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DESCRIPTION TERMINAL APPARATUS AND N-TREE

CONSTRUCTION METHOD Technical Field 5[0001] The present -

invention relates to a terminal apparatus and N-tree (multiple tree)

construction method for allowing fair shgring of bandwidth for N-trees.

Background Art 10[0002] Multipoint communication, especially multipoint

communication over the Internet, is for the most part implemented by

multicast methods, whereby thelSare Rbntdit ™ delivered to all

A RGipEting nedes. ih AR Seadidn bt-the BEN{eONNET 0003 P IMICEEO D

has a problem with its complexity with respect to the 15 intermediate node

configuration, end node configuration and requirement for Internet service
Fpartiéipation, for enabling IP layer multicasting. By contrast,

apphddtiod teyer prahicasting tomL M dainplementsr ar mppHeatoatisyend N-tree

[QLingINechay)ieme: tan;ehexistingdnicast ineiwerk sckiiectipes s Alad width

i§0?%@ygraer€%nd widely used because of 20its simplicity. [0004] ALM does

not require multicast forwarding functions in the IP layer and therefore

allows flexible audio video ("AV") packets forwarding by the members

theniselves detween the participating nodes and AV packet transferring in

hyapplicalion 1ayet %Q{QQQQL&EM&UPW%L%WCE%M?Q arspegifiunication

i
session to_exchange AY caontents and streams between the participants
NRBULSOHIAG HBtthE v iraHiBAE In Ay AR AL RR IS tharefoa Saitabid ° ot
fomasebwitthAVs based aipishdatioriesiioti o TV ebhferehiearpétiveaipdes in the

rRudtipie parties s[ROG]Hewever, the number of AV streams to be
ge t rticipatin ik i i} .
T e e y*%?%%éﬁf?%gﬁéi2%%@%‘??%5%%‘%‘%‘%&&;° .

iFACEBRANHICAAAA MOMORKTA s S baRARIGHH A TateARy > BEpREIAI ™"
ifuthe Internet ervdreivnentivstiveen endticigesiothe iternesalksiameopth layer

neBMgk dogs not guaranies pandwidih-fairnass helean AMuRoGRS (“ALM™)
35duyring the exchan e of AV sltre_aerpsrgxttlhe p{arti iaatjgglngd(.a% of existing
[Uﬁal%g?ﬁ%snﬁﬂtlﬁl%ﬁhfceartﬁgfl sefvice prowdqé%s S s}']'j maintain routes on =
thel ek et werikeis Bjisa e Adilvel rinstaRStRednPAdRIErY Gddyecause of
its simplicity. .

[0004] ALM does not require multicast forwarding functions in the IP
layer and therefore allows flexible audio video (“AV™) packets forwarding
by the members themselves between the participating nodes and AV packet
transferring in the application layer.

[0005] ALM allows all participants in a specific session to exchange AV
contents and streams between the participants without setting up the
environment in advance. ALM is therefore suitable for use with
AV-based applications such as TV conference between multiple parties.
[0006] However, the number of AV streams to be exchanged between
participating nodes increase in order of Nx(N-1) for N members. It is
generally difficult to maintain ~fair communication costs in a
communication network in terms of bandwidth and latency, especially in
the Internet environmeni between end nodes. The Internet as an open
network does not guarantee bandwidth-fairness between ALM  nodes
during the exchange of AV streams by the participating nodes.

[0007] Since multiple internet service providers (“ISPs”) maintain routes

on the Internet, which is dynamic in nature, minimal stream delivery delay
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2 tree building and maintenance for multiple trees is difficult. Routers use
unicast route control methods to establish communication channels by
detecting the channels connection status which is vary dynamically.

Optimal route information is calculated based on available channels for 5
communication use in the Internet. Next2 this optimal route information will

be exchanged between the routers for audio video communication. In
dontranyidinlgicast roaie cortreleniethod: Biitds sowcesbdsBivels. iMwhiehs use
the ransmMisSION:2QUF6¢ implaced atdhesaol Nade 418ig MRICASHIOMES:8S s by
tge ba!?c mf&rmatkon ML{HIC&S'[ route control meth bkulds 10 rou

t
it ln%mg mformatnon which 1§ requweéato allow p t|C|pan? gynamxoaﬂ}

ou

rinfiFeRtte LU tpGRTésRmuRicatioRl o ubdagedl %n%f\’/@ldﬂf%f? channels for
informatidnfoominimizingkbd gelaye (Thuscusagriof existing reuis: coifiohation

t%ﬁ'i‘f‘%'@%%%ﬂ&ngé f%&%‘é@zﬁ‘&é"%‘&@e@?t"i’&e%ﬁ%{m'%‘ééé‘r%%?ﬂ&umcauon

Eultlpomt to-multipoint audio video communication will not 15 provide

P REE baRANIAH e Al HARIRA BUIAJ UK TOUTSS Hitigen #5¢ trees, in
F*ﬁhﬂ@ipdh?nm&ﬂ@%SpPmeomum@m@@hmedmt’m}apph@atlorsiagelumcast

fos ALM gs0sthatdhe paricipating-nodes;are; organizae-inte . QrouUPs e thod builds

F%gperm re, | cléet routlngt the %ck?t forwardl mecl anlsm n .
to be made nob‘vﬁﬁo alt 20r artféli%a%ng nodes Network Ig d?‘%ug’e&nis of

rB h@’%é&ﬁﬁrﬁ%ﬁ%@B%i}fdeé%ﬁﬁ%ﬂ%ﬂ%lﬁéaré@t pla‘tﬁ c@ﬁsﬁbctwdwxdth or
meftwodstiand foerefore does potlprovigie bandWhidth-fais distribfition fteeg route

%H@@l REEiRe l‘bgri%@rkiéﬁ%r {OUENng nlﬁ%ané%n&u$ﬁ;roﬁndo€%@ié’@Hmtermmals
' é hich are based on the "greedy” 25 concepts of

(eLHy
,%%Qﬂg%fmeﬁimpﬁé? Y P AR Gor SREM SRR PR By 1] mot

Wl Kaewit PR es bimie st pdisk et kditikgpovertie imerddies badedoonahdsgween
algaithpas and gdogs not reﬂect the need for ALM routing [0010]Thus,

A I L T .

overa tWOI’ tOpOggla/s ere ore ca
RGO R ReMGS figsereaii lééﬁs%‘ﬁﬂjhgnet%‘rﬂl%ﬁ’éﬁ’é)?saﬁﬂ?mkef

degrauigtioimncob Adk gudlityfardAl iy rapplieations nfdQilk] j Hercimafier hewn to all
qﬁqhggbgn%tglsldggg MST algorithm mechanism will be described using a

\SIPBQE% QFI(%E(S) FI%I% shows four 35 different | catl(% S, thf% earest
etna apan Ll *j%?&‘éu%’dﬁb’b & (§ ﬁéF’e thg
éza?ﬁhcwrwrtmwmm%ml@f amed Heraéd fer darh RoUE M dheh@aidy i dth-fair
[A¢Asr Byhetwaestwel Dades varg: IththiseBvork layer routing mechanism, SBT
and minimum spanning tree (“MST”), which are based on the “greedy”
concepts of Dijkstra, Beliman-Ford and Prim algorithms for short path
formation, are well known. The unicast packet routing over the Internet
is based on these algorithms and does not reflect the need for ALM
routing.

{0610} Thus, these solutions do not take into account the end node
network bandwidth and overall network topology, and therefore cause
traffic congestion.  Furthermore, these solutions cause high network
latency and degradation of AV quality for ALM applications.

f0011] Hereinafter, the prior art, that is, prim-MST algorithm mechanism
will be described using a simpie example (FIG.1). FIG1 shows four
different locations, that is, Vietnam (VN), Japan (JP), Malaysia (MY) and
Singapore (SG), where the capacity of bandwidth B(X) of the channel for
cach node and the delay D(A, B) between two nodes vary. In this
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example, transmission rate sets/slots for 8 Mbps, 4 Mbps, 3 Mbps or 2

Mbps are used. [0012] In this case, if the conventional, Prim-MST

algorithm based on a "greedy" algorithm mechanism is executed, each of
one-to-N distribution 5 trees for N node39 (N=4 in this example) can be
calculated as follows. [0013] (1) First, a path for transmitting packets to

other nodes is selected for MY, where the available bandwidth is the
|a¥g@$p.lfrsot5énﬁ@riéséﬁ@cim:t,eﬁ@;afséoﬁéc@saﬁywﬁb@@nsidéﬁbmetﬁe%bps or 2
nabivkYais: apledo secure an 8 Mbps bandwidth for all the other nodes. In

t@% ?ii dﬂé%h%? path '%? fectedtrg %B h'@'?&ﬂﬁ@@'? LANSITVA RARKSLY on a

|recty an Mbpsb Wld can be secured. However,

thE" 8RRy FLEOSH0 TRBRtRARTMYS afit 5 Exettiditid Masimum idistdpution
25¢m§yahditherefgié-ittismot possilpeto)setecha pathuhroulhswihibh Y

irﬁjnsné'fgaﬁh%tis dyegﬁmogP Tﬂl:%@d@ftﬁ'ﬁ% p@%ﬁ%%@%mlﬁ%!@f‘ fﬁ%es is
MY to JP th| sele dthro hlwrlj sare tra smitted Vla}“o be

§E§18 te'flh gorrn ans, 3l%ﬁab E;"it('?“éaelcu ean’g bps ﬁéw.%? et _
(mmezwewlasréswtf tHe! fehtaitta g Halt fACR 5e20NIBPsefop M 11 BTY is able
WtbpsdorsSt $6Mtaps fandR and GdMbps fae NL {00144 £2) Nextiios S&xe, if a

wheare;the quging! éa%!@gho%”gﬂv'%@"%g}? t?Qn%%’?ﬁ”%a’@f&%‘??tt@ "@Nteand SG

S ther nodes, is selected. Tq be more specific

for transmittin
e stle: n@aegsg.@% banSEas WnetheP briforsedis a%@ws‘fﬁe&%eaﬁeéay
MBpsobaridiidth foMal the dthBr srodesi sHowever xififSGnséetmesyad B0 ms, and

Mtlﬁ%f@fe'\’n{ 1@%]‘95}/“ {18 Mpset e?e)t Eh%a[nmi@mﬁamw'ﬁitmf?féﬁ transmit

exCe % E)to q‘Pther?Lore ca %sec%rkeeg%%n%S Mb s ndW 10 JP.
en nex ecessary o consider whe i Able osecurea

nbﬁéibaﬁdniamffértélww%twén%d@schﬁtﬁu@réa%@nﬁra%% S aectéetedBy this
threagh) wWitchsSGB lis abledostransivst phoketsditacilytto kY JANFYBL2IAIE  As a

99§§i*?'etﬁ% %%%&?nql{‘g'\’!ﬁ‘?ﬁi%%w&@%d: WQ@E”}%@M@ Fi%”’i\h%ﬁsg'%tze%ﬁ 16

th rough which packets are fransmitted fro to JP via' 30 VN

AR IGEUreé B Y fRPBARGwidth for IP (F1G.2B). In this case, the
g aiing(BandVidth i§20Nbpsferavis4avilgs fbreSaE 46 Mbpsderideh is the

aRdoh Mbpg fak Vz.l\lr&@%ﬁzb@irléﬂﬁg%lfﬁwg’ pwbreesthe otiginal availabieseiected.

ngwidtn is EE,%%E‘ aﬁ’ﬁ?eétaé‘irs"%%eci%é”a”%&“'é“” %%kv%he}%efort%%rmt SG is
nodes IS selecte

0] be more SﬁgeCI]@C fir IS necessary

@&%gua%r%%%fﬁe%rsp? Yhme hraduifsy ieMmBHs BantrrPRASH thE etkerer, if
rigdles: darthisacase Mftsppafhrishd@lented frogh WhishhdR is able fioe remaining

tﬁéﬂﬁ%@d&ﬁck@ﬁ@@e%’c&c@@@"%‘% N, itdg;passikie 1 SeEHIB Ak cure an 8
M tr)? %11 Furthermore, |fa 1 IS sglected throu:};é \ghlchg ﬁi(&tsga .

Frandh F M SJB SUBR o e S A MBPE >
@éﬁ@ﬁﬂoﬁﬁ%r%@@ﬂ@%ﬁﬁ@&ﬁéﬁh@ tdmaifting baddwidthidipg case, if
MtgmﬁqrsM&QMR&J@&&G@MBMO&S&E@W gdMbps fora¥ib 0aiblctly to

KRy 'Wrm B@E‘?bt 8”5%9 ayad BS’S‘E‘BQ 4t &theﬁ{ﬂ%g%ore if

a route for transmlt packets fo other nodes, IS se ected. Now, the

R BAREERPISOOR %@%&%ﬂ%ﬁ%&%&%ﬁ@%@é@%ﬁ&& JP via
WHIChSUN is able toctransmit packétd divdetydo Myhahor al?2 Nibids 18). In this

Q@@@Iwn@ ieaecwed: urthermere; if agpalius selecteghthrough whieh: <G, 16
%ket Ppbedﬂgaﬁ;m&%ec'iffro%yN to JP via MY, VN is able to secure a
art

Pandwit hermore, if a path is selected through which

;sae&éﬂs afé kranspitie o ofR VT S theip My Bt 9ra ilable Rerdiyidth is the
skourd & 2eMbps handwidih fiemSS i (Eit; 2D) AS[0047) Fhuspwdtsthis selected.

