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NETWORK SPECIFICATICNS FOR A VIRTUAL SPACE TELECONFERENCING SYSTEM

\

1. \&NTRODUCTION

This note outlines the network requirements to provide a flexible
experimentation envircnment for a special video/visual teleconferencing
system. To make this as selfcontained as possible Section 2 will
provide a description of the conferencing environment. This will
carefully define the concept ¢of a ™virtual space®, a "pseudo virtual
space', and various ¥Ypartial virtual spaces®. Each of these
conferencing environments imposes different requirements on the
interconnecting nodal network. Section 3 will describe the
connectivities, capacities, and switching requirements for each of the
conferencing environments. Section 4 will introduce a set of canonical
network topologies and capabilities that can be configured to satisfy
the requirements of the various spaces. Section 5 describes in more
detail the requirements and a potential design for a local network to
support a cluster of teleconferencing nodes. Section 6 describes the
internodal network. Section 7 describes the cluster controller for the
system. Finally Section 8 describes the requirements for a
demonstration network. Section 3 concludes and Section suggests future
researcn.

Tne Figures are all at the end of the report.




2. THE CONFERENCING ENVIRCNMENT
The ground rules for the conference system are as follows:
* There is one participant at each conference site.
* There are N ccnference sites. For the initial design N=5.
* There are three modalities in the conference.

- a "video space" affording views of the participants
- an "audio space" affording voice distribution to all
- a "graphics space" for the common display of documents

The various spaces come in different shapes. The next secticns
discuss these variations.

2.1 THE VIDEQ SPACE

In order to describe the video space it is useful ¢to imagine a
model of 5 participants sitting around a round table as in Figure 2.1:1.
tach participant may look around the rcom to see the fellow conferees
and while looking at them be able to determine who is looking at whom.
Furthermore, because of the geometry, participant 1 will see images
different than any other participant. As can be seen, by shifting the
eyes slightly there is a new view. In fact there are an infinite number
of views for each participant. However it is probably true that the
views involving just cne other participant are important. Thus V(1,4)
is the view seen by participant 1 when looking at participant 4.
Evidently when the system is discretized in this way there are N(N-1) or
30 (N=5) distinet views. A teleconferencing system involving
participants at geographically separated sites that provides all N(N-1)
views 1s said to be a "virtual space". A teleconferencing system may
provide from 1 (e.g. voice-switched video) to a full set of views.

When the live conferencing situation 1is replaced by the remote
teleconferencing system, two very important video aspects need to be
evaluated. The first is the quality of the pictures of the remote
participants that are displayed and the seccnd is the "presence" of
those participants. The picture quality is primarily determined by the
bandwidth available per view, and the ability of the video coder to
exploit that bandwid:h. The "presence" of the remote participants is
primarily determinec by the individual’s ability to establish eve
contact and the realism of the views. Since the network has a limited
capacity, there 1is a tradeoff between capacity per view and the total
number of views provided.

Figure 2.1:2 shows a (tele)conferencing site that would be the
first step in providing a remote implementation to the live model above.
In this figure participant 1 is the only live conferee at the site. The
other participants have been replaced by monitors, to show their image,
and cameras to act as their eyes. Note that the cameras are all pointed
towards participant 1 as would be the eyes of the other participants
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while looking a 1. A full conference would involve 5 sites identical %o
the one in Figure 2.1:2.

The amount of presence in the conferencing system is dependent on
the number of views provided. Thus the full presence system is defined
as follows:

* A "Virtual Space" is a teleconferencing system that
provides view V(i,j) to site i on monitor j for all i
not equal to j. Note that all sites <transmit and
receive exactly N-1 views and that the network carries
N(N-1) simultaneous views.

A "Pseudo Virtual Space" can be created by noting that a
participant is able to 1ook only at one participant at a time and hence
need only be provided with that view and not any of the others. Thus if
1 is 1looking at U4, then only view V(1,4) need be provided. This means
that when 1 looks at 4, the output of the camera at site 4 in position 1
must be sent to site 1. Thus the action of looking at a new participant
at site 1 triggers the sending (after some delay), of the appropriate
view {rom that remote site. Thus

* A "Pseudo Virtual Space" is a teleconferencing system
that provides for every site i, the view V(i,j) if
participant 1 is looking at participant j. Note that
this means that any site receives exactly one view, that
any site may transmit up to N-1 views, and that the
network must carry N simultaneous views. The network
must be able to switch views.

The major advantage of both the Virtual and Pseud¢ Virtual Sgaces
are that they are able to provide eye contact and indications of who is
looking at whom. It is possible to give up the eye centact but retain
informaticn about who is looking at whom. This would be done using the
arangement in Figure 2.1:2 but transmit V(Jj,i) to all participant sites
if vparticipant 1 is looking at j. Note that V(j,i) originates at site
i. The information about who is looking at whom is relayed digitally, {
and displayed graphically, to all sites. This will be defined as the
"Who/whom Virtual Space". Thus

* The "Who/Whom Video Space" is a teleconferencing system
that provides for every site i, the view V(j,i) to all

other sites when i is looking at j. Note that every
site transmits exactly one view and every site receives
N-1 views. The network  must carry exactly N

simultaneous views but must broadcast them %o all sites.




As before a "Pseudo Who/Whom Video Space" is defined Dy noting that
a rparticipant can cnly be looking at one place at a time. Thus if i is
looking at j, then i will transmit V(j,1) and i will receive the view
V(k,j) that 1is being transmitted by site j. Note that a view need be
transmitted frem a site unless there is at least one participant looking
at that site. Thus

* The "Pseudo Who/Whom Video Space" is a teleconferencing
system that provides the view V(j,i) from site i %o any
other site looking at i when participant i is looking at
J. Note that every site receives exactly one view and
will transmit a view if there 1is at 1least one other
participant looking there. The network must be zable to

carry up to N simultaneous views. It will carry,
depending on the view patterns, from 2 to N simultaneous
views.

If both the eye contact and the who/whom aspect are given up the
arrangment in Figure 2.1:3 is sufficient. In this fcrmat the the video
image of all the participants is available at all times. There is no
indication as to who is looking at whom but there is pseudo eye contact.
The system employs only a single camera so that each site is capable of
only a single view, V(*,i) which is transmitted to all other sites.
Thus

* The "Continuously Available Video Space' is a
teleconferencing system that provides the view V{(*,i) to
all other sites from site 1. Note that each site

receives N-1 views and transmits 1 view. The network
must carry N simultaneous views and broadcast them to
each site.

For completeness, a final possibilty should be menticned. In this
system even the continuous availability is given up and c¢nly cne view is
transmitted. In a teleconferencing mode this view usually originates
with the speaker and 1is implemented using voice switching. This is
defined as a "Voice Switched Video Space".

