE
FOR THE THREE CASES DEPICTED IN FIGURE lI—li

Utlflzotiort of Slots
Maximum Ms~in Data Msan D.loy Avai lable icr Data

Case Data Qusu. Queue (s.c) (percent)

A 148,352.0 19,169.0 10.1 94.8

B 1,052.5 73. 48 0.039 95. 1

C 112,714 .0 21,068.0 11. 1 95.3
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.un d - whi ’ 1 . ~ .i n , u t t t ’rrip t sm- u s  be ing f i l m - k  to exploit VOICt ’ call Va t ’j ,ut  tort for mt m t , i  p ,ucke- (  s , pam -’k ci

delay ,tnsd queue w~’ r~’ un .ucceptahly Lu r ’ge, Ibis sug r~’t ’d with pr - evteius abs, - r- s- ,ut u ,ins of , t , u t m pm-- i  —

forruarrce ’ In Si-: Si- : t ’ . I_ .u si - i t , whe u-c only t ,~1k 
~~~~~~~~~~ / sLle i lc ( -  v u  i t . m t t , ’nls wm - - r e  m- ’x ( i l m - t t t m -- ci ( , l l

t r a ff ic’. r,’sultvd u r n much snial le  r v ,ul u e’s of mean 11, 1 1,1 eiel .uy , u r nm - I  queue su ,‘m- , I , m i i l m - ’ I l — i -  5110W s

list ’ t’05u1t T4 of the’ simulations . I- ae’It t int i v  r e p r e s en t s  ,tn I V y  1 1 g m - - over four - r u n s  per - m-’ isr , wi th
t ’,um -’h run representing .! c , 000 Sec of real t i l l S , - , (‘he results t r r m - I t m -’ I t m - U i _ ut  , t t t c r r r p t s  to ut i l i ,’ e m s
much ~u s 80 ~x’ r ’ct’n( of thm -’ ,u v I r -agi ’ e x m --e ss Venic e c ap l c i t v  dUt’ to fluctuat ion s in the nun ibe n of

m-- -clt s connected will rt ’sul t in l,u r ’gm-’ data m- 1el,u~’s whether’ or’ rio t S:5’l) is Included. Ilic results
fo r’ u ’a Sm - ’ it ur’ e’ in ag u ’ e’ernent with pr ’e’v iously obtained results for - a I 1.mck c - t i :  em -I Vi r t u sul  Ci r - ceri t
(PVC) nnultlp lex i~’ n - , which also inellm -’,u ted that  reasonably e’ (ticicrit use could be’ m,ude ’ of the sm - i  ii ’ c

capacity saved by not t u ’autsuni t tlng during si lu -ne’i - .

, A ’ A , ’’  I I ’ , - A T I I  A%1R&lS l  SAR Al IL I
150T4 , S ’ E m ! ’ • , ’RI DA TA

— sA wn ~~t S I ANUS
54 II? I AI Vt SR
m . . *4~ ,T ~~- I 1 - Sm-) p ’,0~~I I

FIg. 11— 12 .  Means packet dc-lays for- S i - N E T  ~ —

with S i-:r -Lur ~~s of voice tr -af ft t ’  .rrrei SV & ’ with ~10 talkers.

/
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ARR IVA C RAT E Ii.m - m-W. t -’. ’

t’he’ comparison j ust de’scr’tbe’d is Illustr’ ated further ’ by the’ r’m-’sults prt ’sensted in Fig. i i— t .~,

which shows average’ delay .rs ~u fitr ictiont of packet si r - r ’iv ,ul r’a It ’ to r ,~ s i :  N t- : r sys tent with
S Eu’langs of voice tr affic ar id .un SVC sy s tem with a fixed tntrmbei’ ol’ calls but with air  avera gi ’
of S talkers in talkspur ’t. lIer ’e su total chaiusel capaci ty  of I S s’oim-’c- slots was z ;sstrmed . wi th
5 ded Icated to data . (be g r’esitt ’ r’ efficiency of data 1 i- ,u ft ’ic In Ut ilizinig tiit’ (‘sr pid t alk S (TU i t

silence variations as opposed to the much $loWe’l’ y, ul l  m- i t t  m- st ’f s’,r r iat ai t is  iii m-’lesi i l ~- il lust rated.
The SVC sinsulatiors w ,us  run with par ’at-nsett’i-s matching those p rm -’s’iotrsl y

4 used in i’5”C
simulation runs. ~5’ channel capac ity e’quivale’nt to 72 ottu ’ — W ay It ’ — k bps cm- ’ tm - ’m- ’ link s issu s a sssmsed,
The numbe r- ~f connected c,ulls wit s fjxe ’d at 85 , ito C s u I \ i m -’ lt V W~l$  m - Iedim - r t cm - i  to da t 5u , and the mean
du t’a tleifls (If talk spurt and st lc ’nc c’ We ’ rim- SI ’ t m-’qua I sm-i th~ f all  r Vt ’ r ige of 42 . 5 Dr pt ’srk r ’ rs Sm- a S a c’t ive  -

‘Tu e total channel capacity was l u  t’ge enough so that  all vm- iiee dat a were gri st u-anteed to be I ra ins  —

nu t ted.  flue S\’C simulation was run to r’e’pr’e’st’nt 2 into, of real t ime  IS  had been done in the
PVC expei’inst’nt , and the results were ~nics~ thed m- ,~~

’ t ’ r fm -te, i runs pen ’ uj a Ia ,i rt - is - t l 1 ,1 ii - . The
data a rr’ival i- a te - ceu r r’t ’spomntling to an 8O— ~s’ r’e’ent cr1 c l i , ’ at  j oi n of the’ fltt’ s t t i  c ,tp ,rcl ty for ,(ala - -~

_ _ _ _  
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r’ enr ult ,’d in a me.un da t a —p ~u m -’kt ’t sis ’ 1 m m - -  of ,‘t i 1~- I I  tns -’c - t t i ,~ ni,’,u i i  p m  m - k  m - t  m-Ii ’1 uv sm-m i -u l t i m - - ,l . , i .~

I t ’ i ’ t % ’ sll I ’i I t l ’ m-’ i I l$~~m- i I tO  ~~“ i m c T i i  c r t t l r  ‘ ,l l l m ’ n i  s ly  .‘~~ rusi -~- , l ’ ’ i . m I  S 01cm -  m m - I  m I m ’ ,, 111111 t i m - i n  l ist -

lisest’ two ,u r -r ts ’ ul  r - u t , -S su ,l s .1 1  ,‘. a i im - I ‘) c , 7 pm-- rCt ’ it t , rt ’s(M m-’t t s i - lv .  \ ( , ‘ m S l  m - I , u t m m - t m -  l v  m~’ m f t i t im -- t t m - ir~

of dat a  at -  n - u v ,ul  r ut , ’ In t~’th the I ‘Vu.  - , u rnd  55’ C st rsnul ,ut io n s u s shown in l ug . Ii  — I - l int ’ s l i f f i -  i ’ I i m i~

tie’ t W e, ’ri 55 ’ u_ - a rid I ‘Vt ’ wm -- i i - r ’ ,ut hi ’ n - ~s insa U . ~u rid m ’,r ii i -I, ’ - - l i t - i  im -ert ~’d t m - i sIr  f fc  i m- - n m - s  - ,- i i i  the dm - ’ t , u  tI s e m - f

the tw m-i strssul1ut j or ns . ( i n  beith S t t t l m t  ‘t i ,- . t Iss ’ S m i l l s ’ t’UtnsI r r s n e n s t cl m - 1 1 u t  um -’ t , s n s ’ t t m --s s m - f S luc i  anti j , u t su
t r a f f i c we u’e being t’x plm -it t t’d , sm ’ l i i i’  t _ im -’t lii i t ~~ is ’ i i i )  5 1 m - m 545 1 5 -  s t nn t l , u  i sm- ms  is ’ be e— m-ip e - m-’i i ’m- I ,
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-5 ’ .  IX  Fl ~ t~ m ( u ’ t i m - S N

liii’ sm- s’ c’ r - ,u l l 
~
‘ r p _~s m - - ot t I re ’ I t t ’ r l s . r i imt— .-\ssig ni r nii int  \ t c i l t i p l e ’ \~~

- m- - s - s s  d~ .\ \ ( 5’ 5 — s i c r m l v  i m s  lit - cm 1 m m -

ins- t ’s I i g _ r t t ’ S I  m’ioui m s ,m - ni f l i t , - I )~ c Iii -5’ scI im - ’ii nm - ’ s in ci rcle r- is ’ 1 ~_ s t  
~~~ i b m  1 su r u t a b i l  l iv fm - I r t r sm - - in tu t u i - m- ’

u r l t i - g m u t ed  s’or~ - m- - s I m t . m  n etw orks .  .5’ (1 -\M.\  sm -’i r t nie ’ m-i l’ psi r - t t t - cm j , u  r in t e r e st  u s l i i i - I ’ r t 5 s 1 I \  — m - S t um - ’n i t e t j

I Sm- - n i.unel -5’ ss igrmie ’ni t ( l ’ u. S I S- 5 ’  schi -me ’ win im -’ti tm - m S  des igne’d in t ins - -\ t l- r mit  ic I ‘at ’k c - I  Sa tel h I t ’ I - 
‘~ s- i i  —

mer it t .~~ i-si-: pm - ogr - umss ar id which wi l l  is’ t m ssp l m - - n nni ’mt t t ’d in the I - ISS I ) - \ M -5’ proc e’sso i- s .  ( S u m  m g
F V 78 , the U:5’ ~tI :5’ stud y foe’used tin the’ pr’s-uble nu of e (fit’ ie’ntly multi plexing tir ~- t ra (ti c (t m - i nn .u
l , m i-ge tnmnnbe m ’ of t’ e ’lsttivc’l n.m r - n ’ciwb.mnd g roun d t e’ m’r ni n .uls onto .u wj de ’ti ,r nm -l sal t -j U t e ’ c lnanmne ’l. t in t s
corit ’igur- ,u t i on w.us of inte ’ re ’St ~m s a model of f u t u r m - ’ I St - fe -ost - Coinnssunstc m t u m - ’tss S’m-’stc - ms 5(S CSI which
m u y  iuic ’l~r du ’ hun tl m - e’ds of ground s ta t io n s , Suim -’e- the _uds ’ _ u m i t , m g e  of st . rt ist i c , i l ls ’  inu l tu p l e ’xirug a l,t m gi-
numnitie r - si t  t1~1, - i s  ~$ lj n t i t e’d , it -m ppea i_ s that multiplexing must  be ,- f f m - - m- - t m - - 11 , u t  tin e - s , m t c l l i l e  Whe ’ r m -
Ust ’ s t a t  u s t i s ’ ml pro pe’ rt it ’s s i t  the’ l , m m ge ’ , agg i - g m  t m - - l u - ~I (f i t ’ st i- ,’,t nn .m ri ’ I V I  i lati lt-

f’ -
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5
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Fig. I I I  — I .  c ’onfi gur’ ,uti on of sa te l l i te ’
rut it t im -  ii _ y . t t m .  
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the’ Situsitlein of in t i ’ ri -St is insdie’,r t ed jut Fig. I ( I  — t , which depicts u sa te l l i te  consnsunicattons
syste’m with in gm’ound st a t  to rt s and N Vo ice ’ m-’alle rs i i i  a ctive ’ cons- c’ t ’ s ,u t ion  “ ti ll—ho ok” 1 at e’.mcis
ground st a t i o n .  l’he’ sib lec t  is t o , tm -’hle ’m-’ t ’ Li,un dwidth s.us’ings bus u t il i :  ing Speech .\m -- i i v u t v  lSete -c —

tion is -5’ 1) 1 and allowing t .ulk e r s  to occupy sat e l l i te ’ cissunnie l c sup iu c it ’m-’ onl y thu i-t og t , u l k spurts .  Stmn m -- m--
t h e ’ t~ (’ts ’_ u I t s t l kt  n’ is silent more’ tlssu t i 50 pm-’ i’cent m it the’ t t n~t’ dur-ing .i ct’ns’e’ r sst t i ont , t h e ’ p a t e un t i ,m - (
saving is substantial.  Ilowe ’vt ’i ’, expe ’m’ ien nce ’ with the’ c i r cuit  — s w i t c h e d  l’inss e ’ — :\ ssigr ied Spe’e’t’h In s —
te’rpolatlon I l ’ASI ) sys t em ind lc.mte ’ s tha t  liii ’ nu tn be ’i’ ot’ t.ilke rs r i s t r l t ip lexe -d must  be g i -cat , - u th ,un
40 to approach the’ ful l pote ’nt ial bandwidth saving. In the’ s i tua t ion  cut t O t e ’ rest hlm - ’l’ e’, is i’m’(’i —

flu
s s m - l l~’ l,’ss than or e’qual to t O , while ’ 

i~~ t ~~~ is g em- - a t e  r th, nn 40,

-5’ brief d iscussion of the’ cl a ss i cr l  F:5 ’SI sv s te ’mn is s ippropn ’iat e ’ ut  this p o i n t .  l’his systt ’m
multiple xes M talker’s cm -nt t o u. ~ml m-’ii-c u i t s  by mi ’au ns of s’oim-- e’ —a c t iva te ’d switching . \~~he ’nt m

tn ml ke r toi l  i ,u tm - -s st t a lkspur’t , he’ 5e ’i,’e’s su ci u’cuj t ~t t  tint ’ u s ,tvsuil . t bl e ’ 1 antI bui lds it  un til t itm -’ Ia It- —

spurt is complete. If no clr’cu lt is as ’ai lablm -- ,t t t ,mlks p u t’t i n i t i a t i on , spee’e’h is lsist unt i l  orte’ t m - f

the ’ ongoing talkspuu ’ts ends and m- cit’cu lt bm- - m-’onnm - ’s us ’~i ilab l i ’. l’he’ rnu rmb m -’ r of m- - i  i t ~ur i t  s m-’ must

be l.r n ’gi - enough to ma i n ta i n  .n su ff ic le’rstly lm- ’sm-- fn m- t - t i m - i i s m l  speech loss . (15,’ “ l1iSt ativaniage’”
u s tie ttnse’d ,us M m-- , h im- ’ r m -  iso of the’ numbe’ r em - f t alkers  to tht’ mimi-ic’ n- of m- - i  i m -  t n t  s , ,unt t l is ge’ne’ u a  fl y

t o
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to in ns um’ ’ I_ h a t  spe i ’t’l n 1’j m- ’k , ’ts sh’ n ot s i u f f s ’t  , \ m -’ , S ~~~l \ m  m- Ie ’ l , m v s  , “ 1 s i t U  n - 5 ’sm- ’ i v , m t i m - , un s  _ m m m - ’ sm-c - l i
ns .m tched to spe ’e ’chi t t - i r i smi n i s s t5 ’ mn  m ’ s ’t l t l I r e t l nm - ’t i t s  t ) m - m~~ L l i S s s  t in , ~ t I n s ,  s s ’ m I I L’ 5 1 5 ’ O f  i h i m - - in m m - u i — t ’unt ’st v
ni .u t u r ’ e’ cit tb, - spe t’m- ’h i s m m - i l r - t’e, o n  lh ii~ mm- i b m - ’ i- I i , mnnm - I , t m - i i n i ,mke  s m - I  s I n i I i ~~s 5 - I n s t !  s ’ S-I s I v ~ i I n s s i n s  t~ m s , -s

uuni ’ (pm - ’ i h n . u p s  ti ne’ m - i i  t m-S- m i n ’ sm - u r l e l — I n - i h ’  t i t s n e ’st , us- m i t — h r m - ’ mi m - im -’t ’ s Ih i m - ’us n s u i t m l ’ l m - - f o r  rnt ’sm - m - . I l s  hi n t mns i t
in nu nne ’dis u t e -lv use’ (cii for’ t ib t aumung  tin ’ sp m - - e- c h i  Soi m r - u.’m- ’ I’ -\Sl u m is- ,u r n t a g m - - . Inn  u t  us c’mitnr nt - m-’t i oxn , i t s, - s - n i n s

obvious that  tine’ a b Ur l y  to it ~ , m k m -  i i ’ ss ’ rs -~I l i ons  w i t h o u t  j im - cur -  r ing l u  i g m - ’ sI , ’l ,mvs is m-’ r i t i t ’aj l v t i m --pt -in —

dt ’nt cnn sun sub i l itv  to pm ’eet ict  fe r t u  i- , ’ spt ’ u k  e ’ r s m- ’ t i i t ’ i t ’m-’ by the ,s fllc ’t t t i t  of I nism -- i t  i s k  s - -s to c’h i rng e ’ a
r’e’s e i - v m t i o m i .  :\c’ccim’ dir igl s ’ , - m i i i m ~m ’ t e i  n , ’ s I st ud  ot ’ ti nt ’ 5 ’I ~ ’m i t s ’ t a l m - u h i i v  of s i’ , ’ m ~~, I m e t  i s - i t s 55,15

unde’ m ’ t suke ’m s .
I’he’ St m r ’ting poin t  tom ’ lb is s t u m - t v  I S i  S the s - ‘ - k e t - m m - t i m -  l i v  i n ns ‘ t i m - -I t in  i i  Omi t im -’ i _ mi bus Wm -’ i n n s t e  tin

th is is ,u Ma rkts v nut ide’l sm-ho s e’ si~m t , - t i , u t n s  i t u , ’ ln d u~,e i . n in s is , le - p i m - ’ t e - m - I i t t  j- ’ j u ~ , 1 ( 1 — 2  svhm - - r,’ t ile ’ , n s , ’ n —

sugt ’ talk spurn .n mn d ~ile ’ flee ’ dir n ,  m t u m i m n s  - m n ’i’ ste nm-’ tm - ’d ~m 
— 

- I rim - i ~m 
— 

, m t ’S pe’ m - t  iv m - ’ lv ,  ( ‘l i e ’ qua r i f t  I y ~m - l tie —

nn s ’ t m - ’s the’ number ’  of i m -~t iv , ’ -mj ’ ,- _ i k , ’m- s .  I t  is  s- s i v  s s s ’ll -~ ns ’w s i  u n i t  ti n , - m - i p t i t n i u m , lm - - m s t  —s m -l u_ I 1 , -s
pn’ e’dlction of the numbe ’ r’ of spe - ,Ik c i s  ~I t ! t I n s ,  i - g ivs - i i  t int ’ p. m st I n is i s ’ i v  of tint ’ n n umnit ’ e  r cit ,t ctis ’ e’

- i - - s~~’~

t~ ~~~~~~
••

~~~~ :~~
im-
~~~ ~~~ ~~

1” ig. 1 1 1 — 2 . Spc ,uke -r ’ sm - ’i i% ’t t v r n i csmim - - l .
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spi ’, m k i ’ rs in the - t r ite m v m l  -‘- t ’  -t~ s ‘— n , is g iven by the condi t iona l  i ’x p t ’c t mt con  l-~ i i i ’ ) I  n n ( t ’  I ,
— ‘= ‘— t ’ ~ s~ wlie ’ t e  n I x)  de’iiott ’s the’ numbu ’ m ’ of ac t i ve ’ Spe st k i ’ m s  sit  t irne ’ \ . In addit ion , th fact
n ,h ,m -t n ( t )  is ;m Ma rk mt v p i o ( ’t’ss implies tha t  this condi t ional  m- ’X p e-ct s itj on is the san-nt ’ as I - : [n ( t )  n ( s
i.e. , sm -Il knowled ge ’ of the’ I i~ st of n ( t b  prior to time , s is su m r ns m -n - i ze ’d  in the ’ c u r t - . i n I v a lu m - ’  n (s  I.

