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DESCRI PTION Title of Invention

COVMUNI CATI ON CHANNEL BUI LDI NG DEVI CE AND 5

N- TREE BUI LDI'NG METHOD Technical Field [0001]

The present invention generally relates to

opti mal path constpycidrnpfpNpacket

forwardi ng. More particularly, the 10 present

invention relates to optiml path construction

for application layer nulticasting (ALM over
TitlepatRevehasad network. In particular, the

present invention relates to a conmuni cati on
COMpaAUNIdoATTORet | 61H AppEdt usBAHd- RINK-t rB&EVICE  AND

construction nethod for fair bandw dth
N-TREERBIIINNG MEBEWQP- specific paths. 15

Background Art [0002] Mul tipoi nt conmuni cati on,

in particular, multipoint comunication over
T htheIIEter et, is broadly performed by a

echiifal 489 nethod for simul taneously delivering

[000fﬂesgggfpor%%ghggitl}vgeortttrilgngéflzn% rga:(litl%;geglg%anOnggﬁ%lal path
consfr%tc?{%dkgf eﬂﬁgggtc?m&r%&ﬂ{ on, I\/F@Lde nggzeticulariy, the

configuratio requirenment’s for internet

prescfif Virife i 0%1 d&f1aPAY L 161 RAFERARIT Pa@NaDbh 8GukPion for

ayer multicasting, w despread of |IP (iInternet

appliR@IOCAhy e ph hiGaaL+iMAS (REM) harep8elket-based network.
~ 25[0003] On the other hand, a new mechani sm

In poaldeds, appl peatton ihayeridilldilgosd it60a (AWM dnication
has been known. ALMis becom ng popul ar due to
path idenssraptiioai by pofrasppldohtaroMN Jtayerconstruction method

for fair bandwidth allocation in N source-specific paths.

Background Art

[0002] Multipoint communication, in particular, multipoint
communication over the Internet, is broadly performed by a
multicast method for simultaneously delivering the same content
to all participating nodes in session. Dmue to the complexity of
intermediate node configuration, end node configuration and
requirements for interﬁet service provider participation for
enabling IP layer multicasting, widespread of IP (internet
protocol) multicast has been hampered.

[0003] On the other hand, a new mechanism, called
“application layer multicasting (ALM),” has been known. ALM
is becoming ﬁopular due to its simplicity of application layer
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i mpl ementati on on an exi sting uni cast network
architecture. ALM allows AV (Audi o Video)
packet forwardi ng by nmenbers thensel ves anong
partici pati ng nodes because of no need for
impleWddteasdn f @ Wandi st et uancddt th@wWd K ay@hitecture.
In addition, ALM 5allows flexible AV packet
ALMf anvewdi AY i(A ddie appldatiaeh el aferwa{dO@4by members
Wth ALM AV contents or streans can be
the mexthanged ocagopg raidippaitg cn phet shdpwespdcinfoi aeed for
session w thout prior environnental ,
multed gt Fup vWitaliafeofen ctiom i thedy Wwyefrul fmaddition, ALM
AV- based applications such as video . .
allowy it ex BHE; AS{ pathebdosweggingals the gpndastiies layer.

see_Patent Literatures 1, 2 and 3). [00OE
[OOOWthWAEM AdiMeeAYa@0dttepdiit $hg tr e? érL%an% fRehanged
flgplicationlayer, eachprticispatin ntdet .
PEHAT P 4B cB: bAséd P E€ £51° 48P a p]agi?e"t priof
envildcin%t réin?gltiog]t't-ir{]gt i hv}datflarALMXLN&pqrstivcér@athul for
nodes "constructs a di stribution tree of N

Av-bgaiéggura@gﬂ?@ﬁgs%s shitnt NG e\ﬂﬂleiof:%toinqgréﬁé’%fo%g?efween a

r perform N-to-N communi cati on. [
plura@’it%hﬁ. PLhgEs hard, patdel Wotdeaiayes 11 outing3).
nme

chanismis a sel ection nechani smsolely based
[OOOSE MeasHr ad. Mat encye (Ragker Qwididgi s tidMbrm®al in the
that it is difficult to provide solutions for
applidhitianr lhgrdw dkhbhal pocidtipatinkereodt hdraset wor Korm a
| ayer routing nechani smincludes "m ni num
sourspdarasetly treeef (AVEBIAt: whicklsti didaskdtion. " gidedyls, with
concept of Dijkstra, Bellnman-Ford and Prim
ALMa| Yorprttimsp omeshodiesseopat i Hter arediisenibution tree of N

[0007] I n addition, Non-Patent Literature 1
SOUTEs spPPkdKisgin the application layer in order to perform

t he
amorh%sa

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
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.

FO007] In addition, Non-Patent Literature 1 discloses a
bandwidth allocation method for a plurality of streams, based on
user preference, for example, wish to prioritize an interes_ted

video.
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25 bandwi dth allocation nmethod for a plurality
of streans, based on user preference, for
exanple, wish to prioritize an interested
vi deo. [0008] Unicast packet routing on the
[oooBNt etndgtaf orgeclshtorbaesin Paih thasadtOmdith€orms shortest
above-descri bed al gorithnms and does not refl ect
pathALMagedt iomg thequibenedes ciittes] dlipesétlsokubihdngloes not
are best for network |ayer unicast routing but
reflewdt AloM AloMtbmgede appiment.i onl h @Gt athiegn kbsetions are
Patent Literature [0009] 10[ PTL 1] U. S. Patent
best[forl nZfwosk payentuippst3jentdnepiugnpot for ALM-based
Appl.i cation Publication Application Publication
appligAfiPBat i on Publication No. 2005/ 0163224
No. 2006/ 0153100 No. 2007/ 0133413

Citation List

Patent Literature

[0009]

[PTL 1] U.S. Patent Application Publication No.2005/0163224
[PTL 2] U.S. Patent Application Publication No.2006/0153100 '

[PTL 31 U.S. Patent Application Publication No.2007/0133413

Non-Patent Literature

[0010]

[NPL 1] Puneet Mehra et al. “lReceiver-dri.ve'n 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 path
formation are not aware of the end node network bandwidth and
the entire network topology. Accordingly, if these algorithms
are applied to ALM applications, traffic congestion occurs_in a
path shared between ALM nodes, network latency becomes longer

3
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NP- h[arr

Non- Pat ent Literature 15[ 0010] [ NPL 11Puneet
Mehra et al. "Receiver-driven bandw dth sharing -
for TCP', Proceedi ngs of |EEE Transacti ons on
Mul timedia, Volunme 7, Issue 4, August 2005 20
and SWTHRIMLYGf depyaRiraeds TeghnhgaltiBaolh@mnethod disclosed
[0011] The above-described al gorithns for
in NehoPhesit patdraft ar et idore sati @t neke dwab eafoddebandwidth
end node network bandwi dth and 25 the entire
contaetiwor kntMpal-0g\disfabartdomgirye (N-trbeyeand therefore it
algorithns are applied to ALM appli cati ons,
is diffigfflt d ocopgdet ¢ omsigasdrsir rban paidibshbloadtion tree.
bet ween ALM nodes, network | atency becones
[001Pdngkt i3 kl&%ﬂAﬂhﬁhéhthfﬁ@e@.@?itle%ma o N-tree that
addi tion, the t hod di scl osed i n Non- Pat ent
assumeffaéf PR AWESER Hdecrhid it ¢ doddithirobin method s

h t t N- t di.st but
b S A Tt Pep 6 BTt I u.%ﬁpﬁol"&d in N

polytﬂggua(l) %F%B (%Ct IXI a: é %ﬁndv\ﬁ?&nhc%{k&c})o%ﬁg n to and
N* I&L?QE qgnﬁlﬂeg;tfrf@dégﬁtbgﬁ?yraﬁé mQﬂQgV‘%ithmcreases

| ocat i on round s NP

to Slﬂi‘ﬁt al SNM 11hS O9fc A allHP! %ﬁbtuli@t eﬁﬁpopﬁuﬁ?l YREreases.
in N polynomal tine, for exanple, In

ThatCo¢ | egpeadhng seeﬂBaanoBmerhl\lﬁme trhlénbemeofto calculate
nodes), but is a problemthat, if N increases

N-trdd dxpisgchchs ibkrchhes cal cht ati@becan®iiniodes increases,
expl osively increases. That is, there has been

and aopsehuem bhatalchéatiore ¢ Nakreul &t exdt topeepleted in a
expl osively increases as the nunber of nodes

'praCBﬁ@ﬂeagégd @ﬁd“@@nsequently cal cul ation of

tree is not conpleted in a practical perio
[Ooléi t Ive? i e 15 pd odtEs| Rfﬂ’/bb‘?/moflttlﬁl 1 g3edBr erhh ¢ flrrsé object

herefore the first objec
of the present 1nventison ti) pr0v1de a communication path

construction apparatus and an N-tree construction method to
provide good perceived AV quality while assuring fair bandwidth
allocation in ALM. Im addition, it is a second object of the
present invention to complete N-tree calculation in a practical

period of time.

Solution to Problem

[0014] The communication path construction apparatus
according to the present invention adopts a configuration to
include: a forwarding table construction controller that controls
a start or end of construction of a distributed optimal patﬁ table

4
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of the present invention to provide a
comruni cation path constructi on apparatus and
an N-tree construction nethod to provide good
percei ved AV quality while assuring fair
overbanpivdiihtyald Ocatm munitaflod dodexddat g@dupi tohStructor
a second object of the 20 present invention to
that comyigete cNnimesicaliou aio des | 1o as puact-ispakific groups,
period of tinme. Solution to Problem[0014] The
basedonmmni dasploy pathobotistr uanidon capdarat usypeas of the
according to the present invention adopts a _
commpyaf¢ipatrohctoahAdirigeitiacs shadrdirs§-taptidic groups;
construction controller. that controls_a start
a bapgwihih geticBAte T bRet SRR 2L Sdp a0 but S anetipdle for a
.path table over a plurality of conmunication
logiqalqestreamyy iR et H5E of OPAY P HEY ghs nodes and a
Forw§ QTR PR 0N, DOUES, L0 SONLEC: 3PEILIC 9hOURSktributed
Baset on Jispfay FesoP Ut i oh" ah@” tont ent ypes
optirﬂgl t}bf?thcocm ! Gt d QY J1P orﬂggs protrﬂhet 's%qﬁ'c%t]?pecific
source-specific groups; a bandw dt
grou§§;inator that estinmates a bandw dth avail abl e
or a logical stream between the conmunicati on

[0019pdeshcandt @ cf 06 MedralichDo 4 2D 1@ GOREE b HELY 16 RBE present

constructs the distributed optinal path table,
invebd®s@d oihdiuidersiti eassdfnihe soukteuapesiibinc nodes to
groups. 10[0015] The N-tree construction nethod
souracoeredii g gooups, draseint ni Avaritaiyone $ mcitidesand content
assi gni ng communi cati on nodes to
typesouricetbpeckpimemgnoups onbagedesn dpdpl ayioritizing  the
resol ution and content types of the. ) _
sour gyrhifil Et 12619 UPGdedS AR IpREOR | R3BI gdther vailable for a
. squrce-specific groups; estinmating a_bandw dth
logich]ai FABTMS o ShWoRd | odi%cal ¢ ST FEAMGEt WeenPAES:  and
0 ni cati.op .nodes; and construycting a .
cons T E F Qi BuBRER’ oa0f faBRbs dobi T Binpaiptity of
[ 1.on s, . based. préorities. of
comsfln FEITUR, 68007 4R 0 1AV P i Ble-souree
groupsfects of Invention [0016] The communication
path constructi on apparatus and the N-tree
construction method according to the present
invention are able to provide good perceived AV
Advaddakieby sWhffe: 1@assfithRgniad bandw dt h
allocation in ALM In addition, it is possible
[0016D0 2Bhenpdteu Ndatéen gadttut ahsomudthoa gyreatatealand the
period of time by calculating NNtree in a
N-tragf stomisgotetiommmmethod according to the present invention

are able to provide good perceived AV quality 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 distribufed manner.
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Brief Description of Draw ngs [0017]
FIG1 is a drawi ng showi ng a sinple network
having a plurality of conmunication nodes in
ALM session; 5FIG 2 is a drawi ng show ng an
Brie€Xa¢qd rép oifo vaofl DIF &viihy s of conmuni cati on node
groups based on different display resolution
[661&nd content types; FIG3 is a
drawi ng showi ng an exanple of primary parts of
a cbifiuhiicati dnawanh ebawtinacei ompbpardmesk faving a
a 10 conmuni cation node in a network
plurghiyy rdnpemmuEi@tiopsnad g 4w A@MWSh@na tabl e
format. of a group table; FIO.5 is a gr
shofil He? ést%lkﬁilfé“flélrgwéb%‘fmé &P r e Pabl

comlgugbﬁ?téﬁ%lslbﬁ?%%rrgarvtg n% gase oql &ftf'agkfﬁ)r?%fd?ép ty %solution

g, showi ng a table format of a group
and con%nn[ VWRESle: FIGS8 is a drawi ng showi ng a

. a plurahty of

rorit

tablgcf A% 2Oh Al iAo 41 ARSI S ONmary parts
: AP

sour_cefoglca stréam hol |ngta 9 1s a
of dravioRgnsheving e thle fm@tuefiodh esffdmied in o

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;

FIG.6 is a drawiné showing a table format of a éontent
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
individual transmission source logical stream holding table;

| FIG.9 is a drawing showing a table format of an estimated

bandwidth table;

FIG.10 is a drawing showing a table format of a
distributed optimal path table;

FIG.11 illustrates a main process fiow. of group-based
tree construction for identification of fair bandwidth allocation
to allow optimal p-erceived AV quality;

6



10

15

20

25

bandw dt h t abl e; FIG 10 is a draw ng
showing a table format of a distributed optinmal
path table; 25FIG 11 illustrates a main
process flow of group-based tree construction
forrident iifiwatreods af nfeaish ghaadwh ah he addqaoatdcomhrough
to allow optimal perceived AV quality;

streafmh @iZzinhiingt matdes , as tressnge cexchange desquetteem relay
t hrough stream origi nati ng nodes, stream

nodeseed vi A cnodevorsiinetimy elody;nodes and a
stream coor di nati ng node; FI G 13
i s Bldrbi hy 8hewrRgna fdvofainof 2afarsgtaplt a display
5resol ution/content type reporting nessage;

resolpitep /e q it e LR ﬁﬁpgﬁg\ﬁgn@eésﬁ&eérat of a

sou%fé f{geufl c di ﬁ? w)ll resolhlét“i]i%ﬂty ceontlgpé?tlgpe of a

rep nmEssafe;
sho 9,12 format ;o0 di.s ut ‘ .
sour(i% s&ec%' \;\%l BI e r&%ﬂé {mélt/f:gﬁ 3 gt u{s reporting
sage; FIG 16 is a drawi ng show ng
messq@?ér mat of a wei ght reporting nessage;

Fl %Ié?lisis?ad[i@%rﬂﬁgsti@%riﬁ g@afl @5 PRL1 Off & distributed
group priority reporting nessage; 15FI G 18isa

optiflh B\Wal B S@We Ngo Rs fraliBdn Qfta BOULESssSRRSI i C
group list reporting nessage; FIG 19

IS BIdriesM g shawaRgng fareoming@f aafeeatdtmadieda weight
bandwi dt h reporting nessage;
reporting message,;
FIG.17 is a drawing showing a format of a group priority
reporting message;
FIG.18 is a drawing sﬁowing a format of a
source—spec;ific group list reporting message;
F1G.19 is a drawing showing a fermat of an estimated
bandwidth reporting message;
FIG.20 is a drawing showing a format of a group-based
tree construction invoking selection message;
FIG.21 is a drawing showing a format of a group-based
tree construction stream selecction message;
FIG.22 is a drawing showing a format of a group-based
tree construction message;
FIG.23 is a drawing showing a detailed process flow to
notify the start of distributed optimal path table construction;
FIG.24 ilius-trates a detailed process flow for ranking

7
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FIG 20 is a drawi ng show ng a format of a

gr oup- based 20tree construction invoking

sel ecti on nessage; FIG 21 is a draw ng

showi ng a format of a group-based tree
sourEONSidgdi€id displdyeans shl@ohl oon tEESagE: groups;

FIG 22 is a drawing showng a fornmat of a

gr oipGbasSedid ree chrstimuct i dnowessage; PoEIc@I23stream

is a drawi ng showing a detailed process flowto
conshotdtfiyntpwo etsar floof; di stributed optimal path

tabl e construction; FIG 24 illustrates a o

det Bl Gedi6 pscdsavwipgwfovirarmkppgeyss flow of bandwidth

. source-specific display resol ution/content type

estimageps; FIG 25 is a drawi ng showi ng a

| ogi.cal, st.ream construcgti on process..flow

FIar 3672 15 ardia e S VI REP & PrGARES o Poargps flow of

bandw dt h 5estination; . FIG27 is a
g”’uafg‘v‘mﬁ%‘g t%ﬁ%vﬁonngsqgu%gtoéji’l % process f1ow of

t {.On; .
groygg%eig %rc?leaxgﬂ{]% JIH)C\“@ a %‘%‘#a}IeGg Brocess filow of

FI G IS raw ng show ng det al rocess

notifiyiQW Of o Bt Hd MY oFONP! &diisefi ifted diﬁ)giirdlpyt ¢dth table
optimal path table 10construction. scription

cons®fudEbadi ment s

Description of Embodiments

[0018] Now, embodiments of the present invention will be
described in detail with reference to the accompanying drawings.
(0619] In the p.resent 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 intro consideration in N-tree construction.

