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P'REFACE

This document contains a preliminary deszription ¢ a nea computer
neluork conferencing control protocal. The information presentod is not

necesearily comprehensive enough for implementation: ii= orientation at

this paint is largelu theoretical. The purposs of this presentation is

to solicit feedback that will hopeful ly uncover any protoceol problens,
suggest useful extcnsions or improvements, and lead to an overall design

that is acceptable to the research and user communi ty.



I Introduction

LI th the demonstrated feasibility of speech transmission via packet
sili tched  computer netuorks [11, attention has Aurned  tonard mul ti-
participant conferencing. The processing poucr of packet suitched
netuworks provides an  inherent capability for controlled real-time
conferencing; simply nceded is a YOICE protocol to mediate the exchange
of intclligible speecch across the VOICE data streams, plus a CONTROL
protocol to direct the establishment and activity of those streams.
Current conference CONTROL protocols - [2] have been implemented as
demonstration systems within specific netuorks; for more general user
applicability, extensions to these systems would be desirable to provide

for more flexible and '"natural’ conferencing. To operate effectively in

a user environment, a CUNTROL protocol should:
(1)  Have minimum CONTROL delays to avoid specch gaps and
precorve real-time conferencing ability.

(2) lo capable of  fully automatic operation to provide
transparent, voice-directed conferencing.

(%) Allow formation of unscheduled conferences at user
initiative.

(4) Provide for conferencing in any of several modes,
including round-table (free floor), parliamentary (CHATREAN
recognizes floor rerquests), structured and  unstructured
subconference, elc.

(L) Permil side-comments and interruptions.



(G)  Keep the user informed of all ~ortinent information,

such as participant list changes,

(7) Recover
conditions i th
conference.

minimum

(8)  Be netuork-independent for

Herein  is  presented  a

protocol desianed to satisfy 1he above

The implementation  of this protocol

Communication Supcrvisor (VCS). It is

implementation of the VOICE protocol

Transceiver or VCT) that inlerfaces
JeV: This

document cdefines the logical

communicate with foreign VCS's, local VCT'

specification of this language in

exchanged between netuork HUOSTS is left to

automatically fr
real-tin

specification for a

terms of

om failures ot crror

e nterruption ol e

incrnet applications.

criteria insofar as

vwiil be callced ithe Voiee
ascuncd that  there exists
(cenoted  Voice Communicalion

s

to the VIS as described  in Section

laaguane that VCS's uac
s, and local uscrs.

actual

a ‘uture document.

conference CONTROI

possible.

The exact

message tormats
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1 [lesign Approach

Ouing to varicd user needs and real-time requirements, netoork
conference parameters can be highly dynamic and unpredictable. The VCS
must therefore incur minimal CONTROL delay for functions such as SI'EAKER
or CHAIR handoff, while ensuring that such global reconfigurations be
achieved robustly; the protocol must also be very modular to permit
internet portability, as well as easy expansion or mnodification

according to specific user nceds.

At every netuork site supporting speecch, there uill be an arbitrary
number of VCT1's (exlensions), and one VCS contraolling them. A single
user handset will be patched  into each VCT, wuhile all user interface
devices (Section V) uwill  communicate directly with  the VCS. The VCS
uill initiate actions in response to messages received from other VUS's,
from local users, and from local VCI's; these actions may include
generating outbound CUNTROL messages, SIGNALLING a VCT to perform some
action, or scnding information to the user interface device. A
conference uwill consist of a set of fully-connected VCI's uith one local
user each, and the set of presiding VCS's wuwhich are in logical

communication with the local user(s) and the CHAIRIIAN VCS of the sclt.

w



The VET VOICE netuork  uill be fully-connccted to minimizce SUEAKER
handoff delaygs Cnul. to permit  interruptions and side commentsy; this
struclure will also make the best use of Lhe broadeacstl addrossing
mechanisms  under  development  [3]1 while remaining compatible i th
cingle-destination protocols.  The VYOS CONTROL nctoork uill be a logical
star centralized at the CHAIBMAN VCS (uhich can run avtomatical lu or
under partial human control). The CHAIRIAN will scrve as master of all
negoliations and  source of all  mandatory directives., Since the VOS's
will be  howmogencous,  the CHAIRMANSHIP will be relocatable 1o any

participant site at any time by reconfiguration of the CONTROL netuork.

For rapidity, {he CONTHOL mechanism will be fully pipclined, and
all CONTROL  messages nill  have -high information content. lo avoid
netuork  specificitu, references to netuork access uill  be  wmade with
respect to a huypothetical network interface (Section 111} uhich
provides the required  high-level logical CUmﬁunicati(nl functions
(i thout concernina the YCS about hou the functions are accomplished).
Since come netuwork proteocols are fully reliable (e.g., 1CP), Lhe
conference CONTROL protocol will be specified to opcrate without command

acknouledgments, but will provide them optionally if required,



111 General Netuork

[Macked sl tehed netuorks

communication facilitics. These

(ARPANET NCP},

(SATNCT and eventuallu PHNET).

asuch diverse environments, a General

desianed. The GHI provides a minimum

functions that should be realizable in

permits netuork-related VYCS actions to

independent manner. To run the VCS in

functions provided by the GNI must be

actual implementation of the

routines uithin the YCS itsclf,

All  communication through the GNI

cal led PATHS.

(PATHSET)  onto  the PATHNAME, FPATHS

streams;

PATHSET, and any packet received from a

with  the PATHNAME  upon  delivery.

asynchronous primitive operations:

provide
include

full-duplex connections (1CP),

To reqularize

Netuork Interface (GRI)

GNI, or by appropriate

A PATH is a logical mapping of a
dare

any packet placed on a given PATH is

The

Inter face

hiahly varied logical

simplex-anly  connections

and broadcast connections

the VCS's operation uithin

has bheen

set of loagical communicatlion

most netuorks, and therefore

be specified in a netiork-

a qgiven netuork, the logical

made available, either by an

netuork management

is via communication streams

sct of foreian addrecses

full-duplex communication

sent to all members of the

PATHSET members is associated

GNI  provides 1he follouing



(1) DEEINE <PATHNANES [<PATHSET>]. Defincs  the loaical
mapping of foreign adidresses,  The GHI wmodule moct atlempt to
estlablish and mointain communication with overu meoor  of the
PATHGE T this operation is netuork specific, and of no concern
to the caller, 11 several foreign addresses rezide at the
came phycsical HOIST, the GHNI will open onlu  one coumunication
channel to that sile, and the GMl.  there nilil distribute
messages to all the destination processes. Hhen finished, the
CNT returns o message:

=> <P'ATHNANE » HAS [<PATHSET actually acquireds]

This mesesaae  is issued any  time the composition of the
PATHGET  chanaes (e.g., if a connection cracshes). If Lhe
PATHSET in the UEFINE call is empty, a global receive-only
listen PATH is crcated on which any packets not destined for o
DLF INED PATH are received. Note that addresses in the PATHGET
that are currently on other PATHS are implicitly moved to the
new PATH.

(7) A <PATHHNATE > [<PATHSET>).  Removes  the specificd
forcign addresses from their current resident PATH(s), if any,
and adds them to the (pre-defined) PATHNALE.

(3} REMNQVE <PATHNAME > [<PATHSET>]. Removes the
specified forcign  addresses  from the PATIL The  GNI must
lerminate  communication with those addresses (2 connection
close in most netuorks). If  "PATHSET' is empty, the entire
PATH e undafined., Note that the caller can assune  that the
RIHMOVE  operation is  instantaneous in ils aclion, even if
connections in the host netuork close slonly, since  the GNI
will discard any data packets received uhile truina to close.

(4} 10 [<PATHNANES): <MESSAGE>. Places the [l 5SAGE on

the PATH; the GNI will send it to each foreign addrecs. In a
broadcast net, this tould involve only one  packet

transmission, whereas uwith single-destination addressing, the
packet vould be sequentially sent to each destination  (in the
latter coaze, if scveral destinations exist at the soae
phycical HOST,  the GNI will send only a sinale copu of the
message there; the receiving ONI will distribute it to all
laocal processes that have a PATH containing  the message
source). Note that in place of a PATHNAME, a PATH  subset moy
be specified by listing the foreign addresses (intzrnct 107 s)
that comprise the subset. ’lhe message uill be sent only to
Lthe PATH members listed.

(%) FROM [<PATHHNANES>D = . Requests that the OGN deliver
the next MESSAGE  on the PATH; the PATHNAE mauy be a PATH

&



cubaet of foreian addresses as in the "T0° primitive.  The GHI

il usually tru to keep ahead of caller requects by acquiring

g cmall  reeceived packet  queue for each PATHGET  mewmber, but.

many ctrategics are possible.

In some (unreliable or broadcast) netuorks, it may not  be poscible
for the GNI to explicitiy knou when communication wilhh o forcian site
has been ecstablicshed or lost., In those cases, the GNT  will inwcediately
return  a fully cuccessful  "HAS' message in response to o "OEFINET,
TADD, or "RUMOVE'. 11 is the caller's final responsibility (probably

via timeouts) to determine when a foreign site is unavailable.



IV The YCT Interface

The VCT module implements the VUOICE protecol of the netuork speecch
conferencing syslem. The specifics of this protocol are of no concern
to the VLS, since the VCS directs on}g high-level VUI functions.
Conferences are made possible by the selective control of these
functions, which include YOICE netuwork estzblishment, VCI parameter
change, VOICE transmission/reception on sclected slreams, and
enabling/disabling of limited feedback mode (Section X11). IThe VCS
controls these activities and receives status reports  through inter-

process signals as follous:

(1) Netoork action signals (VCS to YC1).

(o) ACOQUIRE [<PATHSET>).  This signal supplics
the addresses of all  (new) foreion VCT's in ihe
confecrence. It evokes a 'ODEFINE  VOICENE
[<PATHSET>]’ by the local VCT if the VOICENET docs
not yocl exist, else an "ADD VOICENET [<PATHSET>]" is

issued.

() [ROP [<PATHSET>). The inverse of an
"ACQUIRE'. Facket streams from members of the
PATHSET are flushed.

() PARNS [<VALUES>]. Sets ncaatiable  VCT
parameters, including *DATA-RATE®, "TESSAGE-LENGTH®,
"VOCoornt tupe (Section VII).

(2) Netuwork status signals (VCT to VCS).

(a) ACQUIRCD [<PATHSET>].  Informs the VUS of
the successful acquisition of foreign VUI's,

o



(b} DROPPED [<PATHSET>1.  Informs the VCS thad
comnunication uwith some member (s) of  the VOICHHE]
has been laost,

{e)  F AN [<P'ATHGET>] . Uhen packets e
received from a foreign VOT  which has been silent
for conic tine, the VYCS is informed hat FToreign
Activity has been Uetected.

() 1Al [<P'ATHSET>] . Lihen packet receptlion
frrom a foreign VUT has slopped, the VCS is inforwcd
that Toreign Activity has been Lost.

(3} local action signals (VCS to VCT).

