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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 thersgrercanigiiis delivered to all

patticipating.n i i ' I i
R e R e e e o
node configuration, end node configuration and requirement for Internet

serdbeipsdviderdoarticipation, for enabling IP layer multicasting. By

consiRst: application. layes muylicastiog AL M") {@}%‘?fm”&%&& IGAUOR; - tree

Iayer I’(_)Utln méechanism on tOp of eX|st|ng unlca_st networ arc itectures. .
A(L“R}!‘]ié‘B]&p%fl‘é?)aﬁar\/?ﬁ&%ﬁ}‘lﬁ’éleBlBQb%fM@ro?lﬁ‘b‘”ﬁé‘%iﬁﬁ&ﬁc‘iﬂﬁ‘"{ﬁtﬁ)ﬁf Reffwidth

deshdt eequire multicast forwarding functions in the IP layer and

therefore allows flexible audio video ("AV") packets forwarding by the
ng—:‘argggas) &ggn}?]ref\lves between the participating nodes and AV packet
transtetring In the application layer. 25 [0005] ALM allows all participants
ir[%Ogﬁécif?hd§é§§i%ﬂlfo“@>‘i§ﬁ&ﬁb‘é%&\?’Deo?ﬂﬁﬁf‘é HhY Swedine ténrearhaication
paviciphatsmaiheut setfiog the thes @nvinenmasicin adednbe. AuMiisst methods,
therefors spiiabledor use with i@vdgﬂ%%ge@pQBC%‘P%%EE}JQE%Q nodes in the

conference between multiple parties. [0006] However, the number of AV

SHESNL RIHA B 2BAh§& ¥ between 30 participating nodes increase in
ok@1er df NENm1y o e ds infehisepso ligmgendrally difficeietotmainthinefepect to the
CRITVPMRICRIIO ARSI £OMMbINICaliombawetn N deratsaf RaRdvigiirement
?%dr Gy, §SPEEIRIY N r%%x'r'%‘i%mﬂ%% yironment befween enqd.nodes, 1, yer
e Internet as an open twork do not gElarantee andwﬁﬁ%fla‘(i”mess
DERNESAAIN-nodEY 35 RHIAY the BREKAHG of AVEStrdamE pithee  (“ALM™)
pantidigpatingsnade s ptloOt Gindeyaultiphetinte rnet Sexwicenpravideps of existing
(URRS9: MR roHIR S LRNG INERLt WHER I8 IYRATNEID PAIWER because of
n;;trsugg%!lﬁ[{g&;n delivery delay 2
[0004] ALM does not require multicast forwarding functions in the IP
layer and therefore allows flexible audio video (“AV™) packets forwarding
by the members themselves between the participating nodes and AV packet
transferring in the application layer.
[0005] ALM allows all participants in a specific session to exchange AV
contents and streams between the participants without setting up the
environment in advance. ALM 1s therefore suitable for use with
AV-based applications such as TV conference between multiple parties.
[0006] However, the number of AV sireams to be exchanged between
participating nodes increase in order of Nx(N-1) for N members. It is
generally difficult to maintain - fair communication costs in a
communication network in terms of bandwidth and latency, especially in
the Internet environment between end nodes. The Internet as an open
network does not guarantee bandwidth-fairness between ALM  nodes
during the exchange of AV streams by the participating nodes.
[0007] Since multiple internet service providers (“ISPs™) maintain routes

on the Internet, which is dynamic in nature, minimal stream delivery delay
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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. Nextzthis optimal route information
will be exchanged between the routers for audio video communication. In

CoREany MUUCASEraieeoniiR! ineihadpUids SAUCE PASEIEGES: MRouters use

which the transmission sourge i placed ag{ﬁe root node, using unicast
met ociﬂ S

(SIEE Hs TRE SasiIRBRELR Tultf st PR HtE R orRBPILSSY Bl G apets by
ré6te shituthsinghimiorphationtwkichds redeirsd whikdw Fartieipantyndmically.
N paET-iowe ipeinbeampmuRication I sserequal bangdwddibos channels for
'Q%’M'x?fl&?fo’ﬂ"ﬁ'gg'%W%Q%%ﬁ?ﬁg%‘#%e‘iﬁ?@%ﬁf grﬁ.ltﬁ}ﬁnaq IR SORUO) o tion

technologles as-it-1s for route calc etween ter als targeting

MUt St TS SR igssinb RS Vid86 comttniEatich dir nBtoes previgeunication.
equalsttareyhandwidthslinkoand minimal detalzdidkiroiites betweemase trecs, in

paticipani-nedes. 10008l-Packet routing Jscarted:putin.appligation jayer n;c.g
for Llyl,ﬁsqotr}l\jat%the,pqrt'%ci a'giggﬁpode%a.grtqurganlzeq into groups. . builds
Furthermiore.in packet Touting. the packet torvardifg methanism nE8ds "ilds
t6BEMEE RRbWH te alt ‘PO participsting n ot e 2 [0009] Netitork kjéicipants of
reuiingpoiechaniams pivides shontusitedsioaarest path cepsiuctafdwidth or

meeds And %%r%&?igqg&gottggo%ig?a?and%%?ggggagiét%%%st&%% route

solution, For the network layer routing methanism, nd minimum

PNy (EEPPRISESS which die H98ed BH the ahrataljons Retkepts dfrminals
DijkgtreinB e HmvdiiRord -an il tiral gorithnes dorviRont patinformationpareill not

walb knoweg ddiesynicast Rackel FOUI e hine Mueraeta s PARad s between
thegagl grrilithmgeasnd does not reflect the need for ALM routing. [0010]

T%us, these sncﬂutlohs do not take into account the end node 30 network

bt tHAibth st el epaitimenvoRatsIsSIgyyt Bnarpbiefbieickuss feaffid-M. so that
cinrgpsationi fauithermdes, these soliiions caugedigh. netwetkclateney angacket
deqradation oiAMavalinsior HLEM arRlicaions JOOLLL Hereinalier hewn o all

prior arf, that is, prim-MST algorithm mechanism will be described using a
sPr%'ﬁl‘@’é’)?ﬁf‘ﬁﬁlé‘Eéﬁg:l). FIG.1 shows four 35 different locations, that is,
i (\Werwegkadq9e), MataygiaiiaisdnSingapode {SBy whikal theearest
copacity of ibapdwidth B¥Hef thedchianneb fer jeaghmdsranhithe Aedayi dth-fair
%(fbs‘tr@@t%\ﬁet%get\’gglﬂ%%%s. Vaﬁ%‘r'?htgizsletwork layer routing mechanism, SBT
and minimum spanning tree (“MST”), which are based on the “greedy”
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.

[06010] Thus, these solutions do not take into account the end node
network bandwidth and overall network topology, and therefore cause
traffic congestion. Furthermore, these solutions cause high network
latency and degradation of AV gquality for ALM applications.

[0011] Hereinafter, the prior art, that is, prim-MST algorithm mechanism
will be described using a simple example (FIG.1). FIG.1 shows four
different locations, that is, Vietnam (VN), Japan (JP), Malaysia (MY) and
Singapore (S@), 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
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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 5 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

'aer%%)ieo @&mr%sﬁeﬁcm’eﬂrs%ttgﬁg§o@§q%§5%rm§91q%'d@fa%@eﬂﬂew s or 2

is able fo secure an 8 Mbps bandwidth for all the othef nodes. |
t (?as%r%f%tgi ‘path is selected through which MY can transmit packets
td 8N Zind BG hdivectty, af S:Misps baridwidih Eambe/EEturtghibwebesed on a

thg delay Dare SHQHRS @@tymmswl%riyié&@el@e@g§ﬂh@fr?%mﬁln%r:@ﬁ%%umon
Om therefore it is n ;Rossidle 1o, select a roug
cgrr? ?Fz:%)srm pagceke?s wec?lyﬂ%o J‘i‘f’\apﬁ% forﬁwcé gc etltarger%sr%sl\;é Son

i MY 0P, Trstpath @%Iéle‘?ﬁédtﬂ"ifb‘i?@ﬁmﬁck%ﬁlé%‘ts%PreOther nodes is
trarisntittedfvia G, Bylthis mheansaiYbiks ablsmtbrddehirésanh@ Mbsst.  To be

s oot AR ARl Ve Rl I My jj ebte
ps for

e e 7 PBs Ior 358 ooe o oo Cpes L 0L i e
|arefdisti sa yolaet tr tuesrakting: pdcikdy toasthernsnes, e detésted. VI bed SG
nai@fecspgciﬂc firstbip ISecossaty ©agonsider wheathenrps wel §G iBealieay D =
19 §6CHE B0y % wn lydih for Qéh abeegnnaoqesmm%vnecf I $B ms, and
secures an 8 or MY and for VN e remaini

bHdRAaE fér%@oéxﬁé%%ﬁé’lfzfﬁ’/lﬁﬁke%@ wéfeﬁélr@ eahnwhé%%%aﬁag gransmit
M dandiwedtthy Thoehp neXthitris fecebsarydbaonsidenvwhathefrb6 S[Y to JP,

ablgdmsacuLe.2 4 Mins Pandmidth, fg aaﬂ%eﬁw%fﬂﬁ%téatb is %aée By this

a ath Is cted, through WhIChS e to trans ts tl to

B VR TG S5 8 o RS BN CE it e As
arawﬁtnstéé@@ﬁ@@mdrﬁmmwﬁaeﬂewah/ébman@mﬁéa’,frb%Ig@pcofm 8G, 16
VMBS (bl HGAsdbletbrecsrevad Mbps bandwidth for JP (FIG.2B). In

(70 P@}Se r%%?{'p'%xb%@ erg' Mppgci rl MX ﬂ’ a pep B fgrd%%tllﬁ s the
i s

bps for J and 2 Mbps for VN. ere the orig inal
aVfiRfe! Béﬁm.&ﬁ?élfﬁef%mréﬁ@é&l%r%%@m f&ﬁéhﬁ&.ﬂaqﬁewé@%ected
oflvebaiades; ispseldetedir86 Toibenmore specificdirstd drisvieskssary tot SG is

copRider ylathendR inahie insacer doMapsdandwidthiorall the otheyer, if
nggegé!:%}ggsa?gsi?’l\ijlgp%aggr MY and for VN (8 Mbps x 2}, the remaining
bandwidth for SG exceeds 12 Mbps. SG therefore cannot secure an §
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
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,

[0015] (3) Next, for JP, where the original available bandwidth is the
third largest, a route for transmitting packets to other nodes, is selected.
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. In this case, if a path

is selected through which JP is able to transmit packets directly to SG and
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is selected through which JP is able to transmit packets directly to SG and

4 VN, it is possible to secure a 4 Mbps bandwidth. Furthermore, if a path

is selected through which packets are transmitted from JP to MY via SG,

JP is able to secure a 4 Mbps bandwidth for MY (FIG.2C). In this case,

the remaining bandwidth is 20 Mbps for MY, 0 Mbps for SG, 8 Mbps for 5

JP and 2 Mbps for VN. [0016] (4) Finally, for VN, where the original

avaijabie; bandwidih inthe . srRallestraru e R RREMItNG - RACKRIS L0 i 4 path
other nodes, i sele%ted .Now, the remainin bandwglt? for VN is 2 prs,,

S RSl R T SRl S g Gohi R VIR ABIBTS (5B plodeE ¥ 12 SG.
difddayablmycatrdare Mpdie bdridwidis i Jecukel. Elthafmorelif this case,
patb ieaelesied tuaughdvhich Jrokeisscas be transmitisd fiamséN goMBps for

via MY MNAS ﬁ]{,o\,%cure a 2 Mbps bandwidth for JP. Furthermore, if a
path is selected through which packets are transmitted from VN to SG via

MY JP AN & bYe £67 SEBrd B MBS B ARt $etedls (madypgthgs the

[} a%tusy withe the foonventionait{ PeinpMEa)sNttreethlgorithdeby is selected.
O P R N o 2 ol deoted
e R TR E R hEIR UTEALNAS By Mbps
régarerti basedws &BTY poinamPrent Bobathett eMirfSikikiough which
ap2Rptimad Distripution treg fiamnternes StreamingyMwdia's Rieeedingsre a 2
o £D6 2810 dGREICRE $p May,, 2003 Patent Pocument %E%%t@gt?iggp% which

Applﬁcation Publication N0.200 6/02 5 1 062 25 Patent Document 2: (
Fizaﬁs%ﬂ&pﬁﬁ%aﬁ&ﬁ%ﬂaﬁﬁ% (it Mo 200 1% Fie oM P#BAt Hocdiherit :ble to
Usqatent?Alfilication Pulslidation Mo 20050080894 Patent Document 4:

USRatent Applicalion PuklicatinneNe Z005/024 37/ 22s Pisaleskee Of igorithm by
Iré\(/)%rsltrlrouncgo P bl?ms totb%\jSoIved b)()the C{ntventlonI [0018]SHgyve%/eré th?ﬂ' h
i g]\ﬁo o edri?ﬂ S%%C@-S%ﬁe 1S 1%0 %1 &) OSL}g 1si1 8

conventlonéll ree a? hm p rm e céfgﬁl’afllons or the indivi
tre¥sARhBARTCSoFdiRB isetWa¥h thEcire 6o 8vErttHepmdckesNofl V conference

constroctinige Nvisee sp faitnesst of andiwidth isiiet setisfiedbawrpaniNcofatency
%%‘&%M%Q%%@@Q&%é’ﬂhe case of FIG.2, the conventional N-tree

algorithm can secure only a 2 Mbps bandwidth for VN.