GNKE R 45 UE‘E‘fMSﬁ)r!;\{ “i?q@M&E@Q&Y&O%H&Q{H}MS’&%@GIP able to

source-ba ree [ ssihle to establiSh a TV conference enable the
AR e S B BTG 1000 R0 L aNTePINEs BEEbne FLihess, 11s path
Baﬁﬁm@\gthw@ghmtsx nheﬁf?oeﬁgﬁti@écs thenlsterayadopfiretienst based G and
on SBT.
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20 Non-Patent Document 1: Min Sik Kim et. al, "Optimal Distribution Tree

for Internet Streaming Media", Proceedings of the 23rd IEEE ICDCS, May
2003 Patent Document 1: US Patent Application Publication

N0.2006/0251062 25 Patent Document42: US Patent Application

Publication N0.2006/0153100 Patent Document 3: US Patent Application
Publication N0.2005/0080894 Patent Document 4: US Patent Application
PUBlidatisnPResPoios10283722 BidchyEre bRmEMITh 30PHENeTR s bl 2 path
$olved by shestnvention{ 0N giHGwavardthecomvantionabM-tigetalgdrithma SG,

nerarms, thecalcylations fgrdne ipdividualifess WiROUECQOTBINANING ;¢ ¢o5c,

between the trees over the process of constructing N-trees, fairness of
BARHIB TSP ERfStEt hetweBrAPSF oifa-tbIN: e d¥ PES[GB71 8] Yh theTPPs for

dasemf EIGLD stherc@iventional N-tree algorithm can secure only a 2

Yhpsshangidthiary No[0020] Guithermore: it handwidth:fair Baligas & is the
consfucted usin éh‘fj 2 Gonventgnal N‘”ce:ge‘%r'?"{éthé%c?'c#'%té%” 2eedSected
to be performe(c)i‘ or aPcom%l_ng%ions,gSc}:’taha “ifthe nimber of members '
iNErEades, 1pd AMBuhPereartditibis MdrbaseYdtsortentitilysanath is selected
chnseghentyche/amount lef caloulations hedomes rrorimows MoI0Q2T] 4t s Mbps

theralorg @n;abiect of e RresaNtiRyeatian o prgyide A Lemingliy rough which
apparatus and N-tree constrt;ftlon method{;‘r(‘)r cons%ucﬁ a{N-t es tha
- elay,

ARThTZE A ABEBHOH by 1REUING Enttd énd! Adithelo seeure 2 2
it inord widitinfize tHe bEndibigitn available betiveerseisated Khteegh which

hades and:enahle faifhandiigh sharing befweien sivALMIngdesy 4015 able to
Veans fonSaino ihe RIeRIER100z2] Tig gminal apparatus of the
present Invention sets up a packe

ttAdhissidhruteBEtvedinsaasiArtiRpEint ReimuMpdint N-tree algorithm by

constructing N of one-to-N source-based trees, it is possible to establish a
TV conference enable the ALM system to establish N-to-N TV conference
sessions between participating nodes. This method satisfies the latency

requirement based on SBT.

Non-Patent Document I: Min Sik Kim et. al, “Optimal Distribution Tree
for Internet Streaming Media”, Proceedings of the 23rd IEEE ICDCS, May
2003

Patent Document 1: US Patent Application Publication No.2006/0251062
Patent Document 2: US Patent Application Publication No.2006/0153100
Patent Document 3: US Patent Application Publication No.2005/6080894
Patent Document 4: US Patent Application Publication No.2005/6243722

Disclosure of Invention

Problems to be Solved by the Invention

[0018] However, the conventional N-tree algorithm performs the
calculations for the individual trees without coordinating between the
trees over the process of constructing N-trees, fairness of bandwidth is not
satisfied between N of one-to-N trees.

[0019] 1In the case of FIG.2, the conventional N-tree algorithm can secure
only a 2 Mbps bandwidth for VN.

[0020] Furthermore, if bandwidth-fair N-trees are constructed using the
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communication, and employs a configuration having: a metric collector 15

that, using address information which specifies members participating in

the multipoint-to-multipoint communication, measures a bandwidth of a

link and a round trip time between the members, and stores measurement
results in a metric database; an applicat'r?)n layer multicasting table

constructor that, using the measurement results, forms a packet 20
tinsTRisEioRapath (iNetre ) detivese rettle wheitbe rss stict ehae apsaficwidth for all

is eaihah anghstosesiha packet transpission-paltvin:a serves foswarding: ount of

R R e g g S e M om0
converts the packet transmission route set up by the a%p ICation Tayer

rhakiCAstng forRRBIAE EABIERBAStructor into information that can be
r@@ﬁ@éqntdd as ahaﬁeﬁ@mbinatmg)éamfhmmipgsaﬁ&numbﬁti@ to provide a
destination addzess,and adegiination portaumber, and AEPPMFINe o nsiructing

in ormatio?} to the members, [0023] Furthermore, the N-tree construction

54 o the BIBLEY ffvERHEH iFARBEE AR S pE Vi thForhdritgend delay, and
dpplicafibr bayararulticasting imentberstiaraiwindtibl listsiitblefeteneeto  shared
metfie calletonindormations30 BRAIegd embershindriermation for alldes.
nodes; (b) ordering the members of the initial list in an ordered list based
on a first heuristic rule, for all nodes in the N-tree; (c) selecting members
fRefPe B rdY R ORIl $#k connection status with respect to other
nédesin théN-teees ibdsed o & secohthhepristiniule end erdesring thea packet
embaie g rule-based 3apdered lighiareachN veg, (d)SEIRCHNGy uitipoint
from the members ofdthe rule-based ordeéred list andgthe, members in the

Al TISE 10 Hen B ARG a TogiRaPEHALLYR SR aTiwkg © collsctor
Héafistic Hute a5Ipass nodesmsting orvderhgsthec pairsnodas e theparticipating in
rile-hasedaiidiss- (@) Rejeaing c bem BRAe Nairs imtherule-kased Badth of a
\ihieelga"Rg FisRNeIB SAENG R IHHRNGLIRNE IV (] 1UNNGA0 yrement

N-tree of a root node selected from the Initia for alf fecéiving nodes in

dGHBUS bliselt dAAHifth FRIGHSGE 5 flle; (8P ASatiniy Cohpreciit dnaiias tabie
bemsenctodeslofta specific Nitree il assuming @ll redéssin therspecific packet

Nrireabaseshop.aedes pliedritiab st included it A Nsires eRRfiguraliaRyidin is
and (i) ass rsllgf%gél N trees based on tpes%%des f the initial lis mcluqlg.d n e
a pltirality of NEtree Contigur Stiche: 18 AV AnEigods Eifdcidr e arding table:
|AGetition 0028 ArebrdinY orgiensrdsaraifiantibrh Isydififidipgtor that converts
abhinakion whhewiistio Appreackemealie informagipicand ALM er multicasting

T%Wﬁgmg éapig 1CORSYY, %H@?@%nﬁp&siﬂ?gﬂﬁgtﬁ)&( nC?HgP %gﬂsk%ag% (5) é esented as a

information maintenance, 15it is possible to reduce end-to-end node

FORP Wiz raffic CHgBLESNRHA METRTe theaHARIM afdriapte and 2

fdreisedn sharet Nuregecnoded. Brief DederiptitnmhDrawings O8RS} bers.
206G shpwaraeenditions upenexecktion af Niree Alogrthma s BS Zreset
TnoeR A PRAGRAMRIc 48 Sanveniangl Brires oM £33 i siin
a communication system ac%ordlng\qf? an emBBdal'l%%n (0] '[?16 pr%sen &
iﬁ\FéﬁhSﬁ? in an initial list with reference to metric collector information
and group membership information for all nodes; (b) ordering the members
of the initial list in an ordered list based on a first heuristic rule, for all
nodes in the N-tree; (¢) selecting members from the ordered list fulfilling
a link connection status with respect to other nodes in the N-trees based
on a second heuristic rule and ordering the members in a rule-based
ordered list for each N tree; (d) selecting, from the members of the
rule-based ordered list and the members in the initial list, two members

having a logical connection satisfying a third heuristic rule as pair nodes
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F1G.4 is a block diagram showing internal configurations of a 25client

entity and server entity according to an embodiment of the present

invention; FIG.5 shows an example of an optimal stream path information
table; FIG.6 shows the data structure of N-tree root node

information in 30an OSPIT; FIG.7 ls%“iows the data structure of N-tree
member node information in an OSPIT; FI16.8 shows a bandwidth-fair
fendavding itk eh F 019 sle\ws ifdhnarelagbeise EFT ) itfessageelecting, from
s{mmuri%iséﬁlﬁ 10 showssa feawatding table entryi (' Th'9nmessagetisfying a
FH GG A0 A Astalfoy ol apch-yee algeitin i Ay from

mec anism:; ows T message exchange sequence;

Fis. 1318R0WS & .ﬁ?étﬁéldrémwﬁé@ QORI SEEURIRS S5 PG 1 heuristic
shdws (@ methodfar receiingrand Upddtinged handwitkiiefait foraerdifig N-tree;

tezbje 'gvsﬁ&lﬁng nedes,&E1G 154 §B@<¥Y%E‘1&I%@|%Q§§&GB§ INNHEEBF the initial
gllggrlt utlon?{IG .15B shows the deta ?f ste{)s in N-tree
ot

cu’ﬁ E 16 Enbws Fink Tedrder nb S eps |r|gl\lafleN trees based
atgorithin; IFI@S&&GsthﬂWs linkirbvingtstepd MisdtréB afyorths HiG. a7 N-tree
showsea packet forwarding method by client nodes; and

Advantageous Effect of the Invention

[0024] According to the present invention, by utilizing combination of
heuristic approach, metric information, and ALM forwarding table
construction and distribution by continuous path information maintenance,
it is possible to reduce end-to-end node delay, minimize traffic congestion

and maximize the bandwidth available for use in shared N-free nodes.

Brief Description of Drawings
[0025]

FIG.1 shows preconditions upon execution of N-tree algorithm;

FIG.2 shows a specific example of a conventional N-tree algorithm;

FIG.3 shows a communication system according to an embodiment
of the present invention;

FIG.4 is a block diagram showing internal configurations of a
client entity and server entity according to an embodiment of the present
invention,

FI1G.5 shows an example of an opfimal stream path information
table;

FI1G.6 shows the data structure of N-tree root node information in
an OSPIT,

FIG.7 shows the data structure of N-tree member node information
in an OSPIT;

FIG.8 shows a bandwidth-fair forwarding table;

F1G.9 shows a forwarding table (“FT”) message structure;

FIG.10 shows a forwarding table entry (“FTE”) message structure;

FIG.11 shows an overall flow of an N-tree algorithm with
ALM_ FRC mechanism; '
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10FIG. 18 shows a specific example of the N-tree algorithm of the present
invention. Best Mode for Carrying Out the Invention [0026] An
embodiment of the present invention will be described below 15in detail.
[0027] The present inventor names the N-tree algorithm of the present
invention the "water-spread" policy. The'N-tree algorithm of the present
invention builds N trees for N sources, based on the -water-spread"” policy.
Furthernkdfe l theIN-tree didorithyaagfetites pPresant sauention ;applies the

20"waterspreadihRelicy: te eachal NeseuraesosiHianeQusih o as to

make posgible, bandwidih-tals rges; 00281 Note that, ageording 10,108, : 4 eh- fair
water spread poflcy, a container t 3t contains K Watertsourcs funners (.e.
HEReERWiPgpreis Wtk f8 diftent distances from its location, depending

on the sizBs. afd. bights (he d 25 pregsuress Wwhishtcesresporidiim theecution;

heuristicyite databiase Used gpam selectipgdhe krancbes), ot e lunngls ion.
A blggeéfitﬁ%rteé‘épreads nore water than a smaller tunnel. A tunnel that is

closer t o DY B HohEAREF P reatfPiAlerfUFfef tRAH H'fihnel
located Hitfhdrt Burirels ay aveivgryirg capasitiess(isdg holehsizes,

whicg C(F[@?‘pmnﬂf%tﬁst%ep%Q{%@@QW%EJ%T@@E@@W%@QFQ mean thatd

a node wi roader bandwidth.shou iver.more streams to a_greater
mumber oS I At oe o S RS ST RS e
BF 2 EpetificBYaMple of "the height of a tunnel,- in the case of FIG.1

above, the height is given by: bandwidth x first coefficient reciprocal of

delay M%%%Oﬂﬁ ?@gg@,ﬁf}g,ie@gn[qggQ]ﬂﬁlgg{ﬂjgprithm has the following three

' ases: (i) Connection Establishment Phase; Connection js .
e B BB S S e Ad TR TGRS 1D, R seribed belavy
daniietibn status) are collected. (ii) N-tree Building Phase:The status of
Netwees withhgshdedeinventor names the N-tree algorithm of the present
invention the “water-spread” policy. The N-tree algorithm of the present
invention builds N trees for N sources, based on the “water-spread” policy.
Furthermore, the N-tree algorithm of the present invention applies the
“water-spread” policy to each of N resources simultaneously, so as to
make possible bandwidth-fair trees.

[0028] Note that, according to the water spread policy, a container that
contains N water-source tunnels (i.e. holes) will spread water to different
distances from its location, depending on the sizes and heights {i.e.,
pressures, which correspond to the heuristic rule database used upon
selecting the branches) of the tunnels. A bigger tunnel spreads more
water than a smaller tunnsl. A tunnel that is closer to the bottom of the
container spreads water further than a tunnel located higher. Tunnels
may have varying capacities {i.e. hole sizes, which corresponds to the
bandwidth). This is interpreted to mean that a node with a broader
bandwidth should deliver more streams to a greater number of nodes in the
N-tree, than a node with a narrower bandwidth. As for a specific
example of “the height of a tunnel,” in the case of FIG.1 above, the height
is given by: bandwidth x first coefficient + reciprocal of delay x second
coefficient.

[0029] The algorithm has the following three main phases:

(1) Connection Establishment Phase: Connection is established between
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connections is updated using a connection table, which is referred as an
"optimal stream path information table." The status of join and leave of
5nodes in the ALM session is updated. (iii) Control or N-tree Optimization
Phase: Refinement procedures for gradéjal improvement of overall N-tree
fair bandwidth allocation with minimal délay, are carried out. In this phase,
nodes or links are moved between nodes or links for N-tree optimization,
leboheg 6./ RSt ToYtS CorvetgBACLTFRO9ITHE Metrige collected.
infgrmatiepcthemisdised fheonstruttAV stieam distnibution routes feesh node
3 %%-c{%*?ﬁi@?&” fg%‘%@@%‘%g”%‘“@&ﬁ&?&%@qméh WECOClIEAL v d a5 an
nodes, the latency/delay between client nodes, the IF addresses and port
NGRBEHL ot Efhiaft ﬁ&a%sl,né?é‘mﬁ%&ﬂangaéf%nent%%ééai%efwms@ﬁ?
incligling G rodts] thwe chitdiparpatgrandparent relationships, the number
ﬁi@??@%f}?dé%l%oe(% lgp%?a@)ﬂ@ﬁﬁi%@@%ﬁ}??%@@?r oﬁg§§fén§%v%?%@dur§s for
ownload links. communi n is perfarm n ngdes A :
A TR CRENS Of e o et ol R A IO ER b itk
caiadiad ddeday tHe alseve tdefrit infdinBticn PEasexantile, &f lheks igre moved
¢ennection 0d@ hetween NosesiAand Bramgithereds hadbnnestian. M with fast

ReyeepNAAaS & and CpRietC infpyation measirementsshayt thatthe..q

bandwidth between nades A and C is zero and the latency (round trip time
SERTPY beteer REdEs AMHIE 041 Hfinit8 “f6631] FhePittic infomf&iofetric
ofitherpa¢sent invehtidesis bt givemnid wiB discretéwadoes (ile®'s arndifs) the
NRREQSSNHBL, WhRIRGE O RO RRHISGONMRCTON; AMISGVER AN SORIRHAHSrs of
valies representing [ul mesh measurements (A'B\ A CaNd BCuior includin
bid|rect|0na‘f)s.’ﬁ'1at is'{o say, there are cases where fe metric betwéen &
A68ES Alnalel& paviise R dMBpRISr G Mb9$ s20pso 3P F THE N teef used and
algosigidn 18 saudtabié SarmiiM confeneihee appkeadtions wheyedadsmall grdulinks.

