2F09031- PCT DESCRIPTION Title of Invention COVMUNI CATI ON  CHANNEL

BU LDI NG DEVI CE AND 5 N- TREE BUI LDI NG METHOD Techni cal Field [0001] The
present invention generally relates to optiml path construction for packet
f orwar di 2EpONBI-@(Tar ti cul arly, the 10present invention relates to opti nal
path construction for applicati . | ticasting (ALM over
packet - based network. In particgﬂégi%fhgqgﬁ%gent invention relates to a
comuni cation path construction apparatus and an N-tree constructi on nethod
for fair bandwi dth allocation in N source-specific paths. 15 Background Art
[ 0002] Mul ti poi nt. communi cation, in particular, multipoint comrunication
over thelltd€ephetnvV§%tigmoadly performed by a multicast method for

si mul t aneously delivering the sane content 20 to all participating nodes in
Sessi on.C@i‘él\zb}Nﬁ@A&éh@If xi tyHSE NN &r neBitAtlePddte cohiffi Ydkdt i odt Néhd node
configuration and requirements for internet service provider participation
for 8nabNir AR P Bdyek Dl ti dBE{Hithg D wi despread of IP (internet protocol)
nmul ti cast has been hanpered. 25[0003] On the ot herhand, a new

mechani smcal l ed "application |layer multicasting (ALM," has been known. ALM

is becom ng popular due to its sinplicity of application |ayer
Technical Field

[0001] The present invention generally relates to optimal path
construction for packet forwarding. More particularly, the
10 present invention relates to optimal path construction for
application layer multicasting (ALM) over packet-based network.
In particular, the present invention relates to a communication
path construction apparatus and an N-tree construction method

for fair bandwidth allocation in N source-specific paths.

15
Background Art
10002] Multipoint communication, in particular, multipoint
communication over the Internet, is broadly performed by a
multicast method for simultancously delivering the same content

20  to all participating nodes In session. Due to the complexity of
intermediate node configuration, end node configuration and
requirements for internet service provider participation for
enabling IP layer multicasting, widespread of IP (internet
protocol) multicast has been hampered.

25 {0003} On the other hand, a new mechanism, called

“application layer multicasting (ALM),” has been known. ALM
is becoming popular due to its simplicity of application layer

1



2F09031-PCT i npl enmentati on on an existing unicast network architecture. ALM
all ows AV (Audi o Video) packet forwardi ng by nenbers thensel ves anong
partici pati ng nodes because of no need for nmulticast forwarding function in
the | P |dy®0o31PQTaddi ti on, ALM 5all ows flexible AV packet forwarding in the
appl i cat.ion,l ayer. [0004] Wth ALM .AV contents or streans can be exchanged
Arong” al ™ B PGl BAPE 1 atpebt 111 Adectl b bl ¢ ROLE B ot S PaH RSNt o
setting. refore, .S Ver seful for, K Av-based applications such as

v deo codtaend ng et vebn S o TTER) ¢ hRbK S aror B2 COBE ot eRE TP EEr at ur es
1, 2 andh?{'n g$005] Wth ALM si.nce.packet rou ing IS pgrforrred in_the

appl i cat'| PEy&FS égb%néai’lair&]icp‘é’taitﬁggnd]dbd‘ﬁ%ls EEIFSFMOA Surtes habel tree
for data packet distribution, That is, wt M N participating nodes
const r uCHS 14 G S £ BUETOA" Er en §F 08 Ifﬁ%ﬁ#’?ﬁaﬁ%t ent’s A 1 Het appk-Mat i on

| ayer in order to perform N-to-N conmuni cation. [0006%01 the other hand, a
net wor k 31dgers fdaEi Rge me¥nBar &t il v aef B Ei igh thechBAT 5m td6IMell §YBAsed on
measured | atency (e.g. round-trip time%\i so that it is difficult to (Provi de
sol uti ond §&t] 208V rA b dwfidt I A 1 Okt iUn.SIHERES tHED nRE WS KK hiadyas
routing nmechani smincludes m ni num spanning tree (MST)" which is based on
"gr eedy"? BéAdep@lbf PRIt kst Bell frar FOPECARE PP E i B Gory tHrL f oP TEMDr t est
path formation. [0007]1n addition, Non-PatentLiteratureldiscloses a 25
bandwi dté &iloeaeindn ] mesetiéth Eor al beue 0Ty OfL Nk r bank ¢ rhases bnl uber
preference, for exanple, wish to prioritize an interested video.
2F09031-PETbpe0US] 4y bigstt i paskét clout $ ngi6a ot o 1 itremn & ob pbwWsikar taest

pat hbased on t he above-descri bed al gorithms and does not reflect ALM
routlPng rleguilieyrent pRTuses tlieseP bt ot ibiis rateres 1 b@sanidod ynet work | ayer

uni cast routing but not for ALM based
{00057 With ALM, since packet routing is performed in the

application layer, each participating node has to form a
source-based tree for data packet distribution. That is, with
ALM, N participating nodes constructs a distribution tree of N
15 source contents in the application laver in order to perform
N-to-N communication.
[0006] On the other hand, a network layer routing mechanism is
a selection mechanism solely based on measured latency (e.g.
round-trip time), so that it is difficult to provide solutions for
20 fair bandwidth allocation. Here, the network layer routing
mechanism includes “minimum spanning tree (MST)” which is
based on “greedy” concept of Dijkstra, Bellman-Ford and Prim
algorithms for shortest path formation.
[6007] In addition, Non-Patent Literature 1 discloses a
25 bandwidth allocation method for a plurality of streams, based on
user preference, for example, wish to prioritize an interested

video.



S5application. Citation List Patent Literature [0009] 10[PTL 1] U.S. Patent

- Appl i cation Publication No.2005/0163224 [PTL 2] U. S. Patent Application
Publ i cati on No. 2006/ 0153100 [PTL 3]U.S. Patent Application Publication

No. 2007/4x8B34{L8cfHon- Pat ent Literature 15[0010] [NPL 1] Puneet Mehra et al.
"Recei ver-driven bandw dth sharing for TCP", Proceedings of |EEE

Tr ansactli@Hs8bn MRiciasédpackedl uaetim gl 9sud hs, Iaigustt 2006m20 sSumtasy of

| nventi on Techni cal Probl em [0011] The above-descri bed al gorithms for
shortestPydt h Pasadticoh Hie AbL vawdes wfibehle @b noden nes mdr kd dandwbdt h and

25the entire network topology. Accordingly, if these algorithns
reflect ALM routing requirement. Thus, these solutions are

best for network layer unicast routing but not for ALM-based

5 application.

Citation List
Patent Literature
[0009]
10 [PTL 1] U.S. Patent Application Publication No0.2005/0163224
[PTL 2] U.S. Patent Application Publication No0.2006/0153100

[PTL 3] U.S. Patent Application Publication No0.2007/0133413

Non-Patent Literature

15 [0010]
[NPL 1] Puneet Mehra et al. “Receiver-driven bandwidth
sharing for TCP”, Proceedings of IEEE Transactions on

Multimedia, Volume 7, Issue 4, August 2005

Summary of Invention

Technical Problem

[0011] The above-described algorithms for shortest patﬁ

formation are not aware of the end node network bandwidth and
25 the entire network topology. Accordingly, if these algorithms

are applied to ALM applications, traffic congestion occurs in a

path shared between ALM no.des, network latency becomes longer
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are applied to ALM applications, traffic congestion occurs in a path shared
bet ween ALM nodes, network | atency becones |longer 3 and AV quality
deteriorates.ln addition, the nethod disclosed in Non-Patent Literature 1
does not take into account bandw dth contention in Nto-N distribution tree

(N-tree), aﬁaldAvhgﬁgfngedEwi%rg'tésf.i cyht 2§ @i o8, td LCANShUCH; { @ids andwi dt h
allocation tree. [0012]It is known that the problemof finding an N-tree

that assuresdRira Randwi didtaké acabie@n Oy takeond 4006 in RtAAdy idh
NP-hard. That is, it is not a problemthat can be solved in N pol ynom al

time, forcexedmlien im NiteNAicespantingree N3-ard)Nan(dNeh bee fargber of
nodes), but is a problemthat, if Nincreases 10 to such as NN, the

cal cul ati pndaffiuntt exphositvet ynstraceands.baihbividsh al hecetibhastiteeen a probl em
that the tinme to calculate N-tree explosively increases as the nunber of
nodes i nci®akek, Ends donsequenti yheapcalh letmh omf dinNit g emn iN$-tmee tlontpl et ed in
a practical period of tine. 15[0013] Enbodi nents of the present invention
provi de aasomusnifeat itoan pat htlcorderatidord apparatud wridinam Atiiedels
construction nmethod to provide good perceived AV quality while assuring
fair bandWifdbiaral | of&eitokf.i H ALMOERDBH? PeBstivit cHE presehited AdeRti on
conplete N-tree calculatigon in a practical 20period of tine. Solutjon to
Probl em [ DOLY} ABEBF dil i -t 505 FHFBP  GspRcli bt Go&cpPeBAht s fvéht it there

|5 brovided &, cormnL gt lon Reuh ponct vl Lon, gppataius neluding. &
ConSterUCt‘i[gnm?gh aasdiﬁw,i ?Elljé egalocol.ttliarg?c!n pz?‘fga%‘utn%ble%plosively increases.
That is, there has been a problem that the time to calculate
N-tree explosively increases as the number of nodes increases,
and consequently calculation of N-tree is not completed in a
practical period of time.

15 [0013] Embodiments of the present invention provide a
communication path construction apparatus and an N-tree
construction method to provide good perceived AV quality while
assuring fair bandwidth allocation in ALM. Embodiments of the

present invention complete N-tree calculation in a practical

20  period of time.

Solution to Problem
[0014] According to a first aspect of the present invention,

there is provided a communication path construction apparatus



over a plurality of communicati on nodes; a group constructor that assigns
conmuni cati on nodes to source-specific groups, based on display resol ution
andcontenttypes of the 5 communi cation nodes, and prioritizes the
source-specific groups; a bandwi dth estinmator that estimates a bandw dth
avai | abl e; oK, @nk00i £alro$iaeamh bet¥@en then SN gatd anrpedss; tiand a
forwardi ng tabl e constructor that constructs the distributed optinmal path
tabl e, basedt:NspsiOhirti s e@fd biFec sQMIGR1EPLRCH f iaC d10greupsd {PAEBIAccordi ng
to a second aspect of the present invention, there is provided an N-tree
construct petk Aebhed i ncl uding the steps of: assigning communi cation nodes
to source-specific groups, based on display resolution and content types of
the 15 comuni cati on nodes and prioritizing the source-specific groups;
estimating a bandwi dth available for a |ogical stream between the

communi cati on nodes; and constructing a distributed optimal path table over
a plurality of communi cation nodes, based on priorities of the

speci fic-source groups. 20 Advantageous Effects of Invention [0016] The
comuni cati on path construction apparatus and the N-tree construction

met hod according to enbodi nents of the present invention are able to
provi de good perceived AV quality 25 while assuring fair bandw dth
allocation in ALM In addition, it is possible to conplete N-tree
calculation in a practical period of tine by calculating N-tree in a

di stributed manner. 2F09031-PCT '
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Brief Description of Drawi ngs [0017] FIG1 is a drawing show ng a
sinple network having a plurality of comrunication nodes in ALM session;
5FIG 2 is a drawi ng showi ng an exanple of a plurality of comrunication node
groups based on different display resolution and content types;

FIG3 is a drawi ng showing an exanple of prinary parts

of acommuni cati onp th onstructi onappar at usi na,10communi cati on node in a

net wor k eﬂvFFoﬁn% F‘P’G Atucso’%md’r”ai\ﬂnahbo% Q/\ﬁlﬁb’ & &% L2 6F%% group

t abl e; %Sis a _drawi ng_showi tag or mat _of astreamtable 15FI G 6
(s orawl i) hiiedg &° ESEre For e b ssca?u CRErG Gl A ok

FIG7 is W n oW 1 atableformat p priorit

FIG8 is a(s,lrgvvl ng SHIW a rteeslgl1U£t ‘ot maatn of an tZedlufnd:??;P(eilsial X{ransm ssi on

sour cé; '095&%11?155;& h;g!;&'wgéhgbéﬁmﬁ iGe? ihd @Oglﬂ_@é’és%%c.?ﬁ%v\% aﬂlab'e

f or mat an estimte andwi abl

show ng a t@ﬁ@wﬁ@{m%t%a@oﬂ%ﬁ&f'e@‘t‘%rﬁgt@sma'Md%%htm;@ab?éﬁbﬁa 11

|IIustrates a main process flow of group-based
logical stream between the communication nodes; and a

forwarding table constructor that constructs the distributed
optimal path table, based on priorities of the source-specific
1o groups.
[0015] According to a second aspect of the present invention,
there is provided an N-tree construction method including the
steps of: assigning communication nodes to source-specific
groups, based on display resolution and content types of the
15 communication nodes and prioritizing the source-specific
groups; estimating a bandwidth available for a logical stream
between the communication nodes; and constructing a distributed
optimal path table over a plurality of communication nodes,
based on priorities of the specific-source groups.
20
Advantageous Effects of Invention
[0016] The communication path construction apparatus and the
N-tree construction method according to embodiments of the
present invention are able to provide good perceived AV quality
25 while assuring fair bandwidth allocation in ALM. In addition,
it is possible to complete N-tree calculation in a practical period

of time by calculating N-tree in a distributed manner.



tree construction for identification of fair bandwi dth allocation to allow
opti mal perceived AV quality; 2F09031-PCT FIG 12 illustrates a
nmessage exchange sequence through stream originati ng nodes, stream
recei vi ngrovodepcistream rel ay nodes and a stream coordi nati ng node;
FIG 13 is a drawing showng a format of a display 5resolution/content type
repor t i ng ¥ hes dages Nmte 0127 JA87 Widddgshow ngaf or mat of a
source-Sfecificdisplayresolution/contenttypereporting nessage;
FIG 15 i%0h7drani ng showing a format of a distributed 10optimal path table
construction status nessage; FIG 16 is a drawi ng showi ng a fornmat
of a weight repbifiAgivesshiyewing showipg@ gimipdcangt ai kg sholil higt a
format of a group priority reporting nessage; 15FI G
18i sadr af tgsih b hig &foon et bf & i our ae-Fednf Ad-Mrdapsid®st reporting message;
FIG 19 is a drawing showing a format of an estinmated bandw dth reporting
messége; FIG.2 is @ @raw iinsg & hdrewn egashowe ngp lee fodr pap lofalgty of
group- based 20tree construction invoking sel ecti on nessage; FI G 21
is a draw mgnshowihiop m ofaot eretr oofp | bgrseubpobad ed dreed ¢ bnstawetisohustaream
sel ection nessage;
and content types;
FIG.3 is a drawing showing an example of primary parts
of a communication path construction apparatus in a
10 communication node in a network environment;
FIG.4 is a drawing showing a table format of a group
table;
FIG.5 is a drawing showing a table format of a stream
table;
15 FIG.6 is a drawing showing a table format of a content
group table;
FIG.7 is a drawing showing a table format of a group
priority table;
FIG.8 is a drawing showing a table format of an
20 individual transmission source logical stream holding table;
FI1G.9 is a drawing showing a table format of an estimated
bandwidth table;
FI1G.10 is a drawing showing a table format of a
distributed optimal path table;
23 FIG.11 illustrates a main process flow of group-based
tree construction for identification of fair bandwidth allocation

to allow optimal perceived AV quality;
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FIG 22 is a drawing showi ng a format of a group-based tree construction
nmessage; 25FI G 23 is a draw ng showi ng a detailed process flowto notify
the start of distributed optimal path table construction; FIG 24

il lustrage®oaiger@ail ed process flow for ranking 2F09031-PCT
source-specific _display resolution/content type groups;

9
FI G 25i sadr awi n§Skbwicngbliodit @ &f St3 dBASEBASE FHEDRE HriGCESN §§ dprough
F1G 26 is a drawi ng showi ng a process flow of bandw dth 5estimati on;
FI G 27 %18 adp a ey IsHafien g o4l cfet af T eHMpr6§664% 1 R Bolode sgr sl DEsedl 1 ¥ ee
construction; and FIG 28 is a drawi ng showi ng a detail ed process
fl ow of hotefykhg EoripFenl e & nditdpei Badédopt i mal pat ht abl e
10construction. Description of Enbodi nents [0018] Now, enbodi nents of the
present inventi 8A0CMIBI ise a2 dravwgigsgr sbedvime det didrmit hodefer dhtelan the
acconpanyi ng draw ngs. 15[ 0019]In the present invention, in addition
t owafer -pradad ipol/ oyt edésiyn hed piat tiapameses aRat;ent  Appl i cation
No. 2008- 029771 whi ch has been filed by the present inventors, "viscosity,"
represented as #il§plldy rissol ati ot aanth gonsémtw iype, ai s fakwnati ntcd  a
consideration in N-tree construction. 20[ 0020] Here, "water-spre ad policy"
is an algori¢hisptoifsati siyspflaiyr bandod wtile nt/cee.thow, o yyuemarypofting
"wat er-spread policy” will be explai ned.
message;
FIG.15 is a drawing showing a format of a distributed
10  optimal path table construction status message;
F1G.16 is a drawing showing a format of a weight
reporting message;
FI1G.17 is a drawing showing a format of a group priority
reporting message;
15 FIG.18 is a drawing showing a format of a
source-specific group list reporting message;
FIG.19 is a drawing showing a format of an estimated
bandwidth reporting message;
F1G.20 is a drawing showing a format of a group-based
20 tree construction invoking selection message;
FIG.21 is a drawing showing a format of a group-based
tree construction stream selection message;
FIG.22 is a drawing showing a format of a group-based
tree construction message;
25 FI1G.23 is a drawing showing a detailed process flow to
notify the start of distributed optimal path table construction;

F1G.24 illustrates a detailed process flow for ranking
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[ 0021] According to"water-spread policy", a vessel having N water source
tunnel s (hol es) spreads water fromits position to 25 different positions,
based on the sizes and heights of these tunnels (pressure: corresponding to
an experrm@pge;. patiabase used at branch selection). A large tunnel spreads
nore water than a 2F09031-PCT snall tunnel.A tunnel nearer the bottom of
t he vess¥dUkpf edtike dtef | fRkheR SPARAT QN tUMAES BT AYR ChBEREP Sposi ti on. The
capacity (hole size: equivalent to the bandw dth) of each tunnel may vary.
This is concl ud6d&-Bat dsnode hdvdWgng wisde? Whasdwiadt hl €&rdd les Srsea
streans to a nunber of nodes in an N-tree than a node having a narrower
bandwi dt¢en§ 00xX)iPhe pRoceéé Bicgsiit hm according to "water-spread policy"
has followi ng main phases. [0023]i) Connection establishing phase:
connecti on bet wEdf. 20ebthh Avdw ing eBpabin Shedrandsnethwor ko imbtamideg i ¢ hiode
connection states) are collected. [0024] Here, the above netric information
is nét represented bydi scretequantities(0 orl)indicating connectionor
di sconnection, buti st heconnecti onst at eof conti nuous
FIG.27 is a drawing showing a detailed process flow of
group-based tree construction; and
FIG.28 is a drawing showing a detailed process flow of
notifying completion of a distributed optimal path table

10 construction.

