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This document contains a prelininary dezzription ¢ 0 nen vompulber
rneliiork canferencing control protocol. lhe informotices precentod e nat

necescari ly comprehicnsive enough for implementation: 1i: orientntion ot

Ahis point is largely thearctical. The purposz of this jpercentation ia

to solicit fecadback that wuill hopefully uncover any protocot problcoms,
sugigest uscful oxtensions or improvements, and tead to are overall deciqan

thot is acceptable lo the research and user commoni ty.
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1 Introduction

L th the demonsirated feasibitity of specch trancmicaion via packet
stri tched  computer  netuorks  [1), attention hos  Lurned touacd mol Li-
participant conferencing. The jprocessing poter  of  packet soitchied
neluorks  provides an inherent capabitity for controlicd real-tine
conferencing: simply necded is a VOICE protocol to mediatle the cxchange
of intclliigible speceh across the YOICE data slreams, plus  a CONTROL
protocol to dircct Uhe establishment and activitu of those streams.
Current conference CONTROL  protocols - [2) have Dkeen implomentec as
demonstration systems within specific netuorks;  for more general usere
applicability, cxlensions to these systems uould be dustirable o provide
for more {lexible and "natural’ conferencing. To opcrate effcctively in
a user enviranment, a COUNTROL protocol should:

(J)  Have minimum CONTROL delaus to avoid specch qgaps and
precsecve real-time conferencing ability.

(2} Q¢ capable of fuliy auvtomatic opcration ta provide
transparent, voice-directed conferencing.

(2} Allon formotion of unscheduled conferences al uner
initiative.

{(4) Provide for conferencing in any of acveral modrs,
including round- table (frec floor}, parliomentary (CHATRGAN
recognizes  floar reruests),  structured and  unclructured
subconference, elc.

(L) Permil side-comments and interruptions,



(C)  Keep the uner informed of all ~ortinenl information,
curch oo parlicipant list changes.

{(7) [vaver automatically  from failures. o rrsor
condi Liong tith winimum  reat-tine alerruplion  of 0 dhe

conferenceo.

a) B netaork- independent for intionet applications.

Herein  ie precented a specification for a conderence CONTRD

protlocol designed o gatisfy the ahove criieria insofar 06 poasiblea.

The  implementation of  this protocol visl e galled the Vaiee
Communication Supcrvisor (VES). It is assuncd that ihere exists an

implementation of Uhe VOICE protocol {hrmoted Voice Communicotion
Tranccciver or VUI) that inlerfaces to the V15 an described  in Seclion
V. This document cdefines the logical tasaunue that VS ¢ use Lo
comnunicate with foreign Y(S's, local VCT's, &and locad) uscrs,  Thoe exact
specification of thie Jlanguage in lerms ot actual mesonge farmats

exchangied tetucen notuork HUSTS is left to a future clocumcnt.



I flnsign Approach

Uaing 1o varicd uvser necds and real-timn requicencnts, metoork
conferernce paramclers can be hiably duynamic and unpradiclable. The VUS
nust thicrefore incur minimal CONTROL delay for functions smunch az SUEAKER
or CHAIR  hondoff, while ensuring that such global reconfigorations be
achieved robustlly; the protocol must also be very modular to pormit
internrt  portabilitly, as well as easy expansion or nmaclification

according to specific usor necds.

Al every nctuork site supporting specch, there witl he an arbitrary
number of VC1's (cxlensions), and one VLS controlling them. A osingle
user handset  will be palehed  into each VCI, uwhile adl  uvacr inlerface
cdevices (Section V) uill  communicate directiy with  the VYOS, The VCS
nill initiate actions in responsce to messages rcceived from other V(S's,
from Jacal wuvsers. and from local VCI's; these actions may include
generating oulbound CONIROL messages, SIGNALILING a VC1 Lo perform some
action, or scnding information to the wuser interface dovice. A
conference uwill consist of a sct of fully-connccted VU1's nith ane tocal
user each, and the set of presiding YCS's wvhich are in logical

canmunicatlion witlh the local user({s) and the CIHAIEIAN VCS of lhe scl.

w
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Three VET VOUCE wetnork nill be fullg- connceted ta minimis e SECAKTR
handof ( delans and Lo permit  interruptionzs  and  side commenler h)e
actructure il olcwo make the boest use of  Whe lroadesast addegnaing
wechaniams  under  devalopment (3 while remaining compatibrle  uilh
singte destination yrolocols,  The VOS COITRCGL netvork witl be a Joaicastd
atar centratized ot the CHATRHAN VES (uhich can run automnstical by ae
uncler pactial bumon control).  The CHAIRMHAN will scrve az mozter  of atl
negoliations and  cource of all  mandatory directives. Since  the VUK s
ild e howmegencoas,  the  CHAIRPANSHIP  will  be ralocolable  la anwy

participant site at ony time by reconfiguration of the CONTROY. netoork.

fFor rapidity, the CONTEOL wechanism  widl he fullu  pipelined, and
all CONTROU  wmessages will  nave high information content. Ta avoid
nctuork  specificilu, references  to netuork accezs unill  bhe  madae uith
recpect ta o hypolhetical network interface (Scection [T uhich
provides  Lhe requircd  high-level  logical communication  fuactiongs
(b thout cancerninag the VES  about hou the fuactions are ovcompliahoed).
Since gome nctuar k protocols are fullu recliable f{c.og., 101, Lhe
conference CONTRUL protocol will be specified to operate nithout command

acknouledgments, but will provide them optionally if required.



i11 General Netuork Interfarce
[“aeked < (ehed netuorks provide hiah viniod lagicai
cammunication farililies, Theese include  simplex-onlu  conaections

(ARPANET NCF}, full-duplex connections (1CP), and broadcasti conunctions

(GATNCT and eventual ly I'INET).  To reqularize the VES's aperation uilhin

such diverse environwents, a Ceneral Netuork Interface (GHI)  lLine beon

desiancd. The GHI provides a minimum sct of  logical caumunicalion

functiaons that shouid be realizable in most netuorks,

permits ncetuaork-refated YCS actions to be sepecificd

and therefore

in a nctuork-

independent monner, lo run 1the VCS in a given network, the legigal

functions pravided bu  the GNI must be made available,

cilher by an

actual implementation of the GNI, or bu appropriote netuark mansgement

routines within the VCS itscif,

All communication through the GMI is via communication strcams

called FATHS. A PATH is a logical mapping of & sct af forcion wddrceses

(PATHSET)  onto  the  PATHNAKME. FATHS are full-duplex
slreams: any packet placed on a given PATH is sent to all
PATHSET, and  any packet received from a  PATHSET monber
i th  the PATHNARE  upon delivery. The GNI  provides

asynchronous primitive apcrations:

on

communication
ncnberae of the
ia ansociated

the folloning

-~



(1Y bl <CATHNANE > [<PATHSET>) . Define s tiwe loaical
mapping of forcign addeesses.  The G mcdule woct ollempt o
colabliale and maintain communicatian uith eviery v oor of the
PATHGE T this aperalion is netnork specific, and ©f no concern
to the callic . 1§ ceveral foreign  addrennes roade  at the
cime physicol BOET, the GNT will apen onlu o 7 aunicalion
clyinme | {o et ajtle, and  the  Gh) there bt disteribade
measages to all the destination processes,  Hhen finiaherd, the
CNT retucns o measage:

=> <ATHNALL > HAS (<PATHSET actual lu acquireds)

Ihic mesease  is iscued any  Lime the conpozition of Lhe
PATHGET  chanaes {c.g.,  if a conncction crazhex). 1{ the
PATHISET in Ahe IWFINE call is cmptu. 2 global receive- only
listen PATH ic crcated on uhich any packets not deztinad for o
[LT THEQ PATH arce received. Note that addresses in the PATHGLT
ithat are currentiy on other PATHS are implicitly moved  ta the
new F'ATHL

(7)) ADbD <PATEHNAR > [<PATISET>) . Rewoves e speei ficd
forcign addreezes from their current resident DPATHg), i1 iy,
and adda them to the {(pre-dafined) PATHMNAII.

() RihQve <PATHNAFIE > [<PATHSET>) . [ir aoven the
specifiead  forcign  addresses  fram the PATIL Tiw  GNI masy
lerminale  comunication uith those addrecsces (i connection
close in mnal notoorke). Tf "FATHOET' is cmpty, e ontive
PATHD B cndnfined, Nole that the caliter can azsuie  that the
RITIOVD  operation i instantancous in itls actien, oven if
connections in o the host netuork closce stenly, cine  The GNI
i Il discord ony data packets received vhilc teuing te cloao,

(4 10 [<PATHNAHES]:  <ITESSAGE>. Places the T SSAGE on
the PANL the CNT will send it to each forcian addrezs. I a
thrroadeasit nel, this ould involve onluy e poacket
U anemisgion, nhereas uith single-destination addeessing, the
packel vould be scruentially sent to each destination  (in the
latler cacze, tf  several destinations exist ai the  some
phyasical HOST,  (he GNI uill  send only a singlce copy  af Lhe
message there:  the receiving GNI will distribute 1t ta all
local processes that have a PATH  containina  the mecsaade
saurce). RNotc that in place of a PATHNANE, o PATH  cubzct moy
be specitied ko listing the foreign addresses  (intornet 1837 )
that canprice the  subset.  The message uill be seont only lo
the AT members Tisled.

(L) PO [<MATHHANES) « . Rcquests that the GHT deliver
the  next HESSAGE  on the  PATH; the PATHRMALE mou be  a PATI



ciilvaet af forcian addresses as in the " IU° peiwitive,  The Gl
i weaal by tra Lo kerp ahead of callnr requeats vy ooquiring

a il b ceesived packet  queue for each PATHEL T menber, bt

moant slealeagics are possible.

In come (unretichle or broadcast) netuorks, it man mot Lo poocibile

for the GNL to explicitiu knou uhen communication wilis o (wrcion aits

f1iac heen establiched or lost,  In those cases, lhe GHT g Ll imacdintely

retorn  a fully wsuvececaful  *HAS' mcssage in recponcse it o "HiTINE®,

CADRY, o PREBOVE'. 11U e the caller®s final regsponsibililu {probhably

via timcouls) Lo determine sihen a foreign site is unavailable.
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bV The VCT Interfa-<

The VUT modulc implements the VUICE protocol of the netuork speech
conferencing syslew. The specifics of this protacol ore of no concern
to  the VCOS, since the VCS directe on}g higih-lovel VOT funclions.
Conferences are made possible by the selective control of (hese
functions, uhich include YOICE netuwork establishment, VCI1 parawmeter
chonge, VOICE transmission/reception on solected alreams, and
enabling/disabling of limited fcedback mode (Soction Xil). the VS
controls these activities and rceceives status reports  throunh inter-

process signals as fol lous:

(1) HMeloork action signals (VCS te YUT).

(1) ACQUIRE [<PATHSETS) . This signal cupplics
the  addiresses of  all  (neuw) foreicn VCI's  in the
confcroence. It cvokes @& PecFIE VOICHET
[<PANISE TS by the  lacal VCT i f the VOICENEY does
nol uet exisl, clse an "ADD VOICENET [«"ATHGET>]" is

t oaued,

(tv)  [LOP [<PATHSETSY. The inversc of  an
TACNERE . Facket streams from nembers of Lhe
FPATHSET ore fluched.

(e} PARGS  (<VALUESS) . Scts negotiable  VOT
paranelers, including "BATA-RATE", i SSAGE -LENGTH®,
VOCOOER® Lo {Section V1.

{7)  Nelwark slatus signals (VCT te VCS).

() ACOUIRED [<PATHSGETS).  Iniormsz ihe VOO of
the succrzsful acquisition of foreian VUI's,
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(LY BT [<PATHSETST.  Tnforma the VOS Lol
comiumichtion nilh some  menber (s) of  the VOICHMET
bvaa ey l("-l.