%@%‘Gfipé‘ﬁt§o‘%ﬁﬂ?ﬂ%ﬁb\{lsi@?}%}%§ﬂﬂe°t9 B0 \WIRR PlaLdegrea ofng ¢, the
interactivity and good AV ualltéij%hroughout sessions a ongBaﬂ
[

q

BEHEIPARM R S 8 HE RO PRSOE3R WA B preselit iVetiGA hs calevlated
dpioad sotbapaciyearid dotwivati 36 sidtwapaeiypdt eafhhodde iargonnection
pkanJionsideraions hieiNnicee algositen ofdhe presant saveptien, MNand C,
Qrderito ensyre bandwidin-faimnes sfosfh%”wr!gﬁ]%?t@%%{?!f’v@d HehaMeen nodes

ownioa slot indicate t eupehnk bandwidth capacity g;}nd1 chlgwn ink
Bardwidin t£5aLiIRor8acH o, TRapArdindirg aivided into tatitipre nodes
disenglte_rangesi(etg. 64 kbs, 128 kbs, etc.).  [0034] The "water-spread”
petiay is agaptedalopg; with.the@kove thiee duain Rhases of the Nolr@Bven in
canstryction algorithm, for tree construction with fair bandwidth " :

KiREror “FHRS shitfion AcKEbed AMTERC (ARBcalBr Layepr mot there is
Wiefeesting. wit Fast Rove CanvergERce)Iwith $Espectapral MM odes -mesh
ifh 2agiviennA M tsession, The Natigerlgoritha ey deiexectteskinato say, there
GOCE téét%%@}%”&%: grna distihuted manner Jobetween GhMnodes i, o o

[6)%%% FIG.3 shows the communication system according to an
Ps.

dﬁave of

[0032] The N-tree algorithm is suitable for AV conference applications
where a small group of participants exchange AV streams and so on with a
high degree of interactivity and good AV guality, throughout sessions
among all participants over the network.

[0033] With the present invention, the upload slot capacity and download
slot capacity of each node are taken into considerations the N-tree
algorithm of the present invention, in order to ensure bandwidth-fairness

for all nodes. The upload slot and download slot indicate the uplink
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embodiment of the present intention. As shown in FIG.3 with the present
embodiment, multiple nodes 104, 106, 108, 110 and a sever node 102 are
each connected to a network 112. Multimedia applications such as AV 15
conference applications provided in each client make it possible to

exchange AV streams between the multiple client nodes during ALM

sessions. The server node 102 is able to communicate with all other client
fodekrdAdhesenarige ABIVOPRVATENAIGE Detie e presy dreneadiawde.  The
smnudtanétiusly.d20{003 GlNote-that pMithithejeresent gavendion, dheiwerds2 8 kbs,
"ppde” and -entity" both refer to a physical and logical network entity, and

will be used interchangeably hereinafter. Both a client node f_g%r a server

&dey hnd 2 ElieREERISPIGEE sEEF Entiy) HREYBedttBipratén fifhabove three
geasrablefinitioristimenétwork cormsianicationa Frthémorke rasevernedaiction

andia 23 Gliesd:eniity ot raferin @ terminaliapraiatisdn sommunications Frc

systems. [0037] The seryer node 102 collects.metrig information from .
R e B T BRI R sackrarg vn

EXEBGEE tHe Nitréd-Mgbathih (ife 2neer spPead poliey). NS tRE Bef/ed gorithm
nade 13?2 stares bandwigdth-dais AliM ralteninfersnationwhichi isthe tesultianner
af dhe3Q Ntree algadthm, in a forwarding table. Furthermore, the server

02 is_responsible for dynamically transmitting bandwidth-fair N-tree
:&a% inforﬁfgﬁan,Sé‘é)n‘ﬁaté%efroﬁ?Wl’é”l‘)’é‘rﬁﬁﬁafh-f&’rsﬁﬁfﬂll réGfeTding to an
infohpationstorbdhit e forivardingitable, thsaliithe partiipatingvetiertbe present
rE?ﬁ‘BﬁdiEﬂ@rﬁEeﬁﬁ]ﬂ'bi@ﬂ?jéimd@fﬁ;@%omdmﬁ tinpes S*;ftf@aé‘ﬁ%l fao@eabp\fdﬁ)&m 02 are
35arriving. [0038]Bandwidth-fair N-tree routing information. received in the
L O T S e “as av
FRANEES B 1 Pt i@kt ke nP oYk duntit thie fifalcdisstinatiah §s iéadiegible to

[603941Fd6. 418 ashiock didgrane showtirg mnidrngl carifiguratiods of éucliept ALM

QALY @b anhia SENVEL ety 2 10pacqerding.to an-eMBARMERE OLING a1l other
present mgentlon 5[0040] An ALM %gsg nis deflnebd as a logjcal session,
d

ST (67 e TSRS S5 b CERASABAE SIS HBQIBRE flAeat odes

Bt pany application to exchange data packets between the clients
giouslneausly. ARaALM BESSION reauiEes & seERrAntinhd 10 idsessiene” and
coeqlrg' ti gtl%etr\@@ern e parti Ipants, 1aO[po4lc]d1The lient entity, 256 is an.
ALM f nct?on, ina Eﬁoé[g Sargtilfa%ating inan ALM se%%?gr(lg,ré)rer% \}\;Idrkan will be

packbt RFEEHARE BtWe BRTaNTHIHES. TR derdet ity 21§ i§Un BRI Ver node)
famdtiancthatis ¢vsppnéibleceliecting nietyir mfoyniation@nprexedutinththeneral

Ndres algerithm leading 10 s AL FRG distriutiondrse. The-clieptgiityand a

2?6 apd thPf server 210 are bath 15logical entities that may reside,in an
rc]:01a§:en entity both refer to a terminal apparatus in communication systems.

J0037} The server node 102 collects metric information from each client
nodes at prescribed times (actively) or on a regular basis and execute the
N-tree algorithm (i.e. water spread policy). Next, the server node 102
stores bandwidth-fair ALM route information, which is the result of the
N-tree algorithm, in a forwarding table. Furthermore, the server node
102 is responsible for dynamically transmitting bandwidth-fair N-tree
routing information, generated from the bandwidth-fair ALM route
information stored in the forwarding table, to all the participating client
nodes. The prescribed times may include times streams from above stop
arriving.

[0038] Bandwidth-fair N-tree routing information received in the client

nodes will be used in the client nodes to transfer received ALM packets to
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[0042] Only one server entity is required for a centralized N-tree session.
In a distributed session, each node will have one server entity and one
client entity. A case will be described below where an ALM session is
carried out with multiple client entity fupgtions and one server entity
20function (that is, centralized N-tree session approach). [0043] Referring

to FIG 4, th tity 210 h tric. collector 220,
RS- 352 AL M RH LI BAE CONGHISTSY 215500 A

forveirHing table distridutork 78 2T temebdedalidic22o] groufigurations of a

esbership, 222@nd AuM foowarding: tablpiconsisuglan24s aresaboetieeht of
%%'lsewi%h a Iinl§ (Zaol%(;n order to exchange metric information between

them. 56535] The'metric collector 220 and group membership 222 in the

S8R lentty 216 VoISt BAtA UPTAHRAIG fram it ARST oo S8 £6%, Lo of
10661 @8i it Odn tthee ALM Sessiorofine snstricrinformatioviriclides thelti-party

gg%w;tgﬂaQ%M@@@ﬂaﬁgi%taogga( the latenew/delay hetwaenthe.oligntously.

nodes, the IP addresses and Eort numbers oEtl e %Iient nodes, the dinati
fiRctioh¥of & ARt ISAES ifthd AT SBEERnIndubling Toots, the Ordination
bite-perahegrandparentselationships, the number of used and unused
uptead links andithe rumbenefused:and wusesdomnload links: Phedeipating
metric information. i ed | tri t rshi
TS RIATUSNE OISR AL s ST, T

iNERtFALS HBFmd oM cihtért Matd Sifietuiad in' dtiPPRE P ataiiige metric
éatihr oliemd nodelisstored irg thizeniérirerstipadathbade280¢ {0045 AM_FRC

10qtARdes Jefers to ajsureg npde inithe Nsigeq frompuhich adietarkare both

K?Cket originates.. Consequently, if all node%transmit network packets to

SSADETY T th P RUFRRY therS Wil b8 Ve dTte nodes. The '
dRid-phreRndyamep entere kitidbhshipse afeicd Ferafiorshid Bétvet e session.
nadesdnthie NdreecAschild Bade refers toiH nedecthaiteceives rathigrkand one

RIgkRLa duieetly fomuls RAANL Do i the anload sl of (e Ra"SDksion is
noc?e_. T?1e parent noge transmits network packets directly to the child .
66 ¥ SR UBIGACRIK BT e LIRS ritia MOARRIANG 52 GHAnE Paraht Wae ™1ty

refersitona thode thatistcalnedtdld i o payamt nogedeeia) given child 10

q@@@ab?r;dr@ef&tm% Qaqiml.@, g{ﬁ%nsféﬁmﬁlﬁanqﬂgmtmdg t@@;ﬁsr@mmmr
Q} e before It reaches,a c zno . relatignsni tween

005 AR QP BN A i EAECAe HE ATl TLpagics, 218 end

kAR pErETe RS 2l & chifi HBEE TTRE LiploA8 S8 HhtF doWHIGHRY stottf group
aegerepiesents dhe oulgddirtg capatity and incomisngwapacityfohtheconnected

'M% B hespashvely. frlink slottefers o e baneiyidih caRacHYQfdbg them.
I|nf< etweegftwo nodes wijth refe %gce g the ugload Stl’:)t a}gd %%Vimoat% .
SibPtised ih% SPELIRIE ALNFSKYsion. DGR -PEERaL IS Butiatol ¢ Server
AbKtFROshalll abidedsyahéy namigiobs/downlodd skt rélderemenesink4. 100,
slokrequisementiandAapncye20reguirement oA givelAhMisessionludes  the
DedhneRImAL SireA PR INRIMANAN Laple 204 CONIAIMBINRIANRD crient
0 aﬁ- ree session tfor all nodes In a connected state, deSCFI ed .
nodes, the IP addresses and port numbers of the client nodes, the functions
of the client nodes in the ALM session including roots, the
child-parent-grandparent relationships, the number of used and unused
upload links and the number of used and unused download links. These
metric information is stored in a metric database 226 and membership
database 230 accessible via links 224 and 228. FIG.6 and FIG.7 illustrate
information/content data structures in detail. The IP address of each

client node is stored in the membership database 230.
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in FIGS, FIG.6 and FIG.7 (i.e. information related to tree status). The
optimal stream path information table 204 contains the N-tree connection
25 information. Meanwhile, the heuristic rule database 206 contains a set
of heuristic rules that are used to constg1 ct a bandwidth-fair ALM N-tree.
The basic and augmenting rules in the heuristic rule database 206 include
the following: [0048] The basic rule of the N-tree algorithm is to construct

NUfEES, ofte IO HES Por ABERSSTEP fefRBFK HAGEE distisubloft epnfgom which a
meansrihateach notle nust recEivesNglstrdams’with Nell downlosd islatstwork

%gngtf?qéN% %gg%érgpﬂﬁaﬂgnﬁsd—%éhemgﬁ%' inks thatare Used: nodes. The

onsequently, If there are N-tr es there will be at least a total of Nx
AR Y BFH AT A pAH1S ST SORIE exiin SBIERETHRS At vveer

r@@dm&e@#dh@o}imb%méssﬂ@éidmaiwnémEsﬁmmt. [GouOjAdtitiorrdl es network

heuistic Bil%%igﬁl'lﬂﬁﬁﬂhﬁél@@%@!ﬁﬁ\&ﬂ@&di§|@hé€ﬂbl'kli&mﬁli , 4Rk Yotthe parent
reguire t and latency requirement for iven 12.sessi
coqr#ple"@of Bafcﬁjlgtmgc{ar?t 0 %?nné tﬁl ﬁe%%re%t%mkﬁ of t léeeftt? vet Oth% g child

me%ﬁée.swtﬁaﬁr.émt ”Pﬁu%h"to%h‘%i ﬂa\%d&est Meraptitisr NLygg@nt-parent
violxingispme of thedabtve requirementd would beraeceptabldoFar given child

Wp'ﬁimgl%meﬁﬁh%@meyg rgwygrﬁ%vw"&m%eéay Iy ERcelingyarent

strea nd violation of the dre U|re ent or link th uirement

T Bb ot o ALt oAr TR, TREDeG R AN oot ety <hile

v € falfifl the Lrplodebokdowdioad ré@@n@ﬁ@wt@néﬂﬁefﬁ%ﬂ@r@mﬁlﬁémhﬁ ween a

fgiﬁé@d}%ﬂéﬁﬂ ffilk t@@di@kclmmmlegoﬁ%quireﬂmtpﬁwmwiraﬁxah@oab@md slot of

rules..re uweme tr t. wit t e
e Ao A RS %é%?%ﬁ.@%%néd@

ﬁﬂé@%%f’&b)h be%dbnéd HPN fﬁééféoﬁ%trﬁa obeiicHidity cRRE 1Y Adlodee It
éimuldaﬁwstvusentsiban@mﬁhithdfﬁtmioadtmsﬁtaeam]s;aathhmttrvardcéwnload siot

steeams of otherrnodaesyga;that dhe latency in its tree is reduced. 15Ru|e 2:

ction is o be made between s, ch ode whic
L(%ggée teﬁﬂurﬁ)ﬁgregfs 2 14f. el% Pdg]l? ?é%{?o%}igsd:odhe\!r\{nadg e by the
pateadrdinks] ehdoséotheriak wpiehias vk laphebt Matéapachy lemd latency
Rede: Aeth dauie Sa thererare] lmksdiaving the same slot capacity left,

206N99se link whighyiglds the smpllestenafe:e At RISNCYITNe Hge. contains
information of MN-tree session for all nodes in a connected state, described
in FIG.3, FIG.6 and FIG.7 (i.e. information related to tree status). The
optimal stream path information table 204 contains the N-tree connection
information. Meanwhile, the heuristic rule database 206 contains a set of
heuristic rules that are used to construct a bandwidth-fair ALM N-tree.
The basic and augmenting rules in the heuristic rule database 206 include
the following:

[0048] The basic rule of the N-tree algorithm is to construct N-trees, one
tree per node, for network packet distribution. This means that each node
must receive N-1 streams with N-1 download slots. FEach tree will add
N-1 upload links to the total links that are used. Conseguently, if there
are N-irees, there will be at least a total of Nx{N-1) upioad links from ali
participants. Besides, some extra slots and links are required for control
message data transmission.