Description of Embodiments
f0018] Now, embodiments of the present invention will be
described in detail with reference to the accompanying drawings.

15 [0019] In the present invention, in addition to “water-spread
policy” described in Japanese Patent Application
No0.2008-029771 which has been filed by the present inventors,
“viscosity,” represented as display resolution and content type,
is taken into consideration in N-tree construction.

20 [0020)] Here, “water-spread policy” is an algorithm to satisfy
fair bandwidth tree. Now, a summary of “water-spread policy”
will be explained.

[0021] According to “water-spread policy”, a vessel having N
water source tunnels (holes) spreads water from its position to

25 different positions, based on the sizes and heights of these
tunnels (pressure: corresponding to an experience database used
at branch selection). A large tunnel spreads more water than a
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15quantities reflecting full-mesh (A-B, A-C, B-C, B-AL CA and C B)
measur enent val ues. That is, netrics for nodes Ato C may be 1 Mips, 0.1
Mops and O Mops. [0025]ii) N-tree construction phase: the status of N-tree
havi ng mgshomegeconnectivity i s updated using a connection 20table called
"optimal path table"The status of node connection and di sconnection is
updat ed §ahh tARMdessifori b yod26ERiE Ry Aontroltogr N tthee VESEE i Zatd gk phase:
i nprovenent steps are performed to progressively inprove fair bandw dth
al | ocat ivat¢orfarhdcenthde N-ttunsee Wilbh anh g g Besaliothen, Tha 95praéry to
optim ze an N-tree, nodes or links are noved anong them This allows ALMto
have fadthaleus &zconvearigeneat RRCjE e Thisd pritldhiee f s cibstwsed !t agonstruct AV
streamdi stribution 2F09031-PCT paths for nodes. [0027] The N-tree
al gorit hihis isucvabllie dieak thytconfed enkevappl i cat lonsb tndexicHdnge rAlL st r eans
or contents anong a small nunber of participants using an advanced di al og
functi ommamd S¢gooamAV tgual intymtblrowdh no dessionan nNatireh &hknmenierde on t he
having a narrower bandwidth.
[0022] The N-tree algorithm according to “water-spread
policy” has following main phases.
f0023] i) Connection establishing phase: connection between
10  each node is established and network metrics (node connection
states) are collected.
[0024] Here, the above metric information is not represented
by discrete quantities (0 or 1) indicating connection or
disconnection, but is the connection state of continuous
15 quantities reflecting full-mesh (A-B, A-C, B-C, B-A, C-A and
C-B) measurement values. That is, metrics for nodes A to C
may be 1 Mbps, 0.1 Mbps and 0 Mbps.
[00625] ii) N-tree construction phase: the status of N-tree
having mesh node connectivity is updated using a connection
20 table called “optimal path table”™ The status of node connection
and disconnection is updated in an ALM session.
[0026] iii) Control or N-tree optimization phase: improvement
steps are performed to progressively improve fair bandwidth
allocation for the entire N-tree with minimum delay. Then, in
25 order to optimize an N-tree, nodes or links are moved among
them., This allows ALM to have fast route convergence(FRC).

This information is used to construct AV stream distribution
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network participate. [0028] To assure bandw dth fairness for all nodes, the
N-tree algorithmtakes into account the capacities of upload slots and
downl oad slots for each node. Here, upload slots and downl oad 10sl ots
i ndi cat exdvg3zbapgdw dt h capacities of the uplink and the down |ink of each
node, respectively. A bandwidth is divided into a plurality of discrete
ranges sRiehhado641REe84nd 128 kb. [0029]"Water-spread policy" is adopted
with three main phases of the above-described N-tree construction algorithm
to 15 cdhdEvlict Tab ¢ alN-tBasdvil @ 18h 8t risouty o bleed 0 THAY st uifs om &g | ows
ALM FRC applied to all the nodes on a network participating in a specific
sessi on.2) DOBO] i Waset 0 spx ehd g6l Sy s Id&/ IS i ImcAen taTHfst pen ebagestehl by
reduci ng end-to-end node delay.In addition,"water-spread 20policy" can
naxi ni zen ¢ eb barovi it 1 iavak habl es beg weenadhamed: - d rade LM nodes. and
[0031] Moreover, a path sel ection nechanism according to "water-spread
pol i 6y" gsobaded qnalnlyythheughanl abs e dandwivdl b fard Idel cay biems pant {leé pat i ng
nodes each having evenly distributed 25 bandwi dth. Now, a case will be
descri bede wwmer &, pahercipwdeor nore data streans conpete for an intra-link
bandwi dth in a shared network path, the optinmal perceived AV quality is
2F09031-[ROI28] To assure bandwidth fairness for all nodes, the N-tree
algorithm takes into account the capacities of upload slots and
download slots for each node. Here, upload slots and download
10 slots indicate the bandwidth capacities of the uplink and the
down link of each node, respectively. A bandwidth is divided
into a plurality of discrete ranges such as 64 kb and 128 kb.
[0029] “Water-spread policy” is adopted with three main
phases of the above-described N-tree construction algorithm to
15 construct a fair bandwidth distribution tree. This solution
allows ALM_FRC applied to all the nodes on a network
participating in a specific session.
[0030] *“Water-spread policy” can minimize traffic congestion
by reducing end-to-end node delay. In addition, “water-spread
20 policy” can maximize the bandwidth available between shared
N-tree ALM nodes.
{0031] Moreover, a path selection mechanism according to
“water-spread policy” is based on only the available bandwidth
and delay in participating nodes each having evenly distributed
25 bandwidth. Now, a case will be described where, when two or
more data streams compete for an intra-link bandwidth in a

shared network path, the optimal perceived AV quality is

10



provi ded for participating nodes. [0032]In a nulti-party ALM video
conferenci ng session, each participant may configure and custom ze its own
continuous presence |layout. Current solutions provide various continuous
pr esencexg@poutpg;T such as "display with an equal display resolution for all
participants,” "display wwth a | ower display resolution (e.g. CIF) for
non- act i REC ¥ peafera pandi oidi sipngy DMidds-a hi gher di splay resol ution (e.g.
HD720p, HD1080i, 4CIF) for active speakers." 10[0033]In addition, various
content t9p23Isuéh asmaddi o aniydéo- Miwd dsfo @udi o Tarmd i des,s sand . docuhent
data may be delivered to different participating nodes through different
net wor k pat hisipienta i nglee shigad® Ny dessisonm [D034]SThewpr esemti ninvent or s
considered "viscosity" that is 1brepresented as display resolution and
cont ent pypeeipe N-aweet.corfstruet | o ludsonel prasidhevabdves descriichedu s
"wat er-spread policy." By this nmeans, it is possible to provide the best
per céi vepr &8¢ moal ilay cadicor diinght ;e ¢ h€ davpi & abl e iblandw dtchy wrld éndpbi nt
capabilities. 20[0035]1n addition, according to the present invention, the
N-tree atgorliuthoni Soabhél tpabe céereaus s “abiipg anodest i na al avst r i bap Edy
manner, so that it is possible to distribute N-tree construction processing
anong a pdarlaltivy 0f. noddd;) &nd i hier ef ove: ppewdntrsOnhky da“spepid v cwhode from
bei ng | oaded. 25 [0036] Next, definitions of the ternms used in the present
enbodi menthirg htr béi delsor idead luaiens e eg clRDITY0 ANdHEONSR St enc@ 1 BY £hi S
techni que. 2F09031-PCT [0037]1. "ALM session"” iIs defined as a | ogical
sessi on d¢tiwhi epetatw@ re(” nore communi cati on nodes are connected over a
network in a nulti-party application to sinultaneously exchange data
packets [an®mg]t hem adfi 0038],2y armﬁgqsdﬁyé'ntdeﬁ'BIa@SS\@@ndﬁ iaQnsi Qr vedabes of
different types of liquids to be transported between two or nore different
poi nts whekeok heyd Imya siay &l é He aSaTRl Pk M el Hhad¥ e 40 b'avatgrvspE gath
policy."Liquids with different viscosities my

different participating nodes through different network paths, in

a single streaming session.
{0034} The present inventors considered “viscosity” that is

15 represented as display resolution and content type in N-tree
construction, as well as the above-described “water-spread
policy.” By this means, it is possible to provide the best
perceived AV quality according to the available bandwidth and
endpoint capabilities.

20 [0035] In addition, according to the present invention, the
N-tree algorithm 1is able to be executed among nodes in a
distributed manner, so that it is possible to distribute N-tree
construction processing among a plurality of mnodes, and
therefore prevent only a specific node from being loaded.

25  [0036] Next, definitions of the terms used in the present
embodiment will be described to ensure clarity and consistency
of this technique.
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travel on a flat surface at different speeds.In the present 10enbodi nent,
"viscosity" refers to the display resolution and content type of an AV
stream [0039]3. "Stream origi nati ng node" denotes a comuni cation node
to del i vgmogenpvents captured by a capturing device. "Stream origi nating
node" is also used interchangeably with 15"source" or "source node."
[0040] 4.1 0G5t 7 baml r el &y Mode”s dériot e & Cldmfithi &t & ohC Abgd! t B¢ TEEd vid
content froma streamoriginating node and relay it to the next
comuni c&biteRh hvde .01 COANG 5¢ 0 MOpNddmt EERi $PEG SnadE" charstEsdg over a
comuni cation 20 node to receive content and play it back. "Stream
recei vi nge ivdek ims aamsol tised! | hiearcHangeabl iy wil b Mteacsindny” 8 hangsei ver
node." [0042] 6. Stream coordi nati ng node" denotes a comuni cation
node to ¢perd grmkefidchmer zdd amsks for all conmuni cati on nodes 25in an ALM
session. [ 0 04 3]7. "Goup-based tree' is conposed of a source node and
a group [¢f0F&tei Ver” Yiodess rtequestiiingst hendate r$ spl ayatesol utdidherent
2F09031- PCT and content type fromthe source node. [0044]8. "Prioritized
gr oup- basac: ¢ deki'q wirds forimed rby spankiedgbat plewmaltistoy oof mrouphibasednt r ees,
based on a set of pre-defined ranking rules. 5[0045]9. "Logical streant
denot es momitrst ualhqpat htli met warsky share the same path to travel in
“water-spread policy.” Liquids with different viscosities may
travel on a flat surface at different speeds. In the present
10 embodiment, “viscosity” refers to the display resolution and
content type of an AV stream.
[0039] 3. “Stream originating node”™ denotes a communication
node to deliver contents captured by a capturing device.
“Stream originating node” is also used interchangeably with
15 “source” or “source node.”
[0040] 4. “Stream relay node” denotes a communication node to
receive content from a stream originating node and relay it to the
next communication node.
[0041] 5. “Stream receiving node” denotes a communication
20 mnode to receive content and play it back. “Stream receiving
node” is also used interchangeably with “receiver” or “receiver
node.”
[0042] 6. “Stream coordinating node” denotes a communication
node to perform synchronized tasks for all communication nodes
25 in an ALM session,
[06043] 7. “Group-based tree” is composed of a source node and

a group of receiver nodes requesting the same display resolution
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pat h) fornmed between two conmuni cati on nodes whi ch do not have established
active connection. These comuni cation nodes on a virtual path share a set
of corn non attributes, and, when a |ogical stream having conmon attri butes
i s eventyaohyi-ptG sel ected, establish active connection. A common attribute
is, for exanple, the sane display resolution and content type requested
from t he* 5ane0 8t ¢ e RG 5639 bhe or0 ¥ het Seh@cori gi nati ng node, and has a
bandwi dth and so forth available for content transm ssion between two
comuni &G bhl nod8s. “ABgrapwsd 1@&r oHorkay i ngreable"ais formeld by packet
forwardi ng i nformati on used by comruni cati on nodes to forward a received
packet tigitiier gubsaduant i iconpriinigc airo® atede degisgndtaest dbyonher fo¢wae Hi ng
table until arrival at the destination. [0047]FIG 1 is a drawing showi ng a
comuni catd ole ispstderm n2Ongceolddi ng to an enbodi nent of the present
invention. As showmn in FIG 1, a plurality of comrunication nodes 102, 104,
106, 5108 H¥r4S tonfect'deh gic dlhes tsamen Nettworokc31@ enalbiahg padhndateten @nong

t hem Conmuni cati on nodes are able to exchange AV streans and contro
streans il tfaneoasd! P chetaveent w hemoduim i ¢ 25 oan nALde sewdiien. do stoeam
coordi nati ng node, a streamoriginating node, a streamrelay node and a
stream rlecet viag abddehedn betilvagi calneanttibines wWii'kchs si nu mameoushyi aresi de
in one 2F09031-PCT conmuni cation node or in a plurality of conmunication
nodes. [0048iHenea wihrtuhd praedenharevenstonef "codesoandtt'ehtuteys dhdt are
ternms denoting physical and logical entities may be used interchangeably

W t h onewaraet herlo SleQ049] Fd {Gn 2 hias ianotdien ndlo AWa y idhawvisngs t beeaogaling cat i on
system according to an enbodi ment of the present invention. FIG 2 shows an
exanpl e ddlewhical aspibirialh tae ot ecommny @abnon Podesmaebnaststivaa®d recei vi ng
nodes, stream originating nodes, a stream coordinating node and stream

rel ay nogss epdeipdifferenta@comiusbeati ar snadei ghounsd [CRABQIHE ouping of
comuni cation nodes is perfornmed based on di splay resol ution and content
types requpsé et d r amospecitfd C ssitnh eam ofdgh paki Nge §OMAS. S ¥ eamer egginvd N
nodes may request different display resolutions (e.g. HD720p, 4CIF, CF)

and 15 gontiant: i hypPes dkl oM & 1844 @amaerd @i dek i 10d Redeo rbh ef €ailGoNkensr t ypes
i ncl ude, for exanple, audio only (A), video only (V), mx of audio and

video (AM)nt IOCYIRAL nAdkdo (D) c BRE ORI Pl odR A  ©atibB0RBld Hach di spl ay

resol ution and content type request fornms a communi cati on node group

(her gi nafd®f s | SOUnCe BBSGIriaG n20¢h BPL aYTLFok HEd P £ SPL T YRES PUPI Y
fic

-source-specitl
information used by communication nodes to forward a received
packet to the subsequent communication node designated by the
forwarding table until arrival at the destination,