(¢) (/D [<I'ATHSETS) . Uhen  peickeds o e
recriveed {tonm a foreign VCT  uhich has been oilond
far  wrtae Lime,  the VES 1s informed Wit Doaeion
Activita hae been Oelected.

{a) 1AL [<PAHSETST. Hhen pocket recrplion
frrom a {foreign YOI has stoppecd, the YCS s inforwed
that [orciun Activity has been Lost.

(R} Ll aocal aclion signals (VCS to VCT).

(o) QOICT. Inhibits VCT VOICE transmisscion,
except to the extent allowecd by the VOICE protocol
for limited ferdbhack (Section X11).

(1) TALK {<PATHSET>). Enables the VIT to send
VOICE dnia tn "VOICENETY i1 the "PATHSET®  is empty.
Otheroioe, VOICE datla is scnt only to  tha specificd
cuboct of "VUICFHET® (for side-camment applicaliang,
Section IX). The first VOICE nmessage generated
after grtting o "TALK® js assiqgned a scquonce number
of 2zrro Lo help distinguish {he incipicent VOICL
slrean from dolaged remnants of a jprevious onc.

() LISTEN  [<PATHSET>). Causcs  the VUT in
output pckats received from the specified forcign
VCi1's to the speech decoder, starting 110l scquence
number zero on cach stream {(unlecss a  timcout farces
resynchronizatiaon). [§f the PATHSET has wmore than
one  mcwher (Section XI1), the VOICE streomns uill
have ta he mixed, wuhereas if the set is empty, the
VCT  ie inbibited from furibher reception. The
PATHSETY of o LISTEN supercedes that of | any previous
LISTEN. Tor the VOICE protocol to provide limited
feedback, ol) VOICE rcception is done via "f R0l
VOICENET:® calls; packets from the C‘LISTEN® PATUHORT
are shutlled to the VOICE harduare, uhile olhers man
he: diccarded or placed on  smatll gucucs  {alien
appropriatel  for slrategic incertion into the
LISHN® «lreom.

() EDOCL. Tarns on limited fecdhock, allauing
requlnted  speech transmiscion white  TAUIETT . and
recaulated ¢lolal gpeceh reception from  olher
PARTICIEANTS nhile *LISIENING' (o the SEEAKER.

“
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G-y HINTE. Oicableas  limited Afeedbaek, Fio
cpeecty oy be oosent ta PYOICEMUTT ohide  SIBHELYT 0 ol
apoeccte it ondya be accepted  fronw the docianats o
TISILN ctrenn.,

()t LUt IVIE>),  Causes  the VO Lo
anlpul o Gone {or canned speech Loaaace) ol e
epecificd  Agpe Lo the  handset. s cianat s
Juavidicd an that  the VOS can cuc 2 wser Iackineg o
vizual dulerfare yhen a foreign site  in unavailable
("BUSYT) . uben he s geanted the  floor (CSPEAIDT).
phien he haos leost the (loar (CSHUT-UR'), ndd phen U
forcign  SEAKER has been silent for  caie, tiwe
(C"IDEE ).

(4)  local slatus signals (VC1 to YCS).

() LAD, lacued uben  nenr Local  opecech
Activitu is letected by the VCT (Cecoming ot of
cilence’).  TInis sianal provides the capability (or
VS floor  roquests based upon specch  activity (o
make @  vocal floor request, the wser might be
requirer to uller a specific audio cuc).

(h) LAL. Jasued uhen the YVCT determines Lhal

Local  speceh Activity has been Lost (Tnoing into
gilence’) . :

30



v The User Interfoce

To ulilize Ahe netuark conferencing syustem, the uaer  ie inlerfacod
to hias VUCI through a handset, and to the YCS through a opecinl device,
In the ALRCANET experinents, a  liaght box with puchbutions nas uaed, bul
the eoxpanded capabilities of the VYCS justify worce clabnrate user

controls, Tt is suguested that the input device be a touchionc pacd, ond

that oulput be via a8 sixleen character alphanumeric readout.

Through the interfoce deviece, users uill be able to direct  atd VCS
functions, even normolly automatic encs if desiced,  Jhe faolloning list
gpecifies most of lhese, wilh *A® denoting a normally autlomalic function
that s transparent 1o the user, ‘M a nermally wmunl funclion
initiated by the uzer, P’ one that s under automatic  anel monmual
controt  gimultoncousluy, and 'C’ a function applicoble ontu o the

CHAYRMAN.

(]} Confrrence establishment.
(0) Tit Forecign uscr call-up.

(L) i Ansnering calts (actually, jusl picking
up the handset could accomplish this).

() AC: Conference generation.
() TIi: Joining & conference in proaress.
(e) All: Leaving a conference or terminating o

call.

11



(1) A S :
( - PARL TATL DAY o BOVD-TADLE  figas-
mecaage ALK o NOACK, choice of VUGS
memaal omodes, elel).,

(e Az VUI parameter neqotiation
BATL, VUi it tepe, Fit SSAGE-LLENGTIN .

(7)) Growsrol coniiguration requests.

poarancter nezatns

stion {eoqg.,
vinlbEG G, VS

antomatic or

{c.ag.. DATA-

(7)) Al Getling o typcout of anu uopeet of Lhe
current canference configuration, including the * 17
of the current  CHAIRHAN or SPEAKER, composition of

the PARVICIPANT  Tist, VCT and VLS
effect, cle,

parameters in

(L) I Requesting change of  ony  parameler

(eoa., floor  HANNOFF mocde change
CHATRIUIAN) .

recquest  of

{c) 1 Accepting or rejecting a parameter (or

mocle) request,

(XY Chair management.
{(n}  Jl: CHAIR requests.
(h i Granting CHAIR requests.
(e} til: Pacssing the CHAIR.

(1) T loor manaacment,

() At Floor requests (automatic
epeach activilol.

(h)  AC: Granting the floor.
(¢) Al Pasging the floar,
(i) 1 Intlerruption requests.

() iz Granting or refusing
regnecta.

if bazed on

inlerruption

() £3iC: Opening a VOICE c¢honncl ta  Lhe
SIEAKER (antowatic only for a  tua-party conference
lo achicve (ull-dbiplex conversation, elce  mwanuidl Lo
rnabhle Uie CHATRHIAN to make privale comnrents an tho

GOUARETC o olberuise  unused LISITER
Gection IX),

12
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() dit: Clocing  the VUICE channel it the
S AKEL

(5 S comment management.
(=) 11z liaking side-comnent calls.

(h)  1i: Aasuering or  refusing  side comaoni
ca) e,

() Subeonference formation.
{z1) 11 Subconference farmotion requeosts.

() N Jasuing subconference formation
dircctives.

() NC: Llienying subconference formation
requests.,

(a0  H: Accepting or rejecting a subconference
dircelive or coall.

(7)) Voting,
() HiC: Calling for o vote.

(h) 1z Voling "AYE®, *NAY', or ‘*ARSTAIN'.

Theoughy  the alphanumeric readout, the VCS uwill renpond 1o user

raequests, and keep him abreast of all pertinent information, including:

(}J) Conference establishment.
(&) "RINGING user <1D>*.
(1) User <10> is BUSY'.
(c)  “User <ID> is AVAILABLE'.
(6} “Call from user <IU>'.
(¢)  “CHATIHIAN is <lDs°.
(1) "PARTICIPANTS are <1U list>'.

(¢)  "PARTICIPANT <IQ> has joincd’,

13
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(ky)  TIARTICIPANT <[> hag TR lo coning
<l AGTRS Y,

() Configration requesis.

(o) VS pacaweters are:' {e.q.. ARUTAG HIARY
{flaar HAREDOE T, command ACK).

(i) VO parametlers are:’ (e.q.,  VUCOLCH TYE
CVSh, OATA-RATC 16 KBTTS).

{c)  Clizking <user requests> of CHATRIIARY (i.c.,
VES or VUi peramcter request).

(d} Cr ‘<laer request> from user  <lU>" {aniy
scen for regquests that must be granteod manual lg).

(¢)  ‘<lleer request>  accepted by CHATRUAN®
(coq., rveqguest  for FPARLTAFMENTARY flooe HRROOE(
acceptod by CHATRIANY .

(1) ’<loer request> denied by CHATREAN' .

(2} Chair managemnent.

(o) (: "Uner <10> requests the CIHAIR'.

(b} (: 'You have the CHAIR'.

(¢} C: 'You have lost the CHAIR'.

(1) I loor management.

(a) C: ‘Usce <l0> requests the floor’ (oocen
oty itn ncmoal floor HANUOFF made) .

(t»)  'You have the floor’.
(¢)  "You uill lose the floor in <n> ninutes'.

() C: 'Uscer <lU> has passed the floor' (ccon
only it manual floor HANIGFF mode).

() "You have lost the flaor'.
(1) Interruption request from user <lfix".

{a} ‘'Intlerruption request denicd boo uscer
<JDh=".

(h}y  C: "VOICE channcl ta SPEAKER opencd’.

14



(i} O "YOICE channel to SFEAKER cloned'.
(L) Side-comuent management.
{n) "Uide-comment call fram user <lUs",

by "Side comment call refuscd by ucer <i:",

() "Side- comment channcl opecncd to ucer
<His"*,
{d)  "Side-comment channel to user <>

closed®,
) Subconference formation..

(o) (e "Request fron user <10> Lo
subconfcrence aith <10 list>'.

(x} "Subconfcrence requcst denicd by
CHATRUIAN® .

{c} ‘'Stlart a subconference uith <10 lisi>",

{1}  ‘'Subconfcrence call from uscr <IU0>".

{¢) U User <lD> refuaes to subconference
uwith <l liat>",

(7Y Voling.
(n)  *Vote "AYE", "NAY", or “"ABGTAIN"'.

(L) C: 'Vote results: <counts>’.

In same inslances, an output interface device may not be available
or necded. 1he VIS i& designed to be operable uithout any dircction at
all if desired, basing its actions upon speech activity, and inlorming
the user  of status  uith appropriate TONES (Scction 1V). Houover, in
this made, the ucer is unable to access some conference functione {cuch

as siatus typeout).

15



V] The VCS Intrerface

VS s communicnte I exchanging messages  according Lo ihn
conference CONTROL protocol. These messanes conform to a siuple or ammar
whiich facilitates avtomation, modularization, and implewentation of the

protocol.

Ttrree  nord  classes comprise  the grammar:  VIRLS,  ODJECTS, and
ADJECTIVES. Hesecages begin uith a single VERB uhich gpecifics a kind of
action, potlentinl o intended, that is applicable to  the rezt of the

message (the UBJLCT LISTY.  VIRDS inciude:

()} (s A dircctive, usvally mandatory nhen  iscucd by
1he CHATRINAN VS, D0 specifies an action (hat  the souwrce
ants the deastination to perform upon receipt.

(Z) WaNT: A request to perfarm  some  action, norwally
el from PARJICIPANT to CHAIRDAN VCS, and reflecling a uaer
desire (e.g., Lo assume the floor). Tha actiaon Bill not he
initiated ui thwut permission of the destination {i.e., grtting
back a "DO' Y.

() Al Informs the destination of come azpect(z) of the
source's slate. A" i1s also an acknoulcdguent to a ‘DO if
command acknouledgment is in effect.

(h) LMNT: A rejection of or negative acknonfedament to o
*ON' or "LART', oflen reflecting user unuillingnesz (Lo sorve
as CHATRDAN, for instance).

(L) CAN:  Generated by PARTICIPANTS, "CANM'  inforuse Lhe

CHAITHIAN  of  local  A{primarily  VCT)  capabililies,  wach o-
abilyly to e CVSDH, LI'C, cte.

16



(y  CAN:
Lhnt some caprbilitly peeviously
loot.

VEERS refer Lo o succceding
mondalorg ADIECTIVES,

<VERQR> (<O0JFCT> {, <ADITCTIVEST

The sections that

thal the VCYS uses \a
interactions that
ADJUECTIVES thot  cmmprise these

context.