[0049]  Additional heuristic rules include the upload/download slot

requirement, link slot requirement and latency requirement for a given
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[0051] The server forwarding table 202 stores bandwidth-fair ALM route
information, which is packet forwarding information for all nodes in a

specific N-tree session, as illustrated in FIGS. [0052]The ALM forwarding

table constructor 218 accesses metric %,“'} information collected by the

metric collector 220 and the group menibership 222. Furthermore. the

ALM forwarding table constructor 218, adopts the heuristic rules stored in

thRS hisliristid Recaatabasé 206 WM%FE&II%Q@%WInNoUﬁ? foneatamg all of
updaie IN-ireersessiqairndarenatian stevedin dogoptinalsstieabuiDUtthe best and
'B%&’%E‘OW?-PJE 2%) neidentally, Sothe AlM T!BQ%”%Q%&%Q‘%QQ%”&%‘%?& be

8 is a main module in the server entity 210. [0053] Ne

BFRERHING tablE YoRSaTdthT- 218 ENeends e r&%&&@%ﬁtﬁﬁm@‘ Wwatdy cavse

spregdipotioy)i Negt sthealsMAodvarding tabld ¢cbastnictat 2d§wtomnesnt or link

Qﬁ@@%’?}&éﬁ%ﬁﬁ‘!—b@d@%&é@@ é‘ﬂ?@gl\ﬁfr;qgrﬁzﬁr?@tfi@%g@ﬁ;heM&rﬁ%umsmc
ori in r for a via the lin

5 r%wu%l% Fair, i‘f& rc?ut((a%l |\rll¥ ormnl%on s? |\g/e%r|r1g Form ofeél?éif\?vrgrecfn pnd the

tHle. Ta 3008 hE IAL NS e dirdg etbén‘s}@@icﬂ@ﬂ@l‘@faé%%‘@él”{%f By

heyristicg ulchdatabase 206 -optimaldireasnpathinfoanatien table:204;iit with

SRIVES forwarding table 202, metric collector 220 and group membership

222, via links 216, 214 and 208. -tree algorithm execution, the

AR5 G onb iR 17 CoRbIF St P8 tiso s e At rabhay multiie

listtrintie-baksdtbrdered list 2pridetule-Dased paindist!dni the list Hatabase

360)far. bandyvigtbn{ain Ntree @@eafgq;imxkﬂ%é]ﬂ;hep1i@£tiﬁk{%stst9mnsather

[ formatlon about all me bers in,the A n which is. co lected b
e

ﬂ?étlep?oxﬁéés%h%qté%b%ﬁ@e% dBaed bé‘é’éﬁe@n%flé?@@%e(éf@ aerbwhwh
and/oh demdoad slotdapacity)othésfule-based ordered list" provides an

%‘3%99 "?1‘ Qf é@%@ﬁ%ﬁ? @%8%9%9@9'%%%9@&1@Iﬂléé“‘%l%%@‘éytﬁgt‘ﬂﬁﬁnwhmh

ir list" provides a list of members forming a

es }ZU e-based z
gﬁv@éﬁ%\;o BuetPa% Bakd-on specific rules (e.g. selected heuristic
rﬁJ@@). Théfusagewot thesertists i sHoNS INFIG L Sthad FIG: 161as pandofity left,

Niires algarithrmidaserntennl0Qan]iThe Mt@fwﬂfdm@ﬂ@?@&i&&ﬁ@@i@é
?[) %%’1 “tsﬁ’la”dw'\gtp ARl r°“ bé‘ "irf fraton stored nahg S%‘é‘?rALM route
rwar Ing ta%l 0% via a Ian rom thIS Intormation,

ALMBARYER Bing Bisle distbiis fﬁg\j@k@%%gﬁmmﬂ%féﬁrNa@rleenodes in a
reptinidi nfgrmatior ferceacks dliemt ieatity 256° itRe N-tree. The

Q@@@W]dth‘fﬁié NzfeRr r%wgamg{@aﬁmén%%%m%qornwaaee&fsme metric
inc m|n ort nu ber g |nat|%n address and ﬂestlnatlgrégort nhlmlqt(ler
le an group

-H%GO,B\EE orwar m%ctae ?”strlbuetorrﬁ?gw collectot

membership 222. Furthermore, the ALM forwarding tabie constructor
218, adopts the heuristic rules stored in the heuristic rule database 206 to
dynamically and continuously form and update N-iree session information
stored in the optimal stream route information table 204. Incidentally,
the ALM forwarding table constructor 218 is a main module in the server
entity 210.

[0053] Next, the ALM forwarding table constructor 218 executes the
N-tree algorithm (i.e. water spread policy). Next, the ALM forwarding
table constructor 218 stores bandwidth-fair ALM route information, which
is the result of the N-tree algorithm, in the server forwarding table 202,
via the link 282. The bandwidth-fair ALM route information is given in

the form of a forwarding table.
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25 transmits bandwidth-fair N-tree routing information to each client entity
256 via a network link 234.-[0057] The client entity 256, which generally
refers to at least two nodes in the ALM network, is connected with the
server entity 210 via network links 234 and 276, and is able to
communicate dynamically with the server 30 entity 210. The client entity
256 has three main modules, namely an ALM forwarding table receiver

186 3thletrid oWkt Sau grdipeniahiBetaRi D6 dnd AL M t6RvETdibg heuristic
table ekaabitor240460058f ke AtMFarwarding tdblenraceiveta®86 204, server

i e d_ai%%n%wﬁg;%@ir M—é&t?ﬁc r%{i@%@{%@%&% J&%{%%ﬁﬁ@@%ﬁi@gzzz, via
ISTriputar VI networkK. lin . Next, e .

A h el EBe e B S R EBA S Crast Hirclhg ALM

Bl fod prcKeblouting SB8atieradihk 2425 1AJ0059TRE Mstric prodidied list,”

2441208l:gEAUR Mershership 246iare iespeRsib|e ioF qodlecting @atdist database

ynpvically IR0 Al Gisptogges 104,406,198 and L10 in the ALM

Session. The metric infarmation includes the bandwidth between the client

n84és ) the Bentyiidelal betvieanahs citir Bodes, #hep aareegReshdr the
poitvumbarsiofithédtliéntcndties cthé furictians of the: clientshodex2i thel metric

RAbMesgssion ncluging rogtg.the CEE'Q‘E@%@BR?Q:{QE‘an[%t etationshins: sorted
E?e ngmber of Lgeo_l and unused ug(l}oa%d&‘llnA( ar%(]:i the nu(rinb?rtog usaedtand The
RIEE TothTSHAIAR 10668] TREHABIATOrAtE RS oredSAPE histic
datdsakes2g0caddredmesmbership databaserdscdcdeysiple NigminrEs248sed on
and A% [8061] The metric mfarmatiantisidisiriputediodhe metrigscollettobased

and gr bershi of the. ser tity ically,and .
é%rloé}gélly%%%%i@mgnﬁzy gr(%gi eﬁg%h%%g%rg@pgm%%n%e}grﬁwg&% j’%% nodes

. 246.
iRfoRatIbA RS LiEFiBtHed &Fa%emtﬁﬂk%%zggﬁdrﬁé%ccoﬁw% foof these
[0662] iBhesinetric informEicris ¢nén Ud€dlt6 upslateattie mietrié-tatmbasgorithm
%%@@}@ftmgmbership database 230 of the server entity 210. The ALM
i

f ing.tabl cutor 240 accesses the metric ider 244 and gro .
L e DAt BRI S58 o TL0s AN A D o RSB - ol
préviliep R iahermetierdatapedd poocarervhrecEe di g finRigdd’2 via a link

212. Next, from this information, the ALM forwarding table distributor
278 generates bandwidth-fair N-tree routing information for each client
entity 256 in the N-tree. The bandwidth-fair N-tree routing information
includes the combination of the incoming port number, destination address
and destination port number. The ALM forwarding table distributor 278
transmits bandwidth-fair N-tree routing information to each client entity
256 via a network link 234.

[0057] The client entity 256, which generally refers to at least two nodes
in the ALM network, is connected with the server entity 210 via network
links 234 and 276, and is able to communicate dynamically with the server
entity 210. The client entity 256 has three main modules, namely an
ALM forwarding table receiver 280, metric provider 244, group
membership 246 and ALM forwarding table executor 240.

[0058] The ALM forwarding table receiver 280 receives bandwidth-fair
N-tree routing information from ALM forwarding table distributor 278 via
the network link 234. Next, the ALM forwarding table receiver 280
stores the information in a client forwarding table for packet routing 236

via a link 242,
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20and the group membership 246 and membership database 254 are

- connected via a link 252. [0063]The ALM forwarding table receiver 280 is

responsible for dynamically and periodically receiving bandwidth-fair
routing information from the server entity,210 and updating the local client
forwarding table 25 236 with the received information. Furthermore, the

ALM forwarding table receiver 280 is able to request individual routing
iff8riation i tHETRIEM B6ANERaM g diétriBltr 278WRa A FAkbErERip 246 are

[0 T é bafrdwidihefainly - trem routingrintdimdtiom inlthel clienthodes 104, 106,
fopwarding table23hs Aisge i&%@%’ﬁLM ferwarding tahle, exequior 249138 the

ARTBL TER F% 5P 100, KR e ot bl ORRBSAIEN b ot <ien

infotpsatiba I?fédﬁaqr@é@:ﬁt@rtﬁ@ﬁéymhﬁm@rﬁ ientified byahescotitingunctions
eﬂgir@a%i}mﬁAl;i\Ad‘@ﬁWaﬁﬂingﬂablefschut@efS%Makﬁﬁ:m&ﬂﬂformaﬂ@@ the
'?f(?HI %‘ar&? <t des élg%%‘ﬁ 0o atthgn@hl%tsforc‘?{@rd'ﬂ%% hle 3 §6é 38 unused

I‘OVI S this Info rmatlon the rout ormatlon via a
i dinBeRyme Y62 |ﬁﬁﬂ€ﬁé‘ﬁt§‘%%‘§£’%ﬁ”?&ﬂ&ﬂdﬁ%? each
rﬁé%@r}( pdtketire Al:Miinfeanh thant erdity fat 15 allimoomintgpdekets250 and
%@éln%ét@% nim%gggag% %J&%igﬁlye;lmqgg@aﬁga%@ daoeked up in
n ne sSed on the source a SS source po

D e S e o P A e o s & hg Hector 220
f@?ﬂfa&ﬂééﬁowwea?@esﬂﬁaﬁ@n ﬁ%@és%ﬁé’m?s%%n%w@k@éiy and
2661 ddiesd staps will be desariteed dedetail yith sefarengedmEich8ands. The

63]
?ﬁ%@?ﬁﬁiif B 278 A AN oards ﬁ'&% Attins,

Hidiids 27B%AF D34 1S AT B0t Ssthg™a Spetiiie ge metric database
Sthicteme. Thenfdrevahdingitablen sk £obterit 808 shoven |mﬁ£¢3/ 1DliAcludihg ALM

Q@PQ\MQ'EBé%éﬁqé\ﬂ@@m&@@%n&%%@m%'%?Hﬁ%dﬁﬂom@w&ﬁd% group
table gntqg1 (éjTﬁéshown in Fli; %@fo mation ?f on% or (g Th
tHes ?F s n%l dj{f)rm“g aec: ©

rwarglng een IS comlglneg and Ifnansm om
SBREICEPtRY ZE0 #daehdliBptrentip @d &S forvardiffy tapReETy me%@a@\snk 248
vinda litke 2340 1p[0066H Nexdhihe canfigundtion efther oipiimal stiease path4  are

information table 204 will-be described in detail with reference to FIG.5.

[0063] The ALM forwarding table receiver 280 is respounsible for
dynamically and periodically receiving bandwidth-fair routing information
from the server entity 210 and updating the local client forwarding table
236 with the received information. Furthermore, the ALM forwarding
table receiver 280 is able to request individual routing information from
the ALM forwarding distributor 278 via a link 276,

[6064] The bandwidth-fair N-tree routing information in the client
forwarding table 236 is used in the ALM forwarding table executor 240
dynamically in order to process- ALM packets received from other client
entities 106, 108 and 110. Afterwards, the bandwidth-fair N-tree routing
information is forwarded to the next destination identified by the routing
engine 262. The ALM forwarding table executor 240 takes out
information about the next destination from the client forwarding table
236 wvia a link 274, and provides this information to the routing
information 262 via a link 272, The routing engine 262 implements the

search function for each network packet in ALM in each client entity for
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[0067] The entries of "ROOT" 302 in the rows 326 show the numbers of

root nodes in the N-tree. A root node is a source nodes from which ALM
application packets are originated in the N-tree. These packets are 20
destined to all ALM receivers in the ALM_session. For the root 302, there

may be multiple root nodes as indicate EL’)y the reference codes 304, 306,

308, 310 and 312. Rows 328, 330, 332, 334 and 336 are the entries for

Kb PP BHES prrtikRAtiAG hove hforrtiontional gkn Nlthe iefotegt packets
specifieeraobRedesp304, tBa6; 308y 3 1éhanak322 22630681 he enisiescof address
WSS%J&%AQ L Sr%OMH[E%?‘% ﬁegﬁéh%'Q%HB’sBE?@?QJ&d&%%Qc8’@8and then

320, 322 and 324 in the ALM N-tree session. Thus, if there are N nodes in .
FPEEIE Koo THErE fliIBe e ed?ﬁﬁ@mﬁiedr%%@éws%ﬁsrﬁﬁ e R ssion
nodés tre’ &l rootf heslessthat cradielsourcecpaoketsntife roWwsvBOR wilference to
have Ncelunaps: i the fhklai30I0069] The table entries with reference

38,.340, 342, 344, 346 save informatiqn related to root nodes.. . . .
ey T Ml Gl ot bt
petdesdhid ertrie ofthsaititentcd bodes 3381 3480 34, Hakis34p0s30d 234 1s
rumlﬁsﬂ)_eciﬁic i@sﬁ@ﬁ@aﬁiompf@ri_ﬁisp&mﬁ@d\gdreﬁzsmhr&s illvstratédrinm &Gk table
é&?%ﬂ%ﬁ%iﬂwmmchgam %%dﬂfg%@%?ﬁ@%%@}@ygp%a@rs@mrmtmg table

] an grow bigger. or shrink smaller to acco a .