[0647] FIG.1 is a drawing showing a communication system
20 according to an embodiment of the present invention. As shown
in FIG.1, a plurality of communication nodes 102, 104, 106, 108
are connected to the same network 110 enabling connection
among them. Communication nodes are able to exchange AV
streams and control streams simultaneously between them during
25 an ALM session. A stream coordinating node, a stream
originating node, a stream relay node and a stream receiving

node can be logical entities which simultaneously reside in one
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group-) for further group-based tree construction. [0052] G oup 204 shows a
communi cati on node group fornmed by conmuni cati on nodes requesting the sane
di splay resolution (HD720p) and content type (m x of audio and video) 230,
232, 75284¢hrmeqommuni cati on node #1. G oup 202 and group 206
showdi f f er ent communi cat i onnodegr oups, f or nedby conmmuni cati on nodes #2, #3
and #1, Ythiichupdgaésin didderentnla plargdoBy-ECT odi 8Pl Bic #1é 96 Biders -and
content types from conmunication node #4. [0053] That is, group 202 is a
commruni ddt b nodee igr.olip tisi Bhe § entidotvs MCoR.di 8pHay #edol ani oy "ahbizudi o
and video-m xed 5 content type 246 from conmmuni cati on node #4. Meanwhil e,
group 208§ steg nepnraniodat gon hnode adr eup Vvl alegqudstis sCirFadi dypd aysed
resolution and an audi o and video-m xed content type 248, 250 from
communi catticon hnodesa W4, W 0054As aslediwverin FI G 2, an ALM session with N
participating 10nodes may have up to N comruni cati on nodes, which are
stream rldoed ¥i ngFi6dés i St nearmheec dirvivnign mosleo 2i4,g 216, 248 mRAQcstart
requesting display resolution and content types to stream originati ng nodes
hayi ng tdwestaesi geatedidigspbay r esmlbutd oneandodonhentpreypas, inespecdnvel y.
15[ 0055] Each stream recei ving node may have different options
FI1G.2 shows an example in which a plurality of communication
nodes act as stream receiving nodes, stream originating nodes, a
stream coordinating node and stream relay nodes under different
10 communication node groups.
[0050] Grouping of communication nodes is performed based
on display resolution and content types requested from specific
stream originating nodes. Stream receiving nodes may request
different display resolutions (e.g. HD720p, 4CIF, CIF) and
15 content types from a stream originating node. Here, content
types include, for example, audio only (A}, video only (V), mix
of audio and video (AV}, document data (D) and control data (C).
[0051] Each display resolution and content type request forms
a communication node group (hereinafter “source-specific
20 display resolution/content type group” or “source-specific
group”) for further group-based tree construction.
[0052]) Group 204 shows a communication node group formed
by communication nodes requesting the same display resolution
(HD720p) and content type (mix of audio and video) 230, 232,
25 234 from communication node #1. Group 202 and group 206
show different communication node groups, formed by

communication nodes #2, #3 and #1, which request different
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fromthe display resolution and content type requested fromthe stream
ori gi nati ng node. For exanpl e, conmmuni cation node #1 nay set videos from
comuni cati on nodes #2, #3 and #4 to be displayed in 4CIF resolution 236,
242, 246;fpmwpicgati on 20nodes #2 #3 and #4 may set videos from
communi cation node #1 to be displayed in high definition resolution 230,
232, 234divpdrg, reemuriieat Pod sOdds D421 Y #8Sahtio 14 afay tEeR 1 44 d@ds T din ot her
comuni cati on nodes to be displayed in CIF resolution 238, 240, 244, 248,
250, 252#425[ 0056] Each conmuni cati on node being able to deliver nultinedia
content to all participating nodes contains the ALMfunction of a stream
ori gi natithg>ndde T h 2F00810 PET2 P B0E7 h Rt G2n shrows t B exatp | g dup whi chh
comuni cati on nodes #1 and #4 are stream ori gi nati ng nodes. The di spl ay
r esol ut i o anst cohCdmt d g ahered mlafttiem "am dcoesidip iad or madieon'h) i yedquest ed
fromeach of streamreceiving nodes 214, 216, 218 are retained 5 only in
stream oco gt vt i ngp aodelss 21y m220 minnu eacht st eamdar i 44 nat Miganeds,l ebased
on the requested display resolution and content type, streamreceiving
nodes argrdupt BEK disviaded i niwn i qaliomalnidde of rsopr eer geci dq e diss [l By
resol ution/content type groups 202, 204, 206. To be nore specific, stream
ori gi natd ng 1kOnods 214 i canatidt ute i & pd ayn desaldueloi-enicomt eaht & ypet gFoup
204. That is, in display resolution/content type group 204, the groups
construct gt axi §tfrichtit €sinRaRE  k OTH Ie@dr®s i 494 nat i ngnode
[0054] As shown in FIG.2, an ALM session with N participating
10 nodes may have up to N communication nodes, which are stream
receiving nodes. Stream receiving node 214, 216, 218, 220
start requesting display resolution and content types to stream
originating nodes having the designated display resolution and
content types, respectively.
15 [0055] Each stream receiving node may have different options
from the display resolution and content type requested from the
stream originating node. For example, communication node #1
may set videos from communication nodes #2, #3 and #4 to be
displayed in 4CIF resolution 236, 242, 246. Communication
20 nodes #2 #3 and #4 may set videos from communication node #1
to be displayed in high definition resolution 230, 232, 234,
Here, communication nodes #2, #3 and #4 may set videos from
other communication nodes to be displayed in CIF resolution 238,
240, 244, 248, 250, 252.
25 [0056] Each communication node being able to deliver
multimedia content to all participating nodes contains the ALM

function of a stream originating node.
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214w t hdi spl ayr esol uti on/ contenttype230, 232, 234are

retai ned. Li kewi se, el enent si nt hestreanori gi nati ngnode 15 220
ar er et ai nedi ndi spl ayresol uti on/ cont enttypegroups 202, 206.
Thati s, digphaypesol ution/ contenttypegroup 202 isa

groupt odi spl aystreansfronstream ori gi nati ngnode 220 with

di spl ayrk
206 is a
di spl ay #

:

Ut i ofifEoRt ehptparmexpapl ayin Wk skib| G ghy e bat HNt tAIEE Hr oup

roup to display streans 20from stream origi nati ng node 220 with
ol 4t bryrcont e mt gpesiwgn g28@des. The display resolution

and content type (hereinafter “viscosity information”™) requested

from cach of stream receiving nodes 214, 216, 218 are retained

5 only

in stream originating nodes 214, 220. In e¢ach stream

originating node, based on the requested display resolution and

content type, stream receiving nodes are further divided into a

plurality of source-specific display resolution/content type

groups 202, 204, 206. To be more specific, stream originating

10 node 214 constitute display resolution/content type group 204.

That is, in display resolution/content type group 204, the groups

constructed to distribute streams from stream originating node

214 with display resolution/content type 230, 232, 234 are

retained. Likewise, elements in the stream originating node

15 220 are retained in display resolution/content type groups 202,

206.

That is, display resolution/content type group 202 is a

group to display streams from stream originating node 220 with

display resolution/content type 246. Display

resolution/content type group 206 is a group to display streams

20 from stream originating node 220 with display resolution/content

types 248, 250.

[0058] A group-based tree is constructed for each of these

groups 202, 204, 206. For example, for communication node #4,

which is a stream originating node, two group-based trees are

25 constructed. That is, in communication node #4, a group-based

tree for transmitting 4CIF AV content to communication node #1

and

a group-based tree for transmitting CIF AV content fto
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[ 0058] A group-based tree is constructed for each of these groups 202, 204,
206. For exanpl e, for comruni cation node #4, which is a streamoriginating
node, two group-based trees are 25 constructed. That is, in comrunication
node #4,>@ogroppbased tree for transmtting 4CIF AV content to

communi cati on node #1 and a group-based tree for transmtting ClF AV

cont ent ¢®MPFOYOBILPCT edpfrun? calt f o3 nodks ¢@mand n4gaf v eomwdiai €4t ivon node
#1, a group-based tree for conmmunication nodes #2, #3 and #4 is constructed
to transgiQupighseléfitngei dRTA¢odBATEMICatioo59) Adedr dizhg #D redudst etd
content types, communication 5 node #1 is able to formnore than one

gr oup- basees trieds.d Fortrexsmite high defmuiiiioat Foh awode 1, nore than one
group-based trees may be fornmed to separately deliver 4CIF video and audio
cont ent [t THhmui axaticoim gofdest ekPy e #3: danedo wie wi at i € § eren npanhsation

10[ 0060] Here, at |east one comruni cation node will be a stream coordinating
nodes5f orngéss# dni cadridi mat Ffonmamonge pdran ol pat g ngu peblese dFHiIG & .shdwst an
exanpl e in which comruni cati on node #1 is a stream coordi nati ng node. The
st ream cooxdiipiat i ing cnoden v eCed Mes: a oduest nlesd tdfandiosyd &youp-based

resol ution/content type groups 15202, 204, 206 fromall streamoriginating
nodes 214ge226 durhingoansedsicon.c pla0Q6t] Bt d ebimcodndi hat idwp nade aidid)
defines a weight relative to each display resolution and content type,
accordi ngodoedthetpreommivad caftidhe ndidsgd a2 r e#dl utni dbn#and iaonti€nt r ¢ ypes
based 20 on the preference set by the user or application. Mreover,
stream ngatoar di nati ng node 214 ranks the received |ist of display

resol ution/ content type groups 202, 204, 206 and defines the priorities of
theigrougsi6dhe prdreridy 10hsgroups disedu h ot efi odherny ddhey prli bei { wtetam

group- based tree construction is determ ned. 25[0062] Each node in the sane
di spl ay ¢esod utd Qn/ccotENtf dryR@ssion coordination among participating
nodes. FIG.2 shows an example in which communication node
#1 is a stream coordinating node. The stream coordinating node
receives a request list of display resolution/content type groups
15 202, 204, 206 from all stream originating nodes 214, 220 during
a session.
[0061] Stream coordinating node (214) defines a weight
relative to each display resolution and content type, according to
the priorities of the display resolution and content types based
20  on the preference set by the user or application. Moreover,
streaming coordinating node 214 ranks the received list of
display resolution/content type groups 202, 204, 206 and defines
the priorities of the groups. The priority of groups used later
when the priority of group-based tree construction is determined.
25 [0062] ZEach node in the same display resolution/content type
group is eligible to be a stream relay node. For example, in
group 204, communication nodes 216, 218, 220 request the same
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group is eligible to be a streamrelay node. For exanple, in group 204,
communi cati on nodes 216, 218, 220 request the sane 17 2F09031-PCT content
from comuni cati on node 214. This content nay be relayed fromthe node that
first regajopedpihe content to the next node.ln order to select network
paths in a group, each streamrelay node perforns bandw dth estimation to
est i mat ¢ ASs’E shr05p he oaR thiths Hiddwni e he r ddi-r edk bl det ¢ vEF 1t hing ¥di ol ay
resolution and content type by each |ogical stream [0063]Note that each of
communi citliaore hddes 214, n21g, thag fi290 rics calviegi bhe ¢onbens (ot feamext
originating node and a streamrelay node for a plurality of source-specific
di spl ay ®edel ut fong cbnt dnt s¢0t yhe Groaps matithensangreipe. fhals,strhese
comuni cati on nodes may be involved in at |east N display
resol utimonfagomaedht pype gneups nduw i hth ags tAEM Segsiten ositi maNcpdrticbpati ng
nodes. [0064] Meanwhil e, these comuni cati on nodes have only a limted
bandwi dtth shaned it ror ahsmdiw ad  urralquiyedf $oredrdiveds tAdsor di nglay,
bandw dt h estimation allows bandw dth distribution to |ogical streans
formed e ddeseoccomminecateon tygded wt kanbel vescab ssreeam rel ay nodes or
streamoriginating nodes in a plurality of groups. This bandw dth
estimatijdn) 3] peNfaremetai ne 4 hesefl commumieat h oiv modedeR12] 42151 62181 8 220.

220 is eligible to be a stream originating node and a stream relay

node for a plurality of source-specific display resolution/content

10 type groups at the same time. Thus, these communication nodes
may be involved in at least N display resolution/content type
groups during an ALM session with N participating nodes.

[0064] Meanwhile, these communication nodes have only a
limited bandwidth shared to transmit a plurality of streams.

15 Accordingly, bandwidth estimation allows bandwidth
distribution to logical streams formed by these communication
nodes themselves as stream relay nodes or stream originating
nodes in a plurality of groups. This bandwidth estimation is
performed in these communication nodes 214, 216, 218, 220.

20 [0065] A fair bandwidth allocation and distribution mechanism
compares the logical stream from a display resolution/content
type group with a higher priority to the logical stream from a
display resolution/ content type group with a lower priority.
Next, the fair bandwidth allocation and distribution mechanism

25 is applied to allocate a shared bandwidth at a higher rate. By
this means, fairness of perceived AV quality, which is optimized

between streams, is achieved for a display resolution/content
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20 [0065] A fair bandwi dth allocation and distribution nechani sm conpares
the logical streamfroma display resolution/content type group with a

hi gher priority to the logical streamfroma display resolution/ content
type groumowkilceg |ower priority. Next, the fair bandw dth allocation and
di stribution nmechanism 25 is applied to allocate a shared bandw dth at a
hi gher rtatree "Bytht ki Bigleansy rifodiif hess of perceived AV quality, which is
optim zed between streans, is achieved for a display resolution/content
2F09031-[F0I6 6 ype Wit h earhi gphers tpgicor i t yac00BBldamear ki ®in stiiges toghch
stream ori gi nati ng node sequentially commands to construct group-based
trees, basedeohialhg ppironiamy sof 0 acgnetp diefeirved Whe s dttream dooyadl met i ng
node. 5 In each group, streamreceiving nodes select the |ogical stream
havi ng tthe mexiominy est iaatred: ppaheivirdich, by oa f irmaan neo wod kn paitthg  Mhee | ogi cal
stream havi ng the maxi num esti mated bandw dt h denotes a network path having
a bandwi Idt ke dch gddoovy stsit eamur eceievivnggnodds st ecteceithe theibebtstpereori ved
AV quality. 10[0067] The selection result is reflected in the |ogical stream
rel ayi ngh modegt oh eipded ei mufor earidn age § ablae.d Whet i ortwarfdimmg talbleework
information is used by a streamoriginating node and the subsequent rel ay
node to goriwar d Bheecki e IAVs packat hovihg sthsequertmsimeam trieceiod ng
node until arrival at the final 15 destination. The consecutive group-based
tree consindetidn deantereagheup dik gnathhéra maup énsud @3$dak cus acly oef

bandw dth estimation for prioritized display resolution/contents types in
net wor kK sltk@.a nt i caddivti h@Nn o@QRRC UG rNede igleothec based pteree icersvucid Dty s al so
possi ble with a synchroni zati on mechani sm 20pl aced in an appropriate

| ocapi onf d®6 synchmaniszg eando bt as Wl  evat of Ing: thandw dhb 18k os aAtJt@8aanONg
groups. [0068] FI G 3i sabl ockdi agram | | ustrati ngi nternal configuration
302, 304 «fayanGonaaidkcabi Qp dode 4 NFr IgE MDA K €AWl ¢ ONNERE FQGe gidichd 0 an
enbodi ment of t'he present 25invention. Each comruni cati on node has group
const r uctQy1 3980t ArMapdi NGt bt @CHPSHI Yotd QRCHRL § Bl 4 @M1 G POdM @t ihe
estimator 322, forwarding table constructor 328 and forwardi ng

subsequent relay node to forward a received AV packet to the
subsequent stream receiving node wuntil arrival at the final
15 destination. The consecutive group-based tree construction
from one group to another group ensures accuracy of bandwidth
estimation for prioritized display resolution/contents types in
network 110. in addition, concurrent group-based ftree
construction is also possible with a synchronization mechanism
20 placed in an appropriate location to synchronize and obtain
remaining bandwidth information among groups.
00681 FIG.3 is a Dblock diagram illustrating internal
configuration 302, 304 of a communication node in a network
environment according to an embodiment of the present
25 invention. Each communication node has group constructor 308,
forwarding table ~construction controller 316, bandwidth
estimator 322, forwarding table constructor 328 and forwarding
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2F09031- PCT executor 334. [0069] These five nodul es 308, 316, 322, 328, 334
are connected via a plurality of tables 358 to 374 in order to exchange

i nformation anong them These tables are display 5 resolution/content rule
tabl e 358yopanipent group table 360, group priority table 362, group table
364, streamtable 368, individual transm ssion source |ogical stream
hol di ng tabret8rd@ 3esti mat ed bandwi dth table 372 and distributed optimal
path table éCPT) 374. 13%0070][jsplay resol uti on/ cont ent t%pe trigger

moni t or BAQ0Hét er it whethem od uhos tHe¥e Bd ta régdestd 1% chardgeane

di splay resol ution/content type reported from nedia application 376.

[ 0071] Foravandichgdt abilae Topstrakityorp tottlrlold ep 5816 oconf Aolis distei but ed
optimal path table construction for the plurality of 5conmunicati on nodes
302, 304 Dibtnighutied odETa @k fommedg byhem. These tables are display

f orwar di ngi nf or mati onresul ti ngfrongroup-basedtree construction. The opti nal
net wor k patdi utsoagnstnuat ed: loaseld! oF Sthecpmnitonit tgrowfp grblp- baded:taeges in a
di stributed nmanner. Therefore, if a request to change display resolution
and contenitori2 tatples 3830 teoRkp2tdisld vokedt byamnyaphe t3act pahidngi hode
before all group-based trees are constructed, the accuracy of ALM path
const r uctria@s nvbys e isfd wented.ich0GAZEhm thel Gy a addse3 70hec d aitnestc d
request ed di splay resolution and content type nay cause unfair bandw dth

25 al | ociad haw:idkhertabaee 3 7oraved di ng rti kbl edconst mudt ipanthcaabnel erp BL6
exi sts to synchronously construct distributed optiml path tables. That is,
forwardihg4t abl e construction controller 316
10 [0070] Display resolution/content type trigger momnitor 340
determines whether or not there is a request to change a display
resolution/content type reported from media application 376.
[0071] Forwarding table construction controller 316 controls
distributed optimal path table construction for the plurality of
15 communication nodes 302, 304, Distributed OPT 374 formed by
forwarding information resulting from group-based tree
construction. The optimal network path is constructed based on
the priority of group-based trees in a distributed manner.
Therefore, if a request to change display resolution and content
20 types 230 to 252 is invoked by any participating node before all
group-based trees are constructed, the accuracy of ALM path
construction may be influenced.
[0072] In the above case, the latest requested display
resolution and content type may cause unfair bandwidth
25 allocation. Therefore, forwarding table construction controller
316 exists to synchronously construct distributed optimal path
tables. That is, forwarding table construction controller 316
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2F09031-PCT reports the start and the end of distributed optinmal path table
construction events 318, 320, 382, to all participating nodes. This all ows
the participating nodes to performcontrol change, so that it is possible
to synchymgppwglpy-construct distributed optinmal 5path tables.