17

Inifrecguently uscd,

list of OBJECTS,

v Lhe message format

{follou specify
establish the CONTROL

invoke direction of the YCT's;

TCANT® informs the CBATRIAN
identificd in a "CAH® has bevno

come of  nhich tuke

is thercforc:

e s <OBJECT> £, <ANIECTIVE ST

the message coxchange seguonceg

netiiork, az ucll  as those
the various UBJECTS and
messages are defincd as theu acisn in



VIi Megotiotion

Jriter-V(S  neqgatiation s the fundamen-a)  mochanizk g yhich o
conference achicves the configuration desired hy  the useray  for
flexibility, any global conference parameter valuo [ike YOUQUER tupe, or
any FUNCTION (such as SI'EAKER) is a negotiable URJICT.  The VCS utilires
a ncn negotiation philosophy designed 1o facilitate the rapid
optimization of t{hecze parameters and the assigntient of  the conference
FUNCTIONS: for efficiency, this process is integral to initial
canfcarence gencration  {(sce Secction VIID), but may be re-iriggrred at

any time.

Neaotialion tokes place betueen a singie (IAGTER and a0 arbitrary
number of SIAVES; in an colablicshed conferencs, the current  CHATRIIAN i
aluays MASTER, and the PARTICIPANTS are SLAVES. A nmcactiation session
is initiated by a UANT massage from one of the FARTICIFANTS:

P~>C:  WANT [<OBJCCT LIST>)

A CDOT uill grant  the request, and a "HONT' widl deny it. Tf  Lhe VOGS
mants to poctpone replyuing to a request (such as to bhe SITTAKER), it can
simply acknouledage receipt of the request with an AL WESPOND, <[ OUEST
ORJECT LISTS)' (ere Section X), and send the ‘() o "IVNT® laler.
The A HESPOND® i optional  if the VCS iz running  ui thout command
acknonledgment, since thic mode is only uscd if COGHIROL  connections ore
fully reliabte.
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FUHNCTTONS revuedcted in Abe "HANT'  message  usually  require no
further mescags esxchanages shien the CHAIRDAN s uwilting Lo asgign the
FUNCTION to tihe PPARTICICAMY, he witl send:

Cosle DO f<fims el LISTS)

The QBLICET LTST contains the TUNCTION.

Reguested alobal parancters must be acceptable to  all P'ARTICITAMTS
before thoy can be effected; the CHAIRHAN will never send o U0 Lo a
PARTICITANT  unless  be knons  that  the PARTICIPANT  has  the specificd
CAPARILITY. Jo compile this kind of information, a measans requcsfing a
CAPABILITIES report is sent to all PARTICIPANTS when nccessary:

C->A1L P's: (0 [<CAPABILITY L1ST>}

ALl B a->C: CAN [<CAPADILITY L1ST>)

CAPABSLITY LIST (Cl 1S1) OBJECTS include:

(1) VOCQOCR: vocader types avaitable to the VCT (e.q.,
cval, LPC, nlLP, OELCOY.

(2)  DATA-EATL:  the VOICE banduidth range that con be
ac:comodated by the tocal VCI.

() Tl SSACE-LENGTH:  the range of message  lenaths 1hnt
can be accommodated by the local VCT.

{4)  VUCCODER-FARIS: acceptable ranges for paramcters
specific to a given vocoder tupe (e.a, LFC PRE-ENFHASIS, LPC
ACOUSTIC-CODING, LPC INTO-CODING) .

() C-VIRSION:  whiiech versions of the CONTROU protocnl
the VOGS supports (., ACK--command acknotledgment, ROACK--na
acknottiedament, LOCK--FUNCTION handoff intcertocking, BOFHICK.-
o intoerlocking). This CAPABILITY CLASS is  inteneed for
adapting VCS opcration to  the performance characterislics
{reliabilily and delay) of a specific netuork communication
facility.
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(Y VoVIiRGEON: nhiich versions af tnz VOIUCL  jraincal ihe

VT coapports (e.aq., NYI'-HADER- -NVI* header foemat 1o Volod

mecaages  LHV L FLEDBALK- abilituy  to handle  Pimitaod fordbi kg

THXING. obility to hondle multiple SPEAKER <) .

{(7)  TUHCTIONG: functions that tihe loo ol VEL/VL

inslallalica con porform (e, g, SPLAKUH, CHATRG G, GGG .

Nolice that coeh CAPARILITY ORJECT takez ADJCCTIVES. e cwptu in
the D0 message, o "UAN' ie retlurncd uith AUJECTIVES to dniorm the
CHATHNIAN  of the CARTICIPANT’s full range of CAPARILITIES  for ench
unmadi fied CAPADRILITY ORJCCT (in command 'ACK' wmode, the  CHATEVAN may
incdicale rcecceipt of the 'CANS'  wvia AN (RESPOED, <CHIST>]1"):  after &
single round-trip time, the CHAIRHAN will therefore pocnens o dsrta base
that enables him to recopond to all LWANIS without queruving other
PARTICINANTS. A CAPADRILITY OBJECT accompanied bu o aingle valuaed

ADJECTIVE in a 'HAHNT® iz a reruest to set that value, uvhercas in o "HUT,

it is a dircative to do sa.

Aftler  ingpecting all "UANIS'  and FARTICIPANT  CAPARILIVITS, tbe
CHATRIAN nild sclecl the set of global parameter valucs mosl deceptabic
to all and scnd:

C->Atl P'es: [0 [<OBJECT LIST>I]

[ ach CAPABILITY QUUECT in the list has an ADJECTIVE 1hat  cpecifica uhat
value o cet. For ang  oliver requested CAPABILITY OBJECT  valucs not

globatl ly acceptable, the requesting PARTICIPANT will get back a "WONT®.

Lihenever a PARJICIPANT receives a 00", he nsill toke 1he ¢pecificd

action(s) immediatclu, returning an CAIL [<OBJECT  LIGTIsIY i f command
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acknoulcedgment e in coflcct. Conscquentiy, reconfigurinag o conference
can e aa sinple and cpecdy as a "UANT - global-"LD" oxchiange. Shouid a
TMONT® hee returacd to Lhe gtobal 00" {a rare occurrence thot coula anlu
hoppen throuagh uzer intervention), the CHATROAN aill  Iwonddenszt anather
00" Lo rezet the conference to its initial  stale: o "UIRITT  veply to
this mrssage is groonds for automatic dismissal fram the conference (ou

can’ t please everyhodg--see Section Xil).

To further trin ncgétiatioﬁ. a sct of default CAPABILETIES wil) b
specified (sce Scction X1). The CHAIKIIAN can  alnoys  ozcume that
fareian cites have these CAPAQILITIES unless (during conference
generation) he receives a "CANT  (<08JECT LIST>)" from some of ihem. A
site wmay  also gencrate such a nmessage if a pweviouslu possescad
CAI'ARILITY is locl for any rcason. In this event, the CHATRIIAM miy have
lo choose a new el of global conference parameters, or else dicmiss the

troobbicd PARTICIPANT from the conference.
Othier notes:

(1Y A "HINT on some OBJECT cancels a previous 'HANT'.

(?y A "HO" onoan OBJECT received subscquant to sonding a
CLIONT or ‘CANT? elicits another 'LONT ar- "CANTT
reuspectively.

() 1he negotiation MASIER ignores repetiticus "HONTS®
and THARES? .

(4)  TLAMLSY nat within the requestler’s CAPARILITIFG wre
LONTEDN' .

(L) CHAINS® that uould not change the rvoeguezter’s slate
i1 fulfillecd vore granted.



e

=

() "HORT ot aill not change the receiver’ o
arknouledeed i th AN

elne they e Tanored.

alate e
if comuand acknot:icdnaent i in o« ffect,

(/7)Y Aoy other weaningless message 1o tanorcd,
(M) Objeale from different CLASOLLS  (cog., CAraBELTILE S,

[UNCTIONGY man be wixed in the same messzia in

iyt i on.



VI [astabliching a Conference

A confercence s farmed vhen a set of users try to muluallu call one
another, o inclruct their VOS's to do the 'dialing’ for  thoemy soch
calts arce received on  a global  listen PATH  (CCALL ")} {forr fiich VUS's
aluays maintain outstanding FROM:'s (Scctian 110). Normal tu,
conferences Will  be  scheduled in  advance, amd a single VES (Lhe
deaignatad CHATRIIAN) will call PARTICIPANTS in. Hounever, the conference
grnecation mechonicm i ll function properly even if lhere arce multiple
active catlers, 0OBUALCIS retevant to conference gencration inclurle all
CAPARTLTTITS, as well as:

() CidEgR. References the act of  conferring uith o
uncr.  CONETR Lakes one of  several ADJCCTIVES  uhvich specifu

the reason for lhe reference, some of which include- -

(&) SCHLO, <CONF - 1Ds: Schedulcd confercnce,
acsigned T1LT,

() URGCHED, <USCR ID>: Unscheduled call fren
uacer 1D,

(c)  SUBCONF, <SUBCHAIR 10>: Subconference
CHATRED ty 10",

()  SIOL-COi, <USER  1D>:  Side-comment request
from veer CLOY,

() C-HANDNOPE, <NEWU-CHAIR 10>: CHAIR nandaff 1o
vaer T107, )

(1) 1L CAVER, <CHATR 10>: Trying to rccover from
foss of CHATRBAN "10° {he crashed).



'{.r-\

(r)) LWALTHL, 2USER 10> Unautihe-iced to ook Lo
Y1,

(i) IR CO  <CHATRU 1Us: 1n zanicrencs  ailiy
CHATREIA ST,

(i) DPEALL <DSER TD>: Called UL higher i1y
vecr 1D joining him.

(i) TATl: Mcagotiation fai lwees il
unarpvycoaid e,

() 01, References the act of lgaving o conference or
trrminating  cowmunications, QUIT takez: an ADKECHIVE duhieh
indicatles the renson for lecaving-~

(o) TRD, <CMNE J0>: Conference “10N° haa ¢oeed,

(1) ALTCON, <CHAIR TDs: Joining  an alloennle
conference CHATRED by *10°.

(¢) UNMEPEC: Rcason for “0OUIT" unzpecifiesl.

() SUBCONF, C-HANQDGFF, PCALL., SGIDE-Cai, and
I ATl as above.

() NLHRERS.  Refers  to the PARTISICANT  coiposition of
the conference and  Lhe  identity of th> CHAIRGAL fE GBI RS
tnkeas  as an ARJECTIVE the PFARTICIPANT L1SY  (I'LIST)  of the
conferencn,  ordered by PARTICIPANT  FRiORITY  {(Goction 1X);
the CHATERAN i¢ first on the LIST.
In the preceding compilation, "COMF I10" is a logical nome assioned
1o the conference in  advance and distributed to cach FARIICIPAMT «i te,
vbhile *USER 1D’ and  "CHAIR 10° consist of a). {he inlernet 31 of the
YCS servicing the indicated user, b). his VLI extensioon aumboer  al that
gile, and ). his name. Once the PARTICIPANT LIST hoas boeon disiributed
lo atl gites {sce beloud, CONTHOL messages cztucen VU5 ¢ lhal cantain

10°s need only include the internet 1D and extension nuuibar  portiionc of

the usar T1D°. Canverselu, messages for  th: uscr devier contnining a
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( aaser T uill e farmitteed to include only Lthe uzer nome part ol the

TO, ubviceh con he Taund in the PARTICIPANT LIST.

oo patablicsh o conference, a VCS scnds a ‘N0 [CO:E LR, <[ ASO-T T
messoge  toe coch  destination on the desircd PARTICIPART  L1GT: Lhe
originator of this wnescage is implicitly attempting Lo CHAIR the
confcrence, and & pasitive reply Tmplicitly accepts him:

C->PUIST: DO EQef €N, <RECASONS3

- >0 WONT {FHIFCR, <REFASON>)} -- Rejects

FP->C: UANT (CLHTER, <RFASON>: <MANT LIST>) ~- Accepts

The negative reply  lerminates the communication for  the specificd

RICASON.  The pagsitive reply echoes back the BKELASON supplied in the 007,

and usuadtl ly includes ncgotiotion requestg (in the HUANT LIST) for ORCCTS

( that need to be specificd during conference generation.  ['ertinent

OBJECTS include *VOCOULR', *1iESSAGE-LENGTH®, *DATA-RATE’, and so on. If

the WANT  LISIS of he accepting PARTICIPANIS are incomplcle or

conflicting, 1he CHBAIKIAN uill have to obtain more compicle CAPARILITY
information at this point by issuing to all:

C->A1 1 Prar DD [<CAPARILITY LIST>)

The CLIST witl eonsist primarily of unmodified CAPAOILITY OUICCTS,
but could inctlude sowme dircctives as uell if the CHATRUAN  nece alrendy
obrle to finalize come paramcters. bWhen the CAN replies (iiter back:

C->%ome P g: (W) [CONTER; <D0 L1ST>] -- They are acquired

C->0ther FPa: UONT [CONFER,FATL) -~ They are rejected



A« above, (he THGNE [CONFERY ' terminaltes commiunication. T4 commandd
acknonledament s io elfect, the aceepted FARTICIPAINS  relivn an Al
uhich cchoca the caontente of the preceding OQG:

o sCe AN {0 LR, <REASON>; <00 L1ST>)

Finally, (he COATMTIAN dispatches a messa2iae Lo the PARTICIPANIS to
inform them af the canference PLIST:

C->F"s: 00 IHETRERS, <PLISTS)
Each local VCS will display the PLIST to the user and dircct itz VO (<)

to establish the VUICINET; conferencing can begin.