2.2 THE AUDIO SPACE

The variations on the audio space are much less than those in the
video space. Each site has only one audio source and that must be
transmitted to all other sites. A "Simple Full Audio Space" implies
that the voices can be cocrdinated with the views. For the systems
shown in Figures 2.1:1 and 2.1:2, this means that the voice streams must
be kept separate and fed to speakers associated with each monitor. For
the case in Figure 2.1:3, it may be possible to obtain the separation
using stereo speakers. However the mixing ratics are site dependent and
would require complex mixing, especially when sophisticated voice coding




is used. For the present it is assumed that this type of mixing will
not be used.

For the "3Simple Full Audio Space", each site will transmit one
voice signal and will receive (N-1) voice signals. The retwork will
thus be required toc broadcast N simultaneous voice signals. This system
assumes that all of the voice channels are of identical, presumably
high, quality. However normal meeting protocol suggests that only one
person at time, except for interruptions, will be talking. This
suggests an "Enhanced Full Audip Space" with one switched high quality
voice channel for the speaker and (N-1) lower quality channels for the
interrupters. In this case all but the speaker’s site will transmit one
lew gquality channel, and receive (N-2) low quality channels along with
one high quality channel. The speaker site will transmit cne hnigh
quality <chanrel, and receive {(N-1) low quality channels. The network
must simultanecusly carry and broadcast one high quality channel, and
(N-1) low quality channels. If the high quality channel merely augments
the low quality channels, then the network can broadcast, without
switching, the N low quality channels. However, if the high gquality
channel 1s an incompatible coding scheme, then both the low and high
quality channels must be switched.

2.3 THE GRAPHICS SPACE

The "Graphics Space" is meant to distribute documents, and
facilitate discussions about shared images. There is evidently a single
input scurce from each site and all the inputs must be broadcast to all
other sites. Thus each site must transmit its own graphics stream and
receive (N-1) graphics streams. Since the graphics streams are tc be
interpreted as a single composite stream at each site, the network must
provide scme <coordination. The network wmust carry N simultanecus
graphics streams (or one composite stream).




THE NETWORK REQUIREMENTS

(W]

In Section 2 a range of video and audio spaces that could be used
as the basis of a teleconferencing environment was given. The list is
as follows:

Video Space

Virtual Space (vs)
Pseudo Virtual Space ( PVS )
Who/Whom Video Space ( WvsS )
Pseudo Who/Whom Video Space { PWVS )
Continuously Available Video Space ( CAVS )
Voice-Switched Video Space ( VSVS )
dudio Space
Full Audio Space ( FAS )
Enhanced Audio Space ( EAS )
Graphics Space ( GS )

The derivation of the network carrying capacity for the range of
video and audio spaces above is easily derived from the requirements on
distributing views from each site. For instance, VS requires that each
site transmit N-1 views, a different cne to each of the remote sites.
In adeition, it receives N-1 views, one from each site. This results in
N-1 outward 2-point simplex connections and N-1 inward 2-point simplex
connections. Because of the site connection symmetry, it 1s possible to
realize these 2%(N~1) simplex connections as N-! 2-point full duplex
connections. A second example would be PYS. In this case, since the
participant can be lcoking only in one place, there is exactly 1 inward
2-point simplex connection. Since this may originate at any site the
input end of the 2-point simplex connection must be switchable amongst

any of the other N-1 remote sites. Since up to N-1 of the other
participants may be looking at any single site, there is a need for the
potential of N-1 outward 2-point simplex connections. Because of the

unbalance between inward and outward requirements, the potential for N-1
2-point full duplex connections will be required. A third -example is
the full audio space (FAS). There is exactly one voice channel for each
site but that channel must be distributed to all sites. This is defined
as a (1,N=1):a simplex connection, i.e. a connection that connects "1"
point to "N-1" points and has a bandwidth "a" kbps. Thus if the wvideo
coder requires v kbps ( for any of the video spaces) then a simplex
2-point connection of bandwidth "v" is (1,1):v. A 2-point full duplex
connection is (1,1):v;2. Using this notation it is quite easy to state
the site requirements for each conferencing form. This is shown in
Table 3.1

et




TABLE 3.1
Site Connection Requirements

Simplex Full
Inward Qutward Duplex
Connections Connections
Video Spaces
VS N-1 (1,1):v N-1 1,1):v N=-1 {1,1):v;2
PVS 1 (1,1):v 0 to N-1 (1,1):v N=1 (1,1):v;2
wvs N-1 (1,N=1):v 1 (1,N=1):v undefined
PWVS 1 (1,1):v 1 (1,k):v, undefined
0 <k <N
CAVS N-1 (1,N=1):v 1 (1,N=1):v undefined
V3VS 1 (1,N=1):v 0to 1 (1,N=1}):v undefined
Audio Spaces
FAS N=-1 {(1,N-1):a 1 (1,N=1):a undefined
EAS t N-1 (1,N-1):b 1 (1,N=1):b undefined
+ 1 (1,N=1):a 0 to 1 (1,N~1):a undefined
Graphics Space N-1 {(1,N-1):g 1 (1,N~1):g undefined

A point worth ncting about Table 3.1 is that the number of full
duplex connections are 1listed as "undefined" for anything other than
{1,1) types. The reascn for this is that although there is a perfectly
well defined notion for a broadcast connection (1,N), there is no
universal notion for a collection connection (N,1) which would be the

return cconrection in the full duplex case. In fact a collection
cennection only makes sense if there is associated with it a contentien
resolution mechanism. There are several that could be used including

poclling, random access, or global queues. Along with the <connections
there will be a2 need o switch either one or both ends of the
connection. There are three types of switching <that need %to be
distinguished. To make the distinction it is necessary to introduce the
idea of a "port". A view is presented to the network at an output port.
A view is absorbed from the network at an input port. Figure 3.1:1
shows two sites each with two input ports and two output ports. if it
were rossible to get the sites together so that the output pert of site
A could be mated with the iInput pert of site B as shown in Figure 3.1:2,
then a view could be exchanged over the mated or connected ports.
However, this 1is not possible. Consequently a simplex connecticn
consisting of one input port attached %o an output port is used to
create the remote mating as shown in Figure 3.1:3.

Uleg Lnese “DL‘O!‘S t‘le thl ee t}pes Of swltcn"'z‘g are de*lned as
OLlOwS'
i .




Local Selection:

The input port of the connection is switched amongst the
cutput ports cf the site or the output port of a connnection is
switched amongst the input ports of the site. This is the most
benign type of switching.

Locally Induced Switching:

The local input port of the connection is switched to the
output port of another site or the local output port of the

conrecticn is switched to the input port of another site. This
dces not require any cross network connection to induce the
switch.

Remotely Induced Switching:

The remote input port of the connection is switched <o ‘the
output port of another site or the remote output port of the
connection is switched to the input port of another site. This
requires a crc¢ss network connection to induce the switeh.

The three types of switching have increasing delay and coemplexity.
It is easy to see that VS has neither switching ncr selection and that
PVS nas remotely induced switching. WVS has 1local selection, to
determin what view to send to the remote users while PWVS nas botn
local selection and remotely induced switching. It is also easy to see
that VSVS has only remotely induced switching. The summary of the
switcning requirements for the variocus cases is given in Table 3.2.




