DEC 2004 CVO 02/ 03704 PCT/ USO1/ 19365 SYSTEM AND METHOD EOR FAULZ ZFrcbEGRaisy

- STREAM SPLI TTI NG BACKGROUND OF THE | NVENTION Field of the Invention This

invention relates generally to the field of network services. Mre
particularly, the invention relates to an inproved arcghj ture for

pr ovi¥fl Wﬁn?“)a/\ul t tolerant data communication. Descri B?F@%g’g]fgg?he Rel at ed
Art As is known in the art, streamng is a mechanismfor playing back audio
1lo and/or video content over a network in real-tun tyPic ally used in

si t uat i gRETIRELS D MEYREdD PaRdM LY TOLERANIS rR ZAR SBBITTINGr eani ng. concept
Is that the destination (e.g., a client) begins to play back the

underlyi ng stream gg dicGROUND OF P eovesfgoent he entire file has been
received fromits source A traditional network stream ng systemis
illustrated in Figure I. As shown, one or nore clients 150, 160,

coni& am ng application software such as Real -Player (r)
from Real Networks(r) or Wndows Media(r) Player from M crosoft@

Cor por at4.an, co nicate wt - YA LG Ser 110, 111,... N,
Buer a rOEABEROD teleS sl p e P IR nB kL BAERAR R MR, D00, e s L0,
.- 111, ... N, are located together at a goidn& of presence ("POP') site. 20

=

Eacpersrulanly, the iaxantion selatesite animproyed architectuye fpppraspdng faultony of t he
samnme
tolerant data comumunication.

' Description of the Related Art

As is known in the art, streaming is a mechanism for playing back audio

10 and / or video content over a network in real-time, typically used in situations

)15

where network bandwidth is limited. The basic streaming concept is that the
- destination (e.g., a client) begins to play back the underlying streaming file from a

buffer before the entire file has been received from its source.

A traditional network streaming system is illustrated in Figure 1. As
shown, one or more clients 150, 160, configured with streaming application
software such as RealPlayer ® from RealNetworks® or Windows Media® Player
from Microsoft® Corporation, communicate with one or more streaming servers
110,111, . . . N, over a network 100 (e.g., the Internet). The group of sireaﬁu'ng
servers 110, 111, ... N, are located together at a point of presence ("POP”) site.
Each of the streaming servers 110, 111, . . . N, may store a copy of the same
streamning data or, alternatively, may store different streaming data, depending on

the configuration at the POP site 130.



streaning data or, alternatively, may store different stream ng gat &EC 2004
- depending on the configuration at the POP site 130_ WD 02/03704

PCT/ US01/ 19365 I n operation, when a client 150 requests a particul ar
str\gsrg n%file froma server at the POP site 120, the request is received
by AV1%94t*bal ancer nodul e 120, which routes the rddté¥i®118%3n appropriate
stream ng server 111. Wiich server is "appropriate" nay depend on where the

requested file is stored, the | oad on each server 110, 111,... N, and/or

t he tyde oplerstioreaviierga Elidret 150 yrcharciteantingdilg froddandows Medi a
format or Real Pl ayer format). ce the file has been identified by the

I i \. - i he illustrated
exanrfat EPOR S0 190, AR (BRRE R RE el By o RN AT o0t e by
stre_%w 140) thr ou%h t he network 100. DEC 2001 2/ 0370-4 PCT/ USQOL/ 19365
R EEN ppicRtherTeaNeEHofan TP IRRVPKCE R INBE S8 Vaiiddr | S8GVRTiSt he present

i nvention can be obtained fromthe follow ng detailed description in
c Gapprapriate” miaytdapeedfo Wheraihedequesterdfile in storets the B on eachl ustrates a
prior art systemand nethod for stream ng content over a network. FIG 2

5 1 bbyelne6,231an .w%ﬁa'(em Qe ﬁg&@ﬁegt@albgﬂh@%ﬁh@”em s o the
invention. FIG 3 iTTustrates an exenpfary conputer architecture including
ekee.'\gf i?\d%gvs%eéﬂ%o}nr{g‘? {r)]{E kgar].l’layer format). Once the file has been
identified by the load balancer 120 on an appropriate server — server 111 in the

) illustrated example — it is streamed to the requesting client 150 (represented by

stream 140) through the network 100.



FIG 4 illustrates various stream ng sources supported by one enboai}reﬂﬁc c%ﬂﬂ!
the invention. FIG 5 illustrates streamsplitting inplenented in on

enbodi ment of the invention. 115 FIG 6 illustrates a systemfor

i npl enenting a backup root sputter according to one enbodi nent of the

i nvenYPAY® Bt G 7 illustrates a nethod for inplementiHg/85B4¥dp root
splitter according to one enbodi nent of the invention. DETAILED

DESCRI PTION 3 WD 02/43704 PCT/USOL/ 19365 10 17 20 In the foll ow ng
description, for thBRIEFIESCROIPTHEAN QRATHBDRAWENGE specific details

are set forth in order to provide a thorough understanding of the present

i nventiong pbie Bpg{epﬂggmﬁi%nlﬁoqls%gngo%?béa%ﬁgd Fooi B art that the

present invention nay be practi‘ced wt ese specific details.