Notice that theoughout this conference generation mochonism, ol
PARTICIPANTS  ucre handled  sinultaneously in a pipolined  fachion, anel
that thc conference is,fully configured after only tuo or  Wree round-

trip meassage delays.

A calter does not necessarily have ta attempt o oucvne the
CHATEFANSHIP: there s  a passive call mechoatsw thaot uill nnewnat i he
used for unschedulcd calls, and it implicitly puts the recsponder  in the
CHAIRMAN role. To moke a passive call, the VCS simply cends:

F'- ~C: LIANT (CONFER, <REASON>; <WANT LISTs)

The responder nced rnou only issue @ ‘HONT' or a U0, ond procecd
exaclly as above. In fact, 1the only difference here is that o "HAUI
[CONCER) Y woo dispatehed vithout a "00 [CONFER)' Lo cvoke it.  Hole hiat
it iz possible to cdispateh a "KBANT  [CONFERG' in  this g, and Ahen
receive that very U0 [COMTER)' (i.e., passive cull lo o cite that is

simul tangously actively calling you}l; the *007 would be ianored.
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[ov o el popalated  specch netuork, a VOS activelu  catab)lishing a
conference will occasional luy receive a "00 [COMFER) " (rom  onother VOS.
It thaot VES is nol on his PARTICIPANT  LISY, a 'HONT will  prabsblo be
relurncd (CREASON"  being “IN-CONF') . Qthervise, therc in o polential
deadlock cince bolh arce trying to initiate the smne conforence, aud have
exchanged "OE": couchou, one must surrender control to the othcor.  When
a ‘00 [CONFER)Y (or  'LANT [CONFER]') collision occurs, it ia soaqgested
that the involved VUS's campare their respective internet 11)'s. teedted
as unsigned sixty- fow bit integers. The smaller "I has prioritty and
it l bhe CHAIRNAN,  For o "U0° collision, the larger "I0  nill therefaore
send the  stlandacd *HANY  [CONFER)®, while for a "NANT® collision, the
lower 10" witl jwcue a '00°. This will allou conference qencration to
get underuay  aulomatically and  without delay ubhen there are multipie
active caltlers, and  i( they like, the wuscrs can reassigan  We CHALR

(Gection EX) ance the conference has started.

e one VYOS gurrenders control  to  another  during conference
catablishment, il must also dismiss any PARTICIFANTS  thal have been
acquired. 1This nilt be donc via:

C-sAcquired PPs: BU [QUIT,PCALL, <USER 1051
The surrendering VES nill also terminate communication uith sites that
are nat yet fullu scquired (i.e., '00 [CAONFER; <D0 LIST>1® not uct
sent):

C->Partially acquired P's: HON1 [CONFER,PCALL, <USCI T0>]

27



[~ the 10T waves  an a relerral to  the hinher pricrito VUGS co thal
the dicmicoed PARTTCIANTS can send it a "MALTDY 0 desired, A usual,
i th command ocvnoulcodament, an "AIT [RITT, <BTASOHSY " uill be redurned Lo
the CHATRIIAN. - This <owe message is uscd and time a  PASTICTPANT decidde:.

ta leave a conforence.



IX Conducting a Conference

(nce the COMIRQL and VOICE nctuorks have lween  e<ctablishnd, the
conference can begin., Conferences are conducted by the CHATREAN through
dynamic assignment of FUNCTIONS, wusually in response to user requests.
Therefore, the CHAIRHAN  «hould reccive a series of "WANT®  measages as
soon as he has  cdigpatched the 00 MEMBERS) . Althouah nol explicitly
stated from hecre on, an accepted 'D0* will alvays cvoke an A if
command acknortlcdegment is in effect, ubile a *HONT® will be returncd to

an unaccepted 00" (o "UANT') regardless of the acknouwledgment macde,
The FUNCTION most frequently requested and reassigned is:

SI'EAKEH. fleferences possession of the floor, and takes as-an
ANJECTIVE a uuer 10,

To request he floor, a wuser witl punch a buttan on his VCS
interface device, o he might utter a special cue into the handset (lhe
VECS nould detect the "LAD® signat). This evokes a "UANI [SPEAKER, <10>]°
irom the VCS, uhere "1D"  is the identity of the requesting user.  To

suitet SPEAKERS takes anly  a single message transmission;  the UHATRIIAN

)

till send to all PARTICIPANTS a 00 [SPEAKER, <10>)', resulting in:
(1) The previous SPEAKER's VCT is SIGNALLED  "OUICT™ and
CLISTEN [<SPECAKTR TDsT.

(Y The wocu SITAKER's VCT  is  SIGNALLED '"TALK®  and
"LISTEN [<CHATHOAN 10>1°'.
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(:A.

(2 AL olher VC1'e are SIGNAL_TZU  CLTISTUH [-GETAKTR

197",

Notice thot uhen  a PARTICIPANT  azcumcs the fic~r, hic VLT uill
receive no it from  he VUICENET {exczpt  for  itwmiterd  (oecdbiack
clrenms). His LIGHN atream is therefore deicaltcd Lo tte CHALTRNGCAN, ubao
man noo lalk to the  SPUVAKET by SIGHALLING *T/LK {<GILAGER THSTT to the
CHATRNAN VCT. This facilityu is most uscful far a tno-parly conversation
(a degenerate confcecrence uith a CHAIRMAN and onlu onc PARITTCITANIT) sincc‘

it provides full-duplex VYOICE communication beotueen  CHATREIAN  aind

SI'EAKER. For  Lue-party calls, the CHAIrOAM VIS nill thereofore

automatical by open thie VOICE channel  to ths SI'CAKER. Otheraion,  the

CHATRHAN user can open the channel by special comaand to hiz VUS then he

vants to make comments 1o {he SPEAKER.

L arge, widelu variabie message delays are tunical in come netomrks,
necessitating snlarlocking of FUNCTION HANDOFF s,  Interlocking rcquircsl
that command acknouledgnent be in effect ("C-VERSIOH ACK'), ond ic
negotiated with the *C-YIRSION LOCK® OBJECT (Section YII}: 1t ensures
that all other PARTICIPANTS are auare of the hANLIGEFE before the FLINGTTON
is actuatlu reassigned. Mhen interlocking, floor HAMIOFE  is achicved
by

(1) The DO [GPEARER, <NCW SPEAKER 051" i¢  lromuicast to
all but the now SPTAKER.

(Z) The CHATRHAN audits reccytion oi all “Al)
(SUEAKER, <MEL SPEAKER TD>17 acknoulcdyments.

(2} The CHATEAAN  sends "00 [SPEAKER, «iilf SoEALR T1RDY
Lo the noen SPPLAKCIL
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The  CHATHDAN mog atilize any  of scveral  floor  HAMDOTE dacision

slrategices, negotiahle through:

F-HANPRTL fliedercnces the floor HANOOTE algarithm  w<sed by the
CHATRIAE, ANECTIVES include:

(1) AL TATICNTARY. The CGHATRIIAN recoaniTes
requesting PARTICIPANTS  in any  order at his discection
(evge, via Hobert's Rules of Order).  In this wmode, hce

veer at the GIATRIIAN  site may want to  perform SPEAKER
HANDOL T wanual iy, Otheruise,  the CHATRIAN  VES  will
wlilize come  appropriate function of request order and
requestee PRICRITY.

{2)  BOUND-TADLE. The floor is arantcd on a first-
come- first-corved basis. ROUND-TABLE  wocle ia beot
handlerd automatical ly.

The  default mode is ROUNDO-TADLE, although a user may roequest

another mode at  anu time in g 'HANT' message; the CHATRHAN  uil) reply

'HONT® 3f the requested mode is unacceptable, else "AMN’.

The:  CHATRIIAN  mouw  sometines uant to retract the floor  from a
PARTICIPANT, narning him in  advance (if he hos been too  verbose, or
sijent for too lona)l: conversely, a PARTICIPANT must bLe able  to infarm
the CHATRHAN uhen he is finished being SPEAKER:

FINISH, References relbinquishment of the SI'EAKER FUNCTION, A THIE

i supplicd as  an ADJCCTIVE; it indicates the time at nhich
the FINIGIH will take effect.

Te make a PARTICIPANT summarize, the CHATRHAN will sond him o 00
(LINTSIELTIHCY . This message nill be displayed on the user’s interface

device, and afler Uhe specified interval, his VCS will “ONTET®  the VCI.



A TAILLTETEANT  can volumtarily relinguish  ine flecs i ih g A

[FINTSHL 0T (i.e0, Cinmiehed nov) . 1f desires, "FiETSHY moar

ESTL) S o [N I A TS
exchanged to interiock ralinquishment of the “loor bhefr & a3 nen ST AKER

ts acaigned,

e a PARELTALT NTARY conference, floor HALL M0 G iroqgety deicrmined
by PARTICIFANT FRIDRITY (i.c.., pecking order}. FPUIORTTe b: dimplicidl in
the order of the conference PLIST, uhich is solecwines b tha CHATIIIAN
just prior to issuing the "L IHEMBCRS, <FuiS1s1c. PARTICIPANIS not
satieficd with i1his assignment may requezt  anolhee via o PHIARY
(MEMBERS, <PLIST>)", 1herein theu have specificad a ney PRifRITY o dering.
The CHATHHAN rejects the request uith the usuzl “HONT', chile Ao accept
it, bhe troadcasts a new ‘00 [MEMBERS,<PLIS TS 1o al: hote ihot 00
Nenpens, <FLIST>)"  ie  also dispatched to svoke reentiamation of
cveryone's  VOICENET uhenover the PLIST changes  theeoahy PARTICIPANT

addition, deletion, ar josa).