[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
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

8
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[ 0018] Now, enbodi nents of the present invention
wll be described in-detail wth ~
reference to the acconpanyi ng draw ngs. 7
15[ 0019] I n the present invention, in addition
small Qunhl er - apneadeipakheyr tHesksitbad oMt WARRIRESE spreads
Pat ent Application No.2008-029771 whi ch has
watcbhetrthet atiahy at henprlesend highent po sition. The capacity
"viscosity," represented as display resol ution
(holantzeong eitakeygeto tise thakehvidih) cbngtliduaticdrmay vary.
in N-tree construction. 20[0020] Here,
This"isaeencbpdeddhpdl @ oydd hagnng goWiHMmbta@dWld‘fh carries
satisfy fair bandwi dth tree. Now, a summary
more kAN Epteat POMbdEy" ohi tPdpe @kpalhulﬂeﬁee[ @bza]a node
Accordin read policy", a vesse

haV1ﬁ%¢‘H§r Wﬁfé?a%%egéaftunnels (hol es) spreads

t L 5 diff
1002bsi' Tdfs 5hEeh Bhep L PEl 2852 aht Bl gt s Bpter-spread
polidy 234 40§ % gpﬁggg £ &orresponding to an

Xperience {'&base ed 4t branch sel ection).

0029 ! af)g%éﬁ&ﬁ‘@@ﬂm%p S 84I51iTRE £ WBh e ! hﬁa‘%@ect%ﬁ' between

unne A tunnel nearer the bottom of the

cachVES§E! 1559§§ﬁ§ﬁ§s%ﬁe£naaﬁ$m&rﬁ haBt@ kUMWl e idbhection
hi gher position. The capacity (hole size:

state@fUiréat €Nlectodt he bandwi dth) of each tunnel may
vary. This is concluded that a node having a

[002%] deH ebandhedtlb ocar Hi«asi S indobensiti eans ho@tarepresented
nunber of nodes in an N-tree than a node having

by &issaetowerudydntikisdt b9 [c0022) THedNcati@eg connection or
al gorithm according to "water-spread policy"

dlscqugeqtgppoww b ntbﬁaS@gnnecP@@lngtart)e of  continuous
Connecti on establlshln%éphase connection

quanpidi G it floedow A9demeSestAanPi sheld: dhd ne wor Ko-4 and

C- B)rr?l}erals%sf:egné)rgte VC %g%‘?tl?ﬂafqt at ersn)etrws %8'1:'1?8}165 A to C

may be 1 Mbps, 0.1 Mbps and 0 Mbps.

[0025] ii) N-tree construction'phase: the status of N-tree
having mesh node connectivity is updated using a connection
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
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 distributibn

9
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[0024] Here, the above netric information is
not represented by discrete quantities (0 or 1)
i ndi cating connection or disconnection, but is
the connection state of continuous 15
pathguantnsdes reflecting full-mesh (A-B, A-C, B-C
B-A, CGA and G B) neasurenent values. That is,
[002fdt riTds: f¥rtmeded gArithC maysbigabldbps; AV1 conference
Mops and O Mops. [0025]ii) N-tree construction
applphesensttveescarngeoA VNstremms omhavihgn fresin nagler small
connectivity is updated using a connection
numlz@tatﬂ Pachidipgntoptimg amard veased" drﬁ@%tfamstwn and
node connectlon and di sconnect.i S up dg
good; ﬁvarﬁl%LM%él%E,%ﬁ  GOZ61OFi i) WadR rai grembers on the
tim zation phase: inprovenent steps

0
netwﬁf% %%V?gﬂﬁga to progressively inprove fair

ndw dt h al | catlon or._the enfjr tree f
[oozgj‘n #ﬁm del}re a.?hen dt{h f%gngrs e%uart giifg; odses V\Qhe N-tree

algo%h[neq dii% L(I\)/Ft %bﬁh% t c%gggléwuﬁ)hggh slots and

IS a ave ast route

dowﬁ%@\ﬂeﬁgﬁ@cﬁ{ﬂ:mh ddd 8. | N oFdTeLH AL d §1M§SeQnHOdownload
construct AV streamdistribution paths for

slotsNQA@Se a {0QRE] Bha i dtee calpgeiiitbnbFstisdlidlh@ and the
for AV conference applications to exchange AV

dowistli RRN&f @ra chonbert Srayfngiacmal A bumideridah is divided
partici pants using an advanced di al og function
into anpllurality 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
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
policy” can maximize the bandwidth aﬁailable 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 e¢venly distributed

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 1is
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-5 good AV quality through a session in which
all nmenbers on the network participate. [0028]
To assure bandwi dth fairness for all nodes, the
N-tree algorithmtakes into account the
prove@PRGoli @pri0fiplipadnsde¢ s and downl oad slots
for each node. Here, upload slots and downl oad
[00320s] Di @ innditcag£rtyha Mndid «df kR oedpachtims seksion, each
the uplink and the down |ink of each node,

~ particéppettinagl yoNibandwadth custdmizdedts n¢wna continuous

plurality of discrete ranges such as 64 kb and
presdi@e Kby op0029¢ uvetmlr sgpridad sppt ¢ tid'e varagopteaditinuous
with three main phases of the above-described
pPresapes edatoRbL.r utt §lon aal gotisphay t ovitdh comstedy@! fisplay
fai.r bandwi dth distributjon tree. ThiE sohytion_
resoby i pihs N MIFREEHAPIRE S0 af 1SHRE ADdBs? o e display
et wor arti.cipating in a specific sessjqn. .
roso [030] o Baroh LR b hsat £y SERAKEF A, Mie displey with
traffi.c_congestion. by reduci d- no
il AiSpEPERRAEN ¥ (TR UBR AP s EPRRfHr) sor

11420, PBXL g ze the bandwi dth avail abl e between
A Shaféd Rtree ALM nodes. [ 0031] Moreover, a path

[0035¢! eft 1,Qm  FRADANLSIHACE IR EE RY 1} Pe s WAL 2 §RMRAQ, video,

>

policy"” is based on only the avail abl e
mix BanAWidt Bnandi @ed aunidnd patti Gitpakt Ngn HPAES deathered to

havi ng evenly distributed 25 bandw dth. Now, a
diffegaae pairkicipettheg ard bedinhereh Aitifer etowon ©frw ook @ aths, in

data streans conpete for an intra-1link
a singdaddtirdoming sestiamed network path, the optinma

percei ved AV quality is ]
[0034] The present inventors considered “viscosity” that is
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
endp-oint capabilities.
[0035] In addition, according to the present invention, the
N-tree algorithm is 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.
[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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provi ded for participating nodes. [0032] In a
multi-party ALM video conferencing session,
each participant may configure and custom ze
its own continuous presence |ayout. Current
[0039P] Ui ONSLIM OYE €k ohar 11UF e ERYd MNIKOUS 1oZical session in
presence | ayouts, such as "display with an
whichquab dirsploay tesohuhiontibar naklespard icimantted’ over a
"display with a | ower display resolution (e.g.
netwGlrE)inf ermnbti-patiwepppeakieprs”tcantm'udispd ayslw thchange
a hi gher display resolution (e.g. HD720p,
data HREER0F amMERE)thfagr. acti ve speakers." 10[ 0033]
In addition, various content types such as .
[00381idi 3, “Wigessith x d6fimeico i andes, stangs of different
docunent .data may be delivered to different

typeph it H1gmpde itAgD AddBE SPRFLUYIP cdercdr BRP Mot different
. _paths, in singl e stream session., [0034] The .
p°1n§%e§§ﬁ¥eiﬁ%@ﬁto&?yboﬁ%?ﬂ%rg%e"5?55%3??9“ ?ﬂaﬁravel n
« i 15 _represent.ed SP r tj.on; o
o B R U RERST o A5 TP LSO B s may

travetlh%nabaovﬁége%ffag%d a\lltV\@ti?fél%Brte@geQ@L.' CYin 3% present
this means, It is possible to provide the best
em b REMEEH Y 8 AV Qal Pt ¥ BELOTY NBet WikPapVAIdAREFon and
bandwi dt h and endpoi nt capabilities. 20[0035]In
conté@fidiyponf ascAVdAifigatn the present invention,
the N-tree algorithmis able to be executed
[0038apong. rfe&desainn oai glinsiti h put ede radrestesse td@mtmutication
is possible to distribute Ntree construction
nodeprigcedsling ranongicantpl wativrg dofbnodessapinding device.
therefore prevent only a specific node from .
“Strepanngripiadding p8dedol3e6] akext useéf imiericdagespbly with
. the terms used in the present enbodi ment will
SOUREE’dedcTIPEF St BO8Rsure clarity and consistency

thi s_technique. 037] 1. "ALM session" i.s
(004§t | Rea LT IR i QoL g tEh Ak BT B on mode to

mmu icatiop nodes .ar e gonnected over
t T i 1

1more c a .
receive %Pgelll A EOTRR _e&é?toyn b%ii élgtxlil%(ri]etaond relay it to the

nextf’ci'?rﬂflntlﬁqggvisdry ¥ehange data packets anong
em

[0041] 5. “Stream receiving node” denotes a communication
node to receive content and play it back. “Stiream receiving
node” is also used interchangeably with “recreiver” or “receiver
node.”

[0042] 6. “Stream coordinating node” denotes a communication
node to perform synchronized tasks for all communication nodes
in an ALM session.

[0043] 7. “Group-based tree” is composed of a S-O-U.I‘CG node and
a g'roup of receiver nodes requesting the same display resolution

12
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5[0038] 2. "Viscosity" defines conditions or
states of different types of liquids to be
transported between two or nore different
poi nts where they may share the sanme path to
and t6aMalt iype Wabar tBprsoadcpohbey. " Liquids with
different viscosities may travel on a flat
[0048QrfaBe &Pribfiftereht gspapdBasdd ttheepr eaeant formed by
10enbodi ment, "viscosity" refers to the display
rankiegohuplomiang obngemtptlypeedftr@rsAVvbgsedanrm a set of
[0039] 3. "Streamoriginating node" denotes a
pre-¢olmgdi catkiorg madest o del i ver contents captured
by a _capturing device. "Streamoriginating
[004ﬁide'9 |sLa|g$6abs%der erdcqﬁﬁgéaal yflmehl path (network
15"s e"' or "source node. 0040] 4.

"Strea
path} Jfogyn oot HeRRL BEO o° EBHERI Panafdge pgich do ot

. t f de
vl SSRLTLRE B TR L T icavion
nodeLOQA'lJL v1rt1"1§f reagg] g %?é Ve{ @%tngfj I:QEZH)% eﬁtﬂb&tes and,

connunlcat I on to recelve content

whenolaag oblic PAGK e aml ﬁl%@ﬂhgeesm%ag R098hul s 3kSPventually

use |nterchangea y with "receiver” or

selectreﬁceéé/t%rblpﬂgeactlve EORARL+i®n." St @3 mon attribute is,
coordlnatlng node" denotes a communi cati on node

for BRapAIIkOr Ahsynakhi ONdzesh dtyasks ofl@ticd | and content type
comruni cati on nodes 25 in an ALM sessi on.

requi OMB] from" Gloeip-seased sttresming compdsed of ahe same
source node and a group of receiver nodes
origimadiestiadg .t hedskhoe adb spd wy dtesoldispofprtanavailable for
content type fromthe source node.
content transmission between two communication nodes.
[0046] 10. “Forwarding table” is formed by packet forwarding
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.
[0047] FIG.1 is a drawing showing a communication system
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
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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[0044]8. "Prioritized group-based trees" are
formed by ranking a plurality of group-based
trees, based on a set of pre-defined ranking
rul es. 5[0045]9. "Logical streant denotes a
comMuht &@iopah bdenet Werk ppat iit§ armedmiet weestibwonodes.
communi cati on nodes which do not have
[00483t aHlcirshéd tAct pyes @nnivece n ton, Theske” and “entity” that
conmuni cati on nodes on a virtual path share a
are totmofdcontiog pthtyrsii bat esn d ahzicaherntiti ogimay be used
stream having common attributes is eventually
1nuﬂ$®&ﬂﬂ%ﬁﬁedwr@spawlashth@mlve connection. A
ommon attribute is, for exanple, the sane
[0048ﬂspfé§% 7 eisolaRotBET ad B2 WdREeRBO W) P8 Fléaue%%ﬂé'aumca“on
fromthe, sane strean1gﬁ&$e35|on or, the sa

systgpi PRAT e dodén &9 é“%‘?“ﬁaﬂﬁvﬁlh‘i rpw&néomventwn
FIG%orth avai l able for. co

% 1 rlbe[lln A 8 nication
etWeeh o’ fi'Cati o n8d% 5" 30981 ™Mb
nodefq oc,rtv@g%Itpgallnalbécelvlzoﬁfl%%g ere%?r?l%q’tl%é&ating nodes, a

rdi'ng 1 nfornat sed by conmmun

strea%?ct%lld‘?ng’f’ n"@rn%d% Eﬁﬁeét\f@gnpggkﬁt nb@eckhender I$1fferent

subsequent conmuni cati on node designated by t
comlﬁ%\l\@é{ibﬂgnba@%dﬁﬁé' arrival at the
desti nation 471 FIG 1l is a draw ng show ng
[0058] COGWYRIPEALI 6N Sysnedh 2 hta660h6iBg 10 paRtformed based
enbodi nent of the present invention.- As shown
on displhlyGrdsolatpdnradd top ofe ncorgpis caguonienodesm specific
102, 104, 106, 108 are connected to the sane
streametowigkn 41id gemaldicisng Sorarest foreiamagn e hemmay request
- Communi cation nodes are able to exchange AV
diffegepéaddsaiay comaloltiens eherss -si 72 éh?emfs(H/F CIF) and
- between themduring 25 an ALM, sessiqn.
conteﬁéa'meéoémmn&t SHEC HBAE T &1 R4 1 BENT 8RR gi nléteffﬁg content

t | d
ypef g2t g tREA AR be AROGP T ehEDt g egnpahy (V). mix

mul t anequsl S|de in o ni c
of alifeehF R UTarP Ry e PE el e bt TE T Sl has o0

[OOSﬁgoA’E]a Eleﬁf‘s“plaﬁal;&eolgﬁ?§ﬁn§n& rb‘ﬁ%ﬁ'éh?r{gﬁys i?est forms

ntit are terns denoting

a c@ﬁ%ﬁﬁ’ﬂ!eﬁ%nenﬁbaées RYp thLéSr 8fhaft “source-specific
I nt er changeabl y mnth one anot her . 5[0049] FIG 2

displiaSy anetbRiti dhavd g how pg the WGOMMeRi Cafdite-specific
system accordi ng to an enbodi nent of the

groupregsert fumuentd@mup-FlaGed steawsoantmaiphe in
which a plurality of comuni cati on nodes act as

[0058] r e@mouec@i0vi shomades ¢ ot maant atiiogi matdiengroup formed
nodes, a stream coordi nati ng node and stream

by cpeﬂraynmsnun@lépsonefq@rsetmg1t@ecemndemluacyhresolutwn

node groups. [0050] G ouping of comrunication

(HDhddes dnd semtepied Head &t *oR d?%%wawnrdeéfériew&ﬁo 232,

and content types requ

st e
234 {foWameR MYt L0 fgtre M i?g agd group 206
shownOdcngff reqcuest dl{lgaggoeIngglo Ql a)ér{)g%gl Utfoornng’ed by
communication nodes #2, #3 and #1, which request different