I n her instances, well-known structuy devi ges are shown in bl ock
Ul PG AREa o RA I e B aRs Joifty e siEvses &Yt ne
i nvention. AN EXEMPLARY NETWORK ARCHI TECTURE El enents of the present

i nvesmhichn may be included within a nmulti-tiered networking. architecture
200 such as that illustrated in Figure 2, which includes one or nore data

~genters 336 22%uctful #pAbl bt Shterh BhE LARAAYE: siPLARinPtorteREEAGE

a network.

FIG. 2 illustrates an exemplary network architecture including elements of

the invention.

FIG. 3 illustrates an exemplary computer architecture including elements

100 of the invention.

FIG. 4 illustrates varimis streaining sources supported by one embodiment

of the invention.

FIG. 5 Hlustrates stream splitting imPIemented in on embodiment of the

inventtion.

15 FIG. 6 illustrates a system for implementing a backup root splitter

according to one embodiment of the invention. .

A

FIG. 7 illustrates a method for implementing a backup root splitter

according to one embodiment of the invention.

DETAILED DESCRIPTION
3



("POP") nodes 230-234 (also referred to herein as "Private Net work ZA(D&QSQDUL*

- Points,” or "P-NAPs"), d a plurality of "edge" POP nodes 240-245 (al so

referred to herein as "Internet Service Provider Co-Location" sites or "ISP
Co- 9" sites According to the enbodi nent depicted i I , each of the
dat 0%220[3245 220-222, internediate POPs 230- 234 an@ngggifg?égbops 240- 245
are conprised of groups of network servers on which various types of
network_content may be stored and transmitted to end users 250, including,
for exafpkie follenvipgstescripher{er e oses of explppatiiory sumerPise Tr ansf er
Protocol ("FTP') files, and live & on-demand nultinedia streamng files.

| t spiudfi¢ defads aoé st forthviaveder ichpdovidea thordephytirtirgehdiigdfabeof the
invention may be practiced using a variety of different types of network

co : ZQ%EQM e cated at the
dag5 g&g{étnltngsgg gﬂ'o- 2 an8ﬁé%9’§%ﬁ%ﬁﬁeg%ﬁc%%aﬁi%§t e with one
anot her and with end users &50_ using a variety of conmuni cation channel s,
i nerqxjamgye%?n%ﬁgﬁ pragicgd mathasit spme ofthess spacafimdetails. (lng. | DsS-3/T- 3,
DS-1/T1), Synchronous Optical Network ("SONET") channels (e.g.,
5 OCoBhkeSiStajces | web dmawardstbacturesesndiigvited adeshoorkin BloSoMiggraetvannel s,

Di gital Subscriber Line ("DSL") channels, cable nodem channels and a

vaf?rglt' % Rroidbb SRR A 'gﬁ-&ﬁﬁg@gf dehiging satellite broadcast
and cel | uloér. I'n addition, %Hr‘flg us etwore‘l n]g protocols may be used to
i npl em aspects of the systemincluding, for exanple, the Asynchronous

Transfer Mbde 10 ("ATM'), Ethernet, and Token Ring (at the data-Ilink
evel ); as well ANEXEMPLARY NETWORK ARCHITECTURE

Elements of the present invention may be included within a multi-tiered

networking architecture 200 such as that illustrated in Figure 2, which includes

10  one or more data centers 220-222, a plurality of “intermediate” Point of Presence

(“POP”) nodes 230-234 (also referred to herein as “Private Network Access
Points,” or “P-NAPs"), and a plurality of “edge” POP nodes 240-245 (also referred

to herein as “Internet Service Provider Co-Location” sites or “ISP Co-Lo” sites).

According to the embodiment depicted in Figure 2, each of the data centers

1:.) 220-222, intermediate POPs 230-234 and/or edge POPs 240-245 are comprised of

20

groups of network servers on which various types of network content may be
stored and transmitted to end users 250, including, for example, Web pages, -
network news data, e-mail data,-file Transfer Protocol (“FIP”) files, and live &
on-demand multimedia streamning files. It should be noted, hoWe\}er, that the
underlying principles of the invention may be practiced using a variety of

different types of network content.