11 a f'AR‘iICI[‘/\N] places his oun "I0" at he head of Uhe IS8T in &
PRIOAITY request, then tie is asking for the CHAIR: a “f¢d [ RSTY with
his *ID* in ihis position is a directive 1o take ti.o CHAIR. LUIAIR
HANDCE-F may  occur  at any time, either bu such rejucst or at the
discretion of the CHAIIMIAN; it is achieved by the sowe sechanism that is
uced 1o cstablish o conference. To imitizte o CHATIC HARDBET, {he
CHAIRIIAN  =ends UL (HEMBERS, <PLIST>1® tao  tnz potentin!  CHAIRAN, uho
then Gif agrecable) broadcasts to all PASTICIFANIS, 060 [OWER,C-

HANOOET , <NCH CHATR  TDs]'; exchanges nou occis  an out: incd i Section



VitT. Wieo a PARIICIHAMT becomes ful Iy acquired bu the nen CRATHIAM, he
il Cetminsle CRTEOE communication wilh  ihe old CIAIRDAIL  oitnh "Af
(COTT,C- HANDONT , <di e CHATR S IDs) ", Finalluy, t(he neo CHATROAN  wild
roodcast o OO X HDERS, <PUISTS) " if alt original PARTICIPANIS ot e nol
an the FLISH, then the  old CHAIRIAN will have to "DO IDUET EATE T Lhem

{rom the conference.

For srcurity rencons in some instances, a PARTICIPANT may not trust
the scnder of a C-1ANIJFE "DO°.  If so, he uill hold his reply in
abeyance and query Uhe current CHAIRMAN with  CWANT [OUTT, C--BANIIQEF , <NEW
CHAIR 10>)1°; a "l0° will give him the go-ahead, and a "HONT"  uill prove

That vou can ooty foal some of the people some of the timn.

CHATR HANOGUFT  dnes  not require  interruption of  anu conference
FUNCTIONS; havever, to be certain that the ncu CHAIRMNAN' s information ta
up  to dale, PARTICIPANTS with  assigned FUNCTIONS  (cucte  an SPEAKERD
should send him  an A JUNCTION)®., Copies of "UANIS® not  gronted by
the old CHAIRTIAN  =hauld also be sent to the neu CHATRIIAN by all

PARTICIPANTS.

Unstructured subiconferencing ({SESSIONING) is achicved Uhrouah the
normat CHAIR HANNOTE mechaniom, except that:
(1) 1he ORJECT  "SESSION, <FLIST>! is el Lo
request/grant o SESSION  SUBCHAIRMANSHIP, as  oppozcd Lo the
TENRLKS, <bLTST>" for CHALR HANDOFF.

) The AMLECTIVE for 'CONTER' and QUL ia "GUBCONT®
inctead of “C-HAMDOEE?,

[4%]
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() Tnctess of cending the finat T L aBns, <0 T8
too the old CHATRIAN, e SURCHATRIAN §osse D on TAD (] ]
SUDCOMT , <SURCHATE T01=) . Note ihot the “ia) TN S <L TSESTT
i nlil) broadeost to the acquired PARTICIPAIIIS, o in reaul
CHATR BAKDOF F .
The efiectl is ihorcfore to fragment a conference into  {ully indepomlont

entitieas,

Hhen a subconfcerence cends, PARTICIPANTS wishina Lo sojoin the main
conference will have to re-connect to the old THATRIIAN via  the «tondard
"WANT  [CONTER)® passive calt. 0Of course, the CHAIR may have shiftrd in
the inlerim, in uhich case the replu will Dbe U] - [E00F L, TN-
CONE, <CIHATR  10x)": tbhe requester i~ thereby referred Lo the current

CHATRIAN,

In a patuw ai conference, participants can iihigper Awnng thewselves
at uwill; such  a side~commenting abilily can be veru useful, and ic
providod through o spccial  possive conference call fron PARVICIPANT (o
PARTICIPANT:  “LIANT [CONFER,SIDE-COM, <CALLER  10>1°.  Natarably, a "00°
accepts 1he side-comment request, and the oaffecctod wser VUI'o are
directed to soiteh their "LISTEN' streams and "TALK [ URCIGN STO-
COMMENTER TD>) ", The tuo PARTICIPANTS may now conduct  an independent
(full-duplex) conversation: in effect, thecy hove forucd o lao-party
subconference, Hith the receiver of the side-comment call  as CHATRIIAN.
Houever, both PARTICITANTS will  stlill receive measages from thr actual

CHATRMAN, as well an fecdback streams from the canference "VOILTIT ™.



Side comment  cossions arg Lerming ted  via  lhe poca)l o 0T
mechanicw,  bat cith CSTOE-COIM" as the ADJSECTIVE. Ther VE17 o of bholh
cide-comunnters uill b preset back te TOUHCTT  cod "LISHHEINGY Lo Lhe
GITAKT R ctrenam: zng paramelers that  uere rencgotialed  for the side
comient ccecion uill revert 1o current confercnce valucs.  Mole  that A
THI0E-CUI roquest to the SPEAKER will  normally be refused  (onless he
niches {o relinguish the floor first), uhile acquisitiaon of the floar by
a side-commenter will veovally terminate the session (unless hie tants to

Jpaans) .

Akin to side-commenting is the ability to interrupt the SI'EAKER for
making a global cowment, or even far providing a bit aof auditary
{erdbnek (i.e., chiorl noises from the fisteners, such as “huw' o "dle-
huh®) . A ewmall awount  of interruption (limited fecdback,  Seclion Xit)
could he  provided by the VOICE protocol automatically for  the lalter
purpose i f  HLFUBACK® is  glabally implenented (Section V1), but for
interjections losting more than a second or so, the CHATRIAN  wust araat
a PARTICIFANT permisaion to interrupt:

INTLRIUPT, Neferences interruption of the SPEAKER by o uvzer vhose

I bs copplied as one ANJECTIVE, for & ime specified by a
accond ADJCTIVE,

A user uill request an INTERRUPT through his VOES  interfore device,
aned the VS nill digpatein o "HANT {INTERRUPT, <REQUESTER T0B>, 11017 . The
CHATRUAN mauy noa eilher make the decision independently, o~ canzsult the

SPEAKER by relauing the “HANT®  to himg the SPEAKER e accept by

w
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returning a o0t 1o achieve ihe interrupiron, (e CHATREGAR simpilyg
lrondeastas 00 PINMILRTLET, <0 AQUESTER 10570010 to =id PARTICTEAIT S
VT '« uill 1w auitehed {o the interruptes's  VUICT  <lecsm for the
aspecificd period, and il then  revert boack 1o the SR 4. i o=
ef{fectiveliy a very limited floor HANODFF, vith  autor2tic codteh haek,

and should provide for effective real-tine interruptlicen (bal onlu  in o

notuork with aaall CUNTROL delags),

Conferences can be characterized by freguent voling, ardarn d  inoa

leleconferencing cnvironment. lo simplify this process, o special
QBJECT ju provicdoerl:

VOTE. References voting, and  takes "AYe'., “HAY', w  "ARGTALN' e«

ANECTIVL S, :

Lhhen the CHAIRIIAN  calls for a vote, a 00 (VOIL)® ¢ broadeast, ubich
cavscs  ench VOS ta digplay a 'VOIE' message Lo the  Jocal ucer (¢}
(encuring thot  side- camnenters can YOIEY. Tncre uill te wecr deviee
codes ta elicit an “AIL (VOIEYT' with "AYE', CHAY', or "ARSIAIN'  aa an
ALJECTIVE the CBAILTAN VES uwill tabulate thesa responssz,  countling any
too tardy as  TARGTAIN, and display the results to the  CHATHIAN uner.
I{f a user generates more than onc YOTE rcaponze, only his last uill be

counted.



X [ailure HRecovery

Since  packet i tehed nctiorks  are  voru  dunimic and  often
overburdened, crashes occur unpredictably. In o conference. terminal

node failure uill vnually isolate a single PARTICIPANT, uto ic couetines
the CHAIGRHAN;  more scriousluy, a subnet problem could partition the
communication noctuork, scparating thc conference into scveral picces.
The VCS provides for automatic recovery from these conditions through
the normal conference generatlion mechanism. 1o detcect thecir occurrcence,
the folloning UNJFCT i< employed:

RLSPOND.,  Hoicrences the act of responding. A dalum accomnpinies

the HESP'OMD as an ADJECTIVE, and serves to tag L.

Thie  CHAIRHAN  and PARTICIPANTS  exchange  “HISPORD®  wmcsszpes nlicn
thiere has been no lraffic bectweon them  for some time. The originator
uill dispatch a "DO (RESPOND, <DATAS] ", and the responder nill reply i th
an "AM’, relurning the DATA supplied in the '0U0%; fotlure to do so after
a gpecified timeout implies that the responder has crashed. [n commind
"ACK® madn, AN ILKESPOND)”  is also uscd to  acknoulcdae receipt of Q
message that will not otheruisc evoke an immcdiétc reply  (eog., sowc
PLIANTS® and *CANS', Section VII). 1he OBJECT LIST of the acknouledaed

mensage is relurned as UOATAY in the "AM (RCSPOMLD *.



hite invalved in eide -camments, a pair ¢ PARTICIT TS wan have to
exchange  "RESPOID  direcctlives,  just as  ther do ot the CHATHEAM.
Shauld anc lose the other, his VCT will siapie be "CHICILD" and cuitehed

hack to the SUEAKLR < VOICE streoam.

Hben the CHAMTIAM discovers that a PARTICIPAND haz died,  Lhe il
br-azaccast a  slandand ‘00 (HCHBLCRS, <PLIST>) ", ubwrcefron Ui toed
PARTICIPANT'S 10" hasz been deleted.  Should the PARTICITANT  come alive
at  same future time, he wuwill passively call  in to  the CHATHIAN to
rejoing if the CHAIR has moved, of course, the "HUNT' fi gets will reler

hin e the nen CHATHDAN,

It o PARTICIPANT  finds that the CHAIRIGAN hozs  ceashed,  he uilt
invoke 1he RLCOVLRY procedure. RLCOQERY utitizes the cnnfercence
generation muechanism, nilh  intlentional aultiple catlers  (coc Seclion
VIT1): in RECOVERY, houcver, PLIST PRIORITY (rather than  inlernnl 107 s)
is used to reccolve ‘00° collisions. Te initialc the  procecs,
PARTICIPANTS  who lose contact with the CHAINIAH  issue  a TU0O
[CONFUN,RCCAVER, <Ol D CHAIRR 10s)* to 1hose on the CUIST of  laner

PRIORITY. The folloaing rules then apply:

{(J) 1f the receiver of such @ "DBZ° 16 unare ol the
crach, he (rill query the CHAIRHAN with "GO (RCSEGLD, <DATAST Y,
Should he get a response,  the 'CONFERT  reeuest utll he
refused. Olharaise, he will enter the RLZOVERY  procedurc: if
the raquester i of higher PRIORITY he will accept,  colse he
uill broadcacst LBECOVERY "U0S® Lo thosc of louer PoiORITY than

liimae | .,

(7)) Whcen an active PARTICIPANT recsives a  LLCAVERY “{m”
fram a Khigher PRIORITY PARTICIPANT, he uiil accept and diowics
atl ubow he has acquired (Section VI,

W
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(2 Uhero oo PARTICIPANT  thusly  oequired  roceives @
BUCOVERY 00 from one  of higher FRIDRITY Aem hic carrent
coperior, he nill TAY (DBIT,FCALL, <ID>1°, aml accept the 007,

()Y ) a 0 ceollicion 158 not recolved vy the PLISH,
Lhen iU i renolbved by inlernet 10D°S (the PLIST Y. ot different
Ciles may nol ancee since the CHATRDAN may have  heon ujpdsting
Lhein ol ther Liwme  of  the  crash, In this io=timce, (oo
PARPICTEANTS meat coch believe that they arce of bsighar PRIGRTTY.
than the othery "LIS* i (1 be exchanged, and cach widl zmait a
subisaive accoplance from the other.  hen the oxprocted replu
fails Lo arrive, despite successful TRSEONUST . Lhe
PARTICICANTIS il fall back to the internet "I comparicson).