B o B S KEN R et 2@ T shown in
[60G0IFIGlsfiitsmates e detacstmetirelef fotreer fopenehésrformatidr TEs) 1s

%mgm%&@qmmﬂhee@pﬂma{ streamrpath dafiermationtaklec?04iient entity
metri¢c databases a 5 embershij bases 230 and 254
R B L A A ot B0t st
ihtBAfihg IMNKSotdantoadimEHddor! Bisspatiie Hodl fi thebabfiirdn formation
Natrbe Msrarhi EQQM];MémﬁMhildeaﬁbldMﬁ&sfmwsdh&mﬁMbér of

Ui 'n‘iQ{Q"é%}%sslﬁts’f RWPW@'@?Q:?*'%% forasspesifie PRdenin thenbers of
entire N-tree,se S|01Q[. tSlmllarI , a field 406 shows theanunart])erfof usedh. hALM
&?t‘btofh‘b‘&ﬁﬁkml ots AR& uplodd HobS Wrife b FRHEF0ECHEWS The ™ 11¢

rarpbep Bhanuxed:etitgshig finliesistedndiupldad Noksfor a Spesific pisdets are

ia dbeentireoNatneessagsion; deaawhileha figld M08 shows the sungberefor 302,
d.in ing.li 0 n lots.f ifi

eI RIS ERASROS s soigle Tl soc

ustrates Infor .
féPﬁoé&§oﬁ1]e‘?ﬁ%3 Rows 328, 330, 332, 334 and 336 are the entries
for keeping each participating node information for a given N-tree rooted
at specific root nodes 304, 306, 308, 310 and 312,

[0068] The entries of nodes 314 in the columns 348 keep the identity of

each node 316, 318, 320, 322 and 324 in the ALM N-tree session. Thus,

"if there are N nodes in a specific N-tree, there will be N entries in the

‘rows 314, Similarly, if the N nodes are all root nodes that create source

packets, the rows 302 will have N columns in the table.

[0069] The table entries with reference codes 338, 340, 342, 344, 346
save information related to root nodes such as illustrated in FIG.6. On
the other hand, all the other table entries besides the entries of the
reference codes 338, 340, 342, 344, 346 save node specific information for
a specific N-tree such as iliustrated in FIG.7. The optimal stream path
information table 204 may be a static or dynamic table which can grow
bigger or shrink smaller to accommodate the growth of participating nodes
in the ALM N-tree session.
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the root nodes for a specific tree in the ALM session. A field 502 shows

the originating node of streams with reference to each rooted tree. A field

504 shows the discrete delay or latency between the root and each node.

A field 506 represents the child or pareqt elationships between 20two

different nodes and hence suggests the presence of these functions. This

is followed by a field 508 showing port number information for connection

df§ Hekt nobéCrformbitisnade sdetitifierdglieh a&riR Wderess foN gaeketroot node

forvandingo f his: field alselindigates that the naxt nadesexists. [PAF3HAtS mation

field, is eforea.| f et for ing {i.e.. 25 terminal hode

e D R AR B U e 230

5%1raaf%§8ﬁt%faﬁaﬁﬁr@hﬁ%ﬁv%%e%amﬁ§bac%)ﬂ%&%%ofhows the number

greatsgrandparentthiek generations! backpadhilth{enégeneratifin latei) in the

rejatiQnships <Even;though, only three levels are shown with the present

information, the present invention is by no means limited 30to this and, :

o EaR BT A FIF St o Mo B ABARE Mo Cacfip comine

d18kreprdsentsda fegarbeadiclth 00 P4 RIG BAlESE atey generid forprdisof N-tree

bandwigth-fairiowardingriables GO bt heth thesemerfavardingtalieine link
nd client forwareding t 3 in rver. entity

é?egﬁ?e%?ﬁ %%%Q%é%r%s% 35 %I\%elgirﬁt?&a%ﬁ%%%%n&glug]ei fﬁ}e%g ow?rfg unused

tﬂ%é%&%%& et BrgitafHy hotesdhtd Aadeds soghsdipe® N-tree

persnombe M5 anid lirie aalikd p ot r GOAY T Hé ongimdting rfode {sedréecoming

acclress) 806 atoras $ha dRq 1 {iaddresses offbeinedes 808, 630 612aNdi 10 s

glgé&%%source port number 654 stores the source port numbers 654 of

anon ihating nodes 646, 648, 650 and 652. The trie table pointer 604

440 the pbinterd les6:2648, 1§50r 5201 foY thelhastf TeVBl fofwarBftpfablber than
GR4. 500 abjdvuifiple:edriser af thecotiginating nades 606 caneacN &3St shows

with the nextlavel fppvarding table 624 he. pextlevel jopyarding table, .. - 4

contains the destination/forwarding node IP address 626 and destination

péFthutiBer firSimbto B56°1R (e Hd Tel IR HaING BRbiE 6 2% thergd cach
magdh multiplelP adtressess628; 686, 6B dinek 684ramd pdettnemsbeps bOtween
Ga%k%@ge@éataﬁbe@fM@@mﬂ;ymvg@gemoggitﬁ%lm@@%tﬂﬁeéf@@@imﬁmons.
ckets n tQ rwar rmare, both tables 602 and 624 .

S 30 Wt BbCiabiy Keg Sow g TP DEIRE Cegar mation for
SIRGESI 8P 280 Eifit shreden | THOB PR SHVATEIHG AP Uhtorifatfori deiress for
exchiangedbendaen th&hls Seivee brtity 210 and cienh entidy (2b6dayexists.
L[%'@@Btﬂe fopnarging tablepnessage (EThshoygyin KG9 Q8T M Qarding (i.e.
networ Pack%t forwarding in the N-tree at each %ode |56$one using the LPf. lds
AGHIPLE BTN Bt FAREPBHE pfdiBEoY (e. o BB BV T CRfipRgUYe fields
roling’ eRgird 2621t plémemBrgre seagehdfanetion foF eaclssietworkns back) -
packet inl M £agh20¢isrbentithiorallipgoringhackets264 indheld  (one
%%%IEC}%@P(QJ%X?&) relationships. Ewven though, only three levels are shown
with the present information, the present invention is by no means limited
to this and more levels can be defined for a broader range of usage.
Finally, a field 518 represents a reserved field.

[0074] FIG.8 illustrates generic formats of bandwidth-fair forwarding
tables 602 of both the server forwarding table 202 and client forwarding
table 236 used in the server entity 210 and client entity 256. The first
level in the table 602 includes the following three columns, that is, the
originating node/source address 606, source port number 654 and trie table

pointer 604. The originating node {source address) 606 stores the IP
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[0077] The forwarding table 602 is used in the client entity to perform a

search for the intended destination IP address 626 and so forth on a per
incoming packet basis, and then forwarded to the node designated for the

next in the N-tree. The routing engine 2%<6; also changes the source IP 25
address and port number of the network packet during the forwarding

phase before transmission packets 266 are forwarded. This function is
Gttt érﬁu%%ﬁ@&ﬁ?néﬁﬁatrééahéé%@éﬂs ebhstruched By {Re Rafbaumber
dgadrithene OMESHmursuab oinicasthdpplcafions] tié souroealPhaddsess aich, 648,

ROTH §9d“k?§“bef ¢h,2 nRWArkIRagkelaredot chapged. Thenackeltransfer 60,
F% éjw ed accorLdln to an overlay treLe without fair bandwidth allocation.

B the fEatQrdeot the ?’3 &Rinvention is that the source IP
a[@@r’b%‘ls ahﬁlémsimmrtp@r@éﬁéﬂcmgmb@m@@ﬁﬁa@%@m@@@@ asitg with
fedlows the hamgwimhvt@&rd}htre@améh to achigueeAkM FRG35[Q04AL Bfez9 table
Sho Sir?sFi-:Elm%sé:s%%x %gﬂ %\iNvl}Qr 1t19taln%fd8|x dﬁd;rerles tXB% flelg 7cpest1nanon
identifies between the request messa et pe and dthe'fesponse messa

tyﬁétm%%?ﬁemfﬁ)épéraﬂca%nér%%teslébﬁ%ent%h&d?dféﬁu HERREEE atF?ﬂie 624,
fdrevarding tabte:ntrle (BT E} dipdate ar2d@nda paftial tord/artingrtdbleeninymbers

(F4) ypdate fromthecserves £nfily The wersion. aﬁlgsz%@h&e;\@mm received
versjon of the ALM apd N- tr e alg ithm. The un %fle{ﬂ 705 ndicate
e e SRR TR Mos Tl LRI hove
GF Fnaniple fordarb iy 2abld éﬁtﬁbmx rﬁéﬂséﬁ@és@frﬁéemammﬁg@réml for
wit&pmfﬁesgm%ﬁeld 712. [0080] FIG. 10 shows a structure of forwarding

tgfé%?ﬁfry (’fg g@?&g&'g? Q!}th"’l%éxeﬁ%nme OJ' Q%H”ggl: ?p'&&l%@n the

ows t ress € node that sent the mess e lume

StEM B SR 504 1(9.saaée&ltﬁghowftﬁé(un?étﬁéymﬁéss g«?a&afdm table
geagvaged(Hhe sinusead:field 808. ant dheckederved fredd 810 {bne thatvisrding in
Rianneq te-bgwsed) shewethat thage ﬁ&@%tﬁef@"t%@r%@ ‘ﬁhﬁtt'mﬁnber and

stam fled804 Js us dto sh etlme T message was generated
[Hﬁélf]’%e t%oe%famp 4assures #i)mlytr?esﬁ fates nrf?e19 agofne 262

Jeginé@a@ﬁ%é@ueﬁ@tﬂéﬁhtﬁ@%@ﬁt@%@@ébnﬁg%faaré&f@@ﬂ%@NlﬂeéuMh@ cach
traianosh prgtdesl N1as iisoonin dipe-Bamp dielth the tipplstamprfilg §04 is

r{%‘#%‘?d 'T‘Ré!"?é(?&rd’}&hﬁér@e[bﬁ%oﬁto@r%oﬁ%Q‘%%Stﬂ%t &?yﬁtaeﬂ@”' SIEMR:form a

field, the time stamp field 804 is not necessaég his is fo%)we

StFsriing ol EsHiEAL ﬂsﬁa%awh ¢h? f&&ﬁtaﬁné BRI o a per
foraarding ralslecinformationdottedhclieny erdities frohethe Serdesigmigtied for the

E&Mafﬂ"fﬂgetalhlﬁt&@try imﬁ%maﬁeﬁlse@%ﬁﬂeﬂgmms&‘eﬁrcy@eir@guﬂytgéos@ume Ip
blned t%,?ethe%and f%rms t? ssage to bg s[e%t to eac clien
ent te‘{B

héh the server forwar ing table s Updated an BT Ftwarding

rﬁ%%%age?thﬁ“ééﬁtﬁiﬁ%‘ﬁ%nﬁ’@l%kpfﬁf%ﬁés@é@efﬁf‘ffﬂﬂ%fb 28 gpEfunction is
e ssades) ismmentdytamically by ALM fonwardingstatle disteifautds @ A8 40N -tree

tgl%mfllﬂﬁgped client entities.

[6678] In usual unicast applications, the source IP address and port
number of a network packet are not changed. The packet transfer is
performed according to an overlay iree without fair bandwidth aliocation.
However, one of the features of the present invention is that the source [P
address and destination port are changed by the forwarding node so as to
follow the bandwidth-fair N-tree path to achieve ALM_FRC.

[0079] FIG.92 shows a FT message format with a total of six fields. The
type field 702 identifies between the request message type and the

response message type. The content field 704 indicates content to
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[0083] The overall mechanism for achieving ALM FRC by performing fair
bandwidth sharing in the N-tree, will be explained using FIG. 11. [0084]

Initially, the metric provider 244 and group membership 246 of 30 the

client entity 256 periodically distribute Tﬁ”'c information (ST 902). Metric
information that is sent periodically is collected by both the metric collector

220 and the group membership 222 (ST 904). [0085] Next, when new

kst TSGR afrives! ther AR BRvAIRI g BB coRdtFuCtoPdlg or and a

gecesdefottveamitric detdbase 226N the pdetric f3oncallectarr220 andty. The

a6GEsSeSHBRIMAMPERIR dafabass 73D yia e grqup Membership 2220 rithm.
The new metrjc |nf rmation, is useﬂ?gl){ the ALM forwardin ht%ble

COMSITERS 5:’§]t8 BdatB 4P BiimaT S8 arh Bt 19 fisH tdpigee- The
2045 STEBDEY. fooss]aextats il M dorwardimdalsieveorsractab z18ntry (FTE)

exesuiessthe i\ht{qexa{ﬁegiilagb (STa908): 1T heeAleM: forarding table
ct xecutes th ree algarithm p r|od Ilya dt o
G AR A TE T message

fohardity fabfe BedisT é%) M@glmﬂagtrafé%ethfé’sﬁ%ﬁ@oﬁ&»»tré%wS the 1P
algorithamoéxecution and thisamill e explaireddndateriparagraphs: 40087v41d 804

[\'@%&‘sé@%&@ﬂ%ﬁgtﬂf thm@l@éeﬁis%%%%@%wﬁ&y ﬁ%tft%t@?Z '185%%{1&5%@9& field
rwardin r (0) e rver enti (0]
B S 3020 %0 hat
lpestesrehaadienrfontarding table 286 wishethd forivardldg&bles(FFyd to show
message reeaivesh (93a824%9@88kNaxt the forwarding table (FT)

Wﬁ I\Tﬁ%hagl?g g‘?%%@?&‘ﬂ"h@ %%ﬁﬁ‘?p?q}%ﬁn&lﬂq&g latest message is
0089]Metric Information Is updated message) perio ca ST

used in'the client entity to update the routing fable for the N-tree. If the
transport protocol has its own time-stamp f{ield, the time stamp field 804 is
not used. However, if the transport protocol does not have a time stamp
field, the time stamp field 804 is not necessary.

[0082] This is followed by a forwarding table content field 808, which
contains bandwidth-fair forwarding table information for all client entities
from the server entity. Forwarding table entry information selected from
the server entity 210 is combined together and forms the FT message to be
sent to each client entity 256. When the server forwarding table 202 is
updated, an FT message, which contains a single FTE message or multiple
FTE messages, is sent dynamically by ALM forwarding table distributor
278 to the influenced client entities.

[0083] The overall mechanism for achieving ALM_FRC by performing
fair bandwidth sharing in the N-iree, will be explained using FIG.11.
[0084] [Initially, the metric provider 244 and group membership 246 of
the client entity 256 periodically distribute metric information (8T 902).
Metric information that is sent periodically is collected by both the metric
collector 220 and the group membership 222 (ST 904).

[0085] Next, when new metric information arrives, the ALM forwarding
table constructor 218 accesses the metric database 226 via the metric
collector 220 and accesses the membership database 230 via the group
membership 222. The new metric information is used by the ALM

forwarding table constructor 218 to update the optimal stream path
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1014). That is to say, metric information continues being updated between

the metric provider 1012 of the client entity 1008 and the metric collector

1006 of the server entity 1002. [0090] The ALM forwarding table

distributor 1004 of the server entity 20.1002 forwards a forwarding table

(FT) message including the forwarding table content, to the ALM

forwarding table receiver 1010 of the client entity 1008 (ST 1016).