TABLE 3.2
Switching Requirements
Local Locally Induced Remotely Induced
Selection Switching Switching

Video Spaces

'S No No No

PVS No No Yes

WVS Yes No No

PWVSH* Yes No Yes

CAVS No No No

VSVS No No Yes
Audio Spaces

TAS No No No

EAS Yes No Yes
Graphics Space No No No

An interesting point in Table 3.2 1is that there Ii5 no 1locally
induced switching. This means that 2all switching, other than local
selection, will require cross network signalling to effect the change.

Based on the site connection requirements of Table 3.1 and noting
the symmetry of the connecticns required to transport the views it is
easy to derive the network requirements for the various cases. These
are summarized in Table 3.3




TABLE 3.3

Network Connection Requirements

Simplex Full Duplex
Connections Connections
Video Spaces
Vs N(N=1) (1,1):v N(N=1)/72 7"*,1):v;2
PVS N (1,1):v N (1,1):v;2
WVS N (1,N=1):v undefined
PWVS* N (1,1):v N (1,1):vs2
CAVS N (1,N=1):v undefined
VsSvs 1 (1,N=1):v undefined
Audio Spaces
FAS N (1,N=1):a undefined
EAS i N (1,N=1):Db undefined
+ 1 (1,N=1):a undefined
Craphics Space N (1,N=1):g undefined

* This is a simplified requirement. If site i is being viewed by k remote
sites, then a (1,k):v ccnnection is required. Thus as little as 2 and as
many as N connections may be required. See Table 3.1

To define an actual teleconferencing environment a choice is made
frem the video, audio, and grapnics spaces. Thus (VS, FAS, GS) and (VS,
EAS, GS) are two distinct teleconferencing environments. A network must
be designed to satisfy a ccmplete enviromment. From the table it can be
seen that the network and site requirements vary considerably amongst
the various alternatives. As will be seen later, a network that is
desigzned to satisfy one of the alternatives does a0t necessarily, even
Wwith the addition of switching, do very well on the the others.




4, SOME CANONICAL NETWCRKS

This secticen introduces some network configurations that can be
used to satisfy the network requirements of the previous section. The
major concern of this section is the topological design of the network.
A network connection 1is made wup of links. A simplex link is just a
fixed unswitched (1,1);v connection between two points, It may take
several links to make up a connection. BRoth terrestrial and satellite
networks will be considered. Terrestrial networks are characterized by
the obvious fact that the connections required for the various
conferencing envircments are made up of links that are constrained to
connect only 2 physical locations. Thus a (1,N):v connection requires
at least N=1 (1,1):v or (1,1):v;2 1links. Satellite networks can be
viewed as supplying (1,k):z of capacity "z". It is interesting that <he
space craft capacity wused by a (1,k):z 1link is only "z" and is
independent of k. Furthermore it is usually easy to take take the two
links (1,k):z and (1,k):x and produce a single link (1,k):(z+x). The
immediate implication of this observation 1is that the bandwith and
connectivity freedom with a satellite network is far greater <than that
of a terrestrial network.

4.1 TERRESTRIAL NETWORK DESIGN

The most important input for the terrestrial network design is the
geographical 1location of the sites. Tn order to have a generzl
framework for the design of a very versatile conferencing system <the
rotion of a "lccal cluster"” of sites is introduced. A set of sites is
said to ccmprise a local cluster if they are sufficiently close as to
allow analcg vid2o transmission between them. This analog video, when
combined with the voice and the graphics space data will make up a local
network. The design of the local network will be discussed in Section
6. This section will be concerned with the inter cluster network desizn
problem.

Section 4,1.1 will discuss the terrestrial inter <cluster desizn
problem when there is only one site per cluster. Section 4.1.2 will
discuss the general design problem.

4.1.1 TERRESTRIAL NETWORK DESIGN: ONNE SITE PER CLUSTER

The basic problem is to discover a collection of links that satisfy
the network requirements of Section 3 at the minimal cost. The major
lesson of this section will be that a network that satisfies the
requirements for, say VS, will not provide any more capacity for PVS
even with the additicn of unlimited switching.

Tnere will be no attempt to use actual tariffs in this exercise.
However the resuits will make it quite easy to introduce real tariffs.
Tne reason for this is that the network requirements in Section 3
constrain the possiblities sufficiently that it is only necessary to
consider a few canonical networks. The major constraining force is *+he
flow symmetry amongst the sites. The one site per cluster case is
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important because it maintains that symmetry.

For the network design it will be assumed that either simplex
(1,1):2 or duplex links (1,1):2;2 are available. However most digital
cfferings by the carriers are full duplex only. In fact simplex
connections appear to be available only on satellites. Half duplex (two
way alternate) links will not be considered. Upon examinaticn of the
three tables in Section 3 it can be seen that topolegically (i.e.
ignoring the bandwidth differences) varicus spaces are equivalent. The
equivalences are shown below. These networks will be referred to as the
"Service Networks". These service networks embody the flow constraints
of the various conferencing spaces.

SERVICE NETWOERXS

"Fully Connected (FCN)"™ : VS

"Dynamic Allocation (DAN)": PVS

"Complete Broadcast (CBN)": WVS, FAS, EAS-2, CAVS, GS
"Switched Complete Broadcast{SCEN)": PWVS

"Switched Broadcast (SBN)": VSVS, EAS-1

The equivalences are arbitrarily named as indicated. The optimal
network topologies for the variocus egquivalent networks are now derived.

Fully Connected Network (FCN)

Table 3.2 shows that there are exactly N{N-1) {1,1};x non switched
connections. Tnis wmeans that there are at least N(N-1) {(1.1);x links.
Since it is possible to realise the network with only N(N-1);x 1links,
the network total distance is minimized when the cluster are directly
cennected. Zecause of the symmetry, this can be done with N(N-1)
(1.1);x links or N(N-1)/2 (1,1);x:2 links. This canonical netwerk wilil

TR~

be referred to as a "rFully Connected Network".

12




Dynamic Allcecaticn Network (DAN)

Table 3.2 indicates that there is an imbalance between the inward
and outward connections. Because of the following:

- There must be a link for all POTENTIAL cornections in
the network®.

- The total number of inward and outward connections within
the network must match.

- A link can connect only two fixed gecographical locations®.

- A simplex link (1,1), can carry data in one direction only
between two fixed geographical locations. A full duplex link
is two simplex 1links between the same geographical locations
but oppositely oriented.

It is clear that the minimum number of links in the network is at
least N(N=1) (1,1);x. The network design with simplex links is quite
easy when one notes that the minimum distance solution to connecting N
nodes is an N-1 link minimum spanning -ree. Thus any site can receive a
signal from any one of the other sites a’ong this spanning tree if the
simplex nodes are oriented to lead to it. An example is given in Figure
4.1:1 where the simplex links are oriented so as to allow "collection”
at site A. Note that there are 7 sites in this example and there are 5
links. From Table 3.2, it is seen that PVS requires remotely induced
switching. It is clear that although the netwerk in Figure 4.1:1 will
allow collection of the remote views at A, its unidirectionality
prevents A from irducing the changes. This problem will te taken care
of later.