[ 0073] Groupconstruct or 308al | ocat es(assi gns) conmuni cati on nodes to

sour ce- spsard flisc theodpsrt ased hon edi $pd hyd rsdsobut £ dnpodhmeant paybesa Medi a
application 376 controll ed by theusercommandst ochangear equest eddi splay 10
resol ut i ot gontan nt ypeen (& oulpd condl r ut8adr BO8aflorp wdchi Bt rieam Tredeb vi ng
node receives (306) a display resolution/content type change request from
di spl ay Thsoladl bery thatrenttitypet itrd ggete sroni p orf G40.cdNexto! gheuge, so
constructor 308 for each streamreceiving node reports (310, 312) the
request e adi stpl ayp dsriddeol Ut isgm/cdomtrent s ty pe it O rgreoupi sconist tadtop ti3081 f or
each stream originating node. [0074] G oup constructor 308 of a stream

ori gbnatp nuich nadéecel assi fi esstreanr ecei vi ngnodesi nt oapl ural i tyof
source-specific display resolution/content type groups, based on 20
request e @7 3pl ay resaloutp on/ cont gnic tioypes.3 Ot e 4 Natcaakdssi {heatgon)is
performed according to display resolution/ content type rules (342). G oup
const r uci @i 308 i Oh t i BB BIR Q61 Qi et ¢ N NoidE cr POl pS, GIALR)M sanaeshion

i nformation of streamreceiving nodes in source-specific display

resol utioaent el c3akt¥pe grpePs tM estineampiabhei 368370032k &5 buni tapbl e 364
in which group information is recorded (344) is nmaintained in stream
ori gi nating nedes andostmeams 2FR8031ckehge a  requested  display
10 resolution/content type. Group constructor 308 for each stream
receiving node receives (306) a display resolution/content type
change request from display resolution/content type trigger
monitor 340. Next, group constructor 308 for each stream
receiving node reports (310, 312) the requested display
15 resolution/content type to group constructor 308 for cach stream
originating node.
[0074] Group constructor 308 of a stream originating node
classifies stream receiving nodes into a plurality of
source-specific display resolution/content type groups, based on
20 requested display resolution/content types. Note that
classification is performed according to display resolution/
content type rules (342). Group constructor 308 of a stream
originating node reports (310) connection information of stream
receiving nodes in source-specific display resolution/content
25 type groups to stream table 368.
[0075] Group table 364 in which group information is recorded
(344) is maintained im stream originating nodes and stream
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recei ving nodes. F1G 4 shows an exanple of the format of group table 364.
[ 0076] As shown in FIG 4, group table 364 includes group I D 2002 denoting a
uni que identifier for this group, group priority 5 2004 indicating the
prioritym@oothpstgroup relative to other groups existing in an ALM session,
content group | D 2006 indicating an exchanged display resolution and
cont ent Hofgd Vipgcel ¥8€s| D X368 4i rid @uti gt acSefeRks refet ¥ ndonsue that
requests the display resolution and content type provided by the group, and
stream Doy 2016 géﬁresenting alist of logical streams that is created
anong stream receiving nodes in the group (which may be the network paths
to del i vidr) Eppci fisc sdiosphayn riebol 4t iom wind addist bt tipsésyes ROORP] (&t ream
table 368 in which logical streaminformation and connection information
are recot@dead, desonbn at ai wed) by igheoup fiScdgt it grr308. ErGUd howsitgn
exanpl e of the format of streamtable 368. As shown in FIG5, streamtable
368 s chihfpésied iefatshgetdm pDi@10%, osemdergt @ LG4 atieceaiovethtDgabis and
connection information 2108 including |IP address and port information.
20[ 0078]«rioupn gonstamuetloM 3@8sinna Siwigam gooug hBt 2Hg hodditetirsg gmoups,
based on display resolution/content types, and assigns a weight to each
group, uponhiegeidvingp [BLQ)e sioifuoiomtaod doom al |t ypter, eam inicgi BBt 21I0@ Shodes.
[ 0079] Group constructor 308 arranges source-specific display
25r esol utndir/aconpent diypangr otpsivin® ao daer dgrd ngrddsd s @nd e pdid sl ahe
priorities of the source-specific display resolution/content type groups to
al | streamodnitgbnad s g aodest tvREOPOSL: PET 1 PA8R] Cootientand aupetabli® 360 to
refer to weight information for bandwidth estinmation is maintained (344) in
al | 1parti@i patd pvee Nodas.g &l Gs® shavgianl exasphnes afh atthies tee aat d of meant ent
group table 360. 5[ 0081] As shown in FIG 6, content group table 360 is
conposeds 19t aadNteiHi vgh@UR oldR 2202¢ h whd € p S(RhUBhqbe: § denttihfel @l thd &
specific display resolution/content type, display resolution 2204 of
content GIQHP+oCOPIBNr kYRR i 220G ideli h ver &b hyt ibhe aGANLemt cak ol &1d . wei ght
i nformation 2208 indicating the priority of the

[0077] Stream table 368 in which logical stream information

and connection information are recorded, is maintained by group

15 constructor 308. FIG.5 shows an example of the format of
stream table 368, As shown in FIG.5, stream table 368 is
composed of stream ID 2102, sender ID 2104, receiver ID 2106
and connection information 2108 including IP address and port
information,

20 [0078} Group coanstructor 308 in a stream coordinating node
forms groups, based on display resolution/content types, and
assigns a weight to each group, upon receiving (310) information
from all stream originating nodes.

[0079] Group constructor 308 arranges source-specific display

25 resolution/content type groups into an ordering list and reports
the priorities of the source-specific display resolution/content
type groups to all stream originating nodes.
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10content delivered by the content group relative to other contents during
an ALM session. [0082] G oup priority table 362 is maintained by group
constructor 308 in each streamoriginating node. The priority of

gr oup- bagedotr-eerconstruction i s based on the priority 15assigned in this
table. FIG 7 shoms an exanple of the format of group priority table 362. As
shown i MHIE Y, §roous dr igépivtdy teBbs &3 882t q & cdeipbs et cdg h§rigu e 3oL and
priori ty i nf or mati on 2304. [0083] Bandwi dt h estimator 322 estimates
(assessel)r blaa d2pi bEhdwit dor tagai 1sab @ g ngld (Pddi)chl agétihstti Bamaiwing h
estimator 322 in a streamrelay node refers (348) participating nodes in
the samensdarce-EpEchfslcodissphay xrespl wtd fohanéo conttent ¢ypee g qup tend
constructs logical paths for all participating nodes. Bandw dth esti mator
322 estitmties3846 t he bandwi dth all ocated 25for each |ogical stream based
on the display resolution /content type rules. [0084]1n addition, bandw dth
esti mat or0 B22] r epor s 50326 in2 FO9081-RCTt entf gr matpi omb bf 3tHe i e st o mmptoect d

bandw dt h for subsequent selection, to bandwidth estinmator 322 in a stream
recei vi ngt nodei e dpogroepeilll ng2(0324)w it hveh est | et edqlbandwiedtthfienf aroret i on,
bandw dth estimator 322 in the streamreceiving node updates estimted
bandw dtdpdalflie Bich1ayO085hl ndiom dumtdirtangpiessiicp iagur €eo logicaal? 284 eam
hol ding table 370 is maintained in each streamrelay node in which |ogical
stream iof oromtd ion @dowp, tbenstneampel agomode: liis erredordedt i G 8nshows an
exanpl e of the format of individual 10 transm ssion source |ogical stream
hol di ng gabl g a3vd.w Asg B hdwi oirmn £16G.n8 2 2i0iiviiddualk i § aksips $o O ySOUr Ge:

| ogi cal stream hol ding table 370 is conposed of sender ID 2402, receiver ID
2404y esdd e ed dleil ke bag oy dithe 2406 candg 54 i paina 1laDi 2408 oSardecohbBr402 is a

unique identifier for a specific streamrelay node.
during an ALM session.
[0082] Group priority table 362 1is maintained by group
constructor 308 in each stream originating node. The priority
of group-based tree construction 1is based on the priority
15 assigned in this table. FIG.7 shows an example of the format of
group priority table 362. As shown in FIG.7, group priority
table 362 is compaosed of group ID 2302 and priority information
2304.
(00831 Bandwidth estimator 322 estimates (assesses) the
20 bandwidth available for all logical paths. Bandwidth estimator
322 in a stream relay node refers (348) participating nodes in the
same source-specific display resolution and content type group
and constructs logical paths for all participating nodes.
Bandwidth estimator 322 estimates 346 the bandwidth allocated
25 for each logical stream, based on the display resolution /content
type rules.
[0084] In addition, bandwidth estimator 322 reports 326
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15 [0086] Receiver |ID 2404 denotes the streamreceiving node having at
| east one | ogical stream connected to a streamrelay node. Estimated |ink
bandwi dt h 2406 denotes the maxi num esti mated bandw dth avail able fromthe
stream rghqy3Nedg to the specific streamreceiving node. Stream | D 2408
includes a l'ist 20of |ogical streans formed under the connection between
t he specinfico st fieamorfel ey endde adrd bha dst rdidmipecel v hgupodeclection,
[0087] Esti mated bandwi dth table 372 is maintained by both a streamrelay
node andita stréamdibcedvimgtnodel Byit hi sstireans, r @st inmted bdadwi Hipon
information in a streamrelay node is 25transmtted to a streamreceiving
node forrdogivdalg $8E2dant sel extinoat.cd 6.2 dhowsh tind ofren ahito rof bam degtd vhat ed
bandwi dth table. As shown in FIG 9, an estinmated bandwi dth table is 24
2F09031-RCT nconposkd? of n stk east e iR502 candi gt nwalteced fpamtew dt $it 1250% d
information for a specific logical stream [0088] Forwarding table
constr uct on d 328! thonsth raut’s2 di stri buted OPT 374, based on source-specific
di splay resolution/content 5 type groups. Forwarding table constructor 328
in streaM®3byi nanidngi dode refrymi{Sh?) {outde Droigeiprdtoenty lanbiist@rts
group-based tree construction. Forwarding table constructor 328 in stream
recei vi ngiede3 s@l ect & {i36Q)intlde ilnogd £ah stream havaRg ddde Maxi LM ch
estimated bandwi dth, based on the display 10resol ution/content type rules.
[ 0089] | ni caghdi A1i Ogx,r cfa@h Wamdioieh 4 @lre GBS WAL OT s B8 mePPERsSy node is
recorded. FIG.8 shows an example of the format of individual

10 transmission source logical stream holding table 370. As shown
in FIG.8, individual transmission source logical stream holding
table 370 is composed of sender ID 2402, receiver ID 2404,
estimated link bandwidth 2406 and stream ID 2408. Sender ID
2402 is a unique 1dentifier for a specific stream relay node.

15 [0086] Receiver ID 2404 denotes the stream receiving node
having at least one logical stream connected to a stream relay
node. FEstimated link bandwidth 2406 denotes the maximum
estimated bandwidth available from the stream relay node to the
specific stream receiving node. Stream ID 2408 includes a list

20 of logical streams formed under the connection between the
specific stream relay node and the stream receiving node.
f0087] Estimated bandwidth table 372 is maintained by both a
stream relay node and a stream receiving node. By this means,
estimated bandwidth information in a stream relay node is

25 tramsmitted to a stream receiving node for logical stream
selection., FIG.9 shows the format of an estimated bandwidth
table. As shown in FIG.9, an estimated bandwidth table is
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(330) the logical streamselection result to forwarding table constructor
328 in a streamrelay node having an estimted (332) bandw dt h. Forwar di ng
tabl e constructor 328 in the stream 15rel ay node updates (354) distributed
OPT 374.2f@099]FchG 10 shows an exanple of the format of distributed OPT
374. Each distributed OPT 374 includes group I D 2602, path ID 2604, selected

st ream | €0 2g0Gs athd odctsiar adl | bPat2d9Bartdd deht 2808 &r dupnd ®ideb2 204
uni que identifier for a 20source-specific display resolution/content type

group. [00DN]Patho» DR604spepridsehe gibrhnchémy -of paths originated fromthe
sane source in a group-based tree. Sel ected stream I D 2606 indicates a |ist
of | ogi cBlO88Bdearns mehedird wibtlh ¢espéct ctar ach cpatstruPtAct isdlilal f otat ed
bandwi dt h 2608 denotes the 25final bandwi dth allocated for content
transm s®iPdh Bidpaths.ed 0092} Forwar dpagi Execditsgr! a334r assdsi tdb st cobtited OPT
374 for content transm ssion. Upon receiving (338) content from 2F09031-PCT
anot fer copaungmeatp on ndder whodwagdi g lexecotart r 8840 per3fal nénl oolkwep n{ 356)
on the OPT. Based on the | ookup result fromthe OPT, forwarding executor
334 idendifdiematting nmexdc desfgrat(éd Desto natel aarcangl p el @yis v( 336) dthets
content.
group-based tree construction. Forwarding table constructor
328 in stream receiving node selects (350) the logical stream
having the maximum ecstimated bandwidth, based on the display
10 resolution/content type rules.
[0089] In addition, forwarding table constructor 328 reports
(330) the Jogical stream selection result to forwarding table
constructor 328 in a stream relay node having an estimated (332)
bandwidth. Forwarding table constructor 328 in the stream
15 relay node updates (354) distributed OPT 374.
(0090]) FIG.10 shows an example of the format of distributed
OPT 374. Each distributed OPT 374 includes group ID 2602,
path ID 2604, selected stream ID 2606 and actual allocated
bandwidth 2608. Group ID 2602 is a unique identifier for a
20 source-specific display resolution/content type group.
[0091] Path ID 2604 represents branching of paths originated
from the same source in a group-based tree. Selected stream ID
2606 indicates a list of logical streams selected with respect to
each path ID. Actual allocated bandwidth 2608 denotes the
25 final bandwidth allocated for content transmission in paths.
[0092] Forwarding executor 334 uses distributed OPT 374 for

content transmission. Upon receiving (338) content from
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5[ 0093] Di spl ay resol ution/content rule table 358 contains a set of
heuristic rul es used (342, 346, 350) to construct distributed OPT 374. Now,
part of the basic and expanded rules will be described. [0094]Rule 1: A
gr oup- bage@otfee-1i s constructed for each 10specific display
resol ution/content type requested froma stream
ori gi natd hghbelefor paeket éi stor but ¢ onifeaay sl 5ye reesot wt o b ertorms
t ype- based network. [0095] Rule 2: A stream originating node having M forned
groups thoanswpt 63 Modi epl dye (@Bl ut itbny cdm enth & ypekspreaiefsid t 1Btmetns t o
each group. [0096] Rule 3: Each group conposed of N streamreceiving nodes
const ruc®$ TLN-fOr w & nksn g neklie ugprouP 3 4 0097 RUllie s4:t héhangt hgd dis spb aye d
resol ution and content types is allowed only when a change control
flag (stdtusatgont andede 20on'{3836 Jatkeptomtehtinge request. [0098] Rul e 5:
Forwar di ng pat hs updated based on the |atest constructed group-based tree
is réferfr®&dodhl y Datsend atyhee § at weisito grcaup-chased! ¢ rred les3 §8nstnueted aaseor di ng
to a group-based reconstruction session. 25[0099] Rule 6: The bandw dth for
each | ogicdlestiseam deldsvearsed Wy 482 ,sBrdean35dl )Jayonode sit su cal cisltai ledt ddased on
the display resolution /content type delivered on the stream
OPT 374. Now, part of the basic and expanded rules will be
described.
[0094] Rule 1: A group-based tree is constructed for each
10 specific display resolution/content type requested from a stream
originating node for packet distribution in a display
resolution/content type-based network.
[0095] Rule 2: A stream originating node having M formed
groups transmits M display resolution/content type-specific
15 streams to each group.
[0096] Rule 3: Each group composed of N stream receiving
nodes constructs {N-1) links in the group.
f0097] Rule 4: Changing display resolution and content types
is allowed only when a change control flag (status) is “turned
20 on” to accept a change request.
[0098] Rule 5: Forwarding paths updated based on the latest
constructed group-based tree is referred only when the latest
group-based tree is constructed according to a group-based
reconstruction session.
25 [0099] Rule 6: The bandwidth for each logical stream delivered
by a stream relay node is calculated based on the display

resolution /content type delivered on the stream.
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2F09031-PCT [0100] Rule 7: The |ogical streamw th the maxi num esti mated
bandwi dt h shall be preferentially selected.Here, this rule may be
reconfi gured based on the user or application preference. [0101] Rule 8. The
group primwoty.pghal | be deci ded based on 5di splay resol uti on and cont ent
types replaced such that a group delivering content with a higher display
resol utildhl @Al aRilghdr Hhea a&ite hatr e M GHéR Yrd drf EyDERec St stedl e nay
be reconfigured based on the user or application preference. [0102] Rule 9:
Sour ce- sheilpiic tdi spral breepsrlie 1 onlicdhventl agisel . 1041 oups tad e nudskedy
according to following rules. [0103] (1) Rank the groups in ascending order
st arti ng ¢ riercen Greous dvbiasis dt panshi tes ar dirsppayieesisinutirtedcand ceont ent type
of a lower priority; [0104](2) Rank the groups to deliver the same display
15r esol utll ol AndRoodmt ént Tthpeg i pspendiing ohddt Btadeicndeflr brasa dgrooup
having a smal |l er nunber of streamreceiving nodes; [0105](3) Rank the
groups hdnmimig oyt hessadmei munbed ©f n st nedmpresceicpilagedodes hi hh as cerdiongy or der
of their bandw dths available for content transm ssion fromthe stream
ori gi naténgvrradeg 20kHecet whils a dlig hreay dbept &y onfsgurtéd nbasédaoini ¢ her user
or application preference.
data rate has a higher priority. Here, this rule may be
reconfigured based on the user or application preference.
[0102] Rule 9: Source-specific display resolution/content type
10 groups are ranked according to following rules.
[0103] (1) Rank the groups in ascending order starting from a
group which transmits a display resolution and content type of a
lower priority;
[0104] (2) Rank the groups to deliver the same display
15 resolution and content type in ascending order starting from a
group having a smaller number of stream receiving nodes;
[0105] (3) Rank the groups having the same number of stream
receiving nodes in ascending order of their bandwidths available
for content transmission from the stream originating node.
20 Here, this rule may be reconfigured based on the wuser or
application preference.
[0106}) FIG.11 illustrates the main process flow of group-based
tree construction used for fair bandwidth allocation to achieve
the optimized perceived AV quality. FIG.12 shows message
25 exchange sequences among stream originating nodes, stream
receiving nodes, stream relay nodes and a stream coordinating

node to realize the process shown in FIG.11.
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[0106] FIG 11 illustrates the main process flow of group-based tree
construction used for fair bandw dth allocation to achieve the optim zed
perceived AV quality. FIG 12 shows nmessage 25 exchange sequences anong
st ream orpogpmaPCTY nodes, stream receiving nodes, streamrelay nodes and a
stream coordi nati ng node to realize the process shown in FIG 11.
2F09031-IBd0 T b107sAsh e ni K1 B B2121 ¢ Grecsdsdai § T M@t hadi idne K& bapdtaghged
anong stream origi nati ng nodes 504, 506, streamreceiving nodes 506, 508,
stream r&EP&y odes2B0BT 1 HO0B dAd BPHEan? Edorth hatit heR Hobec 021 Mhered ot e,
vari ous conmuni cati on nessages are 5defined as described bel ow. [0108]
(1) Di spi@§. rdsdl vitroprcontlent noysess ddpor Oithy dedsHigegns1o0o6dpnating