AErraciEY, theia2Odivardify table receiver 1010 is able to issue an
ypdatel reguest fordhe Elidntitorwarding tabtd 236 usimgdhe farivarding utes the

tRble T m ?ﬁ%@ﬂe@T J048)- Ingespanse 19 hig 23 reanast IBe AMior 218
forwardlngﬂ'gC distrib orl 04 forwa ds forw. (FT

r e
SSRGS UG e orHaraBSHBIE EBREAL o nfeg%gw&w%m% optimal
teibkareceiibr TOLONSTIA020)0 (00917 Nexd, thevnethothofrNimeetable 202 (ST

3lgoyithny ERGCULOM if: ST H0Bsheyyr inFIG ikl wilbbei dascilediiiidand this
Exlcil ;?? I@h{%&ghtnlggg{ for Mi%r%sg%%% algorithm invocation is provided
0

rwarding tabi ructor 218 (ST 1102). Next, access
f&%%bec‘fﬁeweﬂ?ﬁ rféimgf?é e BtaIRd 6 76 Hon &by Hd ABMable 202 is
formifding tddleAcbhétriuctor 21is STk BLO4) sNekty tacceds fof theoptimet entity

stiean,path infermationfable 204 is dgne pyithe ALM @mrdmmpé% table

construct 18 (ST 1106) Afte ards he ALM. FRC ass

R S oo A R Eb o Ereap e Tty TR o %%mf?ya%fdmg
teatlke c@i%irm@?%f%é&t@ fiiels@hver forwardlng table 202 with the
r{QB}ﬂﬂl}g mearipuladeth 2k raeiics(8T 1£10) nlRA92) J he feriodiCsequence will

marding taple informatipn reception and packet forwarding method by
tﬁ Vﬁ%ent en%ty th% escrlbed using FIG.14. The ALM forwarding table

RS htor M8 ertadiany ahsitd BN Sdelbbldd EEHtOr herdeslly (ST
fodwépdingabie 202tto aspeaifictalientnfiarforvardingotablen@sT)being updated
@&%@&?%K@WQ@ plTBelébMif@fW%@'ﬂget%@l%ﬁ?%m@%@§ the LhgRtmetric
en % Yvdl rec %/e these forwardlgg) le (FT) messages and update

& dien orwaraln tabFe poicis (@Ti . [0093] Next, the steps of N-tree
éf@fb‘%ﬁ&m @iaécaﬂewaﬁvaglmé “Wwhigr 40 5phadgr dd}i%,v\fmtbé server entity

. exylaifechindatail Gsing:FIG ¢l 5bhe WiDlerpeesess canlbaisimphe forwarding

%Bf@SéSHt@ﬁtSp{Saﬂl'égmr fom 6260 Squice nade (& rPé’E FOURIML client

the N-tree to ail naodes. in the ALM sessjon until all source nodes are

EFhHEctéd toealcr Birer ana fSTRateds. REr ek pe VeIeA R fPRT tiseiver

ARMsesgior [&). 1sdufrons thediitiaklistt 46 Emcobledlient forwarding table 236
using the forwarding table {FT) message (ST 1018). In response to this

request, the ALM forwarding table distributor 1004 forwards a forwarding
tabie (FT) message including the forwarding table content, to the ALM
forwarding table receiver 1010 (ST 1020).

[0091] Next, the method of N-tree algorithm execution in ST 908 shown
in FIG. 11 will be described using FIG.13. The initial trigger for N-tree
algorithm invocation is provided from the ALM forwarding table
constructor 218 (ST 1102). Next, access for a specific rule in heuristic
rule database 206 is done by the ALM forwarding table constructor 218
(ST 1104). Next, access for the optimal stream path information table
204 is done by the ALM forwarding table constructor 218 (ST 1106).
Afterwards, the ALM_FRC assurance by the N-tree algorithm is applied to
metrics (ST 1108). Then, the ALM forwarding table constructor 218
updates the server forwarding table 202 with the resulting, manipulated
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15 with a specific color (to specify the transmission source node uniquely),

and all links belonging to the tree with the root node "j" have color j.

Initially, each node j contains a color set S[j] = Li} showing stream

connection or reachable status. When g stream k "flows" and reaches a

node j, the node j will add the color k to its color set S: S[j] = Sp] + [k}. 20
[0094] Initially, for each color k, DONE {a, (k=False),..,n} is set to "False."
WREASE stdakt kikaches all other nodes in the ALM session (the tree
ranted lat Kisecompiatiad)f @cickdmthe DONRfistsachothateDONen and packet

E&%#EFJH‘FQBHM% &?ESP Eﬁ{b:ec Qg iilehﬁﬁﬁctﬂﬁ@ iﬂemai%”sl;@%ﬂa d'teraéitM@iv,m. 14,
o.the tr using,those s, until. - are all 25complete suc

b a vive Sk Cattel e g G o il R
AEMdordvardibentapletborsrryetof PTBAHEMEIERLAN Metnberk /P feeii-tpbient via
sessiandiased pn:-metric eollacior 22G infopnation ahd grdud nienbership table
222 infarmatio ke the "initial list" i i b 6 ¥
N R R
BRI T8 he PATRBIASE HCAIS (PR 16 508 “iderod 19 1h-
theotist JdatabasetB60: gsed ol rules framrihbrheunistic rofe ditabase 2e6, water
f%xaéw@dgé1#&9]6#13&“@4&5&% albN-Areg nadesi ($5:4304) G&he rulerfiemwhole
the heuristic rule datapase 206 is,df%r exa_gl%e desc gnrdy% lgrgg&g)fs'@%ce qode
AhPbErS %Wet?lﬁasih% nused Upload siots. g‘[%(%%ﬁ [n accordance with
thiee'weret Spréad"ipoliey éxaqsieldnBir 1a8as tiHe MavwidrNaring tapientil 2l
CONslEUCia21 & selests Bodes withatite Mighe ahdufuber I stots left Rbatestdimple,
have. color ki S ' E .21 {a, (k=Ealse),.«1}; 1 odgs ad
Wi _c%e I?a!gf({:i%d _{%Qq%ﬁee g&%@’;’gﬁs%%}'m% ‘r'fcgg e@v?v?tﬁﬁ f?lgéne% #i;}agjgtsr%uqn?bg ? = f
OV S1Bté 16RH8 SRR MRS LI BRSSP PR Far e O Diauely).

upldadlticirritoabledtot geugiitemidntsirisesatédteth dtevatively 500G 7 mextc olor .
“f‘ﬁ(ijﬁ‘&l\%'fioré’ﬁ%m"ﬂg(@?be %@Eﬁ%{y@oﬁ 2&-§i§9|6rt,]@§ a&node fl’{lJﬂil thEowing stream
"ordered list," starting from the first n that has_not estallis inks to.

AP RBTSUST 2 A NP Se. a{%%ﬂsf?ﬁ% S Al R hches
Headistic Huterdatataxd add Nt tHE AL M rivepiigtdbie cdibfuctdl + 1K)
218 adds tha nede, (fosexamriple,dhe noddwiththé 2 10 highelstenumiber iof set to

unused _‘.$|Ot§i;{§£ Ja?’g@e dineiahoyesten.is reneatgdforall nogdes meetingssion
the rule in ST 1306 un&l}all nodes are (grder%? ST 13%8).}{)08 Nﬁ)sq the

ALRE t8FGRrtRRgnte donsutiRBPATE Shictds ah fdéréd riode from  Such that
"EeMiaséd Orddrad listofbr forasation 6feenodepritink (sTagded) in one loop,
Apathgr ppdedtomdherdpitial fist'sthat satisties thesspeetiic tile fromdbe are all
heuristic rule database 206 L mini etwee )= .
e e B R T a ReCEs ) True.
(E102312) .F[Gegg]tw‘exﬁ%ﬁé AP ARFRPISLRCOS S ISor 218 é‘é?éléfﬁws all
anpaitieir 2Qmoidesromehe Sritsbasedipair listtandsrder therd Yagadoamation
3,5ike F&%F‘lﬁé‘?ﬁ’ﬂ%EE'ﬁ*iB%@tﬁ?fbl%%ﬁ%@tf@l?,aé_ﬁc?@@ta(?tﬁf1&4}]iTm list” in a list
Specific ru e [ exa e, I matcnes S on the lin

el s oGl crale g U BRI S OO IS 1
urlsetsupload wibes. Sedantisheof iAkYE! thsTormatiod GEN-tisesispber to an
pesteirped 2RiTQugththese steps(SE 1306 ta & 181 4)[6400bin the heuristic
%ﬁﬁ%%%?%@a‘é’ét%%e Wwater sprgad’ exaplg inthess-steps ST 13640 des (ST

, the A” LIVl forwarding table constructaor 218 cho

abiRPibte thRReTthroligiviith Watsrikh Spreatr( .aBStfgggfa%Esﬁ?ﬁgexample’
|agicat TonmEClicRs bEtesnnties) cAnwdepiat wnner(ynl q2) Bas.

[0096] In accordance with the “water spread” policy example, in ST
1304, the ALM forwarding table constructor 218 selects nodes with the
highest number of slots left that still have color k in the set s with DONE
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30 tunnel where some streams have already flown to the start point p1 but

have not reached p2. Bigger tunnels or slots of higher numbers are

preferable. [0101]For all links (p, q) that have p member of "ordered list" in

the previous step, all links (i, j) which sabt'hsfy the latency requirement and

the 35 cardinality of sets S[i] and S[j] #' cp are selected. Next, the ALM

forwarding table constructor 218 adds these to the "rule-based ordered

lise: (S=1308)) In. the following stepe thevAll Vbforadidihg tabfes 220rdered list™.

constructer 248 selactsdhe highesisieisifiem deskele-baged ardesedistng the
dds. t -rule- ir list™.in the list database, 260 (ST .

B R e T T A T B ens.

"FatéHaded A it Xwhich satisfies an additional rule from the heuristic

rided glatabale: 206n (e .4l Srhdltest atengy hétiweeorthiepaivy (3T81346)cts a node

%tf}@ﬁ%i@@@/@%&dimg;tﬁﬁbjl%g;gﬁ;@t{'cg%31181%9@%@_';hgglg thfﬁ&t has not
conn Nnoges 1ro e, 1INt ISU. optn ecItic ryies rrom the . ..,
ROREIS Tl DO AbA DR T LB RE ARG ISe Ay ERBIGg- T i
thiel pullr eiat ' pllraiityséfnsddepairsadsanlishing csréctids fromMénecrwarding
nade:indhes+teertozalb thedatheshnodest in e iniiad figt avithiput violatiRgith the
t [ eney, rule, ar lec Thig proc IS.[, t orileﬁe
e I%EQkinZ{Eﬁ St lepeated

e R e S F61@, M i) Ta® 1 d AR iish té ik asesfuerdered (ST

Setd@ ) True" (i.e. state of complete connection of links in the tree) for all
rge@@%}(sT 14320). {R403|Y\ih refeseneedo thesiwalerspreads example.iBcts an
this step. f here ate many adeduste nnels (o chpose.from, the ALM, 0. eir
forwarding table constructor selects any_sﬁortes{ tunnet, _ﬂat IS to say, *
inthid 38p; 2010 At RRKSOES) )i A ufdbasdd! pir iBet gediafins the specific
fonarding takleheonsitucton 218 ohoasesithe liske(r,w)nvithithel sraalesbetween

!WCX&?&%%&[}O%F’@@@Q{@VQ; V‘gﬂhr?&féecﬁﬁ?ralkgr&%s i&ﬁﬁebe added to a
rule-based pair list. [0104g] 1],ﬁ;{ater choosing the tunnel (r, v), in case there

Y tHave reached the starting point r and that

ard Hiahi s potBalal Stredm
iayPire ddetotthidr 2 5eh&ip bimtws rifier ALt forwemdingdabie é8nstiactora pair of
E&&@@I@%at%eamémﬁwhgwIamiapct?a@hﬁcmﬁt@m@ﬁfgwei&sg'QLgC@peciﬁc
t int v. If the node.v has,not.r ive.} 5 e node r, the
T D R 1) I e e e R rule

GthErRfsel ForasaRlsdhrEdbe RANKIRG Fdes trsfser SitFakialsjpiqrmation

thestatertey with the highest number in the ordered list of unused upload
slots. Selection of link for the formation of N-trees is thus performed
through these steps (ST 1306 to ST 1314).

[0100] In accordance with the “water spread” example, in these steps
(ST 1306 to ST 1314), the ALM forwarding table constructor 218 chooses
an adequate tunnel through which water can spread (i.e. path establishing
logical connections between nodes). An adequate tunnel (pl, p2) is a
tunne!l where some streams have already flown to the start point pl! but
have not reached p2. Bigger tunnels or slots of higher numbers are
preferable.

[0101] For all links (p, q) that have p member of “ordered list” in the
previous step, all links (i, j)} which satisfy the latency reguirement and the
cardinality of sets S5[i] and 5[j] # ¢ are selected. Next, the ALM
forwarding table constructor 218 adds these to the “rule-based ordered
list” (8T 1366). In the following step, the ALM forwarding table
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30(k, v) is equal to or less than the maximum latency, the AL,M forwarding
table constructor 218 adds a link (r, v) to the tree rooted at k. f no link (r,
V) is available for selection (e.g. due to latency violation), the ALM
forwarding table constructor 218 tries t% hoose other links with the
next-largest capacity left. 35[0105] The"ALM forwarding table constructor

218 repeats this process until the construction of N-trees is complete for
diPfcHES iR fielprised o fferbeslistt(STI18R2Ih €6 nuptete petrand ared list”

daefmeﬁ@ ale 23 Nodes in-ane Ndteee aserconneciedte athernadesdn Neo (ST
tiegs,for N sources such that content from any one node in one tree can
reach all other nodes in other N-trees. This can be achieved either by

fliffifidg all oisfried fies rdth ther HEGALES rifPiatdsasdrsetosr fil fﬁlm@@m the
theuparitial edlgs Bfrbnt the hebiristic yfilesdatabddét 206: | [01 06 Finally,e heuristic

NireeQplipization 4s @U'egxﬁb!li%ts*l%ﬁé@ Fﬁ%w&é%ﬂ}ﬂé%l?’)sﬁﬁ 1316).
11330 F rst klltj((/feillnks are Moyec ST 13 4 ThIS zg\lpitrles to moy

links ween pair n%‘g%rtdi%%nn% 76 th R BF the N-Hra8 ad" % ha
iFOSFARIE ahe RPIRINEY A HIS. iBAﬂHﬂtHéSN t#@é@é@@tméhw@:@@af@eﬂes from
the:linksrése mayiedd N4baes need pibeyegpnstnicied, HougmiNg may employ

fallowing SIgPS §t%rltmg;1fft%rm0§-rn%ﬁ%2é§ -F 1%%@?3 féﬂ%g%gw’%%é‘& o0 ?I‘om one

N-trees fail due to the move of links, t nks are reor

AREStaD dffedhtdiify &7 ks i fesdhtad ﬁﬁﬂFﬂwé*&oF&%m&}a%fmre@gﬂwm
igicdaiplete 8T 1330mMUB[0167The updatedeinformationdasetiidn Noteeess  is

algggama wgkbﬁrgﬂ%%%%.ﬂy tdasr?p{tseatl‘%an;%aﬂhg@tahﬂa@rm@?'%atmﬁe@@ﬂa
an server orwardal a rputl etween client entitues
ﬂ.)p I{Pexrtn'%g l{iFse??S %mlz? P uﬁg B ‘Sl { the link

tree o fioh tetimlguesink moving a
Iﬁ’fﬁ%?o‘@tlﬁ@‘ 4fe NLAtEALd- FSF@t?LGSBfaCrfGTH?@ﬁFGBQMR@Ef@nonn&ﬁks in the
20pardgraghs: §dte}First3psing FIG.16A, the link reordering step in the

,'I'otf%‘i f'gwttﬁwﬂé%gsswb@@ i detall using.RIC JOAASSNOWIIL ((.p if
on receiving a trigger for performing N-tree reordéring (S %
T, AT RORE R AS s RS 218 S1ROAea TRBmBEE oV SgFine table

25 setenpiqath! hfeehsatiomtabkh20%: (S Tudod). If Thertelis tlinkywith ahis step,

yousad t;a;rk@vﬁﬂth)bgtwen“woenpg@@dirpﬂée mtﬂmadtfé;lﬁ@rmp%fﬂﬁ%?‘kﬁno table
e A M,,f ing.tahle tructor 21 ves the link such that
%%%é@ﬁéiﬁtre w?eg\rlvn%lnt a%é ban ng h'for lghe r?[ehw ke af(le sﬁl va ﬁ&l With between

RRAGHBIHET fdte'(s T1HDB SRFH relatidlsRks, tRahie, tH prevadchnd list.”