Transm ssion Control Protocol/Internet Protocol ("TCP/IP"), Int er‘)ngt \%szgm

*Packet Exchange ( "I1PX"), AppleTalk and DECnet (at the network/ transport

| evel). It should be noted, however, that the principles of the invention
are n ted to any particul ar comruni cati on chann rotocol. 15 In
one ﬁ@oélo?'r@ﬁt a database for storing information refgtm‘%& {)986“ di stributed
net wor k content is maintained on servers at the data centers 220-222
dpossibly al so at the POP nodes 230-234; 240-245). This information may

i ncl ude The seirverelmmntedrRhe dpascanitérs220t2R emid HOEo ABR2E4;24024% of net wor k
content. The database in one enbodinent is a distributed database (i.e.,

spr %g SRS Sicle W bRk SnSBEY §h xw&nénmefs%o%ut@ Lapes, & a Relational
t abdse l\/anagemant System (RDBMS), Such M crosof t TM'SQL, Server,

O acl eT~! t he 11k “%19% }/C\gqu%géggét% / US gﬁgﬁ) AN@E\)/(\E?/ELARY

archltecture whi ch enploys various el enents of the present invention, a
confrg-ePSSyY/FP300 T1), Synebmmoms Prtiaketmprk (T SONETL) dhargreler s f or

[ rrpl enenting elenents of the present invention will now be described with

5 ef @ 2N0E-3 /5158 LtteBratbd SeATRAMDIFRAI NRwbSRPUEEIN S BhE&ARIZ00 conprises a

system bus 320 for communi cating |nformat| on, and’'a processor 310 coupl ed

conpiitel s Plhen TiRe LRICT hiBy ehirob e SRR Ind KSR 8 Gevi ce 32

(referred to herein as io "nain nenory"), coupl ed to bus 320 for storing
i nf WHAKSS epmEnnniration @@mmlfsntcbldéegéﬁ tt@éﬂowcqﬁ apdsedulag10. Main nenory
325 al so may be used for storm

In addition, various networking protocols may be used to implement

aspects of the system including, for example, the Asynchronous Transfer Mode

10 (*ATM”), Ethernet, and Token Ring (at the data-link level); as well as -

20

Transmission Control Protocol/Internet Protocol (“TCP/IP”), Internetwork
Packet Exchange (“IPX"), AppleTalk and DECnet {at the network/transport
level). It should be noted, however, that the principles of the invention are not

limited to any particular communication channel or protocol.

In otne embodiment; a database for ston'ng information relating to
distributed network content is maintained on servers at the data centers 220-222
{and possibly also at the POP nodes 230-234; 240-245). This information may
include the different POP sites which currently contain a copy of network content.
The database in one embodiment is a distributed database (ie., spread across
multiple servers) and may run an instance of a Relational Database Management

Systemn (RDBMS), such as Microsoft™ SQL-Server, Oracle™ or the like.



tenporary variables or other internediate information during execatz oD]E%fZUB

20 menory ("ROM') and/or other static storage device 326 coupled to bus 320

for storing static information and instructions used by processor 310.
tructi o processor 310. Conputer system 300 al so Lhel.ude a read

onl yw/gdég)tsg&istorage devi ce 327 such as a magnetic di gg?kgrs;bg%?%gal di sc and
its corresponding drive may al so be coupled to conputer system 300 for
storing information and instructions. The conputer system 300 can al so be
coupled to a secdEXETPIRY COUPUTER ARCHITEGTYREr f ace 330. A plurality of
|/ O devices may be coupled to I/O bus 350, including a display device 343,

and/ or ﬂh&iﬂ@%ﬁéﬂ'@cﬂé&@dbé&aﬂexe:ﬂ%lg@r&fé@ﬂ'@ﬂ?ﬁfcﬁdtb&ﬁ@é wigvth ce 342 and/or a
cursor control device 341). 22_ 2004 WO 02/ 03704 PCT/ USOL/ 19365 The

communRi cati on device,340..i s used.for ,accessi ng,other c uters rvers or -
cl FB}P?%XSWQOHSE%HWO’%&PI qu‘ﬁﬁﬂHﬂfh&t‘-’P SCEB29Y conprise a modem
a network interface card, or other well known interface device, such as

t hoepreseding exeroplapy chents endsherene for impdementing elesnenysioéthe ypes o  conputer
net wor ks. EMBODI MENTS OF THE I NVENTION Stream Splitting Enbodi nents of a

~s‘sya£&3hpﬁ%h%hadﬂmoﬁwewh%é@wm&émﬂmg%% i.tSJdi o/ video content will

10

20

now be described wth respect to Figures 4 and™S.