() Mhen an active PAHTICIPANT has received responses to
all of his 'IOGY, or has deduced that wunavailability nccounts
for  thoze micsing, he will begin conducting the recovered
canlarence bu  broadecasting the usual D0 [LEGSCRS, ~PLIST>)
houever, rules  tio  through four” nill still  aply (o o
specificd time interval to adlow for delaucd BLCOVERY messoacs
frrom higher PRIORTITY PARTICIPANTS.  Subsequentlu, such former
PARVICIPANTS il ] have  to passively join the conference, and
negotiate for the CHAIR,

(Y Az 3 CHAIR HANDOFF, PARTICIPANTS will  inform the
ncu CHATRINAM of anyg assigned FUNCTIONS and  ungranted “HANTS .
Note ihat FURCTIONS  {ec.q., SPEAKER) neced not beo terminated
during RECOVERY, so the process is potentiallu transparent.
The  effect of this  RECOVENRY procedure is 1o rcolocsle  the

CHAITRUANSHIP  to the highest PRIORITY surviving PARTITIPANT. I the

nectuork partitions, a conference will reform in cach.



X 'rotocol Scenaries

To facilitate ile fapfementation 3s 2 finite state wairhine, Uw

uill mainlain five logical PATHS:

{t) CaLl., The c¢lobal  listen PATH oan ¢hich cafle are
received.

(Z)  ACOIGC.  During conference estabiishent, the AN
vhereon  potential  PARTICIPANTS  are pileced unitil  arnquiroed
(i.e., after o "HANT (CONFER]® has been rececived (rom them,
but befare the final 00 [CONFERI ' has beon sant).

() CONP . The resident PATH  for acquircd conference
PARTICIPANITSG.

(Y star. The resident PATHL for o side:commenling
(~ PARTICIPANT.
(%) OutLl. The  PATH  on  wnhicie noa- fulla acouin ed

PARTICIPAMTS Gre plased uben a higher priorita call (PUALL) s
recceived during active conference establishment.  Upon receipt
af hic pext meascaae, each PARTICIPANT on the "OMTITT  DATH nill
b appropriately digsmissed:

(a)  1f the message s "HONT (TCONFERIT  or Al
(OUIN) . no dismissal is necded.

(I} 16 the message is  TAIL LCOWICRY,  the
dismiasnl ie LN [OUIT, <RCASON>D * .

(¢} Otheruiae, the dismissal G SR
(CONFER, <REASON>]

In commaned TACK® mode, PARTICIFANTS  that have been icaued @

Lo W)Y are also placed on the *CGJIT PATH, to anai U Uheir
TATY TOUTT) ' annd to keep these replies separate from “CALLST.

(/\ 4H{
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(tuoriog dnttialization, all VCS's will *0CLIRE CALLY.  Usample

crasionn:

(1) Pascive tao-partiy call. Scenario: Commond  “AUK® de
Lhe sustem defanlte User L nill ealt user I'2, wpecifuing o
THANT LTSI (U ISTYY  Ahat P2 finds  acceplable (04 wiahl
contain CAPARILTTY ORUECTS such as *YOCODTR  CVIDT, "DATA-TATI
TG KBTS, "hESSAGE-LENGTH 1024 8ITS*,  “C-VIRSIOM f08 NCK®) »
the  "HLIST'  wild  be returncd unaltered as  the 00 LIGT®
(L1810 ),

22000 P2: WAWT (LONFER,UNSCHED,PL s <LILTST>]

P2, TROH CALL {r)): UANT (CONFER,UNSCHZOD,P1: <l 151>)
INTITHE ACQUIRT (1))
> ACDUIRE HAS [1'1)
10 ACAHRC: 00 (CONFER,UNSCHCD,P2; <0OLEST>1

'1. fRoN CALL (7 : 0B [CONTER,UNSCHED,P2; <DLIST>])
(W ITINE COisi (7] '
=> CGONI HAS 112
10 CHRCe AV [CORFCR,UNSCHED,P2; <DLIST>];
DAL (SPCAKER,PL)

P2. RO ACQLUIRE (M1Y: (Lthe AT and "WANT®)
(C FING COiE (P :
=> ACOUTRL HAS 11 (ACOUIRE PATH s undefincd)
«> CONE HAS 1))
10 CONF: 0O (i aicns, P2, Py SPEAKER, P

Fl. FROM CONT (P7Y: (the "D0O")
10 CONT: AL INFNBERS,P2,P1; SIEAKER,P)]

P2 is nou the CHAIRIIAN,  and since this is only a tuo-party
call, his VUl will be enabled to "TALK' to Fl, establishing
full-cuplex YOICE communication {Section 1X): there nover need
beoa floor BAMBOTEF.

(7}  Tuo-partu possive call. Scenario: Pl passivelu
calling P2, The system cdefault CAPARILITIES are "VOCODIR
CVSN; DATA RATE 1G KRITS; MESSAGE-LENGTH 1024 QITS: - VELSTON
NOCDCK, NOACK'.  Yhis  time, Pl uill not suppiu a “HUIST in
his CWANT'  call, jmplicitly requesting the cysteom defaull
paraneters. llcucver, P2 can only support up to )2 KBITS CVEN,
and prefers & K118, so negotiation will be triggered.

2. 70 PZ7: LANT TCONFCR, UNSCHED, P1]
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P20 RO CALL )Y (the THANTT)
P pNE ACCEIRE [60))
PO ACITERE « Lio [IBATA-RATE]

Pyoobnon Catt e Cthe T000)
10 s CA TOATA-RATELE Lo 24 KBITS)

e TRan ACOUIRE 0711 (the "CANT)
OL T COie (-3
IO Co s DO TEGT LRGUNSCHEDL P23 DATA-RATE .8 KBT1S:
lir HALRS,P2,P1)

Pl TROE CALL G2 (e "0
PECEND COnr (1'2)
T0 CONP s UANT  [SPEAKER,PL]

F2o FROM CONF {(PJ}: (the "HANT')
10 CONF: DO [SPEAKER,PL)

()} Addition aof a PARTICIPANT. Scenariar [l inng the
canversation catablished in scenario  tuo, a uzcer P4 trics to
call 1. He iz refused and referrcd Lo PZ, uho alda him Lo
the conference.  Hhen this happens, P2 nill clowe hie wprcial
YOICE  ¢hannel Lo PPl (since this s na  longer o tun ey
conversation), and normal ftoar HAMDOTF uill  encue. Hotice
that PY i« renuesting system default configuration pradsclers
sinee he  inctudes no "ULIST® in his "HANT'; nregotiation is
thereby triagered since the current  "DATA-HATE® ¢ the non-
cdhiefanl bt & KBITSG,

M. T0 PI: VAN [CONTER,UNSCHED, P3)

Flo FROMCALL ("3): (the HANT®)
TO P1: HONT [CONCER, IN-CONF, P2}

3. FROM CALL. (P1)}: (ihe *HONT®)
10 P2: LIANT  [CONFER, UNSCHED, P3]

P2. TR CALL (') s (the 'LIANT')
N INC ACouInRC 0°3)
10 ACOUIRE: DO IDATA-RATE)

PR RO CALL. (1°): (thie '0DO%)
T P2: CAH O IBATA-RATE,12 to 18 KBITS)

(2. FROM ACUUTHE (P3): (the "CAN')
T0 ACOUTRL: 0O (CONMER,UNSCHED, £2)
AND CLRT [°R)
10 CONF = 00 (DATA-RATE, 12 KBITS;
i MbFRS, P2, P1,P3)
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P2oand B i)l norne add P3 ta their "YOICIRETS' . ubile 3
uill creatle ¢ nery "VOICLNET" including P) and P2.

(4)  Active canlerence formation. Saonario:  Sysicw
doefaalls g e coenario tuwo.  User P oactively conlabliches o
acheduled conference assigned the identily "CIB . AL the e
time, one of e caheduled PARTICIPANTS (P?2)  passively catla
in ta . AL but P2 iwplicitiy request sustem dafaul s,

1. Db ING ACOULRE TP2,P3,P4)
10 ACQUITL: 00 ICONFER, SCHED, CID]

2. 10 P): HANI TCONTCR,SCHED,CID: VOCODER LPCI
FROD CALLY (P1): (ithe 00" --since the "WANT® ju«t
uent out, this "00° 15 ignored)

M3,FP4. FROO CALL (1) : (Lthe D0D)
10 P): HWANT [CONFER,SCHED,CIO? (defaults wanted)

('3 ROt ACOUIRL (°2,F3,P4): (the "WANTS®)
10 ACOHIRT : DO {VOCODCR)

Frort ACOHIRE (F3,P4): CAN [VOCODER, CYS0])

Froet ACOUIRE (P2): CAN  (VOTODER, CVSD, LEC)

OLFTHE CONE [F2,P3,F4)

10 CONF: 00 [COMPFER, SCHED,CID: VUCODER, CVSO;
fit NRERS,PL,F2,P3,P4)

(L) Conference  cestablishment with  tuo  aclive calloers.
Scenario: A conference containing PY, P2, 3, 4, and P g
schedulod. ') iz already in communication with P70 (s
CHATRPIANY ot the schedulced conference  time, and (rics to
actively call in the other PARTICIPANTS. At the some time, PO
trics to establich  the conference; he uill  cventually becowme
the CHATIIIAN  since his  internet "10" s smaller thon [ s,
Houever, P8 will alrcaody be negotiating uith I'Y befaore Pl oo
"2 receive PL'e call). flesuits: P) dismisses P2 and 1'3; I'Z
rcfuses PG, bt {hen receives Pl's dismissal (nith a referral
back o PS). For cimplicity, all PARTICIPANTS request the
aame canfeorence paramcters (i.e., idantical HLISIS).

Fl. OLIFTNE ACQUINE [F3,P4,F5)
10 ACOUITRL: DO [CONT LR, SCHED, CID]

PR, PR cAL (1) e Cihe *00T)
10 P)s VANT [COMTER, SCHED,CID: <bIL1ST>)

'S, DEFIND ACOUIRE PL,P2,P3,P4)
100 ACQUITRE: DO [CONFER, SCHEO, CID)
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P20 TR0 CALL (') (the 0O (CONTLRY ™)
T PLy HONT [COMFER, TN- CONF,PL]

Pa. FRON CALL (") (the U0 (CONTER) *)
10 PL: AN [CONFER, SCHED,CID; <MLIST>)

PG rROnE ACHLHRBL (1) s (the *0U0 ICONFER) . Janarer.)
IO ACOUTRD (54) s (the *WANT®)
[ ACOHTRD (°2): (the "LIONTY)
R DOVE ACUBINE [023

Pl. FRGIH CALY (%) (the D0°)
DESTING QUIT (P3)
100 F2: 00 (OU1T,PCALL,PS]
Rt Hove Coilr (h2]
TU T HANT LCONT LR, SCHED,CID; <HILIST>]

FROND QUIT (P2): LIANT [CONFER,SCHED,CID: <HLIST>1
10 M3: LIONT ICONFCR,FPCALL., PS]
REMOVE QUIT {F3)

PR TRON CALL (1) (the "HWONT (CONTER3 ™)
FROM CALL (L) (the "107)
10 I'G: HANMT (CONFER, SCHED,CID;  <MLIST>)

PO FREET ACOUTRE (P, P3): (the 'LIANTS™)
OFFINE CONr (') ,P3,P4]
10 CONF: DO (CONMFER, SCHCD,CID; <DLIST>:
HE MRCHS, PS5, P4 ,P1,P33

PLPR, P40 FROD CALL (PL): (the "DO')
LEF TRE Cour £1°G)

Pz, o coNr (1) . UOI[UUiT‘PCALL.PSI
RESIOVE COisr P11
10 PG: UANT {CONFER,SCHEOD,CID; <HLIST>)

'S, FROIE CALL ('2): (the HANT')
10 F2: 00 {COMFER,SCHED,CID; <OLIST>]
ALY CONE [FP2)
10 CONFC e« DO [HEMCERS, PSS, P4,P1,P3,P2)

Notice that '1 put P32 on the 'OQUIT® PATH prior (o diamisning
him.  This o done since Pl ohad sent P2 a "D {TONTTRT" bud
had not yet received a reply. so he was unzure af Y7o slale
(i.c., uhether o “HANT', "UONT®, or '[9 uos inbouwnd) . The
‘LIANT® ot came  shortly thereafter cvoked a THRNT T
terminating compunications,  Had P3 sent a "HONTY  inctead, ']
tuauld not have neaded to issue a dismissal.

