1 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 sharing 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 the same content is delivered to all participating nodes in
the session at the same time. [0003] IP multiqggg?ﬁﬁ,%@i@m with its complexity with respect to the
15 intermediate node configuration, end node con ég#lratlon and requirement for Internet service

t

provider parti&ﬁ&fi%ﬁ&%%ﬂﬁ@ﬁ Ig%ﬁgﬁati]éé E%%Eﬂﬁ%@ ,J %fe%%ﬁgﬁpmulticaﬁing

("ALM") implements an application layer routing mechanism on top of existing unicast network
architectures.-Al.M.is-pppylagand widely used because of 20its simplicity. [0004] ALM does not

require multic {)6 r@\;varﬁéln%functions in thg P Iaglertanc% thertefore allf)ws flexible au 'ol\}/jggo ("AV")
packets forwa ngl yt BHiBEPS tHerEaRRd betwéel the 65Ir1%i1(:r|lfiatlaﬁjgD AOYES dhd' AV piggket
transferring in(the labplictifen kyest2B[0005PALM GIfewE HI partcirantshinrargpetifiesdssion to
exchange AV gantents.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 30
participating noRESaRRIESsE T order of N<(N-1) for N members. It is generally difficult to maintain fair
commuhitatigr868ts inNddommunication metworkin tesires of Ibardwidtheand lteneoyespeially in the
Internet envirgRent befween.endinades, Jhe liternet as s AREADCHVORK AORS PoLguamntee
bandwidth-fairn ssel%et enSAaLl\é r{):%%%gn:%Sldsurgjeq.t\p& ea<c ange of&ﬁyc§tr§tarq15 ;I% Qg Qart{gié)ating
nodes. [OOO?]glneCIé mul |p?e iemet service prowderse( ISngs”a)qmglntamr?ou €3 on the In}%ernet, which

is dynamic in freteten Aniftab steatiitielivery delay
[0003] IP multicast has a problem with its complexity with respect to the

15 intermediate node configuration, end node configuration and requirement
for Internet service provider participation, for enabling I[P layer
multicasting. By contrast, application layer multicasting (“ALM")
implements an application layer routing mechanism on top of existing
unicast network architectures. ALM is popular and widely used because of

20 its simplicity.

00047 ALM does not require multicast forwarding functions in the IP
jayer and therefore allows filexible audic video {(*AV™) packets forwarding
by the members themselves between the participating nodes and AV packet
transferring in the application layer.

25 [0005] ALM allows all participants in a specific session to exchange AV
contents and streams between the participants without setting up the
environment 1n 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

30  participating nodes increase in order of Nx(N-1) for N members. It is
generally difficult to maintain fair communication costs n a
communication network in terms of bandwidth and latency, especially in
the Internet environment between end nodes. The Internet as an open
network does not guarantee bandwidth-fairness between ALM nodes

35  during the exchange of AV streams by the participating nodes.

[6007] Since multiple internet service providers (“ISPs™) maintain routes

on the Internet, which is dynamic in nature, minimal stream delivery delay



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. Next, this optimal route information will be exchanged between the
routers for audio video communication. In contrary, multioast route control method builds source base

trees, in which fhe {ransmission SUIGe.isplaced ALIhe faot nods, USRGHDIGAS! rRules.as the basic

information. Multicast route control method builds 10 route without using information which is required
to allow particlHfESbt RBHTp GREERMATBRT ToMnfHRH6H (URE BELRA BARAGAGIHS! Infofmation
for minimizingdbe dielay. Thus:hsagelof existingtroute “ahol tebhrivlogiesas-itds farrouts calculation

between terminglgtaroetingsmutipainite:multipaint andio videsccommuynigation wilkngt;d5cprovide

equal share bandwidth.link and minim%deilay link routﬁs bgtween artici[?ant node OOO%B]OPacket
. .o commupnicatipn u4se 1n I et. thig. timal royie 1niormation | .
dt fi [Ayer for AEM fh
routing is carried out'in application layer for , So that'thé par |C|8at|ng nodes are organized into

groups. Furthéffhbree i peleret puthsgreriipaeket d8ikETdivg heeHariisA® el to8E $AHEE known to
all 20participafing-nadesy[0008}: Netwarkilayeraotiing-meehanismsiprovides:shak:siteg; snearest path

construction methogs,and thergfate does npt provide, bapdwidth:fair distribution trge sglytion. For the

network layer routing mechanism. SBT and minimum _spanning tree ("MST"), which are based on the
"greedy” 25 JOHEEPLE bf DifkSFA BENMTARESRI and BT Hgorithims P SHG BHtRnTatioRS are well
known. The unicaist packet routing ovérthe internel is based on thése aforithps antbdos Tiot reflect
the need for ALM raiing- (9001 TiRusn theseselutions donnot take dato agepunttheiend Mode;

30network bandwidth and oyerall network topology, and thergfore cause traffic .
¥V }‘ ?h eala 1 usda fing

f )
congestion.Fdr?th%gré??hegé sraﬁ?t}gﬁ"éz 1(;ﬂaﬁgse ﬁig Retwork a‘féhcy and d%br%éstlont’ofr/g{l/tauality for
ALM applicati6RE{001 15 Hievelingitsr, teibrisr A7 thERYSS pridtMSTLaR o RGN FRBCHERSHI 448l be
described usingrgesimplerexaipple (Fi6 niy) IF o nshawsitour i 3Bcditferentdacedidnsg, thatlispyietnam

(VN), Japan (JRy-Malaysia (NiY)-2nsh RINGARAre: (3G Whe!k: the: capagity: f handuddii B(29:0f the

channel for each node and the delay D(A, B) between two nodes vary.’In this
partlcxpant noaes.

[0008] Packet routing is carried out in application layver for ALM, so that
the participating nodes are organized into groups. Furthermore, in packet
routing, the packet forwarding mechanism needs to be made known to all
20  participating nodes.
[0009] Network layer routing mechanisms provides short-sited, nearest
path construction methods, and therefore does not provide bandwidth-fair
distribution tree solution. For the network layer routing mechanism, SBT
and minimum spanning tree (“MST™), which are based on the “greedy”
25 concepts of Dijkstra, Bellman-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.
i0010] Thus, these solutions do not take into account the end node
30 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.
[0011] Hereinafter, the prior art, that is, prim-MST algorithm mechanism
will be described using a simple example (FIG.1). FIG1 shows four
35  different locations, that is, Vietnam (VN), Japan (JP), Malaysia (MY) and
Singapore (SG), where the capacity of bandwidth B{X) of the channel for
each node and the delay D(A, B) between two nodes vary. In this



3 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 trees for N nodes (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 largest. To be more specific, first, it is necessary to consider whether or not MY is
able to secure,an, 5, yIbps bandvidihfor all the, other 9%@58"@33 cazenfippat Brggleciedthroudh
which MY can trans)mif packets to VN and SG directy an8 M I%andW| ¢an be secured.
However, the HeIBS B ¢-%6¢ ins between MY and JP exceeds the maximum latency 250 ms, and
therefore it is bt polssible thisetest a gathehrowgtmidnichl MY rcan Madsalig packetstdisedtlyitoaJP. Then,

for the packet-transmissign %Mﬁgbﬂgm%%aiﬁaé&&%ﬁc@go@VQP%WH&N)%?E&%Q@M
transmitted VI:‘% SG. fB}_/ Qgis ean MY IS bIe to secngeﬁllan 8 Mbéé lﬁg%\”dth FIG 2A). As a

result, thé remaining Dandwidih i EW? %‘% For %ps or \1]‘15 and 6 Mbps for
VN. [0014](2) N&X%E for §8, Wikere tne enbiinaipévéiiam@b&mawmhe%qwe 20 sedend Tergest,ia route for
transmitting packete:tb dthenodeshis seteted A tabeemiosa Specific ifirshdt isnesassanstwmeonsider

whether or nof.36, is able-do SSQH{eﬁ”i? MQQ%Q?X%' dihforal @E&i@&f BP%%% W?&’%i‘é SG

secures an 8 Mbps for MY and for VN (8 M the remaining bandwidth for SG exceeds 12

Mbps. SG thel@ofétanhbt %é%&r%sa“ha@% %‘ps%aﬁﬁvﬁb?haﬁhﬁénnﬁ%% it &”neté‘éngW td‘cBnsider
whethek SG igableito selourie @ 4hvibpshbaridwidthifor edinthe otheri hgdes:dis this SdSeaifd Path is

selected thrOLigiaewh ieh SGsisnables te&mir&iim@ekﬁisedyesﬁye@ MYiand VaY, itis Regsiblesta.secure a
4 Mbps band 6h FurthermoreM‘g pat eIecte thé%i]igh which pack ts are tr.%nsmitted rom SG

to JP via 30 &is able 16 secure & M ps Ban forajﬁrfll—ll 2B) 1 thie’ case the' remaining

bandwidth is 2b€i\9ﬁfﬁ§qdﬁ MYt MBPSiRIE S0 SEB?Mb%@%hﬁﬂM@ Kbish df VN 2[DOESIE3)Rext, for
JP, where thepaigial disaitabletbarilwidIlh és: this thitck |aegdst; arcouter fosivangmitting Packers to other

nodes, emse'egtﬁgti?wep& @QV%B%%HCJHﬁh'Ea'éc’@%‘%?sa??er%@n%‘ﬁ‘{'ﬁ'@%r whether Jis ahle to
secure a 4 Mbps bandw. II the other nOdg/TQ/%Ethl 8cgje if glpath is selected through which JP

is able to tran&HiftHa la. Tytt% &S Hd* ] BIES JQEte A4 Nbps baritivftith.
Furthermore, itapattiis setectod terdugiwhich packetddrestréersiniited! ol e téovl ¥ Gia 1$G. JP is

able to Secur%@mSJb@qummngb/y(ﬁkG 2C). In this case the remaining bandwidth is 20 Mbps
for MY, O Mb géMb]QIs f(%r g@d b S, or VN. 1];68184} II% for, V i}é\/her the original

ol 16: Orl an
available ban WI t is t(h sma Fest arouté for transmitting ets oo er no es IS seleC ed Now,

the remathing“6aABHItRRERT VR i§‘2‘MB‘ﬁfst%lﬁi%’t%‘B&tﬁ‘i§ eiééemh?éu&hdnm.éh ¥N5§8Ble to
transmit packéts direstlydaMYidnd di2sklbpss necessary to consider whether or not SG is

able to secure an § Mbps bandwidth for all the other nodes. However, if
SG secures an 8 Mbps for MY and for VN (8 Mbps x 2), the remaining
bandwidth for SG exceeds 12 Mbps. SG therefore cannot secure an 8
25  Mbps bandwidth. Then, next, it is necessary to consider whether SG is
able to secure a 4 Mbps bandwidth for all the other nodes. In this case, if
a path is selected through which SG is able to transmit packets directly to
MY and VN, it is possible to secure a 4 Mbps bandwidth, Furthermore, if
a path is selected through which packets are transmitted from SG to JP via
30 VN, SG is able to secure a 4 Mbps bandwidth for JP (FIG.2B). In this
case, the remaining bandwidth is 20 Mbps for MY, 4 Mbps for SG, 16
Mbps for JP and 2 Mbps for VN.
[0615] (3) Next, for JP, where the original available bandwidth is the
third largest, a route for transmitting packets to other nodes, is selected.
35 To be more specific, first, it is necessary to consider whether JP is able to
secure a 4 Mbps bandwidth for all the other nodes. 1In this case, if & path
is seiected through which JP is able to transmit packets directly to SG and



10 bandwidth is secured. Furthermore, if a path is selected through which packets can be transmitted
from VN to JP via MY. VN is able to secure a 2 Mbps bandwidth for JP. Furthermore, if a path is
selected through which packets are transmitted from VN to SG via MY and JP, VN is able to secure a
2 Mbps bandwidth for SG (FIG.2D). 15[0017] Thus, with the conventional (Prim-MST) N-tree algorithm
by constructing N of one-to-N source-based trees, it is possible to establish a TV conference enable

the ALM systepyio gstablishy Nofo-P T Gonferancesessions between parlicipating npdes, This
method satisfies the Iaten(ggfequweme,nt based on SBT. 20 Non-Patent Document 1. Min §|Ik Kim et.

al, "Optimal Distriufd o ‘?&gllht&fr}ﬁ%%ﬁfﬁﬁ?g%éﬁ"}%‘?é@@é‘dﬁ’i@@oﬁh@zyg IEEESEDCS,
May 2003 PatétiDotimentscus: Patent Application Rublitation Nd 20R6/0251062(185 Patent