(o)  QUIET, Inhibits YCT VOICE transmission,
except to the extent allowecd by the VOICE protocaol
for limited fecdback (Section XII).

(b)Y  TALK [<PATHSET>]. Enables the VOCT to send
VOICE data Lo "VOICENET® if the "PATHSET®  is empty.
Otherwice, VOICE data is sent only to the specified
cubset of "VOICENET' (for side-comment applications,
Section  IX}). The first VOICE message generated
after grtting a "TALK' is assigned a scquonce number
of zero to help distinguish the incipient YOICE
stream from delayed remnants of a previous onec.

(c:) LISTEN  [<PATHSET>]. Causes the VUT to
output packets received from the specified forcign
VCT's to the speech decoder, starting uwith scquence
number zero on each stream (unless a  timeout forces
resynchronization). [f the PATHSET has more than
one mewmber (Section XII), the VUOICE streams uill
have to be mixed, wuhereas if the set is emptuy, the
VCT is  inhibited from further reception. The
PATHGET of a LISTEN supercedes that of . any previous
LISTEN. For the VOICE protocol to praovide limited
feedback, all  VOICE reception is done via "FRO
VOICENET: ' calls; packets from the ‘LISTEN" PATHSET
are shuttlecd to the VOICE harduare, uhile others may
he discarded or placed on small gueues  (uhen
appropriate)l for strategic insertion into the
LISTEN' slream.

(ch)  FROM.  Turns on limited fecdback, allmiing
requlated  specch transmission while TOUIETT, and
requlated alobal spcech  reception from olther

PARTICIFPANTS while "LISTENING® to the SPEAKER.

w



(c:) FOOFF. licables limited feoedback. Fo
speech may be sont to "YOICENET' whilte OUIET", and
gpecch nill only  be accepted  from  the desianaterd
"LISILN® stream.

(1) TUNE [<TONE  1YI'E>]. Causes the VU1 to
cutpul o tone  (or canned speech mcosage)  of Lhe
specificd Agpe Lo the handscet, This signal is
provided o that  the VIS can cue a uscr  lackineg o
visual interface vhen a foreign site o unavailable
(C"BUSY"), uhen he is granted the floor (*SPEAK’Y,
nhen he hos lost the floor (PCSHUT-URP'), and vhen the
foreign SI'tAKER has been silent for some,. time

("10LE?) .
(4)  Llocal slatus signals (VC1 Lo YCS).

(o)  LAD. ITssued when  new Local  specch
Activity is letected by the VCT ("coming out of
cilence’). This signal provides the capability for
VLS floor requests based upon specch activity (1o
make & vocal floor request, the user wmight be
required to utler a specific audio cuel.

(h) LAL. lssued when the YCT determines that

Laocal  speech Activity has been Lost (Tgoing into
silence’). ¢

10



v The User Interface

lo utilize the ncetuork conferencing sustem, the uscr s interfaced
to his VCT through a handset, and to the YCS through a special device.
In the ARPANET coxperiments, a  light box uith pushbuttons uas  uscd, but
the expanded capabilitiecs of the VCS justify more elaborate user
controls. It is sugyested that the input device be a touchtonc pad, and

that output be via a sixlecn character alphanumeric readout.

Through the interface device, users will be able to direct all VLS
functions, even normally automatic ones if desired. The following list
specifies most of these, with "A' denoting a normally automatic function

that is transparent to the wuser, ' a normally wanunl funclion

initiated by the user, 'P' one that is under automatic and manual
control simultancously, and 'C' a function applicable only to the

CHATRMAN.

(1) Conference establishment.
(21)  T: Foreign user call-up.

() li: Ansuering calls (actually, just picking
up the handset could accomplish this).

() AC: Conference generation.
() Tz Joining a conference in prouress.
(e)  All: Leaving a conference or terminating a

call.

11



(CRIEA VCS  parameter negotiotion (c.q.,
PARL TATLHTARY o ROUWD-TABLE  fioor  HANDERNE, VLS
mecsage ALK or NOACK, choice  of YIS automatic or
moanual mocdes, elec.).

() Az VUI parameter negotiation {e.qa., DATA-
BATL, VYOUODLR tupe, HESSAGE-LENGTID .

(7} General configuration requests.

(1) Adl: Getling a typecout of anuy aspect of the
current conference configuration, including the "107
of the current  CHAIRHAN or SPEAKER, composition of
the PARTICIPANT list, VCT and VLS paroameters in
effect, c:lr__‘.

(b) T: Requesting change of any parameter

{leXlios floor  HANDOOFF mode change request  of
CHATRITAN) .

(c) TiC: Accepting or rejecting a paramecter (or
mode) request.

(2} Chair management.
(a) Ti: CHAIR requests.
(h)  HC: Granting CHAIR requests.
(c) TiC: Passing the CHAIR.

(4) I loor management.

(n)  All: Floor requests (automatic if based on
specch activityl),

(h)  AC: Granting the floor.
(c¢) Al Passing the floor.
()  H: Interruption requests.

{e) IM: Granting or refusing interruption
reqguests.

{(f) AlC: Opening a VOICE channel to - tihe
SIEAKER (automatic only for a  tuo-party conference
lo achieve full-duplex conversation, else manual to
cnable the CHATBRIAN to make private comments on the
SPTAKER" ¢ olheruise unused LISITEN sircam. Seo
Section ITX).

12
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() Tt: Closing the VOICE channel to  ihe
SI'EAKER,

() Side comment management.
(#)  Ti: Naking side-comment calls.

(k) Ti: Ansoering or refusing side commont
calls.

() Subconference formation.
{(a)  1l: Subconference formation requests.

(A IS Issuing subconference  formation
dircctives.

(), llenying subconference formation
requests.

(a1} Tl: Accepting or rejecting a subconference
directive or call.

(7)  Voting.
(a) [TiC: Calling for a vote.

(k) Ti: Voting "AYE', "NAY’, or "ABSTAIN® .

Through the alphanumeric readout, the VCS uill respond  to user

requests, and kecep him abreast of all pertinent information, including:

(1Y Conference establishment.
(a)  "RINGING user <ID>’.
(b}  ‘User <10> is BUSY'.
(c¢) ‘User <l0> is AVYAILABLE’.
(d) ‘Call from user <ID>’.
(e)  CCHAIRNAN is <ID>’.
(f)  "PARTICIPANTS are <10 list>’.

() "PARTICIPANT <10> has joincd’.



(h)  "PARTICIPANT <> has lef i b canse:
<[l AGOIH-" .

() Configuration requests.

() "VUS parameters are:' (e.q., PARL LA HTARY
floar HARKDOFE, command ACK).

() 'VOCI parameters are:’ (e.g., VUOCODER TYP
CVSD, DATA-RATE 16 KBITS).

(¢} ‘lioking <uscr request> of CHATHIIAN'Y (i.e.,
VCS or VOCI parameter request).

() C: *<User request> from uscer <IU>" (only
scen for recuests that must be granted manually).

(e} "<lcer request> accepted by CHATRIANT
(c.q., request for PARLTAMENTARY floor HANDUOFF
accepted by CHATRFAN) .

(1) ’<User request> denied by CHATRIIANT.

(2} Chair management.

() (i "User <ID> requests the CHAIR".

(b) C: '"You have the CHAIR'.

(¢} C: 'You have lost the CHAIR'.

(4) I loor management.

(a) C: ‘User <I0> requests the floor' (scen
only in manual fleoor HANDOFF mode) .

() 'You have the floor’.
(c) 'You uill lose the floor in <n> minutes'.

() C: 'User <IU> has passed the floor' (scen
only in manual floor HANUOFF mode).

() "You have lost the floor’.
(r)  'Interruption request from user <I>".

(g} ’Interruption request denied by user
<]D>".

(h)  C: 'VOICE channel to SPEAKER opened’.

14



(i) C: "VOICE channel to SPEAKER closed’.
(L) Side-comment management.
(7)) ’Side-comment call from user <lD>".

(b} "Side comment call refused by user <10>",

() 'Side- comment channel opencd to uscr
= [(HE=S
() 'Side-comment channel to user <101>

closed’.
() Subconference formation.

i) 'Request  from uscr =it
subconference with <ID list>".

() "Subconference request denied by
CHATRIANT .

() 'Start a subconference with <10 list>’.

(i)  ’Subconference call from uscer <I0>".

() C: ’'User <I0> refuses to subconfecrence
vith <l lists'.

(7)  Voling.
(n) ’Vote "AYE", "NAY", or "ABSTAIN",

() C: "Vote results: <counts>’.

In some instances, an output interface device may not be available
or needed.  The VOS i designed to be operable wuithout any dircction at
all if desired, bazing its actions upon speech activity, and informing
the user of status uith appropriate TONES (Section 1V). Houever, in
this mode, the user is unahle to access some conference functions (such

as slatus typcout).

15



VI The VCS Interface

VIS's  communicate by  exchanging nessages  according to  the
conference CONTROL protocol. These messages conform to a siwple arammar
whiich facilitates automation, modularization, and implementation of the

protocol.

Three word classes comprise the  grammar: VLRBS, OBJECTS, and
AOJECTIVES. [llessages begin nith a single VERB uhich specifics a kind of
action, potential or intended, that is applicable to the rest of the

message (the OUJECT LIST). VERDS include:

(1) 00: A directive, usually mandatory uhen issucd by
the CHATRMAN  VCS.  'D0" specifies an action that the source
rants the destination to perform upon receipt.

(2 HANT: A request to perform some action, norwally
sent from PARTICIPANT to CHAIRMAN VCS, and reflecting a user
desire (e.g., Lo assume the floor). The action uill not he
initiated vithout permission of the destination (i.e., gntting
bhack a "00").

() Aii: Informs the destination of some aspect(s) of the
source's state. 'AII" is also an acknouwledguent to a 00" if
command acknouledgment is in effect.

(4)  HONT: A rejection of or negative acknoulcdament to a
00° or "HANT', oftlen reflecting user unuillingness (to serve
as CHATRIAN, for instance).

(L) CAN:  Generated by PARTICIPANTS, "CAN™  informs the
CHATRIIAN  of local  (primarily VCT) capabililies, <uch  as
ability to wvse CVED, LPC, cte.



() CAN: ITnfrequently used, "CANT’ informs the CBATEIAN
that some capability previously identificed in a "CAN" has boeen
lost. '

VLRBS refer 1o a succeeding list of OBJECTS, some of uhich take
mandatory ALLILCTIVES: the message format is therefore:

<VERD> [<OBJECT> 4, <ANJECTIVE>Y:; ... <OBJECT> {, <ANIJECTIVEST]

The sections that follow specify the message exchange scquences
thal the VCS uses to establish the CONTROL netuork, as ucll as those
inleractions that invoke direction of the VCT's; the various UBJECTS and
ADUECTIVES that comprice these messages are defined as they arise in

context.