L4
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()Y Contorence  floar management. Scenarjor Alers P,
PR, cod P4 opee in a coanference CHATRID Ly user  PL, it

command CHOACK, NOEOCK® in effect. Pl has the {loor,  and {7
e a floor request: 'S paits for P to finieh talking, then

("’

ats the floar, Shortly after P?  fecomes  SPEAREI, B

TRTERRIPTS, and 'R wokes a side-comment call to Mo §inally,

i

Icruaests the  floor, atong nith a chanage to "LOCKY mode

{(ubvich is  aliendy knoun by PSS to be nilhin cvergone’ s
CAPABTLETIES) . Notice han the 'LOCK' HANDUNE sequence diffces
fram the "N OUK' scquence preceding it.

’\I
e

P4,

PG,

RO COMNE (12 HANT  (GIPEAKER, P2

FRopy CoMr () Al (FINTSIL 8)
10 CONC: B (SPCAKER, P2)

FaOE CONF (P3) s LANT [INTERRUPT,PL,33 SEC)
100 #2: UANT (INTERRUPT,P1, 38 SEC]

IO CONF ('2): D0 TEINTERRUPT,PL. 20 SEC)
TO CONF:« DO [INILRRUPT,P1,29 SECB

(700 seconds laler, the floor reverts back to P?2)

f RO CALL (P°Q): LANT [CONFER,SIDE-COI,P3: <ML 1ST>]
10 03 (0 (COMTER,SIDE-COMM,P4s <lMLIST>3

DEEENG STOL (6°3)

(12 and 4 Lalk aver a full-duplex VOICE stream)

10 SI0E: (0 [RESPOND, FOO]
OV ST0F (X)) 2 AV (RCSPOND, FOO)

10 SIDr: o0 0T, S10E--CoM, P4)
RENOVE S10E (13)

Frofi coir (P3) s WANT [C- VERSION,LOCK: SPEAKER,PI)
10 CONF: DO (C- VERSTON, ACK, LOCK)

10 ) AR (RESPOND, SFEAKER,PL)

10 F2¢ L0 [ ENTSH, T HIN)

[ 100 Cﬂﬁr (" ,P2,P3,P4): Al [C-VERSION, ACK,LOCK)

FROM CANE (P2 A TFTHISH, A)
10 12,020 00 (GPCAKER, P1)

FRON CORIE (2, 13.P4): A [SPEAKER, P1)
10 Pl 00 (SEPTAKER,PL)

CRON CORE (P11 : AL (STEAKER. P1)



(7)  CHANL HANOONTE ., Scenardo: P 20D Gna I e in
conference i Uy CHAEHRNAR P4, NOACK, 1OLOCKS o v, 1 be
SPLAKER. P} orequests and  is granted the CHATR. P37 VS e
ot trustioag, qnd nill o ask P4 te validate the HSH0RD be-fore
accepting U)o cutl. Both P2 and 2 requent currernt
conderence puasieler values in the " ISTIST  cont to Pl <o
Uhwere will be no reneaotiation. bhen tihe HARIWDETD e coupleic,
PSooill identify himeedf ta ) o SPEAKFR, and '3 uibl repeat
e (ugeanted) "HARTY hat begins this scenmrio,

P2, 10 CONF: WANT  [SPEARER, PR

Pa,. PR Cacd (00) ) UART DHEtiBERS,PL,F4,F2,FP2)
GO CONT (P8 {(Uhe “LIANE?)
ey v (HLHCERS,P) P4, P2, P3)

P, RO CoNe AP4) e (the P00T)
DEFTHE ACOUIRE [(F'2,P3]
TO ACAUTREC: 00 [CONFER, C-HANDOFF,P1)

P2. FROFE CALL °3): (ihe "00")
10 CORE e AT TUUTT, C- HANGOFF , P11
RLtiave coaid 04
T0 19 LANT [COMTER,C-JIANDOFF,P2; <MLiST>)

NR. FROMCALL (ILY: (the '{I0)
TO CONC: HARNT (NI T, C-HANDOFF ,P1)

PA. FRON COSE (F2): {the "AMT [QUITI®)
BELHOVE CORE o (002)
fnan Conr Gr3ys (the "WANT TQUITY®)
10 £3: 00 [T, C-HANDOFF, P
RENGVE Cair (r2

PR, FROI CONE (PA): {(the "00 [QUITI')
BLNOVE CORT (#4]
10 Fl: HANT [COSFER,C-HANDOFF,P3; <Mt 1ST>)

1, R0 ACOOTRL (12,PR): (the "HANIS')
TU ACQUIRL: QU (COETER, C-HANDOFE ,PL; <0LISTS>)
AN CONE (02,023
TO COMT: L0 UHBlas, PL, P4, P2,P3)

P2, FROICALL ('1): (ithe "D0OST)
DEEINE COE 18013
TO CONT s A (SIPEAKER, P2]

PRyt Rron caLl dtlys (the "H0S%)

bretnr Cosr (1)1
10 CONT e LANT [SPEAKER,PJ)
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() toailw-c recovery (simple). Uuers I'], 02, 3, qnd 174
e in cenlorence in ka3t order of  PRTORTITY, woith PPLoqe
CHATRUAN aad 1'2 & SPCAKER.  ROLOCK, NUACK® os bortfore. Hilh
TRESPOMD® mesages, Lhe PARTICIPANTS  discover  thal I hae
o ashed, P2 mod P2 herefore initiate RLCOVIRY, uhile A sits
idle gince e is ol the bottom of 1ihe £LIS]. AL LTSS
specifu current canference parameters, oo lhere e no
roenenotintion.

YL P2, 02004 10 CONF: DO [RESPONO, FOO)
(nho recsponar)

£2. DETIRE ACORIRE [PR,P4]
10 ACOUTEF: DO [CONFER,RECOVER, P11

P3. DLFINE ACOUTRE (P4}
10 ACAUTRE: Dt {CONFER, RECOVER,P1]

4. THQit CALL {1'Z2,P2): (lhe 'DOS’)
T0 P2: DAHT [CONCER,BOCOVER,PL; <HLISTS)
10 PR: LOMT [CONTER,PCALL,P2]

FI. FROM ACOUTRE {P4Y: (e TLONT)C
RENOVE ACOUTRT (P4)
F10N CALL (Z2): (the "00 (CONFERI ')
1o rZ: MANT [CONFERRECOVER,PL: <HLISTS>)

Vo a0 ACHIIEE (P3,P4) . (tbe "HANIS')
(frINe Coer Ira,FPa)
10 CONr: 00 [RGNTLR,RECOVER,PL: <DLIST>;
i fiRERS,P2,P3,P4]

{9 failwre recovery {complex). Scecnario: Ucers 'l 2,
PR, A, PG, T8 ond P/ oare in conference with ' as CHATRNAN,
and P& he SPUAKEL Pl uili erash vaexpectediy, aned P77 nif)
delete him from the conference. P77 uill Albhen fail, &and onty
2, P4, and P 4il) discover this and initiatle RUCOVILY. Pl
arto PLs ROCOVERY call, prompting him to check ['7'a slatos
it o T00 A SPOKN) . PSS acquires PG, but then gcts o call
from PR and ['4; 3 js accepted, PG is dismisscd, and P4 is
refuscd.  Shortla thereafter, PG ansucrs the call from (4, but
e fore he is fully acquired, theu both receive P3" ¢ cally P4
ond PG ornap rejeclions and subwit to P30 2 finolly roodirzes
that 7 has crashied and sends out RECOVERY '005°, bLut Lhey aee
roefused since the conference  has already reformed uitty '3 as
CHATBEHAN: 17 pascively calts back  in. Thia ¢ample i
intentiaonal [y complex,  and illustrates most of  the possible
fil COVERY exchange LoquUences., Houever, cven il e
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unfortunstiec (nd  unlikely) netlnork  ticing iwplicit  in 1he
(ol laing sequencn of  cvents, this FPOOLTRY exawpde cauld be
wide e accur nilb siaple  interchange: as in the previons
sreoaria 0 a time delay  in ansocring LI COVERY  TLHGT GG
inlroduccd (Goclion X11),

7. 10 Pl 00 [0 SEQu, GiUGoLE)

BEnove conro (10}
10 CONE: 1o GINRCRS, P7,P2,P3, P4, PS5, F3)

("7 crashes,)
PLL.PACEL D CONF e 00 [RESPOND, F00)
REMOVE GO [107]

£R. DCFIHE ACQUIRT [P4,FS,PG)
10 ACOUIRE: DO ICONTER.RCECOVER,P73

f'4. DEFINE ACQUIRE {FG,PG)
10 ACGUTHE . GO [CONFER,RECOVER, P73

S, DEFIND ACCUINE (FG)
10 ACOUTEC: 0O (CONTER,RECOVER,FP7]

'G. FEROM CALL (FL): (the *LO%)
10 CONM e [ice [HCSPONTE, FiLMRLEFCO)

RENOVE COMF o (R7)
10 PS: LIANT [(CONFER,RECOVER,P7: <R 1575]

Fa. FROIACOUIRE (PGY: (the "LIANT')
UL IRC COME - [9°C)
10 CONC e 1O (CONCLER,RECOVER,P7; <OLIST>;
i HRTRS, PO, PB]

FROM CALL (P3,P4): (the 00 (CONTER]) ™)
10 PR: HANT [CONFER,RECOVER,P7; <ULIST>]
10 P4z LIOHT ([CONCER, PCALL., F3)

10 CONF: O (OW)T,PCALL, P3]

B NOVE COnl (0°6)

Pa. Ty catt (PLy: (the "03 [CONFEH] )
O TR CORE (89)
T CONE: AT [SIEAKER, PB)

(RO Coltr (LY (the T0O0 (QUITT ™)
LERove Cover (PG

FOON CALL (P6): (the 00 (COMFER] ')

10 P4: WANT [CONFER,RECOVER,P7; <L 157>]
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Pac Thot ATl (00 (Lthe "HONT®)
BtV AP D)
PRy CALE G2 (e 0O (DONCCRY ™)
10 PR 1l e TRORCCOVER, P77 <M TS5T>)
BECINE OUET (Y (ACRIIRE T now UNDEFTRE D)

CR0EE MHET () s {(the "HANT (CONMFERI ")
[0 013 1l [Codi ER,PCALL. P33
CGvE oul b )

PGy rRu CALL {103): (the "LIO [CONTERD )
100 M3 LA ICECR,RECOVER, P75 <ULTSTS)
10 Pa: 0T ICOHFER,PCALL,P3)

PR RO ACOUILT (74,P5,PG): (ihe *WANIS')
eInt Cone s, FPL,PE]
T0 CONM: DO ICOTER,RECOVER,P7; <DLIST>;
HBCRS,P3,F4, PS5, P6)

PG, IRof CALE GP3): (e 'D0")
OFFIRE Cail (P3)
T0 COMF: AV TSPEAKER,PG)

F2. 10 CORF: 09 [RUSPORD, FOONUMBLE)
[ Have &Uﬁf (7]
DEE NP ACOHIERC 03, P4,1'0,P6)
100 ACHUTRE : DO {CONTER, RFCOVER, P7)
FROT ACOUTRC (P2,F4,PS,PG)+ LONT [CONFCER, IN- CONT . P3]

RUGOVE ACOHITRE (F3,F4,PS, PG
10 P3: LAY [CQUFER, SCHED,CID; <UWLIST>)
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X11 (liscussion

This scction addirences the motivations for same of  the fundamenial
VES dezian  dhregigsions. This uill hopeful ly spur aa analusis  af theae

decisions, and sugeestions for improvement.