An c- xp lic i t  m- ’xpn’ e’ssion for this conditional t - xp t ’ct sut i on , as well as the me an—squ :u  t e d  esrm ’o I-

of the optimum pn ’edicto r- , can be obtained. The s t a r t i ng  point for this calculation is sm p a r t i a l -
m U f f , ’ t , m s t j , ~i equation that  the’ moment —ge -ne r a t i n g  function of ~ k (s .t )  — the p robab i l i t y  tha t  n ( t l  k
given that sn~sh = — must satisfy. ‘i bis nuoment-g enen -at ing function is defined by

I) 

k~~0 
7 k

p . k (s , t )  ( I l l - I l

and ti sm -’ pa r t ia l  —ci iff i ’re ntial equation 6 is

~~~
- ~3 5

(7~~t) MA(z  — I i  ~~~5(z . t ) — (z — 1 )  (Az + gI ~~ ~~~ , (? . t)  ( 1 ( 1 - 2 5

wi th  the’ bm-smund :um-y condition

(7 , si . ( 11 1-3)

Equation (111-2 ) subject to Eq. (111- 3) can be solved by a technique due to Lagrange , ’ with the
u-c suit

~ + ~ ‘(X+1,i )i 
-
~~ r~~ 

— e~~~
4
~~~T j i~z +

J. s 1 + . ~ 1 + ~~s I

— 
-(X + gh’ ~~.+ e~~~~

’
~~~ 

M - j

~ 
e + ( 11 1—4 )

where r t — s denotes the prediction time.
The first term in braces In Eq. (111-4) is reco gnized as the moment-generating function oh ’

-i binomial distribution with parameters n 1 j and p 1 = ( 1  + (1i/A ) e~~~~1~~” 1/t + (~i/X) .  Simi-

lai’ly. the second term in braces is the moment-generating function of a binomial distribution
with parameters n2 = M — j -and p2 = ~1 — i_, (X+ n5d z

1/ 1 + (g/X ) . It now follows that  p~ k~~
, ti is the

distribution of the sum of two independent binomial random van’iable s with parameters (n 1,p 11 :nnd
(n 2 .p 2

) . Finally, it is seen that the mean of’ the conditional distribution is the sum of the mean
of its consti tuent binomial distributions , i.e . ,

E (n (t )  I n ( s )  = j~ = n~ p 1 + n2 p2

= —.
~~~
.__ ( I — ~I — (I + ~~) -~ç1 ~~— ( A + i I h ’ } . ( 1 1 1 — 5 )

I

Similarly, the independence of the constituent binomial distributions yields the mean-squared
error of the optimum predictor as the sum of the variances of the constituent binomial
distributions ,
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Fig . 111-3. Optimum ta lkapurt predictor .
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( ‘lots ,ii ’ l qs. ~l l I —~ 5 sm - I ntl ( I I I  — 1 s t  f m - m - i ’  tint ’ m- ’ s m s m-’ ~. = t i ~. ~m- A = I , S se’C i n , - s l u e m - w m r  t in

1”igs . UI  — I arid 11 1— 4 . Note ’ f in al  w lne ’nm - A = p m- em- ( i t  is iim-d e ’pt ’n nel t ’ nn n em - f  ,j .  I m iu- m - l m - m -’ct io u of t h t m - ’ s m -’

c’e rn ’ve ’ s i m n m - I t e : , t m -’~ tha t  r’ e ’asonn:ub l y good pi ’em - lic t ie ini  (*1 sp e ’ :uk m - - n  I - i n n s  c - r i m - i r S  e ; , mi h m - - i , ’ , s l i , ’ , ’ m I f m - i t

P i e ’el le’ t ie)nl times cm -fl tint ’ c) i’tle ’ i’ c m-f  1 I ‘our~ i — l i i  p t i e ’ I~m y . l’li is is vi ’ n y  e’ m i e ’e m -u i_ SI g ii ng I n , -ca use ii ss ’ s - t i n s

unsl ik ‘‘Iv f ina l , if t im - it - i sm - s ’ u _ c’ not tine’ c’a s m - - , tine ’ s uv :m - t l s n  ble’ FAS I su c l v su t m - t : r g e ’ could be r m - ’ , l  i - - ,‘m- ( w i t l n m - m - i n t

Is n n -ge ’ t im - - lay s ,
A c m - n n n i j i u l m -- I - p r’og r ’:ir sn s i tn i u l s i t l ing  the ’ t a lk  spur t  — si l m- ’n cm -’  be ’Ii : nvi cin’ of a nty nn u mb e ’ i’ m- if  t i i d e ’jie-n e im - ’ tm - t

Slie’s uk ei ’s lists bee ’ii w n ’itte ’n i tom- n ’ tile’ ~ti t’ pOse- t m - f  cheek ing the’ va l id i ty  of tine ’ s I t - :uke ’  r ’ a c t i v i t y  p r - e m - l i t - —

t im - i nn tm - ’ch rntq ut ’ i ’opon ’tu ’e l a boy,’. I’hm - ’ pi ’ogi’su m tient ’s ui t m - t Use ’ e ’xp one’int is i l ly  dist t’ ihute ’eI t a lk  SI t u ‘1 mind

sil, ’ m n e m - - eijs t r ’ ibu tj ötns ,,s w .m - s :ns surnm -’ el for ’ t ine’ tlne’o ret it ’,ul r e s u l t s .  I n ns t e ’ sm d , t s m - l k sp u r - i  in ch si le -i ne’e-
eij st  n ’j ln t r t j m - u i s  nn i m - ’ sms t r r ’t’d by I t n - :u el y8 

e m - f  I t t - i l  I sm - L noi ’z u t m - m - i ’im- ’ u-m we- t m - ’ usm -’ eI u n  e i r c l m - ’ i -  t m - i  m- ’hii ’ck l~ m -w us’m- -l l t I n , ’
r e a l  wo i-ld ru s t le -h r ’ s th e’ tlie ’o I t ’t ie’:nl model. lint ’ sir us ul su lion was tu n e-el t o ge-vie-  i’ , ,t  I ’  ti n e m-~~m - t m m - m in i

lt ’ :ni4 t — s q Us m - i_ c-s ~ii ’ eei ic’to i’ m m- f  fu tun ’ e’ si pe ’suke’ n a c t iv i ty ,  t int ’ i rsns m- ’ t i ’ e m - n  em - f t ine’ ~m n ’ e ’e ij et e i  r , su rm - el 1 m m - ’ p s m - l i  —

ability m - lj s t  r - ibu t  ion tm - f  t in , - niunm - nb e r of snt ’t tV , ’ spi ’sm k e’ n ’s .

(‘he’ r’e’stnlts em - f sirc in a n ’u nm fm - in ’  ,u pn - e ’dj ction time ’ of em - nit ’ i’ounn ei t r’i~i (0 .27 Se-c ’) s u n ’ m- ’ s l rcnw n m i
Fable ’ ( ( 1 — 1  wine’ i’ m- ’: j de ’notc ’s tint ’ n n u r ms bm - ’  n ’ cm - f ,ue ’tivm - ’ ti pe’ake’ n’s n t t hi e  cur - I’e ’nmt time ’; mu eit ’nno tt ’~

tint ’ SIVe ’ rage ’ inunibe n ’ tm - f i lp esu l s  ~- m ’s 0, 27 sets it~ th is’ f~stv,rc ’, give-is the en n ’t ’ m - ’ r m t t m -Urm - st ) e ’ r ’ cm-f sue t ivt ’
spe ’:m-ke ’ n’s ( this is I_lit ’ lesus t — s qu sm - n’e’g optimum pro-d ictIon 1; slgn sm:u dc - m m - m i t t ’ s  time ’ s t : u nmd sn  i- el de’vi :n t i e i nm -
of tine ’ pt’e ’dlct lonm e’ r i’d) r ’ ; aim - ti E m -l i )  dt ’note’s tine ’ s t m - ’ ; m - ely— t m - ta  It ’ 1nr -ob :ub llity of t im - e ’ sm -’ i active ’  spesuk c- n ’s -

(‘lit’ same pnu r’sume ’te n’s as de’t ’ive’d from tint ’ tint ’ t h t ’ou t ’t i e’stl rmmoeie ’l of t - n p e ’ s nkm -’ i , i c’t iv i  t y  , m i’ m-’ sh n o w mn
In ‘Fable ’ 1 1 1 — 2 , An neve ’ r:ngt ’ Ismi k s p u m t  ei urzu t i em - m m of 1.22 st’c and :nn :evt ’ rage’ sile ’ne’e’ e iun ’ s ut ion  em-f

“ 5  st-c ’ (so th at the f r act i onn em - f time’ an n iisdisri eltr;nl t :ulk e’ r is In talks~iur ’I is :ippr oxinm:ute ’ly 48 I m - e ’ r—
cm - -n i t )  we’ t’m- ’ use-ti In tim -’ n ’Iving t ie -se ’ rnrmbt ’ n’s . It  is sm - -e ns that tine ’ sng r ’ e’t’me’nt of t i ie ’o r’y send expe ’ r ’ i—
rn c ’nmt i t-u quite ’ good.

C. I ’RAI ) I - —O1” I-’ l5l - I ’Wl- :l- :N I’ -\Sl :\I) V AN -l ’Ac ; I - :  A N t)  lH-~l -\ ‘i’

Iii , ’ ne ’xt logical Ste ’p in t int s  innve ’st l g atie unm em-f speech — or ’Ie ’nm te ’ei I )AM A sclne ’me ’s would seens n to
be’ In innve ’st I gn ut l o rm of liem - w we’ll :u pn ’e ’d I ct em -n ’ wem-ulel pm- ’ t ’fon ’nns us pa r ’t t m - f such a t ’nt ’lne ’nm e ’ . I t s  t l n i s
t-nei , .m - simulation em - f a stinp lifie ’d I )A M A scin e ’t m- me ’ e ’nmmpl oy ing pn ’c ’dl ctl onm was w n ’l t te ’n m. In t n’ying to
,‘v :nlu ,ntu ’ tim,’ m mii I sn i  s in n n n l :n t i on  rm -’ sr n lt s , It uss i  i-u n’ t ’:nlize ’ei t lm - :nt a t’un d :nni me ’nm tsul  tn’ ;n dc ’ — o ff e ’ xIs t s  be —

twm-’t ’n FASI advantage anti delay. (‘his tr ’nc de ’ — off is not depe ’nnde’nt on any p : t n t i e ’u lsu n l ) - \ M A  or ’
pr ’ t ’e htc t lon se’he’me’ , but seenmm s to be’ a fundanmie ’nt al  pn’opt’ r ’ty em - f FAS( scheme’s inn sm - -h it - li eie ’lsuy is
suelinis stbl , ’ . This was tim - it the’ e’s , s e -  In cor mv e’n n t io n :n l , cli’cu it—sw itc ln e ’ei analog l’ -\ Sl scl me ’mt’*u .

- - which probably snm -’ce i nrm n ts fm - in’ the’ fsrt ’t t ln: nt t ints t n’: nd ,’ —off m-iI ’m - ’ r m - n s  not to hn ~iy, ’ (s m - ’ m - r t  re ’n mm: u i’k c’d uj - iem - nm
pr’ r ’v lennsly in tin , ’ llt e’n’ :nt ur ’ m- ’ .

An u’xpe’ i ’ln n m - ’ n hz u l tnvt ’st i gzut t em m - i f  tint ’ m - hm - - l , mv  —vs  — I ’ -\SI — : ne lv: n  nt : uge ’ (nlleflO nmt ’flO n w :n s untie ’ r ’ t s u k t ’ in
using tin , ’ 14t ’tup , l , ’ 1 i i m - - t , ’d in l- ’Ig. III  — ~~. -\ gr ’em -tup t m - f M sp u ’ :u k m - ’ n s  e’aeln gene ’ n ’ att ’s talk spun -ts and



TABL E - p .

MEASURED TAL KSPURT DATA

mu sig ma

0 1.5209 1 .2310 0 ,0015

1 2.2616 1, 1734 0,0122

2 2.9596 I .174 3 0.0548

3 3.6141 1.1632 0.1348

4 4,2553 1,1741 0,2180

5 4 , 9385 1.1773 0.2471

6 5.6153 1.1686 0,1894

7 6.2570 1.1720 0.1000

8 6.9429 1 .2194 0.0330

9 7.7161 1 .1839 0.0080

10 8.3055 1.2406 0.0008

TABLE 111— 2

THEORETICAL TALKSPURT DATA

mu 
— 

s i gma p(~
)

0 1 .6494 1.1736 0,0015

1 2.304-4 1.1778 0.0137
2 2,9595 1.1820 0.0565

3 3.6145 1 .1 861 0. 1382

4 4.2695 1,1903 0,2217

5 4.9245 1.1944 0.2437

6 5.5795 1.1986 0,1861

7 6.234 5 1 .2027 0.0974

8 6.8895 1 .2068 0.0334

9 7.5446 1.2 109 0.0068

10 8.~996 1.2 150 0,0006
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Fig. Hl-~~. TASI advan t age/delay Fig. I1I - ( m -. l)elay as a func t ion  of TASI
measurement setup, advantag e fon ’ vario us numbers of off-

hook callers.

silences according to the Il r n nd y statistics. Th e’ ta lkspur’t s are ’  dlgltize’d sun d que’uc’d in a buffe - m-
to await transmission. No digits ur’e pn’oduc ed during silences. ‘l’he digits sur e ne’moveci f r ’ onm s
the queue at a fixed rate. ‘(‘he quantity to be meas ur -ed is the ’ suv e r - s m-g e’ de’lay of digi t i -i e’d spe ’e -chi
in the queue as a function of the total Input transmission I ’atm - ’ .

The’ results of simulating the above —des e r ’lbe d situation a n’e summnn i ’i-~eei in time ’ fz n n m mi l y of
plots of average delay vs TASI advantage shown in Fig. ( 11-6.  ‘l’ASI advantage’ is define’d sm - s
M/(R.I ./ 1(G ) wher e’ M denote s the number of speaker’s , H ,~. the’ t r ansmission  rate- , and U~ . time

m-’ate at which each speaker generates data when in talk spur’t .  Note that tim,’ eie ’no min s: nt o n ’ can
be Interpreted as the numbe r of individual transmission cir ’cuits pr’ovidm -’d by time ’ sy ste m -nm , s m - n

that this definition is consistent with the conventional definition of TASI advnent :nge give-n sibovm-’ .
These curves clearly illustrate the fact that the ‘(‘ASI advantage’ available is 1 function of the’
delay that can be tolen’ated. It Is intm-’r’estln g to note that the points wime’re tine ’ curv e ’ s bi - e ’sm - k s m - wsuy
from the zero-delay axis and begin to rise :ngr’ ee close’ly with tine ’ 1m-’r ’o-d e’lay ‘FASI s i dv :nnt s m - ge ’
points published by Bullingt on and F r ’a se” n-Y For’ e’xample’ , tine ’ l : ntt t ’n c l: ui n m a I’ASI :ndv se nt agm -’
of 1.25 for 10 speakers and this is almost exactly whet-c’ the breakaway point em - f time M = 10

curve of Fig. 111-6 is located.