To cemplete the solution, it is only necessary to lay dcwn © more
identical, except for orientation, minimum spanning trees in Figure
4.1:1 to obtain the network in Figure 4.1:2. The ({x,y} on the lirks
mean that there are x simplex links in the direction of the arrow and y
in the opposite direction. 1In all cases x+y=7. The numbers are easily
derived by partitioning the network at the link and counting the number
of sites on the side of the network in the direction of the arrow.
Furthermore all the 1links will be occupied on any cut if the sites on
one side receive views from the other. Hence, in the worst case there
is never any residual capacity in any of the composite links. Thus the
network is optimal over all possible networks.

The question remains as to what to do about the requirement of the
remotely induced switching. There are two possibilities. The first is

This statement is, interestingly enough, not true for satellite
networks.
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to note that the switching information requires very little capacity and
that all composite 1links have at least one simplex 1link in both
directions. Thus it is possible to rob a small amount of the capacity
within the tree for signalling. A second possibility results from the
observation that if the orientation of the links in Figure 4.1:1 are
reversed the network implements a (1,6) "broadcast" connection of the
variety needed by the Complete Broadcast Network. Furthermore, using
similar arguments to those above, it is clear that this topolegy is
optimal for the Complete Broadcast Network. Since all complete
conferencing systems will require a broadcast subnetwork for the voice
and graphics spaces, this network could also be used for video space
signalling.

This network topology will be referred to as the Simplex Tree
Network. The specific version with the 1links oriented for dynamic
allocation will be qualified as Simplex Tree (Collection) Network. The
topolegy of the Simplex Tree will be seen to be optimal for several of
the canonical network cases derived above.

If the network is designed using full duplex links, the natural
place to start 1is with the minimum spanning tree solution for simplex
links already derived. To realize a composite 1link of Figure 4.1:2
using full duplex links, it is clear that it will require the maximum of
{x,y} duplex links to realize the independent simplex links. This gives
the link capacities in Figure 4.1:3. Note that the total number of full
duplex links is 33 or 66 simplex links. The optimal Simplex Tree
required only 42 links. Thus the Duplex Tree network requires much more
link capacity than the Simplex Tree. Furthermore, at most cuts there is
residual <capacity flowing from one side cr the other. This suggests
that if this excess capacity were used to multiply connect the network
partitions that the total number of links would be reduced.

This is indeed the case. In fact it is possible to connect the 7
nodes in Figure #4.2:3 with only 42 simplex or 21 full duplex links.
This is a Ring Network and is shown in Figure U4.1:4., This network will
provide a total of 6 rings, 3 in each direction. It is easy to show
that a minimum distance routing strategy will allow the 7 connections as
required in a Dynamic Allocation Network. It is interesting to note
that the network in Figure 4.1:4 may NOT be less expensive than that in

igure 4.1:3. The determining factor 1is the relative costs of the
distance portion versus the fixed portion of a tariff.

For the general solution using full duplex 1links cuasider the
following observations:

- Because of the flow requirements,each node must have at
least N-1 full duplex links connected to it. This means
that the total number of full duplex network links is
at least N(N-1)/2.

U
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- A "duplex circuit" of k nodes is a set of k-1 duplex links
connecting all the nodes together in a loop so that it
is possible to travel through each node exactly once and
return to the origin. This is essentially a ring of k
nodes. This will be called a "k-circuit".

- Any network made up of (N-1)/2 N-circuits satisfies the
constraints that there are exactly N-1 full duplex links
for each node. This is easily seen since each circuit
gives exactly two links per node.

- For N prime, all networks that satisfy the in/out
link constraints are made up from N-circuits. For
N prime there are exactly (N-1)/2 distinct circuits.

- The N-circuit that minimizes the distance amongst
N-circuits is the solution to the travelling salesman
problem and is sometimes known as the grand tour.

- For N odd, (N-1)/2 grand tour N-circuits make up the
minimum distance network. This results in N-1 complete
rings.

- For N even, only (N-2)/2 N-circuits are possible.
This leaves N{(N-1)/2 - N(N-2)/2 = N/2 links left over.
The only symmetric way of connecting these nodes is to
place them between alternate pairs of nodes as shown in
Figure 4.1:5. There are evidently two ways of doing this.
The optimum one is evidently the one with the lowest cost.
This network and the previcus N odd ring will be called
a Modified Ring Network.

- It Is pessible to show that a ainimum distance routing
algorithm will satisfy the connection requiremants for
Dynamic Allocation.

- The Modified Ring Network is the minimum cost netwcrk for
those using N(N-1)/2 full duplex links.

The major results of this section are the derivation of two
canonical networks that are optimal for Dynamic Allocation Networks.
The first, using simplex links is the Simplex Tree. This has the added
advantage that although the switching is still remotely induced, the
implemertation of the switching at the remote ncde involves lecal
selsecticn only. This is a result of the independence of the N subtrees
that make up the total netwerk. For full duplex networks, the optimal
(amongst N(N=-1)/2 1link networks) is the Modified Ring Network. This
netwerk allows signalling in an easier manner than the Simplex Tree but
has a slightly more ccmplex routing algorithm. The switching can be
accempl ished using local selection.
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Complete Broadcast Network (CBN)

The Complete Broadcast Network requires that the output of each
node be Dbroadcast to all other nodes. Obviously the Simplex Tree with
the links oriented out of the transmitting node to the ernd of the tree
will be the optimal network using simplex links. This canonical network
will be called a Simplex Tree (Broadcast) Network. For duplex links the
optimal N{N-1) 1link network is the Modified Ring. For N odd, the
routing is just the minimum distance to each of the remaining N-1 nodes.
This results in two (1,(N-1)/2) connections in opposite directions
around the ring. Zach of these connections uses (N-1)/2 ‘"clockwise"
links and (N-1)/2 “Pcounterclockwise” links. Since there are N nodes,
all the N(N-1)/2 full duplex 1links are counted. For N even, the
Modified Ring Network is also optimal. The routing is similar to the N
odd case except the extremal nodes are distance N/2 and (N/2)-1 links
away. Note also that the modified ring alternates between N/2 and
(N/2)-1 full duplex links. The routing rule is to connect to the node
N/2 1links away in the direction of the N/2 composite link, and to the
(N/2)-1 node in the direction of the (N/2)-1 composite 1link. It
requires a 1little effort but it is possible to show that the links are
all used appropriately. An example is given for N=6 in Figure 4.1:7. A
careful examination of the routing structure indicates that the
construction extends to all even N. The two Complete Broadcast examples
show that it 1is possible effect the switching in the dual Dynamic
Allocation case, with local selection.