The: VOT  VOICE nctuark was chosen to be fullu connceted sinee
SPEAKER HAMOIEE 1o the most frequent conference FUMCTIGH:  1he ovearhend
and dcdan  incurred by reconfiguration of the VOICE notuork  for floor
HANDOU T would  he exccasive. Fully-connected sels are also neaded for
moat sidr comment/inlerruption facilities, and vill wae the bezt vee: of
broodcast addrezsing when available, phile maintaining coapatibilita

uith single-dectination protocols.

Fully distriboted  CONIROL has becn  propescs  asz o rotuemt
canfcrencing strateogu 4], Such a strateqy vnfortunately roequires that
distribuled copies of o very dynamic data basc be maintaincd  in an
identical slate: (here is currently no way to achicve tihis in rral-timg
i th adequate rediahilily, reguiring elaborale timcout recavery
mrechanioama, o foct, the proposcd distributcd mechanicn simpluy invalves
centralized CONTHOL  that moves nith  every SUCAKER HARTRQEE;  sach excbra
chexlay and CUNTRDI overhead degrades system reaustness  and pecformance,

and e beat avoided, A centratized CONTHTL  wmechanicwm  nith movahle



CONIROL une theratore designed. This  approsch o fuliy (lexilbide, and
allowcd oplimization of cerlain functions for apeod (oo THGNONT ),
albhera for eeliabilila (CHATR HANDOCF and it COVURY) . Sinee TR
teaffic s purcly radial, Tull-connectian a5 unnecesasaryg, ond the

CONTEOL betuwork v mede a stlar.

There  hins been too litlle enphasis  in the past oo desianing
communication protocols to be natnork-independent, nhich [
understandable ouing to  the voricd nature of pnckét—suilchcd notuorka.
The result, houever, has  been an imbedding of very nebuack dependent
aclions in the operation of higher level protocols. for  instance, {ho
NVP' e requirement that initial connection take place on a gpecial link
(13 makes establiching an internet NVP connection very problematicals
the GATLLAY can not use  the required link, Jhe motivalion far L GNI
nmas to avoid «imilar  trappings by isolating netuork specificity in a
soparale, non-protncol module. This is practical since  Uhe loaical
functions tmplemented Iy hithr-tcveI' protocols like thr VCS o NI
netuork dependent; they only require that the host notuork be copable of
meceting their  implicit performance demands (e.u. lou loss, o delay,

dynamic broadcast addrezsing).

U7 course, the communicotion facilities provided by the GHL can be
achieved in many nays, but an actual inplementation of the GHI ac &
separate module is  rrecomnended.  This wvould rendeor VYOS dmplemenlations
netuork  independent  ina  way  that nould be iwpossible  if cpreific

netuork ngnagement routines nere imbedded within the VOGS implaementation
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itarl (. Tlee apeciflication of the GH may not b complele  cuongh for
implementation in g netuork, nor bas it neccscear vy intewded Lo e oo
al  this slage; «ome  duportont details mar have bhern exeluded, ond
coerlain exlengions o lhe interface may be desirzi-le. Fleahing oul the
GNI specificalion uill anly be worthuhile, ho.sver, if Uwre is inlereat

in implementing it.

Al Lhooah VES/VCT inleractions are not a part of  the conference
CONTROI prrotoco! per @, the VCT inlerface saclion nas  included sinae
the interface botocen the tio modules is important ta the implementation
of the VUS. wecause the signals are not VUOICE protocol gprecific, lhe
VCI could well  Le  an NVPP DATA protocol in  initial juplewentations.
Houcever, extensions to  the NVP at same point usuld e very hmirabile.
For example, the VUICE protocol could provice a  limited fecdback
facilitly in addition toe the VCS interruption mechanism  (Seclion 1X):
tith il, regponses  from the listening PARTICIPAUTS, coch as o' and
Tah-ha’,  could  be aulomatically  broadcast and hcard by oll olhers,
uithout the neeod for a manudl request or CONTROL  protocol intcervention.
Uhen enabled by the ‘FOON'  signal, COUIET® VCI's would oltou  a
controlled amount of spcech to be broadcast to 'VOICENET': on averane of
one sccond  per winule might Dbe reasonable, Additional Ty, "L1ISTENING®
VCT s uould be enabled  to accept such specech fram PARTICTPANTS outwide
of the "LISIEN'  ctecam in regulated amounts:  thcze fecdbock streams
vould L kept on scparate small gueues for stratecic insertion  into the
main  CHISTIENY  stream, by inlerleaving or mixing {drpending  upon

avallable hardnore) .,



e other useful  VOICL protocol capabililics vould he malliple
SPEAKER" s amd dunawic flon control. A multiplie SILAYIH confercence vould
be most appropricte for arguments and debates: the VYOS conld sel upe Ahis
slructure by attaching an "0 lisi to the SPPCAKLE GBUcCE, inalead of o
single *100° (far  generality, the VYOI interface  alrcodu  permits o
TTISTENT otream to contain more  Lhan onc packet source, Lot o ulilive
this fealure, wmultiple apesch  sunthesizers or sowme cort  of digila)
mixing stratcay vould be necded). [Oynamic flon control cauld (acilitote
optimization of inlelligibilily vis~a-vis current netnork peorforwmosnce,
and is pogsible 11 {he specech synthesizer samplina rate ig under
softuare control. T1he encoding rate would vary al pockel boundarics to
reflect netuork Joad (scnd queue  length), and the rote chosen {for each
packet would be included in the VUOICE protocot hcader. This approach is

probably most vseful for high handuidth vocoding systems such as CVGD,

There has  been recent discussion of a nen VOICE L-ansmission
technique, imbecdded vacoding 5], This system adds a  lon Londoidth
background VOICL slreom (e.q., 2.4 kbit LPC) to a better qgualita, high
banduidth encoding of {he same speech. In this way, a VOICE ncloork con
contain multiple vocoder  types. To scrvice imbecded  vocading,
extensions ta the VUICE and CONTROL protocols nould be necessary.
Although not included in this version of the VCO specification, the

mocifications should be sinple and present no praoblems.

e ucer interface section outlines the mare  inportint functions

and  messages available to  the user. This s intended onlu as a



guidcetline ond not az o specification, since the actual oppoarance  of &
user intecfare and the focilities it provides arc leoo much a0 matter of
laste,  llaoever, i is important  to notice that the full  qectrum of
user infarmation i: avatlable without recource o apiecial  Toaer
information®  COMIROL measages  betueen YOS sy inatead,  noemal COdng
scquences affecting status implicitly evoke uscr mesasages based on their
content., In this vay far instance, users uwill be infarmed apprapriately
vhenever  a neu {0 JIEMBERS, <PLIST>) ', DO (FINJSH, <TIHG>), o "0

(SPEAKER, <10>Y" i« received.

o]

The VCS is unusual  in that its protecol s defined in trrms of a
g ammar., This slructuring facilitates modularization of protocol
functlions, as ucll o rendering thew easiluy expanduble. e " bonguage”
approach will also aid implementation of the VCS, since familiar \able-

cdriven campiler cantrol stiructures can be utilized.

To aduqualely wervice uscrs, a flexible and efficient necaotiation
mechaniom is casential. Provious sirateaies have focusced primuri]y on
astmple tuo-party  interoctions; uhen applicd to a conferencing susiem,
they inevitoably lead 1la highly iterative sessions of  megsauc exchanges
uhich rarely achieve settings of neqotiable paramcters oplimized for the
PARTICIPANT scet.  Jo  sidestep this problem, olher conferencing sustems
{(Z2) (4} da not reilly provide for dynamic ncgotiation: porametlors are
narmal ly set  in advance, or by the person uho first culabliches the
conference {(Wiis ¢ understandable in the case of NVUF, vhich  was meant

to be ful ly compatible uith NVP).
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T faciltitosle fully pipelined negotiation uith several PARTICIPANTS
comal Cmconsly, o CCAPARILTTITSY phi losophy uns adoplerd. Since it 1o
veudtiu iepossible to plensse every member of O baranining  aonp, i
ceemed reasonable that the CHATRIIAN should choose it options  to el
given full infornotion about the PARTICIPANTS abilitice: it e ancuomed
that  hee ui bl implenent an equitable  algorithm  that  witl ¢plimise
paramecters  for  1he PARTICIPANT set as a uwhole. Hith this srheme,
flexibility is only limited by the aumber of decision (e.g.. (loor

HANUGOI ) alaorithme that are available at uscr recuest.

The negotiation procedure also minimizes CONTROU (raffic: requirina
thaot the CHATRUIAN never supply  a directive uithout being sure  that the
PARTIICIE'ANT con fellow it avoids all sorts of othcoruisce common: da- thia-
~J-cant--nill-yuu-do-1his?--no-but-I-can~do-this, ctc.' Hfen fully
retiabdle (e.qg.o, 10 CONTROL connections are available, furlher savings
nau be realizrd since command acknoutedgments are not nocessary  far VUS

operation.

The main desian criteria for the conference estabtishment procedurc
Lere that:
(1) 11 Lo capable of fully autamatic, pipelincd
opcration,

() 1L not require that the conference be scheduled in
advonce, or thal uvscrs cooperate careful ly in selting it up.

(3 11 erve as the basis for  the CHAIR  HANDOIF,
RECOVERY, oand subconference formation mcchanisms.

Cc
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The pipelined,  sinulisncous nature of taisc  fundomental moechanisnm

crenders it very fast and cofficicenl, as well difficult to ssalure {or

foul le. lanever, c<hould anu veru sticky deadicckn arice, it pould e
acimple nmatler ta unpipeline the defective azpect  of the piotlocol by
reaguiring  interlocking via command  acknouicdament, Jnterfocking of
FUNCTION  HAMDOIT e (CLOCK')  wmay also be nececsiry an o a  delfaull in
nelinorks  with  large,  very variable delays 1o avoid audible timing
alitches,  but confercncing performance nould be degraded  tn coclhi an

cnviranment anyuay.

A omaltiple initiative HECOVERY strategu was  adopted o prowote
rapid conference resteration, Hhen the CHAIRGAN  crashes, 'ARTICTPANTS
can not alwaus knou the  extent of  the natiork  failurc; by tiecoming
active, they avaid waiting in vain for external enlts. 0Of cowrace, if
netuork timing is unfavorahle, several shifts of CUNTROL  mau therceby
occur  (Section X1). A possible uay to recduce such  overhend al the
expanae of extira delauy is to reguire that all YOS5 s wait (or & «landard
timeout (after bhroadeasting RECOVERY '003°) before anscucring B COVERY
calls; the netuork ueuld thusly clear of these calis, so PARTICIPANTS
could examine Ltham all  and submit directlu to the one gf higahicst

PFRIORITY.

fU s passiblc to trim the CHAIR HANDQOFE and BECOVERY moechonicms if
the initial c¢onfcrence negotiation exchanges are net  uzed: e new
CHATRODAN  necd  ciwply send U0 (CONFER, <REASON>, <BEW - CHATR - 300y <TI0

LT1S1>37, wherein the "UO LIST' specifies the parancter  volues currently

e



Vas .

in offerl, Ihic offectively short-circuits most of Llhe conference
grneralion measage  sceqnence, and  allous a PARTICIPANT o v acquircd
ith  at post o siupic TAN reply. The advantnae  of  thic alicrnate
scheme i greater BANDORE  rohustness  (usth smaller  delan)  oaing te
simpler  exchonges.  Lionever, it is  less general, and leads o extra
exchanges 1f o PARTICIPANT loses a CAPARILITY roguired by the LD LIGT

juat prior to the HANDOFF.

Beyond  this point, designing the rest aof the VES ana simply a
matter of identifuing FUWICTIONS desirable for conducting o coufercnce.
To add a FUNCTION, ite rclevant OBJECT and AMLICCTIVES necd  only be
deflincd ond  aszociated vith YCT  and user interfoce operations; he
protlocol grammar and  negotiation mechanism delermine  host VOGS = 410
manipulate  the CLIECT. Currently being designed is  a hicrarchical

conferenning facilitu that would be useful In mitilary environnenta,
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