Another view of the trade-o ff between delay and 1’ \SI sidv :nnt ;n ge’ , wh icim place ’s In e’vidm-’nce’
the ’ comparison between asynchronous multi plexing (e.g., psncke ’ t techni que ’s) :unmd t r - sid ltiona l c’ii’ -
cuit unpproa ch e~u , is shown In FIg. 111—7. Ele ct ’ , ‘I ’ASI advantage ’ is plott ed as funmctlem-nm em-f the’
number of off-hook callers , with de’Ia y sr i-u :r pn rnn m et el ’ . I ’he ’ “ no de ’Jsny ” e ’, u S m - ’  cori’m-’sponds to
the’ trad ltion nnl circuit—switched ‘l’ASI syste ’nm. ‘I’he’ Inmp n’ovement Inm FASI sncivsnntage ’ whicin ca n m



2 0  - - s  -

Ll-l-tSist( AV(RAGt D( LAY noes meet

F~ g . I I ( - 7 ; E ffe ct o( butte “tag

Am-vu~~1 *cinvnre • 48 PERCtN T

- I - -~~~ 5 tO
- , NUMSE S OF CACL~ RS OFF - HOOK

be’ att s m - I nm -’ e ( by sm-llowlng 50 sm - n d t O O  nm-sec of sr v en’ n ng e de’ lnm- y is supp su I’e ’flt . l-’or’ tint -se ’ c- cu t vm - ’s , t int ’

pm-’ rcentsuge of time’ sm - nm avi’ rage tsn l ,ke ’ r was stct lv ’ wsus su ssume ’d to be’ 48 Em -c’ n ’ce’I n t . N c t t m - ’  t i i sm - t  t ine ’
f r - sm- ct to n al activity dur -ing n’ e ’sm - l conve’ n ’sation s on a ‘(‘AS! system lnsm-s be’c’n obse’ r’ve’d9 t em - tie ’ s s ’  i i i ’ ’ —

wh a t le’ss thsin 48 pc’ n’ce’nt . so that the savings Indicated sm - re ’ co n ms en - vs m - t t v e.

D. S U M M A R Y

The cur’ m-’e nt status ot’ the ’ L ) A M i ~ stud y is summ sn : ’lzm -m-d by the ’ opt innu nn pt ’ediction results

sm-nd the ‘I ’ASI advantage vs delay curves discusse’d above. Cu I ’r’ e’nt t’ ff e m - r ’t s s m - I ’ m - ’  dir’ e ’e’ t e’d t o w a r d

combin hnmg th ese techni ques within a st ream — n’ese’ r vsr t ion—o r’ ie’nte ’d l)AM A sm-lgen r’ltii ni. (ite rme ’e ’d

for’ nm - nd effective ’nesss of setting sm-side su cont ent lorn channel for ove’n ’flow nepe ’e’ch will be’ t ’v st l cr ,u t , ’t t .

It should be emp hsm-size ’d that the results deve’loped he’n’e with r - e ’gs m- t ’d to pr’ n ’ d ic t ie m - m - m sm -net time ’

effect of delay on TASI ste(vantag e sri - c’ quite general and not rest ricted to sat ellitt’ systt ’ms . (n

particular , the ‘l’ASl advantage vs delnuy trad e—off summariz ed In Fig. 1(1-7 le’s m-d s let su v e r y  pet)-

vocative idea with reg a rd to any tcn ’n’estn ’Ial or satellite system-n which all em-w s sm ieync lmn ’onou s r s m ult m - -

ple’xing and buffe r ing (p a ck m -’ t lz e ’d or via some other’ techni que ) of spt ’eclm. (‘ I me ’ cu rves m- im ett cs , t t -

the potential for achieving a full netw on’k -wide TASI advantage even wt me’n onsl y sis nsu l l  co tnc e nm - t t , m -  -

Lions of user’s can be multi plexed sm - i indivIdual network locations ,

r
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l v .  I ’ R E L I M IN A R Y  E X L ’ E R ( M E N F  ( ‘LAN 1 (“OR (‘( 1 I-: i- X 1 ’ ( - R ( M I - N I’ t\ L ,
( N’rz-xatA-l ’Eu SW I ’J ,’t ’ I I E I )  N K ’I ’Wtfl (K

A. IN ’I’ROL) 1~~”1’ ION

I . Purpose am-mm- I llackgr’ocu nd for the Experlenmental \m-~ ielel m- n u rm - d Ne ’ t w m - t r k

A wideband Experi m ental Integrated Switched Network (l- ISNI is c e i r r e n n t t v  Lm-eIn i ~ etevei-lupc’d
under time joint sponsorshi p of tine Defense U o m - nm - m - im - n n I c a t l o r n s Agency t o t A l  and ti m - c ’  l )ef e’rn se ’
Advanced Reseam-clu Projects Agency ( l) A RP A )  . Organizations e-c nrr’e ni t ( ’m- part ie - ipat i nm 1z tim th ~’
progm’a nim Include Bolt lieranek and Newman ( (fiN) - Conmn smunica t ions  Ssu te i l i te ’  Cot’pm -m -r ’at i e ns
(COMSA’t’), Inform ation Sciences Institute (1St), Linikabit (‘or’por’at(om-s, M .1. I’ . Line - o ( rm L.ab em -r ’i m-t m - t n ’~
and SRI in st ernat lonal . Several additional organizations will join time pr ogr ’nm -n m sm- s e’ e m - I i t r s u e t t s t ’~, ar e’

selected for various subsystems now under competitive bid. The network wil l  pn’o m -’ im - h e ’ a i m - m n i qn r e

expem’lmuental c’apabillty for the Inve stigation of systems Issues insvolved jim- sm- c o t m n m m n i i n i c a t i o m - t s

facility which Includes wict eba nd sate llite and terrestrial links an d w i m i c i i  c’an’n ’le’ s large v m - m - l i i i i i c~

of voice and data t raff ic .  Areas for experimental investigation s include : (a)  dermian d - assi gi i i m iet nt
sti-ategies for efficient broadca st satellite comn n un lcat lon s; (b ) packet speec in c omn n m tmu n ni ea t l o n  I nn
a wideband , multi-user environment ; (c)  alternate Integrated sw(tc lsin g tec ’hnni ques for’ v o i c e ’  n m - i n t l

data , with  particular attention to time advan tages and disadvantage s of packeti zed voice’ co mn i ms mu i ni-
cation relative to more-conventional circuit tec h ni ques; (d) rate-adaptive e- oi sim n i t m n s icat i o n i  t em ’hi -
nl qm -r es to cope wi th  vary ing network conditions; (e)  routing of vole -c and data t r a f f I c ;  ( f t  d i g i t a l

voice conferencing; and (g) internetting between satell ite aind terre str’ ia l sub iiet w on’ks. Sonic ti t
these areas are of more-Immediate concern to one or t im e o t h e r  of t ine  two  s~m - omnso r ’ i i n g  snge i i c ’ie ’s.

However, time problem areas ar’e so inmterrelated and c-oniplemnmem-mtary that  all  at-c of tn te- m ’ e’st to
both agencies.

Recent efforts related to the current  wideband network program inclerde:

(a) The DARPA Packet Speech Program In which  the A Rl ’AN i -~’I’ was em-
ployed for development and demonstration of packet speech comm -nurm i -
cation techniques;

(b) DCA-sponsored developm ent of hybrid (packet  arid c i rcu i t)  sw itc h l nm g

techni ques for voice and data;

(c)  The Atlantic Packet Satellite Exper irm-ment (APSE ) , joint ly sponsored Im- •v

DARPA and l)CA , along wi th  the British Post Office anmd tine ’ Norwen~tan
Telecommunications Autinortty. which included the development at’ the
Priority-Oriented I)emand Access ( PODA ) class of satellite demu anmd-
assignment algorithms .

Existing networks such as the ARPANET and the Atlantic l’acket Satellite Net do nm ot t m - ave suffi-

cient capacity to permit experiments on a scale large enough to realistically represent the
multiple and varied user environment that  will be typical of fu tu re  n nl l i ta m ’y con smn ’m-n enn icat io ns

networks .

t A more-detailed version of this plan lmas been senbnnit ted as a separate doc ernu ermt .
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l ine’ w m- d m -’bsu rm el i m u t e - g n ’ sm - t e’d votce ’’ d s t t , u  m -ne ’tw c t r - k es j nt , ’nmd e ’t l  to I s t m - m - v m - m - I m -’ sm- mm - no n ’,’— m - e ’ 5 u I n s t m - s  - ‘n i v i t  d i n —
nm - n m -’ m t  fem - i ’ m- ’ xpe’ i ’ m- n m - S e- I mtsm - 1 mmm v , ’ St ig , m - t  r e in  - m mt l elm- - rm somm s t n ’ s m - t i em - mn s m - f  t Ime ’ .nm - I  V - m - m m c , -el  e’e mmn m nncn ntmn ’,it i m - tm ns t m - -c ’ l n m n i q in , - a
him - tm --e l sutm - cm - v e ’. ( In , ’ conm -ip le ’t e ’ test  bed will tmm t ’lud , ’ w i c i e - tm - s m - m m t t  s . & m m - ’l l i t e ’  am i d t m - - n - m m -- S t  n L m - l h im - k s t i m - e l
switching tim -md.- s - , m - c’t ’c ’s a fsnc Ilit Ic’s, inc lu el i nig  c’ e n m - m -- m- ’r nt  r u  1cm-n’s - m m d te ’ i - nm - n Inns ii a - I n n  f f l t ’ e’ tin cnl ,m - r i m -  ‘in nm - n cal —

ules , v,n m’ious nsonltor’ lng sm-nd scm-pp on ’t subsyste ’ las , sm - i ntl g sm - te ’w : t v s  fci n’ sate ’ Il i t t ’ ‘ t s m - - i ’ m- ’ at t i snl j i m - tm -’ i m m - m - - t  —

t in~ expe’ m’ime’nts , ‘(‘m e’ implt’memmt sm -tion of flisu jm -m r mn e ’twem-,’k subsystm-’nms wil l  ~m- r’ cwe ’e ’tt d iv e-n ’  t ine ’ r sm - ’x t
fe’w ye sm- i’s . ‘(‘hem- intent is to em-volve the ’ ne ’twoi’k In sucin sm - W sm -y t l t . m - l  e ’Xp e ’ n ’ t m n n e - nm ts c ’ati  be - g in  515 Sm - t m - i n n
.m-s tim-c’ 11 n- at nisu jar subsystem is opt’ m ’sit ion sm-l.

- .~ . Su m n i nm i a c-v of Pm’ elIrm -ni nar v Expe ri nnn e m mt Plans

A stand—alone doccnr sient representing a p re l ir mm ina r ~- e f for t  at sm -n over ’all exper ’i m n ie ’ m - m t  ~m- 1aim fm- it ’
t ine wideband mnetwork has beers delivered to [)( ‘A and DA RPA unden ’ st-pam ’at e cover’ . ‘( ‘(me e’ xpt ’r’i—
rmme i mt p la in is expected to evolve anmd become more detailed as tine netwo m ’k evolve’ s oven’ tire ine ’xt
few years , amid tise plan will be r-evi sed am-nd expan ded accordingly.  ‘(‘ tm -is sect ion r ’epre semnt a a
son t me ’w im-at abrIdged versIon of tine plan n ing docurm n en nt . The intent i onn is to im n c lnm de  all t nma jom ’ am-e ’su s
wi m - i c- i n  am ’ e’ cover’ed In the planmnin g docu mnnent , but to omit somes of tine details of schedules , e’qu ip —
m m-eat r’equlremnents , and isantes whic’h require coor dirmation am -n non g the px’ ogt ’am - nm - p a r t i c i p a n t s
‘l’imese details are of less gener’al interest amid will be subject to cinangea as tine pl sm -n n is coor’di-
nated amon g the sponsors and contractors.

An inn iportant  pen r pose of tine pre llmirnar ’v planning do ctmrm ient is to descr itm e a develop nsnc nmt
plain for’ time network test bed. A description of t ini s  p la im Inc ( u d in tg  a discussion of t ine  fm -t i s c t io im - s
of the var ioen s subsystem-us, is giver m- in Sec. hi below . The other’ pr inm iary  Em-cnm ’pose of t i re  ~) l a imn hmn g
docu im -nent Is to define and categorize systems experiments. l’tu c earliest exp erinnne ~n t t s , w l i ic t n
will be directed at test and validation of basic sy stermn functions and capabilit ies , are discussed
brief ly In Sec.C. FInally, advanced s stenm is exper lr n nents are time ’ Sub ,~e’c’t at 5Cc’ . I) .  A br m-a d set
of experimental areas is defined , and objectives and p er f orn mn anmce m - nnea s m - m - m ’e’s are described fot ’
eacin c-lass of experiments. Schedulirmg for’ test —bed developmnienst and for s~-st ems experiments
is touched on only briefly m ere. Mor’e-detailecl sc ined en ling infor issation is pn ’esemnted i n n t ine  sepa-
rate planning docunmi ent .

An important role of the planning docunm ient Is to st i m n nt r l a t e  f u r t h er interactions amid coor’di-
nat lomm among tine program pa rticipants. l’o thi s en d , a set of unresolved issues wi t in  r ’espCc’t to I’

test—bed development. syste m mm v ;m - I ida t ie m - n ,  aim-el advanced svnu t enm n s expe m ’I nnmcn t t s  are liste ’ d m m  tine ’
planning document.  Disccnsslon of tinese issues has generally not been m included imer e .

B. l)E\ ’EL~~ PM E N T  l’LA N (“OR ‘l’lIi-~ K X P E R I M I - : N l ’A L  IV t l ) i - ~l lANI )  N i-~l’WOhiI~.

The experimental network will Include a widebaind satel l i te  nme twor k ,  a wicl etmnn sd terrestr’ial
network, access facili t ies including concentrators amid te rminals , and inte m - ’n iet  gate ’wavs . ‘(‘( me
satellIte net will Include four eartin stations w it im planm -med locationns a t :  I ef enm s e ( ‘o m nn m sn en rn i c at i o n s
Engineering (‘enter (DC FX’). Reston , Virg inmia ; ISI, Marina del Hey, Cal i fornia ;  I , i n n s ,’o l m m Labors -
tory . Lexington. M5r ssnmchu ~ ett~ ; snn d SR I Intern at ional , Usda Alto , ( ‘s n l i f o m - nn i , t  . ,-t t l m- ’, m - s t  one em- f
the te r res t r ia l  switching nodes will be’ collocsmtt ’d with sn ssnte ’ll i te ’ s ta t ion , but t i m - c’ locsm-t ion s ot ’ , m - l l
t err e ’str inm -l nodes have not yc’t be’c’n apecifit ’eI. :\ topology ( cm-n - tim -c ’ sa t m -’ l l i tm -- a rmd te ’ t i ’ e’~ t i i , m - l nm - em - elm --s
Is shown In Fig. ( V — I .  For Illustration pun’pose’s - time ’ l)( ’I’ C loc snt i orm is ele ’p ict e ’d as t i n e’  sit e ’ m- st

both s m - satellite’ and sm - te ’rrest r isn i nod e’ , sm - s we’ll sm-s sm - gsnt ew;ny limte ’r’conne ’cting tine ’ tWo. 1 oc sm - ( ic s m - ms
of the other thn ’e’e’ terrestr ’inn l node’s u ,-  un spcelfie’d. F lgu m- e’ IV — 2 stmows .n ~mn ’ em-j e’cte’eI conf i g t nns n t ic m - n
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(a s,trttsys tm -’nm-ms to be’ sm-vailsuble’ at , m - mim -’ twor ’k location w Im - i c i m m - s t in , ’ a m - t m -- cm - f ( s c m - i t t  s , m - t e - l  I L I , - arm - el tm - - n  —

t e ’st m ’t ,m -l node’s. (‘he’ f’unmct ionm-u cm-f e ’ suc ’in sub mey st c ’mnn 5 m - m - m- ’ dj ne e’us sm -’d below.

I . l’LL Rlltt’S Satellite Interface Message Processor (l ’SA l’ (Ml ’)

l’lne satelli te nm - etwork co t m -nme nmm - i cat l on n protocols , in c h e r c i i n mg t ir e l) emnna n n d — A a s l g n n n n n e n m - t  M u l t i ple
,-\c ’ c’ess l lAMA)  protocols for the broadcast c- m a i m - n m - e l ,  wi l l  be i rs m - p l e m n m - e nn te d  inn t ine ( ‘SAT I Ml’ w i n i c h
is a flexible de’vlct ’ tim - at c- ann be prograrm - n mn ned to serve a ~ arle ’ty of exp er i mm -n entah  im -ee ’ds , I l a i ’dwam ’c
atm -cl softvu-am ’e m - ie ve l op m - nnemm - t  of the PSA l’ IMP s  is the m ’esponmstb i l i ty  of BBS. h ’Ine s a t el l i t e  IM P s
developed tm- v t i l tS for- the AI’SE carried out s imi lar-  fu n c t i o n s , tm - cm t were ’ i m - n n p l e ’ m n n e -mm - ted n m - s s i n g l e —
processor’ nm -m -a ch lnes . ‘l’lne s’ingle—proce m-esor ’ inm -m -p l e mne nta t  i o nm - was s u f f i c t e m n t  t m - i  suppor ’t t ine  t -4  — k t tps
broadcast channel erm-iployed in the APSE. Tine sa te l l i te  c ira n m -nm - e l  in t ime cur ’m ’ennt e’xpe’m ’ i r sn e m nt  w i l (  tm -c
detu igneci tcm- ac’c omm n im -nodate approximniately 3 Mb ps . amid a m ultiprocessor approacin n ’efer ’ r’ed to as

the ’ I’Ll’RlBt’S technol ogy will be employed to sa t i sfy  t h i s  s i g m n i f l c a m m - t l y  in ig iner thm -r ’c ug lm -put
n’eeiuirennent .