Non-Patent Document 1: Min Sik Kim et. al, “Optimal Distribution Tree
for Internet Streaming Media”, Proceedings of the 23rd IEEE ICDCS, May
2003

Patent Document 1: US Patent Application Publication No.2006/0251062
Patent Document 2: US Patent Application Publication No.2006/0153100
Patent Document 3: US Patent Application Publication No.2005/0080894
Patent Document 4;: US Patent Application Publication No.2005/0243722

Disclosure of Invention

Problems to be Solved by the Invention

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

[0019] In the case of F1(G.2, the conventional N-tree algorithm can secure
only a 2 Mbps bandwidth for VN.

[0020] Furthermore, if bandwidth-fair N-trees are constructed using the
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[0020] Furthermore, if bandwidth-fair N-trees are constructed using the 5
conventional N-tree algorithm, calculation needs to be performed for all
combinations, so that, if the number of members increases, the amount of
calculations increases exponentially and consequently the amount of
calculations becomes enormous. 5 [0021] It is therefore an object of the
present invention to provide a terminal apparatus and N-tree construction

r@%tb%t%&thﬂt;t@gﬂglotree&th@tmm'm % tt@tl@&@@&?étttﬁé}t&rmed for all
redu end -to-en dela}/f %d aébfurth rmore, maximize ¢
ban ngﬁtlg\?asltaslﬂe Ween SNAPEY N-feet grg cﬁl‘e'r?a?‘ﬁfeesfaﬁpe amount o
b%?rtamtweﬁarmgz@éﬁﬁéeﬁ@pmsmxﬁébesanfb IvREses fsnSolviflgethemount  of
Prallemj0e22) ckhedtesminakapparatus of the present invention sets up a
PRfieH ”aﬂsné'sﬁtg QPRLE E’Et‘%gé‘c’ﬂoc?tesﬂt% [E?Q&%%‘Pt IR IHROIE o vide 2
communication, and employs a configuration having: a metric cotlectorr) 15

L e AR forRGtiON HRfch SR IRR MBS L partiEfgatiRpfructing
thé medtipdint-tormoliipointEGnmungeation; measdres mgbantwidtmdfdelay, and
Iinte@ilnct@rrﬁert@ttrﬂg t:'ﬁﬁ?ﬁﬁ&’@@ntﬁll@ mem?eret@n%tﬁa?w%sweéﬂe@hmd
results in etric database; an application layer m |cas ing
c%{srttétruc]ltlor({t;?tafl Usint l?h{f‘e (:fﬁierag&r%%meét res%%[ s Y ﬁgcﬁg M no des.
transmission path (N- tree) between the members, such that a bandwidth
isMequalf@nd Stores the packesdtansmission path in a server forwarding

ta, @@22?5 anplicationJayer wtr@@etmgttpé%qr@tggtt%?t%gr%ftbyé% tneata packet

converts the packet transhiission route set up by the applrcatron ayer
MARSEEESE ForwAPditfy tafiEt BSE&ructt 45t infbtmatBh hRe tintBem ultipoint
represeited: tHo 1. 2&1dombirationaof aw icowirgquoitaiimbenr anctric collector
destination add@ss and @ -HRSIPATIAR RUMIHINIRS; andreReshicipating in
|n ormatiqn to the mempers r[9023 Furthermore the N- tree cogstrgctuanh
method 0 lﬁfl reset P ivertin inefigesié s?e Bs of a(Salj Sraérin
alrﬁﬁhcﬁﬁénalé)?é‘r”m&ﬁ}é’aéﬁﬁ@ bﬁéwrﬂ@étsttw atﬁqmt?&rﬁstwh&t@r@r%rr@@a@lremem
metritteoliector nfamrnatibat Szand grouppmEmbesshipainéormatiaictorialk table
nadRsy () ordeing, thg Membeyls 0&%@95114&?{ 'm@&@rger%ttﬁ%baéedpacket

on a first heuristic ru for %II nodes in e N-tree; (c) selecting memb

fr(g?‘rﬁﬁel%srjé’e)ré”oatt%t R BB TP LRAR e rEpedt PR is
rﬂfﬁ@éarr@ﬂdesmpn@eﬁlbas@d@rtwsennﬁ@ﬂem@hcwtesemd&trrdermgrmeg table;

ragrapgiscin i fulehased Bhcardnrediistiarieagh % treg; £9) SeIBERgt converts
ftggﬂ E,@%@?Q}Q%rﬁn%@gn route set up by the application layer multicasting

forwarding table constructor into information that can be represented as a

of a

combination of an incoming port number, a destination 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
and group membership information for all nodes; (b) ordering the members
of the initial list in an ordered list based on a first heuristic rule, for all
nodes in the N-tree; {¢) selecting members from the ordered list fulfilling
a link connection status with respect to other nodes in the N-trees based
on a second heuristic rule and ordering the members in a rule-based
ordered list for each N tree; (d) selecting, from the members of the
rule-based ordered list and the members in the initial list, two members

having a logical connection satisfving a third heuristic rule as pair nodes
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rule-based ordered list and the members in the initial list, two members

having a logical connection satisfying a third heuristic rule as pair nodes 6

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 rule; (f) forming an N-tre@ of a root node selected from the
initial list, for all receiving nodes in a group based on a fifth heuristic 5

rgleq @@%%Hq%@m@qm@kﬂ%%wesas@adsﬁpﬁ?sap? e85, from
(h) assuring all no?’tes in the specific N-tree based on nodes of the initial ~
(EPHE At ﬂ;?eé“é&?ﬁ@%rgti%}% NG a?&iﬁ?iﬁ@%||“&?f?é’§§%a§§ébﬂfymg a
ofpthébdesisfitheuhitial fist mohidedan alptosalinfof Neweerode selected from
Cﬂ{ﬁigblfﬂﬁpmﬁs_t,l(?cﬁtqa@rl@%ﬁ)l@l@gﬁf@@é%f_ifh@_ gwﬂf{gri]@ei_@@%ﬁ] AGGoNdiAguristic
tQ.the pres vention, by utilizi ombination of heuristic approach o
R Ly o el P NS B e i syt

n N
b\ cHtaES pHiRAtEnALS rﬁaﬁﬁﬁﬁﬁ*&eﬁs Risbsaipmo s pepliche initial
ehsttoaehdindd deldly fminikoizé ¢raffit congestionh and:maximizetheees based
bandyddthayadlablerforidse; i shared N-tieq nedes i Brief PeseiiRionef N.tree

Dravxﬁfﬁ%s{i%%éS 20 FIG.1 shows preconditions upon execution of N-tree

o1 . .
algori shows a specific example of a conventional N-tree

algorithm; FIG.3 shows a communication system according to an
embadlinagebef thifaresenhinventinmonlG.4 is a block diagram showing

[ confi jans.of [ enti erver entj cording to, .
o B A A AL B Bion of

OptiHRL Ltre dRPRART nfofatish TRBIET 08 shad tHbld4ta Strovanfdns  table
N-redmogt ooda thidistationim B anOBREY FiGtH shbiwsithéotataaintenance,
STUGHEs Qfﬂ}!etﬁ%erglﬁmpeernﬁoﬂﬁ@?ﬂc@rﬂ%ﬁéoﬁdﬁf@,nng%ﬁﬁéz I BRNOWSA stion
b&”@“&’f%&‘?fa}%{ef%v‘éagd%?&bé?; FIGi2paows afonwar '”Qﬁi e LFT )
messagée Sl{xructure; 5 .10 shows a Forwlér'(“]:ilﬁgl?a% S ( B ees:
message structure;

Brief Description of Drawings

[0025]

F1G.1 shows preconditions upon execution of N-tree algorithm;

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

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

FIG.4 1s a block diagram showing internal configurations of a
client entity and server entity according to an embodiment of the present
invention,

FIG.5 shows an example of an optimal stream path information
table;

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

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

FIG.8 shows a bandwidth-fair forwarding table;

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

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

FIG.11 shows an overall flow of an N-tree algorithm with
ALM_FRC mechanism;
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FIG.11 shows an overall flow of an N-tree algorithm with ALM_FRC
mechanism; 7 FIG. 12 shows a FT message exchange sequence; FIG.
13 shows a method of N-tree algorithm execution; FIG.14 shows a
method for receiving and updating a bandwidth-fair forwarding table in
client nodes; 5 FIG.15A shows the details of steps in N-tree algorithm
execution; FIG.15B shows the details of steps in N-tree algorithm

executioqr;;@I@.%%@Q%mﬂi%ggg@@gggﬁﬁ% inLN-tree algorithm; FIG.
16B sho:%?#rélé]rggvmg steps in N-tree algorithim; FIG.17 shows a packet

forwardi By eIt taNat Tt s A8 LB E o BHedHic
example biehNsrew iy orithim dffther ereiseniginvehtiod 2Begt Modedfeid th-fair

Canryingi (ut the] yentiam 0P8l An embodiment of the present invention
will be dqﬁ(i?i bglow _15 in detajl. 21[7 The present inventor names .
the N-tree agqc?r%ﬁ?ﬁl % t%]ggﬁrggg%]tfsirg\%g%? i thne%wéi%r-as ¥ %oﬁi’é@?umn’

The N-tréd QigoFTROsf tHE prEssaRs inbsttivh Bultérretrdas fhr execution;
sources, bsdd ansthex'wHier-spredeli pglioyp F utthermare. the hhirge
algor:ithfrrp@étm@ @r@mfs'@ﬁm@ﬂ?@v?&g'g@éggqg%ﬁ%gg%@ﬂﬁeohw to

each o spurces simultaneously, so asto ma | .
bandwid%f%ﬁré%g“téﬁz%ﬁ‘&‘é %‘{aé&%%diﬁatfboﬁméma}tb%p‘?(séa& and
policy, a Chuthinahhes corpéesie weatermsdared ttinmdls (ies hidles)itith of the
spresshwatektnidifferent 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
bt e de micher NimgePiHaH 8 SAYAIEE %nnel. A tunnel that is closer to

thétiom/of thim beahtakrer sprémdg water flwtherttbanva tueetiloeaiédd below
highesifunnels may have varying capacities (i.e. hole sizes, which

Cc onds to the 30 bandwidth). This is interpreted tQ meap that a node
V\ﬁ@a roader Banawidth s I(1)glf1)lrél daiver rt\iil reﬁgs‘t%saem EH Gi8afty the present

NUETRH B8R idde st thie SREaEE, thalica nodewitN-ar narrdve Bandviidtly, present
As fens speoifitd exampls abrthe haighé of Battiineh" tRthe ease 9frel@ Lpolicy.
apﬁ’lvt%’e'i}}ﬁor}@i,g %eislgi—\fg&:b)ﬁ Q&Q‘E’%dt@fx {E%t %?Sgé%'? %’{f{!%%"BEO%a}JpC}Ees the
d‘?\!\?gté(r:sse;r%ggl”3%gﬁggfflci.!8n%ach of N resources simultaneously, so as to
make possible bandwidth-fair trees.

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

{0029} The algorithm has the following three main phases:

(i) Connection Establishment Phase: Connection is established between
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[0029] The algorithm has the following three main phases: (i) Connection

Establishment Phase: Connection is established between 8 all nodes,

and network metrics (i.e. node connection status) are collected, (ii) N-tree

Building Phase: The status of N-trees with mesh node connections is

updated using a connection table, whiclgis referred as an "optimal stream

path information table." The status of join and leave of 5 nodes in the

Adif[\'_ 'n%ﬁﬁ%fi@ﬂﬁ %@@@I@% H{iétg‘é(?tf@k@rd}!é&e@o@[%@Hfii%ﬁaﬂ@%%@?%% collected.
efin nt procedures far. gradual improvemen verall N-tree fair

AN oL RIS W ARl Ay S oS o UL i haigsh node

NOYERCOF IS idra Afied  BEHE En 1oTes Boln kel Nviéehoptirfifatied, as an

leaginigntn Alvhwith fastih@oetiteicanupence THRRGuEhefmetficand leave of

infogmati @ﬁ@%ﬂ%%&@fﬁ“&ﬁ@ﬁe&\/ stream distribution routes for

nodes. The metric .information includes the bandwidth between client

des. T
rHodes SRRURteRAEYIIARST bERVEBIZEHETR HotRE the B RS &de REATG PutEs for
numaters ofnplienenodds, aheduactibnd ofrekerfenodesibvthét ALMI session with
ifi}ﬁiﬁﬁiﬁgﬂ k(gé{Q?,tSmtBec%Pﬂé'&l{&f@ﬂt'g g@tﬂqg@r%@%mm theiumbemoved
sed an nused uplio INKS. an .numper or Us ana u .
T o B S o T B e R S A ien fast
B &H¢ CcanseraRitivhshifR6f donnd&tforfs UetkebH middat ! B G caged to
beoaaleulatedarons tika @bodés taiicc informatien. Hor exasdgle, of thdre isnetric

CONUSFIAMLZ0 PRINGER Nodgs A ang BARMINCIL I5,00,CONNCCHON nodes,  the

between{ﬁodes and C, metric information.measurements show that the

bAhERA DaHVBERTSde & IR UNAESS 2816 AhPHH FARSTco foRRa iy mbers of
tivhee f TRTTY) bbtvéenmchodess oA ahdC sadfinitey [BC3NMMesvetiion including
IRtsalRe ohifle-preeantJRVRANO i NRL VGRS p8d dieCialtvalues U&d and
05,8001 8) representing whether of not there is, connection,but is %'gei?n s,

INn continuous values representlngn%ul?-mes measurements %X\YE 8\- an

B Mibirddtisnanrrritasiansay, rreiu mrd aeiaihere d5é metf and C, the
betizeen rlogesoX andiC isibidbips;d:2Mivpdear 2, Bbpad30 [0A3HeTbelculated

B P L G L L
u ICI . | |

P TABTREA ) GO PR LGB S LB BAERGIaAS A nd C.
pagicisaiméoovestios messsrke[0088] Yieviibgréberhdnderindh, beéween nodes

uplead slotcapacibhandhdawnrlead (round trip time or “RTT”) between nodes

A and C is infinite.