17



VI Negotiation

Inter-VCS  neqotiation is  the fundamenzal mechanicom by which ¢
conference achieves the configuration desired by the userss;. for
flexibility, any global conference parameter value |ike YOUOUER tupe, or
any FUNCTION (such as SI'EAKER) is a negotiable OBJECT. The YOS utilizes
a neu negatiation philosophy designed to facilitate the rapid
optimization of {hese parameters and the assignment of the conference
FUNCTIONS; for efficiency, this process is integral to initial
conference generation (sce Section VYIID), but may be re-triggered at

any time.

Negotiation takes place betueen a single HAGSIER and  an arbitrary
number of SLAVES; in an established conference, the current CHATRHAN i«
aluays MASTER, and the PARTICIPANTS are SLAVES. A ncootiation session
is initiated by a LANT message from one of the FARTICIPANTS:

F->C:  HWANT [<0BJECT LIST>)

A DO will grant  the request, and a "HONT' will deny it. 1f 1he VCS
wants to postpone replying to a request (such as to be SPEAKER), it can
simplu acknouledge receipt of the request with an  "All RESPOND, <REOQUEST
UBJECT LIST>)’ (see Section X), and send the "U0' or CHINT" laler.
The AN [RESPOND]® is optional if the VCS is running uithout command
acknouledgment, since this mode is only used if CONTROL ﬁonnnctinnn are

fully reliable.



FUNCTTONS  requested  in o the  THANT  message wsually require no
further meassage  exchanae; vhen  the CHAIRIAN is uwilling to assign the
FUNCTION to the PARTICIPANT, he will send:

C->l": DO [<0BJECT LIST>]

The OIVIFCT LIST contains the FUNCTION.

lequested global paramcters must be acceptable to all PARTICIPANTS
before they can be effected; the CHATRIMAN will nnver.scnd Al BRI A oy
PARTICIPANT  unless he knous that the PARTICIPANT has ihe specified
CAPARILITY. To compile this kind of information, a message rcqunsfing a
CAPABILITIES report is sent to all PARTICIPANTS when necessary:

C->All P's: 00 [<CAPABILITY LIST>]

All P's->C: CAN [<CAPABILITY LIST>]

CAPABILITY LIST (CLIST) OBJECTS include:

(1) VOCODER: vocader types available to the VCT (ec.a.,
EVSD SliRCEREIRRS SN EEEO,

(2)  DATA-RATE: the VOICE banduidth range that can be
accommodated by the local VCIT.

(3) TP SSAGE-LENGTH:  the range of message lenaths that
can be accommodated by the local VCT.

(4) VUCODER-FARIS: acceptable ranges for paramncters
specific to a given vocoder type (e.g, LFC FPRE-ENFHASIS, LPC
ACOUSTIC-CODING, LPC INFO-CODING). :

() C-VIRSION: uhich versions of the COMIROL protocol
the VCS supports (c.q, ACK--command acknouledgment, NOACK--no
acknouledanent, LOCK--FURCTION handoff interlocking, RONOCK--
no interlocking). This CAPABILITY CLASS is inlended for
adaptinag VCS operation to the performance characteristics
(reliahility and delay) of a specific netuork communication
facility.

19



— () V-VIRSION: uhich versions of the VOICE proiocel the

VU supports  {e.a., NVP-HUADER--NVP  header format  for VOLCI

messages L), FLEDBACK--ability to handie limited ferdback,

FHXING-  ability to handle multiple SPEAKER <) .

(7)) FUNCIIONG: functions that the logal + YEG/NE]

installation can perform (e.qg, SPEAKER, CHATRGIAN, SUSST0H) .

Notice that cach CAPARILITY OBJECT takes ADCCTIVES.  lhen emptu in
the 00" message, o "CAN' is returned with ADJECTIVES to  inform the
CHAITHINAN  of the PARTICIPANT's full range of CAPABILITIES for each
urmadi fied CAPABILITY OBJECT (in command *ACK' wmode, the CHATRTIAN may
indicate recceipt of the 'CANS' wvia "AM  [RESPOND, <CLIST>1"):  after a
single round-trip time, the CHAIRMAN will therefore poscess a  data base
that enables him to respond to all UHANIS without queruing other
PARTICIPANTS. A CAPARILITY OBJECT accompanied bu a single valued

— ADJECTIVE in a "HANT® is a request to set that value, uhereas in a 'DO°,

it is a directive to do so.

After inspecting all "HANTS® and PARTICIPANT CAPARILIVIES, the
CHATRMAN will sclect the set of global parameter values most acceptable
to all and scnd:

C->All P's: [0 [<0BJECT LIST>1
Each CAPABILITY OGJECT in the list has an ADJECTIVE that specifics uhat
value to set. For anu other requested CAPABILITY ODJECT  values not

globally acceptable, the requesting PARTICIPANT will get back a "HONT'.

Lhenever a PARTICIPANT receives a 'U0’, he uill take the specified

action(s) immediatelu, returning an "AN [<OBJECT LIST>1" 0 f command
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acknouloedgment is in effect. Consequently, reconfiguring o conference
can be ac sinple and cpeedy as a "HANT' ——global-"0D" exchange.  Should a
THIONT® be retorncd to the global 00 (a rare occurrence that could only
haoppen through uzer  intervention), the CHAIRIIAN will  bheoadeast another
‘00" 1o reset the conference to its initial state; a "HONT®  reply to
this message is grounds for automatic dismissal from the conference (ou

can’t please everubodu--see Section X11).

To further trim nrnétiation. a set of default CAPABILTITIES will be
specified (sece Section Xl). The CHAIRIIAN can  aluays  ascume that
foreign sites have these CAPABILITIES wunless (during conference
goeneration) he receives a "CANT  [<OBJECT LIST>]" {from some of  them. A
sile may also generate such a message if a previously possessed
CAI'ARILITY is lost for any reason. In this event, Lthe CHAIRIIAN may have
to choose a new sel of global conference parameters, or else dismiss the

troublcd PARTICIPANT from the conference.
Other notes:

(1) A TLONT' on some UBJECT cancels a previous "WANT'.

(Z) A T0D" on an OBJECT received subsequent to sending a
"LIONT® or TCANT® elicits another "HONT® oratsH EANT
respectively.

() The negotiation MASIER ignores repetitious "LIONTS?
and "LHANITS'.

(4)  "LANIS' not within the requester’'s CAPARBILITIES are
"LONTEN® .

(%) LANTS' 1hat would not change the requester’s slate
if fulfilled are granted.



(__ ()  "0O0OGT that uill not change the recciver's state are
acknouledaed i th "AIT i f command acknairicdanent is in effect,
else they are ignored. :

(7)Y  Anyg olther meaningless message s ianored.

(&) Objects from different CLASSES (e.g., CAPABILTTIES,
FUNCTIONSY mau be mixed in the same messaas in anu tachion.
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VITI [stablishing a Conference

A conference is formed uhen a set of users try to mutually call one
another, or  instruct their VCES's to do the 'dialing' for them; such
calls are received on a global listen PATH ("CALL") for uhich VUS's
aluays maintain outstanding FROM:’s (Section IRISIG)S Normal luy,
conferences uwill be scheduled in advance, and a single VLS (tLhe
dasignated CHAIRIAN) will call PARTICIPANTS in. Houever, the conference
generation mechanism wuill function properly even if there are multiple
active callers., 0OLJECTS relevant to conference generation inclucde all
CAPABILITICS, as uell ac:

(1) CNONFCR. References the act of conferring with a
uscr. CONPFTR  tokes one of several ADJCCTIVES which specify

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

(a)  SCHLD, <CONF - 1D>: Scheduled conference,
assigned 10",

() UNSCHED, <USER  1D>: Unscheduled eall fron
user "IN'.

(c) SLIBCONF, <SUBCHAIR I0>: Subconference
CHAIRED by *ID°.

()  SI0L-COIM, <USER  ID>: Side-comment reguest
from user "10°.

() C-HANDOFF, <NEW-CHAIR 1D>: CHAIR handoff to

vacer T10°.

(r)  RECOVER, <CHAIR I0>: Trying to recover from
loss of CHAIRIAN *10° (he crashed).

N
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(rr)  URAUTH, <USER 1D>: Unauthc-izecd to speak to
i (s

(i} ITH-CONF,<CHAIR Il>: In conference i lh
CHATIEIAN T T0 .

(i) PCALL, <USCR 10>: Called b higher FRIORITY
veer TI0T, joining him.

G O BEAL: Megotiation failures “ite
unaerviceable.

() QI1T. References the act of |
terminating  communications, CQUIT take
indicates the reason for leaving--

caving a conforence or
s an  ADJLCTIVE wuhich
(o) [THRD, <CONF TD>: Conference '"I1° has endedd.

(b)Y ALTCON, <CHAIR  10>:  Joining an alternate
conference CHATRED by '10°.

{(c) UNSPEC: Reason for "QUIT' unspecificd,

(cI)  SUBCONF, C-HANDOFF, -PCALL, SIDE-COil, and
FAIL as above.

(3) HNMLHOCRS. Refers  to the PARTICIPANT  cowposition of

the conference and the identity of the CHAIRIAN.  THHDCRS

takes as an ADJECTIVE the PARTICIPANT LIST  (PLIST) of the

confercnce, ordered by PARTICIPANT  FRIORITY (Scction 1X);

the CHAIRFAN is first on the LIST.

In the preceding compilation, 'CONF ID' is a logical noame assianed
to the conference in advance and distributed to each PARIICIPANT site,
uhile "USER - ID" and °'CHAIR 10’ consist of al. the internct 10 of the
VCS servicing the indicated user, b). his VCI extension number at that
site, and c). his name. OUnce the PARTICIPANT LIST has been disiributed
to all sites (see belouw), CONTROL messages batueen VOS5 s  that contain

I0’s need only include the internet 10 and exiension nusber portions of

the user 'I10°’. Conversely, messages for ths uscr device containing a
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user TT0 will be  formatted to include only the user nawe part  of the

T, wuhich can be found in the PARTICIPANT LIST.

o eastablishh o conference, a VCS scnds a 00 [CONTLR, <BREASONST®
message  to o cach destination on the desired PARTICIPANT LI1ST: the
ariginator of ihis wmessage is  implicitly attempting te CHAIR the
conference, and a positive reply implicitly accepts him:

C->PLIST: DO [CONFER, <REASONS>]

F->C: WONT [COHFER, <REASON>] -- Rejects

P->C: LIANT [CONFER, <RFASON>; <WANT LIST>] -- Accepts

The negative reply terminates the communication for the specified
RECASON.  The positive replu echoes back the REASON supplied in the "LOY,
and usual ly includes neqgotiotion requests (in the HANT LIST) for OBJECTS
that necd to be specified during conference generation. Pertinent
OBJECTS include "VUOCOULR', ‘TESSAGE-LENGTH', *DATA-RATE’, and so on. If
the LANT LISIS of the accepting PARTICIPANTS are incomplele or
conflicting, the CHAIRIAN will have to obtain more complete CAPABILITY
information at this point by issuing to all:

C->All P's: DO [<CAPABILITY LIST>]

The CLIST will consist primarilg of unmodified CAPABILITY OBJECTS,
but could inclucde some directives as well if the CHAIRIAN wvere alroady
able to finalize sonc parameters. Lhen the CAN replies filtor back:

C->%ome P s: U0 [CONTER; <00 LIST>) -- They are acquired

C->0ther P"e: HONT [CONFER,FAIL) -- They are rejected



As above, the "HUNT [CONFER]' terminates communication. [f command
acknoulcdagment i« in effect, the accepted FARTICIPANTS relirn  an Al
uhich cchocs the contents of the preceding 00:

e >C: AN LCONT LR, <REASON>: <00 LIST>)

Finallu, the CHAIRIAN dispatches a message to the PARTICIPANIS to
inform them of the canference PLIST:

C->F"s: DO [NENBERS, <PLIST>]
Each local VCS will display the PLIST to the user and direct its VCI1(s)

to establish the VUOICENET; conferencing can begin,

Notice that throughout this conference generation mechanicsm, all
PARTICIPANTS wuecre handled simultaneously in a pipelined fashion, and
that the conference is,fully configured after only tuo or three round-

trip message delays.