‘r ime de mn and—a ssi gumn emit algor ith mn s to be in u ple nmient eci inn tim - c’ t m - SA l’ ( M i ’ s ai’e’ l ’ im mne—I ) iv i s i o m n
Multiple Access PODA ( ‘FUO DA) and Contention POl)A (I ’P O DA). Inn l ’ l’OI ) Pm - the t’ cser’vationn sem i s —
fn ’am-ne is sham ’ed b y f ixed—slot  allocation, while (‘PODA uses slotted—ALO H A type cc m - m - m - t en m - t tc m - m - n tm - n
the reservation subfr m-m -me.  Tine I’ODA algori thm -r im - s provide a fle ’xible fac i l i ty  for’ suppor ’t immg a
var ie ty  of DA M ,A — ty pe  experim ents .  l”or example , tine stz ’eanni capability w i t i n  f ixed re- serva t io mn s
can be ut i l ize d to erm -nu late a fixed-TL)MA scine rm -ne for basic satellite cim -aim -nel tests.  As inn APSE ,
the PSA l’ IMI’ s will have mnm -terna l capabilities for nm -etwork expem ’inm-ents amid tm - n e as ur ’erm - m - emmts , co in—
slat in ig of fake h osts w im - Ici m - can be activated to serve as ar t i f ic ia l  trat’fic- sources am -md a i im -ks ,  amid
other fake hosts which  can be activated to collect and t rans m it c-umulat ive  stat ist ics on nepecif leel
performance p aramnne ters .  As was the case in tine SIMh ’ -i version of tine At l an n t I c  Satellite’ Ne t ,
the PSAT network wil l  be innple nm -nented as a stamm-d-alone s tructure , capable of fu nm - ct ionm i rm - g li m-de-
pendent of the AR (‘AS El ’ . i lowever , facilities existing in host connpcnters on t ine A R I ’ A N  El’ wi l l
be utilized for e xpert nm-ent al purposes as appropriate.

Ear’t it St *tiean In ter face  ( ESI)

Fine ES! pro~icie me aim interface between the PSAT IMP am-id a 10—M U? intermediate frequency
(IF)  l ine into the satellite eart in station. Linkabit Corporation has respon m- sibt llty for’ ESI equip- 

L

ment ties-el •pm m -ne nt . ESI mm-nodules Include a packet/burst comm-troller  wt m - t c i m - accepts packets  fro m nm-
t he’ h’SAI ’ ( M I ’  atm-el form s b er r at s  of digItal data for t ransmissions , a bcnr st nm -ie xl enm -, arid a corm - n-
mm - m - amm - m - l /  nn u m -ni t o r in g  un it .  rite ESI wi l l  be reqenired to operate at rates fro nm - i  l t~m s kb p nm - to 1.088 Mlsps .
A s inmilar  interface developed for APSE operates in tine range it m - to t-’4 kbps , so tim - at  a signifi-
c’H fl t lV scal ed—up capability is required. i’he’ i-~S( will  sm-llow sm - nm - m - u l t i— m’snt e ’ t r ’a m m - s i m - n i s s ic m-r m -  nm -ne xt ,’ Wi t i nj i m-
a bun - st .  M cm-d ul.utiofl modes of Itinm - m - c n’y t m -nd Qum -m -t c’m ’n n um’y l’I m -sm -sc ’ Shift Ke ’y itng (I llm-SK snnd Q 1’SK) w i l l

be’ provided , .n,e wil l optional m - ’rr or - . corr ect i mm -g codimng mad e’s.

I . Eart h Station tm- nd (‘hanne’l

(‘he u’.m- nil ’ rm- t tnt lern and channe l will be pun’chnu st ’d fr - cm- nm- a e’,u m m - i , ’ m ’ em - nm - time ’ tm -sus i s of comm -m-pc’ti t i vm -’

bids. K sm -n’th station equipnm-ent will Inte’rfa e’e with tim -u ’ I- S( sit 70 MHz I)” sm-rid will inelencie ’ l c m - W —

noise re’celving amplifier , high — powe’n- tn’an snm-Itt lng sm-n ip l if ie’r ’ . nm -nd ;m -nt m - ’nn sn . -\ lm - ’, n a m - - d  e’)n , t i ni m - m - ’ l
on a dom estic satellite is to be provided. To minimize inm-terference atm -cl si t in g prob lerm-is , open’ -

atton in either the 12- to 14— GHz or 18- to l0-i ih(z frequency hainds Is prefen’re ’cl . item- n ewer ,

to

~ 
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becatnse ’ of tin e c’ui ’i ’e ’nm-t lack of satellite’ s cm-pe m ’at imm-g in t Im- m -’ s e’ h a n ds, it mm - nay itt’ appr ’op m’ia (e ~~~‘ pr o—

i lcIe kn it I~m - I c ’a p nm- b i lI t v  at 4 to t’ (ill: ins m- - O m n t u n n t ’t i Ol m - it- it Ii a Im - ) naSe ’m - l n n ~tg m’;id l m mg to tine im - ig lte ’ r f rt ’m- t tm - e’mi —

m-’ie ’ 5 . (‘tnt’ e’~ t ’ tI m - s ta t ion amm - d m-’ i n a mm - mm - el still be m-’ceiuit’ecl to im- m ’em - s- lcle ’ sm - n f f i c ’ieu nt s igmi ah  —tc m - — nm - o i ‘c ’ r’ snt io

t em- support tm -it n’ate’s em-p tc 1 .088 M h z  at spec’ifieci e’m’rot ’ n at e~ ’ -

4. I mm -t t ’gr at ed I ,cs c-al; Itegi omnnm-l Ac’ce’s a Nod e’ ( (LI lA St

lime II ~It:INs art ’ tine swi t ~’i n i mm - g / m n n u ( t ip l ex t i n g  nodes for the n-ideband t e m’m ’ e ’stri; u l s im - l ts v s ( en ms .

-1 cemn tr ’nm -ct or is e-ur ’ t ’enm -t ly (icing se’leu’tt ’eI by t im - c l)CA to s tu dy advanced ( in te gra te -el s’~ ate ’i m - n s coin

cepts in ncl n nc li t m - g )ny tm - r id atm -el packet switcim -ing tec im -niq enes , aim-d to ei e ’sj gnm - a tc ’r -m -c s t r ia l  mm - e t wo r k  (1m m - —

eluding ( I U A N a )  to allots- oxpt ’m’i n m - m - e m m - tal  evahuation of t ime se concepts. A sasm nm - i l rig soc cc a sful c’ cm- m m - n —

~m-let ion of the design s t m - m - c I~ four 1UIANs n-ill tie constr nme ’t em - l .  FIm -e h I , h i : \ N s  wil l  he m-lc ’aigtn ec l te n

tm-c j n m -t e ’rf ac’cel wi t im -  nsc-ce ’ss—are ’a user ternm - m - i nm - a ls, Im -o sta - gateways , amid u,’omncenntm’atom’s . Inn add i t i om m - .

eac’h t i m - R A N  will Inave atm - associated nnto dul e for gemnerat Ion of emulated, t r a f f i c  w i th i rn  t ine t en ’m- ’ea —

t r ia l  network .

S . Acc’t’ss I” iic’ilit iQ~

Am -,’cess facilities for the n’ ie iebnm -nm-l ne’lwon’k will include tem-’msiin m-als, acc’ess area s - m oat c a lm - n—

p ir t ers  - speecIm- c’onm-.’cntrators ,  arm-el traffic ennm-enlatot’s. ‘l’he’ proviaicsnm- of fac il i t ie s  fan’ n’~n m - l t l  — em ser ’

ve m - l c’c sm - c-cess is aim - essen tial It em- in inn tine wi deim -aim -el expem ’lrm -ient , annd will m-’cc’~~lt’ e’ mm - i smc ’In n i t t c ’ r m- t i Ois

over time f i rs t  (en- \ear’s of time pr ogm - ’amm-m- . Mtt c ’li of tine mm-cod for’ data traffic camm - be f i l led Isv t n ’a f f i c

ei m - m -ula t ie mn , amid access for real data t ra f f ic  can In c provided by standard m ost eormnp ut er s ,  as inn

ti m- c A IPANF:T.  Voice experiments require sub .iectlve evaluatIon , and tIm -u s  ar- c nm -sore cicpenm-dent

aim- access for real voice users. tim - addition, tim -c desi gns of voice t ernn sinmals ,  Ht ’ e’ e’sS 5 m - ’Vsi s aim -e l

se peec- I m - corm-centrators 1.-n , in It self , an Important topic for’ inm -ve st lg at ion In tIme wid cham m- ei pro gi’ sim -m-.

A heavy emphasis on voice proble m-mm- a is t im-us expected during time earl y !m-Inascs of access fam -’i lilie ’ s

des’elopmenm-t. lime associated issue of wh et lm-er  access for data t ra f f i c  sinou lci be )n anm - eile d se’pa-

rately or integrate d n-lt in ~‘oice access traffic t ’cnn m- a it ms open at t im - is  11 mm - me.

a .  Access Area

Tim-c access arc’s provides t ime physical mediu rm-m- for collections and disti ’ihnnt ion of t cn’ nm - in a l

data,  A topology and a set of protocol s must he specified in tine ’ access-sc m--ca de sig mm - . Lim m - c ol nn

Laboratory is currently study i n g  (umm -der DARt ’ :~ sponsorsh ip) access—ar’ ea ar ’ch{tee’t inres ,  w i th

im-art icula r atte im -t ion to distributed approaches. During FY 7 cm - , Lincoln will design arm-cl validate

a pilot access area capable of supporting a few n-cal %‘e’ICe ’ ter ’m -nin a ls as well as a s m m - b s t a m m - t f a l

vo lunm -m -e of emulated traff ic . To allow early sp eecim- exp er imm-ne mit s on t ime wiclelian sci nsC t Wc m- n’)~, th is

pilot access area will tm - c interfaced to tIm -c wideband rm -etwork t Im -v aughn a n m -m -t r m - ic oni pnm t er  host . T im -is

pilot access area Is expected to tm-c tIm -c forerunner of a wideb amm-c i access sm -r e ’sc c-a pstn ’le ’ tm-f lum - tm - dh imn g

50 to 100 terrm -ilnals . - 
-

b . Speecim- (‘oncentrator r
The purpose of time speech con centrator is to collect the di gital voice onmt pu i a fi ’onm - m - imm- e lts ’ i dm-nal

voice ten’nm-in als and form t i m - e l m - i into aim-c widebanud data at rca nm -i win i cl m - is pvc senm-te ’ci to a netwcm-rk

node. (t also perfornm-s the Inverse process of split tIng t ine re’t m - nr ’ nm - s t rcarm -m - for tt ’a nm - s m m - i t s s i c nn n  1cm-

time t er n m -m - inat s .  Tim-c concentrator hiss tIm e ta m- uk of t ran s fem rnm -n in g tim -c local prestoctila of t ine ’ ve m -tc ’t’

i t
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te e mn si n n a ls  In n tc m - (Inc li n e tm - aim - s  m m - ni  s s n m - m - m n  or’ pac’ket pr ’cm- t e m - e’cm-l a t’eq ui t’e’ci i sm - t im - c’ ss-icle t s amn e ( m ne ’t m-s cm -m ’k nm - cm-dc ’ -

It r im -nv also pcn’f oi ’m m -m - fnnn n c ’tiou n s sm - r ei n as slle mm - c’e detect ion ansi m ’snt ” c ’ O m r t m ’ m - ) l . Inm - l tisll n t t m - c ’ c - m - ni c’e’m r —

tm ’at on ’ will tm-e c’oi m-tm -e ’e’ted to time ’ ~‘s m-m- I’ lMt ’ . w i t h  a software’ gnctcwa~- m m -  t h e ’ c cm- rm - c’ennt t ’a t cm -r’  p e m ’ f or r n m - —
i t i m -~ t im - em- mm- ecem -ts a r ’,v protocol c’cm- mi\  e’ m’s iom n ,  Later’ - mm - - ; a im -on nn t m -s t ine ’  clc m - t t e’cl l imi t ’  iii i-’i - I \ — .‘ S c’s im t  —

ce’ntr atom ’ / I LU A N con nm -ectie m - im - will  at scm- tie’ i n m - m -1 m - l e’ t m - m- cm -nm - t e ’cl . It slm -~ nm Im - l  i’m- ’ n m - cm- te d cm -I t In e ’ ( I  ,ll A N sit ( - “ h f
nmm -ultiplcxe r- wi lh he elcsigm-necl t c m- innc ’ l m - t ek’ i t s  ow n m - c’cm- nm - c’en m - t rat 1c m -nm -  ( m - t i t c ’ t i cm -im- . i m - i m - ci  w i l l  i’e’ sm - i s l e’ to scm - - c’C (m -t

tim -p ert s fronm- m- inm -dls -icls nal I en ’rm - iinn ncl s as it e’hl sm - s f rc m - nnm - c ’e m - n m-c’Onm - t  Va t  c m- i -  ~- . \ cm- i c e’ e’ xpt’ n ’i nn m - erm - t  a inn t i re ’
te’r’ t ’estr ial nm - etn -or’k t lnere ’fcsr ’e m - n n i g int nm - at rc’qnni r’ e’ a spe’e’cht c’ cmit c ’e ’ nnt  m ’.e tcir’ . I t c ’esi ‘r e -n ’ . cm - cannee ’ mnt m’s —

t eum - ’/ lL i IAN cem-n m - nne e’tions wi l l  ahl cm-sv t hm - c ’ st c ’c’t ’55 an-ca aim -cl c’on n m - ’e ’m m - tr’ati cm -i m - f am -’t h i t i , -s ei eve ’lcm-p~ cl p r imsia n ’i l v
for t im - c ’ satellite mm -etn - cm- r’k to tm-c u t ih i :ec l  e ’ffec ’t iv e ’(~ in n t en ’r ’ e ’str ’inm- l tic ’t m - i  c m-r ’ k —t t mi5t ’cI e \i’e’m -’ j t n td ’it t s

l’Ine r cqcn ir crm - ien m -t s  for’ spcec- ln ce snm -ce r m -tr ati csn m - In av e bet’ m n t i ne ’ su t m -1 ’,’t cm - t cm - s t ench c ln nn ’ in ng i- ’\ 7$ nm - i
Lincoln Laboratory.  ‘l’Im-e st emel y t m-as adclresm-t e’cl specif ic -ally tine ’ sepnu n’m-c t n o r m an fu nnc ’t j a m - i s  sc m m - ion n g

c’onc ’cim -trato n ’, c’u c’c’e’sm-’ area , atm-cl tel’ mm - iIn m - al s .  No spec’i f ic’ Sc ’ i m - e’chmle has tne ’em n act te st ’ c l em -ve ’ l c m -p t m- ncn m - t
cm-f sm- spc’e’c’li conc’cntratcin ’ capable em -f In a im - d l i i m - g tm - umndn ’e~cls of t c n ’ nm - m - i mn n m - l s  - as wi l t  c’i e ’ s l m - n c m - l l v  l’c’ n’e’ct e nin ’ecl

m m -  t im - c’ n- icle ’tm -a nm - c l mm - etwon’ k . I hem - we ’ ve ’ n , m - , n  m l v  spm- ’m- ’e’) t  eec pe’ i - j i m - mm --mm - n s tri l l  tu t u ,’ m- c m - t m - i ’ m- ’ - t  fe ’i% i’m- S t e m -’ 1 c m - n m - m t  —

m m - , m - i s  - ,i mm -m - l tim -es c- c m -mic e -nit  n’ ,ut  c ii ft nrm - c- t ic m- mm - (‘cm- n’ t lm - e ’ m - n m- ’ e ’xp e ’ n ’in m-ie ’mm - t 5 sc-ill tm -c ’ I n , m - m m - c l le ’e! i t t  . m - at an m - e i .m - i- el n m - m m - i n n - -
c’o im -np emt e r.  ae rc ’tn as a i’l l 1’— l t  . ‘l’his Ii nm - m - i ted — c’nm - pacity c’u m - m n e e’ m nt r ’sm -to n’ s t i l l  i’e’ r ’e’fe ’ m - ’ n’ e’ci (c m- l m e ’r’e as

tim-c “ i m - m - It m - i c’otncentrator .“

c. Speecim- Ferim-tina ls

Speec’h c o n m - m - nm - u nmm - i cat ionm - expe’t’i rmi ent s will (em- n’ tm- i nm -nm - e’s se ’nm-t lis I pie n’t ef I t ie’ it iel e ’I ’sm-nm-c l nm - c t  w ark ~~t a—

gra nm -, suet speech t c r n m - n it m - a lm - m - of m-- a r’i anns type s st-ill lit’ tn t i l iz  e’~t as di m -’ pm ’ e m -gn ’msr m-n pr ’cm-c’eecis 5p”~” ii