14



10

15

20

25

15 content types froma stream originating
node. Here, content types include, for exanple,
audio only (A), video only (V), mx of audio
and-video (AV), docunent data (D) and contro
dispOat @c6B)utib@02hl Eaahe g Ippay fasAl tém@uathtion node
content type request fornms a conmuni cati on node
#4. group (hereinafter "source-specific 20 display
resol uti on/ content type group” or '
[005330oulTdet Spegirbup YOBDUP") chormbupi¢depn node group which
gr oup- based tree construction. [0052] G oup 204
requghionst QI odhumiavatieor Inbide giodipadrgreandy video-mixed
communi cati on _nodes requesting the sanme display ‘
contepE oy ot @51 (HD7 ZOF) MERd cabiterto 4§ pgd ( m &ﬁ‘@ﬂlwhﬂea
audi o and vi deo) 230, . 234 fron1connunLﬁ:tion

grouﬁoag6#1s_@(ﬁ%nmléﬁa1cgq,oth%de group w requests CIF

aiso B3 L SRR, S BRS B Entent e
248, RS, LOTLEOITYAL ¢AL0R o qode ##4. [0053] That
1S, g 267%s '8 ¢S

roup comuni cat't on node group

[0052"8i Cﬁsrﬁ%ﬁt h %@bFZ ,dlaﬁp}\@M rs%%@k(yﬁ iv@i‘%hgﬁ?parrtnicipafing

dio and video-m xed 5 content type 24 ro

nodeSOMAYNh AL 10N 1RO Fthm VERWbhLEn o JEQUR MEER 4 stream

a comuni cation node group which requests CIF
receidiiaR! ay dSol WireAmand canv avgi Roavd2viudeni sl xeds, 220

content type 248, 250 from communi cati on nodes
startfde i OQ54} Abs showses ol HiGn2andncAbMisesgpon to stream

with N participating
originating nodes having the designated display resolution and
content types, respectively. |
[00655] 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
nodes #27#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.
[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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10 nodes may have up to N conmuni cati on nodes,
whi ch are streamreceiving nodes. Stream
recei ving node 214, 216, 218, 220 start
requesting display resolution and content types
[0057Q SFIGamMsovgd Rt ERGni0desn Ravidig cbhBnunication nodes
_ desi gnat ed di splay resolution and content
#1 ahypes areespeatn velginalbh O] esEaci st degphay resolution
recei ving node may have different options from
and thetditstlmy (hesoinifiton “andc ooittyeinfdrypetion™) requested
requested fromthe streamoriginati ng node. For
fromegappl @f storamn asetyone noeiée L ifay2 4§61 34 Yags retained
from comuni cat.i on. nodes #2, #3 and #4 to be
Onlydllgplshff@dn prigdnptingon afrsn23de, 2242, éaeeach stream
Comuni ca

20 nodes #2 #3 a
origifajing ¢ ‘?n gaﬁﬁﬁn‘i’% ﬁe%f‘j%“‘%l %Pn%’ F5olution and

hi gh def.init |
combab MBI e Tttt Roadd- b0 BVifge into o
t
phr T P ey LT P e Fod  EB g meent wvpe

grou%%%024@0424§06 250p, 34n2 mg15€[ Q%@@lﬁ@Chstream originating

conmmuni cat i on node being able to deliver
nodemhui Hﬁﬁbﬁtﬁ@@tcﬁ@%ﬁ? AddolRaidh/LdRAknROyIRAQS oup 204.
contains the ALM function of a stream
ThatOisi, ghnatdplg ynadel ut{ O on tkh®.t2 pehgysu @z 04, the groups
exanpl e in which communi cati on nodes #1 and #4
conséarectetdr eandient diutat stig adeSonThardamploayginating node
- resolution and content type (hereinafter
214 "witdcodispyay nfreosohittiion’ yontentestyed {2 eadh, o234 are
strean1rece|V|ng nodes 214, 216, 218 are
retalrﬂ@tdau néd eRigpl yelicmn eriedm GhigiSHERAMgORki@ating node
I n each strean1or|g|nat|ng node,
220 Ba%é&tew%énréquéweaea?klpqlay FSRAR | HRC P ups 202,
nodes are

ent.t treamrecelvin
0 TRl SRR ATRGRETS ¥ oy 02
grougr oups Sga?rmsfi%%mdligﬁ‘loﬂ srtgggllrnuglrf)n/ CQnt ento&é’%‘aﬂo with

0O be nore ecCl

dlspléa!:f eam.Qlg Iogﬁﬂ%tn/@g té‘IQt nOdet 4 Co'ﬁtd t Ut e Display

play resol uti on/cont ent t pe group 204. That

resohﬁ’lohy‘c&hserflltayyﬂﬁe%ql Wt 9%/60%“219%}0{1}5% QAiOPPay streams
204, the groups constructed to distribute

fromS§irean ot {AMaS (K LAVIY DYONREINGi 194 2ddb Mitidn/content
di spl ay resol ution/content type 230, 232, 234

typearetg,eraoned. Li kew se, elenments in the stream
originating node 15 220 are retained in

[0058i splaay meigebuaticdntcont entcdiypeugtolipo 2@ ch of these
206. That is, display resolution/content type

grougp 2 .20%4i 208. gr Bap xarmbspl Bgr soraganBi¢gigan node #4,
streamoriginating node 220 with dlspla%

whichedp| yts5tend BoAE BHM 2lyPe Qaée Displ ghpup-based trees are

resol ution/content t 206 i g, group to
COHSH‘i%&}F y s?Pééﬁé 201§ PRTRTR E5 IBPifg‘?‘i%m ng? rgdaélp -based

th djs t / tent t
tree 360 boma| ARg, HobE Hadett EIUL 1 BONEEAIGP G node #1
f h.of th
and ao;%gc]augp boased ecfﬂ%ﬁ%{f%ﬁ??g%&%%dgt?%g V\%; C/’E?i Scoantent to
strean1or|g|nat|ng node, ;§wo group-based trees

are



10

15

20

25

25 constructed. That is, in comrunication node
#4, a group-based tree for transmtting 4CIF AV
content to communi cati on node #1 and a
group-based tree for transmtting CIF AV
com Bt €4di 0hOn o @ORTHDI LRt 43N NQEHeso #hén @it #Bon ldode #1, a
communi cati on node #1, a group-based tree for
groupobmmd cateicorforodesn #ani#dtiand #eldés #2, #3 and #4 is
constructed to transmt high definition AV
constonttedtto fO05ShiAddehddf nt ti omegiesbvedetbnt ent
types, communication 5 node #1 is able to form
[005RDr eArikandone b olqstUrsded cpadsent AP esxappiagnunication
i n_comruni cati on node #1, nore than one
nodeg#duis- BRsed ot fe6® MBLDhelrnr vl 810 Wbassdefsees. For
deliver 4Cl F vi deq and 3ug£§ contené to
eXamiygmifi AP BATASHES 14D 0 AR hndp giF Yhan 1 granp-based
treesg.agitﬂhﬁsRieig%lgrggg]n%oggzﬁnhr?%ebllé/egggitvroeggﬁqcIF video and audio
cont§PPTE NALLAG,NAUS; .07 58851 05 09" dhAAYION 15 gifrerent
anong particlpating nodes. G 2" shows an
pathgxanple i n which conmuni cation node #1 is a
stream coordi nati ng node. The stream
[0060POr Hichal 1270 AR €CBInYIA% ndc hEBQYERb dlel $4110be a stream
di spl ay resol uti on/content type groups 15202,
coordDfatiz@6nbaONTad IsestTRAMoVTIAGhBGII NG @BleSp Zkdcipating
220 during a session. [0061] Stream coordi nati ng
nodenoder (@14 )shaef ¢ nas ex awep phtinr elhdthveomoneacdation node
di spl ay resol ution and content type, according
#1 ist o stheamprd oridingsing novee.di dilcayt re@swlcytirdanaigg node
content types based 20 on the preference set
receigiest hd eqd@stod syl fedtliagnT ¢ Mdborfc o mtemnd aiinfg groups
coordi nating node 214 ranks the recejved |ist .
202, %04 PP ar ome Bl utti sAMc BAtE MR H §BHa Gt ougd 42022 0 during
204, 206 and defines the priorities of the
a 5C3%5Blps. The priority of groups used |ater when

1006352 P82 oo BERHBURSELLLT B LAMRLHIIT,  weion
; I . . '
relatgf?gpz%/aethgQ%)nggéggm&‘gh :Ilycp%o%ré?ﬂg&grfie, aceording to

streamrelay no

igs d 0 : ' | &% based
e SR, d0SLOURAL, COUTLELINARAS B e

on tEOMPHA GRLIcRN sROABy21ke TS COMENLcHBY e Morcover,
relayed fromthe node that first received the

strea@@iientobodihaingxtnoiade2 14 nrender the sebeitdied list of
network paths in a group, each streamrel ay

disp ngdee pelnft oo mbe darvovi Gie estipatd @h, 204edthiomand defines
(assess)

the priorities of the groups. The priority of groups used later

when the priority of group-based tree construction is determined.

[6062] Each 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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5 the maxi mum bandwi dth required to deliver
this display resolution and content type by
each | ogical stream [0063] Note that each of
comuni cati on nodes 214, 216, 218, 220 is
conteht ofrblne ¢ ®mbeu @i Siti eamMmodiegndt i nFhaodeoanchta may be
streamrelay node for a plurality of
relaysalifcemsplecidfade dhsplfaystr esadiveidoth c ontneénnht 10 the next
type groups at the sanme tine. Thus, these
nodecomhmmirslatri ion snbeels nety ol Pl ved: igmoap, |eedt stream
N di spl ay resol ution/content type groups duri ng(:;
relagmodvpsaderon Rieod W dshr eptimpitipAgtaotddmate (assess)
[ 0064] Meanwhi | e, , t hese comruni cati on nodes _have
the d%ﬁ§1fau|nr mitadd! Bithidwi AERUSTA edOt G LiERE MLy display

lit f st 15 A di bandw dt h
reso Bl Rt 14,4 2RO Banbia t P AP €L bbLieaR T o

[006539'&%1; Shrgans, flOr%“%%n?%ﬁutn*}%S%oCno%mﬁ%'sC?E40“216 218,
des Reimdel ves as streamrelay no or

220 SER 'ﬂ)%‘_'tg' :3(} eg%}hg S%Lrﬁaq”? Y Qie' EXdOJ strec?m relay

groups lmation 1I's per orne

nodel fbed ﬁrﬁﬁ b eaht o 8% LA%sp12)Ore Li®tion/content
220. 20 [0065] A fair bandw dth allocation and

type Hrdlupsbal 10N sABCNAhEM COHRA! €BetH@ olnOBuGAkation nodes
stream from a di splay resol uti on/content type

may FeOUpwilvbdaihi gheeapr iMriliypltag theolxdbaatontent type
stream from a di splay resol ution/ content type

grougs ol inigt iin A Ldfvesie sproorw thh. NNeattici petihai nodes.

bandw dt h all ocati on and di stri buti on nechani sm
[0062% | Meappivbete t dhalskosatenanshatior banded desveat only a
a higher rate. By this neans, fairness of
Limi ey RAASR R L tiegdy, OWHF 8RS Mgt o?)tPh‘irzaééltY of streams.
bet ween strea is achieved for a dlf
ows bandwidth

Accorddpelyy on/ Whit htypBSUMH AT hi ghté

0066] 1 I h
sistBph B RS Beobt PRI R0, B M cation
nodegop}%&lg%‘ ?5 oauso sl??g’ %efmﬁag}z %(p(‘?gsed Prgt!rga?m originating

ream

nodegoﬂ{dz{ r}ﬁtdrggltgrog? rg?ul)g eaPHlsgrboaHRiwrcﬁtrhe%@tzmatmn is

recei viing nod ect the Togical stream
perfdaYE Y ot PiSe SBXLMLASE b PRired oRIRM 4t 1 6t 2 FOr MM 0.
a network path. The [ogical stream having the
[0065RXi AUfAi@SH 4 haivedt bandyt dtib ndenotds tabiriveriechanism
pat h having a bandwi dth to all ow stream
compaeal vhag dpdes $oeneceirven thedisedtypecodintédn/content
AV quality. 10 [0067] The selection result is _
type refdugetedhi m hhghtogidalkitst teathe dlogyaly stodem from a
to update a forwarding table. The forwarding
dispkagb|re sohf biomdt icORtEBt UBERE byr T st Wekma lower priority.
originating node and the subsequent rel ay node
Nexty dheof iy 828 dmeddhyal ogg thak kitd wgstyjgution mechanism

uenﬁllaqsctart%am srlfleé:reeldwb%%dr’]m(f)lddethug% Ial hlgille}/arlate. By

is ap&{il?
this means, fairness of perceived AV quality, which is optimized
between streams, is achieved for a display resolution/content
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15 destination. The consecutive group-based
tree construction fromone group to another
group ensures accuracy of bandw dth estination
for prioritized display resolution/contents
typelwp@sai i gneirwpriorid. I n addition, concurrent
group- based tree construction is al so possible
[006With dnsyaghiieni zatgen, neakani stne2@pl acégdinatiag node
appropriate |location to synchronize and obtain
sequeefiailhy g harwhv dt b dof et i uprbagedrioeps, based on
[0068] FIG 3 is a block diagramillustrating
the pripeitvalofcantiyup ad4Gnegdopy 80urehm Coordlnatlng node.
comuni cati on node in a network enV|ronne
In eadegrdivpy 116eam aRBOHY g agke st R epfrteglé%tlogzsal stream
i nventi on. ,Each conmmuni cat.i no has group
haviggnkh§ (RASH MITB, ©F HEId) &@f{% (gﬁ’coﬁ%t FRigt | gnnetwork

cont r 316 b ndw dt h esti ngtor
orvkft Theiga <SRBT M aR e B O A Sy imated

bandg&?ﬁgﬁﬂ (gé ggezss [g%g%]ome@&ﬁ Vv g%vﬂl ggng%dth to allow

are onnec

streaglhl'f %leH'Vn%fnotdae@ £S5 raegit o tﬁy"béé’]t ﬁ@g@tglvte‘?i AV quality.
exch ange | formation anong t hem These tables

[{)06§ge HhePkadect2ohepOd Mk pN/reond @Rl [kl @rd abkecal stream
content group table 360, group priority

relayial! @ o362, toguptikticabl Eo364hrdshpeoaditcabl @h36&orwarding
i ndi vi dual transm ssion source |ogical stream

tablehdhdongatiadl @s3uDed sy i arattecabandigicdthid@blede and the
372 and distributed optimal path table (OPT)

subs874enl0{c0870h Dilsptayfaresoldita artedntent Vt ppeket to the
trigger nonitor 340 determ nes whether or not

subsepeent | strgamequestitigschange andilspirayval at the final
resol ution/content type reported from nedi a

destiggdtpRat i dif 37601 DUFE EorSiirth #@Sﬁébnéee conmstruction
constructiaon controller 316 contr

fromd?@ﬁ%quﬂ%aoom T SAPHPy 8BF‘érecSoﬁ§€P6%f-‘(o‘hf pgpdwidth

est1mat1o llﬂ)?lllaglyorltlzed display resolution/contents types in

path

network 110. In addition, concurrent group-based tree
construction is also possible with a synchronization mechanism
placed in an appropriate location to synchronize and obtain
remaining bandwidth information among groups.

[0068] FIG.3 is a block diagram illustrating internal
configuration 302, 304 of a communication node in a network
environment according to an embodiment of the present
invention. FEach communication node has group constructor 308,
forwarding table construction <controller 316, bandwidth
estimator 322, forwarding table constructor 328 and forwarding
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15 communi cati on nodes 302, 304. Distributed

OPT 374 forned by forwardi ng information

resulting from group-based tree construction.

The optimal network path is constructed based
exec@Qfoit Bg4priority of group-based trees in a

di stributed manner. Therefore, if a request to
[0066hangehedisplfaye r asod witdson3 agd 806t e 2, 2B 2AY,ped34 are

230 to 252 is invoked by any participating node
connbetod evad | agpdupaliagedft tebbesares gonst Blidt ed, order to

the accuracy of ALM path constructi on nmay be
exchangkuéntednafi®o7 Aqmanghébabove Tdase, tehécs aarestdisplay

request-ed di splay resol ution and content type
reso ko BAeset eurif e weHews 88 h cortent gsedpi teble "Feo, group

Therefore, forwarding table construc%lon

Prlordéﬁttra&lPe?r62&1sr%kps&ﬂg’1€o3@ynérﬁe&%l}é‘ ye 368, individual

e Sk B T PR macc

report e of ik .and,Lhe end,
bandav (Séitt]rfll d%o7tp c{1st tuatke) ons?r LR:e%thor‘%able (OPT)

374 €Vents 318 320, 382, to all participating
‘nodes. This allows the participating nodes to

007'?”%1@ GRPt kek o ADARYcoaPe A Naty P 1Ir$ Q&Ssinl%hﬁtor 340
to synchronously construct dlstrlbuted opti mal

deteDRah &ls wed @%r or not there is a request to change a display
[ 0073] Groupconstruct or 308al | ocat es(assi gns)

reso RAANTHN €atdnant nodes pbot SO UE 6 8r spetiiafl 4 gp Gravjm 376.
based on display resolution/content types.

[007Medi anmalrdcmgl‘oa’bl@?@om(smtu@tlﬂoadcbytroller 316 controls
t heuser commandst ochangear equest eddi ay 10

distribytd ditamnmednpehl taple. ceﬂ@t}pwémﬂst%mthw Bleeallty of -
for each streamreceiving node receives (306

ComIHP%P%VOFle%@ﬂEF|3c913’ac§)ﬂffentDtl§/f§ébEFPa¢1§bP e’qlﬁe&rmed by
oo AT AR BTG, Sk e
cons R B ST G HACR RIS R AR R e o0
e ST TP P, B g, monee
Thergffoﬁe,sif %af@cf)ﬁéagti P@télﬂglép(aQSplay resolution and content
types 230‘;£o 252 is invoked by any participating node before all
group-based trees are constructed, the accuracy of ALM path
construction may be influenced.