A caller docs not nccessarily have to attempt to assume the
CHAIRMANSHIP; there is a passive call mechanism that will  normal ly be
used for unscheduled calls, and it implicitly puts the responder in the
CHAIRMNAN role. To make a passive call, the VCS simply sends:

P->C: LIANT [CONFER, <REASON>; <WANT LIST>]

The responder nced nouw only issue a "HONT' or a '00°., oand procecd
exactly as above. In fact, 1ihe only difference here is that a 'HANI
[CONFER]* was dispatched without a '00 [CONFER]' to evoke it. HNote that
it ic possible to dicpatch a "WANT [CONFER]' in ihis vag.  and then
receive that very '00 [CONFER]' (i.e., passive call to a site that is

simul taneously actively calling you)l; the '00' would be ignorcd.
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In o well populated  specch network, a VYOS activeluy cestablishing o
conference will occasionally receive a '00 [CONFER]' from anotheor VOS.
If that VCS is not an his PARTICIPANT LIST, a "HONT® will  probably be
returnced ("REASON'  being "IN-CONF’). Otheruwise, Llhere is a polential
deadlock since bolh are trying to initiate the same conference, and have
exchanged "DOS"; gcomchou, one must surrender control to the other. HWhen
a 'b0 [CONFER]® {or  'LANT [CONFER]') collision occurs, it is suggested
that the involved VUS's compare their respective internet 10's, treated
as unsigned sixty- four bit integers. The smaller 'I0" has priority and
i ll bhe CHAIRIAN. For a 00" collision, the larger "ID' uwill therefore
send the standard "HANT  [CONFERI’, while for a '"HANT' collision, the
lover "I0" will issue a '00". This will allouw conference gencration to
get undoeruay  automatically and without delay when there are multiple
active callers, and if they like, the wusers can reassign the CHAIR

(Section IX) once the conference has started.

Lhen one YOS surrenders control  to another during conference
establishment, it must also dismiss any PARTICIPANTS that have been
acquired. This uill be done via:

C->Acquired P’s: DU [QUIT,PCALL, <USER 1D>]

The surrendering VCS nill also terminate communication with sites that
are not yet fully acquired (i.e., '00 [CONFER; <D0 LIST>]1" not uet
sent):

C->Partially acquired P's: WONT [CONFER,PCALL, <USCR 101>]
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The "1 serves as a referral to the higher priority YOS

the dicmisced PARTICIPANTS can send it a "HALTY i f desired.

Ao

<o thatl

ustal,

uith command acknonledguent, an "AN [OUIT, <BREASON=Y" will be returned to

the CHATRNAN., Thic came message is used any time a  PARTICIPAN

to leave a conference.

diccicea
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IX Conducting a Conference

Once  the CONTROL  and VOICE netuworks have been established, the
conference can begin. Conferences are conducted by the CHATRIAN through
dynamic assignment of FUNCTIONS, wsually in response to wusecr requests.
Therefore, the CHAIRNAN should receive a secries of "HANT' mnmessages as
soon as he has dispatched the 00 MEMBERSI'. Although not explicitly
stated from here on, an accepted 00" will aluays cvoke an "AIl" if
command acknouledguent is in effect, while a "HONT® will be returned to

an unaccepted "0O0° (or "UANT') regardless of the acknouledament moce.
The FUNCTION most frequently requested and reassigned is:

SIPEAKER. References possession of the floor, and takes as an
ADJCCTIVE a user 10,

To request the floor, a wuser will punch a button on his VCS
interface device, o he might utter a special cue into the handsct (Lhe
VCS uould detect the 'LAD' signal). This evokes a "HANI [SPEAKER, <ID>1"
from the VCS, uhere "10"  is the identity of the requesting uscr. To
i teh SPEAKERS takes only a single message transmission;  the CHATRIAN
will send to all PARTICIPANTS a 00 [SPEAKER, <ID>1", resulting in:

(1) The previous SPEAKER's VCT is SIGNALLED ’OUIET' and

'LISTEN [<SPEAKER 10D-17.

(?) The new SPEAKER's VCT is SIGNALLED °TALK® and
'LISTEN [<CHATRHAN T0>1°.
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(_ (3} Al  other ¥YCT's are SIGNALLED ‘'LISTEN [<GDEAKER
IHHES[EAE

Notice that uhen a PARTICIPANT assumes the floor, his VCT will

)

receive no input  from the VUICENET (excspt for limited feedback
slreams), [lis LIGILN stream is therefore defzultcd to the CHALIRIAN, uho
may nou talk to the SPEAKER by SIGNALLING "74LK (<SPtscell T0=]17  to the
CHATRIMAN VCT. This facility is most useful for a tuo-party conversation
(a degenerate conference with a CHAIRMAN and onlu one FARTICIPANT) since
it provides full-duplex VOICE communication betueen  CHAIRIIAN  and
SIPEAKER. For  tuwo-partu  calls, the CHAIEIAN VCS  uwill  therefore
automatical ly open  this VUOICE channel to thz SPPEAKER. Otheruise, the
CHATRINAN user can open the channel by special command to his VUS uhen he

wants to make comments to the SPPEAKER.

{:A.

Large, widely variable message delays are tunical in some netuorks,
necessitating interlocking of FUNCTION HANDOFF's. Interlocking r‘cqt.:in_:s.
that command acknouledgment be in effect ('C-YERSIOHN ACK'), oand is
negotiated with the "C-VERSION LOCK® OBJECT (Section YII); it ensures:
that all other PARTICIPANTS are auare of the HANUOFF before the FUNCTION
is actually reassigned. Lhen interlocking, floor HANDOFE is achicved

by:
(1} The 00 [SPEAKER, <NEW SPEAKER (0]’ is broadcast to
all but the nou SPPEAKER.

(el CHATRIAN auaits reception of all AN
[SPEAKER, <NELW SP'EAKER ID>1" acknouledgments,

(2} The CHATRMAN  sends '00 [SPEAKER, <itl SCEAKER 1017
to the neu SPPLAKLR.
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The:  CHATRUAN may utilize any  of scveral  floor  HANIOPE decision
slrategies, necgotiable through:

F-HANDOPE . ficferences the floor HANDOME algorithm  wvced by Lhe
CHATRIAN.  ATLIECTIVES include:

(1) PARI TATENTARY. The CHATRIIAN  recoanizos
requesting PARTICIPANTS  in any order at his discretion
{e.g., via Hobert's Rules of Urder). In this mode, the
user at  the CHAIRIAN site may want to perform SP'EAKER
HANDION T wmanual ly. Otherwise, the CHAIRIAN  VCS  will
ulilize some appropriate function of request order and
requester PRIORITY.

() ROUND-TABLE. The floor is granted on a first-
come-first-served basis, ROUND-TABLE mode is best
handled automatically. '

The default mode is ROUND-TABLE, although a user nay request

another mode at  any time in @ ‘WANT' message; the CHAIRHNAN will reply

'LIONT® if the requested mode is unacceptable, else "AN’.

The CHAIRIAN mou  sometimes want to retract the floor from a
PARTICIPANT, warning him in advance (if he has been too verbose, or
silent for too long); conversely, a PARTICIPANT must be able to inform
the CHAIRNAN when he is finished being SPEAKER:

FINISH. References relinquishment of the SI'EAKER FUNCTION. A TINE
ie supplicd as an ADJECTIVE; it indicates the time at which




A PARTICIPANT  can voluntarily relinquish the flee- wiih an, " Af
[(FINISH,81® (i.e., finiched nou). 1f desirec. "FIHISH® messages can he
exchanged to interlock relinquishment of the “loor befors o nen SPTARKER

is assigned.

Irn a PARL TAHTNTARY conference, floor HALL T i« dorgeiy deicrmined
by PARTICIPANT PRIORITY (i.e., pecking order}. FHIORITY ic  dmplicit in
the order of the conference FPLIST, which is cotermined by the CHATRIAN
just prior to issuing the ‘U0 [NEMBCRS, <PLIST>]". FARTICIPANTS not
satisfied with this assignment may request another  via a THANT
[(MEMBERS, <PLIST>1", uherein they have specifizd a noy PAIORITY ordoering.
The CHAIRMAN rejects the request with the usuzi "LONT®, chile to accept
it, he broadcasts a new ‘00 [MEMBERS, <PLIST>]" to ali (note that "LHO
MEMBERS, <PLIST>]1"  is also dispatched to svoke re-onficguration of
cveryone’s VOICENET wuhenever the FLIST changes through PARTICIPANT

addition, deletion, or loss).

e @ Pﬂﬂf[CIPﬁNl places his oun 'ID’ at the head of the PLISE in a
PHIDHiTY request, then he is asking for the CHAIR:; a "0 HiEHBERSIT with
his 'ID’ in this position is a directive to take the CHAIR. CHAIR
HANDOFF - may occur at any time, either by such -rejuest or  at the
discretion of the CHAIRNAN; it is achieved bu the same pechanism that is
vused to establish a  conference, To initizte a CHAIR HANDOEF, the
CHATRNAN  sends D0 [HEMBERS, <PLIST>]' to the potentisl  CHAIRIAN, who
then (if agreecable) broadcasts to all PASTICIPANTS., ‘0 [COMCER,C-

HANDOFT , <NCW CHAIR  1Ds]"; exchanges now occur as outiincd in Section



VIIT. LUhen a PARTICIPANT becomes ful ly acquired by the neu CHATRUAN, he
will  terminate CONIROL  communication with the old CHATHIAN  uith "AlI
[QUTT,C-HANDOPT, <N CHATR 1051 . Finally, the new CHATRIAN  uill
broadcast a "00 ENGERS, <PLIST>1"; if all original PARTICIPANTS are not
on the PLIST, then the old CHAIRMAN will have to "00  [OHIT,FAILT" them

from the conference.