t er im-ilnal s include time m-epec c’im - a lg or - i t im -nm - m - procesacm-i ’ cm- n’ i’Ot’Oele’m-’ f ’ ; m -m- e’ t t c m - im-  cm - s  well  as; s m - mn m - n m - - , ’ e’s’~ — ar’ e’a
interface atm-el m -u cnl t ab le d ia l—up and r ’ii m- g in m -g ( ‘tr im- d iem -nm - s. Spcee’l n t e r m - n m - m m - a l c levr ’l cnp i m -m - e ’im -t is nm - c m-i i’Ie’weei
as sc pr i r m -m - ary focus cm-f the wietebarm -ci im-etwork pr cm -g r’a mm-m- . (low ct- c’ r . t’e’fc’r ’t ’m m- ce’ is t m - nm - sm - Ic’ he’ n’e’ tc m - cu n’ —

rent efforts sponm-sorecl by I)AR t m -A unde r’ time Packet Spee’cln i’rc m-g r nnn m - m - n’i ni~’Ii w i l l  (ir ’cm-s i d e  sup h i cm -rt
for time widebanm-d experiment inn tine speecim- terminal area . - -

i” igure ’ IV — .~ aim-on-s b othn de’cP cateel am m - c l p ro gran m -iim -m -ab le te m ’i mi in nnls  iii line ’ 5m - c ’ c’ m-’Ss cm n’e’s m- . I le’cli —

eated terminals will rnnn fixed vocoder algor i th m -nm -ia amid im -m -te ’r a ct is i t i n  (Inc n m - e t wc m -r k inn sm- f ixed way .
Curren t ly  available voice processors for dedicated ope m-’atlon itm-clud e wIciebnm-nc i c’nm-ccm-d e ’r s s i nc i m - as
(‘onti neno emrm- l~’ ~‘artable Slope Dolt anm-m-odulator (1.’\’SI)) des’iees , ~ tm -c1 ie mnicm -r e— lln’nt i teel  nm - m - nt m - m - t m -e’n’ cm-f

narrowband processors a t m - e lm -  as tIm -c Lthear h m - redtcth - e’ (‘cm- d in g 1 l l m -t ’i clevicenu tm - s e’ci tim - Ai’SE . .’~
current l )ARPA— m n ponmrored pro gra nm-m- at Lim m - c’ol nm- Laboratory aim-cl l’exa s tnnst r ’urm - se ’n m - t s  (‘(I Is clircc ’ t e ’ m- l

at des-eloping a simm -all ,  c im-eap, nm-arrow-band s-oice pt’oce-ssem-i ’ wim - ic i m - c_ ann he’ cle’~m - le u~ e’d ti m - ln er ’gc nm - t r im - n—

hers In time wideband exp erim m-m - ei m -t . A prototype of se nc hm - a t ra i t ,  which is based cm-mm - t ’Incm - t ’ m-~c’—i _ ’cm- snp le’cl
Device (( ‘CD) technology and it m -m - pie rm - iet m - t s si cim-anniel vc m-c’oden’ alg e m- rl t h m - rm - m -. a-Ill tm-~ c cm-im - m - e’ em-tm-cr ’*ti c snm -sl - 

-

during FY 79 .
A liim-iite ’d miumben’ of i m - ig i m - —s pem-ed pr cm -g ra mnti m -m -a tm - le te’n ’nm-m -ina ls is ill be ust’el for svem -m ’k ln m - g w i t h  n m - e’n l~

emerging voice al g orIt h m-nm - is and exp er Inm -m -e ’nm -ta l te ’c’hnm- Iques far t et ’nm -nt nm -a l / im - t ’t  n -ark iim -t t ’t ’t m - c ’t id m -i m- .
particular interest here’ inn -c term -nm -las ts  wim - i cim - can c’c ) i m - m - m ni tmi m - ica te  itt s- ar yin m -g t m - It  n - r ite’s, dt’pm-’i m - clii m - g
on network tom-eel. Voice algorithm -nm -is of the eim-m-tm-edd ed e’odinm-g type s ar-c of nqm-i’c’ial inm - tcn’e m -rt m m -  t i m - i s
regard becasrse of their ability to rapIdly cim-anige rates.  Sm-nc im - a lg ori thm -nm -s wi m - i~’i m - i t re’ curr t ’in t t~
unde r development ,m t l incol n tm -nd e’lmn ewiiem ’e’, will is’ te’steei cm-mm - in ig im- — s h m - m -’m- ’el ( ‘t ag  m u  nm - n mm -t a bl e’ t i m - n’ nm - - m- ’s,
Current ly available’ pre ’ugn’ c m-nm -nm -cm t m-i e’ pn’em-c e’asem-r ’s atm -elm - as tine ’ I in m - c’ohn m - im - i g i t a l  S m - gm m - nh l’ rm - m- e’ m- ’ s a m - st -

i t  flSii will be’ c m - t m -t m-’ to su~m-p emn ’t such e’xpe t’i nm - e’n t s  iii .m - I imt t e ’ cl w , u ~~. i (m - m -we ’ t ’e’n ’ . l im e’ co nm - m - ( m -l m -’ \ t 1~~
- c m-f

- - 
_ 

_ _



somm -m-e of time proposed m ew algorit im-mmis (t’ . g . , enmibedded codim-m-g) is  sm - i c - i n  t i m - a t  m m - c m -re — }m-occ -en ’fu l pro—
graim - im -mm - a b le  processors wil l  be needed in tine long e m - m n.

A st end v of time v c m - i c e  — tem ’ mm -m - inm - a l / a c ce s s— ar e a  in te r face  is an ne  is curr’erntlv being imnitiatec i itt
Linco lnn . ‘l’lne design and eon str’ t mc’t i omm - of inn t e r f a ces  1c m- sitppon -t exper in -t e im - ta l  work irm - t i m - i s  a re,u
wil l  be carried m- amt as pa rt of t h i s  e f fo r t .

d. Access-Ar ’ea l’raff ic’ Emm-nulator

t’Ine fummction of tine Uc’ceSS—at ’ea  t r a f f i c  emulator is to sirm-iulate the traffic loading effect of
im-nany voice ter rm-m-inals in time access area. Since voice traffic flow control is envisiom-med as being
inm-m-p lemented et t im -er  In t ime speech concent r a to r  or at time voice ter minal i tself , traffic enm-uulator’s
resident in tim-c PSAT I M I m -  cannot sa t is fy  tim - is requ irer nm - ent  . Rather , tine et nuc r la tor  mm - ius t  act i-ia
the access area so tIm - at the concentrator ’s flow -control t m - iec h m- an i sn m - s are exercised.  Tim-c r equ i red
access-area t ra f f ic  emulation is expected to be effected in software el t i re r  in converm -t io r ma l  PI)1’-l I
type mm - i sn c in in ea  on ’ In c’ur ’rent lv available hi gh —speed processors. Lincolnm- has t im- c responsibility
for in m-plenm -m -ent ing a software capability for access-area voice t raff ic  ermnula t ion . ‘r im-c e m m - m - ul at ionm-
w i l l  include call Ini t ia t ion / ter r m -ni mm - at i omn - ,m-d the use of speecim- activity detection for cacti of the
simulated speakers. Tine emulation sof tware  sc-ill include voice (tow—control tec lm -mm -iques sucim- as
b i t - r a t e  selection at dial-up, dym n amm n ic mm -m -o d if l cation of vocoder rates dur ing  conversat ions and
time erm-ibedded coding technique,

Is . Gateways

Gateways allow Internet coem-umnunication between the wideba m -m -d network and othe r networ’ks.
Two gateways are shm-own in Fig. lV-2 . althou gh other internet connections will probably be irnp le-
mented durinm -g the course of the experimental program. An examm -m-ple of partictnlar interest is a
gateway to the AR PA Packet Radio Net .

An inItial capability for In ternet  coninm -unm -icat i on betweeim - tim e PSA’r IMI ’  anm-d the Al l  P :\NET
will be Inm-plemented by BBN in the forum - of a software module in tine PSAT (MI’ processor. ‘tim-ia
internal PSAT ~mini-gateway ” will support transfer ’s of experimental data and coim-trol betweemm-
tm-SAT IMP fake im-osts and TENEX -based facili t ies residing on tine AR P A N E -r ,  However , experi-
ments Involving real Internet (data or voice) t ra f f ic  traversing tim -c ARPAN E T anm -d wideband satel-
lite net will require a full gateway capability similar to the PDP-i i  configu ration used in tim - c
APSE.

Time PSAT IM P / ILR A N  gateway will be used for wideband terrestrial/satellite itm-ternetting
experiments , Design of tim-Is wideband gateway should beglim- after the initial ILUAN capabil i ty
has been established.

7 . Wideband Terrestrial Links

When the ILRANs are eventually delivered to network locations, n-idetm-and terrestrial 11mm -ks
will be needed to interconnect them. TIme earliest need for sucim- links i s pro,iected to occur dcrr-
ing FY 82.

8. System Control and MonItoring

System-control and moni t or ing suppor t facilities wit-i be needed t im-ro cng lm -o srt tIme experimental
progranm-. The monitoring and control tecim-nology developed for APS1’ will be carried over by

i i
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liliN for use with the tm-SAT netis ork . A nn t onm - i t o r i n m - g  and conntn -ol f a k e  h ost n-i l l  ht ’ i mnm - p le n m - iemm - teel  i nn
t ine tm-SAT IMP processor , and c cm -n imm - i cm ni c a t iorm - capabi l i ty  b etwe enn t i m - is  f ake  t m - c m - s t  a im - c t  ( ‘l- :NI- X
moniton -ing ,und contm-ol progr’am nm - s  will tm-c m- ’ a t .m - bj iskn~’cl . ( ( t m -  Lt.hi. -1N c’c e m -t t ’ .m - ct m -j t  ms  i’e ’qui ro d  to

develop a Network Monitor-irmg Cerm-ter’ i N ~ c t m -~’( as part of time terrestrial n etwork imm -m -p lemm -ient ati oni .
Provision mm - m ust  be mm-made for the c’cm -:m-trol and mnm-onicor ing of satellite/terrestrial internet expem’i —

m m - m - enm - t s . Options i n m - c’lude p im -y sl call y conit m - ininm -g t i m - c mm -et n ’or’k control cer it c’rs or’ es t a i m- l i s im - i r ig  a
conininunications path between therm -i .

m-m- , Sub svstemm -m - L)e c’e lop mnm -emm -t and tnm-stallationm- Schedule

A tentative schedule for dei-elopment and installation of t he ’ nc -ideba nd exper i r m -m - en ta l  f ac i l i t y
Is presemm-ted 1mm - sonne detail In the separate experi mn ieni t  p lannni ng docu rm -m- c’int ,  A k e y  m ilestone’ date ’
on that  schedule — 1 January 1980 — is n-or thm - calhin ig a t tent io n  to h m - e m e .

Haslc satellite subsystemiis — including PSA l’ (Ml ’s, l -SI ~ . arid ea r t im -  s ta t ion s — wi l t  (n ave been- n
installed at the f i r s t  two nm-etwork locat lonm-s (probably 151 anm-d Lincoln) b I ,I amiua r ’~ ( ‘-m -80 . In addi-
(ion , an access faci l i ty  Includ ing a p r ototype access area, om-me or two narrowband voice term - nm - i -
nals , a t raff ic  erm-nulation capability , and a nm -m - in ico ,m - cen t trator  will  be available at onm - e of tine sites
(Lincoln). Thi s date thus mim-arks the starting point for exper lr m -m - ents  w i t h  t ine wideband satell i te
subnetwork. including em ulated d ata and voice traffic’ as a-eli as live voice.

The terrestrial network switcim-es (LRAN~ 1 will be developed in a parallel program w im - i ci n
ext ends ttnr otm g im i’m -V 81 . C’onst ruc t i omr and 1rni ~ ii testing of the I L R AN a  is due to be s,’ortnpleted at
the end of Fl 80, and systenn is  experiruents wtt h m - tim - c four I L R AN a  intercon n ected n- i t i m - i n time con-
tractor ’s test faci l i ty  will proceed during h- -i st . Delivery of t ime I L U A N 5  to specified nm - etw- ork
locations will occur early in F\ s i .  This repre scr n t s an iot im-er key mii ilestone inn t ine  netn-ork des-el-
opment schedule.

C. SYSTEM VA LIDATION

I .  IntroductIon

Experim -m-ient s for the wideband network can be roughly divided into two classes: (a) systerm-m-

validation experiments, wim -ich verif y or measure the perform ance of a network component or
function ; and (b) system concept experiments directed at exploring some specific issue or prob-
1cm in integrated voice/data networking. Tine concept experimennts mm-m-otis’ate the building of a
test—bed system and are desi~,ned to pros ide answers to importamm -t systems questions. ‘rime i-all-

dation experiments have as a goal the perfor mnnance verification of time test-bed fac i l I ty  on wh i c im -
the concept experiments will be carried out.

2.  ValIdation Experiments

The preparation and execution of validation test plans are generally time responsibIlity of tine
subsystem contractors. However, time separate experiment plan docur’m-ient gives a surm --nr m -i ary
review of the minimal objectives that should be satisfied by tim-ese valIdation plans. Tim-at review
includes discnnssion of validation exper in m-n ennt s relevant to the satellite subsy s tem , the terrestrial t
subsystem, access facilities, and gateways. Tine review Is not given here , simm - ce rim-any of tine
items require specific coordinatIon wi th  individual contractors. ‘ -
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0. ADVANCED SYS I’EMS EXIm-l-:RIMEN ’S

Adva mm-ced systemnm -s experimm-nents are defined amid discussed here . Seven classes of e;-peri-
rm - lents are considered in Secs. I t h nroug h m - 7 w h r i c t n  follow : these are:

( I )  l) emn m -and -:\ ssigminm-ient Mul t i ple Access ( D A M A )  Strategies

( 2 )  Mult i  -user Packet Spe echn (‘om m - nn m - m - cn n ic a t i ons

(3) Advanced Switc hn ing / Mtnl t i plexing Techniqenes for Voice/Data lntegratiom m-

t 4 )  Rate-Adaptive Comm unications Techniques

(5) Routing

(u )  Conferencing

(7)  tn ternet t ting

It shom-mld be recognized tha t tim-crc is significant overlap among the exp er imnm -er n t areas.  ‘r im - i a over-
lap can be used to advantage in that part icular  experinients will pros-ide results  in m ore tim - aim -  one
area . For cacti class of experiments , the following items are discussed :

(i) introduction and background ,

(2)  ExperIm ent objectives .

( 3 )  ExperImental approach and requirements , and

(4) Performance measures.

The sepa rate experinm -ent plan docu nsent includes rim-ore-detailed discussion of eacin experi m -m -ient
area, and presents a tentative schedule for each class of experiments.

1. Demand-Assigument Multip le Access (DAMA ) Strategies

a. Introduction

Broadcast communication satellites have a uniqu e potential to efficiently scrpport gemieral-
pur pose communicati ons, including both data and voice , among a large and diverse set of users.

Cost-ana lysis studies have shown tha t substantial savings can be achieved with systeni s enm-i ploy-
ing hundreds of earth stations. flcwever. a prerequisite for tine achievement of these savings is
the development of flexible DAMA techniques that allow one to exploit the broadcast nature  of tine
satellite channel. The APSE program has provided an impetus for time developnim-eni t of suehn
DAMA tecim-niques and a test bed for their evaluation. ‘recim-niques investi gated in APSE in clude
fixed-TDMA . round-robin TDMA , slotted-ALOHA, and several variations of PODA. A basic
requirement of t im-ese algorithms is the ability ot’ the satellite earth station equi pment to transmit
and receive In a flexible burst-TDM .A mode . The demonstration of this capability ina s been an -
Important achievement of the A PSE prograni . Of tine DA MA schemes tested, time PO1)A algo-
ri thms appear to be the most promising in terms of tim -d r ability to handle the expected rim-tx of
user requirements , including block (data) and stream -ni (voice) t r a f f i c .  l ion-ever,  tim -c PODA algo-
ri th ms also place the most-stringent requ lrenm -emm-ts on tim-c DAMA processors in terms of process-
ing speed and mennor~’.

DAMA-related experiments in tim-c APSE im-ave been limited in scope because of tim - c restr icted
(b4 -kbps) bandwidth of the satellite cim-annel . (‘(mis restriction (ma ne prohibited (cr11 test ing of tine
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ability to handle mixes of voice and data traffic, and of the reservation-handling capability of the
DAMA processor. The wideband satellite network will provide an envirom-iment f or DAMA experi-

ments with traffic loads more representative of expected user communities. The PODA imple-

mentation in the PSAT IMPs will provide an effective and flexible facility for experimenting with

‘-cau stic traffic volumes and mixes , as well as with various DAMA schemes.

b. Experiment Objectives

DAMA experiments will be aimed at testing and evaluating the effectiveness of various

multiple-access protocol s in environments typical of the satellite portions of future military

communications systems. Experiments will be directed at the investigation of techniques for

( I )  efficiently sharing the satellite channel capacity among many earth stations , and (2 ) taking

advantage of the differing statistics and transmission requirements of voice and data traff ic to

achieve efficient statistical multiplexing . For example , there is strong interest in investi gating

and developing schemes for achieving the TASI advantage by statistical multiplexing at the satel-

lite in cases where only a few voice users are present at each ground station. The feasibility of
achieving this type of statistical multiplexing, which may require very rapid variation in satellite
capacity assignments, will be investigated. The attendant advantages and costs of highly respon-

sive DAMA schemes should be compared against simpler schemes which offer slower variation

in channel allocation. Another objective is to compare the effectiveness and processing require-
ments of distributed and centralized control of the channel assignments in order to select an
appropriate mix of these control schemes for future systems .