Document 2: Y& RataatAnplicatianPublication Ne,2006/013310Q0 Patsntoeumentd;, UsS Ratent
Applicatio Pu%ca}glog MZSOQS/OQ;%\%% Patent Document 4: US Patent Application Publication
N0.2005/0243 723 |sclosd?eg of InVerition 30Problems to be Solved by the Invention [0018]However,
the conventioddMNttee @iy &rfiH performslthe kateutbticns tor she idiibllabrads idtholit Boordinating

between the treaslover, the pracesscof canstriatingzNirees fairnessiafbandwidth is netesatisfied

between N of engstol trees, 33100491 Inthe eage /hTIG -2, g conventional }\L-ttﬂe%aégpef&%@ can
secure only a ééyﬁt})t%?hb‘%dwq‘}h ﬁ)r VN. [0020] Furthermore, if bandwidth-fai N-trees are constructed
using the con RS e Ay SRt e dIERIToR hE8aY t85ne Ferfornied tor altEénibif&itns, so
that, if tHednunbbedofidianibessdncedases uibamount of calpaldtionssinersase shexpahentisiy: and
consequently gmlamwehdq;@@l@tﬂ@@ﬁ&%@@@ﬁﬂe@ﬁg@&lﬁ}@%aﬁi@%ﬂkﬁi%tfa%ﬂ%f@déefs%e&@eactzOT the
present inventjgn to provide a termingl apparatus and N-tree copstruction met or constrycting
N-trees that m#%?rﬁlszeg ?Pa"fﬁvc“g%lhggéﬁ?h b g}ler %%fr%oéﬁdfé)-%ﬁg ef§y§%ﬁatﬁ?a%%?ﬁ%‘rrﬁfo%&e#lmaximize

the bandwidthPaFifdble BetiieBiraHsFed ReiFee nbdes aRt sraoM Yairbantividihisharkiy beveen all
AL,M nodes. 1@ MeansXdv BplvingntheiRtablemS G (FIG.2D).

15 [0017] Thus, with the conventional (Prim-MST) 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.

20U
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 I: US Patent Application Publication No.2006/0251062

25  Patent Document 2: US Patent Application Publication Ne.2006/0153100
Patent Document 3: US Patent Application Publication No.2005/008089%4
Patent Document 4. US Patent Application Publication No.2005/0243722

Disclosure of Invention

30  Problems to be Solved by the Invention
f0018] 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.

35 [0019] In the case of FIG.2, the conventional N-tree algorithm can secure
only a 2 Mbps bandwidth for VN.
[6020] Furthermore, if bandwidth-fair N-trees are constructed using the



[0022] The terminal apparatus of the present invention sets up a packet
transmissionroutebetweennodesinmultipoint-to-multipoint communication, and employs a configuration
having: a metric collector 15 that, using address information which specifies members participating in
the multipoint-to-multipoint communication, measuressa bandwidth of a link and a round trip time
between the members, and stores measurement results in a metric database; an application layer

multicasting table conglngionthatusing ihe measyremen; sesultssfonms.a pagker, 29 transmission
path (N-tree) bethfn the members, SL‘JéCh that a bandw(%dth IS gﬁual and stores the packet

transmission patiii R2&EH0&r RShRARdin A1 AR AP REatETAYET Mitfificading RsniatalTy Bble
distributor thatcébpvkrtrthe packetiransmissiomicutey serup by tive applidatioh tayenmuticasting
forwarding tablg censtiuetonhbdeddermaiansthat can be represented as a combination of an incoming

portnquer ati nad n esmaton tnumber nd re rtsthelnform tlontothe
O@g’ﬁuymﬂ ‘E'h%%éﬁ ag E s Pk mvePP

members. [0 ermore, t ‘tree con ructlon method o preset mvenné)n inciudés the

steps of: (a) oﬂ&é?ﬁ%@%prﬂi&%%‘{éyéf‘rfﬁulﬂ%ﬁﬁﬁg ﬁ‘i’é*rﬁ’éé@ﬁﬁrhnfﬁﬁﬁ%f’ fist {#ith FEraFEREE @Emetric
collector informatior: s3th anch fuouprnemiificskipnpfonmatioy fordaiknedes; dhpotderiag tlye members of

the initial list injag Of@'\?fﬁ%ﬁf&@se%‘a&ﬁﬂ% hawistic.qule; dor alk podesin the,Nadtee; (g) selecting
members fro he ordered list f If||||n mkg |]?]%ect O’?h atus with respectif) gg;&r nodes in the
N-trees based on'& S&&SHd RE ‘[ﬁﬁ%ﬂ% Hd"8rtferihg the fhdmb r%t‘ﬁeg? 63 oYdéred list for
each N #é&e; (d) selecting, from the members of the rule-based ordered list and the members in the
initial list, two M@qmﬁﬁshg\éing@glqgg:ah%meﬁption satisfying a third heuristic rule as pair nodes 6 and

ordering the paes 1 i et s 4?%@%'??% 9, 90098 paitsdn e rylespased pai

list, selectlng rs satistying euristic rule;_(f) forming an N-tree ofa r Ot e selected

from the initial ﬁ%flsf@ri%\?F?é‘celvfrﬁ’é‘%de@ﬁji‘%ieger%up BASEd on Hifth BELHESAHENE P 48y
connecting all dimiksrhetweery noces of a slecifie N<tred] ¢y assuring alligodesintthe spéiifioN-tree

based on=nodeg 4f tti%gﬂ@htﬁ%mﬁ%qﬁraa&htl@ﬁmngge@@m andip.as %@M&H@% based
on the nodes of the in list mclude ina Iurallt of N tr%e configurations. 1 ge us Effect of

the Invention [ Zﬁl c%rén Ing f)olf‘ﬁ%i SN Fn{)v%%%‘ﬁwﬁy f]IiZ|Wg%Sur‘ﬁ%S|n§t ﬁrb ‘% isti approach
metric informatied, ané ALHVI%MF@ﬁgnﬁﬁbh,féYYﬁ§tFu@tR)r1FWbt§|§inlﬁ@i‘tﬁbﬁtW%mﬁﬂ}@mél}éaﬂﬁ
information ma¥enance, lzsmm@%su@éeatbamluQalem@;ﬁ@remd}od&defamnwﬂm&entgaft@w@ngestion

and maximize fg handidth gypiable far use.in shared Ndtes n(}gssp%r'eff@&ﬁgr'pyo% {prawings

[0025] FIG.1 shows preconditions upon execution of N-tree h%orlthm 2shows as Ic example
of a conventioHEPRESE SR A1t IE1ESS SREWE 3% BorinGiH "%‘i‘i’s%fé?*nigﬁcc‘rtﬁjiﬁﬁqt‘tﬁ”é%‘rkbﬁ%bod|ment
of the presenténuahtiond storeFiGedpisca &l dekriagisme shmwhn grrternalcoffiguradions whas25client

entity and server ghbity.aeceardingtoan ierphadinent of the presaite distributor that converts

the packet transmission route set up by the application laver multicasting

forwarding table constructor into information that can be represented as a

25  combination of an incoming port number, a destipation address and a
destination port number, and reports the information to the members.

[0023]  Furthermore, the N-tree construction method of the preset

invention includes the steps of: (a) ordering application layer multicasting

members in an initial list with reference to metric collector information

3¢ and group membership information for ali 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 staius 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

o8]
[

rule-based ordered list and the members in the initial list, two members

having a logical connection satisfying a third heuristic ruie as pair nodes



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 shows the data structure
of N-tree member node information in an OSPIT; FIG.8 shows a bandwidth-fair forwarding table; FIG.9
shows a forwarding table ("FT") message structure; 35FIG. 10 shows a forwarding table entry ("FTE")
message structure; FIG. Il shows an overall flow of an N-tree algorithm with ALM FRC mechanism;

FIG.12 shows a FT sage.exchange sequenge; FIG, 13 shows.a method.of N-tree algorithm
execution; a%#?GQ%%jgh%ﬁv%shg r%%}i’hoc? ?o%sré%e%'i%étgﬁd%lfﬁ é%ﬁ%lcra and el?:ltﬁ%?aeﬁ%élﬁﬁg%?% table in
client nodes; SF1¢s THATEhGvs e HetaikASEEePsiin Nstres BlgoHiHm BERBEDN; PG IBB Shews the

details of stepfoinrh:tieeialgarithni exeétutfonmii Q. BoAhows hifikareorderingd stepk: nd\-tfeenalgorithm;

FIG.168 showg,link, moving steps in N-tes Algpriihs F16 .. 7, 3hows apackgt fonwarding method by
client nodes; an 10Fl)G. 18 shows a specific eﬁaﬁng{\e QJ the N-tree&aIgorl hm of the present invention.
rule: (g) assuring connecting ali links between nodel of a specific N-tree;
(h) assuring all nodes in the specific N-tree based on nodes of the initial
list included in a N-tree configuration; and (i) assuring all N trees based
on the nodes of the initial list included in a plurality of N-tree

configurations.

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,
15 1t is possible to reduce end-to-end node delay, minimize traffic congestion

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

Brief Description of Drawings
[0025]

FIG.1 shows precondiiions wpon execution of N-tree algorithm;

B
)

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 emntity according to an embodiment of the present

[a]
[#!

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
30 an OSPIT:
FI1G.7 shows the data structure of N-tree member node information
in an OSPIT;
FIG.E shows a bandwidth-fair forwarding table;
FIG.9 shows a forwarding table (“FT”) message structure;
35 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;



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. Furthermore, the N-tree algorithm of the present
invention applies the 20"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-sourcEUrmelo[ e anbib Iy iR adsiais hrree tedifenéat distances from its location,
depending on the sizeBlaht3sheights @i.enc2bpiessures; awhithocorrespond taithe heuristic rule database

used upon selecting the Hrancies) of the.tunnels. A bigger luinnel spreads mere waterihan, g smaller

tunnel. A tunnel that is. closer to the bottom of the container spreads water further than a tunnel located
higher. Tunnel® P&/ Al \EAinG CAEHite¥ 6%, hole sizes, which corresponds to the 30 bandwidth).
This is interpreted to hé@nt thatsd aodewith s diieanies sandwidihtstoald deliven morewsimams to a

greater number of nodes;in $he Mdkee thanadiede mith s narmowes dandwidihimAs: fora; specific
'\{len, by: bandwidth >,

example of "the height.of. nel." in the case of FIG.1 above gt]@ height is
first coefficient + recip?géj; %u{g de aby“\sstlel&%nlaﬂ85%%%%‘6@%%0812 ﬁeee ﬁg%?fimnﬁas the following

three main phases: (i)fConHRRtEH EStabieHAREHRRHEes EBrindEa6Ti¢ estEblished between all
nodes, and network nieifick(isé.avade panhectionwstatiis)carecchbidctedci(ithN-rekr Building Phase:The

status of Y-trees with meshqagde cannectionsris updated using @ corngetion table, iwhich igfeferred as

an "optimal stream path information table.” The status of join and leave of 5nodes in the ALM session
is updated. present invention.