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

[0032] The N-tree algorithm is suitable for AV conference applications
where & small group of participants exchange AV streams ané 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 download
slot capacity of each node are taken inte considerations the N-tree
algorithm of the present invention, in order to ensure bandwidth-fairness
for all nodes. The upload slot and download slot indicate the uplink
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35 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 9
bandwidth capacity and downlink bandwidth capacity for each node. The
bandwidth is divided into multiple discrete ranges (e.g. 64 kbs, 128 kbs,
etc.). [0034] The "water-spread" policy is adopted along with the above

tygCaw DRI PPASRS Ahine Delrem copsiucHamaldQHinm, 95 U88h node.  The
nst with fal %ﬁndwdth |st |brtét|on '|t_hIS solutio aché? % % kb
CA Q{A}bspllég ioh LaYer MuititRsting \With ?:ﬁgpﬁ%%t %% Sicdy® kbs.

V\ﬁfﬁ Yespect to all ALM nodes in a given AV session. The N-tree algorithm

nmay be exm@tedmarcgﬂ%magﬁdmanmrd@rpife@ aiﬁﬂgm@hmaer@fo 0 three
DRUNECRALM ngres [003LEIG 3 Saus dhe SommuBIcalon SXSe rucion
according to an embodiment of t e present intention own in F18

mﬁ%éﬂ%sﬁﬁd@%ﬁ%.rﬁbﬁﬁmmﬂe notfeks 164! ﬂ@Bnl%hiﬁ‘Cﬁénd\éM FRC
sedephode d02 bry ceadt donmecied tovathetWask IR 2uMultimediagence) with

applications §ncm$vﬁ}{&f§:gqmeéegﬁﬁeﬁlpw%@@erVI@ﬁg INB@QQ algorithm
client rgake it Qogsc!lble to exchanﬁq{ AV streams between t

clieht nodes Guring AlM? &8s Hie 4 STRBPHOLE 10 s Eﬁg %gted manner
chphfEfficateNifi? 8 other client nodes and exchange network
infarAsgtion betiveenthase cligat rmdﬁgummulﬁaﬁeowbmao [Q@B@}d\iﬁge to an

t@%bw&mgﬁtps%%@mggﬂp n{QﬁtWHfds {9‘3 B0 @d;  SRtHy3 RO ﬂif,%f&esem

a physical and Ioglca network entlg/ and will be used mterchangea

eSS Bofh & BiRdG: Rodes P4 séffer Hate) %&%\dcﬁe?ﬁ‘é‘ﬁtlfy’(]&r §u2 are
sewvér entindoteay e intesprateld With. gelvbrblidefinitiongincagiworksuch as AV
C@}?ﬁ&;&%@ﬁ;@éloﬂpﬁHﬁﬁlﬁHﬁ?r%@§§{¥§r n9d§@dm %i@@rﬁ“%{_ﬁl&aﬁ@“t{%’g batfysible to
refer,to a terminal apparatys in communicati stems

server ngae‘% col%)é?s rfﬁléetnc m’%orrgr%%atmn ¥ el:?cxhenl}ﬁﬁglae%“gtmg ALM
pYestiisd tinh8s (é%%‘{/%‘ly)“@rdénlé)?egﬁlaﬂbﬁﬁs@ aﬁ@r@%ﬁmf@afﬁewﬂwe@ other
atgorthmod e wiatesspieagqaticyoiediihm sernvemrode ci)2hsterelient nodes
bgmg%gqjgﬁLM route information which is the result of the 30 N-tree

ard| Furthermore, the server node 102 is

ai%g%gllbléquﬁﬁ ki RGN MeroBOfGgtngode” and

i f@rtﬂﬁtloﬁoghn@@ed(frmmbmidv\ndtﬁifanﬂAleeﬂ@mek|r¢mmatlmd will be
Sﬁ@@ﬂ inkhe Hanvakding tahlexteralk themauicipating €liedde (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
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
N-tree algorithm, in a forwarding table. Furthermore, the server node
102 1is responsible for dynamically transmitting bandwidth-fair N-tree
routing information, generated from the bandwidth-fair ALM route
information stored in the forwarding table, to all the participating client
nodes. The prescribed times may include times streams from above stop
arriving.

[0038] Bandwidth-fair N-tree routing information received in the client
nodes will be used in the client nodes to transfer received ALM packets to
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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 10 the next client nodes, until the final destination is reached.
[0039] FIG.4 is a block diagram showinglnternal configurations of a client
entity 256 and a server entity 210 according to an embodiment of the
W%%&iﬂ‘éﬁ@%‘ﬁtﬁmﬁiB%Q%Qﬂtﬁ&fé—yn%?_?&gié%@i%@%d&%%%ﬂi?a'

session, where two or more client entities are connected viaa .

T in it pate) S BICABID eiiie G BALKELL Dasadgns of o
thél enéermBisinh Abthaadshy . sary ALRREBEsibY regaivedia s amentity odignent of
fohsessiomcopvdingtian between the participants. 10 [0041] The client

et} 61 on,:i pagticipating ,in lan
o e oy beaany o el Ao RS o or

AR NEMCHFRLIHREHE TS e ATEIbRE BBRELE g HHethic MirftstRatbh angrulti-party
exeeliting the tN-aeehalggeitdnidendiig to AntAlcvh FRC clistributiomdtreecously.

The clientientityi236 anththessarvar-¢lP amhoth b legical gntities dhakination
ng%{ ‘geg]iéjg in ag%ﬂ:?dgﬁggMZ] Only one server entity is required for a
contraized N-fee SeREA: In a distributed session, each node will have

it deiverTdistif) igAd BRELEIRN datRy. Alckkdupiftbenddschipedlpatgyiicipating
whete alALN:seissionds warkiedkophyith suliptd ohiendtentity fihationss, The

aé@@élﬂe%ﬁi‘gfﬁ'ﬁi% 39 f&ﬂ%ﬁ%ﬁ%‘ﬁhi%’tﬁﬁ@t@"&%%‘?&\lﬂ'i%?é@éﬁ@&ing metric
a,pproacht)_. [ 043% Referring to FIG.4, the server, entity 210 has a metric

10 |
COMESBE DD, D AfdtHBE <R EIZQEERLMQ‘BFWBF&%%H@ d8n&frutfort FRC
AigtarzirtieM feaovardirietatlies vistebutor 278, Find mbtriceotlectdrlg2@re both

OER aMemResshiPa? 22:3neL SldM fRryvardipadable constructor 218 are

ted 25 with a link (208), .in arder to.exghange metric.information .
e e RS Bl R A RARFSTRSE DTG session.
290 in S EENEL et 210 S IO datarElinBAtiea froTRr MR tHenRgifanend one
nddest 1604t 106, A8 sk16vidl the Alebtsdgsiohelkthe matrie informiaNbniession is

inglusles the: bandwidin hetwesndhe elieninodas e /aeRCHAEI rver entity
bftween t2§ client 30 no ei%f}{h%IP addresses and port numbers of the
cli ;

Hh OB SEI B FuRRhER Lighe RBYELiARREPAE M session
ihBRfdg rBstsrihag chHild paréntthrandperemndiaticdshipss themeirisee oflector

USED, afh UpUSREnbership 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
with a link (208), in order to exchange metric infoermation 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
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
upleoad links and the number of used and unused download links. These
metric information is stored in a metric database 226 and membership
database 230 accessible via links 224 and 228. FIG.6 and FIG.7 illustrate
information/content data structures in detail. The IP address of each
client node is stored in the membership database 230,
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upload 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 accessible via links 224 and 228. FIG.6 and FIG.7 illustrate
information/content data structures in detail. The IP address of each client
node is stored in the membership datakiaise 230. 11 [0045] A "root node™
refers to a source node in the N-tree from which a network packet

originates. Lopseaygniy. ikalnodes @éﬁ%@'%%@%kﬁ@%e&%@%m which a
member in th}%N -tree, there wil] be five rouﬁe no

cﬂﬁb“’p‘)é RSB ENEIS tionetiSS F8FaH e rd aﬁi%é‘iﬂﬁ%soéﬁ%‘é%lﬂ‘é network
nbdidesity thie N-trean e thild nbdeNefes. tthatsodelinbe réiceivenpetawtks.  The

paekats aiantly frampiis farent natm sapthe downlaad sietefdhetppientetween
NOGgs o e H?é%t{}dege ”% iﬂ" %? Of f%%&kt%ts d”e&t'%ﬁotthr%&eﬁk'%s network
a

node via the upIo slot 0 eanwh |e a grant E)aren

R rdfe i iAol @ thatssPasRRb ctedsvia g sibaio #er slgiveh Bigigparent
lfodede, @hd ametaorodacketiisgivennkronpakgnandpasedt radéeyta@ the child

PRbaRt Nedeskelgp ildeachesaghild nadendhe relgtionship REMWesmh At parent
ch|I no e and a gﬁrandc |Id node is th%game as the relatl(()ch \%H p between
|

a g &ndi 5ntt0n% Oge(ﬂaa&ﬁﬁdcﬁgﬁgc VJBI&aH%I%’? dad'dbt child
omoal%oaédreapﬁe@émgktrﬁa@iﬁﬁgolﬁggeapacﬁw Bnéd iBcoPY eapacigeofahe parent
nEelee1d s espectivalyc Acknk stolirefersde. tha‘hanwyaitbmn@ciaeaim a child

"Hbdgeavxﬁea tg&ﬂggﬁﬁavma%fefm%%t%att}?eumﬂ 1%@9%9%'%%@% a

slot used in a Specific ALM session N-tree that Is

AR ERECBRAIPA6iA8 by thil] e}pﬂ'&é&/dov‘&ﬁiﬁa@grafiré tRfireRdeRAt WiRkoggsiot of
requirdsriEpr anchisieheyo @ oéggieypenit oral giverndibl sessioty [@047 node
Theppiimal stream path infarmation tablek04, crRIRIRSH INFRFRAWONAS the link

-tree ses on for IIn sin connet state, de cn?qnd |n Fl
%&Eg Gnd 8 7 |(?e inf o?rlna |c%1 related’t reegatuﬁs) e optlcrﬁ)a nload slot

sﬁ%‘djmlbétﬁﬁﬁﬁjfﬁ?aﬁé%a%ﬂésm contalns the N-tree connection 25
inforaegtion AMeahwhite, thet hesiristic ldilef databiase 206 cogtains asetoby the

hepiiRE £Y\Gs DAk 28 41564 40 GRARIHCT # handyyedthid 'uExAlrMeNttr%ﬁd Jatency

The basic and gu mentlng rdles in the heuristic rule d %abase 206 include

tREFBIFSRINGL 10848 FHEDASTUIE B AT N-tree algorithm is to construct
Nifeed, onel Bo treptperhodiconnepwdrk palsker diswibutioreTHi$4  contains
nmeansihabaach Noge: mesiiveqe Nt hsldeams with MNrdcdawnlaad described
Siﬁt%l%f".‘gf‘ g?&g\’igf%j%l(}ﬂ (i.e. information related to tree status). The
optimal stream path information table 204 contains the N-tree connection
information. Meanwhile, the heuristic rule database 206 contains a set of
heuristic rules that are used to construct a bandwidth-fair ALM N-tree.
The basic and augmenting rules in the heuristic rule database 206 include
the following:

[00481 The basic rule of the N-tree algorithm is to construct N-trees, one
tree per node, for network packet distribution. This means that each node
must receive N-1 streams with N-1 download slots. Each tree will add
N-1 upload links to the total links that are used. Consequently, if there
are N-trees, there will be at least a total of Nx(N-1) upload links from all
participants. Besides, some extra slots and links are required for control
message data transmission.