[06072] In the above case, the latest requested display
resolution and content type may cause unfair bandwidth
allocation. Therefore, forwarding table construction controller
316 exists to synchronously construct distributed optimal path
tables. That is, forwarding table construction co-ntroller 316

20



10

is

20

25

cl assi f'i esstreanrecei vi ngnodesi . nt oapl uralityof
source-specific display resolution/content type
groups, based on 20 requested displ ay
resol uti on/ content types. Note that

repofisassé fd1Gat i ANd ithepentoomedi aetwidid@pitdmal path table
di splay resolution/ content type rules (342).

consfauitpoaoast fithct0rs, 308 0gf 3825t reaahlopagiinapatigg nodes.
node reports (310) connection information of

This sili eam thecpantiingp aodesn ¢ de sourpelfopaci pintrol change, so
dlsplay resol uti on/ content 25type groups to

that gt fepmss bibleet @681 choORSP sty G sttawt e dBeyippted optimal
whi ch group information is recorded (344) is

Pathﬁﬂbh?%lned in stream originating nodes and

tream receiving nodes. FI G homs exanp
(00734 the f&FHER of CYFYEBCt DI e g"z%ﬁ Cassigns)

sh Fl tab d
com%gvﬁ%zgaeﬁ??%égaé%}ﬁcaﬁap?eal fl%r?)glrpuf’o? T QR display
resol%t (%our%tﬁ SRR él%%?pﬁ)\}lég 1%%t he Egﬁtrolled by

pri or| y of group re o) ot er groups

231&%&' ngcdlﬂnﬁnl(ﬂ‘M §§SSIC% Cg:egnt gnt 1H A3 137 display

i ndi cati ng an exchange i spl ay resolutlon

resoBfo KO £tn (L R . T R MEL 0Pt AAOB vl NEIR AL dWk R stream

stream recei ving node that requests the display
recciva8@l Hbiden: @l RNl 206 ) ty@es prowirdedi by olieontent type
group, and streamI|ID 10 2010 representing a
chankkstreqfuelsogifea sdispdny trkablusionreahechantnme trigger
streamrecei ving nodes in the group (which nmay .
monibert RdOnet Wbekt.pagriosipt oc wiedtiruetospel@Bf ifer cach stream
di splay resolution and content types) . [0077]
receiStingamnedll er@p8rtisn (hi ¢h I3dg?|)cth%t regmested” display -
i nformati on and connection information are
resoligdpp HeRRtEn W Nt Q) HOP oy ogrbine Pscdhé tirdcgdih stream
308, FI G 5 shows an exanple of the format of
origiating ioie 368. As shovvn in FIG5, stream

[007f1%b 2)6118pr| Se’?%é 0? g@%St reams{D Zlogrlgl%%q%g node

and®cShhécti on

cIasﬁlﬂ osrma ﬂrggrtlzl feodoggilﬁ' ' n%ol adq5?§s Qndéﬁgi{“%lity of (

Orna 1 oNn. oup Const ructor 3
sour@e—sstﬂ'eecqmccg%glJ‘)atrbgglmgﬁlcontent type groups, based on

requested display resolution/content types. Note that
classification is performed according to display resolution/
content type rules (342). Group constructor 308 of a sfiream
originating node reports (310) connection information of stream
receiving nodes in source-specific display resolution/content
type groups to- stream table 368.

[0075] Group table 364 in which group information is recorded
(344) is maintained in stream. originating nodes and stream
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forms groups, based on display
resol ution/content types, and assigns a wei ght
to each group, upon receiving (310) infornmation
fromall streamoriginating nodes. [0079] G oup
rece DORSE riicd . 348 (Aur amgsss SOHr 6RafRAel fofC the format of
di splay 25 resolution/content type groups into
groupntayldesé6ng | i st and reports the priorities of
t he source-specific display resolution/content
[0076ypeAgr shipe nt donaF 1Gst,r ganmprigilead bAgimdaeles group ID
[ 0080] Content group table 360 to refer to
2002ndeghtin hfaormag v oni dicort i Gagmdibgdthisegrprnt i ups priority
~maintained (344) in all articipating nodes.
2004 ig agHomsh aprég aifyl of dhit BecrBrshelige toAtlket groups

. tabl e 360. 5[ 0081] As sh ' Q, .. .
esis BB L 8 a0 5 D IB o1 S tins a0
' D 2202 ich i [ identifi t
xR AT oA 35 VIR, LR T dPro 200
. aodi | | uti 22 t ;
nai TRERY FPRLE05RAN PR, SigHRyy oo diopies

resoftlLtQHR ﬁ{wc%'tglfﬂ t’ckgfa%fﬂﬁ)tiid%'a @%Qﬁ_ei Qlddeﬁéﬁt LR8 stream ID

e priority o Ocontent deliver by the

201 0°PM e ndIO4R (Bhalf Y8 Q2 0k NRANFOREENGS ¥Rk among
an ‘ALM sessi on. [0082]%?oup priority table 362

stred® BRicAt ad fath dys ghotHe @eBShH Eheth 388yl Be &d@hnetwork
stream origi nating node. The priority of

pathgroupeligasespad€icaispiactrieonitid olbased omtielhe types) .
priority 15 assigned in this table. FIG 7

[0078hows tarm nextatdlee 36f8 tihewfhdchato gfcadr etggam information
priority table 362. As shown in FIG 7, group

and ety nt bfos 1882 oinsa pompoerde f ymprip P B Y group
and priority information 2304. [0083] Bandw dth .

consprtgiggt 610 8322 F&G-Pnetties” § agegdag)plenet 3ge format of

‘bandwi dt h ailable_ for all i cal paths. )
stroagandhp i 12 Qs | nktorhegun 1 aF b Cari Vel ly tAbde 368 is

1 ef 348 i ci pat | n1h
com i dreptehel dhrdifEy S PRABF O o Te s, o 2106

~and EXB;%% 1ﬁP9rrﬁggi§l{ a:}%%\;ig%gﬁ@in?th%dfdggiglalnd port

parti cipating no estT mat or
infofshiiwat es 346 the bandw dth al |l ocated 25for
each | ogical stream based on the display

[0078§SOGWLLON che@Rf€Mor 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
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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type rules. [0084]1n addition, bandw dth
estimator 322 reports 326 23 information of
the estinmated bandw dth for subsequent ,
sel ection, to bandw dth estimator 322 in a
[0086] I €@t 86 €It PR 3YI0Ro r@der Money dig24)infd@mation
esti mated bandwi dth i nformation, bandw dth
for basitdwialtdr e 32z dtiohhie mitaieamneriCed ¥4 ndnnoldeparticipating
updat es esti mated 5S5bandwi dth table 372.
nodep008B]l Gindiswiodtualant cansimilsso brihsolroeat edi cahtent group
stream hol ding table 370 is nmaintained in each
tablesBp@am rel ay node in which | ogical stream
i nformation about the streamrelay node is .
1008} dcopgethowpdBFdFofs cantertmpprirofablged ¢ Griggromposed
of individual_ _ 10 transm ssion source |o

of coptmHaUd P t abPé: 37dic %h%whancli%egfat'ifier to a
specl a5 SRR BRI B Hahfhy FhiFARion 2204
ot oGiR SFRRh bR MR B Vel g e comten
eroug i e Bl A0h T BR picRUPIER higgisy of e

contéenates, dRa Bir@AMNbEECAYIcRIuPOda ahAM P Ather contents
| east one | ogical stream connected to a stream

durid €lady Anadese &Sbinmat ed |i nk bandwi dt h 2406
denotes the maxi num esti mat ed bandw dth

[008aVai | @bbepf rpxivihe statdam 3 €2 aysnaleidt@ainbé by group
specific streamreceiving node. Stream | D 2408
consimuitaode$08 in stac20efrdaoyi calgisttiggnmm ofider.med’he priority
under the connection between the specific o
of ggrrpaheseflayraede wrrdrupeiodt r sanbPreedi Wimnmgthe priority
. hode. [0087] Estimated bandwidth table 372 is
assighgdiinithes tBY1not F EO-gt pRAMS &P §Fampke 8hdhg format of

stream.recei Vi n ode. By .this me stimated . .
eTOuBLREATIER 1S Mitd-on A S SY R el ¥ EP oy RGAAR STiOTItY

2 ' d i Vi de f .
ot G AT S 8T TBLE 58 YRR, Hrormarion

2304formalt of an esti mat ed_ bandwi dth table. As
shown in FIG 9, an estinmated bandwidth table is

f0083] Bandwidth estimator 322 estimates (assesses) the
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
for each logical stream, based on the display resolution /content
iype rules.

[0G84] In addition, bandwidth .estimator 322 reports 326
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conposed of stream | D 2502 and esti mat ed
bandwi dt h 2504 information for a specific
| ogi cal stream [0088] Forwarding table )
constructor 328 constructs distributed OPT 374,
infohasednoof sbhdraimpect foan divspliayor subsequent selection,
resol ution/content 5 type groups. Forwarding
to bimbivéddonstimatoer B2B iinn astteam ordcgiinat g ngode.  Upon
node refers (352) to the group priority and
recebtigngt 634 biupebagéen atedebeohvtidtletingprmation, bandwidth
. Forwardi ng tabl e constructor 328 in stream i
estimata ViZig tHodle stlréais (IB0Yingenpdgi dadasey exyhimated
havj ng. t he . maxi mum esti mat ed bandw dth, based
bandypidthetadilept 49 10r esol ution/ content type rul es.
08 n .addi tjon, forwarding table.constructor .
1008330 Pyt ohO R o0 SARTSS riscki 8L G hty holding
r t.to forwardi,ng table copstru r.328.Ln. .
b PR IS dpaftHERE Ndni 38, ST bl A8y N which

y
10gic?zﬂnd§/idrg£ﬂr F%%%t@gnt Al u € O E%@%;&En 3?@1&3»” node is

e strea node updat es

recofd 84T i buted RIwd374n L0 eFbHnl0rSHAWS ANindividual
exanple of the format of distributed OPT 374.

tran$FACdLidnSdi R Bk T 3 fdainebudiess giawuP3FD.  As shown
2602, path 1D 2604, selected streamI|D 2606 and

in FRGIualndivideal edahandwsdith 2608 Gougmil 2r2602 holding
is a unique identifier for a 20source-specific
tabladi¥p) ais rceswp ot ¢ dnp ot emer thpe2 §Pdupreded®et] ID 2404,
Path | D 2604 represents branching of paths
estinppiafl hitled anfdwid thhé 4d$mandosireen Ay 2408.  Sender ID
group-based tree. Sel ected stream|D 2606
2402 hyjachP B a iftpatifaeT f8gi £ AP csi ficap c4a) delay node.
ith _respect to path I D. Actual allocated
[00Sgdénd%em"%o@dg%geéeméeésf fat 5&RUE St Y ime node

havi%!gl ggq%gsd‘c focr)lre ‘?8@553 stt£g§r§1mcg%|nggtf|:£ t%atahg’fream relay

node. Estimated link bandwidth 2406 denotes the maximum
estimated bandwidth available from the stream reclay.node to the
Specific stream receiving node. Stream iD 2408 includes a list
of logical streams formed under the connection between the
specific stream relay node and the stream receiving node.

[0087] 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
transmitted to a stream receiving node for logical stream
selection. FIG.9 shows the format of an estimated bandwidth
table. As shown in FIG.Q, an estimated bandwidth table is
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[ 0092] Forwardi ng executor 334 uses distributed
OPT 374 for content transm ssion. Upon receiving
(338) content from another comuni cation node,
forwardi ng executor 334 perforns | ookup (356)
compsddeo OPireBasenDon stie d0dkuptimesield Haodwidenh 2504
OPT, forwardi ng executor 334 identifies the
infomextiode$o gnat pec déstliordtnbrtagdnr el ays (336)
the content. 5[0093]Di spl ay resol ution/content
[008BUI eFbablaed 858 tabht aiorsstanster 3 8heem sigicts distributed
rul es used (342, 346, 350) to construct )
OPT dp ¢ i buted OPTs@rrce-NPRCiper tdishleher aslivdiamontent
: expanded rules will be described. [0094]Rul e 1:
type ALFPYRS baslor Wreeing Eahl r GePEHF¥CEPTeacdP in stream

. 10specifi ¢ display | uti gn/ content type
ori gy RS t RAGF BrAcT o P 8am B | e OHGnGaLf iy and starts
tributi

ket di i nadi spl .ut i
sronPEEESLA Bl L LAPLLR0 9% A EPLAL OGPl ructe

[ ' ' for .
328 8 R WOE SO BY MIETT LR LR Logical stream
havifhé'pﬁl'esﬁﬁé:iiflﬁgml§§¥irr§§{% 9 nRRETH 1@, Obs e d QAOChe display
ul e 3: Each group conposed of N stream
resoRREEH VI SO NHAdBE €Qusss ucts (N-1) links in the
group. [ 00 Rul e 4: Changi ng di spl ay
[008PSOl it 4 Oditand, coottveadtditnyppaabis abhomadtonl y28 reports
when a change control flag (status) is "turned
(330200¢ togiaateptreant hasige tieguessult| 0098)rwWRatding table
5: Forwardi ng pat hs updated based on the | atest _
constongor i &dng sbpedbased avreed ¢ avabar eedsoithgted (332)
when the | atest group-based tree is constructed

- bandadddéhdi nfory arddreuiabbsetiopetidrider uéeBoin the stream
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sessi on. o
relay node updates (354) distributed GPT 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
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
final bandwidth allocated for content transmission in paths.
[0092] Forwarding execﬁto‘r 334 uses distributed OPT 374 for
content transmission. Upon receiving (338) conteﬁt from
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25[ 0099] Rule 6: The bandwi dth for each | ogica
stream delivered by a streamrelay node is
cal cul at ed based on the display resol ution
/ content type delivered on the stream [0100]
anotRYt & okt mUiA ch O 1€ @lo &5, r W W dith of BR e BBX6 MBB4 performs
esti mated bandwi dth shall be preferentially
looksgl eExi€donHelie, OPMi. s Bukednay the Iecbofimgunudd from the
based on the user or application preference.
OPT[ Ofk0ifafdihe 8xcTmeogr 38 pdiotifiys sttad Inget designated
. deci ded based on 5di splay resol ution and
destigmit entand pebayepPaéedbeuepntdmt- a group
delivering content with a higher displa% .
[0098dsoPisphty dfdchutipgher nter i Pl d2hks 38 8hF gRkRins 2 set
riority.Here, this rule reconfiqured. .
of hBRHEH DY it 1S (gﬁzap%ﬁggﬁéﬁﬁn%r"é’f“&tg%‘é.dlSt“b“ed
[ 2] Rule 9: So -speci fic di spl ay. .
OPT, 3E8r L NGHF cBAEOT {§peraodr dlgs SApeisscayles will be
qﬁg{ding to followng rules. [0103] (1) Rank
he groups in ascending order starting froma
[009%20%{%' gh tf aE?@ﬁfJSb?séH splay itesghytiQReca@N%or each
content type of "a lower priority; [0104](2)
specRARKIINA 29" QURA vl Po R d MR t 1t S PORu 4 13RIl PYom a stream
15resolution and content type in ascendi ng
origi@Aengst abldieng fbirompa cgroup dhenti hgtid rSNEll era  display
nunber of streamreceiving nodes; [0105] (3)
resoRanknt bengmaupsp b srg hhewsake nunber of
stream recei ving nodes in ascendi ng order of
[0096Rhei Rudandwi dt kst @ami loabg endtongcondenthaving M formed
transm ssion fromthe stream origi nati ng node.

desc

group@Hdrensmhts Ml dipmlaber peelorif ¢ lrett eidsdpenspecific

the user or
streams to each group.

[0096] Rﬁle 3: Each group composed of N stream receiving
nodes constructs (N-1) links in the group.

[0097] Rule 4: Changing display resolution and content types
is allowed only when a change control flag (status) is “turnéd
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.