Best Mode for Carrying Out the Invention
[0026] An embodiment of the present invention will be described below
15 in detail.
[0627] 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.
Furthermore, the N-tree algorithm of the present invention applies the
20 “water-spread” pelicy to each of N resources simultaneously, so as to
make possible bandwidth-fair trees.
10028] 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.,
25  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 tunnel. 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
30  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

[¥Y]
82

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

(i) Connection Establishment Phase: Connection is established between



(i) Control or N-tree Optimization Phase: Refinement procedures for gradual improvement of overall
N-tree fair bandwidth allocation with minimal delay, are carried out. In this phase, nodes or links are
moved between nodes or links for N-tree optimization, leading to ALM with fast 10route convergence
("FRC").The metric information then is used to constriict AV stream distribution routes for nodes. The
metric information includes the bandwidth between client nodes, the latency/delay between client
nodes, the IP addresses and port numbers of client nodes, the functions of client nodes in the ALM

session including™stobte i e A Fare ittt Sarsht et ATBIRAINS, theththissr BHige$4nd unused
upload links afidith® rinesbed ofi dsegl dhiceanused Howrleadklinks. T0080]df coimumicdtiomoise

performed betweer Nodes A Band & therelationships:of conngctiops;betweensedes A Band C can
be calculated from the, above metr{g infarmatian. For,example, of there is connection, 20 between

nodes A and BAnH there 1§ HB doiiRediShBetidenidtes A ahd T2 et 13fSnhRtiolf éallrements
show thaP the HethnidtHEebiddrs pbties Asamrietdzero and the latency (round trip time or "RTT")
between nodegsiA and:Gris! infinite. {031} pkhe imedticnnformationrof ithe prase it-tnvention ighot given

n 9 discrete.vaiien (15 QR RLES) IBPiesalinohelneterngh e dneoneelian. UL oven i
A-C and B- idirectional). That is to

continuous values representing full-mesh measurements (A-B, C

say, there are"cHEES the'hiefic BEtWRRR nodedisaRd € s T‘?\ﬂﬁﬁs?b.riri\}ﬂﬁp%r BrEViBPs.
30[0032] The Itree algorithmas suitable folk Aveconference Bpplidatidnsg whetd dsmathgfesup of

participants exghange.AV.sreamns andso-gn wittha high:degreerofinteractivity-and 9eediAY, quality,
throughout sessions among Ilépfartici ants over the netWO{k. 0033] With th gresent invention,
n%/?:i % gteg f ? €

construct rean tgtribution 1 o nooes. . metric.
the upload slot capacity a ownicad 358i6t capacity of 8ach ndde are taken into'Congidérations the

N-tree algorithff it fiesettihvéntiont 1A or8éptedsiire BaHUGAEh-TiraRss fBP fliodéke The
upload slot ariddewynldath gldtdnaieaiedhieniplinke9, berdWidHi dapaeity antl gewnlink bandwidth

capacity for eaghfode 4Ebe fianduidings diyided info multiple,diserels ianges(e.9- 1G4 kRg, 128 kbs,
etc.). 0034%3The ';;gateh-ﬁl'pread" policy is adopted along with the above three 5 main phases of the
a

N-tree constri8fistr digortAMmC 1BR R GSARHRRGOR Withard R BuHaWidhe distibiftion  THi§ Sctfifion
achieves ALMUIFRG (Applicationkisaged Mgltivasiig with FabeRoueuGonhviargerce)iwithksespect to all

ALM nodes inaiven AY sessionslaeg: biiree flgosithidnayhe exegyitrd in a eongentratgg manner or
in adiStribme?eﬂ?ﬁo%%%%}g?egwec%%félﬁ I.Onnosd Rtween nodes A, B and C can be calculated
from the above metric information. For example, of there is connection

20  between nodes A and B and there is no connection between nodes A and C.
metric information measurements show that the bandwidth between nodes
A and C is zero and the latency (round trip time or “RTT™) between nodes
A and C is infinite.

[0031] The metric information of the present invention is not given in

25  discrete values (i.e. 0’s and 1's) representing whether or not there is
connection, but is given in continuous values representing full-mesh
measurements (A-B, A-C and B-C, bidirectional). That is to say, there
are cases where the metric between nodes A and C is 1 Mbps, 0.1 Mbps or
¢ Mbps.

320  [0032] The N-tree algorithm is suitable for AV conference applicalions
where a small group of participants exchange AV sireams and so on with a
high degree of interactivity and good AV quality, throughout sessions
among all participants over the network.

[0033] With the present invention, the upload slot capacity and downioad

(¥
ot

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



[0035]F1G.3 shows the communication system according to an 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 162 is able to communicate with all other client
nodes and exchange network information between these client nodes simultaneously. 20[0036]Note
that, Wilih the p@aﬁam@i;ﬂlﬂﬁaﬂgaé:gh}e HY%Y%WQ%E%%'@?EMBB%&@}? 8 anhysicghand *99!:03' J and
network entity,, and will he .used interchangeably hereinafter. Both a client nade (or a sefver node) an
a client entity (%?nzgi gvelr%/glr ent i/‘flr%ea%i/ %C‘?n{g}%ryé% v{%ﬁ Clg%tr?elrgflgeeﬁn'ﬁo%‘s?% n%% orﬁ?éo%n unication.
Furthermore, &%eiver node and a 25 client entity both refer to a terminal apparatus in communication
systems. [003T]Thé serVee nodet 402 welieCtsimetric infaroation from eachiclient apdes akprescribed

times (activelyygf Oy iegLIgi s andaxaniiie. e Mo tiee QIOAUID (k- waler sRisadpaliey). Next

the server node 102 stores bandwjdth-fair ALM route information, which is the result of t el%lz) N-tree

algorithm, in a YoRvarditig tANE “EaHhe hiGre tHE Lervet Rbues 102118 Fesidngiria fot dyhaiiically
transmitting baHevwititefabnN-treperoulihyg tinformagiony gendrated from¢hellmsancwidithefair Alib route
information statagin the farwarding tahies toall thevartigipating client nogesy The-pregeripgd.times
may include timeas s(,jgeams from.above sctg ?é%%rrg%/ ng. [9838 Bandwidth-fair -treg1 routi!g%i

M

i
. . ; T .
information recl:rél\?e ien &Aeegﬁe%? nlondeas will be useg In tne Clili%ntol’%Oé%SatO%%g.ﬁSI eur"tFecelll\l/aé

packets td 10%AEs#t Aifelvt HOEES; until the final destination is reached. [0039] FIG.4 is a block
diagram showirtg intérnal Kohfigurdtions ofte: cliemtentity 256 @and & sesver entity 24} acgording to an

embodiment of theresent iorention-[AAALALALY sessionis.defined as:a lagica) session, where

two or more clienge tities 256 are onneﬁted v(} a ne}éwork in a multi-party application to exchange
data packets BARVSSATRE wliBHE SASuRBAEdUS g‘.’AIn0 1 M esich FBGuires Bederéitehfity 25 for
session coorditfslort baagetsiittie pamieipanis. 10004 ulhisrcliént eptity@56issanuaiM dsnsfion, in a
node paItB:ipaﬂﬂgﬂ@r?ﬂc/éLMpiﬁS&QTbrf@r 99@\gfﬁdkcﬂ?cﬂse@%@ami@bem1§@@ all npdesibibegerver
entity 210 is a ctiQp that js.res ible cgllectin tric information and executing,the N-tree
algorithm Ieadrlérigé l?g%%%&@{éﬁé%}gr%%{gﬁ%eﬁeg} The ¢ |§qﬁ?eenﬁ&e%6_%%#ﬁneg§é?\l}§r Zgi%hgre both
15logical entit®S gt may F8&idEHY &hytAdde ! (D42 ORly o semBr@iaarss redhirall forther
centralized N-trBersessioes hmd distiibnted isession, eath madowil dtavwe: and servel entityoalnd one
client entity. Agase will-be described below where an ALM session is carried out with multiple client

ntity f ion n ver entity . . .
entity UE%tO TOE&%? eﬁg{eet}?att,tywﬁh the present invention, the words “node” and

“enfity” both refer to a physical and logical network entity, and will be
used interchangeably hereinafter. Both a client node {or a server node)
and a client entity (or a server entity) may be interpreted with general
definitions in network communication. Furthermore, a server node and a
25  client entity both refer to a terminal apparatus in communication systems.
[0037] 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
30  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
35  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



Ofunction (that is, centralized N-tree session approach). [0043]Referring to FIG.4, the server entity 210
has a metric collector 220, group membership 222, ALM forwarding table constructor 218 and ALM
forwarding table distributor 278. The metric collector 220, group membership 222 and ALM forwarding
table constructor 218 are connected 25with a link (208), in order to exchange metric information
between them. [0044] The metric collector 220 and gidup membership 222 in the server entity 210
collects data dynamically from all the client nodes 104, 106, 108, 110 in the ALM session.The metric
information indhéles the: handwichh Hetwaeniibeglignt nades: ithe latenytidelay between the client 30
nodes, the 1P ggrasses:fnd part pupiBers fdoealeoh nodes. Biedunations,eliie dig ngdgs in the

ALM session including rootsbthe chlld-parent-grandpargnt refationships, the number o used an

unused uploaclititd &dfie MimBRY of (§EHHNEIASsed HobHoHt TRKE PReSERRAFE ifforMation is

stored in a methie database226tind membership 35database 230 accessible via links 224 and 228.

FIG.6 and;FIG g dliustratednformation/eontent data stuctures jp detail JhelB.address ofgach client

node is stored in the mem ers?(ip database 230. 11 [0045] A -root node” refers to a source node in
£ es Are ed "vig e I uﬁt ar

the N-tree fromi Whicli a network fback""e? orlglr”iateosf.1 c?rtlsequentlﬁl/, it al’ioded rdndmit network packets

to N membersdfithie NifreelothHerelgidse 49k roa ek AbdEs T ik pdieRtyrartiparascrdtionships
refer to relationshipsibdtweeni dnnodesiin the Ndreer Acakild node réfers s Aadiods:that rackivies
network packefs directlyfrom, its @_g%efntsnode, via the download slot of the parent node. The parent
node transmits network packets directly to the child node via the upload slot of the child node.

Meanwhile, a graht parethSas TafER He £2n8de hitis-ConheRist Via'd SaPEREnBYE P4 GR%en child
10 node, and ametwéiklaoket imgilen fom e gnadpzirent svodentp kepaent abdedsefore it heaches a

child node. Thegielatiership betyveena shilkinage add awgrandchild node is the sameasibeic
relationship between a grandparent node and a child node. The upload slot and downlgad. slot of a
node represen]trs\{\%te?})'n%m&ﬁ%ginagl? {?a%}é%%tg%%ﬂ ?rgceorﬁi‘?ﬁéecsa[%a ﬁ{/@%l’t{ﬁe&n&% e&157rég, gc%\@.agink slot

refers to the b&hSkRABH €ApdERy- of the finklbehvedt tio Ao ledMithihfeteRee tolte dpfodeP&lot and
download:slot Liged dh ensippecifichAt M sessiand.c[0046]Anditree that is build for ALM_FRC shall abide

by the [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 functions and one server enftity
20  function (that is, centralized N-tree session approach).
[0043] Referring to FIG.4, the server entity 210 has a metric coliector
220, group membership 222, ALM forwarding tabie constructor 218 and
ALM forwarding table distributor 278. The metric collector 220, group
membership 222 and ALM forwarding table constructor 218 are connected

(e
[#]

with a link (208), in order to exchange metric information between them.
[0044] The metric collector 220 and group membership 222 in the server
entity 210 collects data dynamically from all the client nodes 104, 106,
108, 110 in the ALM session. The metric information Includes the
bandwidth between the client nodes, the latency/delay between the client
30 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
upiocad links and the number of used and unused download links. These
metric information is stored in a metric database 226 and membership
35  database 230 accessibie via links 224 and 228. FIG.6 and FIG.7 illusirate
information/content data structures in detail. The IP address of each

client node is stored in the membership database 230,



upload/download slot requirement, link slot requirement and latency 20requirement, for a given ALM
session. [0047]The optimal stream path information table 204 contains information of N-tree session
for all nodes in a connected state, described in F1G.5, F1G.6 and 1710.7 (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 construct a bandwidth-fair ALM N-tree. The basic and augmenting rules in the heuristic rule
database 206 inclie the felewingd [004S]eThe basimile: of the Nintree: algerébnirisHowansiruct

N-trees, one : kp istribution..This me ust
receive N-1 st%ggﬁ%ﬁﬁﬁ%%%?dég\/{é}gg} %%bts%éfc%]gﬁgeg\%hl’;cfd QN?lH&p oad{llj%tsg%tgq#eg tgﬁ% inks that
are used. ConRtfifdtllf, iNHBFRE N el tNetERAItBE" &t TEA5tRF totAFoF N LN tiploalinks from
all participants:iBibsiges;some mXira slots andlinks langsrequiked for control @brhgssage datan

transmission. {Q0AQ1Addional hewristig nuigsincldde the uplaagd/dewnloag slot seaurament, link slot

requirement and latency. requ[e ! ent for agiven se sion. Tr}le C mpl%it)é oflcalcyl?}ggianeo%)timal
e be

N-tree meetin& Hir6t ihe 550 Feé %éalﬂreﬁ]%n?solseNIglaifhceul “This) 1o Buila T an optimal

N-tree, violatifp 86me bt th& Hlseveredairesieiits Woltdberdcoepiatiie. Hoe exaniplehiofdtioh of the
latency requireméntwill casisepddetnysio receivirg Stieams, &nd viotationiof éhexuplead-regyirement or

link the requirgment Wil disgble, part %@te@“c;%armeQJ?é[ibér%oQﬁﬂ%ﬁ‘@%ﬁ@f@?%oﬁ%ﬁvgi{&‘i‘&e to

fulfill the upload aor download requirement and the link requirement first and then fulfill the link latency

i

requiremént. BY 3ppRATyAHEEAB0TE Bfe& ToltifdifehiS ORt tFe SSAHHE BRAIERAR 10cfiditbie
latency. [0050§Phe hehisticitules:dhtabase 206 may alsoidontathamokipherheéwristic ruleschatican be
applied to N-tieejeonsiaugtions including nBule 15 Amnodgmhould first weeis, Randwidihe splgad its
streams, rather tan carty SERAM A" e Aq0es.50 thal the JAengy, N SR ES IR 1894 EG: of
a node represents the outgoing capacity and incoming capacity of the node
15 respectively, A link slot refers to the bandwidth capacity of the link
between two nodes with reference to the upload siot and download slot
used in a specific ALM session.
[0646] An N-tree that is build for ALM FRC shall abide by the
upload/download slot regquirement, link sio! requirement and latency
20  requirement, for a given ALM session,
[0047] The optimal stream path information table 204 contains
information of N-iree session for all nodes in a2 connected state, described
in FIG.5, FIG.6 and FIG.7 (i.e. information related to tree status). The
optimal siream path information table 204 contains the N-iree conneciion

information., Meanwhile, the heuristic rule daiabase 206 contains a set of

]
[ 2]

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 foliowing:

[0048] The basic rule of the N-tree algorithm is to construct N-trees, one
20  tree per node, for network packet distribution. This means that each node

must receive N-1 streams with N-1 download siots. Fach tree will add

N-1 upload links to the total links that are used. Consequentiy, if there

are N-trees, there will be at least a total of Nx(N-1) uplcad links from all

participants. Besides, some extra slots and links are required for control
35 message data transmission.