Of major concern in all cases are the earth station equipment requirements needed to sup-
port the algorithms (hardware size and cost, software complexity) and the robustness of the sys-

tems with respect to earth station error or failure , transmission channel errors , etc. An j n ’npo ’-

tant problem area is tha t of verif ying that selected DAMA schemes can actually function effi-

ciently with large volumes of real traffic withou t developing lockup problems or other limiting
effects.

c. Experimental Approach and Requirements

The PODA algorithm will be used as a flexible experimental tool for can-rying out the DAMA
experiments. Traffic emulation In the PSAT IMPs will serve as the primary means for generat-

lag the traffic mixes required to test DAMA performance and processing requirements under a

variety of conditions. Real voice and data traffic will be combined with the emulated traffic as

appropriate. The measurement fake-host facility in the PSAT IMP will be used for measuring
tine patterns of delays, lost packets, etc . for the various experiments. These data will be

delivered to a TENEX host for analysis and display.
Two important sequences of experiments In the DAMA area are identified and discussed in

some detail in the planning document. The first concerns techniques for the efficient handling

of fm-ill-duplex speech users, in the case where many nodes are each supporting a small number
of speakers. The second sequence is directed at assessing the effects of stressing the DA MA

algorithm under different dynamic response constraints.

d. Performance Measures

Performance measures for voice include delay distributions, percentage packet loss , and

the efficiency with which the burst nature of speech can be exploited. Data performance _

- 

-

36

—



nm -c am-eo n -es m m - d ude aver-age delay,  buf fe r  r e qu i r e rm -m - en t s, anm - d probabil i ty of packet m m - n i s d c ( i m - c m ’ m -  -

I”or tine overall sy St em - tm , tim - c c f f i c i enm - cv of u t i l i z i n m g  tim - c satelli te c ira im -nel r ’esonnr ’ce is of pm mm - n e
tnnnp or tanc e, ‘l’Im-e processing cost of achieving high channel uti l izat ion lot’ yam - ’ 1onm~e ,nser nm - m ixes
nm-must be deterrm mine d.  Tine r obu strm-ess of t ime s~- st en n is a m m -  i rmm -p on ’ta i m -t  pem’f or’m m m -an e-e nm -m - ea~ u cc. I’Iit’

svstenm - nmm - m r s t be able to uce’or m -n n m -m - od a t e sv nm - ci m - t ’ onm - iia t io n m - loss or lm-ar’d war e f a i l u r e  at irm - d iv idual
stations withou t seriously ~-onn p r orm - i is i r m g over-all mm - etwo r k  p en ’for nm -nanm -c e.  m m -  addi t i ot n , te ’nmipoI ’ar \
data overloads mm - must  b~ accomrnm -odat ed wi th out catastrophic system failur e - . F ’inn a t l~’ , time sy sten m -m-
sim-ould exhibit fa i rness  inn its ab i l i ty  to provide t ime sm-ma ne q u a l i t y  of sen’vice to all user’s of equal
priority withou t allowing individ era l user s to capture a disproport iommate share of time ct m - ar m -ne l
resou m’ e’e

2 . M mn Lt l—nr se r  Packet Speecim- Com - m - i rmn nmn nicat i omm - s

a. Introduction and Backgrounnd

Packet spee’ctm - conmm -mmnunicat i orm -  tm-as be conm -m -e a snrbject  of intense interest amm -d act im --i t~ over ti m e

past several yea rs. Factors motivating tlm- i~ interest include : ( 1 )  1’Im-e deve l opr m -n em nt and der ii onm --
strated advanm-tages of packet techniques for data com -m-m -nnun ication s; (2) tlm -e potential of packetized
techni ques for increasing charm-ne t utilization by exploiting the bur sty natu re of speecim- tm - ’am -m- sn uls -
sion: and ( 4 )  time possibility fo r time inm -tegra ti orn of voice arm-el data in a com nm -nm -m -onm - systemmn based 0tm-

packet switching . Time basic feasibility of packet speecim- comm -m -im -m -tm nicat lomm - was first detm-m-onstr’ated

in experi nm-ients on time ARPAN E ’r under- time DARP A Packet Speecim- (‘rogranm - . Deve loprm-m-ents umm -d er -
tim - is progrann inmcluded voice protocols for packet networks and teclm-niiques for nm - na in m - ta ln m - i ,m - g speech
c or n nmm -m -uni c at i or .  qcra lity In time face of t i m - c delay dispersion ininerent in packet t ra rm -smis s ion .  Later .
packet speech comm -m -mm -nun icat iomm - tecim-niques for a broadcast satellite e nv iromm - rm - n en m - t  were developed in
the APSE .

A recent econom ic study conm-ducted by Network Analysi s  Corporation ( N A C I  corm -clnrded t im - at
p5cket switc im- ing is potentiaLly time most cost-effective tec inni que for time Integrated swi t c h i i mg  of
wok’s and data. Support for tim - is conclusiorm- will require a de m m -m -onstrat i omm - of time fea~ it mI l i t v  of
packet voice on a large scale. l(owcver , packet speech exper i imm- ents  to date (nave accormm -rm-m-odat ed
o,m -lv a few voice mrsem’s becamrse of channel capacity limmm -itations in time A R l ’ A N i -~T and Atla r m -t ic
SateLli te  Ne t .

b . Exper lrm -m -ent Objectives

A primary objective of time expen ’im-m-m-enta l prograni is the development and d er mm - on strat lomm - of
packet mm-pectin techniques for a wideband, m - m - m - m - nl t i—u ser  emm -vl ron r m -me nt .  Included m m -  t I m - is  objective ’ Ia
the investigation of time effectiveness of packet techniques m m -  achieving e f fi c i em -m -t s ta t is t ical  m m - tr i l l -
ple xing of voice tr an smn iss lonm -s (c omm -n a n m -m m-her of m -ns e r s.  A prerequisite for m m - m - m r l t i -usem ’ packet
speecim- e xperirm -n emm-t s is tim-c deve loprmm -cnt of mm-ppn ’opr iate access fae - i l i t i e - ~ i mm - e ’ l n r d im m - g  c omm -c erm -tn ’a t or ’a -
access areas, atm -el packetized voice terminals .  In fact. tim - c irm-ve st igat lon of adva rm e-ed access atm - e l
concentration tecim-niques is (mm- itself arm - important objective of the cnr r r en t  ex p er im -m -m - vm mta l  pr o gr amm -n.
Distrib ented arcim-itec tun ’es for time access area , where ter mm-ni n al s are interfaced to time e’oncenm-tra-

tor tim -rough a comnm-m-on cable or bus , are of particular interest In t m n l s  regard. Inn addi t ion,  tim e ’
design of terminals and access facilities nm-mu st reflect time need (on’ e v en m - t n ma l  e’ommm -p at ib i ( I t y  w i th
privacy/security requ ir c rm - i em -m -t s .  Expem ’l r m -m - cnm -t s directed at d emm - m - onstm ’a t i mm - g sm n cim - e-ompat ll ’ilitv
should be included in time program.
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c. Experi mm-menta l Approacim and Require m ents

Packet speech exp e r i mmm - ent s  w i l l  be phased on a n m - a m - ’ m - r  cons i ste -nt  wr~ In the dcv e l op rm m - ent  of
the network test bed. The init ial  voice ex p e r i m m m - e n t a  a - n i l  make  er se of two voice te - rmi m - ina l s  in the

access area , Interfac ed to the I’SAT i M P  I-v  mm - means  of a nn i t mic o nce m m - t r a t o r .  I oop -b ark

tests through the PSAT I M I ’  will  ime followed t m - v t ests  wIm -e ’r c p a c k - t s  are t r a n s m m m - i t t e d  up to the

satellite and hack to tim -c sanmn t eartim- station. ‘l’im-esm’ tests w i l l  ‘s t ah l i s im -  time e f fec t iv en ess  of tim - c

in terfaces and protocol s between tim -c concentrator and time l’SA l’ I M P , and wi l l  ver i f y tim - c d ial ing

and signaling protocols w im - i ch allow call setup through the  satel l ite  channel . E t n r r l a t e d  t r a f f i c

will tim -en be combined with real voice t raff ic  in order to determ im-Ine time e ffects  of loading tim e

satell it e channel near capacity. Fake Im-osts in time I’SA E’ IMP  will  provide a sou rc e of erm -mu lated

traffic characteristic of mm -m -u l tiple-voice and/or data users.
Wim-en a second set of access t’ac i l (t i e ,s b ec ,mm -n eme avai lable,  these ex p e r i m n n e n t s  will  be repeated

with t wo-way conversations between sites. Access-area tr afr ic  ennulation will be er sed to test

multiple call-handling capability and flow-control strategies In time concentrator , anm - d to establ istm-

the throughput limitations of time complete p ath fro m mm - access area to access area . A aci-ies of
experinm-ents will be run to test alternate voice mm -nu l tipi ex lng strategies in t i m - c ’ e- o mr e - emmtra t or .

Schemes for packet aggregation , where speeclm- packets from two or m m-ore t e r m mm - imm - a ls  ar- c c’onm-bi n ed

into larger packets for trans mm -m -iss ion on the wideband net , will be deveLoped amid tested .

These experiments will later be scaled up to include a large nunm-ber of m’eal voice t e r mnn ina l s
Interfaced to the network through a wideband concentrator. ALt Im -oug lm - t im - c  discussion of packet

speech experiments Imere has been focused on the satellite network,  a s inm - i l am - -  set em-f exp crimm-m- ents

will be run later in time program in the terrestrial and internetted cmn v l r o mm - m m - t en t a .
Experiments involving pr ivacy/ secem-rity will follow time initial developments of a packet

speech capabili ty.  A requirement for suc lm experiments is tim -c avai labil i ty of real or simulated
packetized privacy devices . Time 11CR class of encryption control devices should be considered

as a primary candidate for satisfying tim -is requirement in time satellite cinannel amm-d over widebarm -d

terrestrial trunks . Access—area privacy is an important topic for wim - i c l n a variety of options mm-eed

to be considered.

d. Performance Measures

Performance measures for packet voice include delay distributions amm -d percentage packet

loss , and their effect on speech quali ty.  Time efficiency with which speec lm- misers can be statis-
tically multiplexed is of essential Importance. It mnust be deter nm - fned to what  degree time TASI
advantage can be attained , and at what cost in packet overhead , swi tcim - processing requ ire mm -m -ents .
and buffer storage . The call-handling capability and achievable t im -rou g im-pu t for tine access area .
concentrator , and satellite network need to be assessed individuall y to 1mm - s m - n rc  t im - at  a proper mmm - at c l m

is designed and resources are not wasted. Reliability and ease of use of the packet speecim sys-
tern will also be Important concerns.

3. Advanced Switching/Multiplexing Techniques for Voice/Data Integration

a. Introduction and Background

The trend In military commm-iunications is toward all-digital networks whicim - will serve large

volumes of voice and data traffic . Problem-n a of fundamental conc ermn are ( I )  time econ ommm -ics of
serving voice and data applications on a comm-non integrated conim-mm-iun i c at i onre sv ste nm - . and (2)  tim - c

comparison of alternate swit cim-Ing teclm-no logies for integrated voice and data networks.
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Switc iming technologies to be considered inc lnnde advanced packet and im - y b r id  ( comm - t b l rm - a t i o n  of
ci r cen it anmd packet)  approa c- hem-i - as well as mmm -o r e—t r ad i t iona l  c i r cu i t  —sw it e :  tm-eel mm m e t lm - ods  . ,-~mnalvs is  -

s inm -m -u lation . anti ARI ’ANI-: -l ’ expem ’ience indicate tim -at pac -ke t tec-imnique s provide co,m-ai derab le ad-
vantages for time Im-an dling of interact ive data tr al’flc . l’Irc p r evIom -n sIm -  cited N A ( ’  studs - c’onc’lnn ded
that packet swi tc iming is potentially tim - c nmm-ost cost —effec tive tec’immm -i que for’ tine integrated swit cim -ing
of tm-eterogen eom-m-s t ra f f ic  including voice , inter-active data,  and teutk data .  l iv  1mm-id t t ’ci m -ni qenes
were also showmn to have significant advantages over a l l -e -i rcu it  tec i m - mm - iques . lime key factor’ whi c h
separated packet amid im-ybrid systemm-m-s was the potential abIlity of packet systemm -ns to ac’ l m - i e m  e ap-
proximately a 2 : 1  savIngs 1mm - ban dwldt lm- u tI l iza t ion I t ine so-called TImm-m -e-As slgned Spe c c im- lmmterp o -
Lation (or l’ASI) advamm-tag e j for voice by avoiding t ran sm mnis s iom n  derr ing si lent  i im -t erva l s .  I’Irc c x —
tent to which this savings can actuall y be achieved in a large , d is t r ibuted mmetwor ’k r ’ enm - m - a i mr s  to lie

‘ determ ined. Anotim -er issue to be Investigated is tine effect iveness of fas t  v ir t u aL -c im ’cn r i t  sw i t c l m - imr g
tec imni qmr es compared wi th  packet approacim-es in achieving cim-annel savings during speech pause-a .
Final ly ,  intem ’operability between advamm -ced sw lt c im - in m -g techni ques amid ex i s t i m m g mm -etwork s t rateg ies .
and tim - c prob lemm -ns and costs of transition, are subjects of concermn .

‘rime efficient integration of voice and data is probably time mm -m- ost cenm-tra l Issue in t ine wideb anm -d
prog ranm - , and pervades all the experi mm-n ent areas. This sectiomm foctr ses mn m - a inly on tim - c I ssues  of
voice/data integration in the terres t r ia l  network or ILIIAN system, since it is (m e-re  tim -at tim-crc
are two specific switcim-ing tecimnologies — hybrid and all-packet — wh i c im -  tm -ave to be exa im - t imn ed .

b. Experiment Ob,iectives

Recent analyses im-ave indicated tim-at advanced switcim-ing tecimnologies, immc hmd ln ng packet amm-d

hybrid (comm-nb lnat ion of c i rcui t  atm- d packet) approac lm-es . tm -ave the potential for eff icient  inm -t egra ti omm-
of heterogeneous t raff ic  t pes, with s ign i f ic n mn t  cost smn vlmm -gs due to the sharing em-f sw i tc i m - mn m -g mm -mmd
t ransmission facilities. h owever , the feasibility of such techniques has not vet been de m -m -mo n stm ’ated
on a large scale. A key purpose of time wide ba mmd pro g r nm - nmn is to aclm-ieve snrc im - a de m m -m - o m m - sIr~mt ion ,
and to carr y out an in m - p le mm - m - entr n t k - mn exercise w imich develops time switc im -imn g concept in su f f l c i e mmt
detail to serve as a prototype for a fu tu re  imntegr ated m m - m i l i t a r y  nm -etwork . For a l l -packet  sy s t c m m - m - s,
the dev elopn m- eim-t , demon stration , and cost analysis of packet voice c o nmm - mmm - m - m n ic a t i om m - s  on a large
scale are subjects cml key concern. For hybrid systemmm-s, tim e inm-plenm-entation and integration of
packet and circui t  switching into a con n r n m o mm - syrntemm -n tm - must be denmm - orm -str ated.  Timese demm -m orm -str atiomm -s

will provide a sou nd basis for connpar ’ison betw eer n packet and hybrid techniques.
The obj ectives of tim-is portion of time exp er im m -ment are:

( I )  Provide a flexible test bed for evaluating different teclum-iqenes of voice!
data integration bot im- wi t im - in  time terrestrial  network and 1mm - c-omm-jumm -cti onn

with the satellite network .

(2 )  Pe rformm -m- a series of exper irm-ments which will allow a qm -m - am m -t i t a t i ve  evalu-
ation to be nm-nm -ide of the advantages and disadvamm-tages of hotim t e c im -nm -iqu e s.

c. Experinm-ental Approacim- atmd R equircm mn cmm -ts

‘rhe princip al vehicle for examining the voice/data Integration issenes will be time ILR.-\ N svs-
tern consisting of four flexih le switching nodes coimne cted b y wide im r m nm - d tr rmn k s.

The exper immm-ents will be conducted in two parts. Time f i r s t  part  wil l  consist of a 4 -y e a r
deveLo pmim-ent and test progran m to be c’ond mrct ed by time IL1IA N contractor at tm - is  f ac i l i ty . 1 mm - t im - c
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second part,  the equipment will be integrated with the satellite network. L xperinm-ents in thi s
second area are described in Sec . 7 . “Imiternet ting. ”

Tine InItial 3-year effort of the ILRAN contractor is . in turn,  divided into three phases. In
time f irst  phase . the contractor will study the promising voice/data integration techniques including
at least the packet and hybrid concepts. For each promising concept , the contractor will identif y
the key features which should be experimentally evaluated to assess their relative advantages and
disadvantages. These experiment requirement s will the n be used as a guide for designing a flex-
ible experimental switching network test bed to carry out the experiments. The contractor will
also develop a comprehensive, general test plan describing the concept experiments to be per-
formed on the terrestrial network.

In the second phase, the contractor will build and test the system designed in the first  phase.
He will also elaborate on the general concept test plan to develop detailed acceptance and concept
test procedures. In the third phase . t he detailed concept test plan will be carried out at the con-
tr actor m- 8 facili ty.

d. Performance Measures

Performance measures for voice include delay distributions and percentage packet loss and
their effect on perception , as well as the number of users that can be handled for each scheme.
The effectIveness of each scheme in exploiting speech-activity detection to save on channel utili-
zation during pauses is of particular importance . since the packet-vs-circuit comparison hinges
largely on this Issue. For data traffic , delay distributions and buffer storage requirements as
functions of voice traffic load and strategy for servicing the mixed traffic are of particular inter-
est . in all cases , network throughput rates, channel utilization characteristics, and switch pro-
cessing requirements will be critical performance measures.