[0049}1  Additional heuristic rules include the upload/download slot

requirement, link slot requirement and latency requirement for a given
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N-i upload links to the total links that are used. Consequently, if there are
N-trees, there will be at least a total of Nx(N-1) upload links from all
participants. Besides, some extra slots and links are required for control
35 message data transmission. [0049] Additional heuristic rules include
the upload/download slot requirement, link slot requirement and latency
requirement for a given 12 session. The complexity of calculating an

optimalN-treq esting all gf dre.above tige.IeQWRmants. ﬁé\épn%f&q&ig all of
Tiglus obunc}‘the best and o tlmal tréeeQ Héatln ome of the a % q
requwer(ﬁ%%t \fv‘eoeulrcf%‘é’"rg&% ft%lkﬁise e Hort HHE fatBRdest an

régiiremen Wik cause B taky samecepfinghstredms camdaidtatiomos theould be
up&@agt@aquirem@@t@{diﬂbwh&rsmﬂf@men&w@Iﬁi&aw? PakLOfdhe:8HeAM cause

d&%tfg}?@'}el_m&ec}]g?&%g‘?‘%%%%%fé’%"ﬂ rp fquIII %da#]zlr?q?dhpﬁ%ent or link

ad requwerﬁ’ent an Ink requwement I’St

i1 ALY TG S Bt 8P 18 gy ngftiee abis Farputis idutiimentdie heuristic
Neteeslil wewldilbwite 10 Gittebtalblel taténcy. c{@@&ﬂ]ﬁdherdf@nmsmmﬂe&d the

dﬁ%ﬁ@@%ﬁ%@@rﬂm giseicoptain, multiple; heytstic ules dhat c 'a?remem
a@% dtoN ree %?nstructl n |nclud|n% Rulel node sho d irst

Nefsdt o GR9RG it Shamsd PARE S Hin rR/egf?ea of°Sth rw‘ I W“h
n%‘cféé"s%ﬁﬂﬁa‘taﬂ?@%‘tency in its tree is reduced. 15 Rule 2: If a selectlon is
todues djadethetiween natesrehgosatheaiede whichahas the greatest multiple

Q&‘éﬂ?ﬁ&ﬁf slgts 'a&t%&? B '£ %?4%0{50@4'%11933@ ﬁg&*&&wem kS .

choose the link which has the fargest slot capacny eft. Rule’4:1f, inru

R HHErd 'afe HRRE ﬁae.w&tﬁasgaﬁ%s disthaphuig oo 201990048 ItkeamEnrather
yiblds ther smaltest end-tolendilatescyofoh theire b 14005 inThe servés reduced.

mwardingftabsl@@@a@ﬁorﬁs@%@dsﬂmg FeAddY ruiies INNQUDaLiaRVYED which
'%Q %et forwa m{ior Eﬁ%tg[[ aklﬂnodes ina speC|f|c N-tree session,
CrdtEd i EI87S" 10057) TREAE

asl forwarding table constructor 218
a%@é%s%s L%@tr?él%iﬁfbﬁméﬂohecm@%ea%yfm rhas colleetsr zolang which
the grbud angesthdship 2234 uethermore, the ALM forwarding table

CRa%r%tqrf ZJrﬁ,ra@*@p}s tﬂ%é&euf@tmyﬁm%d éHJh%HFé”ﬁH? Wity left,
abas §H§E‘/ aII and continuously form and update N-tfee

%?&ﬁ trbe emn%%éﬁﬁwm%moﬂlfatﬂ%e
2[@}43.5Ihi:ldé?'halEK,:13’@Ekf@mwdfmwaﬁ@iﬁg?tﬁbletGGnStmmmd&|§EarmfaIrM route

eEHe Hithe SRR 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
information collected by the metric collector 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-tree session information
stored in the optimal stream route information table 204. Incidentally,
the ALM forwarding table constructor 218 is a main module in the server
entity 210,

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



1¢

15

20

25

30

35

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 35 is the result of the N-tree algorithm, in the server
forwarding table 202, via the link 282. Ti¥e bandwidth-fair ALM route
information is given in the form of a forwarding table. 13 [0054] The ALM

fopwarding table\causticiar 218 %@@é%@@&&gys}@s r&ﬁ%&%@sba%@ heuristic

2%3 o%tlm%l streat path mfoerﬁnat{?gaggble %Z\t/erafiorwar %tgg ﬁe server
meffrlc &dfie 22?)pan% roup me ershlp V|a0Ihnf<aSé 6,214

AT wesl Dariag - %@% aﬁrg@mﬁrﬁcék@%mroazﬂmemmwmamahmezzz via

congyuela, 22 8usesithelnitiablisti'g'oxdered liglgormilgrbaseshorsierethe ALM

listrandig 'et%peedsgﬁm&&tm the é‘shggéal?ﬁ‘ée“%ﬁ%afPﬁPsf%”dW'&IHe 'd list,”

N-tree construction. g The "initial list" contains information about all

mé‘fﬁﬁé)rgsiﬁdth‘érdﬁﬁﬁﬁls& jon?Rthichie dotiteted by thalgrdppthe list database
ndéfhbérsiprRRei dHo fnatrié-ttOecotleston @28nThe "ordered List" provides

a{b‘@tsgf}memlaerslﬁ@fmmsesio%ﬁﬁ@qiﬁ@orﬂ&eaialgaeelﬂagmg@hbers in the

ad slot ca CI )Th asel ordered list" OVI
géreéilsilofn m‘e?r% bers ageél don ?b ?‘c r%fes?eg n fa%ﬁcg%%t%?eeﬁwtm

twe)“rftsd@g) 2FRe "rdi8shasudepast ﬁst%rom@é@#ﬁstaoﬁm%rﬁBe%eﬁ@#ﬁiﬁg sorted
ablink betwvepadifocnades 15 paseitoad sperific ddes (el seledefacity). The

hewisticulgs) Eeusqae o ihase sty isshwnyinklG, 15.20d FIG. ]’D6ased on

as ar .of N-tree algorit scription. [0056] The ALM forwarding tabl
TR o D18 nbEre b %fﬁﬁaw N F6ke THofRRAON storBd e besed

served fervardingdeble 202 id alkmikbeo 20 nNesgt, drdimkhis information, nodes
the AEN fosyeeding fahle disiitiinic2/@ Bengratesrhandwidtintaii NJEess these
r?létt gé's?glo?ralr\%\'gn f%r eﬁ(@ f’gent gntﬂ&%%ln the N- t{ee Tl’ﬁ tree ffﬁll%outhm

ban tree routing information- includes he combination o
iNESRTRG 88t number, destination address and destination port number.
Te M fohwarding thdxle gidinlzuteb By 8 Rbritansmits7Baichaidtibiaid wid th-fair

Nxm FRUngpformation g@o@@@hm@t Sty 25BM4ARNEIOIK EGE 2344 link

7 li t tity. 256, .whi Il stoatlasttw
21 ARG, B oM s b RS0 R RGh i butor

|@f¥’<§ mmw@,aaﬁdwsiﬁméﬁt@ dorHrpirieatérdynafmitalyinithitie serherliont
entity 256 in the N-tree. The bandwidth-fair N-tree routing information

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

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

[0058] The ALM forwarding table receiver 280 receives bandwidth-fair
N-tree routing information from ALM forwarding table distributor 278 via
the network link 234. Next, the ALM forwarding table receiver 280
stores the information in a client forwarding table for packet routing 236
via a link 242.



10

20

25

30

35

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 table 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

izrugalsz}tion %ﬁ@%ﬁﬁé‘&ﬁ@ﬂNﬁgiﬂ%@bﬁi@r %ﬁ(engm@gfg@#\éi?;ﬁi Nk246  are
: e metric provider and gr me rship a

G L BAR A TR S ot N R b 106,

1688aAB9 10 th thethe MS&dsitiesTHe méthie intetmationdnelaties theciudes the

bendividthibétweers theheliehit-nodesd dhe tateneytdelay betweemtaeclitnt client

511@%%?,5tﬂ@elkpﬂﬂrees%§§saﬁﬂ%‘39{tmrss(S)f Uﬂ% %If?é]{t@gc?gs ,ﬂﬂﬁe functions

fu?ctlons of the client podes in the ALM session including roaots, the
chil

d-Perent P dpBPESE reHtiodSfips thenuifset ot udda ddingnugants. the
ugliokidt timiesn frgt 2hd maneide r ofaisedsaipkuntisecrdovieioaef links d[006D] unused

Tihe saatiiminforAmtien isisteedina saelke databasa sR R LQks.
TEMATehip, database 204, acasssible via ks 249,a0d 252 009LLING 5 41
etric information Is distri uted o he me I‘IC'COh%C%OIp% and group
ERRsEHiP29st b ine Sefvér et o]ty hakiicAl amd 25erodically, by
theddktric Phevidet244 afudgrabpnniendbershipt2dGoThe mtatRatollietor 220

distibpied yianetwerklinks332 and o8 areerdingly 15 {00621 The icatty and

metric Jnformatjon is then used to update the metric database 6 and
REAAIER D o BECToH0 b1 1 LRt B S Ao PR R oty The
tabferaxedgtoi 40stiibadsdsvinenvieticipionider 22 4ahd jfoapeordingly.
npeosgrshim 248 tiaailiitl 238 forn locahmeticdaia %fsaaeéﬂie@e H&éféﬂ@iﬁ@dabase
i 4 tric e r nnected via a lin nd, .

s 2 I ecte I re Lo M
RIAff %zt.a[bk%gﬁﬁ\éfse\lﬂxﬂfbﬁeﬁ?&ﬁrg%tgb?eméé@ieé%rzged@r 244 and group
respobsitske for2 dgnamicallyiahd ¥ iodicallyagicening batdwidthefaange. The
rQIing infermaten fiom thesenens ity <10 and updatingdhe logal £liehk 245
for argllng table 25 236 \Qnth ﬁhe r%%eéved |Ctpformat on. urtrﬁjgam%ge, thez_4
KL"\IgI forv‘t\a/ar%fr?él Pralie TeLeivertsois ahit o rr%%fﬂ SETRAR A atﬁ?ng o4 are
isforAsatien froht thekatM forwarding distributor 278 via a link 276. [0064]

Thoe dandwidib-fauTNtree reutidith infeabaiioreiretheclig®id is responsible for

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

[0064] The bandwidth-fair N-tree routing information in the client
forwarding table 236 is used in the ALM forwarding table executor 240
dynamically in order to process ALM packets received from other client
entities 106, 108 and 110. Afterwards, the bandwidth-fair N-tree routing
information is ferwarded to the next destination identified by the routing
engine 262. The ALM forwarding table executor 240 takes out
information about the next destination from the client forwarding table
236 wvia a link 274, and provides this information to the routing
information 262 via a link 272. The routing engine 262 implements the
search function for each network packet in ALM in each client entity for
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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 is forwarded to the next destination identified by the routing
engine 262. The ALM forwarding table ékecutor 240 takes out information
about the next destination from the client forwarding table 35 236 via a link

24, ahd Rraddesthisdnfgumationdo it routing ia%armatm@@@cm@dli%ckm
25 4'I;ihg routing en ine &6@2rimlﬂl%meenl}s.tge qugr fu&mctiogllforseach dd
network pac?(e?ln Min each cheft erﬁlltyefor azﬁf?ncgr%ingepa% g acaress

2606in 888 HSpReAtioRIBRST T readividy paererodelryes Ipkrop iand then
theodidtng endife Re2deased kit thessgnicedaddsess 000, salyes pedhsmission

n{;’é’@g@[@%‘éé‘ﬂd %E@%Qg% I@,yﬁr BEOE?&C&P&%”?E”@Q%QH”R%@ ference to

forL\z,arded to the designated destination node as transmission 5 packets

268 P RESHE hillhé thESERHERSN detail with reference to FIG.8 and
peHdining Beseriptionst {0066} CammuhicatidivbefwoesmrthegAlthble distributor
forreading: table idigtribuies &ifE aad the AlM forwarding tablesreceivesd 234 is
ZSaQ,Q/igdlinkstZ?SGignd 2334 és . 1acrrie(:é_‘sosuaj[ usin%g §8§é:ific ﬂ%ss%r%% rdine table
structure. The 1f‘orvv%r(ﬁll.ngpta(f)lle 10%0nte%ﬁ 8d s%ow_ri in FIG.1 mca[u{(ij‘!né
ERRARAdtHE i fbRvaRdig Ebid Infartition, iganduddthtate forarding table
table entty (k. TE) dhowniind RIG Gelnformatidim of artd oremulfipl@ TE) shown in

fernwasding fable erite S TRObiS nFemipined AN fransmilind framithe prgs) s
server.entity 210 to each client entity as a forwarding fable (FT) message .
LR A A R e R i

infofigtvrreible EOavil be descabed ia detikwititreference to FIG.5.
[0066F T henmtrieshel FR3ROJuradidin dretkavs s anow thennyatpers Rfrmation
rogt fiodes Wii'i‘%é'éé%%rf%ﬁ%”g’&%f}f {iTRUE e[{‘é’ndc%stfé%‘fdv?.'c“ ALM
a&aqllcatlon ackets are originated in the N-tree. These packets are 20

dédtfhil td Bt ARNiiFsciveRGPthe At i Bediiort EortHe $86T3the Mgpders of
may theonhedtiplethooNrodes atindicatedlby the seference coddso3DAyh306,ALM

3%13@?9% %&gk&‘é’wﬁ%z%rﬁgﬁra%g’g’ §§4tﬁ@d ﬁaﬁ‘@ée th?@égge%a@{ets are
SRS kegnasscinmaton e gren ncE o oo
né@Es SI iR the bl hs SYnestys the iHdmiyeef athentrfezr6e3asdes 304,
3206 3228eli 82418 thee ALNE dstserrsessian. Tinis3 jkthere 356 MimogdeSentries
i St&%(fwﬁ’é\léggﬁ’ﬂg?{ﬁé’gwtn‘?gngﬁyi?ﬁfi&mgtion for a given N-tree rooted
at specific root nodes 304, 306, 308, 310 and 312.