[6049] Additional heuristic rules incilude the upload/download slot

requirement, link slot reguirement and latency requirement for a given



15Rule 2: If a selection is to be made between nodes, choose the node which has the greatest number
of slots left. Rule 3: If a selection is to be made between links, choose the link which has the largest
slot capacity left. Rule 4: If, in rule 3, there are links having he same slot capacity left, 20choose link
which yields the smallest end-to-end latency for the tree. [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 FIG.8. [0052]The ALM forwarding table constructor 218 accesses
metric 25 infosnation collegted iy fhacmetde calleqtari220 and the,aroup membership.222. o ¢
Furthermore, éﬂ%AéLbl\é Jor%a_[%inz% t%t%%% c%g%rugt?\{gjd?f@dgpts t heuglstté:ur#i}fs stored in tge
heuristic rule database 206 t6 dyn mlcgﬁy and ton inuouscly orm an%s'upaa e -tl%"g gjees%i(%ﬁ
information stoteé mathelbptittal Stk PuttrmformatiohetaBieo204. rroidesradiyt 30ty Nye
forwarding table:cepsituetor 218 iscasmnsie, mosiule dm: the sesvesentity 210:i[Qa03] Nexti the:ALM

f rding, tab ; t -1 Qori I. ter spr Iy, t, the
ALV forwarding ble eanston 205 area Bandorcitiir ALM Gty N

result of the N-H& BIgOFEHG YA SERREI $oRRErGihgPa5TE 209, disttheuiRm 82 TR BaRdNdth-fair
ALM route informatien iis yivelt i ¢heofdirhi Bt & forwaiding tabls wi8 §8054 ditiecAldMtfarwiattiing table

constructor 218 mecassesdhe:heurstic sule databaser20Gneptinel streamy pathinfosragtion table 204,
server forwardirﬁ]g)fable 2 gé m&'gr{i% collegtor 220 ande%ggu m%@bershlp“gﬁl’z, via “%Il(é 216, 214 and

208. During N e}fa}lrgl%rit m executeiorlr,ut aé’Afl%ﬂ%%orwal}dglhg tablé condttuctdr 218 lises the initial

list," "ordeted R&CEHiHRIHABE 6Fdered list," and "rule-based pair list" in the list database 260, for
bandwidth-fair[[Nétfeé corfdteudiion: i [O055Fhes "idiialBist? cantains afoanationabeut athmemikers in the
ALM session, whichiiscollecied by the 9@0&%@@@@1P@ﬁ%hipe%@o%@?rmm, 10aQlggler 222. The
‘ordered List’ P{r&\/eldlezsg Irll%td%f Sr%%r&%eﬁr%(t)ruesg its bandwidth to upload its sireams, rather
than carry streams of other nodes so that the latency in its tree is reduced.
15 Rule 2: If a selection is to be made between nodes, choose the node which
has the greatest number of slots left,
Rule 3: If a selection is to be made between links, choose the link which
has the largest slot capacity left,
Rule 4: If, in rule 3, there are links having the same slot capacity left,
20 choose link which yvields the smallest end-to-end latency for the iree.
[0051] The server forwarding table 202 stores bandwidth-fair ALM route
information, which is packet forwarding information for all nodes in z
specific N-tree session, as illustrated in FIG.8.
[0052] The ALM forwarding table constructor 218 accesses metric
25  information coliected by the metric coliector 220 and the group
membership 222. Furthermore, the ALM forwarding table constructor
218, adopts the heuristic rules stored in the heuristic rule database 206 to
dynamically and continuously form and update N-free session information
stored in the opiimal stream route information table 204. Incidentally,
30 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

|98
()]

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.



based on specific rules (e.g. upload and/or download slot capacity). The "rule-based ordered list"
provides an ordered list of members based on specific rules (e.g. link latency between two nodes). The
"rule-based pair list" provides a list of members forming a link between two nodes 15 based on
specific rules (e.g. selected heuristic rules). The usage of these lists is shown in F1G.15 and FIG. 16
as part of N-tree algorithm description. [0056] The ALIM forwarding table distributor 278 inputs
bandwidth-fair ALM route information stored in the server forwarding table 202 via a link 20 212. Next,
from this inforfiistioH], the AL Mifsiwardingdabte tdisttbudar 2 68 wereratas handwidib-faiu Nstiee routing

information for. gachyclient entity,256pthe, N-tge. fhe handyidih-fair, Nxtree, routingiinformation

includes the czmbina ion of the incoming port number, destination address and destination port

number. The ARNFAVAFIG taioib-diStibutor 78 I8 trandrirs SAREWIRATFRF Nt e routing:
information toleakh clieht Eritity 285 Vitda néhworkdink -284¢ [805i The clientwentity, 256, wihidh
generalgxlf_srekfe% f@@&(;h@za?t w@;epelgﬁléﬂ&ia@o&\% @?%@5‘;ﬂﬁ&?ﬂﬁﬁ&h@dﬁl\éﬁh’thﬁy§§é¥§g entj}yﬂ%ll% V?h
network links a , and is able to,communicate dynamically. with.the seryer 30 entit . The
client entity 256 %lgsﬂ?ﬁﬁeeg rﬁél.ne%ggﬂlse{é, n%?n({:lylgﬁe"%ﬁ%g\ﬁg%aiz}‘gsv%abﬁ% rtehceei\i}esrt Z:éﬁ)l,a%aeét%ic
provider 244, §folp riehibargiisindsl aht IKE R FORMETSHE Bble executor 240. [0058] The ALM
forwarding tahjlé (t&c¢iver 280 retealel idndwiditiHail Ndreeanoodingbindoraiation fioar ALM feswarding

table distributoy 28 vias 3, the metverk link. 234 N%X%hehgf%lug' ﬁ%%@é@giz@@'%%%@e%%Q stores
the information in a chen;f,_pgwar%w% table for ketg,routlng,% 6 via a link 242. 14 [0059]|The metric

provider 244 &tid GfS0h mémbership 225°47¢ FespShsitie 48t Collebtitg &t MRS all client
nodes 104, 10%:sk0I8 GG AekO fire thie! AL I sesuivhe.aThenmétriclimformationl irchudes the baridwidth

between the chgmtenbdesd thedatencyisdelayhetweendheslipntaodes, dredR addressasand port
numbers of the clignt nodes, the funefions of the client nodes inothg %%h/isessﬂgg imr:llfgin roots, the
3 Y I -

. CCliic Tulgs (.o Hn atenc eIWESH W, 0 . ) 3
chlld-parent-grgndparent relati n%hlps, the number of Used and unused upload links and thé number

of used and uRa&ed dbwARAd finks [D660)THEMEGIE ikfdiiagon isiBlorBalM e tnétrie daddase 250
and SOirembesskip datapasdi2brubecéssiblealiaclinish248iarid 2bR:s).  The usage of these

lists is shown in FIG.15 and FIG.16 as part of N-tree algorithm
description.
{0056] The ALM forwarding table distributer 278 inputs bandwidth-fair
ALM route information stored in the server forwarding table 202 via a link
20 212, 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
25  t{ransmits 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 280, metric provider 244, group
membership 246 and ALM forwarding table executor 240.
[0058] The ALM forwarding tabie receiver 280 receives bandwidth-fair
N-tree routing information from ALM forwarding table distributor 278 via
35  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,



[0061]The metric information is distributed to the metric collector 220 and group membership 222 of
the server entity 210, dynamically and periodically, by the metric provider 244 and group membership
246. The information is distributed via network links 232 and 258 accordingly. 15 [0062] The metric
information is then used to update the metric database 226 and membership database 230 of the
server entity 210. The ALM forwarding table executor.240 accesses the metric provider 244 and group
membership 246 via a link 238 for local metric data exchange. The metric provider 244 and metric

database 250 ae gnnected vigsaqink 248 20and the.raud m@mgr%@%@@@q Jmempership

database 254 are conn te via a Ilnk 063]The A warding table receive

responsible for f%%nn%icgg %n perlo fé%li%/ifgcéfjnﬁﬁibcw%%t%ﬁfa? 3{% |HPO §§fljo ‘the
server entity 21@%r?dl@pblbﬁn’gitﬁéqoéélﬁeileﬁmﬂﬁcmAIardlﬁ@qamétzs Zsélwmmlret}élmwfbﬁnation
Furthermore, thenikNdforwardiagialle aeeiven 280sis allel lodeapeast individual auting infesmation

from the %LM h}e a dm% qgty&%ggéb ég 63&[1&%&9%%% Rﬁug Qﬁng}m}gﬂa -f |rtl}§| tree 1o u(gho 0

information in ient forwarding ta IS use forwarding table executor
dynamically intrdeffo protds AEL‘I\%?J%CR&S F@@elvé&“%m Gt Blient eHAiEL 1062968 af110.
Afterwards, thelsadedveitthifairaddreeqoutiregdhforsiaton isforwardeer taothe:pest destination ddentified

by the routing @ﬁ&!@@ 284 sTheaAbM farwecding table execuior 24 Qi takes,qut infermation about the
next destinati encllentf rwarn_Pgln% Il%r%a’i% w% ?%%k 274, andrnp %de?éthls %(érmat on to the
routing mformm)lon @62 viaa Tk 272 Hhe routing en i ﬂm%lé’?ﬁé f thE &84 EhfOnchiBh for each
networkpackePFIBLNVFiH R achadst enfity for 15 4 Fﬁéolr’fﬁﬁg packets! Z6%in the application layer.
The received packats 264 are: tagkedhnfp i forouting engines26 2beasednnrthesauseesaduress 606,
source port Autpger.oad ANl dhiUARORaver pgocel, aup epmosiiied andgmuaredig ne

designated destlnatlon node_ as transmission 5packets 266.These steps will be described etail with

reference to FREBUHABEaiRirG IEREHPHHS TobiasT CouRIGtb M5t ek the?APM fdRifarding
table distributom278ratdothe sadivt forwedlingg: tablevretelvek 280 Viadihks 276 andd284!is carried out

using a specificpmespagerstryciuie Theotorwatding tahlg used to update the metric database
226 and membership database 230 of the server entity 210. The ALM
forwarding table executor 240 accesses the metric provider 244 and group
membership 246 via a link 238 for local metric data exchange. The
metric provider 244 and metric database 250 are connected via a link 248
20 and 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 information from
the ALM forwarding distributor 278 via a link 276.
[0064] The bandwidth-fair N-tree routing information in the client
forwarding table 236 is used in the ALM forwarding table executor 240
30 dynamically in order to process ALM packets received from other client
entities 106, 108 and 110, Afterwards, the bandwidth-fair N-tree routing
information 1s 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