(2) Source-specificdisplayresolution/contenttype 10reporting nessage 514;
(3) Distrodut ed) dpt i niph e pafdr a.abt @ iconst caet inom ist#t 08 Messages s516re 518;

(4) Weight reporting nessages 520, 522, 524; (5) Goup
priobi t yWelapard iangdressayged B2 wh528, 530; 15(6) Source-specific group |ist
reporting nmessages 532, 534; (7) Estimated bandwi dth reporting

nmessages| (BI3BS | 538, 540;

(1) Display resolution/content type reporting messages
510, 512;

(2) Source-specific display resolution/content type

10 reporting message 514;

(3) Distributed optimal path table construction status
messages 516, 518;

(4) Weight reporting messages 520, 522, 524;

(5) Group priority reporting messages 526, 528, 530;

135 (6) Source-specific group list reporting messages 3532,

(7) Estimated bandwidth reporting messages 536, 538,
540;
(8) Group-based tree construction invoking selection
20 messages 542, 544;
(9) Group-based tree construction stream selection
messages 546, 548, 550, 552, 554; and
(10) Group-based tree construction message 556.
[0109] FI1G.13 shows an example of the format of display
25 resolution/content type reporting messages 510, 512. As shown
in FIG.13, the above-described messages 510, 512 each has
receiver ID 602 which is a unique identifier for stream receiving
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(8) G oup-based tree construction invoking selection 20nmessages 542. 544;
(9) Goup-based tree construction stream sel ecti on nessages 546, 548, 550,
552, 554; and (10) Group-based tree construction nmessage 556.

[ 0109] Fl &m0 31.pligws an exanple of the format of display 25

resol ution/content type reporting nessages 510, 512. As shown in FIG 13,

t he abovieedescrdibedapessagesu 510y %14 eaotd hay rleoei véypeD 602 whitcht is a
uni que identifier for streamreceiving 28 2F09031-PCT node, display

resol ut i onmgd4nandt contrendct ype 606 in a conmuni cation node.

[ 0110] FI G 14showsanexanpl eof t hef or mat of

sour ce- sjdecl i cdi splidyrielsol s o ory/ coamt entkypep bpor vifngths néssaget 51e As
shown in FIG 14, the above-descri bed nessage 514 is conposed of source ID
702 whi cdpiscdts amifque idemptliafyi err dorlwisthryeamtonitgi natpeng noplertimgndwi dt h
information 704 indicating the entire bandw dth available for a stream

ori gisnatmrgsngdeStd.exdhvnge vdatia ddid.ng ,arh AbMosessl s rib®@ eoiguidged i sts
of display resolutions 706, 712, content types 708, 714, and the nunber of
stream reteéii ngmpdesd7d0,sonlée ¢ dduedil nghde splsayh e esol gt & oind oot ent

types. [0111]FI G 15 shows an exanple of the format of distributed optinal
path tabie cansdtréahnt o Sitgdhusi MESSE@es; St n SIL8dAB liGshawnaiin Fl G045, the
above-descri bed nessages 516, 518 are each conposed of ALM session |ID 902

and statiusdi2Q4inAn addi ticonatereguastwidtichangeilatdiesplfaf a stream
resol ution/content type is not allowed when status 904 is set to

- change-®fifgin skt gald eyed tohedx shahds 90std Sde€ink0 a'IChAMRE OBeSsion,
20[0112]Fléi16 shows an exanple of the fornmat of weight reporting nessages

52041 052% 0 341 ¢ 851 i8hOWY dns bl & k&.s diva i ahoves gescr2 bed nmessagese $20.8 522,
524 are each conposed of content group ID 1002, a display resolution 1004,

content type LQQ6 and wei e i 8ld skQO8m 23L0QL13] Fentepticgr oupo! D74QP2

i ndi cates the uni que identifier
requesting display resolution/content types.

[0111} FIG.15 shows an example of the format of distributed
optimal path table construction status messages 516, 518. As

15 shown in FIG.15, the above-described messages 516, 518 are cach
composed of ALM session ID 902 and status 904. An additional
request to change a display resolution/content type is not
allowed when status 904 is set to “change-off,” but allowed when
status 904 is set to “change-on.”

20 (0112} FIG.16 shows an example of the format of weight
reporting messages 520, 522, 524. As shown in FIG.16, the
above-described messages 520, 522, 524 are each composed of
content group ID 1002, a display resolution 1004, content type
1006 and weight field 1008.

25 [0113] Content group ID 1002 indicates the unique identifier
for a specific display resolution/content type group. Display
resolution 1004 represents the display resolution of the group.
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for a specific display resolution/content type group.Di splay resol ution
1004 represents the display resolution of the group. 29 2F09031-PCT
Content type 1006 represents the content type of the group. Wight field
1008 i ndmahespiche priority of this specific content group over other
content groups. [0114]FIG 17 defines the nmessage structure of the group 5
prioritygﬂé\ﬁa@ﬂﬁi ApPAeddyesrepees 68 58D, cAgtEROWAY PR MIGHIE ghHeup.
above-descri bed nessages 526, 528, 530 are each conposed of source ID 1202,
group | D¥eizd4, fidgs 1AF gmiddrciatt st M @ai o120, Houhee M3 Ad0R denbies t he
unique identifier for a streamoriginating node. Goup |IDs 1204, 1208 each
denot e agi@upowy ce-siperi £oatdpdptayupesol uti on/ content type group.
Priorities 1206, 1210 each indicate the order of group-based tree

const ruclt bh4f or K He. Bbovie-fdeser ithed greospse [ OUIEItRIG 48 defi meo uthe
message structure of source-specific group list reporting nessages 532,

534. As showriitp felp@rti8g dStshse g ¥@-6deS2Bi Bbelh mnesiagelso 532, nbBUGat 8, each
conposed of source ID 1302, group ID 1304 and group list information 1306

i ncludi nha edei werdd Osribled addktbgrs S00PNeTEBon B Of orereda ol ¢ ceumlpudesd JP
address and port information used in packet delivery by copying and

rel ayi ngo paoket se bidd ween 2, eprongl 9.0 20] D216] FLGS 1% & howis rdni eex arpb €, of t he
format of estimated bandwi dth reporting nessages 536, 538, 540. As shown in

FIG 19,12he.absvwandestDi bed néssages t336un338,c b4Onarfd ceadyr cposad of
sender 1D 1402 which is a unique identifier for a specific stream

ori gi natéyigineden@r sbdeam r & ayupodeD sgropp4l Ds1 268 1404h l1ddfoeach
i ndicating the group to which the |ogical stream belongs; stream | Ds 1406,

1412 peacdy @f c W wdcifsca ugiigpeaidentiefbentifot/ o siact fi admgi cagrsilpeam
and estimated 3
Priorities 1206, 1210 each indicate the order of group-based tree
construction for the above-described groups.
[0115] FIG.18 defines the message structure of source-specific
group list reporting messages 532, 534, As shown in FIG.18,

15 the above-described messages 532, 534 are each composed of
source ID 1302, group ID 1304 and group list information 1306
including receiver IDs. In addition, connection information
includes IP address and port information used in packet delivery
by copying and relaying packets between terminals,

20 [0116] FIG.19 shows an example of the format of estimated
bandwidth reporting messages 536, 538, 540. As shown in
FIG.19, the above-described messages 536, 538, 540 are ecach
composed of sender ID 1402 which is a unique identifier for a
specific stream originating node or stream relay node; group IDs

25 1404, 1410 each indicating the group to which the logical stream
belongs; stream IDs 1406, 1412 each of which is a unique
identifier for a specific logical stream; and estimated
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2F09031- PCT bandw dt hs 1408, 1414 each indicating the maxi num bandw dth
avail able for content delivery. [0117]FI G 20 shows an exanple of the format
of group-based tree invoking sel ection nmessages 542, 544.As shown in
FI G 20, &tdvezalpove- descri bed nessages 542, 544 are each conposed of group
| D 1602 and status 1604 indicating conditions to indicate "start"/ "end"/
-hal t" shards ish hgr ddp-badéd 4 res ednsticaét » nth ¢ or2g)im @2 aingl wipd dxanpl e
of the format of group-based tree construction stream sel ecti on nessages
546, 548%"651@‘,515589?SBw?tBT&tOdAél‘éﬁbV\n in FIG 21, the above-descri bed
messages 546, 548, 550, 552, 554 are each conposed of group ID 1702,
sel ecti oif? 517 éamFIlG- 2004 hopas 1l B 19061 caef ub ¢ bardnk dth 2208 i rith o=t | ng
t he bandwi dth all ocated to deliver AV content and so forth, and status 1710
i ndi cat i tng ¢ sV ekt igre'd] ercdirpnat'e/s sygesef dét.i oht,  18whi Bhwar énobkatPons of
group-based tree construction. [0119]FI G 22 shows an exanple of the format
of gboup-basello v cedesonsit ¢ dict s apss a2 5564 As aghowmdin ¢ Gp2se d hef
above-descri bed nessage 556 i s conposed of current group |ID 1802 and next
group | xd@04. Curteéent2 gnduptd On 18020 4 nidi ciatagsn 20t he dsour ce-topecidficetdi spl ay
resol ution/content type group which has built a group-based tree. Next
group | D <8047 ricd et £$ htaHe™ nevatt esoolf cercapech 4 3 €d dirspl ay nsesot titdron/ cont ent
type group which may build a group-based tree. [0120] Now, the main process
shown i (Al 8] 11rdad2tlhes priocessmp3shofut hien fBr @G atl2 fwgkbulpe bdesdr ibed in
detail, with reference to

construction stream selection messages 546, 548, 550, 552, 554.

10 As shown in FIG.21, the above-described messages 546, 548, 550,
552, 554 are each composed of group 1D 1702, selection stream
ID 1704, path ID 1706, actual bandwidth 1708 indicating the
bandwidth allocated to deliver AV content and so forth, and
status 1710 indicating “selection”/ “removal”/ “reselection”™,
15 which are operations of group-based tree construction.
[0119] F1G.22 shows an example of the format of group-based
tree construction message 556. As shown in FIG.22, the
above-described message 556 is composed of current group ID
1802 and next group ID 1804. Current group ID 1802 indicates
20 the source-specific display resolution/content type group which
has built a group-based tree. Next group ID 1804 indicates the
next source-specific display resolution/content type group which
may build a group-based tree.
[0120] Now, the main process shown in FIG.11 and the process
25 shown in FIG.12 will be described in detail, with reference to
FIG.23, FIG.24, FIG.27 and FIG.28.
[0121] First, a display resolution/content type requested from
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FIG 23, FIG 24, FIG 27 and FIG 28. [0121]First, a display

resol ution/content type requested from 2F09031-PCT

eachst reanr ecei vi ngnodei sreport edvi aadi spl ay resol uti on/content type
reporti ngeyBsppge: To be nore specific, each of the streamreceiving nodes
506, 508 reports display resolution/content type reporting nessages 510,
512 to spechfiet s anr eamceod Vg gat infgl hodes 504.p e r ecid vihg €hepkaporting
nmessage, stream originating node 504 identifies whether or not the

request et ssdwmtcengpeoi £ i€ tdipspl ay orésog uticenAgont edto byper group cliasi been
created (ST 402.) [0122] When a new set of display resolution and content
type is diklequéstbd, sarnew ertaeivofn gsoup desspPddi.f i) 8l sppayty edod pkdon/
content type group is added to the group table. On the other hand, if there
is no reguesltution/aonewnseaty,pd he psirteam meceiag ey nodle 51D it addediio
existing entries in a group table fornmed by simlar requested display
resobut isdncamd oohgemittitnppesodkS §0423] Byotmhie amans,g tite stepanting
originating node creates a source-specified display resolution/content type
group (Shec4Q4gk,Abirenanlesr afia cliagsinfddd 304 o douricee s pedielihe rdo sph ay

resol ution/content type groups, based on their display resolution and

content ithkperd Pled06d) s8Q[rQ@224pELE &3 tss @l £y onehatfitiexplaimiarg opgrati ons
of stream coordi nati ng node 502 and shows a detailed process flowto notify

the stargr®hpdi st rd st ed coptidmal Tpaole .habl e construction.
[ 0125] Uponr ecei vi ngdi spl ayresol uti on/ contenttype reporting nessages from

al | partjicci payi ngvRedes n8aetSbF@Bplay resolution and content type is
250ri gi nat i ngnodet ransm t ssour ce-speci fi cdi splay resol ution/content type

repepti NG (PSSAUES LA § Owstd LA coPr db natk & NG 0e0E cSQEsPnar reeeilvingnt he
source-specific 32
content type group is added to the group table. On the other
hand, if there is no request for a new set, the stream receiving
node ID is added to existing entries in a group table formed by
similar requested display resolution and content types.

15 J0123] By this means, the stream originating node creates a
source-specified display resolution/content type group (ST 404.)
All  nodes are classified into source-specific display
resolution/content type groups, based on their display resolution
and content type (ST 406.)

20 [0124] FIG.23 is a flowchart explaining operations of stream
coordinating node 502 and shows a detailed process flow to
notify the start of distributed optimal path table construction.
[0125] Upon receiving display resolution/content type
reporting messages from all participating nodes, each stream

25 originating node transmits source-specific display
resolution/content type reporting message 514 to stream
coordinating node 502. Upon receiving the souwrce-specific
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2F09031- PCT di spl ay resolution/content type reporting nessages from al
stream ori gi nati ng nodes (ST 802), stream coordinati ng node 502 commands
(516, 518) to notify the start of distributed optimal path table

const r uctp@na1.pk@126] Di stri buted optimal path table construction status
nmessages 516, 518 each conposed of ALM session ID 902 set to "change-of f"
and st atdisspdE4 af es @bl jipays@ nte ndl | tygat t reppatithg moeesagsy doan) méle,
"change-of f" denotes that additional request to change a display resolution
and contférlite&tnyplsfiigéﬂﬁétng1100@113!5d\ﬁéﬁlﬁ%bﬂstﬁmrﬁ@@ﬁ‘ggnﬂh% -Urﬁéi%ééb% 516,
518, all subsequent display resolution/content type reporting nmessages 510,
512 are prooessdd 481fol fowg. taThmotify, talel ssabseyuahitsttitspled optimal

resol ution/content type reporting nmessages 510, 512 are not processed but
cancel | egatnltedd esubsetpuentiodi.st ri but ed 150pti mal path table construction
status nmessages 516, 518 are received (ST 806.)