For sccuritu reasons in some instances, a PARTICIPANT may not trust
the sender of a C-HANOOFF '00°. If so, he will hold his reply in
abeyance and query the current CHAIRMAN with "WANT [QUIT,C-HANDOFF, <NELW
CHAIR T1D>1"; a '00" will give him the go-ahead, and a "HONT' will prove

that uou can only fonl some of the people some of the time.

CHATR  HANDOFE  does not require interruption of anu conference
FUNCTIONS; houever, to be certain that the new CHAIRINAN's information is
up  to  date, PARTICIPANTS wnith assigned FUNCTIONS (such  as SI'EAKER)
should send him an A [FUNCTION)'. Copies of "HANIS® not granted by
the old CHAIRHIAN  should also be sent to the neu CHATRIAN o all

PARTICIPANTS,

Unstructured subconferencing (SESSIONING) is achicved through the
normal CHAIR HANDOTF mechanism, except that:
(1)  The ODJECT 'SESSION, <PLISTS? i5 uscd to
request/grant o SESSION  SUBCHAIRMANSHIP, as  opposcd Lo the
HENMBERS, <PLIST>" for CHAIR HANDOFF.

(2)" The ADJCCTIVE' for ' 'CONFER® ‘and ™QUIT® ™ is'*SUBCONF®
inctead of "C-HANDOMF".

)
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(2) Inclend of sending the final 00 Gl HOERS, < 1ST>1 T
to the old CHATREAN, the SUBCHAIRIAN issuss hiwm an "AHL UMITT,
SHBCONF , <SURCHATR T0>1°. Nole that the 'U0 i HDFRS. <PLISTSTS
i still broadcost to the acquired PARTICIPANIS, o= in requla
CHATH HARNDOFF .

The effect is therefore to fragment a conference inta f{ully indepondent

entities,

Uhen a subconference ends, PARTICIPANTS wishing lo rejoin the

main

conference will have to re-connect to the old CHAIRIIAN via  the standard

"WANT [CONFER]® passive call. O0Of course, the CHAIR may have shifted in

Lhe inlterim, in wuhich case the reply will be LN (oL, IN

CONF, <CHATIR 1ID>1"; the requester i~ thereby referred to the current

CHATRIIAN,

In a natural conference, participants can uhisper among themselves

al uill; such a side-commenting ability can be very useful, and i

provided through a special  passive conference call from PARTICIPANT to

FARTICIPANT:  "HANT [CONFER,SIDE-COM, <CALLER 10>1'. HNaturally, a "00°
accepts the side-comment recuest, and the affected wser VUI's are
directed to switch their "LISTEN® streams and 'TALK [<TURCIGN SIDE-

COMMENTER TD>] ", The tuo PARTICIPANTS may now conduct an independent

(full-duplex) conversation: in effect, they have forned a tuo-party

subconference, uwith the receiver of the side-comment cail  as CHATRITAN.

Houwever, both PARTICIPANTS will still receive messages from {he actual

CHAIRMAN, as well as fecdback streams from the conference VOICFNTT'.



Side comment secsions  are terminated via the norual o TOHTT?
mechaniamn,  but with "STOE-COM' as the ADJECTIVE. The VET'<s  of bolh
side-commenters uill  be reset  back to "OUIET®  and "LISHNING® Lo lhe
SUEAKTIY clrenm; ang paramelers that uere rencgotiaoted  for the side
comment ceasion uwill revert  to current conference valucs. HMNote Uhat o
'SI0E-CUIMT" request to  the SI'EAKER will  normal luy be refused (unless he
miches to relinguish the floor first), while acquisition of the floor by
a side-commenter uill usuvally terminate the session {unless he uants to

pass).

Akin to side-comnenting is the ability to interrupt the SI'EAKER for
making a global comment, or even for providing a bit of auditory
feodbock (i.e., chort noises from the listeners, such as "hum' o "uh-
huh®). A small anount  of interruption (limited feedback, Section XIiI)
could be provided by the VOICE protocol automatically for the lalter
purpose if CFLEDBACK® is globally implemented (Section VII), but for
interjections lasting more than a second or so, the CHAIRIAN  must grant
a PARTICIPANT permission to interrupt:

INTLRRUPT. FReferences interruption of the SPEAKER by a  uszer uhose

I is supplied as one AUJECTIVE, for a time specified by a
sccond ADUECTIVE.

A user wuill request an INTERRUPT through his VCS inlerface device,
and the VCS uill dispoateh a "WANT [INTERRUPT, <REQUESTER ID=>,TINET".  The
CHATRHAN may nou either make the decision independently, o consult the

SICAKER by relaying the "HANT'  to him; the SPEAKER can  accept by
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returning a *U0°, lo achieve the interruption, the CHATRIAN simply
hrroadeasts "0 TINTERRUPT, <REQUESTER 10>, 715021 to ali PARTICIPANTS;
VCT's will be =swilched 1o the interruptesr's VOICE slream = flor the
specificd period, and will then revert back to the SPEAER s, Ihic is
effectiveluy a very limited floor HANDOFF, with automatic sultehe hack,
and should provide fur effective real-tine interruption (bul onlu  in &

nctuork with small CONTROL delays).

Conferences can be characterized by freguent voling, avknd  in @
teleconferencing environment, lo simplify this process, o special
OBJECT is providerl:

YOME. References voting, and takes "AYE', "HAY', or 'ABSTAIN® as

ADIECTIVES. g
Lhen the CHAIRIIAN calls for a vote, a '00 [VOIE]' i¢ broadeast, uhich
causces  each VOS to display a 'VOIE' message 1o the  local vaer (s)
(ensuring that side-commenters can VYOTE). There uwill be user device
cocdes to elicit an "ANl [VOTE]® uwith "AYE', ‘NAY', or *ABRSTAIN® as an
ADJECTIVE; the CHAILTIAN VCS will labﬁlate these responscz,  counling any
too tardy as TARSGTAIN', and display the results to the CHATRIAN user.

If a user gencrates more than one VOTE response, only his last uill be

counted.



X I ailure Recovery

Since  packet  suitched netuorks  are  veru  dynamic and  oflten
overburdened, crashes occur unpredictably. In a conference, terminal

node failure will usually isolate a single PARTICIPANT, uho is sometimes
the CHAIRMAN;  more seriously, a subnet problem could partition the
communication nctuork, scparating the conference into scveral picces.
The VCS provides for automatic recovery from these conditions through
the normal conference generation mechanism. lo detect their occurrence,
the follouing ORJECT is employed:

RESPOND.  Heferences the act of responding. A dalum accompanies

the RESPOND as an ADJECTIVE, and serves to tag it.

The CHAIRNAN  and PARTICIPANTS exchange ‘HESPOND® messages uhen
there has been no traffic betueen them for some tine. The originator
wuill dispatch a "00 [KESPOND, <DATA>]', and the responder uill reply uith
an "AM', returning the DATA supplied in the 'U0%; failure to do so after
a specified timeout inplies that the responder has crashed. In commanc
"ACK' mode, "AM [DESPOND)’  is also used to acknouledge receipt of a
message that will not otheruwise evoke an  immediate reply  (e.qg., somc
TLIANTS® and "CANS', Scction VII). The OBJECT LIST of the acknouledaed

message is returned as "ODATA" in the "AN [RESPONDI ™.
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Lhile involved in side-comments, a pair of PARTICITANTS wag have to
exchange  "HESPOMHD®  directives, just as  thsu do  with  the CHATHTAN.
Should one lose the other, his VCT will simpic be "QHIETED" and coitched

hack to the SIEAKER's VOICE strcam.

Hhen the CHATRIAN  discovers that a PARTICIPANT has died,  he aill
broadcast a standard 'DO [HMEMBERS, <PLIST>1', uhwrefron the  lost
PARTICIPANT®S 1D’ has been deleted. Should the PARTICIPANT  cowe alive
at saome future time, he wuill passively cail  in to the CHAIRIAN to
rejoin; if the CHAIR has moved, of course, the "LONT' he gets uill refer

him to the new CHATRIAN.

I[f a PARTICIPANT finds that the CHAIRIAN has crashed, he uill
invoke the RLCOVLRY procedure. HLCO?EHY utilizes the conference
generation  mechanism, witlh  intentional multiple callers (see Seclion
VIIT); in RECOVERY, houever, PLIST PRIORITY (rather than internet 107 s)
is used to reccolve ‘00" collisions. las silnliiGilaiie the process,
PARTICIPANTS  who lose contact with the CHAILIIAN issue a 'UO
[CONTIR,RCCOVER, <OLD  CHAIR 1D’ to those on the PLIST of louer

PRIORITY. The follouing rules then apply:

(1) If the receiver of such @ 'U0" is unauware of the
crash, he will query the CHAIRMAN with 00 [RESPGRD, <DATAS] .
Should he get a response, the 'CONFER® request wuwill be
refused.  Otheruise, he will enter the RLCOVERY preocedurc: if
the requester is of higher FRIORITY he uwill accept, else he
uill broadcast RECOVERY "00S’ to those of loucr PRIORITY than
himaelf.

() When an active PARTICIPANT receives a  RtCOVERY "0i)”
from a higher PRIORITY PARTICIPANT, he uill accept and dismiss
all wuhom he has acquired (Section VIII),

)
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(3Y  Uhen o PARTICIPANT  thusly acquired  receives
RECOVERY 00 from one  of higher FPRIORITY 1han his current
supcrior, he will AT [OUIT,PCALL, <ID=>1", and accept the "LIL°.

() 11 a "0 caliision is not resolved by  the PLIST,
then iU is recolved by internet T0°S (the PLIST s ot different
sites may not agree since the CHATRIAN may have  bocn updating
them: at dhe tine of e ~erash. In this instance, too
FARTICIPANTS wag cach believe that they are of highor PRIORITY.
than the othcers "UOS" will be exchanged, and cach will anait o
sulbmissive accoplance from the other. Lhen the expected reply
fails to  arrive, despite  successful "RESFONDS' . the
PARTICIPANTS will fall back to the internet 'I0° comparison).

() Uhen an active PARTICIPANT has received responses to
all of his "00S", or has deduced that unavailability accounts
for those missing, he will begin conducting the rccovered
conference bu broadecasting the usual D0 [HENBERS, <PLIST>T "
houever, rules tuo  through four will still apply for a
specified tine interval to allow for delayed RLCOVERY messaqces
fraom higher PRIORITY PARTICIPANTS. Subsequently, such former
PARTICIPANTS will have to passively join the conference, and
negotiate for the CHAIR.

(6)  Ac in CHAIR HANDOFF, PARTICIPANTS will inform the
nce CHATRIAN of anu assigned FUNCTIONS and  ungranted "HANTS™ .
Note that FUNCTIONS (e.g., SPEAKER) neced not be terminated
during RLCOVERY, so the process is potentiallu transparent.
The effect of this  RECOVERY procedure is to  relocale  Lhe

CHAIHHhNSHIP to the highest PRIORITY surviving PARTICIPANT. [f the

netuork partitions, a conference will reform in cach.
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X1 Frotocol Scenaries

To facilitate ite implementation as a finite state machine, the

will maintain five logical PATHS:

(SR} S (A |61 The global listen PATH on uhich calls are
received.