(o)
ot

236 via 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



10 content 808 shown in FIG.I 0 including bandwidth-fair forwarding table information, is included in
the forwarding table entry (FIE) shown in FIG.9. Information of one or multiple forwarding table entries
(FTEs) is combined and transmitted from the server entity 210 to each client entity as a forwarding
table (FT) message via a link 234. 15[0066] Next, the configuration of the optimal stream path
information table 204 will be described in detail with rFeference to FIGS. [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 applicatiosnpacketscare originatad i the Nitreg. o-ﬁh&S@PaCkﬁi% éH&eZQéiﬁ%iH&@ﬁ@ all ALM

receivers in the S For the ther in ed by the
reference codesﬁj ’\j.l %(?g 1193%1 tb 1rﬁc)ie:%lEL%Z% g&o%s%?%@%%% § %3% %%rgeth%&e%%ﬁges for
keeping each PARicRSAHRG e |thF’rh5¥|o‘??F0rdél givén mrﬁaé%téwfs@ée%PéothéE@sm, 306,
308, 310 and 31 i2640068] Therentiies of nodes 14 indledeslimnsn348ddze pstheadentityioheach

node 316531E, 32Q, 32%and 324 0 the.ALNLN1tee sessipi.clhus, dngreigN-pades in g specific
N-tree, there vg Eﬁg ra&%ntrles. inther é)WS 314. Similarly, if the N nodes are all root nodes that create

source packet SPEOA RS N EBILA s in the table. 30[0069] The table entries with
reference codéSB3E, 3401184211844 1346 Save saforiiation lréfatéer warsbn Aosesl sudhsas fistrated in
FIG.6. On the pifseshandcal ther ofber taldie entsiels besidps:ihe emtries nhihe reierencexcades 338,

340, 342, 344 §4§ sqavcgeu@oggl gecélfl%!gfqma sté)gﬂ%sgqtarqln%}letreeﬁﬁghfg%j!iur%tfggedd@ FIG.?. The

optimal stream path information a e a static or 5ynam|ct e which can grow igger or

shrink smallert8HEROMNOERE Yk Growthrdrpafidipdiig Feaai thel ATM Ntrak LREsish e 16
[0070]FIG.6 illusfratestibe data strlotiré ofiNttreeiroot arade gnfermatientas éxpgrEgskhsivownrin the

optimal streanypath, '”f%mli@&‘d@i?'% ?Qrﬁenlﬁt@ﬁﬂ@iﬁ@%§@§@ﬁﬂd %ﬁﬁ@@@ﬂﬂ@@@?ﬁsﬁ@ gatabases
230 and 254 for alijtreeds n ? ALM s ?h LA fl%|d 402 show the ]per of se omln link slots

1 Tans erver en 2acit wn
and download 5‘1“%5 ¥5¢ specific’no 2 inthe'&dtire'N-féde seSS|on eanwhl e, afle}dl 04 shows

the number of"—’tfn%ééﬁ‘?ﬁééiﬁl&éq#ﬁ@ dIbk) dnd dednlvEd %lbf%kaPéL specific node in the entire N-tree
session.1Similadysajfield 406 shewsdha pumtienob dsed: ouigoing lisk ddnsleisiand uplead siots, while

a field 408 Shcﬁ‘é’t?léhedl“(,{?ﬁ‘?rb%f g@é@gg e@;goa%ga rplg;ﬁl,%tst gﬂq é{PJQat% %@@ gor a specific node in the

entire N-tree session. Meanwhile, a field shows the number of unused incoming link slots and

download slot§48P 4! spgé}ﬁceﬁ]é’ﬂ‘@ SThe f%fagﬁo e ddnt8d. 1OU721RIG S stha dliBriation data

structure for nodle’s wtkes tirantthé\rdot node’s for b speécific rewirrthenAlik SessiowhAcielIZd2 shows
the originatingnede: of;streamsiwith referenceitp.eachirooted theeybe.  These packers are

20 destined to all ALM receivers in the ALM session. For the root 302,
there may be multiple root nodes as indicated by the reference codes 304,
306, 308, 310 and 312, 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.

25 [0068] The entries of nodes 314 in the columns 348 keep the identity of
ecach 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.

30 [0069] The table entries with reference codes 338, 340, 342, 344, 346
save information related to root nodes such as iliustrated 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 illustrated in FIG.7. The optimal stream path

35 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,



field 504 shows the discrete delay or latency between the root and each node,A field 506 represents
the child or parent relationships 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 and
next node information or identifier such as IP address for packet forwarding. This field also indicates
that the next node exists. [0073]This field is thereforela leaf node for packet forwarding (i.e. 25
terminal node where forwarding ceases). Similarly, consecutive fields 510, 512, 514 and 516 represent
grandparent (@ generatqes bagk)ehild andhgreatsgrandparent {three generations hack) 5 child (one
generation Iateg)frelati?.nshigs. Even th?UQEi on[lg threglrl?evels__are shown with the present information,
the present inVEMGRIS BY 16 nvE&AE Tihited 30t tHis Rifd HRSIE VAR iR B Hefitda T4 Broader
range of usag&Pinally4 a ficler 518 réphasents abresetvad field OOZ4BIGsBiiflustratessgenadit formats

of bandwidth-fairdforsvanding rables 602 ehboth. Wessewenforwartding table 202.and ¢ligatfeayarding
table 236uisech n hesseve ANl A0 and Clisit ey fe0s T LStigplenelinihe, (ahle; 207, Includes

the following three calumns, t at is, the originating n source asél"drgsssé)@é,1 dource !f)ol‘r%number 654
and trie table 58iEr B0A*EneeSiitfifiating node (source address) 606 stores the IP 17 addresses of the
nodes 608, 61,0612 anel 644w e scure dort iumber654istoresithersotires pestinumbessngb4 of all

gggi?atir;]g n0@§%6§%t§4§ng_5@é‘{£§|ﬁ@% 'Il[%Qs;riﬁﬁan? 'e%%&%f&t%\/ﬁ% the pigmi%sdﬁl-ﬁée@g& 620,
or the next level forwarding table : ultiple entries of the originating nodes, 606 can
each exist with the next I\g\lle 1%%\/{;’3& n% ?1%]3925415 .%ﬁ\éfn@? (BYBF RS ARG gaBlég%%mﬁirjré‘%e
destinatioh/foritaftling hodel fRadehess 626ikhd destiAatiér perortimBer inforhetion’ 6881kt dhe next
level forwarding: table: 24 therermaybupLdtidle 16 addressgs: 628: 6301632 @rd-634 and pek
numbers 638, . 842 4 cifyi herg t s the received packets need to be
forwarded. Fui%%%ﬁ%re %ﬁ%ﬁggg ’6%/2@5%‘1% 6%6%h§/%%%§nt$%§$%%€s}635 %ﬁasggS ‘showi hngﬁhe type

of the transpott'rofd8sf f6R4 sFadR Lbattt [HOT78  TheSBRRAIding M abie infBFMEIA i¢ échanged

between the IBsenverdentity 210 and client entity 256 by using the forwarding table message (FT)

shown in £1G.2) Geqrehifon netwerk nacketfpswarding indhe Nrtee.steash Nodssis done 4sipg the IP

address, port ﬂlflemb ert%pgdtrar? rozgt rggo%f) l.@?ﬁu?ﬁﬁgc;‘%;:ﬁ&)égsg?orgp tln}g ?1%9&1 % (?’26251%1@56 ments

the search function for 8ach netwsrk Bac etin
the originating node of streams with reference to each rooted tree. A
field 504 shows the discrete delay or latency between the root and ecach
node, A field 506 represents the child or parent relationships between
20 two different nodes and hence suggests the presence of these functions.
This is followed by a field 508 showing port number information for
connection and next node information or identifier such as IP address for
packet forwarding. This field also indicates that the next node exists.
[0673] This field is therefore a ieaf node for packet forwarding (i.e.
25 terminal node where forwarding ceases). Similarly, consecutive fieids
510, 512, 514 and 516 represent grandparent {two generations back) -
child and great-grandparent (three generations back) - child (one
generation later) relationships. Even though, only three levels are shown
with the present information, the present invention is by no means limited
30 to this and more levels can be defined for a broader range of usage.
Finally, a field 518 represents a reserved field.
(00741 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
35 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



20client entity for all incoming packets 264 in the application layer. [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 262 also changes the source IP address and port number of the network packet during
the forwarding phase before transmission packets 266 7are forwarded. This function is critical to ensure
streaming path adherence as constructed by the N-tree algorithm. [0078]In usual unicast applications,

the source IP agdressand pel-33pumbeyef anetworks BARkS pie nalehange The pagke) fiansfer i

performed accordjng to an gverlay tree without fair bandwidth allocation. However, one of the features
g (o.an perlay 1

of the present ifivention is that THE'SSUPEE 1P WRGESs it SbdtihatioR Pk B GHbrgBaTyhe:
forwarding node> 802!t Fellowlthie Bandelidiehrfaip betréB4pattyto dbhieweAbM FRCH3B[0079] F1G.9
shows a FT messagerfaimnatwith-adotalef si% figlds.sThe type field 702 identifies between the request
message type r 8 e ~The.content field 704 indicates conptent to 18, identify
between a full ornggin%ﬁ%%?g %r?@?@?ﬁ%%%%tg% gria(% apar %FFO?V@%&%H e %jr‘ﬁ?)l/ (‘I‘fl’fE) update
from the serveﬁ’eentﬂy??ifﬁl&\’/%lrs@ﬁ‘ﬁéf&% EHo\s €1é verdiBh diahke MNlaferNaréEnglgeitim.. The
unused field 708 indicateb thdt this fitednis cuwentiynpoh iniaséP Thedkd s figld 7hicastaing acsingle or

[gglgtior}leF flcgwlaorpdﬁg E@@Jﬁb@:@t%%}'x%{[@§5@_99$- ITz'he fE @%raéa@&,%@dﬁa@lﬁéﬁl%t eﬁ%‘ffsﬂgfb@!ghnz-

: ows a structure warding tale entry message, 710 with five fields.The
originatin nod%% TFrield’s ii%lﬁothetr?e% fﬁc%%g%g% (?ef‘%’eﬁrgg%eg{%ata%%%ﬁ% FRESE AR RS time
stamp field 8023D i§tiled to sHerl #He tirre aHe FTR nidsssge weas giendrated SEhetinused ifield 806 and
the reserved figkd: Bdf: (oneithatds planned éa be Bsed)eshovrdhattheserase BOb ety inuse. The
time stamp fie ' e, : S w nerated. [0081] The time stamp
filed 804 assuﬁ?%%ﬁ)ﬂ?ﬁh&g Igl'?e%sv':gl rﬁniasgsg;gggg%?“fé sed% ir? %% g?i%%eﬁ%ﬁ}j}st%c’égﬁ?el the '[r(t)tlafing table

for the N-tree. 3 1REGHHHsPdfHotocol has its own time-stamp field, the time stamp field 804 is not
used. Howevel Dl Tité trahbporfpretodohdogstriot haverantimie stampefields the dine: starap figld 804 is

not necessarys[082] i s follpwaribyiaderwarding table sontentfield,808,which;20 capains
bandwidth-fair&ogggardén&ﬁbleﬁnformatigli](t all Iient{len%ities from the server entity. Forwarding table
entry information Selécted from the server en % T ConBinEd Yoy S AT TS AL ET hessage

| m t%enserver_en ity 2107
to be sent to edth gkt eritity2258. WPHEN ithelear et forivaitindRaptls O isnpdated: er FAnhessage,

which containsrasingle: FhEomessage or. multiple 26F TEORessageshds sentidynasicaly by #LM
forwarding tabje:diStHRUION ¢he search function for each network packet in ALM in each
20 client entity for all incoming packets 264 in the application layer,
[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 262 also changes the source [P

AN
n

address and port number of the network packet during the forwarding

phase before transmission packets 266 are forwarded. This function is

critical to ensure streaming path adherence as constructed by the N-tree

algorithm, ‘

[0078] In usual unicast applications, the source IP address and port

30  number of a network packet are not changed. The packet transfer is
performed according to an overlay tree without fair bandwidth allocation.
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.