Switched Complete Broadcast Network (SCBN)

from Table 3.1 it is seen that only one inward and outward link is
required for each node. This implies that the network requires at least
N simplex links. However, full connectivity for a simplex network
requires at least one N-circuit using N simplex links. It is clear that
at least 2 N-circuits are needed to handle the case where one site 1is
broadcasting to the even numbered sites and one is broadcasting to the
odd numbered sites in zn Ne-circuit. Thus it is clear that at least 2N
simplex or N duplex links are required using N-circuits. In fact it is
possible to satisfy the connectivity constraints with N-1 full duplex
links (or 2%(N-1) simplex links) all homing on to a single site with a
switch. This is a "Star Network"”. The optimum place to put the switch
is at the "median" of the network. Note that irn this case the simplex
and duplex networks are identical.

Switched Broadcast Network (SBN)

As seen from the tables there is only one (1,N-1) connection but
that it may originate from any of the N sites. Thus each site must have
one inward and outward link. Although the network has to carry only one
signal at a time the topology is identical to the "Star Network" derived
for the Switched Complete Broadcast Network. This identical topology is
only true for terrestrial networks. A satellite network requires only !
unit of capacity in the SBN case but N units of capacity in the SCBN
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case.

Network Summary
The results of this section show that, ¢f all the networks that

might have been considered, classic topologies for the most part are
optimal. The following are the "Canonical Networks":

CANCNICAL NETWORKS

Fully Connected Network

Simplex Tree (Collection) Network
Simplex Tree (Broadcast) Network
Duplex Tree Network

Modified Ring Network

Star Network

Unfortunately, no single network topology is cptimal for all three
spaces within the cconferencing service.

4.1.2 TERRESTRIAL NETWORK DESIGN - MORE THAN ONE SITE PER CLUSTER

The general network design problem reccgnizes that in some cases
the sites will be sufficiently close to each other that they will be
able to be linked via analog video. 1In this case the sites within the
cluster will be connected via a cable system to a "cluster controller”
that will be the interface to the intercluster network. In this section
the concern will again be only witnh the topolcgical design of the
intercluster network.

Unfortunately there is little that can be said about the design of
this general ©problem at this time. The key arguments in Section 4.1.1
depended upon the symmetry of the network. this led to the c¢lassical
networks in that section. The general problem does not have this
symmetry. If there are M clusters and K(i) sites per cluster for a
total of N sites, then the arguments in the previous section on site
connection requirements and network connections still hold with respect
to N. A network that just deletes the links betveon the K(i) sites at
cluster i and leaves the intercluster composite links will satisfy the
gonditions. However, it easy to show that there exist bhetter networks
that will satisfy the conditions.

The conjecture at this time on the optimal network is that it will
consist of a combination of tree and rings. For small networks, the
number of options are sufficiently smail that they can be enumerated.
this means that a solution will be possibie.
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4.1.3 THE SUBCONFERENCING PRCBLEM: MCRE THAN ONE NODE PER CLUSTER

For completeness, the general conferencing problem will now Dbe
described. This consists of M clusters, each with K(i) sites per
cluster. The total number of sites is N. The participant 1level per
site is defined as P. For the site in Figure 2.1:1, P=5. All the cases
that have been considered so far have had P=N. The general problem has
P<N. There are several levels of service for a network in this
situation.

- The netwerk will allow 1 conference of up to P sites.

- The network will allow up to S simultaneous conferences,
each of size < P, with the sites in each conference being
mutually exclusive. S is obviously < N/P. A different
network will result for each value of S.

The latter situaticn is the most general. There are no results as
yet on this case.

4.2 SATELLITE NETWORK DESIGN

There are basically two cases for the satellite network design.
The first ocecurs when the cluster contreocller is co-located with the
earth station. In this case the terrestrial tail 1is negligible. The
second obviously occurs when the terrestrial tail is not negligible.
The easist, and most versatile design results when the tail is
negligible. The case where the tail is not negligible just requires
that there be terrestrial links of size indicated by Table 3.1

Satellite communication channels are naturally (1,k). The large
coverage of the beam z2llows for the "k". In addition, with cocoperation
between earth stations, it is easy to change the origin of the uplink or
the ™" in the (1,k). Thus the satellite provides an easily switched,
{1,k) link. Generally, if the satellite provides N (1,k);v links, the
same satellite capacity will be used by 1 (1,w);N*v link. This means
that the Fully Connected Network using (1,1);v links would use N(N-1)¥v
units of satellite capacity while the Dynamic Allocation Network would
use N*v units of capacity. The Switched Broadcast Network would use v
units of capacity. Furthermore a satellite network could vary the
assignment of the capacity. However, those systems that require
remotely induced switching (see Table 3.2) would require at least one
round trip delay (.27 sec) to initiate a2 switch and another roundtrip
delay before receiving the new view. Thus there is an unavoidable delay
of .27 sec and a potential delay of .54 sec. For a satellite network,
Table 3.1 indicates the number of inward and and outward ports required
and Tables 3.2 and 3.3 the satellite capacity. Note that a satellite
network service that tariffs via ports (eg ISACOMM) will have higher
costs than one with private earth stations accessing a portion of a
satellite transponder.
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4.3 FLEXIBILITY CCMPARISCNS FOR THE NETWORKS.

As mentioned earlier, there is a tradeoff possible between image
quality and the degree of presence within the conferencing. The image
quality (or voice quality) 1is captured by “‘he bandwidth v of a
connection. Cne presumes that a (1,1);v connection will give a lower
quality image than a (1,1);2v connection. It is not clear at this time
whether, when <there are bandwidth constraints, whether it will be
preferable to have more presence or better image quality. The question
then to be asked 1is how flexible is the network a trading off image
quality with presence. UDuring a trial phase, a flexible network allows
experimentation with the tradeoffs. During an operational rhase, a
flexible network allows graceful degradation under failure.

Although the canonical networks derived in section 4.1.1 were
determined as optimal for one or more of the service networks, it is
possible to size them (i.e. give the links capacity) to satisify the
service network requirements. It 1is assumed that if additional
switching is required, in any canonical network, it will be added. The
table shown below indicates the capacity that would be available to a
coder in any of the configurations for each of the service networks.
The networks are sized to be roughly comparable. This means that in
general there are about N(N-1) (1,1);v simplex links total in the
network. This does not mean that the route mileage will be the same for
all the terrestrial networks but rather that the service networks for
which they were designed will accomodate coders with bandwidth "v".
With this in mind the satellite network is sized to accomodate "v"
coders for a fully connected service network. The coder bandwidth
computation is based upon the worst case situation and does not use any
residual capacity that the network might have for dynamically increasing
the bandwidth of just a portion of the coders. Since uneven perceptual
coder performance 1is probably a bad idea anyway, there would be little
uge for this feature.
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Table 4.1 Comparison of Coder Capacity of The Canonical Networks

\ SERVICE Switched

----- Fully Dynamic Complete Cocmplete Switched
CANONICAL \ Connected Allocation Broadcast Broadcast Broadcast
1 l ! | | i
Fully ! ' { i ! |

Connected | v ' v | v O (N-1)v i(N=1)v
i | { | i i
Simplex ! | i | I i

Tree I v/(N-1) | v bov/(N=1) i v i v

(Collection) i | I ‘ l
{ | | ' i i
Simplex i ! | ! ' |
Tree { v/(N-1) | v/(N=1) ! v i v ! v '
(Broadcast) | i I i ' !
| i | i ! !
I i ! | R