[0099] Rule 6: The.ban.dwidth for each logical stream delivered
by a stream relay node is calculated based on the display
resolution /content type delivered oﬁ the stream.
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application preference. [0106]FIG 11
illustrates the main process flow of
group- based tree construction used for fair
bandw dth allocation to achi eve the optim zed
[010pgr CRiuYed7 AVh@gubd d iteye] e 42 shomg heessadmuSestimated
exchange sequences anobng stream origi nating
bandvaded, sistil deenpreferanngllnodebsctstr eabherel aris rule may
nodes and a stream coordi nating node to realize
be redvmpeoced b strslwani thpGer 19r appoikejongp reeonpnce.
in FIG 12, necessary information is exchanged
[010AkonBuder ark lbop | &Gtk i g ORbdes h3dk be g cidefdelased on

. receiving._nodes 506, 508, streamrelay nqde
displypIesRBIAAR 38 f exti eddr b e ;rﬁ5\% sy h tﬁat a group

et JISHE 1 RN, BT 2 8 EE SSRGS, 8 o nigner
data %égegggggg%ofﬁggj%e?rt | R/ G1y ent Ifeyr%?Z)rtEP:Q”i‘{lﬂ,g may be
recmf W GRaSPEELd | ‘?héﬂgsiei‘f; B?Sd‘b'pq‘iéé’ﬂz)%;)m%reh)é@.e

rreporting nmessage

{010@'{] st Riyputedsept b oad p Patic takbea $ARILIHEIQBontent type
stat us nessages 51&? 518; (4) Weight -

grouEewetfmém&m@&aiﬁg% $2R,0Widds rules.
5) Group priority reporting messages 526, 528,

[0105330; (1 RAniSobkcerspeciihi asgeodind iostder epartinyg from a
messages 532,

group which transmits a display resolution and content type of a

lower priority;

[0104] (2) Rank the groups to deliver the same display

tesolution 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.
Here, this rule may be reconfigured based on the user or
'applic.ation 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.(IZ shows message
exchange sequences among stream originating nodes, stream
receiving nodes, stream relay nodes and a stream coordinating
node to realize ti:le process shown in FIG.11.
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534; (7) Estinmated bandwi dth reporting

nmessages 536, 538, 540; (8)
Group-based tree construction invoking
sel ecti on 20nessages 542, 544, (9)

[010G] oup-shaised nt ire € 1 Goh%! heckk onr s in faum stloacid ®Rchanged
nmessages 546, 548, 550, 552, 554; and
amoi{d GYrGroup-ipasednter redeorfst4,uzlbontreasagecbdiig nodes
[0109] FIG 13 shows an exanple of the format of
506,dp 8P ayred8 reigol nwids/ 68t eh@ 8 tapk stepomt Fagrdinating
messages 510, 512. As shown in FIG 13, the
nOdeab%Q/%=degélrelfﬁé%lrffves‘é"’h’g‘@éwSl‘(PmEll@lé&é’rPfhagleSSages are
elvg ID 6% MTICh is a unique identifier
dﬂf&?% ast L8R PE node, display resol ution
{010? 4 and content type 606 in a comrunication
[0110] FI G 14 shows an exanpl e of the
for
sou c}e Q%Se"éiaf‘fi L& QT AT PEE PR ofT BSnt BT Ty pBr B Ssaes
510,9f2nhg 5 nessage 514. As shown in FIG 14 the
above-descri bed nmessage 514 is conposed of
sourge IR UQ% -Wheelrilcs Whep U qu@sbdenbnlit8htent type
for a streamoriginating node; bandw dth
repotilher mitsisape 79484 ndi cating the entire bandw dth
avai l able for a streamoriginating node to
exchangeidat b cutd | oigtiama ALM (degabde, cod®truction status
conpiled lists of display resolutions 706, 712,
messegrtsent 6t ygds 708, 714, and the nunber of
stream recei ving nodes 710, 716 requesting
di spt hyV piedul TR B OHABENMEREEEYPESL0 [@111]52|ﬁ1 G 15
shows an exanple of the format of distributed
opt f IhlO [Pt PEADTIEY CERATIRE i BAS ST BT US 2ResiHtyes 3 0
516, 5 own | ‘
abol/@l ﬁ%‘é‘r‘i%éaeﬁé§§a§é§“QléIS*sigpgffén@aé‘hesSages 332,
534,conposed of ALM session |ID 902 and status 904.
*An addi tional request to change a displ ay
res ty e S II
staf b bE R PR 0 128 AL HIRE g 6. 938,
540;When status 904 is set to "change-on."

(8) Group-based tree construction invoking selection
messages 542, 544, |

(9) Group-based tree construction stream selection
nmiessages 546, 548, 550, 552, 554; and

(10) Group-based tree construction message 556.
[0109] FIG.13 shows an example of the format of display
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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20[ 0112] FI G 16 shows an exanpl e of the format
of wei ght reporting nessages 520, 522, 524. As
shown in FIG 16, the above-descri bed nessages
520, 522, 524 are each conposed of content
nodegr alippldy 10@2platidinspbay resédl Wdmrnl004pe 606 in a
content type 1006 and wei ght field 1008.
comBAnp@didBp@onbént group I D 1002 indicates the
uni que identifier for a specific display
[011P¢sol uFilenl €¢onskawst ypa grepupPlsplaly the format of
resol uti on 1004 represents the display .
sourgesyglapifoh ofitmMeygr ggsolutom/earteype WODG reporting
represents the content_type of the group. .
messpgieghi 41 j ehd SmnilﬁdFEQt]g”s’ theaBpivGr feycibed message

14 P satRo L %) BP0 pE B RED SLAEL 8P Yeeniic

for 3eci58n°s 85 5P EsB o P M EP B i Mpign 704

. -d ' . , 5 h

indi AN SORET ST RRARRAR, 2000 R0, 34 o svrcam

origijnqugngnQOWei Q' té)@@hé‘j@&@g 42240480t £€ahD ARRE session,
denotes the unique identifier for a stream :

compilkdiNgtd DY d1Q¢ea FRYB1LRD nk20d6, FAQ8 edetent types 708,
denote a 10 source-specific display

714,r esa uthOnhaansent of yRerguUpeckivbig t n@ek20610, 716
1210 each-indicate the order of group-based
requtsaagcdngtinygct ¢ ol uftoes nfden @mavig-desscr i bed
groups. [0115] FIG 18 defines the nmessage
[011&] r uELGreS othoswer - spawplt cofribgpfpfmat of distributed
_regfrtin% nmessages 532, 534. As shown in
optimpg pgh table HoHsvetidas ¢f p bed hesklfss S92, 518, As
534 are each, conmposed, of source ID 130

2
sho Wi 365- 4 tBEGUP T StCTHH BF frd F 6P EGT081 62 318 are cach
I ncl ydi ' I I di.tion, tian...
comi it RECRBAT 1 iCr LT BOZHF Aot bh o0t o 0Citional
! ! e ) . N
reas LR ARG et TPRGT g ROPLD0 i nov

allow0h HER Fhihs 534SNO¥E: 20 VAT 2 02,1 DR TSR d when

esti na
status 904 is set to “change-on.”

[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.

[0113] Content group ID 1002 indicates the unique identifier
for a specific display resolution/content type group. Display
resolution 1004 represents the display rescolution of the group.
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bandw dth reporti ng nessages 536, 538, 540. As
shown in FIG 19, the above-descri bed nessages
536, 538, 540 are each conposed of sender ID
1402 which is a unique identifier for a
ContSRECtfp€ SHOBANEHré Gimal itR ROECeH! Sigeal the group.
relay node; group IDs 25 1404, 1410 each
Weightdficati h@o 8 hedraups tthewhtiorithe fl dgiscapecific content
stream bel ongs; stream | Ds 1406, 1412 each of
grouphe cér ioshar wningeetiglentrisf.ier for a specific
| ogi cal stream and estinmated 30 bandw dt hs
[0114408 FItu14 elaffinenditbat immgs tage nebtivgtpre of the group
. bandwi dt h, avail abl e for content delivery. .
Priofigy FPP OFfi@ R0 &HAES Sah2 exardl-& Bt t Hes ﬁ}épﬁm ipfF1G. 17,

the a%o&%#ep-@?g%%?ggééﬁgﬁ;slg%lgg%:g%éggSg:I|§O 0 Bre o eRch composed
bove- | ped , ho..

of s GRReIE e GO IR0 2 D 0aR gERRbrivies 1206,

121 O,I, ”dg,‘&"j‘ﬁrkgglﬂtﬂ‘i%'zt ?gﬂgt%géhgq{rﬁatﬂ% i:jisetn?créféi"e!r for a stream

en states o roup- oase

.origi;inh}ig%#%u%cj@éq' [%M%Fllﬁgllbﬁéi?n ©FEPLE Al denote a

rmat of group-based tree construction
sour§$fﬁﬁ35‘i§ﬁj ectdiQB 1 APSSaPeSH 19460 n R te 0?0, BH% roup.
554" 10 As shognyfn FIG 21, the BTONP
PrioAR0ye1described cAReSANES a24Gh 5481 500,219 -based tree
554 are each conposed of group ID 1702,
conss@l@tbhoforstheamolv2 -1204ritpat krbbpk706, act ual
bandw dth 1708 i ndi cati ng the bandw dt h
[011a]| oE&€ield tdzfilmk s whre WV ssoptetituatdrso fforttse-specific
and status 1710 indicating "sel ection"! )
groupr bigdvedportipgsmicscrigen S 316whith gke shown in FIG.18,
oper ati ons of group-based tree _constructjon.
the pPay97dE @i DodsHIRGS 285 Sexarfpl e36f af he®$ 0} nptmgesed of

r -based tree n ction nmessage 556. As .
sourfpdip 1PE er05p [RolbBvis eibalt nbldqgention 1306
. 15 6 is conposed.of curre t.group | D %8@2 aq%fomnaﬁon
HEEHERE Ji60p D 1804, r?gﬁf gfoup °ro ety
_ i ndi cat e . e , _
el TR AD 1A SO ERGBR LS UER Yagiss getiver
by c8h PtiPa basede fdBGrg DaXk c98 B4R wed nl B0An | Aigliscat es |

the next source-specific display

[0116@SOFEGT PO/ COHKWENGE nt VRA ng QUL MAheh reBY abUbF deimated
gr oup- based tree. [0120] Now, the main

bandWidGBSScpbowh d Nmick&agdd 80@,t BB 8Pr6dess As shown in
25shown I1n FIG 12 will be described in detail

FIG.Wht ht reefaroarnce ctso r b G 28 sFh 2453 6] G2¥, dfd are each
FI G 28. ‘

composed of sender ID 1402 which is a unique identifier for a

specific stream originating node or stream relay node; group IDs

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 Jlogical stream; and estimated
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[0121] First, a display resolution/content type
requested from each streamreceiving node is
reported via a display resolution/content type
reporting nmessage. To be nore specific, each of
bandWi@ it BAOR [ QCEI & iRQ hNOEIER 0Py PR8I HPiH bandwidth
di spl ay resol ution/content type reporting
availggeafes cbi@enbl21twerspecific 5 stream
originati ng node 504. Upon receiving the
[0117¢poF1GN20 nedssagesn stxagapd onifgimatfong atode S04 p-based
identifies whether or not the requested
tree souekingpettfiiondnsgbager 6531.U14bn/ coasdewn ypd1G.20,
group has been created (ST 402.) [0122] Wen a
the peoweedeufrilipdpmss sagssl dtiZonS Afid2Ebne et ¢gpeosed of
10 requested, a _new en

IS _
grougelfp ckOSpentd istati s fiody e%@&yﬁ}ﬂv%m%%ﬁe%ﬁf to indicate
. dded t tabl e,
R e e A ﬁao&é%ssqfsa% i etion
[011§i| Sfﬁa%f’t reaarrperxeaclgl Yé % [119 aft oﬁgg%q? -Based tree

i Rg” entries in & group t

consﬂl{‘ét‘ 8k Jt‘?%ﬁﬁ%@%?ﬂ[ gﬂ' @]Bésgsggwwns@@d 550, 552, 554.

tent types i s neans

As sﬁB(Jv%am QrricbnatinR0, POUE- £E &AL BEdanessages 546, 548, 550,
sour ce-speci fied display resol ution/content

552,1y9p8 QoURch TokQbskdAbF fredgs 1Br ¢ 70kassdlkicetbn stream

~ into-source-specific display resol ution/content

ID 1tHpe paolpsd haded eotddieitrandiveiltdy 1r7@solintdionting the
and content type (ST 406.) 20[0124] FI0.23 is a

bandfwisMbhai to expldaitei nigloper adVorsneénstgrénso forth, and
coordi nati ng node 502 and shows a detailed

statusr ocEk® fndigatonpotistieetiendt arrewp val 34 r i pagedgction”,
optimal path table construction. [0125] Upon

Whlcrheéé‘? \mw»gaa!%rp# & RS RASSHY Eiiet EARStygdion.

n sages froma articipati
011 h3 0o o T Vst 23 b | Gilatihd oRBs 9f eroup-based
source-s eC|f%% di s Iay

merg%ﬁfﬁ% AP BorTERT ¥y pe Pepor tnd "etbadl drifi22. the
aboveodég&el%'ydc%?égéa%aet 5?35 qugoﬁlgl%seldp%@ LEERM QBoup ID

sSour ce-specl

r I Lcant et er 5 QR4
1302 FRALLLCOLGARL UL YBE U998 kv

the £AR-Q ?Ewﬂcneﬂﬁo1§@2rswmm9§/&§é&,nt5ﬂ5%9e tQoup which
notify the start of distributed optinmal path

has ballke geBabruakionred[ 01IRGKD SioduDedsodt intilcates the
path tabl e construction status nmessages 516,

nextShiireachp eonfioskid pdh y AleModesiindnohD: 902y petgrtomp which
"change-of f" and status 904 are delivered to

Inayéhﬁléar@heMpabhngdnmdes (ST 804.) Here,

change-of f" denotes that additional request to

[012@&an§€0% dheppajn megsiegsi 9o WAd cdhtlehl anpdhpsprocess

shown 111 FIG.12 will be described in detail, with reference to
FI1G.23, FIG.24, FIG.27 and FIG.28.
[0121] First, a display resolution/content type requested from
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10 allowed. Upon transmtting these nessages

516, 518, all subsequent display

resol ution/content type reporting nmessages 510,

512 are processed as follows. That is, al
cachsubsequentrdicipliay resdkution/conirent type a display

reporting nessages 510, 512 are not processed
reso butiocaaneel dradt wd espostibgeswantgdi st'tobha etbre specific,

150ptimal path table construction status _
cachmedsayessBL8m 54 edvéngeneideed SOST §08. xeports display

_ £0127]ThisfaciIitatesconstructionofadispla o

reso futd e nie ¢ Bifndoht htr cPPpbi iy dupssagfisch 10s -ﬂ%ﬁo specific

used for bandwi dth estimation in the network )
streagat I THiNS (ober APid6n R/oi dsUPORordSEr Gk hgthe reporting

di stributed path tables at .1 me based
mesGia PREPR PEJE O BERLES Hidd D He oapg ther or not
tine. This assures integri.ty,of the faqr _
the gpdfrarrd SR ShrebiEeA CFiBe GTRptR b ontent 1ype
ons|) st.enc h e t ed bandw dt h '
grou%l?%%%?%%nxgﬁégg E%@tﬂgg'isplay resol uti on and

[01289Nt &P o & YPEe editest @dls p 2nf P1481uthkOh EXAMBh®ent type is
Inh FIG 2, assune that t%e group- based tree

reque®Nst,r WCthieQP &R1yowst tshearsequpacisi of dbiilagi ngsalution/
group-based tree for group 206, group 202 and
contbRENy@rogporP4i Durddigl toonsé rgaiipnadic. On the other
t hegr oup- based treefor group202, comuni cation
handpodetird s grooup qRE6t i rabl we wos¢enpor atidam receiving
i nvoke a display resolution change fromC F to
node4PFif ad dedet ¢ ortighin g rearir comiming @aeiugntalge faggmed by
~in group 204. 5[0129] Accepting the display
simitats 5 Qi ¢ O dc ATy vr egpeksttippopgd content types.

[0123] By this means, the stream originating node creatés 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 conten‘; type (ST 406.)