35 [0079] FIG.9 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



278 to the influenced client entities. [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 metric
information (ST 902). Metric information that is sent periodically is collected by both the metric
collector 220 and the group membership 222 (ST 904)s [0085] Next, when new metric information
arrives, the ALM forwarding table constructor 218 accesses the metric database 226 via the metric

35collector 22@;1%&1@;‘%9095@@@496em@mP%P&Qa%l{a@a%%éomghe(lﬁwp ﬁgﬂ?@fﬁ?ipﬂﬁé@ he new
metric information js u%?d by&&he AL forwardln&éag e constructor 218 to update the optimal stream

path 19 infornf &R taiSiE"S04 & 6585, [obga] hBPARARF roF ity BEBlE Eoridttictor 28
executes the N=tréecalgortdm/ (ST 908Y,sThesAl M forwardirty table Eorstrudtor 218 dxecites: the

N-tree algorithi.pesipgicallyiand ?b@rqﬁﬁi@@@@@e&m&@@tmahwr@?meﬁa@tp h?mr;%la@m tahlg204 c’s(tjnd
server forwardj I ST 910).FIG. 13 illustrates the steps of Nstree rithm execution an
this will be expﬂ??jé) Ff}l a%gré g(r)alll%}dall)%ﬁsgﬁ [E) fﬁgxf?l%féi g%tg%ﬁ%ﬁﬁén igged S er&?)?vg;rding
table 202 is sefthtHRthe AL fEEA%ﬁ@&ﬁtﬂé‘%ﬁs‘ff%ﬁt&QW@f‘fﬁé s&rlier’@ntity 10 210 to each
client entity 258} (8T P12)! FHé AhbWerwarding dable fdoeivar 28Q uptiatesttye(Cliep) forvwarding table

236 with the foyygrding, table (Fb) qessage reclR(Rd FWe v field 802 shows the IP
address of the node that sent the FT message. The time stamp field 8§04
10 is used to show the time the FT message was generated. The unused field
806 and the reserved field 810 (one that is planned to be used) show that
these are not currently in use. The time stamp field 804 is used to show
the time the FT message was generafed.
[0081] The time stamp filed 804 assures that only the latest message is
15  used in the client entity to update the routing table for the N-tree. If the
transport protocol has its own time-stamp field, 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
20  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

e}
(831

FTE messages, is sent dynamically by ALM forwarding table distributoer
278 to the influenced client entities.
[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 metric 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 metric information arrives, the ALM forwarding
table constructor 218 accesses the metric database 226 via the metric
35  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



[0088] Next, the forwarding table (FT) message exchange sequence will be described using FIG.12.
15[0089]Metric information is updated (PIT message) periodically (ST 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 Al,M forwarding table distributor 1004 of the
server entity 20 1002 forwards a forwarding table (FF¥message including the forwarding table
content, to the ALM forwarding table receiver 1010 of the client entity 1008 (ST 1016). Alternatively,

the ALM forwaisglipgniable1aeeiven 491G is gb@ to issue an update request for the client forwarding

table 236 usingqheforw %g le, ¢RT) essag{-:-é(ST 1018). In response 1q this 25 request, the ALM
J ‘ : § 21 < :

forwarding tab?ét@??stﬁbutﬁgr y 6 fo?@\g%s% forwardin ttaa%lL% (I"-erﬁ:;?n“e%égrge ﬁl%:?u%}fr?g lfﬁclegfc‘if‘r%/gard|ng

10 .
table content, (o thecARNGBRREIdif] taNE recdibér f‘d%@ (51 Yo i f069E | NERE THa phethadfof N-tree
algorithm execution insSTh908- shew g FtGml it be déscribedhsingFied 1% T hednital drigger for

N-tree 308Igorhen AVagAHn s RIRNIYR fiam the ALaMhfamauding fablegansisior 248 (3 1102)
Next, access f r g Spe f {ule IF heU[{IStIC rule databa q206 is dgne by the ALM forwarding table
constructor 21 @T 11%% W USESS f A St baRR HFB A f6H tMe* 864 8 Hone by

the ALM forwaidihd tabler bomstiuttore 28NS T LEO6) - 25Afterwards, the ALM_FRC assurance by the
N-tree algorithrnds appliee:o, raetrics (fh 1 198)hEhendthe AlsM-{emwasding:tahle eopstraetor;218
updates the seier fnarding e 202 e [estling, manipulaled 70 metrics (ST J110). [0092
The periodic f(_%rwarding table information regqﬁtion and packet forwardin methdd by the client entity
will be deScribebfUdifgHeikE. £4! % He MMTForwarding tablé distribifor 278 pdfibarsiiy & ardiits the
5selected content of ¢hel §6ruardorwatiing table 202uxterdisgeciftd cliehé viai farsardingw dadie(FT)
messages (SkaA02)r TheAkM ferwarding table @ngye 280 of the client entity 256 will receive these
forwarding tabﬂSOSS} Next, the forwarding table (FT) message exchange sequence will

be described using FIG.12.

15 [008%] Metric information is updated (PIT message) periodically (ST

1014). That is to say, metric information continues being updated

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

coliector 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). Alternatively, the ALM forwarding table receiver
1010 is able to 1ssue an update request for the client 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

3]
in

table (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
30 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 domne 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 (8T 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

L
[43]



(FT) messages and update the client forwarding table 236 (ST 1204). [0093] Next, the steps of N-tree
algorithm execution adopting the "water 10 spread" policy, will be explained in detail using FIG.I5. The
whole process can be simply expressed as spreading water from each source node (i.e. root node) in
the N-tree to all nodes in the ALM session until all source nodes are connected to each other and form
N-trees. For example, each node in the ALM session4a,..,n} from the "initial list" is encoded with a
specific color (to specify the transmission source node uniquely), and all links belonging to the tree
with the root ngde 'J° ¥e- Cﬂ'?b;-_ Initially, each node j contains a color set S[j] = {j) showing stream

e
connection or reacha Ig status. When a stream k "flows" and reaches a node j, the node j will add the

color k to its cafdf et s: '] PYFPRE . "ATFBEYERINTANY, BFURAENF K TONE #LIKEEHISE),...n} is
set to "False." Whenrd steeame threbdhesiadl offien nades in the IAbM sessiohethe stee rédted at k is
s:omplelted), _itdﬂhlg tofm;%ﬁ[:r(?d\}tﬁf&s&%mﬁﬁﬁ%hf)@%@g{ﬁ)%?_r%@a- @%;ii&ﬁ%ta@};r Irif&%gl%%liingﬂé adhdte}]d t
in one loop, iteratively, to the trees hy usin e steps, until.the N-trees are all 25complete, such tha
all membegl)rs insﬁa%tgc[s%?l\fé)snét %tsoe?t ?ge. r%re.ar[gg§§\jﬁ§?,gtﬁ§b Er\%ﬁr\;v(}aradi%efaiég gé?]% Fuctdr 218

identifies all m&vibersiia ghéaRieed sessiesBaseder methie kollddter 220informadenandagisup
membership 222:iifosnetion famklemakerthe tinitallise’ iniallist databage: 260 ¢S :302) Naxk the ALM

forwarding tablg:¢qnstruciar 218 30 selects,a member, from i, iniial list ;andraglds the member to an

"ordered list" in the list database 260 based on rules from the heuristic rule database 06 for all nodes
in the “initial list” of &l NXBEnUHeS EET $504) " PReAGIRIHOM e AR tisalise P86 s, for
example] descanding orgeli of the nuntiversxefl renraining detsed wploadtsiowd.> 35 [0086}hole
gigordfmce wiﬁ}&h@s;éév@ﬁar Wﬁa%@oéigm&?@%p@l %%E&ﬁ%fﬁmeeé\@d ﬁp%@%ﬁi&mﬁ%@%s}f@%ﬁgor
selects nodes with the est number, of slots left that sti ec in the set it
1o (keralad) S TR Aot viloe aacd o B A arel b The Mod& Wi rind Wit Mghest
number of slot8IERCENECSEEsHnG HE HeGHsH: Pald dathpage dufesroMHeansioadisowiirsad slot
requirements, iaskleatéd, iteraitvedy. B[0G3 €] dexta thenALMdRrwaedifig ieble iconstivictac 2d&iselects a

node froftsthe saieted st Frarting:am Bie vt nade thakhas et esiablishad dokadaal flodes of a
given N-Tree, b aP: f)él‘n the specific rule from’the heurjstic rule database 206, Next, the %\ M
ofstr

forwarding tab 6P AY W thdhdBE (B %exBHpIE thEMdBREit the B RiHEEE number of
unused slots) (8TtiE306). Rtk ahode stepoisteepeated-fooall sisdéd rheetingthehrutd irg STHE3O6 until all

nodes are ordetachea1id308). (90981 blext the ALMiarwarding dableicompikigtor 248 salants an
ordered node from a "rule-based ordered list" for formation of a node pair ST.1310). Another node
from the "initial |§t}5 t]ﬁa{;t%sﬁaltll{,s) ies tﬁ’g iﬁ%f%?u e L?ornlft e hedristic Fﬁf%‘aa%}fﬁ];se%é ‘(e.‘g\‘.’r'ninimum
latency BétwedAWdInodBE) Wiy bd Sel&atdy, aiatnk- pRidEe il Bedtriéd o &rulé-5856@ pair list"
(ST 1312). [009BfNext; th&/AkM forwargimgtaklectenstiictorhi2zl 8iselectsa piair 6f 20 nedesfrom the

-rule-based pajlistiand prderdhemibased on.a spesific e drqm e heuristc e databagg 206 (ST

1314)._The sp C{#% __I(-;- y be, f rex mple, that th’f air tch?s gased n the. link information
associated wit e%:g‘ﬁ"’é anﬁ‘ﬁiﬂnﬂt dortférdd ikt ?-un@éﬁ LiRibatf STHEc S BB 3f)ﬁﬁk for the
formation of Nitfgesi icivustpeHornieee2 5irought thelde stepse(ST 1306 t6I8T H3M4Rs are all
25  complete such that all members in the DONE {a,...n} set is set to “True.”
[0095] First, the ALM forwarding table constructor 218 identifies all
members in the N-tree session based on metric collector 220 information
and group membership 222 information, and make the “initial list” in a list
database 260 (ST 1302). Next, the ALM forwarding table constructor 218
30  selects a member from the “initial list” and adds the member to an
“ordered list” in the list database 260 based on rules from the heuristic
rule database 206, for all nodes in the “initial list™ of all N-tree nodes (ST
1304). The rule from the heuristic rule database 206 is, for example,
descending corder of the numbers of remaining unused upload slots.
35  (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



[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 (p 1, p2) is a 30 tunnel
where some streams have already flown to the start point p1 but have not reached p. 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 linksj) which satisfy the latency requirement and the 35 cardinality of sets SJi]

and S[i] cp are gelected, Next, t ?.At%lfgg\éva%r@iagsta&!fﬁz%st%&tg%%@ aflds1pese ot eés%w'e-based
p

ordered list" (§T’1 06). In thé following step, the ALM forwarding table 22 constructor 218 selects the

highest slots froff tH8 $fuld¥isEdFortierbd i&feshd AduRthet to-ahe filie- Habetrpairiae ithhe list
database 260 (8T 1312 )01 62]Mexscthe At Mbforvardinig ddiie seristroctbr 248 frompthe trule-based
pair list” which;satisfigs an additigpal rule from the heuristic rule database 206 (e.g. smallest latency

between the pain) (ST 1316). Next, ALM forwardin le constructor 218 forms an N-tree that
connects%hhe rfggéj}rorﬁjl Xet"%glt?arﬁ?éi‘db%/{\%&“gﬁ [ﬁrgigsg%?i%c ?lﬁ’l%ssq"ﬁ_locr%ﬂ{h‘e‘]xnelfr?s}ﬁétr&uI% Hgt%eoase 206
(ST 1318). Th&8pecifitcrules fsagemptoy 1012HE Réle theta pluralfly B modie pdire leskalslishirg

connection froes@béi Nogle Itvibe N-ttlerdodll the ather nodesiirnet)evinitialilisyiwithout violating the
maximum latengy. rye, Areiselgeled s £his procgss.is Jepeated forall members from the Jryle-based

pair list" by checking all nodes, n a;)nd members of set S for {a,i"n} ta"j,nH{a.",k}, such that the Tink
15status is sef?8 isl’rﬁgmffilé?cstt%"te"o]f%o?ﬁﬁétéib%n?l%éﬁoﬁfé’fnli%mﬁh% tiB8) P il nBtEs 8T 1320).
[0103]With refereheet to thet'svatdr spread” gxdmiplé; Tn thidGstep, Ththereoare mamyi adegaatedunnels to

choose from, the AtiMfarwarding tableiconrstuctosZls selects @ny shostest wnghdhatistprsay, in
this step, 20fo[§{2é' ks (i, j) in the "rule-based pair list," the ALM forwarding table constructor 218

chooses the link (r,’v) with the smallest latency between node pairs (r, v), with respect to all links in the

"rule-based pai? i2f 1 (0108 fteHehoddilg ther tirifEnE, Ve bhccaengiarstare mbhy otsifiarstreams
that have reacheittheé stadiinty poeint rand that eday:spneal e the 25 éndmeintvothe Abd fpsivarding

table copstrucief218 SPJects 3 SiFRAMode from the “initial list” that satisfies the specific
rule from the heuristic rule database 206 (e.g. minimum latency between
two nodes) will be selected, and the pair node will be added to a
“rule-based pair List” (ST 1312).
10099]  Next, the ALM forwarding table constructor 218 selects a pair of
20 nodes from the “rule-based pair list” and order them based on a specific
rule from the heuristic rule database 206 (ST 1314). The specific rule
may be, for example, that the pair matches based on the iink information
associated 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).
[010CG] 1In 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