4. Rate-Adaptive Communications Techniques

a. introduction and Background

Conditions in an operating commu nications network are in a continual state of change . Traf-
f ic levels fluctuate as new users enter and leave the system. and as the capacity requirements
of individual users vary with time . Link capacities may vary due to jamming or fading. Portions
of the network may become temporarily unavailable due to equipment failures . An essential as-
pect of network operation is the ability to maintain the best possible service in the face of chang-
ing conditions. Data networks such as the ARPANET include routing and flow-control algorithms
designed to cope with changing conditions. In an integrated voice/data network, an important
additional opportunity for effective adaptation is presented because voice can be communicated at
a variety of rates with different degrees of fidelity. Assuming the availability of a sufficiently
flexible speech coder , voice bit rates could be adjusted up or down to match the capacity avail-
able in the network at a given time.

One approach to voice-rate control is to assign a rate to each user entering the system based
on network loading at the time of dial-up and on the priority of the user. Ultimately, a user
would be blocked if the network was unable to support him at his lowest bit rate. A second ap-
proach would provide more-rapid response to changes in network status by allowing terminals to
change rates during conversation based on control signals from the network. A third approach
permits essentially instantaneous reaction to network overloads by allowing some of tine speech
bits in transit to be discarded by network nodes along the communication path.
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‘l’inis t I m-ir d approach requires atm- “emm-mb eei ded c’od itm-g ” vocoder of tim -c t m -pc ’  o r ig inaLly  pm oposc’d

at time Naval Res ear c)m- l,aboratory. In t im - i s  t e c im - im - I qu c .  t ine voice signal Is encoded 1mm -to p ackets  of

diffe rent priorities. ‘rim-c lower—pr ior i ty  pem -ckm ’t s nm - n a y  be disc ’arded at arm - v t i n m - n e  w i thout  a f f e c t i n g

tim - c im m - te l l i gibi llty of time s~m-eecln . a l t lm -or r g lm - t i m - crc ’ will  lie so nm -m - e degrada t ion  1m m - spee clm- q u a l i t y  . 1m m -
anny voe’oeiem’ (t’.n t m - m - m ’ , tim -c ’ spc’e ’cit sy m r t i m m ’ s n :~’ m- a-ill usc ’ n I l  11mm- t , m -~ 1~ ’t5 t i m - m t  m r1m --~- . ~r m ntI f i l l  in n for ml )

tim -om-ce wim -icim are mm m - i s s i i m - g .  ‘l’imis results in ~‘ar vimm -g q m - m a l i t v  levels as t ime P r io r i t Y  li -n -cl of tim -c

ar ’m -’ Iv im m -g packets c im - amm g e s.  l’o insure tim - at  l mmte r c mm - ed ia te  nodes are mm-e)t overloaded w i t i m -  packets

t im - at are later discarded, ti m - i ’ emmnbedei ed cod imm -g te c i m - mm - l q mt e  is com m -binned w i t im -  arm - em m - d —t em — c mm - d  flonc —

commtr o l m - m - l g o r i t l rmn m -  wlren ’c the re’c-eiver mm - o t i f i e s  t in e  t i ’a t ns m m - ni t te r  of t ime current  received a’ate. atm - cl
the tm ’amm -srm -mi ttem - ’ ~~tm-eis omm-l v those packets l ikely to be received at tine de m - c t i ima t i onm-

lhn r lnm - g KY 78 . ann cnm mbedded cod itm-g voc-odem’ [cased otm- a s~-mm - t im - es i s  of ch a r m - m m - el  vo co dinm -g amm - d
‘ sut m-— I m-an d codlmng mm -n et lm - tx is was develope d at Li t m - c o tmm - Latm-orat orv . I ’im - l s vim-coder is capable of ope r —

at lmng at rates f rom around 2 to 20 kbps with  quali ty and rohustmm -es s increas imm-g witin rate - amm - d
withou t perceptible t r amm - sienm -t s due to rate switching.  In add iti omm - . a stu ds- vIa s imm - m - u la t i on  of t ime
effects of em nd—t o — en m - d h o w  com -m-tro l m m -  a imn eni ti —tm -ohm rm -etwork wi t im -  emimb edded codimng of volt - c’ Im - as [mccii

carried oimt . Comm-trot mm-ne cim a nismm m- s wi r i c i m allow rapid adapt at lo nm - nm-nd stab le nm -etwork t m - e l m - nn vio m -’ tm - ay e ’
lm - eet m - ldenm-tif l cd .

b. i-~xp c r im mm - t ’mmt [im-ject ive s

‘l’hc objectives of expc r i m m ne i m - t n-c 1mm - time n ’ate— adapti ve c ommnm m - mtm nm - i c ations ar-ca are to develop acm - el

evaluate tec tm -nni qem es for’ n m - nal mnt ai n lnm -g network p erfo rmm-n ance amid stability 1m m - t ime face of cim amn g imm - g

condi tions. Scim -erm -mes w i m - i c lm - liroviele graceful elegradat iomm- of time quali ty of service as m -m -etwork
loaditng app roaches saturation are to be developed and tested. ‘l’imere wi l l  be a focn rs of at tem m - t l omm-

0mm- v im- ice co mm -nmm -m -unicati on because of time variable—rate nature of tine voice somr ’ce . However , da ta

flow —co nm-tro l techniques will also be tested. (~ particular concer ’tm- is w I m - e t im - e r  time Alil’ :\Ni -~l’
class of flow —control tec im-niq m -m-es. w in i ci m - tm -ave bce mm - tested 1 mm - a data—onl y c m i v i ro t m - m - m - m - emm - t ,  wi l l  pc~’—

fo rn m -n effectivel y in an immtegrated voice/data network .

c . Exp erimm iental Appro acim- atm -ti  Re qut n ’emnm -emm -ts

Traffic enm -m-ula tion will be a prit mm -ary tool ( mm - ti m- e t e st lmt g of rate—adaptive t ec inmm iq ue s . since
variable—rate voice coders are still 1mm - time developmmnenm -ta l stages. \‘oice t raff ic  cim- ar acte n ’ist i c’ em-f

a large mm -unm -mber ’ of ctm-nbe ddcd c’odimm -g vocoders will  [it’ emm -nu l ate d.  (“ or exp er im m -m - emm -t s em -mm - tim - c satellite
sm-r b net . tim-c’ pr ior i ty—or lemm -t ed mm mec ’im-a rm - ia mm - m - s built ir m -t o l’OUA will be used as a m - m - m - ea m ns fom-’ d l scm - cr ’d i tm -g
lower— pr t om’i ty  packets as loadim mg 1mm-creas es. End —to—end rate —c omm -trot m - m - m - ecl m - amm - ls m - m - m - s  will tie i- mm - m n —

Latod and tem-ct eel . ‘ro eval tmate t im -c effects orm- spe ’eclm- quality. otme or two speech t e rmm - m - i mm - a l s  capable ’

of reaL erm-ibeddod coding opem-’ationm- will be i m - m - m - p le mm - m - em - m - t e ’d in flexible im - ig i m - — speed processors. l’im -c

spec’clm- f rom - m - m - t im -e~ e’ t errm -m -inals  wil l  tie com m m - t m -i m m- c ’d with  c ’nm - m - nla t cd t r a f f i c .  w l m ic i m  wi l l  ( mm - c’Lnr d e o ther

voice t raf f ic ’ nm -s well as data t ra f f i c .  ‘l’im-e effect on voice pe rf em rmm -n amncc of a su d demm- large de im -ma nd

for dim-ta capacity (e .g . . a hi gim -—pr iot ’ity  f i le  tr amn it f er )  will  be evaluated. ‘l’lm-e pen’for tm -macnec of tim - i ’

lm-ighly dynamic embedded codinm-g approach will be compared agairm - at si m - m - n plc’n ’ appm ’emacIm-es s cm - el m - as

rate control at diaL-emp.

d. l’er for -mm- anm -ce

l’im-e pr lmm - m - ar y per fom ’mm -nat nc c mm -measure for’ voice is t Im -e ni peecim- rate ar id associated qn mal i t y

achieved (tim’ t im - c c onm nm mm - u ni t y  of user’s as a fu mm - ct lorm - of nm - etw om -’ k comm - eli t io mm - s. S tabi l i ty  is also aim-

4 1



l m n m - p or t a m m t  pi ’rfor u m - amm -~-e mmm - easu  r e .  ‘m-~c tm - e ’ t m - mm - m - atn v  users  tr  to r espotm -d [em mm - ct wo r k co tm - d i t i e~m - s ti

r ’a lsi mm-g and low e r i mm - g  t I m - r i m ’  rates - mm c ’tw or k Imm - st atni l i t i e ’~ c -acm - result  if proper ’ com m-t r ols  am - i’ mnot ap—

Im-lieti . I’lm-e ;m-rope r tm ’*d e— ot’f betw ce ’tr acla ptati cmc m rate amid s tabi l i ty  nm - in st  be n m-ma cic ’ . Vein’ data traf-

fic - tim - c u su a l  mm -m -e a sur ’es of eiela~ - hu ( t er ’ i m m - g  r e qu i r emm - m - e rm - t s  - atm - e l r e l i ab i l i t y  are applicable .  l ’im -e

tm-etwon’k—wide m mm -m -p tlc’ations em-f rate adapta t ion m m - m - r n s t  he exrm - tm - n im m - ed .  Qem - es t ie mm m - s ln c lnm d c ai m- e va l u nm -t lo tm-

of tine overall lit’m m-e ’ii t s to n cm -ice am m - d data n m - s e - n - s  as nm -m easur e d  agaitm at tine’ 1mm-creased cost a t m - mi c - mm - m m-n —

plexitv of t i me app L i ca t tom m -  cm -f rate —adapt iv e ’ tec’t m - t m i qnr t ’ s

S . i tot r t i m ng

a. hmtro dtm ctlon atm- el ila t’kgr nrn d

&‘ ree’ thirsL ~ - routing algo r’ i t i r mmm - s ham -- c beemm developed either ~m - r in m - m - ar i l y for no ic e  t r a f f i c’ (tim-c

t eLep in ot me mne tw o rk ) dir j ir l  mmm - a m ’il s -  (cm-n’ data t raff ic ’ (time A l - t I m -AN E l’) . m m -  time design of m-’ o m-rt ing a lg im —

r i t h mm - m - s ,  satelli te c’hanm -n elnm Inan e gt ’mm - era t t y bc emm - t r t i l t? I ’ ci as a calm-ic ’ iii t im -c sk y m- ’a t i m - c m- ’ t i m - a mm -  as a

d emm -m-annd— as sigc m-ed nm - m - edtm - r rm - m - for fle ’xib le br oadcast c’onm im -ecti vi t y . i-’m - rt em - m - ’e in m-t t ’gm’a tc d n m - et wo rk s wil l

include larg e volu mm -m-es of h em- tim - v oice ~nd data t ra f f i c’ - w i t i m  f lexib le satellite ’ co rm - tm - c c t i v i ty  inn addi —

tiot i tem terrestrial links .  Rcn rt im - m - g aLgor i thm - m s  atm - em-old be m m - m - ntcln ed to t i m - i s  t ’n m - - i ro t m - m - m - m - cmm - t - a tm - t i (In c

w(deharm-d network t est bed hm - r om - i e ies  ar m excellei m- t fac ’il l t v  for t im- c d e m - -e lt m - p m - m - m - emn ( ;m - ti d te st ing cm - f an a c i n

algorithm - tm - is.

b . Ex t wr i m -m- m-e n h Ob,jec t iv i ’s

A nm-la ior goal tm-f tine a ideb and i ro t eet is time imm -v enc t ig att otm - of tine inm - t em - ’a c- t i om m - betwee ’mn tim - c’ sat c’l —

t i te and terrestrial eommnponent s of a c o mm -m -im - imm -ee i network. C~ p a rt i cm- nlam - ’ im m - ter est irm - t im - is  ~-omn text are -

potential routing a lgoritht m-m-s wim - ic i m - involve cimoice a betweemm- ti m - i ’ m - m - t i l i i a t i e nc m -  tm-I sa tel lite  and t em-’res—

trial links. A m- m-m-echa n isnm - mm -m ust be provided for we ighing the atm -il i tv em-f tim - c satellite to offer a

path of fewer hops to a desire d dest inm -a tion . against time disadvantag e em-f tim - c sate l l i te ro r nne i — t r ip

delay . In addition , the ro ut it m-g algc-n rit hn n nm -inst regularly operate 1cm- t i m- c t’cm -t m -t ex t em-f m-m- mm - e twc m - rk  a it i m-

variable—cap a city h im-ks . simm -c e tim - c I ) A MA capability in m - m - plienc tim -at capacity ass ig t m - c mm - en m - ts  on tim -c

satellite 11 m m - ks will be adapted to c I m nm-m m - gim m - g tm ’affic requirements.  L’ im-t ’ design m-f a r out icm-g al gi m - —

r ithnm - in a terrestrial /satellite n etwork shouLd also take 1mm -to accoutnt the adn -anm ta ges afforded b y

the broadcast satelLIte meditm nm -m- (or t ra n snm -ission of mm- m-ul ti-ad d re sscd or e’onm-ferctm -eeel data m-ctream-m-is.

Tine int e ractio n bet weemm voice and data traffic will also be of key con cernm -, since t Ine cliff et’e m-m -t

delay anti th roughp m-nt r equ l r em m -m- etm - ts of t inese ’ two types of traff ic tm - n a y caLl for cti f fe r emmt ror mt inm-g

techni ques . Voice traffic m m - m - lghm - t be rom-r ted by a presele cted fixed path on’ virt inal cir cuit wi m - ic hm - tm - a s

been determined to tm -ave sufficient cap a city to acc om-nm-m-modate tim -c required bit rate . wim -Il e lmm -ter mi t’-

[lye data might be routed em-n am -n independent packet -[my-packet ba sis. rim-c effect of data quem -re

sizes In the network orm- the c hoice of voice virtua l cin’ cutt ro ute s t im - r cm - m- rgt n time net work cm - mm - n a t aL so

be cons idered.

e’. Experimental Approac im- and R equirements

A prerequ isite for r outing exper inment s is a stud y to identif y potenti a l r o u t m mm - g a lgm ’itim -n m - inc (on ’

t ime combined sat ellit e/t en ’r estr ia l net work. Sucim - a studs- sim-oulci coim-side r i m - m - detail tim -c issimes

descr ibed above and identi f y impor tant routing expen’lment a. Time applicabi lity 01 ex ii t im - m - g r outin g

algor lt hm-m- n s to the wtd t’bn cnd Integrated envtr cm -nmm -nent shou ld [-me considered . lime design cm-f tim - c

P SAT/ILR AN gateway should reflect tine requ irement s for ro m -m -th m-g ex pe r im - m - m - em - nt s .
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d. Pem’fon’nm-nam-m-e’e tc.Ieasrnm’es

ito rr t imm - g pcrf cm -m ’nnan ce m - m - m - ea su m ’t’s m m - d ude del . iy  - t im -m ’ou gi np cnt  - c’ost , atm -ti r e l iabi l i ty  - Of part ic  —

inlar icm-terest w i l l  be’ time ab i l i ty  to c’)m-oos c l’c ’tw t ’emn ~-a t e l l i t c  and term’ es tm ’ial pat In s  1mm -  sue - t m -  a w a y
tha t performance is optimized.

ti . (‘on m -f er ennc imm -g

a. Introduction amm -d ltac kgm ’oummd

‘rim-c capability for conf erencmcm-g is atm - imm -np ortan t require nne cm-t for m m -n ili t ary c omnm -ni m -un i cat l om m -s
system m -m - s .  1mm addit ionm - , voice confer emnc imm -g provides an ex e’cllent vehni c le for e x e r c i s i m i g  a mm - et w ork
witim - real t raff ic  and (on’ direct demm -m -ons trat i o ,m am- md ob servat iotm- of perfor m - m -m - an m -~- t’. \ oh’e’ ctm-t nfe m -’i ’mm - c —

inm - g exper im -m -ne nts and denmonstrations tm-ave tm - cenm - aim inm -mportanm - t  facet of tim -c I) AR l’.-\ Packet Speec In
Pm-’ogra mm - i and of tine APSE Progra tm-m - . Conferencing exper imm-m-ents are expected to be of simm - mi lan ’
inm-port anc e in the wideband exper inm-ent. ‘rime abil i ty to im-andle greater’ mm - umm - m - ber s  of voice users
acm-ti to sinm -m-tm lta m-m -eous ly cotm- im-m-iun i cate varying lev els of real atm -d s im -m - m - u l ated data t ra f f ic’ will add
n’icim-ness to coim-ferencing exper inm-emm-ts in tine wideband network .

b . Exp er imm-m-ent Ob,~ccttves

Early conferencing experi mnm -em-m-ts m-cim ould focus 0mm - the tramm - sfer of Al~Sl~ anm - d .- \Rl ’ANl- ~l’ comn-
ferenme ing protocols to the wideband emm - v iron m m -m - ent.  These protocols generally im - m - m - pl em -m - m e m nt comm -trot -
signal switcined conferencing, where time floor Is switc im-ed f rom partici pant - to-part icipant I ’m - a
chai rnm -anm - com-m-m -puter progra m-m-m- whicim - acts on the basis of par t ic ipant  reqm -nest signals (pusim- but tom i s .
touch tones. etc.) . Of particular’ conm-ce i ’nm- in these control-switcined conference experim -m - ien ts w i l l
be tim -c Interaction bet weem-m- tim - c conference comm-tro ller program anm-d l’SA’I’ lM l’  and gateway soft - r

ware. It is expected tim-a t confere mnc imm-g otm time satellite mm-et will em-nm-plo y tine a tm - c am - nm - m - m - me~’han m - i s n m - n  ~mt

~~X1 A , and experini emm-t s deter’ mining [t m - e capabil ity acm-ti f lexibility of [i r is  mnm - e cim - amm is nm-n for ce m-mm-f e r —

encing purposes should be carried out as early as possible.
Another eonfe m-’encing strategy to be tested is tim - c voice—cont rolled t e cim -niquc w I m - c ’n - t - h i m  t m - me ’ -

ipant’ s spc’c’cin activity is tm-monitor ed and Inc i’xpresses tm-is dent in-c to talk simply by bcg imm - m m - imm - g to
talk, Conferencing algorith ms proposed for tim -c ~Vorld Wide Military Conm -m -m and and Control S~ a-
tern (WWMCCS) utilize voice-activated switching in conjunction witim - a distributed cocm-trol algo-
r lthnn .  Collisions on the satellite channel and m -im -em -nm - ent a r v speech lo am - c resul t  wi m - e mm - ta-c or tim -em -re
users enter talkspurt within time sacm-m-e satellite round-trip time . Tinese collisions result also inn

temporary loss of crypto sync on time cim-annel. Progra tm-m -s to simulate tinese effects im-ave been
developed in a local test bed at Lincoln Laboratory. Exp erim -m -m-ent s easing tim - is test bed arc pm -- cm--
ceedlng. and future evaluations of tl’ese al gor itin rnm -s will be carried out in an oper’ational W WM C C S
test bed. Time experimental widebanel network will allow’ tine stud y and evaluatiomm - of tim -ese amm - d
similar conferencing techniqines in an envir otm-nm-iemnt wim - ic i m - is m-m-non ’e realistic tim - acm - a laborate m-ry test
facility, and mm -more flexible tim -an an operational conferencing system.