[0068] The entries of nodes 314 in the columns 348 keep the identity of
each node 316, 318, 320, 322 and 324 in the ALM N-tree session. Thus,
if there are N nodes in a specific N-tree, there will be N entries in the
rows 314. Similarly, if the N nodes are all root nodes that create source
packets, the rows 302 will have N columns in the table.

[0069] The table entries with reference codes 338, 340, 342, 344, 346
save information related to root nodes such as illustrated in FIG.6. On
the other hand, ail 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 F1G.7. The optimal stream path
information table 204 may be a static or dynamic table which can grow
bigger or shrink smaller to accommodate the growth of participating nodes
in the ALM N-tree session,
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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 illustrated in FIG.6. On the other
hand, all the other table entries besideslthe entries of the reference codes
338, 340, 342, 344, 346 save node specific information for a specific

N-gregoguch ﬁ?@”&'sni@tﬁgtyat% \G. Tnd e ARIMEY $LiGam RAh ROAYOrMBHeN 1ode
tabIIe 204 m%y be a stat|c namlc ta V\}ﬁ which cag grow bigger ar

Rk Shafidr {6’ e ?ﬁ?’ﬁo ate (ﬂ‘?fengf'% Fof BAhatn g RO dEs inifHermation
AtLaMN%% Jession. A8 2jorre] RIS ailllistfdtestiemearabsrsictnrd ofabases 230
Netré 2 a0t o0del ifttarmintion=a8 EXpressiycsowA if éne aptinalbsiieaR number

path jfermation; r&%b %ﬁ%ﬁ?&%ﬁzﬁg}?&r ac?%‘?o%pd@%a@%m node in the

membership databases 230 an trees in the. session.
fis 482 GRS B8 Rfimber 5 of used incoming link slots and download
sléwe71dr spéeificviots in thieldntitet Nsree sadsionu {071 | M eanvelile iacoming

ﬂlﬁlﬁik‘:%&ké‘oﬁ‘fﬁift%%mﬂ Cﬁ;g@ls&ﬁ 't@CQBH@gflhnlﬁ%@ilﬁ”@&?@%@f@ N-tree
slots for a specific node | entire N-tree”session., Simi ie

shows the n%m éf:r oF’use% ec{ gﬁlgr%%g TRt sﬁgt&ﬁﬁ&jﬁﬁﬁf&%ﬁﬁ OWPe“ég link
fisle taosnshawdané ﬁb%beﬂﬂmﬁu%eﬁebht@@.&gsmwotéeanwam@adof unused
staisgforna dpeicifitnoda dnupk edtive N-feea sgssion c Medewhilecachiglde N-tree

49&&291% e numnbsE ofauaté§3d4'@§0£ﬁ'5k95"ﬂk<e }%%1%%? %%wrﬁ%%' 1R oming

pecific node, The field 410 is reserved. 15 ustrates
31‘8? SN 3RS sotlead, NedesiSther thaRciHs rBijﬁodeyFGr gield 410 is
smﬂfmetdee in the ALM session. A field 502 shows the originating n_ode of
3[m§ Wm(ﬁﬂe[ﬁ%@rmaﬁa@ﬂﬁﬁ%%glgﬁeia‘iafi@d&g%ﬂrl%h?@o@é%@&@%ﬁ'}%? than
y.or Jatency hetween the.root and e ie r
th%gcﬁolgléo% piaa?)értl%t refa Pﬁc rg'fﬁwélen 3rsé(r)ﬁ1nodaés an%iS(grdES shows

%Wc@%gégﬁah%%@ééﬁcﬂréﬁmés@ﬂrhmﬁgmﬁ|st@s foifdweetydh tree. A
fillel 5080shesivgs pare niisrerdntarmaation fore conneetiopcanchsexs odad each

infogmation eridentifier,auchbas 1P ﬁgedr%ciof)rp?%g}l OpMRLAINGT, !:S between

xt node exists 3] This field is therefore

field al ndlcates hat th
R TS 78 AR BRAARTRG 5548 thvrhol QB G oYasd i tions.
cthses)s Siphlamgdcoysecufivkdfidlod shoysn2, bodtandBberdpiesenttion for

orandpareit W gereradions daGiation or identifier such as IP address for
packet forwarding. This field also indicates that the next node exists.
[0073] This field is therefore a leaf node for packet forwarding (i.e.
terminal node where forwarding ceases). Similarly, consecutive ficlds
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
to this and more levels can be defined for a broader range of usage.
Finally, a field 518 represents a reserved field.

[0074] FIG.8 illustrates generic formats of bandwidth-fair forwarding
tables 602 of both the server forwarding table 202 and client forwarding
table 236 used in the server entity 210 and client entity 256. The first
level in the table 602 includes the following three columns, that is, the
originating node/source address 606, source port number 654 and trie table
pointer 604, The originating node (source address) 606 stores the IP
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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. [0074] FIG.8 illustrates

generic formats of bandwidth-fair forwarding tables 602 of both the server

forvacding tablen203 and chignt ferwarging .iable 286 upad inuihe SEYeT number
@y%/ %10 an%]gllseg}t en;[TFv 256. Tk}je flrsttgz? Ie%/el[ notlhle table GOI%O'QC'UQES 643,

the follow ree columns, tﬁatms the “0riginating n & sou

6080 s@é@rc@géort A e e B a R tA K18 I pritesy @mpvﬁé@ﬁgméur@l 8, 620,
n@ﬁé {souiceraddrass) 1606 staréis thealR L8 2addresses of the nodes 608,

A A2 a@ﬁﬁ%ﬁke@ﬁt%r% FPREt HH %&ﬁ%%@é@%@@ §8Hr8§c%%&1st with

mber56 4 of a élorlgln ting nodes 6 The trie

Bt Both 8k SAUREEARSOMRIE éfé méf f’é‘zd”’é‘zé%?‘[ iifing table
fovdadivyg tab|d 82 S {005} Muttiphg entdes B thedorigin&fitg aotlel:606ation
Cpﬂr@a@iﬂr@?ﬁéﬁgl \i\ﬂ%rmét’i@ﬁﬁ[ J%V@I fOIW&ﬂ%”%@@'Qe@?& ?J’ﬁ%v@@giﬂ@%%bzlg 624,
forwardin e_confains t estina ar no address

%cf cfestéétloﬁlu&ﬁ? fr?uanl?becrﬁlln qu’r%sét?grg 6%2%lngt$1§ necf%eve??or\ﬁar ﬁumbers

t4018: 6249 thére w4y iR PiBAdYdLEs B28163D, (B S2naE %éheaﬁacewed
ppat ket bersd1( 638 G0 G2l andadth specifyingotheard knoigstiie624 have

nedestha rReeieH;s Packe B e el @ he: ferwarded, Fupihermare, RO%PMCOI for
tables 6Q2 and 624 have transport fields 656 and 658 showing the type of

the’ B! ﬂ)%rcttﬁ%f&:ol for a specific stream. [0076] The forwarding table
infdtitdtion i exépamiged betvvekls thefessensr entitpxitiagedclibatween  the
emitye%exhywsmgeth@nf@rwaaiiagetna@k@ message (khshawnfgrkisdng table
SRALs évgﬁ%%c‘i%t fawarding i, the:l\- téee‘%v%ﬁa%haé‘ﬁgﬁé%%?ar%m g in
using t eI dress, port number and- fransport grotocol

ﬁé@ﬁﬁé%&t.ﬁgﬁ%ﬁ?ﬁé‘%ﬁ FoPRTSHS thiesd r&?‘ﬁjﬁéﬁod’%ﬂé&éﬁbef and
netwero packeb inllM (in. each/ 20 client €AtRY.for allimcomingpacketsine 262

2@@%@@9%@@%@%@%@ Fhe larwardingdaple 802 isiysad Ithe cach
%%n ntlty ferf rm a search for th%'ﬂ%@gded destln |on IP %ddress
6

and & so R'ot 1am§P heamifg Ing packe é%lsh%r?a LEhen FoHlaPIEL to

thetolde dEbfgﬁ‘a’téﬂl\‘éF‘tﬁetaﬁ’éRtﬁrQ@h@ Ntedel T Heer6lidiy endifie Reperform a
alsarcharfigesitbei sarrded P125t adlitiess Bnd port sumberafdheonedwarkn a per

%%ﬁﬂ%g"{s%ﬁ‘étf%%%?iggd then forwarded to the node designated for the
next in the N-tree. The routfing engine 262 also changes the source IP
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] 1In usual unicast applications, the socurce IP address and port
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 IP
address and destination port are changed by the forwarding node so as to
follow the bandwidth-fair N-iree path to achieve ALM_FRC.

[0679] 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
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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 tréé without fair bandwidth
allocation. However, one of the features of the present invention is that

th@dégyfyeﬁté’w?@ﬁi{egshﬁ%@ q‘g)_sugaamgpl\?%ﬁo%e &Hﬁ@g%ﬁﬁﬁ}hﬁ ﬁﬁ)le@ggygqnd a
no S 10 ow anawi r a leve

gba%??ﬁg %s %a%i me s&tﬁ{ rHPa W%hP; (F'of &% i e The
ty’ﬁésnem ?@éddéfﬁénéé‘b@mé@ wwquesﬁ ﬁk@s,gaééﬂty@@daﬁ&th@ algorithm.
résponse sagsage Neidde centehh field 10k indicatessamenbioid8ise.  The
iqepify;Dewean eofmgmwgfﬂ(gﬂ@m? AU AT T HPAAIRQ” ARYR R 1)

forwarding table entr ate from the server entrﬁl he version

G788 Showsthe e‘?é‘?@ﬁae’fetﬁé'%ﬁ_mlghahﬁ freeigorisld e unused
figld ¥0B irddicatés thavthe fitok i$wwrrehtlymotidingetdf hee BIFT EFER) #10ssage

CPNPAIRG @ sm!ﬁ ﬂemﬁlItipfﬂf@%@{%ﬁgﬂﬁ@@%@%}g gI]FTﬁémg%ﬁﬁ?mehe P
FT,messa n it resery 71 | shows a

S r%% ﬁ?g o] fg?rl\?var(;ll%l{neg i% entr \I‘(/%?I}::e}%essae{g%e 71 E\}ﬁtﬁl%e? %@3 'ﬂwe}d 804
oigftafny rﬁ&&éﬂﬂ*ﬁe?mz% SHRESAR Al 8§ BT IHE fodd Brarsaned field
ti8® & kmdedsagesditve dinfie kiadnp fieldB80da1Q dspiseddo shave thecimerber that

ﬁl{é@@%ﬁ%gsowac%g%ﬁa%{iat@@ -ubfe unysed field 806 andthe 5%5%\'@93&6&9 show

to be used) show that these are not currently in

£ one t{rlﬁ lanne
! mﬁsff’@l%%ﬁﬁsgﬁgg&aﬁghow the time the FT message
was @bherﬁféd.t{mﬁﬂlfhe tinhedsismpatiiest 894hedsords thut dmlystheessage is

latest messageiisn doisad in mgbj@%@rﬁwmlgnqal@ the rolting {akle  1f the
forihe orEr%f?o d’g%? %%”ﬁ%’orwg%%_?% '9%% I1S-OWR tmesstamp f'EIdft ‘fd 804 is

time stam 41s not use wever, If the tfans or rotoc

rfb?tha%% tirkkd ${8H5S: ﬁélﬂlﬁlh@%ﬁﬁé%&‘aﬁfﬁﬁé}a%éﬂ% ﬁ@ﬁd@é@’s%ﬁlm stamp
[60382] Thdstisrfollowed Hie&lf@ivaidingttablesomtent field 808, which 20

canigngs b%@yv@tffé@ﬂwéwaa Irw F@%P’&fﬂ{@%@{é fe&a&'eﬂteﬁ%@@t@% which

frog taklgss%rv {é}\/ fl;lg)r arai table :] ormatjon elle (ii i entities
REE&NEr en IS Combine %ﬁ%tﬁ&é SHd FOFREYRE PPTAASAR T
bféogéﬁh?o S@é@ﬁrcﬁéﬁtténmﬁ o562 WHeh thiel sexenfondarding cabie RG2¢é from
updasecy andnli pessade, whidh cantaipsta single FImessaye Message to be
r@é’lﬂplt% each client entity 256. When the server forwarding table 202 is
updated, an FT message, which contains a single FTE message or multiple
FTE messages, is sent dynamically by ALM forwarding table distributor
278 to the influenced client entities.
[0083] The overall mechanism for achieving ALM_FRC by performing
fair bandwidth sharing in the N-tree, will be explained using FIG.11.
[0084] Initially, the metric provider 244 and group membership 246 of
the client entity 256 periodically distribute metric information (ST 902).
Metric information that is sent periodically is collected by both the metric
coliector 220 and the group membership 222 (ST 904).
[0085] Next, when new metric information arrives, the ALM forwarding
table constructor 218 accesses the metric database 226 via the metric
collector 220 and accesses the membership database 230 via the group
membership 222. The new metric information is used by the ALM

forwarding table comnstructor 218 to update the optimal stream path
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25 FTE messages, is sent dynamically by ALM forwarding table distributor
278 to the influenced client entities. [0083] The overall mechanism for
achieving ALM_FRC by performing fair bandwidth sharing in the N-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
perfedicalysis %I@cmmgboglo@lje metric collector 220 and the group

sh [Q085] Next, when new metric inf tion
m@l@g)s the'ﬁA f({“srwar(g@/I (%[aWe]dc%en rvll{g'g)ﬁr]ezfg acéggs%g?%gk?ne e utes the