3
i

logical connections between nodes). An adequate tunnel (pl, p2) is a
30  tunnel 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, g} that have p member of “ordered list” in the
previous step, all links (i, j) which satisfy the latency reguirement and the
35 cardinality of sets S[i] and S{j] # © are selected. Next, the ALM
forwarding table constructor 218 adds these to the “rule-based orderad
iist™ (8T 1306). In the following step, the ALM forwarding table



that will give an acceptable distance from its source It 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 30(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-largest capacity left. 35[0105]

The ALM f j t I hi ess until thec nstr tion of N-trees is
cor(:]plete fg;gﬁggwlgﬁ%e %I%éiégégj (?l F?léggsfglE §Q‘ff§% lﬂ% Eet(elzb ?dé:es 801%6 yiflirsféd as all

23 nodes in on& SIREBnARCEEE tof B%ﬁe}ﬁ?(?d}eéf’ﬁ%erﬂr%es‘fbriﬁstﬁcéi@%%h%ﬁ@ofﬁ@nt from

any one node ih0n® tree can reach all other nodes in other N-trees. This can be achieved either by

fulfling all defipegones frem dha heuristic ule daiabase 2060 Mfling b padial rylas pirgry the
heuristic r le data ase 2%#%)10 kaaIIM N- tree tlmlzatl(zi[u is.carr ut as shown in FIG, 15 (ST
132410 S 1336 Eizlrst 8L RS ard nidved HETor3%h) AT HIS SR tf b RTBVE B SiMs Between

pair nodes to nﬁﬁﬁ%léétﬂ@ﬁ%@%f(ﬁ}é Nﬁtﬁé@é% ilastreted beidvexplaithed ia iFIG(E6A.11F tie.N-trees
are 10changedrafter thieslinks erefmaved;iNdreesipeeddoibedesonstruatedihraughithe-follgwing steps

starting from SToh24ST1370)-If 16 deaRusinelion efhwtiges [plLglE 1o ae move, ofipks, he links

are reordered (ST 1328). This st of reorderlng of links is repeated until the construction o?iﬂ trees is
complete (ST ﬁ?%(%e'i@[ﬁifﬁﬁﬁ ARed Tbrivatidn bhsed oA NsReE! BigSHIEM WAl berafistted in
the optimal stréam peth Mitormalibn table 204narie seever fosvwardingtable 202fdp distributiondetween

client entities (83dt332). i34 0] Next, fwo,N-tige aptimization.technigres; link.maying andilink

rerouting, are ilysfiaied In,£1GA64 and F1Q.L 68 in the following |~

This process is
repeated for all members from the “rule-based pair list” by checking all
nodes, n and members of set § for {a,i,,n}{a,j.n}{a,, k!, such that the link

15 status is set to “True” (i.e. state of complete connection of links in the
tree)} for all nodes (ST 1320).

[0103] With reference to the “water spread” example, in this step, if
there are many adequate tunnels to choose from, the ALM forwarding table
constructor 218 selects any shortest tunnel. That is to say, in this step,

20 for all links (i, j) in the “rule-based pair list,” the ALM forwarding table
constructor 218 chooses the link (r, v} with the smallest latency between
node pairs (r, v), with respect to all links in the “rule-based pair 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

[§]
o

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 comstructor 218 adds the link{r, v) to the node r tree. Otherwise,
for one random color k linking nodes from set §{r] and $[v], if the latency
30 (k, v} is equal to or less than the maximum latency, the ALM forwarding
table consfructor 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-largest capacity left.

[0105] The ALM forwarding table constructor 218 repeats this process

(T8}
{n

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



20paragraphs. [0109]First, using FIG.16A, the link reordering step in the N-tree algorithm will be
described in detail using nal 6A.As shown in FIG. 14A, upon receiving a trigger for performing N-tree
reordering (ST 1402), the ALM forwarding table 218 selects a member from the optimal 25 stream
path information table 204 (ST 1404). If there is a link with an unused bandwidth between two nodes in
the optimal stream path table 204, the ALM forwardirig‘table constructor 218 moves the link such that
the delay requirement and bandwidth for the new links are still valid with the original rule (ST 1406).
Any relationshijp,dhatis ciive Naresd-ahid- Sbhealatibnshinhgrandpasent-chileceglationship and: other

relationships shiawry i RLmal.stieampain. nioipalon abie, 204, May, apRl 19,11 relafionship

between two nodes. This makes it %OSSI to_reorder N-tree links for es in the optlma stream

path informatioh t%%tsfz&tt@tsmo L85 RHT1 BENBXRIRE fink Tritie Step tHtHAN-tFek RfoRfEmM will be
described in dethilsusingFiG:18BuFist cupols récealingea Miggen fdio hidving litiks (ST ik410)idhe ALM

forwarding tabfe,e@nstrucdori2id selpcis.a.marmbers 24 from the optima path stream path information
table 204 for li ving purpos (ST 141 If there are two .ormore logical links of the
parent-child r |§1n hlpgf 19 &%Irfn%ecﬁlﬁf hip and ther relatsc%rlgls(hlps 1t51eﬁ/%e§l "tWo'identical

Sons
nodes in the obtl%aﬁgtr% mfcfr}ﬁ%o]h tHlste b@ﬁ%t@é%wm%ﬁn@taﬁk corstiugter 218
compares the ffiigt litk mﬁtetﬁetmtdllhktstfeintlpahthﬁodHaymequmem% and thedvangwvigith between

the two nodesyon the, links hegome the same. Furthermore, it there are mare jntermed ale ooy des, the
ALM forwéardln table. cor}struc or %6_5_1 replaces the farmer link with the latter link so as to h ave a

shorter N-tree (847145 oW trBE gt hinimiZRE6R 8PN Ndes int 8 BitiHfFStream
path informatiéh¥ tatsle Z(M (eriimm)g [6141] Isiepossiblectmats i dxXdeptichal tageés, bdth the moving
of links and rearelesinguef links dail for aptimizationtailwitthrespecttoall Gandidates ahmadgs.during the

N-tree constryg| {)(%Q yggh ?Hc _ﬁ;oenam[% 15 N tree com%utatlon{\)/}ull}meilncom Iete gd N- tliee

algorithm will or com wever, N- treg SimUlation results show that in 9% of glven cases

the N-tree aIgB@ﬁtﬁﬁ’i‘é%HE&@é&ﬁ&f it ééﬁ%dﬁn‘got’ﬁé’]t%% by utliizlfg-the link moving, link reordering
techniqgueand hélistic iille datalwsd infaisnatianoAbsened oblnkvaovingalinkrigordersnd be

20techniques angehesnistic fyle database Ezteqa@tmﬂnttﬁ%%%tmn&h@dm 3, 5CGRSS Late of
95% for N- tre% bU|Id|39nfor \fer%as\%) \;% Vﬁjtree computation_time is less than 50 ins under normal
Ftwel

personal compUterépEstication LR D51 TiRE NS h&RHEmirimizAfidrink moving
can be describhBdPEbadeion the givenesvate spreatrexamplévas follows; troaingeandtéth it any

node j, the linkdeoneide: k from thewpareniode of made k issdiscarmected and the replacament of the
link from @od%léltgghg g.p does not violate the latency of tree j. In this case, a second parent of node k

can be deflned as no e%p that can dlrectlé reéplace the existing patent of
irst, using he link reordering step in the N-tree

algorlthm W1H “be described in detail using FIG.16A. As shown in
FIG.14A, upon receiving a trigger for performing N-tree reordering (ST
1402), the ALM forwarding table 218 selects 2 member from the optimal
25  stream path information table 204 (ST 1404). If there is a link with an
unused bandwidth between two nodes in the optimal stream path table 204,
the ALM forwarding table constructor 218 moves the link such that the
delay requirement and bandwidth for the new links are still valid with the
original rule (ST 1406). Any relationship, that is, the parent-child
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 path information table 204 (ST
1408).
[0110} Next, the link move step in the N-tree algorithm will be described

(3]
n

in detail using FIG.16B. First, upon receiving a trigger for moving links
(8T 1410), the ALM forwarding table constructor 218 selects a member



30 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 la"k=true"ril (of parent) to la,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." In this case, k' is a second 35parent and therefore selected. [0113]The packet
forwarding method by the client node will be describetl4using FIG.17. First, a client node receives
source packets from 25 any other nodes (ST 1502).Next, the client node searches its client forwarding

table 236 based swo #oPies (i «CRMRINAHAMLOTIR RANEIS AN, ROML thiee fuples,(compjnation of IP
address port or flag indi ﬁl/ln%li]g ALI\{J#)%cket), such as describe earllzré,sﬁl 1504). The flag.or
category indicating the Ké_\ pack%‘t may B8 theToS {FyBE BrEEnite) field fiiPuassrtHepsep
(Differentiated '8enices Code IMoint) fiekhok flow $abelohPY6;cdr ki canlbinatiohipf thede oFurthermore,
the flag or categosy: indisagingranAdd packet maayibelaspesificfield in the WRP paylaead field,
10[0114] Next, the client nod n the,source |P a ss and paort.number of the AL cket to
the current noé{éqlgP&gggr%@és ga,ng pqr‘gf%r%’mggF (Sff‘?i OB?%%@\%H%SE&PE an ﬁ\?—?ﬁetfgugoﬁgt:\écﬁgd path is
followed by all FERAGHE hARRIE 1o atH g HHaRFAHR failids§ HehdBeh HEdee! 4% ifs&eRént node
forwards the netwotkepaekettodespective thelrnexwibdestination noden(ST HH8).e[ahi5{Arspecific

ﬁlxample ofhthqsurt_@@_@lg&?thm rt?;fe‘ihee a]{@ﬁg%wﬁ@&:ﬂﬂe\_eﬁaﬁe f@é&@?@ﬁ@%&%'%%{dﬁ%ﬁ
illustrates the application of each step of the N-tree algorithm adopting the same network conditions as
in FIG.1 and tk?ggfeesﬁﬁirﬁsgﬁhue%%érk f% ¢ & g%%%?o@ﬁﬁéa HQ]%ETS IRYESEMSP/RY Kearch for

inks THe frees
optimal AétwolkeNTitka, tith espedtas (e dbfihéd latéhey aHa Baddvidth hate beteysiotsi fratntthe
maximum onefeerapiying vith: the:heprisiic rides: providedioothe atlisimunt one.4Thetbandwidth speed

set/slot is, for example, § Mbg§$%iMl%p§hgLMBpéx%re%tjr}]%%‘T_ ggs[lg)éljli%'lgﬁetgguﬁg@(f Twl%% in this case

are rules 1 to 4 described above. By this means, as'shown in FIG a path is selécted in order from

loop 1. [0117] e E5RERTIGHorCbf ﬁafﬁlﬂailgq%éb?(@t?é‘(%ﬁé’% paHorfidl s8R nigetihe delay
requirement, afrdidindadditioh prebuaiithe prbedssimgdoometntaining th&\ir bandwidtrefarrall nodes.
30[0118]lp therpaseeot b ikBtibthe/Nitree algorithm of thespreseht algorithm will fail for
completion. However, N-tree simulation results show that in 99% of
given cases the N-tree algorithm is successful in computing the tree by
utilizing the link moving, link reordering technique and heuristic ruie
database information. Absence of link moving, link reordering
20 techniques and heuristic rule database information on the other hand leads
to a success rate of 95% for N-tree building for given cases. The N-tree
computation time is less than 50 ms under normal personal computer
specification for twelve nodes.
[0112] The N-tree height minimization/link moving can be described
25  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 free j. In this case, a second parent of node k
can be defined as node p that can directly replace the existing patent of
30  node k. Therefore, a node could have N-1 secondary parent sets
(corresponding to N-1 trees rooied 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.” In this case, k' is a second
35  parent and therefore selected.
[0113]  The packet forwarding method by the client node will be

described using FIG.17. First, a client node receives source packets from



invention is 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 35 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.18/§ . However, the 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#Y catitramsmitspdSiets dirzctly i9eIR, Asa rdseit; the demainindg dandwidihzis 20 Mbps

for MY, 12 Mbp@rf@al%ﬁ;g@al‘él&psa‘@r@%@m&d\/lﬁﬁﬁé@qw &@%@Q&&@HN@NH&MM@%@ is
selected throu%er hlchtﬂackets anstttegdlrec}I Ijr SG avmg th%secon Iar%?st emaining

bandwidth, to rerthe delBy With 'St 18 Hhis Feast in a Wwifis A SPHHER (bop 4) is
selected throuéﬂm%@h@&&éke@ﬁ?eaﬁa%%?ﬁméa fbu?@éiwo(ﬁ V\lﬁé)l‘éfthe Bbm@mmsgagzﬂféxecond
least. At 10 thisdﬂn&ﬂgetﬁ&f%ﬁnmgpbaﬁdwﬁ‘&fmjBI@QBI’H@SJ(FTmthatSBﬁsXIca)WQﬂ@QQFIEMS

selected through whicy @é%?éﬁ@f%ﬁﬂ%@&ego%?@&'y AR SN pliare.ingy ey yih g s the
leastin a4 Mbips bandwidth (FI As a result, the remaining ?) h'is 20 Mbps for MY, 12