[0124] FIG.23 is a flowchart explaining operations of stream
coordinating node 502 and shows a detailed process flow to
nptify the start of distributed optimal path table construction.
[0125] Upon receiving display resolution/content type
reporting messages from all participating nodes, each stream
originating node transmits source-specific display
resolution/content type reporting message 514 to stream
coordinating node 5.02. Upon receiving the source-specific
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comuni cati on node # 2 during the group-based
tree construction process for group 202 breaks
the integrity of groups formed. That is, the
group- based tree for group 206 is invalid
displRBCatse [aeiTmiceaaknontNpde réBoksingefinekPages from all
connect to group 202. As a 10 result of this,
streanhe hahdwidphn all & oc¢atledoal, shwedm o afdibhéing node 502
group- based tree construction for group 206 is
commaydki (51 @mhisd8)i nd Inenfesthchetacicofadistofbuted optimal
distribution of the allocated bandw dth based
pathgabl hecomsitovdtipnof a tenporarily sel ected
di spl ay resolution._lSLOlBO Using all collected
[012éﬂsp|]aystrré§61qﬁi oRttEad efat yﬁébg?omnstructmn status
i nfor i Qn,, stream coordi nafi ode 502 is
messIEEG 1 b dafBng t hes HEPGHET BF Abh oar STy D 902 set to
“cha{a%??clﬁ d’l \%gllld;%{t]tafnst t%(}/eﬁﬁea',é%gigegi§%£a(ﬁot%' )al]:rhpearticip ating

set o
o562 DU 0 Y 1P B Topy geaicionst

' SitLEes) - t dj, pat i d ;
et SULLEE) BB L reAmATOrhag{ 08 0epe 1s v

allow&hati iep¥ei 4hhnfRGt@ndi StHe®¥ messages 516, 518, all
resol ution/ content type. [0131] According to

substfee Pt eS8l a gMboOch MRS n/ ¢ dieteti ghpef Bdp@rting messages
di splay resolution is defined according to the
510,b6t12r ate pequesesd 2bpefofloare, WHdx riespadt stubsequent
the m nimum delivered display resolution.In
displayi sesabgjofibrowmghtyps giegomtimg n@GisRges 510, 512 are
sel ected as a reference for relative conparison
not \firogecrFd 40HE, cappydlyy avalews f spbReqpenrg2distributed
. Meanwhi l e, the weight for a content type is .
optirgat | peid d@béf dFASTF AiheD i timiba e gt w16, 18 are

required r.transm ssion with respective to
rece?ﬁ%yéﬁgl§égt)content type to be delivered.ln 5

is case, for.weight assignnent,..an aud#o nly;..
[Olzzgntent%sﬁﬁe ﬁgcégqgé?%d ggng ?%'%Sgncé) or(‘)1 display

1t 8 n %gpgi'é it "gtgq %}Jéﬁ QUi £,,28dndwidth
resoV|d§o, aﬁ% 0 J%e%??w% é% ]S e mglght
estingﬁfi'oﬂ_ediﬂorth%acﬁe%%l?igaYpﬁﬁﬁo' utTRN COHRAtion avoids

type is used as a reference to derive the
consPrd @i hlYdiQhr@ACR dOpQUR 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.
[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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10del ivering the specific content and then

i nfl uence the bandw dth allocation for each

stream This information is further distributed

to all participating nodes via weight reporting
conshepsagas 40, tha2, fHddhp-based tree for group 202,

[ 0134] G venal i st of sour ce-speci ficdi splay 15
commenot atioan/moold e iyperowmpoliét iienabde r eamemporarily

coordi nati ng node 502 ranks and orders these
invofeoapdiimitay aepriwrion zddngeddred |GEt (oSECIF for the

410.) This inportant step determ nes the size
contppt fhempaaawh Hehe lipachedd forinsgiaams G4 each

source-specific group and al so | nfluences the
[Olzﬁércéﬁﬁé’d’tmq‘i}w iqlﬁPIQD[U’l%@]ulﬁ}@ xghange request from

il lustrates h%# et ai.l ed process flowfor .
comx}lgﬂkfﬁtgwglo%? E_Sgel%lilrflin(’g eslg'rgvp— ased tree construction

resol ution/ content type groups.. Fir st
Procyih LeL SR8 0 i YTy FSol LEah oot doups formed:

That! YPE1P@S &ﬂf—%&%%dr BFEd ‘é%‘i‘r%cgme girb ﬁ%“z??g}md because

origli natT ng 'nodes are refe ese

comMuAHPStidME nbARKked acaQkdiRg LAnkRe WLiGBLpOho2. As a
the 25di splay resol ution/content type

resultl aNsMiikedthé OMQAG dAhOUN16Sdted at the time of the
1104.) . According to the present enbodi nent,

grou@rbHpsd afre el abkeedridtiasceadi g gy dB06 Sitsaihvabd, which
froma group with a lower weight. [0136] Next,
infleenplesr ath¢ y aofcgrmeypsodf dimrsaneownei ght tare allocated
ranked agai n based on the nunber of stream .
bandmeigkbvh agp dhodetha eyl atiey ed # iemiporgroupselarted display
ascendi ng order (ST 1106.)In order 5to forma
resoligiphet e group-based tree, the priority is
... .defined based on the concept that a group with
l013§]smaﬁjﬁbti*gnﬁh]be?o'&Fch6§e§‘F31‘?r3és§eWﬁ’éi‘?ﬂg{cd”btént type
an.ogtion for p%ths that s oulqlbe s Ie%t?’ol.i able to
groupn 1 B7PTRE HGverS T 84W JF AT TN 26t %r8u§§ i ng
. amne. of 1S RVAN: r
de.flé%ﬁ&éd‘:ngg@ggggneatcﬁlehggﬁg\k{ g%ﬁé)ldtlgnpcoodftgenq ﬁrpe group_
(ST 408.) The defined weight is then mapped to a set of
priorities obtained by ordering a list of display resolution and
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
per frame, with respect to the minimum delivered display
resolution. In this case, for weight assignment, QCIF is

selected as a reference for relative comparison with CIF, 4CIF,
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10avail abl e from stream ori gi nati ng nodes in
ascendi ng order (ST 1108.) The priority is
defi ned based on the principle that a stream
originating node with a smaller bandw dth
HD7a3v3i 4adlw rsr@i.ven a higher priority to deliver
content fromitself first before relaying
[013eont dhdadwhilat,hehs. wESpQ138)Fiasnaldnteneachpe is defined
sour ce-speci fic display resolution/content type
accogdoup tios thesingned van b adexibdsedqonréd sforatl@nsmission
~indicating its priority in group-based tree.
withagseercytd én. thoupmedlggtotpn baset R ¢ ée be delivered. In
. construction, this ranking nechanismall ocates .
this cpgemifRirntinishi aUfer& S Yarfddig Al oG type is
scle 153 R Mo GRS T W ARRATEH 811 eh 80 IHUG SER lih v1de0 only,

.l ogi cal. ;streang [for _the group is rel eased and
audip g d iffhe 87 §oR M Grer di Spl ay

sol-uti gn/t t . p r . 1 Thar.ef -
(013550 AL B ERECEIN PR OTQUR. QLIRS PE €1 B concent
type " §sDANAW, AL Dr&ldlcat d At 49 cacy %I?%riqu_sgf @hach group
resolution/content type group, and 25it"is
deliRASakbIE: Egeaﬂitilccwﬁieqltb@ﬁaetlherﬁefﬁ:ﬁhﬂé%e%e bandwidth
qual rty. [0139] Upon assigning the rank to each
allo QHtO6HP, - il eapr EoQstde aat. i Ng Tiode &2 riishi tis  further
group priority reporting nessages 526, 528,
distr580tdd abl adtr @amtiripgitited | ngdeedes abO4ei H6, reporting
508. Upon receiving this nessage, the stream
messagiegi Wali g 2nod24updates group priority table
. 362 for an additional reference to sequentially .
[0134bnmmand €bnetruct grldép- basled tspasse-smwecific  “display
' Mor eover, each stream origi nati ng node . .
TesOlHUPR{ PRI G BRH FAFUTRALIOSh, Stifgm j goordinating node
sour ce-specific group list reporting nessages .
502 Eappks 834 OF8ek] (tHEPF RS BT i AP HBdEE 28Ga0 T dered list
5 in the. group. [0140].Stream recei Vi nodes
(ST 208 505t FLlePiBort et iRy Mg hifs of e
(N r rti S 3 4 1| P
bandg| Hn EPRICH 08, TRESARERCEY ol oS P Asheeitig erov
and 81530} @M v QlsUH O OBl £ AVRE:AIEPLIti NG
nmessages 510, 512. Next, stream receiving nodes

[013506, FPA62 £aNEL J1¥6lcd QHECRtaSIE R PTB DT #ED) for ranking
and perforns bandwi dth estimation (ST 414.)

© sourdd{spAifR1GQ@idplshonss @ uftl onv fntledgi Cape Sgrampn. First,

- construction process. Al streamreceiving
sourpodescafie r dgaplded s duteamiagltaptnodes-based groups
this context, because in a group, each stream
receivegle friomy Abldestiasmt herigapabing tyodos f yre heaferred (ST
relay content to the next streamreceiving node
1102 h tﬁbe%r&mg%marez@[ﬂd(f@z]acweaﬁm |te, the ¥ §igdrh of the

origi nating node constructs | ogical
display SIzesoluti(bgrlhzonf[ent type transm ttead 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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streans and estimates bandw dths |ike a stream
rel ay node because a streamoriginating node is
t he source of content. Based on group |i st
i nformati on, a stream origi nati ng node and each
weigditl eam rel ay node (or streamreceiving node)
construct 25l ogical streans for all stream
[0136@ceiNéxg nogdarali®@i43fDgrbngscolistiteictame ofeight are
| ogi cal streanms, a stream origi nating node or
rankstlr egmimebayedhoor theehimbsrselfestrwdnpyredriving nodes
~default, as "sender node" in a |ogical stream
regigigTeg7igothe [coeas) Mersccnding ogmer el VilW§ -hodbn order
is selected fromthe group list, as "receiver )
to fppmes m%leeneo@ireaw-gflﬁégm“(@r Shpapyipfdty 1s defined
Iogic?% stream information fromthe two no
r

bascggh JbrGtA ot Hh it EARUPaNI b F6UPahS TURBR PeT of nodes

. [ t abl 64_and j.ndivid

is 1P ARRRR AP ofF Slo bl PR AR UL AT B g setectea.
bl 7 T . i h.S.,

01353 S FRND LT PR LRGP E TS fme mumber

of s!r%%ﬁ%‘ecf&%%g ﬁ@d&@ear%ogﬁhﬁcieﬁ,sﬁ'ise@{non the bandwidth
originating node and 10stream rel ay node. FI G 26

avaiBdeS fhoth| OWean RANEM £iiR ;eabUBRIiORSPERERSS order (ST
[ 0146] According to the present enbodi nent,

1108dynarmhe pandvidt hs esdfimati oasbased omc weiighktipte that a
rati o, according to _

stream originating node with a smaller bandwidth available is

given a higher priority to deliver content from itself first before

4 relaying content for others.

[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
type group, based on the weight. Meanwhile, the unselected
logical sireams 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
it is possible to anticipate better perceived AV quality.

[0139] Upon assigning the rank to each group, stream
coordinating node 502 transmits group briority reporting
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di spl ay resolution and content types requested
fromstream 15receiving nodes, is adopted.
" Each |l ogical streamis assigned a weight

according to the delivered display resolution
messARE sCONE €BD 8t Y330 (ST2128Q2¢ ymTheirgd nweih P@oales 504, 506,

plurality of logical streans that transmt or
508.rellppodirtt erdnty dispiays sageol thitel en/e@antogriginating node

types in a streamoriginating node and a stream
updateb ayrongdep.riFhigiyef oble, 3t612e f20aarerab tiwi ghtreffrence to

di spl ay resol utions and the average wei ght of
sequephtadhy typesmamnda| | t9 ogicealstBt¢leansr @p-based  trees.

cal cul ated (ST 2804.) [0Q147] Next, 1 ogical
MoreqY@anseafle PhFEHBr WigldeH 14t §oGrouptsthaletes sroup

X on the display.resol ution/content types of .
informafionss r Uit 1 ber IPHEC ot ¢ 1THe awsﬂlé’ge?mi ghgporting

of di ay ,resol utions and 25t he aver.age [ .
mes e Sont ene Sy pids ot SHRA dgEohl i POgae 1 (Eed0g in the
roydroup are cal cul ated. [0148] Next, the
& gfoportion of the bandw dth provi ded for each

[Ol,4§§ _S_tS%ac@nﬁec%é@i@gngpdﬁoid%sesgb@t edoRY receive the
di'vidi ng the average display resolution weight

_sour@@dsﬁé'lﬁf?(y%rr@ﬂ GRRt Mo i ViPe Ed Giite PEEYL BB Yirom all

cal cul ated by the reference weight, and

stredfll toplayhagidde niddWed odeshlatviby t hevnpmoMieléd display .

bandw dth (ST 2806.) 5 [0149] In addition, the
resoprigparéooremaf type bapdwtdid prevagdesl HdO,stidam Next,
receiving nodes is shared with | ogical streans
streamansrdivinpgnedns enf 61 & &t resamntreceilvigngahodesams (ST
Next, the proportion of the bandw dth provided '
412)f emdegehfesyh cedn & i ddimeis i eatiogaf 24 %54-)
dividtgg the display _solution weight and the = = =
[014d3nt &G 220 Shyges vii Bit™ of T bRt Gadgistag » 8t F@airuction
by the reference weight, and nultiplyin tgF
Procgly; dedlh cair £y ALY WP ATh PrOVi et a8 (ite Stream
stream recgei vi.ng nod ST _2808.) .[015 AE
rela TR BETRL IR AR Rl Fr i R AR, coch stream
receiving node has the capability to further relay content to the
next stream receiving node in the same group.
[0142] Meanwhile, a stream originating node constructs logical
streams and estimates bandwidths like a stream relay node
because a stream originating node is the source of content.
Based on group list information, a stream originating node and
each stream relay node (or stream receiving node) construct
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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transmtted fromthe stream originati ng node
and streamrelay 15 nodes to all stream
recei vi ng nodes 536, 538, 540. In addition,
upon receiving the nessage, the estimated
defaRBNW dtbp i of @ oR Pe6 gl OOl Saleasl (8TMRT82.)
updated in estinmated bandwi dth table 372 in a
[0148Yr eNpxiteaeitvb e POSEivin@lbdfie Uparleorpl €témnthe group
of the bandwi dth estimation process, 20
list, grolpebabes toroele"consthaidbigdnal stcommaN8&d2776.) The
be nore specific, based on the group priority
logicdf isnechrhoin faohatiour deospedid itovaeli spllay are stored in
resol uti on/ content type group, group-based tree
streagonseblet 0 psdadhsmatirdtiofd dom@irfded Wplened 64 and
. _.Streamoriginating node ranked first in the
lndl‘bll’diu(?fli 0P DiSPGIS S { ST SSEULE, }oglcal stream holding table 370
ST %?%g FIG 27illustrates a detailed process flow
( roup- based tree construction. Referring to
e gr riqQrity,. table..a stream qriginat.i
[01459 OB PLE 30LE p hBRR S0P TIPS L8 ORRENSea) ror
r t.j.qn/.co t ot - g 0 sed:
all IGBIEMY ST O e, SRS i) Pre B BEL0R [ rode and
streGRNS MG 0L NVOKE NG, 56| &GldwWH TBSEROES P 2bandwidth
544 are’transmtted by a stream originating
estifPd@ ndhPo@dds. stream recei ving nodes in the
sel ected group. [0153] Status 1604 field in the
[014@]0uUp-ANasefd inge teoNsh ¢ UCHiede nitNvelkibRgliment, dynamic
sel ection nessage is set to "start" indicating
bandtehiel tht astimof tigmoulpa bab ednt veei ghdedt mactd.omecording to
Based on the group ID 1602, the related | ogi cal
dispkty esgnodotiespendi rpaignthitspgeoupanngigd sfropp stream
estimated bandwi dth are identified fromgroup |
recepviplgensgssand e ifdt-ed Harfuraifek abc@m3 s ppsigned a

. a streamreceivjng node. |n addition, the
welsdit \aATIdRgi \n e Tl e Ltishit Teggt ko and content

[ th [ ' ti pat ed dwi, dt. h
crpe MR, MRS T R % B0 s e
cand LY ALTCIEDERNT B Y HRHRRT c1BAPayges 1 o

strea?]ﬁ\efjr@giéiﬂh Sn&c@QAanfd. Qlﬂrég}n l:eplauys_ B@Egi ?g}i%refore, the

se nessages 548, 550_are_transn1tte
aver?é@)w&?gﬁﬁ@f?&i%%@ﬂ?ofésgnll'ﬂ@fdﬂlg aRQden Ofavich8ge weight of
S

sel ected | ogi cal ream and the streamrelay
contfRHespel dMel 0o A1STtrkabbs add ddt8)lated (ST 2804.)
[0147] Next, logical streams are further divided into groups
based on the display resolution/content types of their siream
receiving node. The average weight of display resolutions and
the average weight of content types of all logical sireams in each
group are calculated.

[0148j Next, the proportion of the bandwidth provided for each
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20[ 0155] In a certain situation, comunication
nodes in a group | eave a ALM session during
group- based tree construction. At this tine,
t he communi cation nodes in the group report
streaalOt B i IheU ddseds t ¢ e menedt ruct d oridingokhBg average
sel ecti on nmessages 542, 544 having status 1604
dispfdyelrdssbitibam Vhalgh't, ahd elld aoirage content type weight
25comuni cati on nodes. Then,  the group-based
previoed yconstvlgeidohyptibcesdersnbal wetglandand multiplying
restarted. [0156] O herw se, upon conpletion of
the gradpdbesedt teéhamragdsdr benf vndth HS Ts28dHm
originating node performs followi ng processing. .
[014Ph ofwetddidiprpdbe PEORPIHEMMINE R&ELH T Wodids Provided
¢ in the group,,the stream ori.gi natin nope.
oT SELR (16 CGHBUE bASEA St rde WAMSr UBLifonioBical streams
i nvoki ng sel ection ssages 542.. 544 havin
rany@{3 18 rBRACH] P SERCAD TERAN I ahOLE naediE T the
propg?‘?ﬁlo%' &‘Qt:}i 7L§Bﬁ%@tfle¢?gvi%qp%0{‘eeca%hv? ical stream is
group-Base PFee ‘construction stream sel 8¢t on

estimrtey _S’di5/4§’in ﬁ@leh&l}@'ﬁ]g S§(ﬁtul{§oﬂ-u91g9;ﬂ;t ah@the content
"selection” (ST 1520: "YES.)Next, streamrel ay

type REEShSLEr & St N82M AEGEI UMD PAle |dfQeMREi @Bight, and
in distributed O optimal path table 374 (ST

multipBan) Me tdi®iothefedidnthy shat bisnd%i0th Smotided to the

set to "selection" (ST 1520: NO, the
streagh aup<bhabeg nade (8AN3BNAECIi on i s ended. [0158]

The stream originati ng node checks if \
[015@doup-basexbtimededonbandstiiddh staraatisel| gotborges are

nmessages have been received from
transmitted from the stream originating node and stream relay

nodes to all stream recei.\fing 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 stream receiving node.