Nribesebow W%Whésfﬁe?r&g 35 coéctbk Yo d iviragbessdigeconstructor 218
eembershih dalabasea23Oriihihe giodpcaiembeship 222. The1eWihe optimal

e IBHMAUARRHEA P JDRALYA f@ﬁwaggmlta%%%ﬁwt&rﬁ&%@z (ST
efﬁe thﬁ stream path 19 information table 2 T 906

Nt the L?ﬁig%am@t?abﬁ% 55%8&&%%@@@@&%%@%@% and this

atgotithenc(T008Y. Fhie e\t doraraling table constructor 218 executes

tmeﬂ% nee migerithm nafiﬁ@icﬁémam@ thg@bw@@@&%ﬁ tt'tﬁgmmﬁlé BHeAM2 is
th.informatjon 4 and, serv ing t

B R B a4 The ivss entivy

A blhited AR A ADRE. fb@@ﬂwgex%}t% cortet didhb dpeesdine table

servervfarvidting dabis 202 idisantffronntidénil MUbrwerding tAblke forwarding

digtil P‘T??@e‘%ﬁ&%‘% §€E\é‘%@£‘t{§/}"]§)@}0 to each client entity 256 (ST

9 LM fo le recejver 0 updates the client forwarding
dishe eé?ﬁ%b%bf& L@rf s Qe IeEeREd taF o Taguence will
[%%N%S%éﬁmwéﬁﬁn@table (FT) message exchange sequence will

bje desgribageusing irferbdi ikn [098AbMatiT idommationds epdaied &RdT1y (ST

n}%ﬁ%ﬁge) H%{qu"?@”}’o(s agflo%r@t hat s QIf?gyzometn%lg{xg{;%?ﬁlom?gn updated

continues being updated between t e metrlcﬂ?rowder ecli

e?ﬁﬂva%é%alﬁ{élﬁ]@fﬁeﬂésneb%@m@élﬁr esdroréntt) 4dop dodgopetric
The latM:fdiiHrdingtabslerdistrinutoy 1002 .of the server entity 20 1002

fopwards arfpevandingdaile (ribmessads inaivding theoforwarding, Jahle catiry

TS A oA F DB B |SEEe ) TofReer ins

dbielto fs9UeHn tpatre dEdésteortid dlientdolovardiny pabl0286 of the client
entity 1008 (ST 1016). Alternatively, the ALM forwarding table receiver

1010 is able to issue 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
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
algorithm invocation is provided from the ALM forwarding table
constructor 218 (ST 1102). Next, access for a specific rule in heuristic
rule database 206 is done by the ALM forwarding table constructor 218
(ST 1104). Next, access for the optimal stream path information table
204 is done by the ALM forwarding table constructor 218 (ST 1106).
Afterwards, the ALM_FRC assurance by the N-itree algorithm is applied to
metrics (ST 1108). Then, the ALM forwarding table constructor 218
updates the server forwarding table 202 with the resulting, manipulated
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using the forwarding table (FT) message (ST 1018). In response to this 25
request, the ALM forwarding table distributor 1004 forwards a forwarding
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 skéwn in FIG.11 will be described
using FIG.13. The initial trigger for N-tree 30 algorithm invocation is
peayidled fomithephlM forwarding table constructor 218 (ST 1102). Next,

for 2 ¢ 5%%&@%%?%% ER%%{?"“ ot ?06 SN NS4 packet

AL war tabe constructor ext access for t h

oﬁﬁrmar%ﬁ@’arw pHtAdnRntARoRisBle %mfs WoHe sy tie FERdorvAPEINGI G- 14-
table cohsifudton2tB{(ST 1406). 35 Aflenwardd7 thepAtibid RICyassurancas the

byei@@aé’dt@cﬁ]bﬁéﬂ@rgb'Ihb’sté’é}lg%%dfé%mﬁ&'i&? Q%E%%lﬂ@r Ehg?n %Sﬁ%ﬁfnt via
rwardi ta ctor up e
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the'T)ien: eatityswill be seserited 1sing FdGwka dihlae A1 ;fg@vgﬂdir@t&tale
Cj;rwg_)gj OVﬁthp%Qdé lé’ HPR?Q}Q% ?r?%%lct?%%%tg 1I§ge ME “water

|ng tablé 202 to specific cllen orwarding tahl

mBE) e Tcr20%) e At Res difg dabid! rusdive lz“é the difghtwhole
entity<356cwill re ceive these ferseaddingstaieled (F waessages aadhupdatee node
qﬁ&h%@tﬂoa’&a@%t@i@@ ﬁ%é@ﬁ&%@ﬂ)m{@@wmgﬁ e stens; of N-tegi1 all

orithm execution ado e "w er oligy, will be
St ene e At B R e Ghppiger cxemsle

e@&fr%s%@@leasfsﬁhé‘aeﬁﬁ%é%éﬁ#?@m\éacméofﬁ%@ nféw@e“(netriaéolﬂﬁﬁ’de; iancoded
the tN-treepta Bl nadesnin thesptdifsesision: untihdll s koureeunodasodie uniquely),

Cﬁ{ﬁ'eﬁﬁe%ﬁ?a&@l%ﬁ%g%f?@ Néée%ﬁtﬁo{h%"%b”z'%o%c“ “OHQ\JQ Bior ;.

ALM session {a,..,n} fromthe "initial list" is encoded 15 with as ecific

AU spERHY tﬁ@%rﬂsrﬁ@a%w&oaré@}fbfdé%.émyy Ahh AlfRDe strean
belongirigao e teeelveithetrgatot nodéryh hawresior k Tiilvally, each reaches a

nesle:) jcoaat@im@ Goler setidlthz b showing @H%@%rcmr@cam arg m + {k}.

nﬁ)@(?&?\ﬁ”” ad Iécgi%? %fg’ tr(-:‘sa [:nolgr ];e’t é @ﬁ]% eéﬁhﬁ‘{k? eojgﬁ is set to

|nﬁ.%ﬁ|r57: for éﬁéﬁ%&oﬁﬂemmr{%@qkamgeﬁtbﬁ}.élgéf:%omF 16e AlpMepession
a ttream &« reachésall bthernadekeir the ALY sessiahe (thetkde iootechah that

%WQ'Q}@{Q;@QQ)KFglﬁhQnglNl%O”Sfﬁ}éQh 0Afe tink is added in one loop,
iteratively, to the trees by using those steps, until the N-trees are all
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
selects a member from the “imitial 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 order of the numbers of remaining unused upload slots.

[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 § with DONE
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DONE {a,(k=True),..,n} is set to True. One link is added in one loop,
iteratively, to the trees by using those steps, until the N-trees 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 cihtmetric collector 220 information
and group membership 222 information, and make the "initial list" in a list

d{ﬂéab@&eF%@Qe 11§02)TM@g@ Et@déb%@[waédlﬁlgd@@%&oﬁﬁm%tﬂle%ﬁ list”.
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sélectl axndde rfromithe thedarbd listd Stadting frorn thé fiksd hodecthatlbasd (ST
NPt 08s tabllshed links to all nodes of a given N-Tree, by satisfying the

f fromt eh tic.rule database 206. Next, the ALM
N g b oLty F08CARL te e or T, Behotilects an
viitd ered100sig Hestthambelcob aprbad Slots) (5171806 oThe tabpvel stepoide pair
repeated ofor alk nodes meating dhe muleimeTa1 106 untih all NegRs AfBe specific
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218 selects an or ere e from a "rule-bas st for

&F‘"éloné]d’éif)%t)ir ik she1 $eb5 e dotrstthode frBrithaodhtariide: Efﬁata ded to a
satigfiebahalspeaificstiil € Fiom3the) heuristic rule database 206 (e.g.

Miywm Ie@acytp@twm {¥9A088R) MUleeeﬁieﬁt@&o@%@%mi&@@%air of
wHIJPes aidded B gase air li st (ST 531??[8%%%},%% il%éo‘léMspemﬁc
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"Fiis-Hasey Bbﬁrhwraﬁdf:omé? tﬁéﬁﬁhjwea Oh aSpebifich ruleFromspreific rule
heuristic, rite datahade, 20 (Shc1324) dhe spediicddlen the link irformation

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).

[0100] In accordance with the “water spread” example, in these steps
(ST 1306 to ST 1314), the ALM forwarding table constructor 218 chooses
an adequate tunnel through which water can spread (i.e. path establishing
logical connections between nodes). An adequate tunnel (pl, p2) is a
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.

f0101] For all links (p, q) that have p member of “ordered list” in the
previous step, all links (i, j) which satisfy the latency requirement and the
cardinality of sets S[i] and S[j}] # ¢ are selected. Next, the ALM
forwarding table constructor 218 adds these to the “rule-based ordered
list” (ST 1306). In the following step, the ALM forwarding table
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may be, for example, that the pair matches based on the link 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 25

through these steps (ST 1306 to ST 1314). [0100] In accordance with the

"water spread"” example, in these steps2¢ST 1306 to ST 1314), the ALM

forwarding table constructor 218 chooses an adequate tunnel through

\é\d’ﬂﬁ@t‘{*{ﬁiﬁffcﬂ'&sf@@gtﬁ ﬁrd)ﬁml?@st@-(m@mnﬂolﬂgéﬁ%%tl CHB'%EEHQ&? or%%ed list”
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linksap] q) tNakhavp namberrof wandeigd Itfatbﬂa thenprayious stem, alfom the

“n}‘él@ ﬁ)ag‘g?i Sg':ﬁi"‘t &Ih%ﬂ?éﬁ“%f?ﬂ% fjomﬁ r%ﬁe I?Lap% Yeuristio

are selected. Next, t eAL forwarding ta

o §tr &@P@i@ Hs oo HARMSTHIdBEREY JEEFEg i SAe 18065 n 1316)-
théefdliothingAstdy, the AM fogwtartling dabie22 tcondlrdictor 248 selddisree that

th@lmigataeesgﬁ@tﬁ?fm fbsmiulesbmﬁardw@d :9?%% sg Q@fﬁ&t‘:’rﬁh%s from
"rule-based pair list",in the lis t ex

t g}lvgg’rt i ruta’{jbiier}cotgﬁs. ru%%o%%%%sgcﬁrg&% gh'?ufé) %ased p])‘ ﬁshg}ay employ
v&hﬁﬁ%ﬁuéﬁiﬂ@é &n%Edkﬂﬁiéﬁmﬁ|@qﬂﬁnnﬁ@%@&ﬁ§%sh}@gdami,9@6from one
(egi smallest |atenoycbetwedh the paib)(SThadds)iaNexs the dMIMlist, without
g she oy HR 07 a0 L dee LG te R
rom tne .InNjtia

TRBEAES 266 (T TRy T e Fﬁsruwé% B Eh BBy 1ohe IS iraking all
phaddity Bfavcde paiks esebishifdeonadction{ frofndrie. nbdesmdhahat the link
I\kﬁa@st@saléeth&@thefzm@dq5 i thepitial istmwitheut MRIENGANEF Tinks in the

r cted. This process is repeated for all
mem%%rpfl‘om the Iﬁelab%a%l pair list" by checklng all nodes, nand

rhBhibdrs of &bt sefsrease nf‘{aﬂ}ﬁh} 2T, SivKadat EYE TN 25 drathisisstep, if
sétete "Traal{ng. slatpefconplete tonheotentod dinks tnAteMtree)fordl g table

mﬁg&&&%ﬁ@@k &19315\’\&1?!}@%%@% rﬁg}&%@&)ﬁaﬁg{fg&m sezga”m"%hi@ step,
;?)Ir?/vzt mgl] E;Sb ecfgnstruc%)rrﬁ%%a eér g‘%/ Eﬁ&?e@ﬁuﬁﬁé\f[ %ﬁ&‘f’%r?d“g table
SeR I HE0StEd, 82 dhiursals lidies 1np irthe "relehbdsedmpali dist, tatrnay Metween
foodargduigstable ), 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
end point v, the ALM forwarding table constructor 218 selects a stream
that will give an acceptable distance from its source k to point v. If the
node v has not received the stream rooted at node r, the ALM forwarding
table constructor 218 adds the link(r, v) to the node r tree. Otherwise,
for one random color k linking nodes from set S[r] and S{v], if the latency
(k, v) is equal to or less than the maximum latency, the ALM forwarding
table constructor 218 adds a link (r, v) to the tree rooted at k. If no link
(r, v} is available for selection (e.g. due to latency violation), the ALM
forwarding table constructor 218 tries to choose other links with the
next-largest capacity left.