Mbps for SG, 16 WibpSTof JB M %amaﬁs Fr VRESE5[0224] {5 TR - Héﬁh {168p &) is3wgeTed
through which ipaidketsngreatrandnitted elirgctiy fs0rm<IR ranvdngfthefselcbrid |ahgedt Femaimingadandwidth
toSGina4 Mg@§dbandwidth (FIG.18C). As a result, the remaining bandwidth is 20 Mbps for MY, 12

Mbps for SG, b JP anc;inrec bps. for V. \. %%91225] (AB@Next I%galtp (Iog&(@ is selected through

t
which pac ets are tr nsmlt)t(ed F‘omn having the second ar est remaining Bandwidth to MY

in a 4 Mbps battiidgth ‘(f;'l"(}}elé’é)MA%aél?ééuR the Féwrﬁmn@%mvﬁﬁﬁ%szoamwféwmbsnvlbps for
SG, 8 Mbps fofSIP hfitiée. MBpsifor VN 225{02 28] (5) Next; arpath (teappa) lisisefetted #iraughl which

packets are transpited maévgmfxﬁmh@é e greaiest Femalaing bandwidin, fa P, ﬂ%bﬁ »ina4
Mbps bandwi F{ﬁ (Fﬁfb ! l”ll esult e remaining (Hzlj\hndwd h is 20 Mbps for, MY 4 Mbps for SG, 8
fo

Mbps for JP a de‘fﬁ 565 NexXt A BAth (RBH*SS |st‘§eIjéﬁgac‘[h‘fiiué]ﬁfwﬁ’iﬁﬁtpackets
are tranémlttedifﬁfﬁmal]@?mvhmeh%%ﬂrié@&?zond remaining bandwidth, to MY, via SG, in a 4 Mbps
bandwidth (FIGIER) As et he ieruaiing b@rr\ld&?/édtmsr%@ Ng?garf%mv A MHoS 96863 8 Mops
for JP and 6 r VN. 35[01 ext, a path (loo i sele oug | ets are
transmitted dll\ﬁ(;%:%%/ﬁ%% in El[l V\% qéallgn Q\f/)v? th, an Tu g(.agir)n"llc?;re a [%ﬁﬁ (Sloop V\l{s ;%e ct%ﬁ through
which packets®e tﬁ%%t@éoeﬁ%sw i dbe N-tree algorithm adopting the same network

conditions as in FIG.1 and the resulting network links. The trees based

20  on each node [NY, SG, JP, VNI search for optimal network links, with
respect to the defined latency and bandwidth rate sets/slots, from the
maximum one complying with the heuristic rules provided to the minimum
one. The bandwidth speed set/slot is, for example, & Mbps.4 Mbps, 3
Mbps or 2 Mbups.

25 J0116] The heuristic rules in this case are rules 1 to 4 described 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 requirement, and, in addition, resume the
processing for maintaining the fair bandwidth for all nodes.

30 [0118] In the case of FIG.18, if the N-tree algorithm of the present
invention is 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

35 where the delay with MY is the least, in a § 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



27 via JP in a 4 Mbps bandwidth. As a result, the remaining bandwidth is 20 Mbps for MY, 0 Mbps for
SG, 4 Mbps for JP and 2 Mbps for VN. [0126] Now, given that the remaining bandwidth of SG is 0
Mbps and the remaining bandwidth of VN is 2 Mbps, it is not possible to find a path to go from VN to
MY through a 4 Mbps bandwidth. [0127] The N-tree aI%orithm 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, two links, that is, the paths of (SG-MY) and (MY-VN) in the SG tree
are 10selected ¢foopl1 2y (HIG. 18HpeAw zereddlY, thedd ainivgy barttwidthisr 6:vbps: foryVPE 04 Mbps
for SG, 4 Mbpgforali and:é Mkps:for Wbk L2318y thismeans. figpessiblestaselectapatfythrough
which pa‘:ketst&%?g%% ttranC rei{tqe(aggggi\{ otOIMY v}g JP and ﬁG t#rl] a 4 Mhps Qandwi th G(l?i\(;l% 13)
(F1G.18(1)). As a reSuIt??he remainig bandwidth |581§1%e%p”s oF Wﬁl Bﬁs}?%lr1 %1,1 ps for JP
and 2 Mbps fof &/Mtp1297 Bf Yhis-: . Eomplaredbtd’® MSTPbaBed ethdbnst Eonsthicting
source-based foaes) aind appiing, biap iowdlds the shertegtdetdy path; dhed:trge algardthmeaf the
present inventipyiaieed! Ressibif,! cslua o spy(Es freepal (e same ime and.gllpaaie pandwidin
e

in a fair manner per 20stream. [Q1 For example, although with the conventional method sfiown in
FIG.2 VN can?é%%%?’e‘ iy é‘??ﬁ%l S BERBWiREh, ARiFthE i’ Prad consthictbAshetfod of théTesent
invention showsid Fidt8aitds possibhleio secdre &4vivpsdsardwidtfowaliaiodes KEat dsto say,
each 25node (MY.s 9GP dUN} gan sonstuptN-rees akthesamedimehased 9pdai handwidth and
alloweddglay.n uirement. [0131] The disclosures.of Japanese patent application No. 2008-029771,
filed Feﬁruaryléle,%é&}_g,ﬁéﬁg%argamnl‘elgénﬁaf%ﬁ%gﬁ |c%t|1c§f\%|){l‘6g %6%?3 a%ﬂ,%ﬁ%% I51§é’g"mabelof) 972008,
including the dpBERICALIENES HiEhth§arand Boubibabas etk idea iparaed hedciiisy Yetdiemed in their
entirety. IndustriabMApplidabititythe delay with JP is the least in a 4 Mbps bandwidth

(FIG.18B). As a result, the remaining bandwidth is 20 Mbps for MY, 12

Mbps for SG, 16 Mbps for JP and 6 Mbps for VN.

[0121] (3) Next, a path (loop 6) is selected through which packets are

Lt
(@)

transmitted directly from JP having the second largest remaining
bandwidth to SG in a 4 Mbps bandwidth (FIG.18C). As a result, the
remaining bandwidth is 20 Mbps for MY, 12 Mbps for SG, 8 Mbps for IP
and 6 Mbps for VN.

20 {0122] (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, & Mbps for SG, 8§ Mbps for JP
and 6 Mbps for VN.

25 [0123] (5) Next, a path (loop &) is selected through which packets ars
transmitted from MY, which has the greatest remaining bandwidth, to IP,
via 8G, in a 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.

30 [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 & result, the remaining
bandwidth is 20 Mbps for MY, 0 Mbps for $G, 8§ Mbps for JP and 6 Mbps
for VN.

35 [01235] (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
{loop 11) is selected through which packets are transmitted from VN to SG



[0132] The present invention is suitable for use with AV conference applications where a small group
of participants exchange AV stream or 35content with high degree of interactivity and good AV quality
in sessions between participants over networks. 28 CLAIMS 1.An N-tree construction method
comprising the steps of: (a) ordering application layer multicasting members in an initial 5list
with reference to metric collector information and gr 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;  via IB)isetedtivtprehiraly fdom thé srdersad list thafititmgaarinig Eodmndctian Status with
respect to othernedesrinthe N-tiees aserton asesond:hevristic sulgiandrdening the members in a
rule-based orqgred st fgn each MiTeg,. . (dhseleating, from ihe members of he wlehased ordered
list and the members in the mﬁila_lellst, W0 members ha%lnug a’logical connection Satié ing a third
heuristic rule 48'pairHdEesaAd it Rk Wafr AbBBS iAlthe Rk MasEd saiplistd a pEfsklecting,
from nodé paigpifirthe rile-baddd pairdisgrseléatigmembbrs datisfying a fourth heuristic rule;

() forming an N-freg of gyootnede selegted, fromhe, inial st 20for all geeiying aades; in a group

based on a fifth heuristic rule; ﬁg asgurln%,connectmg II'links between nodes of a specific
N-tree; (t%négsﬁ%ﬁgpél?ﬁ%ﬁsesoi FEBEEHUN -t 8e BHEEH b HiGdE8 B the inffiallist RBfGded in a
N-tree ConfigLﬁ’Bﬁ@ﬁ?anMY is selected, a link (SG-VN) is removed, and, instead, two

links, that is, the paths of (SG-MY) and (MY-VN) in the SG ftree are

10 selected (floop 12) (FIG. 18H). As a result, the remaining bandwidth is 16
Mbps for MY, 4 Mbps for SG, 4 Mbps for JP and 2 Mbps for VN.
[0128] By this means, it is possible to select a path through which
packets can be transmitted from VN to MY via JP and SG in a 4 Mbps
bandwidth (loop 13) (FIG.18(I)). As a result, the remaining bandwidth is
15 16 Mbps for MY, 0 Mbps for SG, 4 Mbps for JP 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 trees at the same time and allocate bandwidth in a fair manner per
20 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.1&, it is
possiblie to secure a 4 Mbps bandwidth for ali nodes. That is to say, each
node (MY, 8G, JP, VN)} can construct N-trees at the same time based on
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fair bandwidth and allowed delay requirement.

[0131] The disclosures of Japanese patent application No. 2008-029771,
filed February 8, 2008, and Japanese patent application Neo. 2008-306671,
filed December 1, 2008, including the specifications, drawings and

30  abstracts, are incorporated herein by reference in their entirety.

Industrial Applicability

{0132} The present invention is suitable for use with AV conference

applications where a small group of participants exchange AV siream or
35  content with high degree of interactivity and good AV quality in sessions

between participants over networks.



25(i) assuring all N trees based on the nodes of the initial list included in a plurality of N-tree
configurations. 2.The N-tree construction method according to claim I, further comprising the step
of (j) optimizing the N-trees by moving links and 30reordering links. 3.The N-tree construction method
according to claim | wherein the step of optimizing the N-trees comprises the steps of:

reordering N-tree links by, when there is a link between two nodes 35having an unused bandwidth or
slot, moving the link to a different node such that ixﬂ&gurisﬂc rule is still valid; and moving the
N-tree links, if there are two or more logical finks en two same nodes and a first link has
more intermediate nodes than a second link, such that a seventh heuristic rule is satisfied and the

former link is yeplaced, witl. tthge!agtﬁ{mlgé@igﬁv&@tﬁggrgqﬂ}lpgrpﬁné Tihe Nelpee,gonstruction method
according to claim 1, further comprlsm‘a}the stexfg k) u E}ﬁ %Uthe optlmal tream path mforn}atlon
AfdiHg tabit

table and the server BAhRARER T 5 Wit Ie§ M*}Fé‘é irfSrrtatioh, 12

5  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
10 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
15  satisfying a third heuristic rule as pair nodes and ordering the pair nodes
in the rule-based pair list;
(e) selecting, from node pairs in the rule-based pair list, selecting
members satisfying a fourth heuristic ruie;
(fy forming an N-tree of a root node selected from the initial list,
20 for all receiving nodes in a group based on a fifth heuristic rule;
(g) assuring connecting all links between nodes of a specific
N-tree;
(h) assuring all nodes in the specific N-tree based on nodes of the
initial list included in a N-tree configuration; and
25 (i} assuring all N trees based on the nodes of the initial list

included in a plurality of N-tree configurations.

2. The N-tree construction method according to claim 1, further
comprising the step of (j) optimizing the N-trees by moving links and

30  reordering links.

3. The N-tree construction method according to claim 1, wherein the
step of optimizing the N-trees comprises the steps of:
reordering N-tree links by, when there is a link between two nodes
35  having an unused bandwidth or slot, moving the link to a different node
such that a sixth heuristic rule is still valid; and

moving the N-tree links, if there are two or more logical links
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between two same nodes and a first link has more intermediate nodes than
a second link, such that a seventh heuristic rule is satisfied and the former

link is replaced with the latter link to have a shorter N-tree.

4. The N-tree construction method according to claim 1, further
comprising the step of (k) updating the optimal stream path information
table and the server bandwidth-fair forwarding table with constructed

N-iree information.