Duplex i 12/Niv ! v | v : v I 12/Niv
Tree l l g H ' |
H i ' ! g {
i i ! i ; ]

Modified oBv/(N+1) v ! v ! v I (N=1)v
Ring I l | I ! l
I i | | | i
i i { I : |
Star ' v ! v ' v P (N=1)v P(N=1)v
(N-1)v ! : i | | |
! | ) I ! i

Satellite | v : (N-1)v | (N=1)v ' (N=1)v I N(N=1)v
N(N=-1)v | | | | ! I

The above table summarizes the results on the versatility of the
various network alternatives. The most striking aspect of this table is
that even if there were unlimited switching, the coder capacity of the
terrestrial networks is in some cases reduced by a factor of N when the
optimal network is used in the wrong way. This really means that any
residual capacity within the network is not really usable for alternate
conference spaces. The sole exception might be the graphics space
because of its bursty traffic nature. The satellite network on the
other hand is totally able to use its capacity and hence has the option
of trading off the coder quality with presence. The second point is
that except for dynamic allocation, the use of switching to increase
image quality does not work. The excess capacity within the network is
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just not available. These netwerks are in fact connectivity
constrained.

The above table also makes a second very important vpoint. The
codec bandwidth capacity of a network is very dependent upon the network
topology. This comment is true even if the networks were orerated in a
packet switching mode. The reason is that the networks must support all
the simultaneous flows of the ccnference. There is 1little statistical
averaging to exploit. This means that the conferencing capability of
any given network is going to be strongly dependent wupon its detailed
structure.
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5. THE INTRA CLUSTER NETWORK

As menticned earlier, a cluster of sites is defined as those sites
that can be conrected via analog video. Analog video can he distributed
via coax or optical fibre. A general 1local network architecture is
shown in Figure 5:1. This shows that there is a "cluster controller"
that acts as the interface to the inter cluster network. At each site
there 1is a "site controller" that acts as the interface toc the local
network. All local clusters will have this architecture. However those
clusters with only one site will have a very simple loccal network. The
network shown in rFigure 5:1 1looks remarkably 1like 2a bus or cable
distribution network. This 1s indeed intentional but the arguments
favouring that design will be given. The major choices in the design
involve

- single or multiple coaxes ... single coaxes will need
multiplexirng.

- video and analog codec location ... site controllers
or cluster contrclier.

- access and transmission structure for the data,
signalling, and control portions of the network. The
major non control user of this part is the graphics
space.

This desizn 13 predicated upon the realization of a Virtual Space.
It will be =adaptable to other forms of conferencing with little
difficulty.

A major requirement of the intracluster network is that it be able
to easily accomodate site moves and additicns. This requirement favours
a bus like distripution with a passive interconnect. The video 1
expected to be continuocus so that a fixed channel =2llocation i
desirable. Z2Zoth of these imply that a multiplexed video is the best.
The audio is not as continuous. It is clear that the audio must be
broadcast locally and sent to the cluster controller fer inter cluster

S
S

broadeast. Simple coders may be used for local broadcast. The complex
coders for intersite distribution may be located at <the cluster
centroller. For the "enhanced audic space", there is only one high
quality coder reguired per cluster. If this high quality ccder is

placed at ‘the site controller, and there are X sites, there will be X
instead of one encoder. The simplest soclution for the audio is to
multiplex the K audio channels conto a broadcast netwerk. If it is
assumed that there are K sites and that the "size" of the conference is
P. The neminal P is S. In the previous sections, P=N, where N is the
total number of sites. This means that each site has the fcllowing:
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Site Conferencing Zquipment

- (P=1) cameras,monitors, and audio speakers

- % microrhone
- 1 graphics space

If there are K local sites, these can be thought of as a mini
virtual space. There K of the P cameras at any site are distributed
locally and do not (necessarilly) involve the cluster controller. This
means that K(X-1) video <channels are supplied to service the local
requirements cnly. A network of K sites has K(P-1) cameras and X{P-1)
menitors. If there are no video codecs at the site controller, and all
tne channels must be routed via the cluster controcller, then a total of
2K(P-1) video <channels are needed. This will not usually be necessary
for the local video channels as the camera output is ccmpatible with the
monitor input. Thus the 2K(K-1) channels that would have been necessary
for the "mini" conference is in reality X{X-1) channels. Thus the local
network must provide 2K(P-1)-K(X-1)=K(2P-K-1) video channels. For K=3
and P=5 this is 18. Most coax systems easily carry 35 channels so that
this 1is a feasible number. Each site controller must interface to
2(P-1) video channels and the <cluster controller must interface to

2K(P-K) video channels. Thus it must have K(P-K) (ncminally &)
modulators and X{P-X) demodulators. Thus it must also have X{(P-K) video
codecs. If codecs were individually supplied to each of the X sites

there would be X(P-1) video codecs within the cluster.

Since there are exactly P audio <channels, K of which originate
locally and P-K of whicn originate at <the cluster controller, a simple
solution is %o supply a two channel system employing controllsed access
to the cluster controller and a queued broadcast channel from the
cluster contrciler. This channel can also be wused for the graphi:s
sgace. The reason for the asymmetry is that the cluster controller will
crigirate by far the most traffic. The total bandwidtn of the g :
breadecast channel is  less than P(x+g) where x is the bandwidth ¢
encoding for the vcice on tne local network and g is the Dandwi
allocated o the graphics space. For reasonable P, and extravagznt '
(i.e 54 Xbps), tne total bandwidth of this channel need he no mcre than
500 Kbps. This system could be thus implemented on a 1 Mbps crannel
with controlled access. If the data rate were kept this 1low, this
control/grapnics/audio channel c¢ould operate at baseband with little
interference with the video channels. A standard EZthernet at 10 Mbps
cetentially interferes with analog video. If an Ethernet cable were
used, then the system would have to be dual coax, one for video and one
fecr  control. Note that an unmodified Ethernet could not implement the
dual channel system as its access protccol 1is fixed as gpart of the
specificaticn.

®
®
a

oot oy

The alternative to a coax based system is direect wiring of each
function. For the X,P local cluster this means that there would te

- X{2P-K~-1) coax cables

23




- P multidrop twisted pair for audio
cr K+? twisted pair with a switch at the cluster
controller

P multidrop twisted pair for the graphics space
or K+P twisted pair with a switch at the cluster
controller

2 twisted pair for ccntrol.

Totals: X(2P-K-1) coaxes
Ux +2P twisted pair (assuming switch)

Tne resulting netwerk will be difficuit to configure and to
reconfigure. In most telephone systems the soluticon to the multicable
prcblem is to terminate all cables on a commen patch panel. This
considerably reduces the interccnnect problem. In this case the total
number of ccaxes in the system increases to 2X{P-1). For K=3, P=5, this
is 18 coaxes and 22 twisted pair. For sites that are exceptionally
ciose, or where the wiring is already in place, the multiple coax may be
the cost effective solution. For the general case it almcst certainly
will not.