One embodiment of computer system 300 comprises a system bus 320 for
- comuﬂcaﬁng information, and a processor 310 coupled to bus 320 for

processing information. The computer system 300 further comprises a random
access memory (RAM) or other dynamic storage device 325 (referred to herein as
“main memory”), coupled to bus 320 for storing information and instructions to
be executed by processor 310. Main memory 325 also may be use;:l for storing
temporary variables or other intermediate information during execution of |
instructions by processor 310. Computer system 300 also may include a read only
memory (“ROM?”) and/or other static storage device 326 coupled to bus 320 for

storing static information and instructions used by processor 310.

A data storage device 327 such as a magnetic disk or optical disc and its
corresponding driv;z may also be coupled to computer éystem 300 for storing
information and instructions. The computer system 300 can also be coupleci toa
second I/O bus 350 via an I/0 interface 330. A plurality of I/O devices may be
coupled to I/O bus 350, including a display device 343, and/or an input device

{e.g., an alphanumeric input device 342 and /or a cursor control device 341).



2 DEC 20

shown in Figure 4, one enbodi ment receives and processes incom n92

~audi o/ video content froma variety of sources including, but not limted

to, live or recorded signals 401 broadcast over satellite |inks 410; live
signals 402 provided via video conferencing systens X or live or
recor'd@d?¢i’§hal s 403 15 transmitted over dedicated Iﬁ?ﬁ&ﬁ%?ﬁgfatocol (')
links 412. It should be noted, however, that a various other network
protocols (i.e, other than LP) may be enployed while still conplying with
t he undefhgicomumpuiivetiph evisk 3¢ és usarbforiaseessingrotherecasnpalgrnent , each of the
nmodul es illustrated in Figure 4 reside at a data center 220. 20 System

acqestdrl 8P cBASsTRHRADRERRIkTO0UTRE compiivhicationt deviep8a0 cl ose

contruni cat 1 on sessions between the various sources 401-403 as required.

For exanpl e, en a _cont ent ovi der wanis’ stabl.i sh new | ive
st r EPHG® aélé‘\é@‘?rﬂn‘;‘ I‘Fﬁ“é"%m%%‘*m‘?r OJpog‘hera&(ﬁ)‘%\%\/nébvﬁ‘nlé%?ﬁfaoﬁ to handl e the
incoming 7 2 2 DEC 20 "' O 02/.03704 PCT/ US01/ 19365 audio /video data (e.qg,

~ af t devidetsuchian tinoset weed foh eouplingtn Ethesgetdtokenaing B ohesiyPenokest abl i sh t he

connection The SAM nodul e 420 will handle incom ng signals differently

--pasgﬁnlg.mtary\{@abbﬂ{s-the signal s have al ready been encoded (e.g, by the

content providers) d/or based on whether the signals are conprised of
"live" or "on demand" content. For exanple, if a signal has not already
been encoded by a content provider (e.g., the signal may be received at
the data center 220 EMBaODIMENTSEOF THERIVEINIION a non-streaning digital
format), the SAM nodule 420 will direct the

Stream Splitting

Embodiments of a system configured to stream live and on-demand

10 audio/video content will now be described with respect to Figures 4 and 5. As

15

20

shown in Figure 4, one embodiment receives and processes incoming
audio/video éontent froma yariety of sources including, but not limited to, live
or recorded signals 401 br'oadgast over satellite links 410; live signals 402 provided
via Vi&eo conferencing systems 411 ;and/ oi' live or recorded signals 403
transmitted over dedicated Internet Protocoi ("IP”) links 412. It should be noted,
however, that a various other network ?rotocols (i-e., other than IP) may be
employed while sﬁll .complying with the underlying priﬁciples of the inveption.
In one embodiment, each of the modules iliustrated in Figure 4 reside at a data

center 220.

System acquisition and management modules (“SAMSs") 420 open and
close communication sessions between the various sources 401-403 as required.
For e);ample, when a content provider wants to establish a new live streaming

session, the SAM 420 will open a new connection to handle the incoming
7
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10

signal to one or nore stream ng encoder nodul es 1430, which w | Ze&cwéllé ZUI%
lo streamin a specified digital streamng format (e.g., Wndows Media(D
format, Real &' format, ... etc). If the incomng signal is live, the

streg{ﬁ@anzﬂpoders 430 transmt the encoded signal g%ﬁ&“’%{%}"p one or nore
|

stre rigin servers 510 (which distribute the vari ous POP
nodes as descri bed below) and/or to one or r-5 nore content storage devices
431 at the data center 220. If, however, the incomng signal is an”
on-atshiafvidepgisia (eg- after dejemnining il theeprviretppvidechashesight tany  time) ,
then the stream ng encoders 430 transmt the encoded signal directly to the

condseiMlishithé agignedeivhes 431. Simlarly, if the incom ng signal is already
encoded in a particular streamng fornmat, it may be transmitted directly

to the content 20 storage devices 431. 22 dec 2004 WD 02/ 03704
PCT/ US01/ 19363 As new audi o/ vi deo stream ng content is added to the content
st or age The\GAdMsmadtle 420evihandld ineoring signadedifferentdy dgeedlanabase 430 to he