[0151] Upon completion of the bandwidth estimation process,
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
416.)

[0152] FIG.27 illustrates a detailed process flow of
group-based tree construction. Referring to the group priority
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15all the streamreceiving nodes in the group
(ST 1508.) If the group-based tree construction
stream sel ecti on nessages have not been .
received fromall the streamreceiving nodes in
tabld he s@gFrodp drig08atiNG nolles Jeoupabasertt d-specific display
construction is ended. [0159] On the other
resohaida/tbntdig grougrbaged ddegeooarmst ouddt ofi pr30rity (ST
sel ecti on nessages have been received (ST 1508:
1502¥ES) , Giversthrasamh otied nabinsgrnaddencheckskinfg aselection
| east one streamreceiving node is connected to
mes sage ss b A dard ot iage nbringge nbeld (ST $5F@N) ofigsnating node
step is inportant to prevent group-based tree
to aldorserlcE ¢ o RSN ABE S Havi g SEoRmEct B6AVPO t he
ntent source. 25]0160]|f at e%st ne stream

I ]
WlS%iceﬁWH@s néd¢ ifeeldhARett e BROFR-RESEf By construction
] i ginatin d ST 1510: YES t he.
invoBin g EF NG MM RRS 14 Vhorbelie W sap bhcihe star
i | at h i I i
of eQyb I RSSO ot LBSRER # 2Pk 1 1002,

Legej Vl: n -t he, st _ .
the B EEC| NIRRT B L owe a1

esti@hidl NBid D@ Pade COMaRRdi tiR aset &/t drl@pl a@btal 364 and
stream for the stream receiving node having the

estiPat@KivANd wELthmah Bk B mvindbhs (18 Aml942e) vidblGldde. 1In
Next, the stream originating node checks if
additiar,eths strkoap rpathviorg isodatedepat hthien IbRécal stream
sel ected | ogical stream (ST 1514.) If there is
haviagl|hepmpatimwon ¢ gohetted patdwigTh 1bdparyERQL (KT 1504).
group-based tree construction stream sel ection
[015|‘rﬁzss§gé&ti>§afdl SHreams me e e b (559 et J a@gah L8 tyT@ayp-based
recei vi ng. node having the group ID set to the .
tree s‘b%%fé%g’étq f#ideains ptah? ot &e| WESsALESNP éfe Pyfe having

ar Ig. d the status set fo '“reselection.”
statupn d oD S sk ity nae HSHIOPS CoRhBRTARCTBAZES 548, 550
sel ect. .t he | ich %re m havi ng the.next
sre SERFRINCE(P e ot bhotvih AT SR 5181 fEie pege of the
selec;rtjg% ?5%&3@ er'eghﬂaﬁh@gtﬂkog?r&qﬂ rtquysﬁgc?@gnof the group
relay node
(ST 1506, ST 1518).
[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 tree construction invoking selection messages 542,
544 having status 1604 field set to “halt”, to all active
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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of newy selected |ogical streans are reported
by a group-based tree construction stream
sel ecti on nessage having the status set to
"sel ection" (546.) The streamrel ay node having
consbagntisel egiedshyagncrigtfi edmg aoai /i gy loeds following
recei ves (552) a 20 group-based tree
proceosisig.uct ilanosd ¢ eam s @dt iomnliessagarficem dhenodes in
stream ori gi nati ng node having the group ID set
the goothe theursteespeoirfginatispl apde transmits group-based
resol ution/content type group ID and the status
tree scetnsﬁeucwérlm\l/awoki{l@l@@]ﬂlﬁﬁlﬂtmeﬂeweg% 1%op344 having
or isolated path (ST 1514: NQ), 25the
Stan@t tésf’n e @.sf?&tt%g eﬁédeoemﬁoeet 4 |b>@st1ﬁe
gitlnated bandMAﬂth To be nore specific d
[015 rean@éf?ﬁ@naﬂe @yn088 desmafas 1o agfotﬁu?ase tree

amrel a

h
consBf b Bl Relf Bl dFnf Bt ainfavine st
1710b§99¥}‘ dt“lg é&t %t”e Sq’mf 0I og’lEfﬁagt rlfogl Caream relay

on t e path orne by se

nodeSt KB, g1 RAH r}elclgtlv?n?l hoaat edrd an 8AGH tl'ha@igtnbuted
ori gl nat i ng fromthe stream ori gl nat i ng node in

optlrhﬁﬁ Qﬁ@ﬂﬁab@@eﬁ'?hr@@l" 152[20)164(])HTBI§6 Sét@3Mhand, status
originating node transmts final group-based

1710t i eenCORSt rectisene stibaam S&l esLivonNBssage roup-based
552, 554 to all the streamrelay nodes in the

tree goayprinavongisgeodpdl D 1702 set to the
sour ce-specific display resolution/content typ

[015§] oupheDstrsemeamigindiiog sedetchadks st rgéamptéased tree
of each selected |ogical stream path 10 ID

constrmalgetstteaﬂhéebweeate@SFege&étw Bﬁﬁdtxﬁ%ﬁlﬁed from
1708 set to the final allocated bandw q and
tafatigsa Ty 16°8EY RS MY{GRI8 [isT SFSPD )t 508.) If the

t at 1604 th
grou% SRers Dt coprinhlubne sPf SR SERET 0 b ofeaaggs have
not nggsl[rééted fr mthelisgl{e?asmr ;él erelcgl 1eglrnr90des in the
ode 1§ ?lngll ecke e strean1r

groug Q%d?‘vw) {ﬁg‘? \f% 'Bfagégagr'egng((nss-ltr%égi%ﬂ itfended.

tus 1 ate sel ection" (ST 15
[015%FS) ont PRe HtheaM 4 LL aYr NAdes: S PIa sd 8B construction
receiving node information Tn distributed
sele @Rbhmad ¢ Raloh st aldvee 3den nrea@h/eat ream [eb8y YES), the
node (ST 1522.) In addition, the stream 20rel ay
streamoded geéshiimnt @ odandhedkhsiff ar lkaspanid weream receiving
sel ected | ogical streanms (ST 1524). Distributed
nodeops i pahnpatdd tablthe3'34ré ameach statéam nelday (ST 1510.)
node i s updated by each update report (ST

This 1926, js [loUB6]tagholp PaeEiRE ngf AU aisigd| tree construction

group- based tree constructi on stream sel ection
fromn%@%él@élﬂéa%ﬂ%??@@rﬁ FRIthy POBEHNERRESGE al |

streans, have been constructed
016475, §Ppf Tenst a5 sser FOFORYIGd Do adneopafeted to the

B W e e R

nodeSth&¥s if there is a loop path or isolated path in the
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relay node in the group is conmanded to
redi stribute the remai ning bandw dth to | ogica
streans in an unprocessed source-specific
di spl ay resol ution/content type group (ST 420.)

sele A ddpseidabesrabay €S Tt he 1handwodt bh esdtherthomd, if there
process (ST 414) 5is perforned again. [0167]

is nohecetviamosdgidmdnagemode vid chrbam ooihgilmettéslg node
t he group-based tree constructi on conmands the

(ST $td6anNOY)i, gilrati nepmodei gimat hreg nexde grogup ag to select
construct the next source-specific display )

the tegiolalt sorfagonfent thy pergasup-as@desng reede having the
construction. 10 To be nore specific, the

maxign § @aft P afiedab rRgVidde ¢Yadsnid-d the

[ oup- based tree construction nes aggngssﬂp%@ereis .

[016?& FN&X32 (hg5atneam QHEIPAHNE BREd
construct.i on messa sho in Fl 2, curren
loon cPREh T 13805100 ah 28 the Tlssiefoioficttream (ST
curr ro i_ch S cOo . }
1514yl Bt r B8 EonafR ol TR I B L3 g B @

grou*ygbap@d gi P Qroin%r[.fﬁé’tit)‘ﬂbl EereNGXT QT OUR KD Iﬁggéage is

s set to the group ID of the subsequent
transSRIWER-GBROI fd € 28hSfkBYn £SO Wih@M £QOERE nkYRR: group
group in the priority list. [0168] FI G 28 shows
ID satdebaiheds P ocesp efch o ofispeper té ngl e oepl @diemt type
of distributed optimal path table construction.
grougO I[0168§ Waen secom efdétontcof “dlissticcbwmed The stream
opti mal path table construction (ST 418: YES,
recei¥link90@)ie itsheosimeade driiogs altdinthenbelgidal tihheam having
last group in the priority list conmmands to
the nespgomaxtimerrarestomadedt pabdwadtdSiTmdlS 1al h
tabl e construction (ST 1904.) A distributed
[0168ht | Adic pHch™ L3 81 e gedicopndt deustifdde dgday node

25 (shown ipn FIG 15) conposed of AL essi on
of 0Bl H32 1antr Ll aeiee bk SERE 1y & ERANGEToRY 1 #Foup-based
tree g§|(51|s¥161¥_étg811:103‘{3‘:%%%{9)%?}%&%&1!1%%‘: Imne% sgogeﬁ%él‘tsns%?’the status set

represenrts a equest

to “tsgl?éﬂgﬁlher(scﬁ%ﬁ geﬁ%"*%&?%@fﬁ]ﬁ%ug"% aﬂgving been

content types | a we en stream

seled€lg@Yb POUER 1ANd )6 SLIRIT, AT & 9inRAd NBeceives %552) a
nodetransm tt hi snessage, al | subsequent di spl ay

croupCBRL 8 11904 GIHEPh ¢ 1iVRE s F1RRGH tslcNgc ITRHSAELS a@EEfrom the
accepted, according to the display

strezanalddiyi £orihgnt nbype KSNinlO06hy Afrdoarp t hbt , s¢theto the
stream ori gi nati ng node comuands to construct

sourt e reific dasplaf rdbstutibut ednoptti ppe gabhp ID and the
table creation (ST 1908) and identifies fair

statusamelivtdttrean o vehf’i on. Meanwhil e, a forwarding

10path newly constructed in the optinmal Path
[01683p| &f therefiarredopy path or isolated path (ST 1514: NO),

the stream originating node commands to fix the estimated
bandwidth. To be more specific, the stream originating node
commands {o all the stream relay nodes in the group to set the
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transmt content subsequently. [0171] As
descri bed above, according to the present
enbodi ment, the conmuni cation path construction
apparatus has forwarding table construction
estiG@Md aktesl Bi6 dvhatthcanthelwinikbudi dthidbuitded cstimated
optimal path table construction over a
amo1pg Uraglictl sofegmnmunBeatdoonnddegatyr bapmed by selected
constructor 308 that assigns communi cation
lo gigrddety cem ss cup@ehsigeds falto gaimdoso &g hpbfor¢h jozéginating
the source-specific groups, based 011 the
fromdtlzs@plséyeaﬂ@scoqigtmetﬁ/r%mémnt ype pfowpdtpsed tree.
ommuni cati on node; bandwidih 20 estipmator 322
[Olﬁﬁ&at Thst§ AR BSs OF B P4 FRIBITRGT SRAR YBISel gL group-based

ical streans between communi catio od
trec SRASLEY P L A 4Tl T IEBHELT QL te bisg oS54 to all the
constructs.a dis buted timal path

seresBIRAIA A Jptld AFREPPRIE soRRrt BEELfpy et 1o ene

sourQ{; oibnescfll egag%%%%g% Lgtl Igthn&?té'}gcgﬁﬁpca %oup ID; stream

ID 15047 &R HPAR §i G £h S} 3Y eraec%plsyiécq%cwgl%aﬁ stt)’&e?m path
groups (specific-source groups) based on the

1D 1d08pdaytd esolaul bont ANUDGO QAL BEwodt12agDg set to the
comuni cati on node set by application or user

finalenNidéonr@ntbaln detditnganextatwas 1f7aro sddteam “final” (ST
recei ving nodes, the groups are prioritized

1518ased on the priority of each display
resol uti on/ content type. Mbreover, a

[016§] ouPtbaseli6 O ieimn ke ezroh sdBsee- tsrp@cwn@tructlon stream
di spl ay resol ution/content type group is

selemeﬁstm@éﬁ@aeba%@fdh fhe tﬁanéwg d " from the stream

[ 0173] Nor eover, is possjble.to construct a
oug@yaoa%gbagéet ﬁ%eflalfafézacﬁh% FlelBplty fiigcgRoulay node

havigEgas e Eed (P rre & §SdsTRrL: foulifc?@%ﬁ 00 & indicates
selecqcrllﬁlg ’f‘qnjf({ ]Sr'rhef)s Bye %k)lq{%ﬁa rcquty Xo&es dstore stream

nunber o nin-a roun

recequlﬁ nﬁﬁk*ﬁ%‘%orh{htﬁlgg' 1td g@stnfau{ec‘d Q)%?iﬂqllepﬁhq)l table 374

perform N-tree construction 1n a distributed

in ed@NQreamOrtNA dddd S POSSIPI G t 9pPhBYNL N the stream
speci fic comuini cati on node from being | oaded.

relay’Mn od¥ssS ebtii®at lbla@@ot i damsofot RespBYiiMEMselected logical
bandwi dt h avail able for the network path

stred@f WSS 1t516t )St r @ERt tibivgedad prignal path table 374 in each
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
logical streams have been constructed (ST 418.) If there are
still logical streams (ST 418: NO), each stream relay node 1in the

group removes unselected logical streams. Next, each stream
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15node and the streamreceiving node all ows
good AV quality. [0174] Here, it is ascertained
t hrough our eval uation experinment that the tine
required to construct an N-tree with twel ve
relaynofedei Su5GhRB d¢isiulg genevalmERlWsd apnd redistribute the
therefore it is possible to construct an N-tree
remaiinidg phaatdvciadthcalocul @gicani tatmeams20n] OdwSjuniprocessed
addition, according to the present enbodi nent,
souraf {sgre ca fich dgs play basetiutivedcostemndy peact el p (ST 420.)
unsel ected candi date paths are rempved in eac
As dgseuihashgdd vier dic Raa divhid thnasadn add o Pk e s s (ST 414)
bandwi dt h of the renoved candi date network
is peghpR@cqdreetiddi stributed to other candidate

t k pat hs, based on the 25prjor.it
(016§ Eand ke SEsed v g e R g™ Bhh o'%v%feﬁyomﬂeted the

ook RGBT (B TR TR gicneon
nodel Pﬂ%sggﬁt %;O nnpdqtcofé’t%ﬂ'i:t {héj'ﬁapitadsource specific

esolu ion an tent types are change

dispEXAMRsE1uBLnYREnt OA L 113V § 1O L'B%sbléefpeea construction.
Sour ce-specific group irs reconstruct ed

To baCHEQE B WFeEpflt’:th@' SPldm I €EQdiHLE QY aﬂ)diec@ﬂiﬁﬂhns the
type newly requested According to the present

grouprbosk denée cobsthistiahl mwsshpe pthoah in FIG.22 (556.)
bandw dth allocation, so that it is possible to

In thedgpbiupebysehange abhetmtwdobamdwsadgbsshdaseth F1G.22,
on requested di splay resolution and content

curr¢ypgsoupyl I} Hi8d) Zreans! tacdor dirpgptld” tifethyy eyepgnt group
enbodi nent, it is possible to provide good

whicherhas veemavetrdl |t€9 EieRe -Bappdr tregy Epastruction, by
di,spl ay 10resolution_and content type requested

referffi”éﬁwttoheﬂ%%P“P[T@Tm ﬁ'hége‘l’or é‘le%ﬁ%r%f%ﬂagg?e“o‘* is set

; ghen part| s const uct and custom ze

ot g

r %4 P co frous Sor 8% ﬁ%%u?%&oﬁ?%r?e SQGCIFG; display
resollmé{lonlpgr%%tp’tLM Vg\%%g\gc%]ftgre Iolorllgt ?Iss '. on, It

0SSl goo rce

,[Olégxal DG 2%5[591]07@1; r%%%ﬁle(pypp@c%&' nﬁb'wpgof reporting

di ng paraneters (i.e. coding bit rate, imge
comgxes%ytdfoalﬁeﬂbﬁf@mp&%@l SREOf i 1R0c bRstruction.
| ocat ed bandwi dths, it is possible to
[0169mcr aapbAglb rh PREQYR A dqaddtiituteld0lofimile path table
comuni cati on path construction apparatus and
consthectidf) NSTr dd sconsE s ucs Tongwehhocheaccoe dinngriginating
the present invention can include a plurality
nodeoin dhsdenhespag bItbbn@ﬁertbnhenuadnpnudhttoreportthe
code(s) that is(are) not required to be
end phydsabiyed ogdt med i thht ikl capoBpiFarcat us (SHut1904 ) A
~ fornms nodul e when beln | ogically connected to
distri huteppardt s laketbs Wieede P RSN CO5 ht &4t Htedmessase

(Sho%llljli g’glslgelé)z}r (%?\él@%eﬁ)qsﬁeﬁ%toof reLall/II %gsgll?;)en (iiﬁf I9r(]_)%dand status
904 set to “change-on” is delivered to all participating nodes
(558, 360.) Here, “change-on” represents that request fo
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[ 0180] The di scl osure of Japanese Pat ent
Application No.2008-160916, filed on June 19,
2008, including the specification, draw ngs and
abstract, is incorporated herein by reference
furtidt '&ﬁal_?}%é' gt ydis@lﬁ]?_usrte@b@{lti/mpl hgabidddt¥nt types is
[0181] e communi cation path construction
allowpparatus and the N-tree construction nethod
according to the present invention are able to
[017pr10Viwike OOt epat Cedlagd MM cuadri d ythwhidteeam originating
assuring fair bandw dth allocation, and are
nodeusefndnsmoi tALMtopt | nelespagh. 10cdhst rswdtsicgucantd display
so forth. Reference Signs List [0182] 102, 104,
resolgdoni@Snteniq, t2p6, PABrt2pg C@mﬁmg@atu ene nodecepted,
15110 Network 202, 204, 206 G oup
accordin@rt@i the tdaBPbaibdﬂ’satIFUt/tcloéﬁe%rftYrP&I (2T BB@6.) After
G.oup constryctor .322 Bandw dth estimator 20328
that=FH’r%éFrcﬁar% AR RAUH/SE P GE LA IR FMrodlisﬁb‘”t the next

roun rP gcg rﬂtteglr 0% Y af epsaotlhurtalgp/ Ccorgta 1011 (¥>I%91908) and

identifies fair bandwidth allocation. Meanwhile, a forwarding

lpath newly constructed in the optimal path table is referred to

transmit content subsequently.