[0105] The ALM forwarding table constructor 218 repeats this process
until the construction of N-trees is complete for all nodes in the
“rule-based ordered list” (ST [1322). Complete N-trees are defined as all
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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
25 end point v, the ALM forwarding tablgXonstructor 218 selects a stream
that will give an acceptable distance from its source k to point v. If the

nREE\ hasonet regeived:the stiean:toetediatnede;bsthe ALNLfar W@ztdlmgsouices
tablehcgaasttruct(fr 21? adds the link(r v to the node r tree. Othgj1 lrfe for
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ﬁ@tm@@%w o o caad oot g Spow e groel oP 1 WY links are
ree optimizatiqn is

ff:?d?er&ﬁé (§lrda s aiﬁmo%w(g KSR AR § rsirfhéslﬁom%ted until
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i r \V d to eco truct thr

fgggvé\:ié%%tqe%zasltgarﬁ gﬁfr%?ns n%%? (% 8n}1a e reg?;ir%striuﬁlo%ngf Server

NeFeestinaiebls i 8\9é{b?tﬁh‘1?<%“ﬂfé ﬁaﬁwg%% Gerdered isT (5Ddp32).
THiIsR¢p derorderingioflinks i repeatad unti hthig constinetioncefing and link

Ndrees s complete(3T:4330)145 {9807 e, ypdated W@rm%t'oﬁl?a%gﬁow1ng

on N-tree 1:{\Igonthm will be reflected in the optimal stream path

ifformation table 204 and server forwarding table 202 for distribution

HéWEEn clidksentitesy ST1E386) . [0hes] uéxtreardRiirae sptimizatithe N-tree
tebhnigphes, Wnkimevinge«ane: ek reroddng. anesiiustraterin £1G. 164 aRdwn in

':E'R}lpﬁﬁA',n H})%;Pll%\é’&iﬂging a trigger for performing N-tree reordering (ST
1402), the ALM forwarding table 218 selects a member from the optimal
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 fer the new links are still valid with the
original rule (ST 1406). Any relationship, that is, the parent-child
relationship, grandparent-child relationship and other relationships shown
in the optimal stream path information table 204, may apply to the
relationship between two nodes. This makes it possible to reorder N-tree
links for all nodes in the optimal stream path information table 204 (ST
1408).

[0110] Next, the link move step in the N-tree algorithm will be described
in detail using FIG.16B. First, upon receiving a trigger for moving links
(ST 1410), the ALM forwarding table constructor 218 selects a member
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20 paragraphs. [0109] First, using FIG.16A, the link reordering step in the
N-tree algorithm will 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 a member from the optimal
25 stream path information table 204 (S441404). If there is a link with an
unused bandwidth between two nodes in the optimal stream path table

284 nthe Al ferwarginosiableConst UGl 218 mavesihedink shehthatyoving
the delaey quiy ”2‘3”'[ t%ri]gvgdetht{% tQ? ne{}wellrﬂks.%rzitlll valid Wltgl o5 of
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réltioPRtip L Gitiddpasdntienidlagorsins et cthddralalhenibs Bhawth other
i dher iopisingl stteamdeathiniormation ableodR4, mayBPPhpioHe siream path
relalionsiin hetygen twenodgs. T@Eﬁﬂa@&#‘&ﬁ' .letta%{) °r§§§l4}"tret%; 218
links for all nodes in the optimal stream path information table St

1908P 48 01 £0T Ridxt Hhe ikt AfodEcR ihthe ke brdBad dorithphaif g irement
deséribedban detadtishegween 16B. Firstnoges receivingiakiggerdore the same.
Wﬂﬁéﬂ!ﬂ@@(?ﬁ i, the MeLQM@fo@Qitﬁcq'é|_%}6@@§E{Qﬁ@0§|ﬂ§iso%?%§rding
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r8g¥faresE ot thNptight-eild Téhtiondihils, athreipNeficeniaighativirimpzation
afid effiero delationshipe heteeen twe igenticafnodes in thesaptinal stream 6).

path 3 informatign table 204, the %k%;@@fmﬂipgsa?'%&Bﬁ%ﬁf@%%f&&%of links
c%rﬁ)ares %le.flrst link and th sl([ev(\:/g)nd link sych that the delay requirement

P BERER R HorBER (U twld hoBBUBAAHE I bhcBe eBaRte o el
Feptiid frore off tetesadering e istéimediatemddestitine ALWi forsvartdimgcenario,
table consifisiaaala replacss the darpietdink witd-ihedafierohn 50 @$110tail for
10, AShorss Nolise (ST 141 Thia glows NLES NSIBE o0 oo 90m6 of
minimization for all nodes in the optlme‘l}l stream Qa’t’h_ mformatlo_nefablle
2B P8 Te44%)th o TN 1T FeisheR B HAL StreRee PtloARl B thath the tree by
moMirgaf lirbles Hamkd rm(mvderg;gld):fah'nksdaibidngptiﬁﬁ&@itpmfgihwithd&ﬁpem rule
ta Ak weardidates ahades duringthe N-tige gepstruglion , With;giich Peordering

scenario, 15 N- e com utatilon iIIFe incomplete and N-tree alﬁgrithm

T U SADIBEBH oAy NARES SRS R Fof Bt TP 1eads
9994 sRIgeeh Eakes tHiSketies Algbdthinid Guacéssfgl iresompesing e N-tree
teeadpu tatilizingithe link naevingalinks reardering technipeand RewHstiGomputer
rgb%cification for twelve nodes.

[0112] The N-tree height minimization/link moving can be described
based on the given “water spread” example as follows; In a tree rooted at
any node j, the link to node k from the parent node of node k is
disconnected and the replacement of the link from node k to node p does
not violate the latency of tree j. In this case, a second parent of node k
can be defined as node p that can directly replace the existing patent of
node k. Therefore, a node could have N-1 secondary parent sets
(corresponding to N-1 trees rooted at other nodes). This is achieved by
changing {a, k=true,,n} (of parent) to {a, k=false,,n} to remove the link
“k” (between pair nodes) from the “rule-based order List” and selecting
the link “k’” from the “rule-based order list.” In this case, k’ is & second
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
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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 nodeg>[0112] The N-tree height
minimization/link moving can be described 25 based on the given "water

sprgadiiexampteasfoliowspin a trer xeotackat [aay: Npeed, thefideto its client

dekfromt ar ode fnod |s 1sconne ted and th
rep a‘?eaerr%len P?%E f{E Fom cr?oawe kﬁc}) nod pdoes nlgta%lc())lrétg%tr%g B gﬁ%{f and
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thBvfulecbased ordenkisonard séiecting ther fhkrtkvfeonilthe frage-basettegory

oralerclisia dndhisagase, e ds & Seeanh 3% parestrandibierefererseleqted payload
[Ql]lﬁ] The packet forwarding method by the client node will be described
usm? FIG.17. First, a client node receives source packets from 25 any

otfieF hbde¥ BT 8025 Nkt tRdIhA e HisrBARERs Hiepfidress and port
fawvabding fabke 2B6basel dwtuptesunencamidindiondal HRsadddepsantimber

Py %W?e tupies @@ME@@E@N%&@&%&H@@@@ indicafing,ihe by all
ALM ket()’e uch? (iescrl earller %TfISOAé) I or catce%ory I
||’il§|ca? ng t?] p%\% B erffiu ﬁ/rpne of Sﬁv.cee)“néﬂ% INTPv inally,
ofthe HSCTP ([9#1@réﬁﬁafte‘cﬁee*?bﬁ:eeewélqoomelﬁédt@r flewpledsérvef the next
|R¥61iia6 86 eombination okthese. Furthermore, the flag or category

{[‘OG'PF‘% gap Aéﬂ\é'cl?ﬂ%ke&g@g% %?pﬁ%f eyl in tiﬁprgylj?t‘ﬁrﬁaﬂ?a%é'e@resem

0114] Next, the client node changes the source dress and port

rf&ﬁﬁf)‘é?‘Bf‘th@“ ALwp ﬁac%f‘f&“f’r?éicdﬁéﬁg nodéiPtaddrdsEhht pblrItUStrateS the
rarpbierz (ST 0506):HT kispmvill dbsule i dN\atee tbnstndoted math és fottewed work

E&’o@llhlﬂﬁ)thﬂéore{%%cﬁ@ leagingie Q%QWE‘Q@kf?éfﬂfﬁ% behwgen miﬁ*ees based
e R e
algopitkin BF thiee prisdane dnladsnisn Wit betdastiisid ity Fﬂtﬁfﬁéomefmm the
itstratasihene complying with the heuristic rules provided to the minimum
one. The bandwidth speed set/slot is, for example, 8 Mbps.4 Mbps, 3
Mbps or 2 Mbps.

[0116] The heuristic rules in this case are rules 1 to 4 described above.
By this means, as shown in FIG. 18, a path 1s 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 nedes.

[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
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 8G
where the delay with MY is the second least (FIG.18A). However, the
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application of each step of the 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, VN] search for optimal network links,
with respect to the defined latency and bandwidth rate sets/slots, from the
maximum one complying with the heurigtic rules provided to the minimum
one. The bandwidth speed set/slot is, for example, 8 Mbps, 4 Mbps, 3

MiRpsy0r2 -Mbps. £3 [93{1@61@fh@\/i*\e%ﬁi'qW@&%%%E@%ﬁ%ﬁkﬁsilt@léy 2350
described fhove,, B Uis Means. A QI 16y RIS SSUPESHr v can

in order oop construction o

HaaRPAKIRF kb bttt 46 80 Meet th%sa&ay%q@mﬁ@@tg drindividth is
auidlingisy, s efsumeThe 2pxdepssing $03, nnaintadi pingotheFfain bandnbgihfier wiN.

WQH%?O {9318L1n the case gifo'SbGS]jsnéf g&?éﬂtg@e{lﬁlgﬁﬁﬂ‘%ﬁéﬂ ackets are

resent .inventign is executed, one-to-N distrib utlng trees fOI‘ N nodes (|n

iRt =29 5F8 SacttuIRfEd Be YRBwL P f01 181 QBY Filef & Harhemaining
(lbopiniidtseléctedNhrobghewtiich ety e Ifansmitied idinettlyfrom4 Mbps

MX#H;}WQ‘:WG&Q? @vgédabl@zba%dw@dﬁ@, tQ e\lléhﬁgg vmﬁf@gﬁe\:dﬁ %Yé VAt MYs are
the le n,a idth at electe

th?%rlﬁs a,&ﬁzlch paecc::ke%s are tra\ﬁgﬁ"?lt‘%e f?}ag ytogsg etrﬁe tﬁecggglea% At
I\Wf‘rstﬁﬁ%eseté’c?nael@éé’fl(F@fSﬂxY“’rqé\’}véﬁ/é?i%ﬂ@fzéo‘dé%ySB thdo ?ﬁsﬂ a loop

bdtweef)MY shdciBetceadsd thé imaximeine datercy 200mms; dddrectly from JP
RAmh *fé"%ﬁ? o %&%‘“ﬁ&?ﬁ?ﬁ“ﬁ?ﬁ%W'%?”%ﬁ% o width
N S opasrdr S e Mg ST SO VRS ol VA HBRB0PE) Y- 12
N’ék@fafi@atﬁ @oéé M@Seﬂ@ct@ﬂ Et‘hﬁbégtﬁb\nﬁc%pé’d&ets are transmitted
divgetlyfrom )?ﬁéa@vilagﬁmigﬁmd @rggsgdrmmminﬁr@@@yvm;fbﬂop\éblﬁets are
a e lggst 4 M ndwidt pat
oo%%ﬁ%%gleéc{%é%% |§r? iets r(;? Ht‘?ansrﬁ%te(g |re§t%j’5%l Qfﬁnammg

VIREEY Rt Bty With 1§Ga| thMé@éoﬁaqéé@ds&& 16'id $ifre, th’%sre*}né?ﬁ% the
bamalaviciting sbiigded do IR, Xb Mannéxt, RIBop 2(IvtppSs) fisrs8lecteédvibps for JP
thrpug ghfgquﬁts are transmitted directly from JP to VN where the

|th Ieast ina 4 Mb band idth (FIG.18 a result
Sr@ am n wmﬂ 13 ‘26 Rbps fo V\ii%telélﬁé’é%ﬁ &hig fl IMBB%krSFS are
J@@ﬁ@@tmpsdﬁéww 1502215 %3) wésem& ptth (18opr8Ylis balgetéd remaining
theauphiwitickopacketmare Aranspytterdikectyy ramGlPd@yingAkeseeentt, the

'%%é%ﬁ@%’&i{%@width is 20 Mbps for MY, § Mbps for SG, 8 Mbps for JP
and 6 Mbps for VN.

[0123} (5) Next, a path (loop 8) is selected through which packets are
transmitted from MY, which has the greatest remaining bandwidth, to JP,
via SG, 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.