updated accordingly (e.g., via a content delivery subsystem. The storage

databaner thdQidrhls RPe TR P& eﬂc%d@dgé.g.t, bi/ké eontéat phaviled)i ch tracks all

network content as it distributed and Stored at various POP sites
t hr oyghout the networ As illustrated i.n .El.guke 5, t engoded signal is
trﬁﬂ‘ggﬁﬁﬁfdf%%%? eriig?ﬁ ) %PF‘&’P e%@rfvlelgg §i00?(§£é§%ar%%m ng splitters
520-522, 530-532 |ocated at a various |-POP nodes 230-232 and E-POP nodes
2400mtent. Bopmeyiple, i esiciml hgs nepaireadst keeaericprled by eentebhser ves a
substantial anmpunt of network bandw dth. For 10 exanple, in the illustrated
enpestifenie. @ atle striAamy e saleltddeat the dafa2intérIR058%in analog

format or in a non-streaming digital format), the SAM module 420 will direct the

signal to one or more streaming encoder modules 1430, which will encode the

stream in a specified digital streaming format (e.g., Windows Media® format,

Real G2™ format, . . . etc).

If the incoming signal is live, the streaming encoders 430 t.ransmit the
encoded signal directly to one or more streaming origin servers 510 (which
distribute the signal to various POP nodes as described below) and/or to one or
more content storage devices 431 at the data center 220. If, however, the incoming
signal is an on-demand signal (i.e., to be stored and viewed by clients at any
time), then the streaming encoders 430 transmit the encoded signal directly to the
content storage devices 431. Similarly, if the incoming signal is already encoded
in a particular streaming format, it may be transmitted directly to the content

storage devices 431.



receives only a single streamof |ive audi o/video content from ah ZU@..‘:tCr Bl
~server, which it then divides into several independent streams. This
configuration is particularly useful for stream ng configurations which do

not mul ti castin 15 Moreover, enploying streapj Liters within a
mul twﬁ?l“ereod hierarchy, as illustrated in Figure 5, %2@3@@159% jandwi dt h at

each level in the hierarchy. For exanple, a single streamfroma live
stream ng event may be transmitted froma, stream ng origin server 510 to

an | - POPAS NEWAHHE/ Gsieorstreannng coplent isasklednly the santest skragemy t hen

transmt a single streamto each of the E-POP stream ng 20 sputters

530deddes 481] ge Sray ibdild 420\Gitists & Berige/datebaset430odbephpdabdt y of end
users 540-548. Accordingly, the network path between the data center 220

¢ e SEORtingl e, ¥ o' Gl Bty ik, GEAcak BRI GAER Do een ¢ ne
| -POP 231 and the E-PQOPS 240-242 are. |oaded with onl]y a single stream The
i ncM rpbedimentss a distihutedgatabasgwhichir S@w §oDEpL 2SI t 0 provi de

the live event to.a plurality of and users 540-548. Fault Tol erant Stream
- *5Spl distribmgedbarsd stioréd at vatieds POHigs tlrofighone trentirdiorknt  of the. invention

I ncl udes one or nore root sputters 630 configured at POP sites 620 to

receive a streamfroman origin server and distribute the streamto a

plurality of leaf splitters 631-635. Each of the |eaf splitters 631-635

serve affillpsirated ipFigare Bidbe enewipdsignalis Hapsepited f1om theach stream

received fromthe root splitter 630 into another plurality of end-user
. streaming origin servers 510 to streaming splitters 520-522, 530-532 located ata

various I-POP nodes 230-232 and E-POP nodes 240-242. Employing streaming

splitters as illustrated conserves a substantial amount of network bandwidth. For .
10 example, in the illustrated embodiment each streaming splitter 520-522, 530-532

receives only a single stream of live audio/video content from an upstream

server, which it then divides into several independent streams. This configuration

is particularly useful for streénﬁhg configurations which do not support

multicasting.

1)5 Mofeover, employ'i_ng streaming splitters within a multi-tiered hierarchy,
as illustrated in Figure 5, reduces bandwidth at each level in the hierarchy. Por
example, a single siream from a live streaming event may be transmitted from a
streaming origin server 510 to an I-POP streaming splitter 521. The streaming
splitter 521 may then transmit a single stream to each of the E-POP streaming

20  splitters 530-532, which may then transmit the live event to a plurality of end
users 540-548. Accordingly, the network path between the data center 220 and the

I-POP 231 is loaded with only a single stream and each of the three network paths