[0171] As described above, according to the present

embodiment; the communication path construction apparatus has
forwarding table construction controller 316 that controls
distribute'd optimai path table comstruction 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
erstimator 322 that estimates the bandwidth available for logical
streams between communication nodes; and forwarding table
construcrtor 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
source-specific display resolution/content type groups
(spe.cific-source groups) based on the display resolution and
content type of each communication node set by application or

45



10

i5

290

25

358 Display resolution/content type rule table
360 Content group table 25362 Table priority -~
table 364 Goup table 368 Streamtable 370
I ndi vi dual transm ssion source |ogical stream
user ROl BEntcalbhe s3 7L nfpSt | Meded dxanews thelant @bk eivitd nodes,

Distributed optimal path table 376 Medi a
the @pplpLateoirioClAEMB based on the priority of ecach display

| . Acomuni cat i onpat hconst ruct i onappar at us
resolboipni semigent type. Moreavbor wagtdnp-hatdde tree of each

construction controller that controls a 5start
soure¢-wmbidic cobistrast i gasefutioai/eenianit edyest i maloup  is
cons%ﬁdagggegvoenr tl?eppl,rl'iro?litlyt.y of communi cation
[0173] Moreover, it is possible to constrﬁct a group-base tree
of each source-'specific group based on the priority of each
source-specific group, so that it ié possible to complete
construction of trees by significantly a smaller number of steps
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
node and the stream receiving node allows good AV quality.
[0174] Here, it is 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.
[0175] In addition, according to the present embodiment, after
each group;based tree is constructed, unselected candidate paths
are removed in each group-based tree, and the unused estimated
bandwidth of the removed candidate network paths are
redistributed to other candidate network paths, based on the
priority. By this means, according to the present embodiment,
it i_s possible to improve efficiency of use of bandwidths.

[0176] 1In addition, according to the present embodiment, event
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a group constructor that assigns communi cation
nodes to source-specific groups, based on
di spl ay resolution and content types of the
comuni cation nodes, and prioritizes the
if didPBOUEESoBPE6hTdcd QoaYPSt types are clhab@ediWieli bxample,
estimator that estimtes a bandw dth avail abl e |
at ther mikbgiical freaam hatween thewoovspeicctitci ogroup is
nodes; and a forwarding table ,
recogenstatadt crc ddvatingonst thuctdi sphey 15dicdetidutaal content
optimal path table, based on priorities of the
typesnarde- speetfiesl.gr dgpprdipg to the present embodiment,

. Theconmuni cat i onpat hconst ructi onappar at us L
this agdemeh ngtd oo BHAR# 102R@idih RO adi Mo afhgthal it is

tabl e const ti 20 [ ] t
possglh ttooﬁgéﬁ:ﬁy%c%l#g?w&aeﬁ%%@ﬂbﬂe ttfﬁofﬁ:‘fﬂﬂﬁlssobased on
opfi l, th table.by t itti .
reaugPled Beb By spoP by Ohat HECRB & taHetpuct Panhis means,

acco.lsi_?lg US JTER2 4 Ieesen%' ﬁmbo iment, it isaﬁgossible to provide
ecommuni Ca |onpat constructi onapp at us

goodzsg%?(%psiw toycl aiMigy WRRIRI NshiBgoffimiar dhBY display
tabl e constructi or con¥ro||er: recei ves a
reso RAYb R PPRU dtlcd t HiypR! AYq i €sQIdUEE PR/ GRNLEBE.
type reporting nessage; and conmands
[01700 ﬁtf&rettr)leﬁ@i‘@,t factkagpliae velh st rodruicigh a@pt icsalstruct and
pat h table.

customize own various continuous presence layouts in a
multi-party ALM video conferencing session, it is possible to
provide good perceived AV quality.

(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
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 connec_;ted to the apparatus and 1is stored in an
integrated circuit or device set to realize the defined purpose folr
the module.

[0180] The disclosure of Jépanese Patent Application
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54. Thecomruni cat i onpat hconst ruct i onappar at us

according to claim3, wherein the forwarding

tabl e construction controller:

identifies conpletion of construction of the
No.2@dipstnisbvtied optkarl opat huhabl eo, 100eMrt snéh/ling the

conpletion of construction of the distributed
specDRtht®in, patdwiabk ein@gbstract, is iQRMIPOESIED herein by

start cdnstructing the distributed opti mal path
refertealleceimfiterntieeayti ng use of the distributed

opti mal path table constructed. 15 5.

Thecommuni cat i onpat hconstructi onappar at us

according to claim2, wherein the distributed
Indu@bﬂﬁhﬁﬂwﬂaﬁhbthEYe construction status nassage

a session |D field that

Wlsﬂépr&érﬁ%‘“&“ﬂ’?ﬁ%ﬂé"?d&ﬂlﬁ FP%thfu&F‘%\n apparatus and the

20conmmuni cati on sessj on;

N- treq P SRRE TOMg TR Gy cSc;(og ngrt%n’t&l fpresen% invention
are a?bgglsttgrllillgctb\!l%% ggotdhpeerdclesi%fg:ldbk{f u291p1tt Wi‘llll% ztizpsurlng fair
band %‘%legf‘éé:aatﬁb%”p%ﬁﬁ&comt rl&'&éfuqnquaﬁﬁwsoptimal path

ng to ¢l wherein the gro

consCANSE SN M S0 forth. receives the di Spl ay
resolution and content types of the

conmuni cati on nodes;

Reference Signs List

10182]

102, 104, 106, 108, 214, 216, 218, 220 Communication node
110 Network |
202, 204, 206 Group

316 Forwarding table construction controller

308 Group constructor

322 Bandwidth estimator

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

362 Table priority table

364 Group table

368 Stream tabie
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fornms the source-specific groups based on the
di splay resolution and content types of the
comuni cati on nodes; and reports group
information in the source-specific groups to

370 10@ AT NiraakhRs@sl@Surke Mogical stream holding table
Theconmuni cat i onpat hconst ructi onappar at us

372 Becahgdid) baaderiaitin dablwherei n t he group
constructor: forns the

374 Postrdbuspécidiimagdr pafds thhsed on the di spl ay
resolution and content types of the

376 Wordantpaticeniewdes and 10assigns a weight to
each source-specific group; prioritizes
t he source-specific groups based on the wei ght
of each source specific-group; and
reports the priorities of the source-specific
groups to the conmuni cati on nodes through a
group priority reporting 15nessage. 8.
Theconmuni cat i onpat hconstructi onappar at us
according to claim?7, wherein the group

constructor: ranks the
sour ce-specific groups, based on weights of the
20sour ce-speci fi c groups; ranks the

sour ce-speci fic groups, based on a nunber of
stream receiving nodes in each source-specific
group; and prioritizes the

sour ce-specific groups by ranking the
‘source-specific groups, based on an estinated
bandwi dt h 25avail abl e for a stream origi nating
node. 9.

Theconmuni cat i onpat hconstructi onappar at us
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according to claim?7, wherein the group

priority reporting nessage incl udes: a

source IDfield that represents a uni que

identifier for a stream origi nati ng node;

a group ID field thatcreprgsents a uni que

identifier for each source-specific group; and
1. aprisori towih eldiibatiodi cap £gor deysoftretion apparatus

sour ce-speci fic groups when the distributed
comppsimgl path table is constructed. 10

10. Thecomruni cat i onpat hconst ruct i onappar at us

accerfdirmprdon gl taibhe Icowmtepeiiv henbanlder that controls a

estimator: ~constructs a | ogi cal stream
starther viieth atheoseminatieat pbre ddadbihed apfigal path table”

sour.ce-speci fi c group; and 15esti mtes a
overyh pARF ghihY A9 GeHBY L B2 HRE PBYFEAl stream in

t he source-s%eﬁific gr.oup and reports the . d

banBvi ‘R4 £8P EHEN S e TIEN SnpUB PR G IGR Ao des o
souresIi rmti gc barr(}glwsdtbhasreedg%rnt Idli] 553888 ution and content

§6f¥¥¥hecoﬁhunfcatlonpathcon rﬁ%flonappara?us
type@ccgfd'trﬁg t9o%ﬁ'u@iégtiowern%d’kcf.t,heiagand‘ﬁ“r-%ntizes the

esti mator: assigns a display

sourb €S dHiiran p2Pd psont ent type wei ght to each
| ogi'cal stream based on a display resolution

anda Copd Wi dyPe e sand a2 alt Bt ategsimAt €St iamaba@ddwidth
bandw dth of each |ogical stream based on the

availitslpl for E€9Qlivhi Ghradd ot e thy peo el Ghilcation nodes;

and
a forwarding table constructor that constructs the
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
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
according to claim 2, wherein the forwarding table construction
controller:

receives a source-specific display resolution/content
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according to claim10, wherein the estimated
bandwi dt h reporting nmessage further includes: =
a sender IDfield that represents a uni que
identifier for a 5streamrel ay node; a

type HeQoRtid2 fui @l chdhakniepresents a uni que
identifier for the source-specific group; a
streamohinhdis eld sthat doaprtesering ahwnditeibuted optimal
identifier for a | ogical streamto

‘pathttadism t a source-specific display resolution

10and content type, fromthe streamrel ay node
to a streamreceiving node; and a
bandwi dt h sl ot field that indicates a maxi num
4. estilhgt edc pamdwRiR4tiavai | Bdibe f 6PLEREqtHRcalapParaius

stream ) ] ) . .
accoy&ur FRetlGrifuni- cAbCE ARt RE oYY Mt indn S Pgstruction

Lac ording to claim1, wherein the forwarding
COn{BFE constructor: conmands to

Conls(ierﬁ’ﬁ%ie%r o.lil)rl)ﬁ bﬁest?gnt{)ﬁecsortsﬁq‘ugh%n of the diistribut.ed
source-speci fic groups through a group-base

Opthhg?gnﬁgnéhhgction nmessage, based on the
priodrities of the source-specific groups;

20cpnss FYCR e §1QWPa ks et [ARLi 6B o t PBe distributed
source-speci fic groups; and constructs the
optifh$tydiAutad copirddml path table.
commands to start constructing the distributed optimal

path table after reporting use of the distributed optimal path

table constructed.

5. The communication path construction apparatus
according to claim 2, wherein the distributed optimal path table
construction status massagé includes:

a session ID field that represents a unique identifier for a
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
according to claim 1, wherein the group constructor:

receives the display resolution and content types of the
communication nodes; |
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14. Thecommuni cat i onpat hconst r uct i onappar at us
25according to claim 13, wherein the formardlng
tabl e constructor:

desi gnat esast r eanr ecei vi ngnodet hr ougha

gr ouprRaserk ty Ak GQRpLEUGEI QRoLPYOKLEYd on the display
sel ection nessage, inh 54 order to select a

resolDgbGadn StdeanhayipRg &f Maxi damnAsiiciiet nodes; and
bandw dth in the source-specific groups;
repe¢épsrid pogapain Blrheaivael eahieosonssidspekdfia groups
streamrelay node and a stream origi nati ng node
to thtehr omghuaigrtéup-bades. tree Sconstruction stream
sel ecti on nessage; . di stributes a
bandwi dth al l ocated to each sel ected | ogica
, strean1 based on_ the | ogical stream selection
7. resEIF communigaddpat v bitles SALSHUKEyon  apparatus
gglcal strea baEdmndth to a Ioglcal streamin
accopqh 184 adBurc ey BFERHT HRC GNP, TAgiructor:
1chnstru S alﬁloup bas d tree %ase on the displ
ThetOhint tat % ﬁgtﬁggﬁé {1'o 5ppara us tspiay
resof\ft‘ig LRY Egn%fﬂ Qrgpdé "(‘ﬁert é”d&&%&ﬁ%ﬁ%@ﬁ‘sﬁgdes and

COﬂSt ruction ream se ecti on nessag

assigd M LULRS, h‘g-@@ %&ygolupct:' &) & rhats LR, esent S a
ni que i entlfler for a group designated to
congtidGiidRe GIOUPohase€tddc@€ic groups based on the
weight of each source specific-group; and
reports the priorities of the source-specific groups to the

communication mnodes through a group priority reporting

message.

8. The communication  path cons-t;‘uction apparatus
according to claim 7, wherein the group constructior:

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 streamID field that represents a uni que
identifier for the selected |ogical stream
a path IDfiled that represents a uni que
identifier for the 20l ogi cal stream

accopdiBet bl chandwydt kv ddeesatted tgeoapspediokly reporting
| ogi cal stream and a status field
messhl@atindldideat es a status of operations of
group-based tree construction. 25 16. An N-tree
constsrowatie D fie¢ hbdh eomppi s$ swf st herndgapsidefutifier for a
assi gni ng conmuni cation nodes to
streagpurrdeinpeoisf redgr oups, 55 based on displ ay
resol ution and content types of the.
confudi G iléh fﬁ@br%sth&ﬁdremne@remﬁm Agtigne identifier for
source speC|f|c gr oups; estimating
each 5 Qe BE AL TAG 8 T 22 RE8r a | ogi cal st ream 5
bet ween the co at| on, node
con§trl§’5f?ﬂéyan§u§itcfl bt &l ‘ﬁnﬁl at Rf8hi e of the
source sr a il roué%/v? S‘%’i{%“&‘#sct? ﬂﬂ%d”&ﬂ?ﬁnapg%?ﬁ table is

_ € specitlc-source group
constructed.

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

estimates a bandwidth allocated to the logical stréam in
the source-specific group and reports the bandwidth to the
communication nodes through an estimated bandwidth reporting

message.

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

calculates an estimated bandwidth of ¢ach logical stream,

based on the display resolution and content type weight.
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12. The communication path construction  apparatus
according to claim 10, wherein the estimated bandwidth
r-eporti-ng' message further includes:

'a éendef ID fi'eid that represents a unique identifier for a
stream relay nod-e;

a group ID field that represents a unique identifier for
the source-specific group;

a stream ID field that represents a unique identifier for a
logical stream to transmit a source-specific display resolution
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.

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;
constructs the group-based trees for the source-specific
groups; and

constructs the distributed optimal path table.

14. The communication  path construction apparatus
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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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
construction stfeam selection message;

distributes a bandwidth allocated to each selected logical
stream, based on the logical stream selection result;

redistributes an unused logical stream bandwidth to a
logical stream in an unused source-specific group; and

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:

a group ID.fieid that represents a unique identifier for a
group designated to construct the group-based tree;

a stream ID field that represents a unique identifier for
the selected logical stream;

a path ID filed that represents a unique identifier for the
logical stream;

an actwal bandwidth allocated to a specific logical
stream; and

a status field that indicates a status of operations of

group-based tree construction.

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;

esfimating a bandwidth ax;ailable 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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