Consideration acn d simulation appropriate to time effects of security m’eqnnic’ em -nm-em-m -ts will tie m m - mm -
important aspect of these experiments. Confen ’encing will be carried out 1cm - tim -c ’ satellite suhicys- p
tom-n • A later objective is time development. eienmo cm-stra t iotm -, and cvalcmat ion of aim- im -m -t e rmm -ett ed comm —

ferencing capability for large numbers )f conferees. Tim-is effort will serve as a follem-w -om -m- 1cm - t i m - c
current development of an lnnternetted voice conferencing exp c rim -m -m -etntal  faci l i ty  inm -’o lv inng time
Atlantic Satellite Network and tine A R P A N E T .  -r ime l irm -m - ited batm-dwidt im in b otlm- t Im -e ’ae tnct s and time
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large delays inn the :~Rl’ANE l re’stn-ict the scope of int erm m-ett ed confi’m’encing exp e-r Lmm -m -ent s  1cm- t im-e’se
nets. The wideband network will provide a nm-on-c-substantial test bed for’ tnt e’rnetteci e’onfe’rt ’mnce

expe’n’tnm-ents . The location of’ conference control and the inter -action between tine broadcast satel-

lite network am-nd the’ t t ’c’restr ial net are subjects tm-f’ Ixt a’ticula m eonce’ rn.

1”utun’ e mili tary c’c qu im ’enm -m -enm -t s cm-nay call fom’ t ’o m m fem - t ’tn e itn g t-apabi lit it’ s w ini cim - include gn - .np h tc,cl
,m - a we’ll as voice conm-nm -un icattom m am omm -g pa c ticipnm-nm-ts. l’he’ wideband n ctwim - c ’k wil l ia m’vt ’ as arm - .‘x —

ceflt’nt facility fon’ the developnm-ent and den m-on stm --at ion em-f suc im- - n capability. Issues 1c m- b.’ e e m - mm - sid —

e’ red include the specificatioci of n c’quic’ed ca pabilit it ’s for’ e’oit ’m ’/g raphtcs Ii’ rn m - irmal s - tim -t’ dt’vi ’l~ p —

nm-em-it of protocols for conft’re’nct’ nnanagenm-e’nt, aim-d the in-*egn’ atitm-n of voice and gc’ap im-tc s cl~~t~~ j im

the ter minal access area.

c. Experimental  Appn ’cm-acl m - a mm-el Requ t c c’ nm -e lm - t a

Conferencing represents a user application on thm - e network. I’inerefore . conferenme-ing experi-

ments mm -must be preceded by the estabhisim-nient and ver ification of mm-etwork operating capabili ty.

lnternetted conferem -m-cing must be preceded by ti m-c developcm -ment of gateways. For conferencing otm-
time wtdeband satellite network , ti m-c availability of time stream -mi I’OL)A capability is tm-f partic ular
imnport ance.  Conferenc ing protocols developed for At m - SE presuppose a str eam -mn capability for

maximum efficiency. Otim-er obvious requlremmm-ents for conferencing are voice te r nm -mInm - a ls witim-

suitable signaling mechani srmm -s (push-buttons . touc in [0mm-es . etc.i atm-ti network access capabilities.

Finally, conferencing protocols and software must be desigm-m-ed and inm-m-plerm-nented.

The experimental approach will be to rely on tramm-sfer of existing (e.g., Atm-SE) conm-ferencimm-g

protocols to tine wideband etm-vtronrtment for init ial conferencing experimm-m- ents and eiermm-onst r ati on of
¶ capabilities. Planning for nm-ore-advanced conferencing exper (nm-enm -ts such as voice/graphics con-

ferencing should be a parallel effort .

d. Performance Measures

The wideband network test bed is not viewed as an appropriate facility for forum-al evaluatiomm-
of conferencing strategies via Inu cuan-factors experiments. Instead , the test bed will be used for
feasibility demonstrations of different conferencing sy ste m -m -m-s strategies. Eva luat lonm- of time sue’-
cess of particular strategies will be subjective but Inform -nat . Intelligib ility of time speecim- , rem ’ -

ognizability of talkers , and ability to gain the floor winen required are inm-port acm-t pe r formance

measures. Also of primary immiportance are ease of conference initiation and reliabil ity . inclind-
tag the ability to maintain the conference even wineci sommme of tim -c equipment (e.g., omme of tine PSAT
I MPs) temporarily becomes disabled or loses cornnnmunicat ion ,

7. Im-iternetting

a. Introduction and Background

Internetting refers to communications between networks or subnete which operate with
different  communications protocols . Such conm-muni cm-mt lon is carm’ied out with t int’ aid of spe’eial

processors called gateways . which reside at t int’ intec’nct boundaries and pcrfon’nm- the’ i~nnctton s

necessary to tc’ansmit data from one network to anothe r in usable form. tmm -t t ’n ’r m-t ’tt in g is a sub-
ject of continuing research, as exemplified by the ongoing activities of the l)ARPA Inte l—netting
Program. ha the packet-switching area, protocols for packet internetwork conm -m -mm -m -un ica t ion have
been developed and implemented for experimental use in the ARPANET. Atlantic Satellite Net ,
and Packet Radio Net .  The capability for inten’connnnunication between different networks.
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whe ’the m ’ c im -cu it  em’ packet switched , m-s .m c omm - t n n nui mm - g  t e ’qui r - c m m - m - c ’nm - t  fcm - t - opt ’ n , m m - n e m - m n a l  n m n n l n t a  n m -  a tm - c l

civi lian commm-mun icatfon s.
In the early pinases of tim -c wideband pro gram -nm -, a l im m -ni ted formm - m -  c m - f i m nt e rvm - e t t inm - g  wi l l  serve ’ as a

convenient nneacm -s for t ransferr ing central , mmm - onj t orin g - am -mci n m - n casm - mm ’ e mm - m - e n m - t a  i r n t o r m m - n z m - t i o n m -  betwe e-m m-
ARI’ANE ’F hosts and PSAT I M P  fake hosts. Later , exp et ’ i m m -n e mm - t s  circe -ted at i n m - t c n ’ m m - e t ( i n n g  problem -nm - a
will beconne a focus of activity as time satellite and terres t r ial  im-etwon ’k s L c e oi m - m - e f u l ly  op e rati em -mm-a l
and deve lopmm-m -ent of gateways is initiated. Important prob lecm-m- areas to be addm--t ’ssed imm - t im - e se  inn-
ternet t ing experim-nents include circuit/packet interoperabih ity . routirm -g in con nm -bim -m - eci sate l lit e/
terrestrial networks , and c’omm-ferenci m-ng.

b. Experiment Objectives

The development and testing of a circuit—to-packet gateway for voice , icm - c l udinm - g packet i7a-
tion/depacketizatiotn at the gateway, is an important experiment objective. In m -m -porta mm -t i s s m -nes  to
be investigated include requirements for gateway processing power , the effect  of lost packet s .
and inm-plicailons for privacy/security. The circuit/packet imm-ter operabi l ity problem will  a r ise
specifically in the wideband test bed in experimenm-ts wim-ere voice is circuit-switcim-ed in time
ILRANs and must traverse the packet-switched satellite net . Tine gateway dev elopnnm -ecm -t neces-
sary to accommodate such conimunication will serve as a tnodel for tim -c later es tab l is l n m -m -m -ent  of
internet connections between the experimental network and operational circui t-switcined voice
networks such as AUTOVO N and AUTOSEVOCOM II.

c. Experimental Approach and Requirement s

Initial Internet experiments will utilize an ARPANET/PSAT gateway. assuming tim - at a de-
cision Is made to implement such a gateway . Hosts on time AR PANET will be used as a source
for real data traffic (file transfers, etc.) to be transmitted across tine wideband satell i te net .
The ARPANET speech capability can be adapted for use in internetted speecim exper im -nm -ent s .

An essential requirement for wideband int ernetting experiments is careful dcs igm -m- of a wide -
band gateway between the satellite and terrestrial networks. The gateway m ust be flexible
enough and have sufficient processing power to accommodate varied exper irm -m-ecmts wi t b m -  voice
packeti zation/depacketization, satellite/terrestrial routing al gorithm -nm - s. am m - d i nt e rn e t  confe cc’ nm-c - f m - m g

strategies. Study efforts directed at planning such exper im-m-nemm -t s simould beg imm- as can’lv as possi -
ble so that the required gateway fu nctions can be specified.

d. Performance Measures

The effectiveness of the circuit/packet voice gateway will be determniined tm -n tim - c basis of t im - c
ability to maintain voice communication with nnin inm-al added delay in passin g tim - ro m - m gl m - t ine gatewa~~.
This task as well as oth er internett ing functions sim-ould be accom-m-m-p li ncl med w i t h n  as l i t t le  cost as
possible in terms of gateway processing power , m-n enm -nory req m -m - ire mm -m - e nt s, and extra overhead added
to the transmitted bit stream.

4S

Li



_ _

Rt’ ’l-~H EN C E S

I. Netwo rk Speech Prom-easing Progr amnm- Ancm -u at Report , Lincoln Laborato n’~~.
M.i.T. (30 September 1977 ) . DDC A 1 ) — A O S I O I ! m -/4.

.~~. 6. Coviello and P. A. \‘emm a , “Integration of Cic’ e’c n i t  - - Packet Switching m m -  a
sENE’r (Slotted Envelope NETwork ) Concept .” N at i .  Teheconnnm-un icat ionm s
Cont’.. New Orleans. December 1975 . pp. 42 - 12 to 42 - 17.

I . C. J. Weinstein. M. L. Mal pass . and M. J . L-ise ’hec’ . “P e t ’ f om’m m -n am n ce  ot tm -a la
Traff i c’ in an Integrated C i r c u i t —  atm -m i Packt’t—Sw it e- tm -e ’ d ~c ’t n l t m - p tex Stru c ’t e nr m ’ ,”
Technical Note 19 7 8—41 . l .inm -c ol tn Laboratory . M.l. -r. ~~~ t, m- m’ toht’c’ 1478 1
(i n press).

4. P. Denm-ko, “M ea sure mem -m-ts of Voice and Data Queue t3e im-avior in n a PVC
Network Link .” ‘rechzm-icat Note j ’-) 77- 17 , Linm. ’olnm Laboratory. M .I .T .
(2 S August i977) .  DIm-C A D — A 0 4 7 1 0 i . - 1 .

~~. C. J. Weinstein . “Fractional Speech Loss am -md Talker A ct iv i ty  Models for
T.-’tSI and (or Packet-Switched Speech.” iEEE Tram -ms. Comnnu m-m -. (‘OM-21’,
1253~ t 2~ e ( 1978) .

e. E. Pa rz e’n. Stochastic Processes ( Iiolden-Dav. San Francisco, 1 9t ’9),
pp, 300-302.

7. R. l)ennenneger, ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Equa tions and
Boundary Value Problems (McG r ’aw-Uihi . New York , 19 t m -8 ) . pp. 12- 14.

8. P. T. Brady, “A Technique for Investigating On-Off P atterm -ma of Speech ,”
Bell Syst. Tech. J. XLIV. 1- 12 (i91 m -5 ) .

9. K. Bullington and J. Ni. Fraser. “Engine’erinm -g Aspects of TASI .” Bell
Syst. Tech. J. 38. 3 5 3 - I t ’ S (1959).

41

-~~~~ S-~~~~ — -p  - —~~~~~ -
~~~~~~

- 
~~~~~~~~~~~~~ ___ 5’—



-5- S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~-~~~~ - -

UNC LASSIFIED
SECURITY C~,MSI-6~CATION OF THIS PAGE (16.. Dma, F~ g...d)

RF.AD INSTRUC1IO~ S
AGE BEFORE COMPLFTI~IG FORM

I. -a1I’0.!T 

~~~~~~~~~~~~

. —_ . 

DOCUMENTATION P 
2. GOVT ACC ESSION NO. 3. RECIPIENT S CATALOG NUMBER

I 
_ _ _ _ _ _ _

“i ~~- “ T  B rUIIm-e~~~~~V E R E D~ TITLE (~~d ~~biui. ) 

________ 

I Octs~~~ •77 — ~~ Sehm-.~~~~~r 5 7 8 ,
____________ Annual

work Speech Processing Progranmi • / 6. PERFORMING usa. ,tc ru w, ~~~~~~~~

7. AUTHOR(m - ( S. CONTRACT OR GRANT NUMB ER O ,

~9) Theodo~~~h3Ially ~~~~~~~~~~~~~ Fl9128-78-C -OU~2 (

6. PERFORM nNG ORGA NIZATION NAME AND ADDRESS tO , PROGRAM ELEMENT . PROJECT , TASK
AR EA A WORK UNIT NUMBERS

~~ 

. Lincoln Laboratory , M. I. T. 
.P. O. Box 73 Program Element No

Lexington, MA 02173
Ii. CONTROLLING OFFICE NAM E AND ADDRESS — - )~~, R E P O R T  OA,LE,S_.....—.

Defense Communications Agency 
~~~~~~~ 

--  

39~~m-~..i.t $~~8th Street & So. Courthouse Road 1~~ NUMBER 01’ PAGESArlington, VA 22204 54
m4 . MONITORING AGENCY NAME & A D D R E S S ( i f d j imaf r o~~Com ro~4~~~Offic.) IS. SECURITY CLASS. (“ f tA ~ rep..~l)

UnclassifiedElectronic Systems Division (
1-lanscom AFB _________________________________
Bedford, MA 01731 15.. DECLASSIFICATION DOWNGRADING

SO~EDULE

16. DISTRIBUTION STATEMENT (o~ Sk.s Ripen )

Approved for public release: distribution unlimited.

I?, DISTRIBUTION STATEMENT (of mA. mbamn.cn .,,i .,.d i. SLick 20, ,f “f J r ~..s fro. Ripen)

me, SUPPLEMENTA RY NOTES

None

16. KEY WORDS (CoiMi.,,. em rev,,,, ui, if ...c,as.’~~ ami id.ius f ~ hm- SL’.-A . m & v ’)

network speech processing integrated networks human factors
• secure voice conferencing packettzed speech speech encoding 

pspeech algorithms demand-assignment teleconferencing
voice/data integration multiple aCCess

30. A BSTRACT (Coma... em n.v.rs. sad, 
~f 

m.c.awy asd id..s.fy ip b1o~6 m.~ b,r)

This report documents Lrk perfonned ~~rtng FY 1978 on the DCA-sponsored Network
Speech Processing Program .4mree areas at work are reported : ( 1) a voice/data integration
study Investigating the effectiveness of combined circuit and packet mult ip lexing techniques;
(2) a study of Demand-Assignment Multiple Access (DAM A) schemes for future Integrated
satel lite networks ; and (3) plannIng of experiments for an Experimental Integrated Switched
Network (EISN) test bed .

• 
FORM 1473 EDITION OP I NOV 63 IS 0S~~ LETE UNCLASSIFIED

~~�/ ç— ’ SECURITY CLAISIFICAJ ION OF THIS FAGS *6.. D,.a E...n.d /

I JAN 73 

- /
__________ - - 

- —— ____

S. ~~~_- - - - - a ,- --- .‘--~~ ,~~a- — —‘-. . . - ,, .. - - - 
—-