9



to streams. It can be seen fromFigure 6 that, for a particular Piydkij 2004

~schedul ed stream ng event, the stream ng encoder 530, the origin servers

510 and the root splitter 630 all represent single points of failure. In

one“%fr[p Jent, potential 15 ?0 failures at the dat 00 conponent s
. ﬁﬁe origin server 510 an stream ng encoder E’gﬁﬁﬁgﬁéﬂ andl ed t hrough

aI I ocat I on of redundant encoder/ origin server pair conbinations for each

| i ve/ schedul ed event. i n_sonme_ci[cunstances, th|s | evel of
r criwean &ie hﬁ@l’n@.aﬁ#ﬂc&ﬁ@@f’%@‘m -pdrare lea ey esingle. g, due to
limted nmedia server resources at the site, limted and costly rack space,

. - stre@ht) Thé Bcb g shieafieuethadspint cach oDite E-POP<i4042echani sm may be
npl enented to prow de fault tolerance at these POP sites 620. 10 WO

02 037 P 9 one or nore of the leaf As

}{’rﬁv}cgéthgg %#tlogg%g Fa?pélr) e'quﬁsggg?%gggspl itter 631) are configured as
backups to the primary root sputter 630. In this enbodi nent, the health of
the root splitter is continually nonitored by a nonitoring subsystem whi ch

nmay reside on the | opguRataanant Srepmslifinh; the redirection subsystem 625,

-or as a separate nonitoring nodule and the data center and/or the POP site

R

j31]

5 620, LA EIRAT TR Rhve &5 @RBocRlert b ine BR2niBrSRRLIAGRE o O ProVi de an
more root splitters 630 configured at POP sites 620 to receive a stream from an

. 'origin server and distribute the stream to a plurality of leaf splitters 631-635. Each
of the leaf splitters 631-635 serve a plurality of end users 650 by further splitting

each stream received from the root splitter 630 into another plurality of end-user

streamns.

It can be seen from Figure 6 that, for a particular live or scheduled
streaming event, the streaming encoder 530, the origin servers 510 and the root
splitter 630 all represent single points -of failure. In one embodiment, potential
failures at the data center 200 components (i.e., the origin server 510 snd
streaming encoder 530) are handled through allocation of redundant
encoder/ origin server pair combinations for each live/scheduled event.
However, in some circumstances, this level of redundancy may be impractical at
various POP sites 620 (e.g., due to limited media sérvér resources at the site,
limited and costly rack space, . . . eic). As such, in one embodiment, a more

- efficient mechanism may be implemented to provide fault tolerance at these POP

sites 620.

i0



to the nonitoring subsystemat predeterm ned intervals. This may t?te EC
~acconpl i shed by an agent 640 continually running on the root splgt Q %g@ﬂ’l
and 10 configured to conmunicate with the nonitoring subsystem The
periodic update in this enbodi nent acts as a "heartbeat" i.ch_indicates to
t he %Hi“?’B%Ph subsystem that the root splitter is opegéwj%“g\?ﬁ?hi n nor nal
paraneters. If the nonitoring subsystem does not receive an update for one
or nore periods, it may determne that the root splitter has becone

i noper at iAsdllapitatesisingfigtthes ia ckepmbrostites ) drtet Grmegd obidetlesf new pri mary
root sputter. In one enbodinent, the agent 6-11 running on the backup root
spl it s‘r&ﬂﬁ‘fér ' -] i ; ively, or in
addi#%lgtrﬁfsqg}%éqﬁibfa tori ﬁgﬂsd&%gggi:l m nay %g%(? gﬁg?)eoﬂj tﬁw‘g%ent 640 runni ng
on the root splitter 630 to veri at the root. splitter 630 is
ope@bﬁﬁb&%lhﬁd\@%ﬁé‘%ﬁ‘éﬁﬁ?ﬁ%ﬁgg}em? HF%W’I‘EJ‘PﬁYhe system
illustrated in Figure 6 will now be described wth respect to the

f | owndrdtdred by monétoringAnb3gsténm whichanay sesiderpndhe doad balamcegar ti cul ar 1ive
or schedul ed stream ng event (e.g., such as a i? 2 2 DEC 2064 WD 02/ 03704
- BCT /n'&g&é 433 SRe WEBFASHON sumgsteﬁﬁaz's,sof SONESparafe FRRGoVRY MBdul ocessed by

the redirection subsystem®10, which (at 715) directs the user to a

particul ar POP site 0. fr i the streamw ||l be delivered (e.g., by
ret G?‘ﬁ?h?gd%taﬁﬁ{"??r (?lriﬂﬁ’t’gﬁﬁ?es\é\%séc) ‘s streaning application that POP site
620). 5 At 720, a | oad bal ancer nodule 625 residing at the POP site 620

selects a
B In one embodiment, the root splitter 630 is configured to provide an update

to the monitoring subsystem at predetermined intervals. This may be
accomplished by an agent 640 continually running on the root splitter 630and

10 configured to communicate with the monitoring subsystem. The periodic update
in this embodiment acts as a “heartbeat” which indicates to the monitoring
subsystem that the root splittér is operating within normal parameters. If the
monitoring subSysfexn does not receive an update for one or more périods, it may
determine that the foot splitter has become inoperative and assign the backup

-)15 root splitter 631 as the new primary root splitter. In one embodiment, the agent

641 running on the backup root splitter 631 performs the reconfiguration process.