[ 0127] THitksFagl | i t Biescdnstadicipgnofaldi sptay traddel ut posicontient tsypeigroup,
which is then used for bandw dth estinationi nthenetwork path. This operation
avoi ds 20eensigreycdilivg i St ¢ 2 bhit ednpad hic d abf esL.M ddwesivaneg X 92 Bageh on a
plurality of requests nmade at the sanme tine. This assures integrity of the
formed dislplayeresdt uindnscontent Otypecgelpv andd comsi st gneptiofp bhien g
request ed bandwi dth all ocation based on the display resolution and content
type requedted(S25[ 8028) FoH exanplehanpeFb 2, dassuoe that tkeligioupt based
tree construction follows the sequence of building a group-based tree for

group 20&,q10¢ op 02@Q2 aangke thehi sgriaup r204. bl é ngan2FRIAIEuRPCiype is not
constructi onoft hegr oup- basedtr eef or group202, conmuni cati on node #2 in group

20610s ablievtedt enpupard | yrinysketin gi 3pleay reselsutdean shanges fsomaCl F to
4CIF for the content from comuni cation node #4 in group 204.
subsequent display resolution/content type reporting messages
510, 512 are processed as follows. That 1is, all subsequent
display resolution/content type reporting messages 510, 512 are
not processed but cancelled unless subsequent distributed
15 optimal path table construction status messages 516, 518 are
received (ST 806.)
[0127] This  facilitates construction of a  display
resolution/content type group, which is then used for bandwidth
estimation in the mnetwork path. This operation avoids
20 constructing distributed path tables at the same time based on a
plurality of requests made at the same time. This assures
integrity of the formed display resolution/content type group and
consistency of the requested bandwidth allocation based on the
display resolution and content type requested.
25 [0128] For example, in FIG.2, assume that the group-based tree
construction follows the sequence of building a group-based tree
for group 206, group 202 and then group 204. During
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5[ 0129] Accepting the display resolution change request from conmuni cation
node # 2 during the group-based tree construction process for group 202
breaks the integrity of groups fornmed. That is, the group-based tree for
group ZOgﬂkﬁégﬂyﬁJid because comruni cation node #2 is left to connect to
group 202. a 10 result of this, the bandwi dth allocated at the tine of
t he groupehasedctivee cofsttbeti ogrdwp-groead 206¢cies ifmval i growhi ch202,

i nfluences the accuracy of distribution of the allocated bandw dth based on
the priorotymohiaatsmponardd y#3eliectggd uli spOay isesdl et i fon. t llBp@T30F Usi ng
all collected display resolution/content type group information, stream
coor di natnngk node d30glig abkeltoodefechmenthe faweinghCIForntoeddhl Hi spt ayhe
resol ution/ content type group (ST 408.) The defined weight is then mapped
to a setcofitpfii drbki e mibi @h hedt iy arodbr g ia prstpokOdi.spl ay resol ution
and 20 content types (i.e. viscosities). Here, stream coordinating node
502 pay [EEppb |di iferenti rdl s tdisganiywe clshe unt b at cva nwed ghtqfost grdinspl ay
resol ution/ content type. [0131] According to the present enbodi nent, the

wei ght f@smanunicati spl@ye resod wtiod the debupedaaedordingohnetthetfid rate
requi red 25per franme, with respect to the m ninmum delivered display

resol utipiodasé hisr caseu pf o el ghik assi gniergrit) Coff oS o099l ectadnas. a
reference for relative conparison with CIF, 4CIF, 2F09031-PCT HD720p and

so forthrph@132] Meanwhbhe.- blahe aeirgbt 16 Prgpo gpnbent ikypey h sidafd eds e
according to the m nimum bandw dth required for transm ssion with

respectiyemt@uhieasro | @sticcont entidpipect @0 b cdal kyegedubn202 .t higgs case,
for wei ght assignnent, an audio only content type is selected as a

e e (AN comsbse D iee, ey e e ane
group-based tree construction for group 206 is invalid, which
influences the accuracy of distribution of the allocated
bandwidth based on the priority of a temporarily selected display
resolution.

15 [0130] Using all collected display resolution/content type
group information, stream coordinating node 502 is able to
define the weight for each display resolution/content type group
(ST 408.) The defined weight is then mapped to a set of
priorities obtained by ordering a2 list of display resolution and

20  content types (i.e. viscosities). Here, stream coordinating node
502 may adopt different rules to derive the relative weight for a
display resolution/content type.

[0131}] According to the present embodiment, the weight for a
display resolution is defined according to the bit rate required

25  per frame, with respect to the minimum delivered display
resolution. In this case, for weight assignment, QCIF 1is
selected as a reference for relative comparison with CIF, 4CI1F,
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type is used as a reference to derive the priority of each group
10del i vering the specific content and then influence the bandw dth

all ocation for each stream This information is further distributed to al
parti ci pagdopg; peges via wei ght reporting nessages 520, 522, 524.

[ 0134] G venal | st of source-specificdisplay 15 resolution/content type

i nf or mat Héh7 28pr eah godrditiat i ng node 502 ranks and orders these groups
into a prioritized ordered list (ST 410.) This inportant step determ nes
the size[®i32he Bhndwinth Hcal beatred flor ot eanso i he ehcty Bourced spatidi c
group and al so influences the perceived AV quality. 20[0135]FI G 24
illustratesotfhien getaithed miocessn f b ewdford thankigng rsdurf oe- specdhiigs displ ay
resol ution/ content type groups. First, source-specific display

r esol ut i enflcontsericttiypetdadeds gradlipst romodievadt ¥ pomalble ded eaemod i gi hat i ng
nodes are referred (ST 1102.) These groups are ranked according to the

wei ghit ofhitshe a25di &pl ayeieboladdigm/mont enin taypdi d ramismdd et iftr ogpeach group
(ST 1104.). According to the present enbodi nent, groups are ranked in
ascendi nge larcderd atai ti dfg rfernam dogrodip tiw &he an paeirs o 2 FOBG3 141 RED waiight .
[0136] Next, a plurality of groups of the same weight are ranked agai n based
on the nupdes fd stirdeam recedvicignBades regi stered in the groups in
ascendi ng order (ST 1106.)In order 5to forma conpl ete group-based tree,

the pri o;@ly?,i]s defd ﬁﬁéi?@ﬁ&fhﬂﬁd&&oeoﬂﬁemdﬁb}atasa @sQUR (b hhc ansent | er
nunber of nodes is less likely to be an option for paths that should be
sel ectediy f OL37LiVeeavenr, r&f dilewrad itby deki @€ oups havirngy the s gwnber

10 delivering the specific content and then influence the bandwidth
allocation for e¢ach stream. This information is further
distributed to all participating nodes via weight reporting
messages 520, 522, 524.

[0134] Given a list of source-specific display

15 resolution/content type information, stream coordinating node
502 ranks and orders these groups into a prioritized ordered list
(ST 410.) This important step determines the size of the
bandwidth allocated for streams in each source-specific group
and also influences the perceived AV quality.

20 [0135] FIG.24 illustrates the detailed process flow for ranking
source-specific display resolution/content type groups. First,
source-specific display resolution/content type-based groups
received from all stream originating nodes are referred (ST
1102.) These groups are ranked according to the weight ot the

25 display resolution/content type transmitted from each group (ST
1104.). According to the present embodiment, groups are
ranked in ascending order starting from a group with a lower
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of streamreceiving nodes are ranked, based on the bandw dth 10avail abl e
fromstreamorigi nati ng nodes in ascending order (ST 1108.) The priority is
defined based on the principle that a streamoriginating node with a

smal | er Tyapwdwi-@¢dT avail able is given a higher priority to deliver content
fromitself first before relaying content for others. 15[0138]Finally, each
sour ce- s‘ffiééféhitc di splay resolution/content type group is assigned an index
based on its rank, indicating its priority in g%roup-based tree

const r uck bt ] DuN &gt grioupl BRsEAY de SHER F uetli dRC tHIB Cr anki St nethani sm
al l ocates the mninum but sufficient bandwidth to a | ower display

resol ut i 'oriY eoht again2d asyse ¢ otlbe DBaSEHS bnofhet ied Ghtrc VBAANEI " d ¢ he
unsel ected | ogical streanms for the group is released and redistributed to a
hi gher dispilsdgredsidl dhicosf ebntsert asyga gmaup.r drtef 8ol &0 6t.he banduwd ¢t h
added by the redistribution provides nore bandw dth allocation to a higher
di spPay treesioiuni en/csonpent et gpe ugr-bup ¢ darid e25i thies ppossi byt eist od ahitiad pat e
better perceived AV quality. [0139] Upon assigning the rank to each group,
st r eam cloos dil et it hgnodes02tt r tdreini t sgrwppprtitori $ yradpor tniurg b e2FOO 314 RCT
nmessages 526, 528, 530 to all stream originating nodes 504, 506, 508. Upon
recei ving this Inksbade, btehensb peéamm dioirgpaabsnigh modé ouddabess greoug doriority
table 362 for an additional reference to sequentially command to construct
gr oup- baged3 7t eedl o bbr eoyer pl each t gt Eamoary gihratiingg t hodea wiesh tinbiug S
group information, that is, source-specific group list reporting nessages
532, 534gf tdrakim stacamimeceai wiag aodesiB06d, S08s¢d bhetheotpandwidth

[ 0140] St reanT ecei vi ngnodes506, 508r ecei vet he 10 source-specific group |ist
repant i ngv adsddgesr &B2 st 58dm foromi ahtimsg reade originatd mdi modesd &04 Shiavi ng
transmtted display resolution/content type reporting nessages 510, 512.
Next, stre@ényec€hei pyinofes H06eHoG cansd¢dichnl agicclrigth phast K &I 412)
and perforns bandwi dth estimation (ST 414.) 15[0141] FI G 25 shows a fl ow of

| ogi cal streaam €oONsitratGhicom qf ©cw$sth A dmSitil eand £ 8ael M thg aRQAES bAE s
regarded as streamrelay nodes under this context, because in a group, each

stream reced viangipade heiso ting ARl Ve Y dotdil Fhem e af eQRrtendfd o the
next stream receiving node in the same group. 20[0142] Meanwhil e, a stream

ori gi natddg ylageceanshi ued s oliagirsal

15 (0138} Finally, each source-specific display resolution/content
type group is assigned an index based on its rank, indicating its
priority in group-based tree construction. During group-based
tree construction, this ranking mechanism allocates the minimum
but sufficient bandwidth to a lower display resolution/content

20 type group, based on the weight. Meanwhile, the unselected
logical streams for the group is released and redistributed to a
higher display resolution/content type group. Therefore, the
bandwidth added by the redistribution provides more bandwidth
allocation to a higher display resolution/content type group, and

25 it is possible to anticipate better perceived AV guality.
[0139] Upon assigning the rank to each group, stream
coordinating node 502 transmits group priority reporting
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streans and estinmates bandwi dths |ike a streamrelay node because a stream
originating node is the source of content. Based on group list information,
a streamoriginating node and each streamrelay node (or streamreceiVving
node) consphechcasl ogical streans for all streamreceiving nodes.
[0143] During construction of |ogical streans, a stream originating node or
stream rigkay2acded 2Psel 38 &bt act Bds i 2 m FOYaRpET edep 46t S 04s Sehder
node" in a logical stream (ST 2702.) [0144] Next, a streamreceiving node is
sel ect e $¥om Vo g iViige, t ks ' egei ger tAGdetr ¢ qimt Reig byl dalg $ordam (ST
2704.)The logical streaminformation fromthe two nodes are stored in
st ream twibi et 8682 wmup t herp Upslat @l ¢ M @ olpr taibl ad 384 card | ab¢ V4 beal to
transm ssi on source |ogical stream holding table 370 (ST 2706.)
[ 0145] Foid owe mtji althys, @obamdwmiddt htps estimbiweet (agsesged)aseast  trafs.
| ogi cal paths, in the specific streamoriginating node and 10streamrel ay
nodeSFl GVM26 eshows ae it bw ofr dzanmdwp di thi nestti nigat inonl @r cloe$sib § GIs46])za0cqgr di ng
to the present enbodi nent, dynam c bandw dth estimati on based on wei ghted
rati o, aoderrdmagdmo ditspkayiy.esebutricensanditont egto t ypekisitequest ed nfg om
stream 15receiving nodes, is adopted. Each | ogical streamis assigned a
messages 532, 534, to all stream receiving nodes 506, 508 in the

group.
[0140] Stream receiving nodes 506, 508 vreceive the

10  source-specific group list reporting messages 532, 534, from all
strecam originating mnodes 504 having transmitted display
resolution/content type reporting messages 510, 512, Next,
stream receiving nodes 506, 506 construct logical streams (ST
412}, and performs bandwidth estimation (ST 414.)

15 J0141] FI1G.25 shows a flow of logical stream construction
process. All stream receiving nodes are regarded as stream
relay nodes under this context, because in a group, each stream
receiving node has the capability to further relay content to the
next stream receiving node in the same group.

20 [0142] Meanwhile, a stream originating node constructs logical
streams and estimates bandwidths like a stream relay mnode
because a stream originating node is the source of content.
Based on group list information, a stream originating node and
each stream rtelay node (or stream receiving node) construct

25 logical streams for all stream receiving nodes.

[0143] During construction of logical streams, a stream
originating node or stream relay node itself is selected by
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wei ght according to the delivered display resolution and content type (ST
2802.) There may be a plurality of logical streans that transmt or relay
different display resolution/content types in a streamoriginating node and
a streampmbay.pagde. Therefore, the 20average wei ght of display resolutions
and the average wei ght of content types of all logical streans are

cal cul at®ef {161 . 2804 sk ydR1g plodext 0] ddicilc adt ¥ Bamen ar®Tf 47 PRe? di vi ded into
groups based on the display resolution/content types of their stream

recei vi ni hddié. Thee Bivet 4§ecwei ghe c oY i 1lp 91 & isesolanticdnér amdt RStdie ever age
wei ght of content types of all |ogical streanms in each group are

cal cul atléd!, [4¥148eNsiv et he dgropor thenlogichk Handw dthipEdvidded flore each
2F09031- PCT stream receiving node is estimted by dividing the average

di spl ay Ireesisialt iséne wei gittf cemala t fven afee mge hoonitvent ntoydoes waed ghto prdevimusl y
cal cul ated by the reference weight, and nultiplying the divided result by
t he provitdednbamndbd et B 6(8STaR806.hen 5up@r49l |im agdotipont,aftize Hé6dpartd on of
t he bandwi dth provi ded for streamreceiving nodes is shared with | ogical
streans tordnsdiddli hgpcontiento b os st reaniogeeilve g arodbsl dNexgttatihe 370
proportion of the bandw dth provided for each logical streamis estinated
by divi di$g 2heodj spl ay sol ution wei ght and the content 10 type wei ght of
each logical streamby the reference weight, and nultiplying the divided
resul t b0 1Hhe] bafdwl ot ngr oisled bantdhvei dtlr dam ¢ geed v g anede se8) 2808. )

[ 0150] An estinmated bandw dth reporting nmessages are transmtted fromthe
stream arlilgiingticay podes ana streeapdelfdy stream originating node and

10 stream relay node. FIG.26 shows a flow of bandwidth
estimation process.
[0146] According to the present embodiment, dynamic
bandwidth estimation based on weighted ratio, according to
display resolution and content types requested from stream
15 receiving nodes, is adopted. Fach logical stream is assigned a
weight according to the delivered display resolution and content
type (ST 2802.) There may be a plurality of logical streams that
transmit or relay different display resolution/content types in a
stream originating node and a stream relay node. Therefore, the
20 average weight of display resolutions and the average weight of
content types of all logical streams are calculated (ST 2804.)
[0147] Next, logical streams are further divided into groups
based on the display resolution/content types of their stream
receiving node. The average weight of display resolutions and
25 the average weight of content types of all logical streams in each
group are calculated.
[0148] Next, the proportion of the bandwidth provided for each
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15 nodes to all streamreceiving nodes 536, 538, 540. In addition, upon
recei ving the nessage, the estimted bandw dth i nformation per | ogi cal
streamis updated in estinmated bandwi dth table 372 in a stream receiving
node. [ O4gthYpgigconpl etion of the bandwi dth estination process,

20gr oup-based tree construction is commanded. To be nore

speci fi csrasedontlegr ouppriot ¢ t yeekisheafadedachy dividing the average

sour ce- speci fi cdi spl ayresol uti on/ cont enttypegroup, group-based tree

const rucd isgnl aiys r@utodnmt  oa e gdameenttd eidh eoya t dver st re@amt on i givipat imgigbde
ranked first in the priority list (ST 25416.)

[ 0152] Fl i &7id t skt ratlesddet di bedphecessét owoé grogptbased trdeiplying
construction. Referring to the group priority 2F09031-PCT table, a stream
ori gi natilng diodd csiek ecti 5t & ysohecerspede dilcadidsplday (B8JolGtlican/ content type
group, based on the order of priority (ST 1502). G oup-based tree

constsr uct baginvaoki ad diel ect ithre pasgagasodddf 544 ana dtw pdisim fted dyd a
streamoriginating node 5to all streamreceiving nodes in the sel ected
group. [QS3&tadms db6Odifiingd dnior dshei gr aliprhased itk ed ogoRStlr Uetrie@mn s

i nvoki ng sel ection nessage is set to "start" indicating the start of
group- basedsthea iaensé s Wed h ONt Basede 8 t hecgi oupg | RolbH2, theexel ailed

| ogi cal stream corresponding to this group and its 10esti nated bandw dth
are identidpedtfdomOtRYPbhabhe £G4 paddided for each logical stream is
estimated by dividing the display solution weight and the content
10 type weight of each logical stream by the reference weight, and
multiplying the divided result by the bandwidth provided to the
stream receiving node (ST 2808.)
[0150] An estimated bandwidth reporting messages are
transmitted from the stream originating node and stream relay
15 nodes to all stream receiving nodes 536, 538, 540. In addition,
upon receiving the message, the estimated bandwidth information
per logical stream is updated in estimated bandwidth table 372 in
a Sstream receiving node.
[0151] Upon completion of the bandwidth estimation process,
20 group-based tree construction is commanded. To be more
specific, based on the group priority defined for each
source-specific display resolution/content type group,
group-based tree construction is automatically commanded by
the stream originating node ranked first in the priority list (ST
25 416.)
[0152] FIG.27 illustrates a detailed process flow of
group-based tree construction. Referring to the group priority
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estimated bandw dth table 372 in a streamreceiving node.In addition, the
streamrecei ving node selects the | ogical stream having the maxi num

esti mated bandwi dth, in parallel (ST 1504). [0154] Next, each stream

recei vi ngrquede.picr@ansm t s group- based 15tree construction stream sel ection
messages 548, 550 having status 1604 field set to "selection."These
messagest 848, £50rap8 OraAsHT tined nOSk6 s 528y s taos PHEC St § A O i hRting node
of the selected logical stream and the streamrelay nodes of the group (ST
1506, STreEiB)tio2g0I3BItnt P c@roaim Biasadt Pontheomaati eatiowmoeddsSsTn a
group |l eave a ALM session during group-based tree construction. At this
time, theS88nmuni carbop-heded i hrthe groupr vepomt ancokam ggr sypelodber tree
construction invoking selection nessages 542, 544 having status 1604 field
set to "halsts'agetso Sald, adtd wec26commini teat ibgn anedesa fihen; gihet igroup based
tree construction process is halted and restarted. [0156] Ot herw se, upon
conplset i on adt greups based vtingen 0AEBIOBU-HRCTFedonst d uctawpm, the stream
originating node perforns foll ow ng processing. In order to report to al
conmuni cgtidhajnodastin the4grioupd ivhe hst rreamprt giahttireg onodettnansomt s
group-based tree construction invoking sel ecti on nessages 542, 544 having
5stat us bDdkingl de beitiba nenk'a @ idnsas tmeédedrbadinglicating the start

[ 0157] St reanT el aynodesr ecei vegr oup- basedtree constructi on stream sel ection
messageso 548,005 0 hayil ng est abus tdrddiset tBatsdl eat iloa"g(SIp 18201602,
YES. ) Next, streamrel ay

the related logical stream corresponding to this group and its

10 estimated bandwidth are identified from group table 364 and
estimated bandwidth table 372 in a stream receiving node. In
addition, the stream receiving node selects the logical stream
having the maximum estimated bandwidth, in parallel (ST 1504).
[0154] Next, cach stream receiving node transmits group-based

15 tree construction stream selection messages 548, 550 having
status 1604 field set to “selection.” These messages 548, 550
are transmitted (546, 548) to the stream originating node of the
selected logical stream, and the stream relay nodes of the group
(ST 1506, ST 1518).