[0104] After choosing the tunnel (r, v), in case there are many potential
streams that have reached the starting point r and that may spread to the
end point v, the ALM forwarding table constructor 218 selects a stream
that will give an acceptable distance from its source k to point v. If the
node v has not received the stream rooted at node r, the ALM forwarding
table constructor 218 adds the link{r, v) to the node r tree. Otherwise,
for one random color k linking nodes from set S[r] and S{v], if the latency
(k, v) is equal to or less than the maximum latency, the ALM forwarding
table constructor 218 adds a link (r, v) to the tree rooted at k. If no link
(r, v) is available for selection (e.g. due to latency violation), the ALM
forwarding table constructor 218 tries to choose other links with the
next-iargest capacity left.

[01065] The ALM forwarding table constructor 218 repeats this process
until the construction of N-trees is complete for all nodes in the
“rule-based ordered list” (ST 1322). Complete N-trees are defined as all
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30 relationship, grandparent-child relationship and other relationships

shown in the optimal stream path information table 204, may apply to the
relationship between two nodes. This makes it possible to reorder N-tree

links for all nodes in the optimal stream %ath information table 204 (ST

1408). 35[0110] Next, the link move step in the N-tree algorithm will be
described in detail using F1G.16B. First, upon receiving a trigger for
medi?rﬁgiﬁhr@a@gﬁf—mfoat,rméomw:f@@vmmgqameméﬁr%t@mi&c@él&@ources

ammb@f Zéhnfeam thenoplimapatia sream pathdnformatientablg Lo4ifor nodes
'ka SRvingPHIngse (§; 4 ﬁjé reiL LIhere; %(%E}"’%c?ﬁé“%e 'E% | %'H ali. defined

%rdless of the parent-chi parent-c eat nship

atlons p,
StHEP FelAlionShipEH&iEEn At o2 hots fihE dptithal Biamh rules
gatm Shiafbrmatiorr table 204, tthe: AIOM.forwarding table constructor 218

q@rr'epfresma Et ngﬂft@@do%}@rﬁ%ngdmk égp{}]éhf&ﬁb%gem\%ﬁtﬁwmns (ST
n I:id ewwee s ontne lin es
Di %h Tod e“rﬁqdr mtrereme eaf{odglso‘fﬁa A%Cl{grpogev@rdmghls step

ore
tebts é@ngtm&o?hmsméﬁlé?@éwwmﬁrﬁemﬁ@wm fhénierdinksoakeiy of the

l‘@f‘r@é@ aashartes Natree (Sl 1414)aThig allewsid-tree heightt the N-trees are
minimization, fgr %ﬂé’%ﬁﬁéné&e opimal stream.p ”}ﬂé‘JS"E@“B“ D 1@Ple 204 cteq

gST 12416). [0111] It is possible that, in exceptional cases, both the movin

F}lﬂ%%n%‘?eé?& ‘ﬁb“@f ﬁﬁ%ﬂrafﬂt?arwﬁnrﬁﬁfgﬁoﬁ#adm feshelt tPail 1t the
canditdtes bbnodés MuringsthiaN-ttee consthectionywitd slich | sdendiivks are

1edVtseecomputatian. Wilmsinﬁ@pn&%t@@%é\h&ﬁ%e@mﬂmMle Qs until
a

gmg!)etlg n. I—%?(\)/\ﬁev%rNN 1:[éeﬂesz isslnglgmtl n ref that in 99% of given
cases the Ntree a orlthm IS succe |n computi g the tree by utilizing

¥ el moi}m‘g, 1A %&ﬁdemﬁigm%ﬁmuéaéﬁé hedrididitte gbgapider will be
indGiraatidnirAbgence ahluik moadnrg, inkreortlefing 20 tedhiniques antl server

heprists e database ilogmatian 08 Ihe.ether hand leads oA suGeqss o)

rate of 95% for N-tree_building for given, cases. The N-tree computation

HHOR s thidn B &ﬁ%‘“er%éﬁﬂhﬁa‘é?ébﬁé?h&iﬁﬁﬁﬁer SpEceatiEs Bpd link
twelvs ingdesif0 112 Thetiitrée hElght mininizatidiiAinkémonimg dan Bellowing
¢asetibgsh 25 based on the given "water spread” example as follows; In a

teq-at ny nodej | to nod rom the parent node.of node
@glsc nnec{e él{ﬁ% ﬂ%cﬁ%en?lofim%nk?ror%%ofe[%tc}) noaqu ﬁ tree

éé%%rh%%ivlofﬁtgth@la%ﬁwléFﬁfeéﬁ el casens JEGHE Parentst ﬁé‘(ﬂ’é"’ n in
K tan be defined ascrodienp thatrtaredirdatypreplace: the Bxistagmpatentrofis (ST

aqmetﬁemwﬁf%@a}a% C%{L@eha\{% Né&e&OQ%HM@E¥§ﬁt%he optimal
A R e
e pairriddbd) froivcthéWruobased dider bisth ainsi sedectingitHe ble 204,
link "L'Tfroridire ardierpased-ordardistc 10:this gagey Je¢ dStB $6¢RRsuch that the
L e
Qéfﬁb‘éaﬁaéﬂé?s from b&06).  Any relatlonslnp, that is, the parent-child
relationship, grandparent-child relationship and other relationships shown
in the optimal stream path information table 204, may apply to the
relationship between two nodes. This makes it possible to reorder N-tree
links for all nodes in the optimal stream path information tabie 204 (ST
1408).

[0110] Next, the link move step in the N-tree algorithm will be described
in detail using FIG.16B. First, upon receiving a trigger for moving links
(8T 1410), the ALM forwarding table constructor 218 selects a member
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any other nodes (ST 1502).Next, the client node searches its client

forwarding table 236 based two tuples (i.e. combination of IP address and

port) or three tuples (combination of IP address port or flag indicating the

ALM packet), such as described earlier (ST 1504). The flag or category 5

indicating the ALM packet may be the ‘|20 (Type of Service) field in IPv4

or the DSCP (Differentiated Services Code Point) field or flow label of

|Biggn othg cortiirativhbofthesa. Patthénforaatiefldgldecafsydry link moving

i@ﬂiﬁﬁﬁm @TALM pﬂcketfnamrbeaaesw@;hsﬁig&@ﬁe tr@egéé@P }@M%@Qg@@lﬂ-ess of
1 n SO P, address and port

#‘&}E é i ?%?%%2&&%%%% S e TSR Yha ot

PES0E) IHHE Wilf AsdOrd HAal- e ednitrudted Patisiolieea path
bytédlm@tmk packetsiédding:to bahdividibrfarndiss betytden nodesuctor 218

%Bﬁl%x@@ @J@@i&@@&i@%@“@ﬁé%@@ﬁm%?%@} esRecive e e e ment
15d({3 h |on no T 1508). gllﬁ%Asnp ific exa h f the N-tree

aalgori SHHE B re}éenettfﬁvg tioh will be 83%&@8&%3 ﬂﬂfFG BB g same.
ifugtiages e ,apfbné@féna@ﬁ eacH steptofs Nigepwlgaritim ddoptifgtharding
safie nelwork conditions:as do &s1Ght anehibe teskltngmetwarklinks.nkheo as to
tfees baskd, 20 an &@gwqu%”e fmeglg”a\(wu?se%mé%r iRRUT %nmémmlmlzam

network links, with respect to the tency and bandwid

S5 AHDRO HSmiHE FrdR i aﬁs%rﬁarﬁﬁgwﬁﬁlﬂﬁé%mﬁ&%w 1416).
diblidéd to the migrhiantbat. iFhexyanpdividti speed detfslothis, dorving of links

@@n@@)raé\ﬂi@@ %N@Hﬁzé’ Mbpsiat 2dhRsi 42 Qﬁl%ﬁh%vhﬂpf&%k%@é'@% all
in thi ase ar sl 5%4 d%%crﬁl%!egr abogel;l {B this meags, as shf)wn in
,ﬁ%g“fg? aepa his seelec ed it rom 160 i%tﬁi%ﬁ the cons lcﬁo%enarm
é%&?ﬁ%ﬂé%ﬁék%&kh@ng@mm@oﬁgé A-{eanetiewie Baayvill fail for
reqmpéanem and city edlelilion - resursntbeaprogess g forsnaintatagitnes 0% of

Q@ﬂngﬂ'gght%% @&%9%13’9@&&1@]'& t@ﬁc%%%%ﬁ%fl 1P 3) rHJﬂ%é\' U&C¢ree by

rlt m of the present mventlon is executed, one-to-N utlng trees
f8 (ﬁi

7B8ediin tHIS BV iNEa) apk ea%ﬁ%%lfe%té%cgmnswgnfoffgnr(i ic rule
First ba pathi 1bopnEtis selectedbttanagh whichi peckets drestrarismiittedtordering

disertlyfiemn My @rf:mes@ir@atgét ay@gl@@@ mnqamgstb&g Mh\lt@f alﬂ%f%tmz leads
lay with MY |st e S idth, and a path (loop
ggle%teu(f %ﬁrsc?ulé w Flceﬁgc e sgél\r/{e ransm%tm recﬁy tons%f%v ere rl%g N-tree

FOEPWARRIRTY fdHife Sbcisitd I6R3R (FIHIBA ) UPKfVePerimd personal computer

specification for twelve nodes.

[0112} The N-tree height minimization/link moving can be described
based on the given “water spread” example as follows; In a tree rooted at
any node j, the link to node k from the parent node of node k is
disconnected and the replacement of the link from node k to node p does
not violate the latency of tree j. In this case, a second parent of node k
can be defined as node p that can directly replace the existing patent of
node k.  Therefore, a node could have N-1 secondary parent sets
(corresponding to N-1 trees rooted at other nodes). This is achieved by
changing {a, k=true, n} (of parent} to {a, k=false,,n} to remove the link
“k” (between pair nodes) from the “rule-based order List” and selecting
the link “k’” from the “rule-based order list.” 1In this case, k’ is a second
parent and therefore selected.

[01131 The packet forwarding method by the client node will be

described using FIG.17. First, a client node receives source packets from
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26 delay D = 300 ms between MY and JP exceeds the maximum latency

250 ms, and therefore it is not possible to select a path through which MY

can transmit packets directly to JP. As a result, the remaining bandwidth is

20 Mbps for MY, 12 Mbps for SG, 16 s for JP and 6 Mbps for VN. 5

[0120] (2) Next, a path (loop 3) is selected through which packets are

transmitted directly from SG having the second largest remaining

FEHOVIREL tBaARswhre th%oaélay%bﬁﬁts@a@ tRE f@dsnma 4apPes its client

b‘.‘aamdwndﬁlm%ambaepmm (loop d)tis seladted throughmdich: packetsareddress and
mitted diceqily i {%’a"é&ﬂ?ﬁ%‘ﬁ@ d%@Yﬁ”HHd?& Beseeond 1688t Aing the

|
OthIS time, the remaining bandwidth is |g%er for so that, next, a loop

(165557 Kalectitf thiough \WHiBRhAAKERS %Mﬁ%med’%%feéﬁ@%rraﬁfﬁe“m
160V N ey élthe’deldypwith<JPrig thecehst Td 4 MipgsdfaBdwidth) field in IPv4
(EJQH@@S@?O(Iﬁ%&éﬁﬁﬁ%ﬁamgi%ﬂdwm @&%N@&MM‘M@ label of
gfor SG 16 I\%b S for JP ?nﬂﬁ Mbps{j \éN 15[01291_1 (3 Nex
ﬁ oop iS Selec eJ?hrough Which pac‘l%e a4re frdnsmitte cﬁrecﬂ
ff@ﬁ#%lﬁgvmg the Mo gt rdrgaar rdrpainires A awidthoo S Ghip Mi?/ltrp@fioad
aeidividth (FIG.18C). As a result, the remaining bandwidth is 20 Mbps for

Y 114 Mbas for G, & MOps,forJF. aad L Mbps for YN . 20501221 (4) and port

cted through which packets éﬁe transmitted

ext a pa S seje
%rﬁffr%m %ﬁsfﬁagﬂmaﬁtﬁk%e%ﬁﬁﬁ%@g%mﬁﬁa BARAGRRAD RAVEfrumber
A&TMbﬁéﬁbandT/htﬁW\(ﬁl@&B@ A N rasults the vemidding Bandwidthis 20y all

M@ascfgt anl&wb%tﬁhgaﬁMh@&i@&@&@@ﬂe@NB@&J@&NNIO%%MZ%]}nany,

category

path 8) is selegted throu hWhIC ckets are tr nsml
roren o VI:l hich Q(heast Y)V%réﬁateé%remalnlﬁ.gfg(bcfal‘[%dCWl dth. to SR tfth aext
@Rﬁlﬁﬁ?ﬁéﬁo@\ﬂéﬂw@%l 88): As a result, the remaining bandW|dth s 20

Nibpssfor MY, dpbtipscfoe &Gy @ Mos fhreJ Nand: 6 Mb@sri@hMNoBOE@]:ZZﬂresent
ata age s enbeec T nlal o iy

e T e D Ol 1o hetovork
wmimmhﬁsazormtﬁd&ér mY, O RbpsuidiBGn 8tMbps forP anthé Misgs based
for VM. BSHOLE (T Next, aypatiy gop:20)Hs ﬁﬁlesmﬁfarp%ghwm&@hzmks with
Q%g @E% atﬁ? t{ﬁgs (“{(1?1%9”?%1%5 ‘]En@ ﬁ)}&n'\évﬁ Id h’t%?{)ts from the

urt ermore a path (loop 1 is s€lected throug ICF] packets are

FAFSHIHEY tront ORRYYSES 27 Wid b iR 4 14 WMo pe BariRibte héca tPéfsmemmum
theaemé@ining dsahdiditith sp<20 Mbp's for MY, 0 Mbpsrigri SGE 4AMtps forMbps,
R and2 Mlmgljg)r VN. [0126] Now, given that the remaining bandwidth of

EOSSI ?e o gs %%}peti%erp Igénglb%qgvglggg %E‘t\ell}lulfeg IYIngZL Itdlgsg?%bed above.
By this means, as shown in FIG.18, a path is selected in order from loop 1.
[0117] [If the construction of one path fails, back-tracking is performed
so as to meet the delay reguirement, and, in addition, resume the
processing for maintaining the fair bandwidth for all nodes.