(7)  ACOUIRC. During conference establishnent, the PATH
vhereon  polential  PARTICIPANTS are placed until  acquired
(i.e., after o "WANT [CONFER]I® has becn received from them,
but before the final "0 [CONFER]® has been sent).

(3) CONF. The resident PATH for acquired conference
PARTICIPANITS, :

{GE i STiE: The resident PATH for a side commenting
PARTICIPANT.,

(L) Quit. The PATH  on  uhich non- ful - acouir ed
PARTICIPANTS @re placed uhen a higher priority call (PCALL) i
received during active conference establishment. Upon receipt

of his next message, each PARTICIPANT on the “QUIT™  PATH will
be appropriately dismissed:

(a)  1f the message is "WONT [CONFERI® or TAil
[OUIT)", no dismissal is needed.

(b} If the message is ‘ANl [CONFER)®, the
dismissal is "00 [QUIT, <REASON>] .

() Otherwise, the cdismissal iP5 TN
[CONFER, <REASON>]?

In commancd "ACK' mode, PARTICIPANTS that have beoon  issucd a

OO [OUIT) are also placed on the "OUIT" PATH, to auail their
AT TAUTT) " and to keep these replies separate from "CALLS'.
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Ouring initialization, all VCS's will "WFINE CALL'. [xample

cessiona:

(1) Massive tuo-party call., Scenario: Command “ACK' is
the system default. User P1 nill call user I'2, specifuying a
HANT  LIST”  (CCHLIST’Y that P2 finds acceptable (il might
caontain CAPARILTTY OBJECTS such as 'YOCOOCR CVSO™, "DATA-RATI
16 KBITS™, 'HESSAGE-LENGTH 1824 BITS', 'C-VORSION NOLOCK™) s
the THLIST® will be returned unaltered as the 00 LIST®
COLTST ),

"1, 10 P2: WANT [CONFER,UNSCHED, PL1; <HLIST>]

P7. TROM CALL (P1): WANT [CONFER,UNSCHED,P1; <HLIST>)
OFFINE ACOUIRE (P11
: > ACOUIRE HAS [F1]
10 ACOUIRC: 00 [CONFER,UNSCHED,P2; <DLIST>]

Pl. RO CALL ('2): DO [CONFER,UNSCHED,P2; <DLIST>]
OLIINE COni [P2] ;
=> CUNI HAS [1°2]
10 CONM: Al [CONFER,UNSCHED,P2; <OLIST>);
LANT [SPEAKER, P11

P2. FROM ACOUIRE (F1}: (the AN and "WANT™)
OCFINE CORF [P1] - -
=> ACOUIRE HAS [1 (ACQUIRE PATH is undefined)
=> CONP HAS ([P1]
10 CONFr: DO (NENMBERS,P2,P1; SIMEAKER,P1]

B B RONAE TN EZ) S R DD
10 CONF: AN INMENMBERS,P2,P1; SPEAKER,FP1]

FZ2 is nou the CHAIRIMAN, and since this is only a tuo-party
call, his VCI wuill be enabled to 'TALK® to Fl, establishing
full-duplex YUICE communication (Section IX); there ncver nced
be a floor HANDOM.

() Tuo-party passive call. Scenario: Pl  passiveluy
calling P2, The system default CAPABILITIES are *VOCODER
CVSD; DOATA-RATE 16 KBITS; MESSAGE-LENGTH 1824 DBITS: C- VERSTON
NOLOCK, NOACK'. This time, Pl will not supply a THLIST" in
his CWANT' call, jmplicitly requesting the system default
parameters. lHouever, P2 can only support up to 12 KBITS CVGI,
and prefers & KBITS, so negotiation will be triggered.

1. 10 PZ: WANT [CONFER,UNSCHED,P1]
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s a e e e e (e iR E)
DLFINE ACIRITRE [P
10 ACOHTRE : U [OATA-RATE]

R FRAMSEARES (2] e 2 02)
10 P2 CAM [DATA-RATE, S to 24 KBITS]

2. TRON ACOUIRE (P1): (the "CAN')
Ot INE CORE [H]1]
10 CONF e Do [CONTER,UNSCHED, P2; DATA-BATE, S KBITS;
Fii MBERS,P2,P1]

Pl. FROO CALL (i2): (the *D0O)
DECINT CORP (2]
T0 CONF: LANT [SPEAKER,P1]

FZ. FROM CONF (P1): (the 'LIANT')
10 CONF: [0 [SPEAKER,P1)

(2} Addition of a PARTICIPANT. Scenario:  [hrinng the
conversation established in scenario  tuo, a uscr P2 tries to
call Pl. He is refused and referred to P2, uho adds him to
the conference, Hhen this happens, ‘P2 uill close his gpecial
VOICE channel 1o P'] (since this is no longer a tuo-party
conversation), and normal floor HANDOFEF wvill  encue.  flolice
that P2 ig requesting system default configuration parancters
since he includes no "HLIST' in his "HANT'; negotiation is
thereby trigagered since the current UATA-RATE® i the non-
default & KBITS.

'3. 10 Pl: HANT [CONMER,UNSCHED,P3]

1. FROM CALL (P3): (the "LANT')
TO P1: WONT [CONFER, IN-CONF,P2]

P3. FROM CALL (F1): (the 'HONT®)
10 P2: LANT [CONFER,UNSCHED, P31

PZ2. THOM CALL (1'3): (the "HANT')
DEFING ACQUIRE [P3]
T0 ACQUIRE: DO [DATA-RATE)

ReEEFRENSEARIE S (HS) S (e i 0]
T0 FP2: CAN [DATA-RATE,12 to 18 KBITS)

FZ2. FROM ACOUIRE (P3): (the 'CAN')
10 ACOUTRC: DO [CONFER,UNSCHED,P2]
AN CONE 93]
T0 CONF: [0 [DATA-RATE, 12 KBITS;
Hi Merns,P2,P1,P31
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P2 and FF1 uill now add P3 to their "VOICENETS', uhile P3
will create a new "VOICENET' including Pl and PZ.

(4) Actlive conference formation. Scenario:  System
defaultls as per ccenario tuwo.  User PL actively cstabliches a
scheduled conference assigned the identity "CID'. AL the same
time, one of  Lhe scheduled PARTICIPANTS (P2)  passively calls
in ta P1. Al but P2 implicitly request system defaul ts.

Pl. DLEINE ACOUILRE [P2,P3,P4]
10 ACQUIRE: DO [CONFER,SCHED,CID]

F2. 10 Pl HUANT [CONFCR,SCHED,CID; VOCODER LPCI
FROMD CALL (M) : (the 'U0°--since the "HWANT" just
uent out, this 00" is ignored)

P3,P4. FROM CALL (P1): (the 'DO’)
10 P1: WANT [CONFER,SCHED,CIDI (defaults nanted)

'L FROMT ACQUIRE (P2,P3,P4): (the "LANTS')
10 ACOUIREC : DO [VOCODER]

FRomn ACOUIRE (P3,P4): CAN [VOCODER,CVSD]

FROG ACOUIRE (P2): CAN [VOCODER,CVSD,LPC]

DEFINE CONF [P2,P3,P4]

10 CONF: 00 [CONFER,SCHED,CID; VOCODER,CVSD;
Mt MBERS,PL,P2,P3,P4]

() Conference establishment with tuo active callers.
Scenario: A conference containing P1, P2, P3, P4, and I'h is
schodulaed. Pl is already in communication with P2 (as
CHAIRIAN)Y ol the scheduled conference time, and 1lrics to
actively call in the other PARTICIPANTS. At the same timne, P'L
tries to establish the conference; he will cventually become
the CHAIRNAN  since his internet "ID' is swaller than P1%s,
Hovever, P3 will already be negotiating with Pl before Pl or
P2 receive PL's call. Resultis: Pl dismisses P2 and P'3; P2
refuses PGS, but then receives Pl’s dismissal (nith a referral
back to PB). For simplicity, all PARTICIPANTS request the
same conference parameters (i.e., identical HLISIS).

Fl. OLFINE ACQUIRE [P3,P4,P5]
10 ACOUIRL: DO [CONFER, SCHED,CID]

B3, FROM CALL (I"1): (the "00%)
10 PJ1: LANT [CONFER, SCHED,CID; <HLIST>]

Fh. DEFINE ACOUIRE [PL1,P2,P3,P4]
10 ACQUIRE: DO [CONFER, SCHED,CID]
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P2, FROm CALL ('G): (the 00 [CONFER] ™)
10 PG HONT [CONFER, IN-CONF,P1]

Pa. FROIT CALL (F'S): (the 0O [CONFERI ')
10 PO: LANT (CONFER, SCHED,CID; <MLIST>]

L. FROMACOUTRE (P1)}: (the "0UO0 [CONFER)'. Ignores.)
FROG ACOUIRE (4): (the "WANT')
[ ACOUTIRE (B2) s (the "LONT')
REFIOVE ACOQUIRE P21

Bl FROMEEALESIRS):E ((thes *[0)
DEFINE QUIT (P3)
100 F2: DO [OUIT,PCALL,PS]
RLnove conr ez
10 PL: HANT [CONTER, SCHED,CID; <MLIST>)

FROM QUIT ("2): LANT [CONFER,SCHED,CiD; <MLIST>]
10 P3: LIONT [CONFER,PCALL,PS]
REMOVE QUIT [P3]

P3. FROM CALL (P1): (the "HONT [CONFER]")
FROM CALL (F'G): (the "0O7)
10 PG: WANT [CONFER, SCHED,CID; <MLIST>]

PG, FROMT ACOUTRT (P1,P3)}: (the 'HANTS’)
DFFINE CONr [P1,P3,P4]
10 CONF: DO [CONFER,SCHED,CID; <DLIST>;
liE MBERS, PS,P4,P1,P3]

P1,P3,P4. FROM CALL (PS): (the 00")
OETINE CONM [PG]

B2 FROUNSERSE (BRI UDI{UUIT,PCALL,PS]
REMOVE CONE (P11
10 PS: LANT [CONFER,SCHED,CID; <HLIST>]

PS. FROM CALL (P2): (the "HANT')
10 P2: 00 [CONFER,SCHED,CID; <DLIST>]
AL CONE [P2
10 CONr: DO [HLMDERS,PS,P4,P1,P3,P2]

Notice that Pl put P33 on the 'QUIT' PATH prior to dismissing
him. This was done since Pl had sent F3 a D0 [CONTTRI” but
had not yet rcceived a reply, so he was unsure of PA%a slate
(i.c., whether a "HWANT®, 'WONT', or 'D0° was inbound). The
"LIANT®  that came  shortly thereafter eovoked &, "HONT®,.
terminating communications.  Had P3 sent a "HONT'  instead, Pl
vould not have needecd to issue a dismissal.
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() Conference  floor management. Scenario:  Ucers Pl,
P2, P23, and P4 are in a conference CHAIRED by user PL, nith
command "NOACK, NOLOCK® in effect. P1 has the floor, and P2
makes a floor request: PH uaits for PL to finish talkinag, then
B2 Gl Sl e el Shortly after P2 becomes SPEAKER, P
TNTERRUPTS, and '3 makes a side-comment call to 4. [inally,
M requests the floor, along with a change to 'LOCK’ mode
(uhich is  already knoun by PS5 to be wilhin everyone's
CAPABILTTIES) . Notice houw the "LOCK' HANUOFF sequence diffeors
from the "NOLOUK' cequence preceding it.