Alternatively, or in éddition, the monitoring subsystem may actively poll the

agent 640 running on the root splitter 630 to verify that the root splitter 630 is

operating reliably.

20 The operation of one embodiment of the system illustrated in Figure 6 will
now be described with respect to the flowchart in Figure 7. At 710, a user

attempts to view a particular live or scheduled streaming event (e.g., such as a

11



s

)

10

20

particular |eaf splitter (e.g., sputter 633) froma group of [eaf ?plﬂiEtt ngﬁ
631-635 at the site. In one enbodinent, the |oad bal ancer 625 is a“l ayer
switch which continually nonitors the |oad on each of the leaf splitters

631- 635, and assigns new user request to the |east- tter. In this
enbo‘&gr%’ﬁpf“the | ayer 4 to switch may be identified I%)é;ﬁgﬁ\g{l?%al i nt er net
protocol ("VIP') address included in the path sent by the redirection
subsystem 610: At 725, a root splitter failure is detected by the
moiVekeasty Elubuyer srequest is recebrednackepisicessed Mathededirgeliitt i on t echni ques
descri bed above). As a result, the nonitoring subsystemdirects the backup

F 0Qhb %@10?&1&&@@?15)%&&@&&@@&% aBBOP site 628domhi gure itsel f as
the néw primary root splitter 630. In addition, the nonitoring subsystem

and/.ar, t,he backup.,agent,. 64 jLe | : I @ renove the
padiiEh S IR A §r B SotkiimgnP Pt i eserd o0

nmoni tored by the | oad bal ancer podule 625. 20 It should be noted that the
newtrpaming spplieationdbat POP 181620).0ad bal ancer 625, leaf splitters 632-625,
and/or redirection subsystem 610 may be reconfigured differently follow ng
a root splitter 630 failure depending on the streamng 12 2 .2 DEC 200 WO

02/ 0370 / US01/,19365  fo rt en a user
requesté’E 'iaTUE’agpcai%fé rﬁoiﬂg%ggﬁ%ﬁ)%graﬁ%pﬁgﬁ;%%%&%&;@ grtsﬁt (e.qg.,
through a Real Pl ayer application residing o the client nputer) the
r egartendardeatspiiart(e s, sPHHENPID @%@@Pgﬁéﬁg?#ép Hers ffe?&-fﬁ user,
specifying the location of the streaming file and the servers through
" the site. In one embodiment, the load balancer 625 is a layer 4 switch which

continually monitors the load on each of the leaf splitters 631-635, and assigns the
new user request to the least-loaded splitter. In this embodiment, the layer 4
switch may be identified by a virtual internet protocol ("VIP”) address included )

in the path sent by the redirection subsystem 610.

At 725, aToot splittér failure is detected by the monitoring subsystem (e.g.,
via one or more of the failure aetecﬁon techniques described above). As aresult,
the monitoring subsysteﬁl directs the backup root splitter 631 (e.g., via the backup
agent 641) to reconfigure itself as the new primary root spﬁ&er‘GBO. In addition,
the monitoring subsystem and/or the backup agent 641 directs the load balancer

62510 remove the backup root splitter 631 from the group of leaf splitters 631-635

monitored by the load balancer module 625.

It should be noted that the new primary root splitter 631, load balancer 625,
leaf splitters 632-625, and /or redirection subsystem 610 may be reconfigured ﬂ

differently following a root splitter 630 failure depending on the streaming

12



5 which the data streamw || pass on its way to the user. For exdghpl 8ECaz)

~path such as "rtsp:\\<VIP> \Split\<Root Server IP>\Split\ <Origin Server

| P>\ <Encoder IF > \live strearn.rnf nmay be passed to the client's
strea\qbq}ggg@ plication, identifying the virtual 1P agdyessn9fsst he | oad
r

bal ance the root splitter 630, the origin server 510, and the encoder
530 as vveII as the name of the actual stre 1o file ( "live_streamrnt).
Accordi ngly, vvhen th backup rgot server 631 is,reco ured as the primary
r ootioE@ER es,u té\gtswuft%ewﬁssﬁb‘é g ransmitted to

users by the red| rectlon subsystem 610 is updated to reerct the new I P

. addReaiPlajer@® soreaningsforiniat ¢r.g. throhgh aRealPispenapplic@tiohiredidingor. , the |F