{0118] In the case of FIG.18, if the N-tree algorithm of the present
invention i1s executed, one-to-N distributing trees for N nodes (in this case,
N=4) are each calculated as follows:

[0119] (1) First, a path (loop 1) is selected through which packets are
transmitted directly from MY of the greatest available bandwidth to VN
where the delay with MY is the least, in a 8§ Mbps bandwidth, and a path
(loop 2) is selected through which packets are transmitted directly to SG
where the delay with MY is the second least (FIG.18A). However, the
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5go from VN to MY through a 4 Mbps bandwidth. [0127] The N-tree
algorithm of the present invention therefore moves onto the process of
backtracking to recheck the routes. To be more specific, MY is selected, a
link (SG-VN) is removed, and, instead, g o links, that is, the paths of
(SG-MY) and (MY-VN) in the SG tree are 10selected (loop 12)

(F1G.181-1).As a result, the remai bandwidth is 16 Mbps for MY, 4
MBS f6F SG ) WS t6P 5P aAd % mgpé RoP \AGSfrL OBTEY BiHHER AR SRRy 250

possild thseiécta ipath thropghsttiichpaekets aapabe tiansylitechicdn™M Y can
YM&MY yia gErand2Gin a4 Mbpsdandwidin, (I9ep 13} (FlG, %QA&%’e"ldth is

a result, the remainjng bandwidth is 1516 Mbgs for MY, Q M or SG, 4

AL 6 19 a2 MbPLRH V. 151261 BY TS 1ibARc Kb At (5 ¥
NS T-bhasdd mbithdd ef p@t:istﬂhenmg%bmceelbats@ditrfé}égwid applyfingdiksts are

towaeds the sharest; delaypathsthe Natfaﬁralgﬁe'th@wéme naesgls}z remaining

inventio akes ible t constr cth rce trees etlme
Ba Ba o%a é ltéangwmt‘f‘{s}lln afgﬁ mélrt:lngr per Ogt(gaam 8]a For 4 Mbps

&%ﬁﬂlh‘“ﬁﬂh@u‘é hawith the(toRbefitioHal Tightd sﬁ%wwﬁ Fvénzw pakets are
secuten ombyd al2r Mibps deanBlwidtrewitl thel N-treglcdStisctiensmethdodofst. At

%@E?&%”tﬂﬂyei@ﬁ&ﬁm&v%@;@ﬁdéﬁ it &@2@5 ssibie tosecyrenadd MRS o 1o0p
gndm th for gtg aéls Sf?n node %MY SG# ﬂ% ¢ ip
Capedondticen frté RSB B RERT B hiF DERUG A HRat S from
ahoWed deley reduiretrday. [048H] ﬂ?lel@I|§é!©su?é§fof19a|@aﬁes}éﬂpmer’¢tﬁﬂdmdth
applicatien Noa2008029¢ 7dh dilechF-ehrdary 8: 2008t iand Japengse for MY, 12

Eent g(pipg%atg)g M% %Opor ?6%7&’64\%%1% ]?gmﬁr 1, 2008, including the

Specl IC&tIOﬂS rawin S and stracts, ‘are mcorporated herein b

retéredce (A N8R ntiteRf hdlRPaPApISTEAbAR 1509 Tk &Egﬁhtpackets are
inentontisisuitakletfor uSe with]RV benferencéapplicatidnsiatpre a remaining

FRaH Qreup of PaHicipaniseXa0e AN RYEAMN @1G.18C).  As a result, the
remaining bandwidth is 20 Mbps for MY, 12 Mbps for SG, § Mbps for JP
and 6 Mbps for VN.

[01221 (4) Next, a path (loop 7) is selected through which packets are
transmitted directly from SP having the second largest remaining
bandwidth to MY in a 4 Mbps bandwidth (FIG.18C). As a result, the
remaining bandwidth is 20 Mbps for MY, 8 Mbps for SG, 8 Mbps for JP
and & Mbps for VN,

[0123] (5) Next, a path (loop 8) is selected through which packets are
transmitted from MY, which has the greatest remaining bandwidth, to IP,
via SG, in 2 4 Mbps bandwidth (FIG.18E). As a result, the remaining
bandwidth is 20 Mbps for MY, 4 Mbps for SG, 8 Mbps for JP and 6 Mbps
for VN.

[0124] (6) Next, a path (loop 9) is selected, through which packets are
transmitted from JP, which has the second remaining bandwidth, to MY,
via 8G, in a 4 Mbps bandwidth (FIG.18F). As a result, the remaining
bandwidth is 20 Mbps for MY, 0 Mbps for 5G, 8§ Mbps for JP and 6 Mbps
for VN.

[0125] (7) Next, a path (loop 10) is selected through which packets are
transmitted directly to JP in a 4 Mbps bandwidth, and furthermore a path
(floop 11) is selected through which packets are transmitted from VN to 8G
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35content with high degree of interactivity and good AV quality in sessions
between participants over networks. 28 CLAIMS 1. A terminal
apparatus for setting up a packet transmission route between nodes in
multipoint-to-multipoint communication, the terminal 5apparatus
comprising: a metric collector that,“using address information which

specifies members participating in the multipoint-to-multipoint
commbinicatibnv ienbarsya ddndwidirn ok adink @edramainthgipamdevidth is 20
hme@m&hmm,emlnﬁ@sam stares %@@%WW&?%SMM%'@ metNey.

e; t0an application Jayer multicasting table.constructar that, usin
B e iy P e
JéthaeH iietimeiierd sbck that § piividth is agtidioand Storedihd 2 path to
packet tnaldinissidny patlvirea sefviettfoswandingi table; an application layer
mylticastingforwareiag 1anle; distiofhal, 42, CONYAILS INePaRkEL fore moves
transmission route set.u the application I%er muglcastlntg forw%rdlng
(SBHS CORBHRABF Tt oPnORRANAN TRAF A BEThFrBstRfed &R 10 Pe more
corabifigtioNof an irrderting portilimbe? -¥ Hestinationcaddress dndustead, two
destipation st n@m%twdafepg@smw&rmmgmvm [%emer@cﬁ@me are

rmi a rding to claim, 1, wherein, in.the course. .
%?}n@%%% @faﬁéq@rggiﬁhe a blic/gt?to% ]laggg}gﬁ%lﬁ@ femalnf]{onrélrﬁtgr‘nz‘jng?thzalgt];f‘ele 1o
‘trees

multicastin |
dghatiutrsedrds YXibwad ek Séiort infdrhta an}l%l%?édztév&%%iﬁb‘hy
o BH&jodesyinthicomnaoted state. 2% s3ibtThe termihal tapparathis thcoardingvhich

RLIRUD Lo /L1 AN FXERHUOR Ol ANN-IhaE AGORINMS e, 5 4 Mbps
SRS S TUHERG DIYErong EHECISuteL i SRR s
16 Mbps for MY, 0 Mbps for SG, 4 Mbps for IP and 2 Mbps for VN,

{0129] By this means, compared to a MST-based method of constructing
source-based trees and applying bias towards the shortest delay path, the
N-tree algorithm of the present invention makes it possible t construct N
source trecs at the same time and allocate bandwidth in a fair manner per
stream.

[0130] For example, although with the conventional method shown in
FIG.2 VN can secure only a 2 Mbps bandwidth, with the N-tree
construction method of the present invention shown in FIG.18, it is
possible to secure a 4 Mbps bandwidth for all nodes. That is to say, each
node (MY, SG, JP, VN) can construct N-trees at the same time based on
fair bandwidth and allowed delay requirement.

[0131}] The disclosures of Japanese patent application No. 2008-029771,
filed February &, 2008, and Japanese patent application No. 2008-306671,
filed December 1, 2008, inciuding the specifications, drawings and

abstracts, are incorporated herein by reference in their entirety.

Indusirial Applicability

[0132] The present invention is suitable for use with AV conference
applications where a small group of participants exchange AV stream or
content with high degree of interactivity and good AV guality in sessions

between participants over networks.
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30rule stored in a heuristic rule database and prepares an ordered list;
selects members that have not established links to all the other nodes in
the N-tree from a member of the highest order in the ordered list and
prepares a rule-based ordered list by ordering the selected members;
forms a pair of nodes by selecting a member from the highest order 35 in
the rule-based ordered list and a member from the initial list satisfying a
specific heuristic rule stored in the Heliigtid Fule database, orders the pair
of nodes and prepares a rule pair node ordered list; and 29 selects

r@gmberifLégy%{é%%g%l?éjitggpl%l rgle StO{?d in the heurig ic rule database

Of, “setnng 4p.a el tra Issign route
from a pair node o hest order in t%e_rﬁ’le ﬁ)alr nbde o.rderem%lt an _
BATEARR NAfEas I54TTHE iPMHHAP APYAHROS ACESY ToAtRT 3, the terminal
viperein,uspondormsing: the pair nodes, the application layer multicasting

forwarding,tahle.copsiruetor selectssadink having a.3mallestdatentyeh specifies
between pair ngdes among all Ig}ks in the N-tree sesz(%n. 105.The

BT Sp PGP AR MY tPGafh S RAEHS H e A BRI A orf Ay gpun ication.
Mfifeasting forndrditid table Bostudtorrmovéstinks Benbettigrairthodesmbers,

inrordes tosminimize: a: beiohiof theNAdrges:i6. Fhewtarminal apparatus
accordingtq, glaim.3 Whereln the, 15 2oplication layer ICAS 00, ueing
forwarding ta%@ cgnfsotructgr selects g%etir?’st?c ru%e from the%eu@r%%llé fule ° the

JaEAFHEEMERCIREY e SeTdtted MEGHSHCtFaIRSBESS B RAEoptiTiaFe) Detween
stream patreinforseatioriitable, dnthdpddtds ilse sgraér fenlardingetalles packet

2041 Lha dersminakanpasalusaecRrAing 59-aign 3. wherein the application
layer muIticastqugcfc%rwar ingI tablel%:ons ructor selec indiwgijalcpode
1 ] 8 181

an on tayvgr. multicasii rwarding ta S ‘zgutor that
from the Opﬁl%% stream pa" information taple”and constriitts the' SENEr

forRErditg ad| @K Al SHERTAS PaSSintPHE sttécta] hodébe 28mpiigation layer

teratined eppardbisvacdonding: i £laioh Sruhereindthe hefyistetivleststoreshn be
%5;1%;@%%&5%@ Ld[?ﬁﬂt;ﬁ%%ggﬁwlg Sigl?ceorill‘}lﬁls%- ort n@%g ?dae estination
should first yse a bandwidth of the node to uploa gtreams of the node

(AIREP Rt Eafry’ SHRBATECST BT HUTES P RMKEPRTSDSGFIE M Atk fo the
witrnlittte datency:

2. The terminal apparatus according to claim 1, wherein, in the course
of formation of the N-trees, the application layer multicasting forwarding
table constructor stores N-tree session information related to conditions of

trees for all nodes in a connected state.

3. The terminal apparatus according to claim 1, wherein, during an
execution of an N-tree algorithm, the application layer multicasting
forwarding table constructor:

orders all members in a N-tree session based on a specific heuristic
rule stored in a heuristic rule database and prepares an ordered list;
seiects members that have not established links to all the other nodes
in the N-tree from a member of the highest order in the ordered list and
prepares a rule-based ordered list by ordering the selected members;

forms a pair of nodes by selecting a member from the highest order
in the rule-based ordered list and a member from the initial list satisfying
a specific heuristic rule stored in the heuristic rule database, orders the

pair of nodes and prepares a rule pair node ordered list; and



10

15

20

25

340

35

(b) if a selection is to be made between nodes, a node with a greatest

number of remaining slots is selected; (c) if a selection is to be made
between links, a link with a greatest remaining slot capacity is selected;

and 35(d) in rule (c), if there are links h%ing the same number of

remaining slots, a link that produces a Shortest end-to-end latency in the
N-trees is selected. 30 TERMINAL APPARATUS AND N-TREE
CONSTRUTTIONeMETH P ABSERACTd ditiopabmninatiappériud s heuristic
pravided ihat enibicnizes praffic.edsgestionmbyreducingeend-tenenchdielayir node

%rllgM?ﬂgg%%@%pmdmgtﬁ&ygygbIe in shared N-tree ALM nodes. In

this terminal apparatus, an optimal stream path information table (204)
stores N-tree session information for all nodes. A server forwarding table
@02) stdres bamdwidth-fajrpAtMuoute infoimatiotvforlalimodes mlaerein, upon

sResifigd\iiee Sessinn ARALM forwardingtableconsiuetan (28 arding tabie
upd% ?scl¥l-tree gession i?}f&ﬂ‘ﬁ%’%}g 1% sS'EorEel in taﬁ;ﬁlggtlmalbstr\%am path d
in (g]lrméiltlo{r:'iIt_asbﬁe‘?’éf)431 using netwo%k métrics ahd Retfistic TuIés Stordd in 74
AMEUEsEE hikadtaphsdN 2083, ¥éséates ALM_N-tree algorithm using

updated N-tree session information, and thereby generates bandwidth-fair

ALM roufg infqumation 1§E£gdrétus according to claim 3, wherein the
application laver multicasting forwarding table constructor moves links

between pair nodes in order to minimize a height of the N trees.

6. The terminal apparatus according to claim 3, wherein the
application layer multicasting forwarding table constructor selects a
heuristic rule from the heuristic rule database, executes the selected
heuristic rule based on the optimal stream path information table, and
updates the server forwarding table.

7. The terminal apparates according to claim 3, wherein the
application layer multicasting forwarding table constructor selects
individual nodes from the optimal stream path information table and
constructs the server forwarding table for all streams passing the selected
nodes.

8. The terminal apparatus according to claim 3, wherein the heuristic
rules stored in the heuristic rule database comprises the rules:

(a) a node should first use a bandwidth of the node to upload
streams of the node rather than carry streams of other nodes, to make
possible the N-trees with little latency;

(b} if a selection is to be made between nodes, a node with a
greatest number of remaining slots is seiected;

{c) if a selection is to be made between links, a link with a greatest
remaining stot capacity is selected; and

(d) in rule (c), if there are iinks having the same number of
remaining slots, a link that produces a shortest end-to-end latency in the

N-trees is selected.