L. TROM CONP (B2Y: UANT (SPEAKER,P2]

FROG CONE () Yy: AM IFINISIHL 8)
10 CONF: 0O [SPEAKER, P21

FROM CONF (P1): LIANT [INTERRUPT,P1,38 SEC)
10 FZ2: LANT [INTERRUPT,P1,38 SEC]

FROM CONP - (°2) s DO [INTERRUPT,P1,28 SEC)
10 CONF: DO [INTERRUPT,P1,28 SLCI)

(70 ccconds laler, the floor reverts back to '?)

Pa. FROM CALL (P3): LIANT [CONFER,SIDE-COI1,P3; <HLIST>]
T0 P3: 0O [CONPER,SIDE-COM,P4; <MLIST>]
DEFINE S1DE R3]

("3 and P4 talk over a full-duplex VYOICE stream)

T0 SIDE: Do [KESPOND, FOO)
FROM SIDE (F3): AT (RESPOND, FOO]

10 SI10Cs Do [0uIT,ST0E-COM, P4)
REMOVE S10E [P3

PG FRON CONFE (P1): LANT [C-VERSION,LOCK; SPEAKER,P1]
10 CONF: DO [C-VERSION, ACK,LOCK]
10 Pl: Al [RESPOND, SPEAKER,P1]
T P2 DO fF INISH, 1 HIND
Fron conr (r1,p2,P3,P4): AN [C-VERSION, ACK, LOCK]

FROM CONE (F2): A TFTINISH, )
10 P2,P3,P4: DO [SP'EAKER, P11

FROM CoHe (M2,P3,P4): Al [SPEAKER, P11
TO Pl: DO [SPEAKER,P1)

FRON CONF (F1): AT [SI'EAKER,P1)
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(7)  CHAIR [IANDOFF.  Scenario: Pl, 2, and 'S ace in
conference 111 th CHATRNAN P4,  "NOACK, NOLOCK® as uvsual, P2 is
SICAKER.  PY requests and  is.granted the CHAIR. . P3's VCS s
not trusting, and will  ask P4 to validate the HANDOEE before
decehting RiesEsEalliike both P2 and P4 requost current
caonference parameter values in the "LHLISTS' scent to ['l, <o
Lhere will be no renegotiation.  Hhen the HALRDOED i coupleio,
P2 uill identifu himself 1o P1 as SI'EAKER, and P3 uill repeat
the (ungranted) "HANT that begins this scenario.

F3. TO0 CONF: WANT [SPEAKER,P3]

F4a. FRON CONE (1) : MANT UIENMBERS,P1,P4,P2,P2]
FRON CONF (P3): (the "LIANT')
10 Ms b HENeERS,PL, P4, P2,P3]

Pl. FRON CONE (P4): (the *007)
DEFINE ACOUIRE [P2,P3]
T0 ACQUIRET: DO [CONFER,C-HANDOFF,P1]

B2, RHRONNEARIES RS G e D)
10 CONF = AT [OUIT, C- HANDOFF, P11
RLEove coir [4)
101 UANT [CONFER, C-HANDOFF,P2; <MLIST>]

B8 ERUIE AT (IR =SS el i)
T0 CONFs HANT [OUIT,C-HANDOFF,P1]

P4, FROM CONF (P2): (the AN [OUITI)
Renave conr (P21
RO CORE ("3) s (the "HANT [QUITI')
10 P3: D0 (0017, C-HANOOFF,P1]
ninove cone 3

P3. FROI1 CONFE (P4): (ihe "00 [QUITIT)
RENOVE CORE [P4]
10 Pl: HANT [CONFER,C-HANDOFF,P3; <HLIST>]

Pl ERor ACOUIRL (P2,P3): (the "LHANTS')
TU ACOUIRL: 0O [CONFER,C-HANOOFF,P1; <DLIST>]
ANCE CONE TP2,P3)
TOCOME: DO [HENBERS,PL,P4,P2,P3]

FZ2. FROM CALL (PP1): (the "00S7)
DEFINE CONE [P1]
10 CONF s ANl [SPEAKER, P21

P, o cact. ('1y: (the "DOS™)

OFFINC CONC [P1]
T0 CONM: LANT [SP'EAKER,P3]
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() Failure recovery (simple)l. Users P'1, P2, 3, and P4
are  in conlcrence in et e R e o SR RIS S i S R s
CHATRUAN and P2 a« SPPEAKER.  "NOLOCK, NOACK' as  before.  Hilh
"RESPOND’  messages,  the PARTICIPANTS discover  that Pl has
crached., P2 and PP therefore initiate RLCOVERY, while 4 =sits
idle since he is at  the bottom of the PLIST. AT CLETSTS®
cpecifu current  conference parameters, <o thore @ a i)
reneotiation.

PL,P2, 3, P4, 10 CONF: DO [RESPOND, FOO]
(ho responce)

P2. DEFINE ACOUIRE [P3,P4]
10 ACQUIRT: DO [CONFER,RECOVER,P1]

P3. DLFINE ACOUIRE [P4)
10 ACOUTRC: DO [CONFER,RECOVER,P1]

Pa. rRor CALL (2,P3): (the *D0S’)
10 PZ: HANT [CONTER,RECOVER,P1; <WLIST>)
10 PR: LOMT [CONFER,PCALL,P2]

P3. FROM ACOUTRE (P4): (the THONT')
RENOVE ACOUIRE [P4)
RO CALL {PZ2): (the 'DO [CONEERI)
10 P2: HANT [CONFER,RECOVER,P1; <MHLIST>]

Pz, FRON ACOQUIRC (M'3,P4): (the 'WANTS')
DEFINE CairrF [(P3,P4)
10 CONMF: [0 [CONFER,RECOVER,PL; <DLIST>;
lii MBERS,P2,P3,P4]

(9 Failure recovery (complex). Sccnario: Uccrs P1, P2,
3, P4, L, PG, and P7 are in conference with P7 as CHAIRMNAN,
and P& the SI'UAKER. Pl uill erash unexpectedly, and P/ uill
derlete him from the conference. 7 will then fail, oand only
P2, P4, and PL uill discover this and initiate KECOVERY. PG
urts PL's RECOVERY call, prompting him to check P7's status
with a "00 MESPONDY . PS5 acquires PG, but then gets  a call
from P2 and P4; P32 is accepted, PE is dismissed, and P4 is
refused.  Shortly thereafter, P6 ansuers the call from P4, but
before he is fully acquired, they both receive P3"s call; P4
and PL osnap rejections and submit to 3. 2 finally realizes
that "7 hoos crached and sends out RECOVERY '0D0S°, but they are
refuscd since the conference  has already reformed uith '3 as

CHATRIIAN; P2 possively calls back  in. This eximple is

intentional ly complex,  and illustrates most of the possible

RECOVERY exchange sequences. However, oven unith the
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unfortunate  (and  unlikely) netuork  tizing implicit in the
folloning coquence of  events, this FFCOERY exanple  could be
macle  to occur wilh simple interchanges as  in the previous
scenaria il a time delay  in ansuering  KRECOVERY  TOOGT g
introduced (Seclion XIT).

7. 10 Pl DO [0 SPOND, HUNDLE]D

B nove conr 1)
0 CONF: N0 LI NBERS,P7,P2,P3,P4,P5,F5]

("7 crashes.)
P3L,P4PL. TO CONF: DO [RESPOND, FOOD]

REHOVE CONM [07]

- P3. DEFINE ACOUIRE [P4,PS,PG]

TO ACQUIRE: DO [CONFER,RECOVER,P7]

4. UEFINE ACQUIRE [FS,PE]
10 ACGUTRE: 0O [CONFER,RECOVER, P73

PO, DEFINE ACOUIRE [PG)
10 ACOUIRC: 00 [CONFER,RECOVER,P7]

FeCERIEHREARES (RS Cliretst )
10 CONF: [0 [RESPOND MUMRLEFOO)

REMOVE COMF  [F7]
10 PG: WANT [CONFER,RECOVER,P7; <WLI137>]

Po. FROM ACQUIRE (PE): (the "KANT")

DL INE CONE (PG

10 CONP: DO [CONFER,RECOVER,P7; <OLIST>s
il NBCRS, PS, PE]

FROM CALL (P3,P4): (the "DO [CONFER] ™)

TO P3: LANT [CONFER,RECOVER,P7; <ULIST>]

10 P4: HOWNT [CONFER,PCALL,P3]

T0 CONF: DO [OUIT,PCALL,P3]

RLMOVE CONP [PG)

RESSRRUREAIEE S(G)EEs oSt R CEIRERINS
DEFINE CONF [P5)
T CONF: AT [SI'EAKER, PB]

[Ron Conr (W) (the D0 [QUITI )

R HOvE CONE [PD)

FROD CALL (P4): (the *00 [CONFERI ")

T0 P4: WANT [CONFER,RECOVER,P7; <ULIST>]
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PPa. TRONACOUTED (D) (the "HONT®)
RUAOVE ACCGUTEE - [P'D)
FROGE CALL (°3) s (the 0O [CONMPLRI ™)
10 P23 AT [CGHFER,RECOVER, P77 <MLISTS)
OEETRE QUIT (P61 (ACQUIRE is now UNDEFINED)

Fnofi Ooult (cr: (the “HANT [CONFER]I )
10 OQUTT: LT [CONFER, PCALL,P3]
REDOVE OoUll [0'a)

PG.oFRGH CALL (i'3): (the 0D [CONFER] )
Ta P23 HANT [COHPER,RECOVER,P7; <LILIST>)
T0 P4z LOHT [CONFER,PCALL,P3]

PA. RO ACOUTRE (P4,P5,PG): (the "WANTS')
Uit INE COE [P4,PS,PG]
10 COnNr: 00 [CONFER,RECOVER,P7; <DLIST>;
M NECRS, P3, P4, PS5, PEI]

PG FROD CALL (i"3): (the "D0")
DFFINE COiE (R3]
10 CONF: Al [SPEAKER, PG]

FZ. 10 CONF: DO [RCSPOND, FOOHUNMBLE]D
Renave cowr 7]
DET IND ACOUTRE  (P3,P4,P5,PE]
10 ACQUIRC: DO [CONFCR, RECOVER, P7)
FROMT ACQUIRE (P3,P4,P5,P6): WONT [CONFER, IN- CQiiT, P3]

REMOVE ACQUIRE [F3,P4,PS5,PG]
10 #3: LANT [CONFER,SCHED,CID; <WLIST>]
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X11 liscussion

Thic scction addrecses the motivations for some of  the fundamental
VCS desian  decisions.  This uill hopeful ly spur  an analuysis of Llhese

decisions, and sugaestions for improvement.