20 {0155] In a certain situation, communication nodes in a group
leave a ALM session during group-based tree construction. At
this time, the communication nodes in the group report another
group-based iree construction invoking selection messages 542,
544 having status 1604 field set to “halt”, to all active

25 communication nodes. Then, the group-based tree construction
process is halted and restarted.

[0156] Otherwise, upon completion of group-based tree
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nodes store streamreceiving node information in distributed 10 opti nal
path table 374 (ST 1522.) On the other hand, status 1710 is not set to
"sel ection"” (ST 1520: NO, the group-based tree construction is ended.
[ 0158] Thergshregmor i gi nati ng node checks if group-based tree construction
stream sel ection _rressa(I:;es have been received from 15all the stream
recei vi ngP mothasciig nt.hé hgr gupe ¢ ST a50BLYAt nighed ¢ pupchagen & rieel loonstg uct i on
stream sel ecti on nmessages have not been received fromall the stream
recei vi ngf nodesingr t hel yroupe { 1508¢ pPNO Lot d I ge onpnbasedtiveenednst ruct i on
is ended. [0159] On the other hand, if the group-based tree construction 20
sel ecti orh amessages hlaves beermr @gegvedt (18T 1508: tYESpmitlse gstongarhased
originating node checks if at |east one streamreceiving node is connected
to the streeamoorstgugaidngimodéif8Tsebdotio Thnssshgpsi §4inportdaritatio prevent
group-based tree construction fromnot having connection to the content
sour de. 25[t0360pDH Afcldast mné estd’eam raceisvingdrddbaks$s connected to the
stream ori gi nati ng node (ST 1510: YES), the stream origi nati ng node checks
if therefik5all oop patcmmor irsohat edhpdtdh | nethéve2FQRIO3L RCGI skl ected
| ogi cal stream (ST 1514.)On the other hand, if there is no receiving node
connect egb t ot tuhe istr sane omi giclaki hgn nodss s(2fe 15108, N O hheiskr eamus
originating node command to select the |logical streamfor the stream
recei vi ng7 hodeehawmi ngs ¢ hee (Somxi (8M es3 2 oat €& andwi Mk t( Htrk2h2. telay
[0161] Next, the stream originating node checks if there is a

nodes store stream receiving node information in distributed

10 optimal path table 374 (ST 1522.) On the other hand, status
1710 is not set to “selection” (ST 1520: NO), the group-based
tree construction is ended.

[0158] The stream originating node checks if group-based tree
construction stream sclection messages have been received from

15 all the stream receiving nodes in the group (ST 1508.) If the
group-based tree construction stream selection messages have
not been received from all the stream receiving nodes in the
group (1508: NO), the group-based tree construction is ended.
[0159] On the other hand, if the group-based tree construction

20 sclection messages have been received (ST 1508: YES), the
stream originating node checks if at least one stream receiving
node is connected to the stream originating node (ST 1510.)
This step is important to prevent group-based tree construction
from not having connection to the content source.

25 [0160] If at least one stream receiving node is connected to the
stream originating node (ST 1510: YES), the stream originating
node checks if there is a loop path or isolated path in the
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| oop path or isolated path in the selected |ogical stream (ST 1514.)If
there is a | oop path or isolated path (ST 1514: YES), a group-based tree
construction stream sel ection nessage is 10 transmtted (554) to each
stream rgggphyi.pgnode having the group ID set to the source-specific

di splay resolution/content type group ID and the status set to

"resel ectdlorte dThegse o barivreetrei(wihgl nbdle) i sOsomandébiet dh sefledt therd ogi cal
stream havi ng t he next nmaxi num esti mated bandwi dth (ST 1516.) 15[0162] The
st ream oiSi gionateicreg vinoge nante then st cead el dye node aof oeid yn gehgctredid ogi cal
streans are reported by a group-based tree construction stream sel ection
message (HaVi hg10heNdd at usesetr¢om” seliect i bim'g (batbe) c Fhemstrdedm sel ayt node
havi ng been sel ected by each stream receiving node receives (552) a 20

gr oup- baded ktage dondtreaat | Omr st eant sed mctieare ivesgageo d e omatvhie gt rheam
originating node having the group ID set to the source-specific display
resobut imakdant @nt stispet gdopn HEr iaitdh (R St5dtlg set to "renoval . " [0163] 1 f
there is no | oop path or isolated path (ST 1514: NO, 25the stream

ori gi natfilngs hpdeNacomankls § o efam bheg asdiimat e bandwt dkb. o the reoie a
specific, the streamoriginating node conmands to all the streamrel ay
nodes inddye @iopot oi setattelie p AF0YGS UHRCTs Estdigat ed gdehuak t handwi(gtih to

t he i nbandwi dth esti mated anong | ogi cal streans. Based on the path formed by
sel ectedi $ pgipal IStheasss @alpatphphbhisr ab b DLt att@ @Ea'([fhl@ﬁ.ar:lCYlECSQi,@i nating
fromthe streamoriginat ng node in the group-based tree. 5 [0164] The
stream of i Qi ah h 8gd Node et r apaRitt scfiddl sgieupr basedctiee carskadeti pn
stream sel ecti on nmessages 552, 554 to all the streamrelay nodes in the

group haviang n9719dl (253702 s@tht ot rtehen Weqeﬁ%eﬁbfdie%divsﬁ@amle group
resol ution/content type group ID;, stream|ID 1704 set to the stream I'D of

each selgstedi! pgi ¢ak %tortﬁ?ﬁﬂ-s%tch_ficlodh%)ﬂ396r§§61ﬁ9i(H" Al deapatgd, d b;
actual bandwi dth 1708 set to the final allocated bandw dth; and status 1710

set to "fidgp" 105Tahal8ne [ QLOAISt 8L s 14604 dgn 1klei @k Oup- bpged ik eem
construction stream

receiving node is commanded to select the logical stream having
the next maximum estimated bandwidth (ST 1516.)

15 [0162] The stream originating node and the stream relay node
of newly selected logical streams are reported by a group-based
tree construction stream selection message having the status set
to “selection” (546.) The stream relay node having been
selected by each stream receiving node receives (552) a

20 group-based tree construction stream selection message from the
stream originating node having the group ID set to the
source-specific display resolution/content type group ID and the
status set to “removal.”

[0163] 1f there is no loop path or isolated path (ST 1514: NO),

25 the stream originating node commands to fix the estimated
bandwidth. To be more specific, the stream originating node
commands to all the stream relay nodes in the group to set the
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sel ection nessage,which is transmttedfromthe stream 15ori gi nating node is
finally checked in the streamrelay node having received information (ST
1520.) If status 1604 indicates "selection"” (ST 1520: YES), the stream
relay nogesgsi.@¢g streamreceiving node information in distributed optinal
path table g74 in each streamrelay node (ST 1522.) In addition, the stream
20r el ay twidesa est iavdue | banddindtdid forthrespotimuen dal eéwed thogs toab astd eans
(ST 1524).Distributed optimal path table 374 in each streamrelay node is
updat ed by osarh ogidaties repont . ( SB als&26.9n [10d6 ] Upori oreced vbpgs t hec fd dal
group-based tree construction stream sel ecti on nessage, each streamrel ay
node cheleksid#dl aire an?$, lhoghclall3tisean® duvd beem constamudt edi fSTadii8; ) | f
there are still logical streanms (ST 418: NO, each streamrelay node in the
group refravestiunselechedrli ggnealn stredesn Nextgreaphbstedame 2F09031- PCT
relay node in the group is conmanded to redistribute the remaining

bandwi dtj) 1 4] ogifdad sstdeandridiodx iuRPhodesseth st €16 pe g rfolugp 4 &4 Ay

resol ution/ content type group (ST 420.) As described above, the bandw dth

esti mat i @R cproaessu ¢Sl #1d)redins Perdan oadnagad 4v § 1652 Thes stoeaml the
originating node which has conpleted the group-based tree construction

commandss tre n$tic@am abidgisnas i i1 Ra@da: g m dhie exto gy qup tPoconst kycthd he
next source-specific display resolution/content type group-based tree

const rucd @fe ¢ I e Jigibed Ny 18 wREEb ii €io f N Stdwam pei gk dabi NO; nadeam
transmts the group-based tree construction nessage as shown in FI G 22

(556.) lmptieogroupedaseds fieen CANSEf BaEhON NRSIAIEo § NOWN sk Fle FhG 2241
current group ID 1802 is set to the group ID of the current group which has

comphet edy 1o grouprhased a1 [8€a CONID VG PRI Hin dw itehel 70RYs £0 thh@ gr oup
priority table. Next group ID 1804 is set to the group ID of the subsequent
sour ce- speGiif g1 8l 3P AYb & 8N 110N/ GANT &Ny ulsY A7 B 0Pt | i LhE i-oristyy | st.
1518.)
[0165] Status 1604 in the group-based tree construction stream
selection message, which is transmitted from the stream
15 originating node is finally checked in the stream relay node
having received information (ST 1520.) 1f status 1604 indicates
“selection” (ST 1520: YES), the stream relay nodes store stream
receiving node information in distributed optimal path table 374
in each stream relay node (ST 1522.) In addition, the stream
20 relay nodes estimate bandwidths for respective selected logical
streams (ST 1524). Distributed optimal path table 374 in cach
stream relay node is updated by each update report (ST 1526.)
[0166] Upon receiving the final group-based tree construction
stream selection message, each stream relay node checks if all
25 logical streams have been constructed (ST 418.) If there are
still logical streams (ST 418: NO), each stream relay node in the
group removes unsclected logical streams. Next, each stream
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[0168] FI G 28 shows a detailed process flow of reporting conpletion of
distributed optinmal path table construction. 20 [0169] Upon conpl eti on of
distributed optinal path table construction (ST 418: YES, ST 1902), the
stream offpgbnapitd node in the last group in the priority list commands to
report the end of distributed optinmal path table construction (ST 1904.) A
di stri butedd yopt el ipat hh ¢ atdit® wondsr utthana se adust aressdgetabuteshdvn in

FI G 15) conposed of ALM session |ID 902 and status 904 set to "change-on" is
del i ver e¢ @il g pdran ¢wvpdthng nodlegi ¢ 868 3t 660M)s Het e,a ' c harrge-cors's e d
represents that request to 44 2F09031-PCT further change of display

r esol ut isonu mnet sqontidnt 4 iqpdst i g calollowedn / § Q4703 Wi estatears rié hyd hodes and
the stream originati ng nodetransni tthi snessage, al | subsequent di spl ay

5r esol utAend cont Entd yes eportthienpresbade sharesid ceptied, paccorsdi 1§ Tt & the

di splay quality/content type (ST 1906.) After that, the stream originating
nodescongapdsté omeansmuct the next round of distributed optinmal path table
creation (ST 1908) and identifies fair bandwi dth allocation. Meanwhile, a

f or war dijriigl dDpat i hreewltye eonsirigdinedihpg tiloel copt hi@h pakh caldp ee desd ridfeer r ed
to transmt content subsequently.

[ 0171] Asglescs | bedadome,cacoardirngt 0 hepo eseat denbadi genta mt bei gbmminigcat i on
pat h construction apparatus has forwardi ng table construction controller
316 thathceat gl $held editstyd etb opbingalu pat th ¢ abke tcopsticyckberidker a
plurality of comunication nodes; group constructor 308 that assigns
comuni citsipdd yNades 140i SR CetSRECI fp € groupsband dpriroki tivzesrtbeion.

sour ce-specific groups, based on the display resolution/content type of
eachoconmaing gaki o R rhandwedishr c 28 @stiisiALorn 8220 ibat r £8¢ et e & he
bandw dt h avail able for |ogical streanms between comuni cati on nodes; and
for war di g, § Abb 85 £@NSLEUEE A5 t B2St iloRim CONSE € UGt Sha wiih Str Fipat ed opssmpl path
tabl e based on the priorities of the source-specific groups.

In the group-based tree construction message shown in FIG.22,
current group ID 1802 is set to the group ID of the current group
which has completed the group-based tree construction, by

15 referring to the group priority table. Next group ID 1804 is set
to the group ID of the subsequent source-specific display
resolution/content type group in the priority list.

[0168] FIG.28 shows a detailed process flow of reporting
completion of distributed optimal path table construction.

20 [0169] Upon completion of distributed optimal path table
construction (ST 418: YES, ST 1902), the stream originating
node in the last group in the priority list commands to report the
end of distributed optimal path table construction (ST 1904, A
distributed optimal path table construction status message

25 (shown in FIG.15) composed of ALM session ID 902 and status
904 set to “change-on” is delivered to all participating nodes
(558, 560.) Here, *“change-on” represents that request fto
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[0172] Stream recei ving nodes are classified into a plurality of 25
source-specific display resolution/content type groups (specific-source
groups) based on the display resolution and content type of each

comuni catdgpapede set by application or 45 2F09031-PCT user environnenta
setting. Next, as for streamreceiving nodes, the groups are prioritized
based onfuhé ¢ri ehiamg eof oéachi sdilapl aye s eboliwtt oahcbntemt enypel. Wbreover, a
group-based tree of each

sour ce- speEciv £ ddi spl ayresol ution/ contenttypegroupi s 5constructed based on
the priority. [0173] Moreover, it is possible to construct a group-base tree
of each HOUT0é- sp¥dicii cstgeeup babked ordelse aord ofli¢ ys ofe mach rgguneéispeci fic
group,so that it is possible to conplete construction of trees by

signifi cantlley atszméimert nurtber oinstepsel0 tdan i mubsequrdtr obdhnspeihod. In
addition, it is possible to performNtree construction in a distributed
manner, sosdheatioint/ciositpassi bieect o rppement ga specs £ g €s coamuni eatkc@ncdode
frombeing |oaded. At this tinme, allocation of the maxi mum bandw dth

avai | abl ectordimg netther Kipaldy bed weiey /tbea tshrt eqp ©riSgl ne® 0 Q) 15Adder and
the streamreceiving node allows good AV quality. [0174] Here, it is

ascert ai ftegk ,t it ©ughe o oeval niatiingn nexpercior®fia A hatt ot B8 nkit PBcr egdi fiedit o
construct an N-tree with twelve nodes is 50 nms using general CPUs, and

thereforgmihdi sfpassithbatta 6pAsirauchaan Nibl€ecdentaopr asti gal o Eplaid ation
time. 20 [0175] In addition, according to the present enbodi ment, after

each groupe Pegedst L8 bsn@ansd fnicii@d.caunsal echeda gandildate Qathsr &
renoved in each group-based tree, and the unused estinated bandw dth of the

remyved gangli glatg yneb\war ku pad f1si are & edi Shidbyad tavethpy Gardidat &
networ k paths, based on the 25priority.By this nmeans, according to the
present gnodhMERbntent subsequently.
[0171] As described above, according to the present
embodiment, the communication path construction apparatus has
forwarding table construction controller 316 that controls
15 distributed optimal path table construction over a plurality of
communication nodes; group constructor 308 that assigns
communication nodes to source-specific groups and prioritizes
the source-specific groups, based on the display
resolution/content type of each communication node; bandwidth
20 estimator 322 that estimates the bandwidth available for logical
streams between communication nodes; and forwarding table
constructor 328 that constructs a distributed optimal path table
based on the priorities of the source-specific groups.
[0172] Stream receiving nodes are classified into a plurality of
25 source-specific display re_so]ution/content tvpe groups
(specific-source groups) based on the display resolution and
content type of cach communication node set by application or
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it is possible to inprove efficiency of use of bandw dths. [0176]In
addition, according to the present enbodi nent, event 46 2F09031-PCT if

di splay resolution and content types are changed, for exanple, at the
initiatiMmgopt; bg user, a source-specific group is reconstructed, according
to the display resolution and content type newy requested. According to

t he presesdr emiyodpmentntalssehiia gl | cWsXthe sofni fhf ¢ bande et hited nsekdd.on, so
that it is possible to adaptively change all ocated bandw dt hs, based on
request ed ediggpluays ragsolpui dorfiand bentdnent ypespr Byrittlii ¢ fneank, d berlovidi ng to
the present enbodinent, it is possible to provide good perceived AV quality
whi | e supparltitngnt hendespl @y €.0r edalretdoar,andg conpehtaseypér e equiestasd fr om
the user. [0177] Therefore, for exanple, when participants construct and
cust om ze» womre \&gré oifs ccontisplioys presdnceohayoutsnin aypul tigpargy ALM

vi deo conferencing session, it is possible to provide good perceived AV
qual 5t y.cdbf Glii8lcMdbesver p nbyh eqoridimayi ng codi ng parameters (i.e. coding
bit rate, inmage resolution and frame rate) according to allocated

bandwi dt[its, 781 | M possi-bkge it cisi persadsilagliy domps ove tAY guabiptyase0lird] The
communi cation path construction apparatus and the 20 N-tree construction
met hod agcCog gt RY stoa: ridie speesend g avept itods €anonnalhedep & gqaliuy aloift e aafth

di sconnected or single connected product code(s) that is(are) not required

to be placed physicalicy ogepherson thakn ian apparatsislebuto f @oms piedul e
when being logically connected to the apparatus and is stored in an