There are several operational advantages of the wmultiplex oozx
approach. Some of these are as follcws:

~ the camera/codec, codec/monitor, or camera/meniteor
connections can be performed via lccal channel selecticon
or via a remote signal sent by the cluster contrcller
This capability is Impeortant to ensure that thre
participantimages are placed in the correct positions
at all sites.

- the addition of a site requires the ccnnecticn to z single
cable entry peint.

- there is a relatively simple change to the access scheme to
allow consistent entry of a new site.

- not 21l sites in a local cluster need take part in a
conference.

- the structure supports multiple conferences amongst mutually
exclusive sets of sites.

The disadvantages of the multiplexed coax network are all relate
to the cost of providing the frequency converters for the
channelization. It is expected that the cable runs wilil be sufficiently
srort trhat amplifiers will not be need=ad.
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Thus the preferred transmission medium for the 1intra cluster
network will employ one or two broadcast cables. The video will be
frequency multiplexed and the voice, data, and control will be carried
on a multiple access digital channel. Two options exist for the access
control on the digital channel. The first would use a simple polling
scheme initated by tne cluster controller. Since the number of sites is
small, and since the conference cannct continue, at least for the
cluster sites, if the cluster ccntroller gces down, the dependence on
the controller is noct really an issue. This system solution would
alternate between the controller broadcasting, and the local sites
transmitting. The total data rate required, even for 5 cor 6 sites would
be less than 1 Mbps. The seccond solution would use a standard Ethernet
protocol for the cable multiple access. This system would handle all
the voice and data requirements but would require a second cable for
video if it were run at the specified 10 Mbps.
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6. THE SITE CCNTROLLER

The (X,P) cluster is assumed to have K sites while <the conference
has P participants. The site controller is required to interface the
site conferencing equipment to the local network. It is assumed that
the complex coders, both for video and audio are located at the cluster
controller, Thus the video is carried by the local network as an analcg
signal, and the audio is carried either analog or using simple digital
codecs. In fact there may not be a need to supply any codecs for the
audio. It is possible, under the appropriate circumstances, to include
the audio as part of the ccmposite signal demcdulated by the TV sets.
Indeed, this is the simplest way of distributing the intracluster
pertion of the virtual space. Thus, the site controller must supply the
follewing:

- Cable terminator and preamp (if necessary)
for P-1 cameras (P=5 in nominal case).

- Modulator for Video plus Audio to fixed standard
Cable TV channel for P-1 cameras.
* Optioral
> Channel may be locally selectable
> Channel may be remctely selectable

- Cecnverter from standard Cable TV channel to fixed
VHF charnel for P-1 channels.
* Opticral
> (hannel may be remotely selectable

- RF compati>le Ethernet like interface for Grapnics
Space, ¢:ntrol, and audic (if necessary). This
equipmen . could be custom assembled.

- Simple control processor (to be determined)

The site controller is rather simple. The most expensive items are
the video modulators. The Ethernet type access controller is the next
most expensive item. The major decision for this access controller is
whether to be baseband (DiC/INTEL/XEROX), or at RF (MITRENET). With
most commercial oiferings, tiere is a protocol that must also be
accepted.

PR R B . I =




The (X,P) cluster is essumed to have K sites while the conference
has P participants. The cluster controller must interface the local
intracluster network with tie intercluster network. It also serves as
the hnost for the specialized audio and video codecs. As the host it
must supply any logic that is required to implement any intracluster
codec sharing that 1is desired. The interface requirements are as
follows:

Intracluster Network Interface: (K=3, P=5 for ncminal case)

- Modulator for Video plus Audio for each of the
K(P-K) incoming Videc signals and associated
(P-X) Audio signals.

- For Virtual Space, there are
K(P-K) video encoder/decoders
K voice encoders
(P-K) voice decoders

- For Dynamic Allocation, there are

(P-K) to K(P-K) video encoders

X video decoders, (P~K)<= X <=K(P-K)
(K(K-P) - X) video frame repeaters

K "interrupt" quality voice encoders

(P-K) "interrupt" quality voice decoders

1 to K high quality voice encoders

1 to K high quality vcice decoders

* local allocation logic when there

are fewer codecs than signals

- Message Forwarder for Graphics Space
Intercluster Network Interface

Terrestrial Network
~ see section 8. for an example

27




8. A DEMONSTRATION NETWORK

A demonstration network was to have been deployed in 1982 to
demonstrate the concepts of virtual space and dynamic allocation.
Although this particular demonstration has been abandoned, it is still
instructive to g0 through the design to see what the resulting network
would have been.

The demonstration was to have consisted of three clusters, all in
the Washington D.C. area. Cne cluster would have had three sites and
the other two, one site apiece. The video codecs for the virtual space
were to De 2.6 Kbps. The audio codecs were to be 2.4 Kbps. The
intercluster retwork must support both virtual space (VS) and dynamic
allocation for the Pseudo Virtual Space (PYS). For 3 clusters, a ring
and fully connected nretwork have the same capacity. The following table
represents the flows necessary from cluster to cluster:

Table 8.1 Intercluster Flow Requirements (Demonstration Network)
Virtual Space

To K=3 K=1 K=1
From
X=3 v: V:3v V:3v Notes: G: Graphics Space
A: A:3a A:3a "g" is ring
G: G:g G:g g = 9.6 Kbps
V: Video
=1 V:3v v Viv v = 9.6 Kbps
A:a A Aza A: Audio
G:g G G:2 a= 2.4 Kbps
K=1 V:3v Viv '
A:a A:a A
G:g G:zg G
The topology for this case is given in Figure 8:1. The total

pandwidth of each of the links ocut of the X=3 cluster is 3(a+v)+g = 45.6
Kbps. The link connecting the two K=1 clusters has total bandwidth
(a+v+g) = 21.6 Kbps. For the simple tree network in Figure 8.2, which
also satisfies the flow constraints, the 1link bandwidths need to be
U{a+v)+g = 57.6 Kbps. Thus a 56 Kbps full duplex link almost satisfies
the flow requirements. For dynamic allocation, the flow requirements
are given in Table 8.2.
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Tatle 3.2 Intercluster Flow Requirements (Demcnstration Network)
Pseudo Virtual Space (Dynamic Allocation)

To K=3 =1 K=1
Freom
K=3 v Viv Viv Notes: G: Graphics Space
A A:2a+b A:2a+b "g" is ring
G G:g G:g g = 3.6 Kbps
V: Video
K=1 V:3v v: Vv v = 9.6 Kbps
A:a A: A:a 4: Audio
G:z G: G:g a= 2.4 Kbps
K=1 V:3v Vv V:
A:a A:a A:
G:g G:g G:

A topology for this case is given in Figure 8.3. Note that
although this is a modified ring, it has the same topolcgy as the fully
connected network. The total bandwidth of all three links is 2v+a+b+g =
40.8 Kbps. A simple tree topology is given in Figure 8.4. Here the K=l
to K=3 flows dominate the bandwidth and the bandwidth required is 4v+d+g
= 57.6 Kbps. This means that a 56 Kbps link will almost satisfy the
bandwidth requirements. Hence a network consisting of three 595 Kbps
links in a triangle with the appropriate multiplexers will satisfy the
flow constraints. In addition the tree of two 56 Kbps links will almost
satisfy the flow constraints for both the Virtual Space and the Pseudo
Virtual Space with dynamic allocation.