The VCT  VOICE nctwork was chosen to be  fully connccled since
SPEAKER HANDOFF ic the most frequent conference FUNCTION;  1he ovorhead
and delay incurred by reconfiguration of the VUICE notuork  for floor
HANDOFT would  be excessive. Fully-connected seils are also needed for
most cide-comment/interruption facilities, and uill make the best ver of
brroadcast addressing when available, while maintaining comnpatibilitu

vith single-destination protocols.

Fully distributed CONTROL has been  proposed as a  robust
conferencing strateqgy 4. Such a strategy ﬁnfortunnttlu requires that
distributed copics of a very dynamic data base be nmnaintained in an
identical state; there is currently no uay to achieve this in real-tine
with adequate  roeliability, requiring elaborate timcout recovery
mechanisms.  In fact, the proposcd distributed mechanisn sinply involves
centralized CONTHOL that moves with every SPCAKER HANDDFE;  such extra
declay and CUNTROL  overhead degrades system robustness  and performance,

and i beat avoided, A centralized CONTHECL wmechanism i th movable



CONTROU wase Aherefore designed.  This  approach is fully f(lexible, and
alloved optimization of certain functions for cpecd  (floor HANGDETD)
olhers  for reliability (CHATR HANDOFF and Rt COVERY). Since CORTROI
traffic ic purcluy radial, full-connection was unnececssary, oand the

CONTROL netuork vas made a star.

There  has been too lillle emphasis in lthe past  on desianing
communication pmrotocols to be nc tuork-independent, nhich (RS
understandable ouing to the varied nature of pnckét~suitchcd nctuorks.
The result, houever, has been an ?mbedding of very netuork dependent
aclions in the operation of higher level protocols. For instance, the
NVP’ s requirement that initial connection take place on a special link
[1] makes establiching an internet NYP connection voru problematical;
the GATLHAY can not use the required link, The motivation for the G
Has to  avoid similar  trappings by isolating netuork specificity in a
separate, non-protocol module. This is practical since the logical
functions implemented by hithr—levelv protocols like the VYOS e NOI
netuork dependent; they only require that the host netuork be capable of
meeting their  implicit performance demands (e.g, lou loss, lou delay,

dynamic broadcast addressing).

0f course, the communication facilities provided by the GNI  can be
achieved in many vaus, but an actual implementation of the GNI  as a
separate module is  recommended.  This would render  VCS implementations

netuork  independent  in a way  that would be impossible if specific

netuork management routines uecre imbedded within the VCUS implementation



itaclf. The opecification of the GNI may not Do complete  enoungh for
implementation in anu netuork, nor was it necessarily intended Lo be so
al  this slage; some important details mau have becn excluded, and
certain exlensions to the interface may be desirabde. Fleshing out the

GNI specification nill only be worthuhile, houever, if there is inlerest

in implementing it.

Al though VLS/VCT inleractions are not a part of the conference
CONTROL protocol per  se, the VCT  inlerface secltion uas  inclucded since
the interface betucen the tuo modules is important to the implementation
of the VUS. iecause the signals are not VOICE protocol  specific, the
VCT  could well be  an NVP DATA protocol in  initial implementations.
Houever, extensions to the NVP at some point uould be very desirable.
For cxample, lhe VUOICE protocol could provide a limited foocdback
facility in addition to the VCS interruption mechanism (Secction 1X);
tith il, responses from the listening PARTICIPANTS, such as  "hm® and
"ah-ha', could be avlomatically broadcast and heard by all olhers,
without the necd for a manual request or CONTROL  protocol intervention.
Lhen enabled by the ‘FOON' signal, 'QUIET® VCI's would alloun a
controlled amount of speech to be broadcast to 'VOICENET'; an average of
one second  per minute might be reasonable. Additionally, ‘LISIENING®
VCT's would be enabled to accept such speech from PARTICIPANTS outside
of the "LISTEN" strecom in regulated amounts; theose fecdback streams
vould be kept on separate small queues for strategic insertion into the
main  C"LISTEN"  stream, by interleaving or mixing (cepending  upon

available harduare).



Tio  other useful  VOICE protocol capabililies uvould bhe mulliple
SPPEAKER s and duynamic flou control. A multiple SI'EAKIR conference vould
be most appropriate for arqguments and debates; the VU5 could ot up this

structure by attaching an "I0" list to the SPEAKER QDJECT, inslead of a

single "I (for generality, the VLT interface alrcady permnits @
"LTISTEN® slream to conlain more than one packet source, but lo ulilize
this feature, nmultiple speech synthesizers or some sort of digital
mixing strategy vould be necded). DOynamic flou control could facilitlate
optimization of inlelligibilitly vis-a-vis current netuork performance,
and is possible if 1lhe speech synthesizer sampling rate is under
softuware control. 1ho_rnc0ding rate would vary at packet boundaries to
reflect netuwork load (send queue length), and the rate chosen for ecach
packet would be included in the VUOICE protocol header. This approach is

probabiy most useful for high banduidth vocoding systems such as CVGD.

There has  been recent discussion of a neuw VOICE transmission
technique, imbedded vocoding [5]. This system adds a low banduidth
background VYUICE stream (e.g., 2.4 kbit LPC) to a better quality, hidh
banduidtih encoding of the same speech. In this way, a VOICE netoork can
cantain multiple vocader  types. To service imbecdded vocoding,
extensions to the VOICE and CONTROL protocols would be necessary.
Al though not included in this version of the VCS specification, the

madifications should be simple and present no problems.

The user interface section outlines the more important functions

and messages available to the user. This is intended only as a
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guidceline and not as a specification, since the actual appearance  of o
user interface and the facilities it provides are too much a matter of
taste. lHouever, il is important to notice that the full spectrum of
user  information is available without recourze to spacial  "uscr
information’ COMTROL messages betueen VUS's;  inslead, normal CORTTROL
sequences affecting status implicitly evoke user messageos based on their
content. In this way for instance, users uwill be informed appropriatclu
vhenever a new 00 [HIEMBERS, <PLIST>)", 00 [FINISH, <TIHL>1", or "0O

[SPEAKER, <I0>1" is received.

The VCS is unusual in that its protocol -is defined in terms  of a
grammar . This slructuring facilitates modularization of protocol
funclions, as uell as rendering them easiiy expandable. The " language’
approach will also aid implementation of the YCS, since familiar table-

driven compiler control structurcs can be utilized.

To adequately scrvice users, a flexible and efficient negotiation
mechanism is essential. Previous sirategies have focused primarily on
simple tuo-party interactions; when applied to a conferencing sustem,
they inevitably lead to highly iterative sessions of messaae exchanges
which rarely achieve settings of negotiable parameters oplimized for the
PARTICIPANT sct. To sidestep this problem, other conferencing sustems
[2) [4] do not really provide for dynamic negotiation; paramcters are
narmal ly set in advance, or by tlhe person uho first ccstablishes the
conference (this is understandable in the case of NVCH, uhich was meant

to be fully compatible with NVP'),
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To facilitate fully pipelined negotiation nith several PARTICIPANTS
simul tancously, a  CCAPABILITICS® philosophu was  adopted.  Sinee it s
usuallu impocsible to please every member of a bargaining  aroup, it
scemed reasonable that the  CHAIRNMAN should choose uhat options to set,
given full information about the PARTICIPANTS® abilitics: it is assumed
that  he uill  dwplewent  an equitable algorithm  that uill oplimize
parameters  for  the PARTICIPANT set as a whole. Hith  this scheme,
flexibility is only limited by the number of decision (e.q., flloor

HANUOEE) algorithms that are available at user request.

The negotiation procedure also minimizes CONTROL traffic: reduiring
that the CHAIRMAN never supply a directive uithout being sure  that the
PARTICIPANT can follouw it avoids all sorts of otheruisce common: do- this-
=I-cant--uill-you-do-this?--no-but-I-can-do-this, ctc.. Hien fully
reliable (e.q., TC") CONTROL connections are available, furtlher savings

may be realized since command acknouledgments are not nccessary  for VES

operation.

The main design criteria for the conference estahlishment procecdure
voere that:
(1) 11 be  capable of fully automatic, pipelinced
operation.

(7)1t not require that the conference be scheduled in
advance, or that users cooperate carefully in sctting it up.

(3) 11 serve as 1he basis for the CHAIR  HANDOPF,
RECOYERY, and sulbiconference formation mechanisms.
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The pipelined, simultancous nature of tnis  fundamental mechanism

 renders it wvery fost and efficient, as well difficult to analyze for

Taultls. llovever, chould any very sticky deadlocks arice, it uould be a
simple matler to uwnpipeline the defective azpect of the prolocol by
requiring  interlocking via  command  acknoulodament. Interlfocking of
FUNCTTION  HANDOFF<  (CLOCK') may also be necessary os a  default in
netuorks  with  large, very variable delays to avoid audible timing
glitches, but conferencing performance would be degraded in such an

cnvironment anyuay.

A multiple initiative HRECOVERY strategu uas adopted to promote
rapid conference restoration. Hhen the CHAIRIAN  crashes, PARTICIPANTS
can not always  knou the extent of the netuwork  failure; by hecoming
active, they avoid wnaiting in vain for external calls. 0f course, if
netuork timing is unfavorahle, several shifts of CONTROL mau thereby
occur  (Section X1). A possible way to reduce such overhead at the
cxpense of extra delau is to require that all VCS's wait for a standard
timeout (after broadeasting RECOVERY '0D0S’) before ansuering RECOVERY
calls; the netuork wuould thusly clear of these calls, so PARTICIPANITS

could examine them all and submit directiy to the one of highest

FPRIORITY.

It is possible to trim the CHAIR HANDOFF and RECOVERY mechanicsms if
the initial conference negotiation exchanges arce not uced; the now
CHATRNAN necd  simply  send '00  [CONFER, <REASON>, <NEW CHATR T3 <0

LIST>1", wherein the 00 LIST' specifies the parameter  valuces currently
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in effect. Ihis effectively short-circuits most of Llhe conference
generation message  scequence, and  allous a PARTICIPAMNT to  be acquireod
umith at most a simple A reply. The advantage of 1his alicrnate
scheme ia  qgreater HANDOFF  robustness  (uith smaller  delayg)  ouing to
simpler exchanges. lHowever, it is less general, and leads to extra
exchonges if a PARTICIPANT loses a CAPABILITY required by the [0 LIST

just prior to the HANDOFF.

leyond  this point, designing the rest of the VECS was simply a
matier of identifying T[TUNCTIONS desirable for conducting a conference.
To add a FUNCTION, its relevant OBJECT and ADJCCTIVES necd only be
deflined and ascociated with VCT  and user interface operations; the
protocol  grammar and negotiation mechanism determine houn VOS's nill
manipulate the OBIECT. Currently being designed is a hierarchical

conferencing facility that would be useful in military environments.
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