25i nt egr@d £6l G d1GWint 00T t AW 68 SebnlpidHalliyze & he ldef imesh ur pasetdpr the
nodul e. [ 0180] Thedi scl osur eof JapanesePat ent Applicati on 2F09031-PCT
10 than in a round robin method. In addition, it is possible to
perform N-tree construction in a distributed manner, so that it is
possible to prevent a specific communication node from being
loaded. At this time, allocation of the maximum bandwidth
available for the network path between the stream originating
15 mnode and the stream receiving node allows good AV quality.
f0174] Here, it 1is ascertained through our evaluation
experiment that the time required to construct an N-tree with
twelve nodes is 50 ms using general CPUs, and therefore it is
possible to construct an N-tree in a practical calculation time.
20 [0175] I=n addition, according to the present embodiment, after
each group-based tree is constructed, unselected candidate paths
are removed in ecach group-based tree, and the unused estimated
bandwidth of the removed candidate network paths are
redistributed to other candidate network paths, based on the
25 priority. By this means, according to the present embodiment,
it is possible to improve efficiency of use of bandwidths.
[0176] In addition, according to the present embodiment, event
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No. 2008- 160916, fi | edon Junel9, 2008, i ncl udi ng the specification, draw ngs
and abstract, is incorporated herein by reference in its entirety.
5Industrial Applicability [0181] The conmuni cati on path construction

appar at usgpg; pag N-tree constructi on nethod according to the present
invention are able to provide good perceived AV quality while assuring fair
bandwi dtif di$pbat iten o lanto aran digafnie ntiot Y\ ik optd mhlangatdy i0tenstmpdei on and
so forth. Reference Signs List [0182] 102, 104, 106, 108, 214, 216, 218,
220 Commaini ¢Ati omriodei i1 X0 Nekwor ks 202, a20mouzas~ﬁlc)u'pfi316gFon\pard& ng
tabl e construction controller 308 G oup constructor 322 Bandw dt h esti mator
20328 Forowarws frg: atabl.e acorstdiogt or 384 Eosphudi ngs ekedutrora Bd0c Dhsph ay
resol ution/content type trigger nonitor 358 Display resolution/content type
rule tabilye newly requested. According to the present embodiment,

5 this allows the optimal bandwidth allocation, so that it is
possible to adaptively change allocated bandwidths, based on
requested display resolution and content types. By this means,
according to the present embodiment, it is possible to provide
good perceived AV quality while supporting the display

10  resolution and content type requested from the user.

[0177] Therefore, for example, when participants construct and
customize own various continuous presence layouts in a
multi-party ALM video conferencing session, it is possible to
provide good perceived AV quality.

15 [0178] Moreover, by coordinating coding parameters (i.e.
coding bit rate, image resolution and frame rate) according to
allocated bandwidths, it is possible to increasingly improve AV
quality.

[0179] The communication path construction apparatus and the

20 N-tree construction method according to the present invention
can include a plurality of disconnected or single connected
product code(s) that is(are) not required to be placed physically
together with in an apparatus, but forms module when being
logically connected to the apparatus and is stored in an

25 integrated circuit or device set to realize the defined purpose for
the module.

[0180] The disclosure of Japanese Patent Application
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360 Content group table 25362 Table priority table 364 G oup table 368
Stream table 2F09031-PCT 370 Individual transm ssion source |ogical stream
hol di ng table 372 Estinated bandw dth table 374 Distributed optiml path
tabl e 376:MB¢i.acapplication 2F09031-PCT CLAI M5 1.

Aconmuni cat i onpat hconst ructi onappar at us conpri si ng a forwarding
tabl e conet E0OBi-de ICohér ol fige dt hatn cdnmtirol st @, 531%1@8 or i eqldh difn gonidte uct i on
of a distributed optinal path table over a plurality of conmunication

nodes; specificapigroulraconsgsuctdr abhataassi gnsn conpund feat iloar aieddsy t o

sour ce-specific groups, based on display resolution and content types of

t he commuerficcamicenimodessnbindipri oriti zes the 10source-specific groups;

5 Industrial Applicability
[0181] The communication path construction apparatus and the
N-tree construction method according to the present invention
are able to provide good perceived AV quality while assuring fair
bandwidth allocation, and are useful to ALM optimal path

10 construction and so forth.

Reference Signs List
[0182]
102, 104, 106, 108, 214, 216, 218, 220 Communication node
15 110 Network
202, 204, 206 Group
316 Forwarding table construction controller
308 Group constructor
322 Bandwidth estimator
20 328 Forwarding table constructor
334 Forwarding executor
340 Display resolution/content type trigger monitor
358 Display resolution/content type rule table
360 Content group table
25 362 Table priority table
364 Group table
368 Stream table
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a bandwi dth estimator that estimates a bandw dth avail able for a | ogical
stream bet ween the comruni cati on nodes; and a forwarding table
constructor that constructs the 15distributed optimlpath table, based
onpri ori4k@e3ppcthe source-specific groups. 2.

Thecomuni cat 1 onpat hconstructi onapparatus according to claim1, wherein the
f or war di 7g0t bbd & iclonstt ¢ uet § on s s20ncomt r ot llerg icerimatidsi m oh st dit g gr bdnad
constructing the distributed optimal path table by transmtting a

di stribut@d bptimuakepait hntigbldg hcombte ucti on status nmessage. 3.

Thecomuni cat i onpat hconstructi onappar at us 25according to claim2, wherein

t he forwar di Dgs tdlblug eclongtti mctli patbontirlel | er: receives a source-specific

di splay resol ution/content 2F09031-PCT type reporting nmessage; and
commands3 76 Bfeatita appdicacidmg the distributed optinmal path table.

54. Thecomruni cat i onpat hconst ructi onapparatus according to claim3, wherein
the forwardi ng table construction controller: identifies

conpl etion of construction of the distributed optiml path table; 10reports
t he conpl etion of construction of the distributed
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optimal path table; and comands to start constructing the
distributed optinmal path table after reporting use of the distributed
optimal path table constructed. 15 5. _ _ _
Thecomusticegt {.pfat hconstructi onapparatus according to claim2, wherein the
distributed optinmal path table construction status massage incl udes:

a session ID field that represents @ adiMBe identifier for a
20conmmuni cati on session; and a status field that indicates a start
or end of. constAuct ionmofiunhlieadistri bytaed optdembtpadtiomabl eappbratus
Thecomuni cat i onpat hconstructi onapparatus 25according to claim1, wherein

t he group menstiugt or: receives the display resolution and content
types of the conmmunication nodes; 2F09031-PCT forms the

sour ce- speci fi ca groowps: biased adn ct ben di spd @y of €50l 1ybil 08y andt G @fistypes of
t he conmuni cati on nodes; and reports group information in the

sour ee- spaci fé € Of OUPS don § e COBWUBIFCAL O MBYRSd Bplimal path table .
Thecommuni cat i onpat hconstructi onapparatus according to claiml, wherein the

group canséf Wchoiirality of commh@nehiide SQYEGe-specific groups based on
t he di splay resolution and content types of the conmunication nodes and
10assigns a wei ghirdifp afFds SAU R BPLEIalsisG o AOMBmmunication nodes to
source-specific groups, based on display resolution and content
types of the communication nodes, and prioritizes the
10 source-specific groups;

a bandwidth estimator that estimates a bandwidth
available for a logical stream between the communication nodes;
and

a forwarding table constructor that constructs the

15 distributed optimal path table, based on priorities of the

source-specific groups.

2. The communication path construction apparatus
according to claim 1, wherein the forwarding table construction
20  controller commands to start or end constructing the distributed
optimal path table by transmitting a distributed optimal path

table construction status message.

3. The communication path construction apparatus

25 according to claim 2, wherein the forwarding table construction
controller:

receives a source-specific display resolution/content
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prioritizes the source-specific groups based on the weight of each source
speci fic-group; and reports the priorities of the source-specific
groups to the conmuni cati onnodes throughagroup priorityreporting l5nessage.
8. Thecommupieatiionpat hconstructi onapparatus according to claim7, wherein
the group constructor: ranks the source-specific groups,
based ort ik ghitps idf nghe e20si@m:cendpeci fic groups; ranks the source-specific
groups, based on a nunber of streamreceiving nodes in each source-specific
group; and priorptimes dtheosource- spesifictigrpups: bijistankingdtbetimal
source-specific groups, based on an estimated bandw dth 25avail able for a
st ream aori i fabilag node. 9. Thecommuni cati onpat hconst ructi onappar at us
2F09031- PCT according to claim7, wherein the group priority reporting
message i ncl udes: a source IDfield that represents a unique
identifier for a streamoriginating node; 5a group IDfield that represents
a unsquet.identi fiher fafomeachn sourioer spgaithi ¢ @roatru@Mdon  apparatus
apriorityfieldthatindi catesordersofthe source-specific groups when the
di stri butedo opin grelo pah hmt 8hl @ hies e¢ONSH & UGi@Farding table construction
controller:
identifies completion of construction of the distributed
optimal path table;
10 reports the completion of construction of the distributed
optimal path table; and
commands to start constructing the distributed optimal
path table after reporting use of the distributed optimal path
table constructed.
15
5. The communication path construction apparatus
according to claim 2, wherein the distributed optimal path table
construction status massage includes:
a session ID field that represents a unique identifier for a
20 communication session; and

a status field that indicates a start or end of construction

of the distributed optimal path table.

6. The communication path construction apparatus
25 according to claim 1, wherein the group constructor:
receives the display resolution and content types of the
communication nodes;
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10 10. Theconmuni cati onpat hconstructi onapparatus according to claim1,

wherein the band esti nmator; constructs a | ogical stream between
t he conmuni cati on nodes in a same source-specific group; and l1l5estinates a
streamin the source-specific group and

bandw dt fr@lphpgated to the | ogical
reports the bandwi dth to the conmuni cati on nodes through an estinated

bandwi dt h repor Py sredsage.u 201k pErddommynbegts Gpaihceonst hucidiiepappar at us

according to claim 10, wherein the bandw dth estinator:

assi gns a

di spl ay resgoluttipanaaddcoant entt ytpepe oviet ightc 6 o reaahc hogical o 86§ €amg based on
a display resolution and content type; and 25cal cul ates an esti mated

bandw dth of eachpbogs calowsp rieaimr hasesh o tie Qioslcay sheeakiut | on apd

content type weight. 2F09031-PCT

12. Thecommuhkcab nonpatikaensh ruct t enappar at us according to clai mo0, wherein

the estimated bandw dth reporting nessage further includes:

sender
node;

IDfield that represents a unique identifier for a 5streamrel ay
a group IDfield that represents a unique identifier for

the sourte-specifieC gr@WPmunication  path  construction apparatus

10

13

20

25

according to claim 1, wherein the group constructor:

forms the source-specific groups based on the display
resolution and content types of the communication nodes and
assigns a weight to each source-specific group;

prioritizes the source-specific groups based on the
weight of each source specific-group; and

reports the priorities of the source-specific groups to the
communication nodes through a group priority reporting

message.

8. The communication path construction apparatus
according to claim 7, wherein the group constructor:

ranks the source-specific groups, based on weights of the
source-specific groups;

ranks the source-specific groups, based on a number of
stream receiving nodes in each source-specific group; and

prioritizes the source-specific groups by ranking the
source-specific groups, based on an estimated bandwidth

available for a stream originating node.

9. The communication path construction apparatus
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a streamIDfield that represents a unique identifier for a | ogical stream
to transmt a source-specific display resolution 10and content type, from
the streamrelay node to a streamreceiving node; and a bandwi dth
sl ot fiel@ohbapcindi cates a maxi mum estinmated bandwi dth available for the

| ogi cal stream 1513. Theconmuni cati onpat hconstructi onapparatus according to
claim 1,2aoserdimg t he fodrwar dV ng wiabteiconbtr uptarp priority copomAdsgt o
construct group-based trees for the source-specific groups through a
group- basedstpgeeironsd ¢uct i on nessage, based on the priorities of the
source-specific groups; 20constructs the group-based trees for the

sour ce- speci fi ca graaupss Tandi clanshauatesp e whisStri g €6 it imak e pabh 4 abl e.
14. Thecommuni cat i onpat hconstructi onappar at us 25according to claim13,

wher ei n sttheafiorowdgdnagi 4 @bl @ epnstruct or:

desi gnat esast r eanr ecei vi ngnodet hr ougha gr oup-based tree construction

i nvoking sel ectiogréepsapefid i 34 at2r@PQ3icREd 2 of fleguto; $ehertia Fogi cal
stream havi ng a nmaxi mum esti mated bandwi dth in the source-specific groups;

reports ea diogiotalc eskpeamf sel@ehi Pn amepul t to a streamrelay node and a
stream ori gi nati ng node through 'a group-based tree
a priority field that indicates orders of the
source-specific groups when the distributed optimal path table is
constructed,
190
10. The communication path construction apparatus
according to claim 1, wherein the band estimator:
constructs a logical stream between the communication
nodes in a same source-specific group; and
15 estimates a bandwidth allocated to the logical stream in
the source-specific group and reports the bandwidth to the
communication nodes through an estimated bandwidth reporting

message.

20 11. The communication path construction apparatus
according to claim 10, wherein the bandwidth estimator:
assigns a display resolution and content type weight to
each logical stream, based on a display resolution and content
type; and
25 calculates an estimated bandwidth of each logical stream,

based on the display resolution and content type weight.
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5construction stream sel ecti on nmessage; di stributes a bandw dth
allocated to each selected |ogical stream based on the |ogical stream
selection result; redi stributes an unused | ogical stream
bandw dblgé@sapdpgi cal streamin an unused source-specific group; and
10constructs a group-based tree. 15. _
Thecommiri-cat i ohbat hconstmnucticenappar ap ash accoo dis higp ¢ G ool ai mplpla r avher ei n
the group-based tree construction stream sel ecti on message includes: 15a
group | Bekioglddntghat or epl#isent $0a unibgueindenbef i estifiontad grivup dadesi tgnat ed
to construct the group-based tree; a streamID field that
represemtgoatung quessdgnt firgref oncihdesel ected | ogical stream
a path IDfiled that represents a unique identifier for the 20l ogi cal
stream a sandact LAl fizdndwh dt healrkoeattedh tua ia; ispediehitcfleagieala
stream and a status field that indicates a status of operations
of of ouptbasedrtiee roodstruction. 25 16. An N-tree construction nethod
conprising the steps of: assigning comunication nodes to source-specific
groups, 55 2FQOQ3IL-RCT hasedandhapl sypesod wid anandicpnd entdypesef tde
the source-specific group;
a stream 1D field that represents a unique identifier for a
logical stream to transmit a source-specific display resolution
10 and content type, from the stream relay node to a stream
receiving node; and
a bandwidth slot field that indicates a maximum

estimated bandwidth available for the logical stream.

15 13. The communication path construction apparatus
according to claim 1, wherein the forwarding table constructor:
commands to construct group-based trees for the
source-specific groups through a group-based tree construction
message, based on the priorities of the source-specific groups;
20 constructs the group-based trees for the source-specific
groups; and

constructs the distributed optimal path table.

14. The communication path construction apparatus

25 according to claim 13, wherein the forwarding table constructor:
designates a stream receiving mnode through a
group-based tree construction invoking selection message, in
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comuni cati onnodesand prioritizing the source-specific groups;
estimating a bandw dth available for a | ogical stream Sbetween the
comuni cati on nodes; and constructing a distributed optimal path
tabl e ovgogRpefal ity of conmmuni cation nodes, based on priorities of the
speci fic-source groups.
order to select a logical stream having a maximum estimated
bandwidth in the source-specific groups;
reports a logical stream selection result to a stream relay
node and a stream originating node through a group-based tree
5 construction stream selection message;
distributes a bandwidth allocated to each selected logical
stream, based on the logical stream selection tesult;
redistributes an unuscd logical stream bandwidth to a

logical stream in an unused source-specific group; and

10 constructs a group-based tree.

15. The communication path construction apparatus
according to claim 14, wherein the group-based tree construction
stream selection message includes:
15 a group ID field that represents a unique identifier for a
group designated to construct the group-based tree;
a stream ID field that represents a uniqu.e identifier for
the selected logical stream;
a path ID filed that represents a unique identifier for the
20 logical stream;
an actual bandwidth allocated to a specific logical
stream; and
a status field that indicates a status of operations of
group-based tree construction.
235
16. An N-tree construction method comprising the steps of:
assigning communication nodes to source-specific groups,
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based on display resolution and content types of the
communication nodes and prioritizing the source-specific
groups;

cstimating a bandwidth available for a logical stream
between the communication nodes; and

constructing a distributed optimal path table over a
plurality of communication nodes, based on priorities of the

specific-source groups.
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