For each 56 Kbps modem, there must exist a multiplexor that can
¢reate an almost arbitrary, but fixed, combination of 9.6 Kbps and 2.4
Kbps channels. In addition, for the tree networks there must exist
local switches to change the interccnnection of some of the §.8 Xbps
channels for video and to connect the 9.6 Kbps enhanced audio channel.

Because of the switching required to implement the dynamic
allocation in a tree network, the 56 Kbps RING is the RECOMMENDED
topology.

The basic block diagram for the cluster controller is given in
Figure 8.5. It 1is broken up into three modules, the Local Network
Module, the Codec Module, and the Intercluster Network Module. Included
in the Codec Module is the intelligence for handling the Graphic Space
and site control. For single site clusters (X=1), the Local Network
Module just interfaces the site. For the two sites with K=1, there is
really no need for a site controller. Thus the requirements for sites
Cne and Two are as fcllows:
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Sites Cne and Two: X=1, P=5
Site Contrcller (Not required)
Cluster Controller
Local Network Module
- direct cable interfaces for microphone, 4 cameras, 4 TV screens
- graphics space interface
Codec Module
- U video codecs
- 4 audio codecs (4 interrupt quality decoders,
1 interrupt quality encoder,
1 high quality decoder,
1 high quality encoder)
%* switch between interrupt and high quality encoders
* routing switch for high quality decoder output speaker
* output channel select for each of the video codecs.
- 1 graphics message handler
- 1 control message handler
Intercluster Module
- 2 56 Kbps full duplex modems
- 2 56 Kbps multiplexors to derive (statically) up to
4 9.6 Kbps and 4 2.4 Kbps subchannels. Subchannels on
the two modems must be interconnectable.

For Site Three, an intracluster network must be provided. Thus the
requirements are as follows:
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Site Three: Xz, P=5
Site Controller (3 required)
- direct cable interfaces for microphone, 4 cameras, U4 TV screens
- cable TV modulator for 4 channels (statically selectable)
- 4 cable TV converters for incoming channels
- data channel interface for graphics and control
* MITRENET or ETHERNET
Cluster Controller
Local Network Module
- cable TV modulator for 6 channels (statically selectable)
- cable TV converters for 6 channels
- data channel interface for graphics and centrol
Codec Module
- 6 video codecs
- 3 audio codecs (2 interrupt quality decoders,
3 interrupt quality encoders,
1 high quality decoder,
1 high quality encoder)
% switch between interrupt and high quality encoders
¥ routing switch for high quality decoder output speaker
* output channel select for each of the video codecs.
- 1 graphics message handler
- 1 control message handler
Intercluster Module
- 2 56 Kbps full duplex modems
- 2 56 Kbps multiplexors to derive (statically) up to
4 9.6 Kbps and 4 2.4 Kops subchannels. Subchannels on
the two modems must be interconnectable.

It is rather obvious +that the detailed interconnection of the
elements 1is not specified above. However the general requirements
should be rather obvious.
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9. CONCLUSIONS

This report has discussed in some detail the requirements and
constraints inherent in designing a network to support various types of
teleconferencing. A range of conferencing options have been considered
with the differentions between the types primarily motivated by the
networks required to transport the images, graphics, and audio. Several
surprising conclusions about the inflexibility of terrestrial networks
to handle a range of teleconferencing options emerge. The summary is
that terrestrial networks do not adapt to different teleconferencing
regimes very well. A seccond noticible aspect is that although simplex
links are useless for 2-point cornections, they zay be more economical
for N-point connections. There is still more work to be done to confirm
this conjecture. The topological design solutions given in this report
concentrate on symmetric flow requirements for the conference and single

site clusters. The general problem of multisite clusters is still
unsolved.
Satellite networks on the other hand are very flexible. This 1is

primarily due to the combined features of easily allocatable satellite
bandwidth and "free" (no additional satellite bandwidth) broadcast
capability. The conjecture 1s that satellite networks will be the
transport medium of choice in future teleconferencing networks.

In addition to the general framework for teleconferencing that has

been developed, a specific design problem for 2a specialized
demonstration network has been described. The general requirements have
been given. it is presumed that these are in sufficient detail for

potential pricing. For the most part, the system would use readily
available hardware. These specifications are given in Section 8.
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10. FUTURE WORK

This report has begun a study in the design of conferencing
networks that support a variable conference environment includirg
different, audio, video, and graphics spaces. However, the study was of
necessity very limited. It was primarily restricted to topological
design in a dedicated very private network. Several important areas
still need study. These include

* The design of networks where there are several simultaneous
conferences amongst a large number of nodes. This implies
work on the following prcblems.

* A conference preparation protocol to ensure that the
material needed for the participants are all in
place.

* ) connection protocol that ensures that the material
needed for the conference is in place and the
participants are all consistently placed. A
connection should be easily invoked by a user.

¥ An integration plan for integrating the three different
streams within the network. There are many options for
this integration.

* A network topoleogy design that accounts for switching

and preconference preparation.

These are all very general problem statements and can be made more
precise within the context of any apriori networking or conferencing
constraints that might exist.
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FIGURES

Figure 2.1:1 The Conference Model
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Figure 2.1:2 The Virtual Space Teleconference

(4] (3]

[.] TV screen (remote
! ! participant image)

2]

~
wm
[

! Camera (remote eyes)

(1)

Figure 2.1:3 The Simple Teleconference
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Figure 3.1:1 Two Clusters (Unlinked)
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Figure 3.1:2 Two Clusters (Linked directly)
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Figure 3.1:3 Two Clusters (Linked via a simplex link)
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Figure 4,1:2 Example Topology of 7 Clusters
Collection at A:Simplex Capacities
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Figure 4.1:3 Example Topology of 7 Clusters
Collection at A:Duplex Capacities
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Figure 4.1:4 Example Topology of 7 Clusters
Modified Ring:Duplex Capacity
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Figure 4.1:5 Example Topology of 6 Clusters
Modified Ring:Duplex Capacities
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Figure 4.1:6 Example Topology of £ Clusters
Modified Ring:Routing

Figure 4.1:7 Example Topology of 6 Clusters
Modified Ring:Routing
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Figure 5.1 Intracluster Network
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Figure 8.1 Experimental Network
Fully Connected:Virtual Space

Figure 8.2 Experimental Network
Tree Network:Virtual Space
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Figure 8.3 Experimental Network
Modified Ring:Pseudo Virtual Space
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Figure 8.4 Experimental Network
Tree Network:Pseudo Virtual Space
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