{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 5G, in a 4 Mbps bandwidth (FIG.18F). As a result, the remaining
bandwidth is 20 Mbps for MY, 0 Mbps for SG, § Mbps for JP and 6 Mbps
for VN,

[0125] (7) Next, a path (loop 10) is selected through which packets are
transmitted directly to JP in a 4 Mbps bandwidth, and furthermore a path
(loop 11) is selected through which packets are transmitted from VN to SG
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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 JP
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 Mbpg bandwidth (FIG.18C). As a
result, the remaining bandwidth is 20 Mbps for MY, 8 Mbps for SG, 8

M@Q%fo{n]% @ﬂ%@g“@ﬁd@g&{ﬁ 2@&[9%21%]3@ N%)ét r@xﬁg‘m ﬂ%@aﬁlﬂ'&ﬁth s 20
cte thro groareyga |tted fr%[n
aRstonin mﬂg‘%l%% % 98 T 324 mBpE AR
(FF@@ZfQE) Meva gisigh, thetrémmnmgubagdmdtmsdz@ Mbp& for MY[bps and the
Mbps: far2Ch £ ¥Rps Fob dR/ands6 MRS sfor VIN. 3R [ 24b(8) MNexk @ a path to
pg&hﬁlol%p@kl§ s%tﬁgfotﬁlr%ugg‘\@bch %acki?ts re transmitted from JP,

fas the second rema ning banawi “via SG, in a 4 Mbps

bhckdibith TRAC N aiEscARl 8 4B tRE (&% MG BaHRKGRILPR shavfesgomoves
MYt ® MeppiocsSG, 8 MbpsifordRiand 6 M‘bpﬁeﬁ:}f \(he 32{A225] (T» be more

'\&%@ifflteatmﬂqg}%)gé1%%'6%%9%%f ! hp%%%%@&e Jx(%%%'[@l;'%t:%%d two
|re ) jna angw ur e ore
RE Rn o 2 aops penduigud AR gerdd e e
|ﬁﬁwméﬁémd\%vdfﬂflﬁsiéfr@sultﬂh@ mﬁmﬁgmﬁmman&md\nbpsh is 16
fonbA¥, 0.MIps tonBps4Mbps. far VR gndod Wzlalaﬁaoz »g&b#@ka@]v%@w

at I | nelwidt the .te NN
bgjr?(?vé:%thtigf V%{?Ssazﬂjl I\%I%lgf |gt|sll%lo possﬁe%g flgn%saggath}%gt% ! ugh which
VN KNPy GATORGHERA MIHES Bl A N2 M Frein {Peétarbo%%maloqa theMbps

presemtiidife ftimrptiérefGrEGMEVEs . ontostherpsadesthof mektrdelgisptat width is
r@%hﬁ%morpms Fang Meye seperifiey M Yris seleggc MHB%@QVN) is

nstead two_links, th tls t gg ths of (SG- \B%rt]
Wg\\?ﬁl) in e’éﬁr{’reeaengreciﬁlgefec &4 (7 %% )E ?fl r&efftructing
tﬁ@tﬂe?ﬁahmwgibﬁﬁam@w iST18 YMKEh & For erqiﬁbpisefcshs@eﬂ Mblsyforath, the
JR-ana 2 Mbpitial AN .cHEL 28} By this veasins: ihisiessible teiseleet@pathuct N

t e n r I Y \/ a,, JP an
e o T A S A e e

p4hERWdth is 15 16 Mbps for MY, 0 Mbps for SG, 4 Mbps for JP and 2
NIBpsGbr ViNr example, although with the conventional method shown in

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

f0131] The disclosures of Japanese patent application No. 2008-029771,
filed February §, 2008, and Japanese patent application No. 2008-306671,
filed December 1, 2008, including the specifications, drawings and

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 stream or
content with high degree of interactivity and good AV quality in sessions

between participants over networks.
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[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, although8with the conventional method

shown in FIG.2 VN can secure only a 2 Mbps bandwidth, with the N-tree
construction method of the present inyeqtig shown in FIG.18, it is

possible to secure a 4 Mbps bandwidth for all nodes. That is to say, each

25 node (MY, SG, JP, VN) can construct N-trees at the same time based

oh fair bAnéRiiginaind Bllaveédsdétdy vetfilrenianta[@BHeThe disolosties route
ob JapaneseodatenhapplicaionmNee 20082 47 1c ofitedurebivary, 8:1 008 rminal

Ameggnpﬁ}[mhﬁpplication No. 2008-306671, filed December 1,
2008, including the spécifications, drawings and 30 abstracts, are

incorpor&teBHENRif Dyt ehed int the aAMESS IHfosharaphttsiitypecifies
[82pThe preseripintiegtion istbaitable figrouse-witmAVipenferene@ munication,

apRUGAIONS WRRHR:A Bt AroHIk Of REHICIRANS L PANOS AV, SIERM: hembers,
35 %oqtent with high d(-%%ree of 'interactivitey and.goad AV quality in
and.stor asgrement ts 1n a tr

e3S = I 1 FESUILS 1 C aQa st .
sessions Betwash par |C|pansts Over NetwWorks. $XmMS 1 A terminal

apparatliePsetind op AaysEkattERgaissiorrRdate st hobes jpsing the
nmudtipairtriermultipoitt, communicgtioRe the deninalimappafatiSiree) between

c&wpﬂlséﬁg;eafgneyaeﬁok!ﬁgtoathegnmstﬂdqgesesq[kﬁ)é?,m}?f&ons%@;!3041 the packet
s&ecmes members parUmpatmgil)n the multipoint-to-multipoint
C

AT AR B P 2 e BraS Y B AWtk L8R tRkeand a round trip time
betweenatheaprdnsiéren dmpestanadtinessnerient redults imblendideributor that
oﬁa&abas@; mearpa@péi@ei{t}a?dwgsmlt%ﬁ@ngéa% Cgpsmvﬁct%m%awﬁéﬁg;ayer
the ;measurement results, forms a packet transmissian path (N-tre
e e B P e T R ANoRe That cen be

pEEREE RSP N SR PR B ANE R E B PSR Gailer A epdifcatiori payiration
radiicastingdorwhrding tadbe phstribuiob dhatdd conversiheipéekattion to the
teapgpission route set up by the application layer multicasting forwarding

table constructor into information that can be represented as a

combination of an incoming port number, a destination
2. The terminal apparatus according to claim 1, wherein, in the course

of formation of the N-trees, the application layer multicasting forwarding
table constructor stores N-iree session information related to conditions of

trees for all nodes in a connected state.

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

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

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

pair of nodes and prepares a rule pair node ordered list; and
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address and a destination port number, and reports the information to the
members. 20 2. The terminal apparatus according to claim 1, wherein, in
the course of formation of the N-trees, the application layer multicasting
forwarding table constructor stores N-tree session information related to
conditions of trees for all nodes in a conpected state. 25 3. The terminal
apparatus according to claim 1, wherein, during an execution of an N-tree

algorithm, e APRIIGAHOR ek Flcar e RBNAIOR IR SORBINE wriseic
orders all members in a N-tree sessSion based on a specific heuristic 30 )
rﬁféﬁ'st Féargﬁsg %ﬁr‘%ﬂ% RAE d3P415a88 4nbipir & 36f ity ate pair node

seldsts théivibend thatrhavbmbdi-established links to all the other nodes in
the N-tree from a member of the highest order in the ordered list and

pﬁepares]%gul%égasi%d lor(ger%qﬁelitsdtsbyagrc%er'n%th(% selqcted embgrs; .
forms a pair of np%lesaby sg%ctlng amem e omothecﬁilgrﬁest’or‘g F r§i—l3_ni’n upon
tHeTie A8 Paia TRt istASRRRHEHBRR fHaks tHa Mt sdnsafifyingliag table

specifictheuristid ¢ulg storadirhthe hewisticallesdataaase, bederscepfiaimodes
ogﬁgq%saquig@pg{qﬁ@mlﬁ&age@%%prdered list; and 29 selects

members fulfilling an additional rule stored in the heuristic rule database

from a pair node of a highest order in the rule pair node ordered list and

forms the RetrelesnB s IThepternainvel apperadis acdordipigtmclaim Syherein  the

fvxdﬁmmummlafpémiﬁg;tmm‘ml@o@@w;mffﬁ@qlmj@ndax%miw%mgs links
r n nstructar selects a link having a smallest latenc

e R R TR N SR

terminal apparatus according to claim 3, wherein the application layer

nbulticastiiig forwanding talbpe eonstsucior ordves links befineers pawhegds the

i PFIRGLIQIRINIMIZE ahgigRbefthe NIrees «n IheermingLapRAd S c1ecis a
altl:g&[gslgg to‘@)lau;? 3, wr{ﬁrel%the. 115 apEEF?_atéon layer multlcastlng tod
fORNARRG tabfe CORBHu&Er B8RS RaifisHR ANE Font H76 HEdridhe rapdecte
dagapEdE exdeuiaseide ealddtedopiénristic tudemapethomtfvewptimal table, and
stisdaepaticintarraationdablananchipdates the server forwarding table.

20 7. The terminal apparatus according to claim 3, wherein the

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

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

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

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

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

{(d} in rule (c), if there are links having the same number of
remaining slots, a link that produces a shortest end-to-end latency in the
N-trees is selected.
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application layer multicasting forwarding table constructor selects
individual nodes from the optimal stream path information table and
constructs the server forwarding table for all streams passing the selected
nodes. 25 8. The terminal apparatus according to claim 3, wherein the
heuristic rules stored in the heuristic rubddatabase comprises the rules:
(a) a node should first use a bandwidth of the node to upload streams of
the node rather than carry streams of other nodes, to make 30 possible

t@e N- tregs \(gqth little Iatency (b)ifa Zﬂ%‘ ction is to, be {r)glade between
nodes, a‘hdde With 306?eralfes]t° MBESr FOMEHMG 216 i€ 8Rietled; (c) if
a selectié)isofs e Haade WeenEen likikis T i tiviets g emtestb eesn dinimiy initial

slosccapaity: f2 seleeted; mod A5 da) i tle itco HriRererats Hnkschaving e rship
Sﬁ@@rﬂ%ﬂ%ﬁri%f gp@ﬁ@gﬁ slots, a link that produces a shortest
Int

end-to-end latenc -trees is selected. 30 9. An N-tree

construcfibh ?ﬁ@?ﬁb‘%ﬁc&ﬁp‘%ﬁ&’?ﬁ% gelfe dmtHpbrdehiy apsdstsh Hyepased
nowlticdstind: evembersuteaddnitbl nisd evith réferdneeto metric collector

informatian ageh gEoiR ”ﬁ%@lﬁ%@@'pffbiﬁfo{miat@fﬁ@reﬁn m@e$u(@lhng a link
orderlng the me bers the initial list in.an ord red. |IS'[§ sed on a first

heuristic rule, B i BTSNt 1](85 &8 Eﬁnbnnji rg?l%sm isd on a
otelerad |i7§ttfar|mnﬁgta¢|rﬂ@%@ﬁﬁ@@@c&qtéﬁmsmhrﬁegpécmbeom@pémuésnﬁd list
tierNeakdediased on a 10 second heuristic rule and ordering the

membe% R &ﬁ%@&%ﬁ%&@%ﬁ%%%@é Sagh hh% %ﬁiéd@,assee's%@% £8ist and

the membeérs of the rule-based ordered list and the members in the |n|t|a

ISR MBBERS HARiHY Habdich: doHh OBty LarRRfitREathife Il igrnection
ratdigSypai nothesdahd widéinouiite prairaindes] dGdndherddetbagdd pair nodes

list; (g selecbngsdremnnde pairs in the rule-based pair list, selecting

member atlspg Qg{}a fC}UI’th heu(!iIStIC rule, (f)t{lor tpg an N-tree. of,a root
ro

node seI m the initial ?st “for aﬁlsrecelvmg nodeassﬁqdapjlr%u%%aggaﬂ cting

ORI héatistirinaet ﬁ@%@}‘d&%‘tﬂﬂﬁ&%@ﬁ}f%tmg all links between nodes

of a specificforming an N-tree of a root node selected from the initial list,
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

(i) assuring all N trees based on the nodes of the initial list
included in a plurality of N-tree configurations.

10. The N-free construction method according to c¢laim 9, further
comprising the step of (j) optimizing the N-trees by moving links and

reordering links.

11, The N-tree construction method according to claim 9, 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
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

between two same nodes and a first link has more intermediate nodes than



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 25 included in a plurality of N-tree
configurations. 10. The N-tree construction method according to claim 9,
further comprising the step of (j) optimizihg the N-trees by moving links
and reordering links. 30 11. The N-tree construction method according to

Cl@'gec%ﬂ’&hﬁfﬁén m@hsttﬁﬂqaf 99&'5@1'?&”9&5&‘%é}‘lér?ﬁﬁecf%”&%%?§eﬁ‘%§&98§e former
%orderl % %!? l{/& [l\r%whe Enre is a link petween two no

halﬁng ah“Thused BAIWE 8F§I AR the FARTES S DiFtsF&nt node

35 such that a sixth heuristic rule is stlll valid; and moving the N-tree links,

if there amrEnwaREBOre dogicaldinks bedwran mmegn%e%%ﬁlaéifstfmher

li er | h n 3 a second Jink, such t

e e S St v o e i fpgmacion

IdABMiNRYD HEGe SEERB TR thof &Fﬁefﬂfﬂéédééﬁst%‘%{%n%héﬁﬂStTHCted

abtordingpto olawmd.further 5 comprising the step of (k) updating the

optimal stream path information table and the server bandwidth-fair
forwarding table with constructed N-tree information.