address of the forner backup server 631) 15 By contrast if the systemis

con SHB Jeghneh thitoSt ream ng
forfﬂl\ eacch&erv r V\nt(?tﬁ e st eam ng path ls)g)'rneed t EE\)e updat ed
foIIovm ng a rQot sputter 630 rash arti,cul arl t hi s enbodi nent,
W thesgseresp § & [acatis ot 55@%@#@#‘&6 %F’é%ﬁi‘ on each server

to point back to the upstream sputter 630, origin server 510, and/or 20

.- gnceddch &ﬂﬂdaﬂﬁmtreanamﬂﬂpass‘@tttmwarygoathﬂm Fogexsmplera Isath@mthng content an

"<Br oa

)

exerrpl ary URL returned by the Redirection Subsystem 610 may | ook sonet hi ng

i kgg d&s;‘p R\& R NEO O DS 1A\ Egﬂ\%fgiﬁgﬁﬁler@m<ﬁﬁfdﬂéi’>/
st Pub hlng Point (3)>." hege splitter behind the VIP

?ﬂgﬁ’e@nih%&’sl%a%?% G BE pavERanas: oK SevaRpras OBy T ier

[ P>/ <Br oadcast
identifying the virtual IP address of the load balancer 625, the root splitter 630, the

origin server 510, and the encoder 530 as well as the name of the actual streaming

10 file {"live_stream.rm”). Accordingly, when the backup root server 631 is

20

reconfigured as the pmnary root server 630 as described above, the path
subsequently transmitted to users by the redirection subsystem 610 is updated to
reflect the new IP address of the root sph'tter i the <Root Server IP> field (i-e., the

IP address of the former backup server 631).

By contrast, if the system is configured to support the Windows Media
Technologies (“WMT”) streaming format, each server within the streaming path
~ may need to be updated following a root splitter 630 crash. More particularly; in
this embodiment, WMT sexrver "pultolisiﬁng points” are reconfigured beforehand
on each sérver to point back to the upstreara splitter 630, origin server 510, and/or

encoder 530.

For example, following a user request for streaming content an exemplary

URL returned by the Redirection Subsystem 610 may look something like:

13



Publ i shing Point(2)>. " Continuing with this exanple, the W rod: 2sBbt dibt
* 630, woul d expose "Broadcast Publishing Point(2)" which would be pre
configured to ref erence "'<Origin Server rP>/<Broadcast Publi shing

Poi n{‘ﬁgﬁ} oy Finally, "Broadcast Publishing Point(1)peraR¥PpR38D by the WIT
ori gl S8P%8r 510 in one embodi ment, would be filled \S:\nnﬁ ﬁé stream

received fromthe stre encoder 530 10 Thus in this enbodi nent, when the

nonitorin sub st em det ec a fail ur h spl itter
630, mms: t<Briopgcast & Q‘ﬁ’@f >oa CS&‘%‘?C"?&%'@V\?T d?%‘ﬁove t he
backup root spl itter 631 fromthe | eaf splitter group, it nust also

r eCVIF adxiiiess ®olld then'Gposel CBdadeubl FidilishingPBoint (33 andomotlde remai ning | eaf
sputters 632-635 so that they reference the new root splitter 631. In

addi bl %&s e éo%%gpf%fooﬁtf ?@féxz@ﬁ%ﬁ:nﬁglsvo@?ymbmga&&sf enbve its

Broa I'ng ose "Broadcast Publishing

Poi_nt C oLnts back o, t he or bl i shi ng

"poi r\{b F@Wp FOREEHHNE s exap Z%éﬂ%m O&iﬁ?#%%é@] t he

foregoing configuration is that the Redirection Subs%stem 610 can offer up
- 5t hén $@me wdilRtl expof0“iroed cest PubliskmgAtaist(2) hehphi wanjd begresplitter 630

fails. The user vm Il then be provided the sane stream using a

10’ 02/ 03704
C%) W&BGS Regar dI esghl‘(t;éér%atL 1% ABrBhdeast hubliTkag Gint 10"

whi ch stream ng fornat |s used, new streans

DR S 2ot PSRl D 5B B WP Rl b Y10 735 A

. ) in one embodiment, would be ﬁﬂed with the stream received from the streaming

encoder 530.

10 Thus, in this embodiment, when the monitoring subsystem detects a féihue
in the primary WMT root splitter 630, it must not only reconfigure the load
balancer 625 to remove the backup root splitter 631 from the leaf splitter group, it -
must also reconfigure all the “Broadcast Publishing Point(3)” on the remaining
leaf splitters 632-635 sb that they reference the new root splitter 631. In addition,
15 the new root splitter 631 must be reconfigured to remove its “Broadcast |
Publishing Point(3)” and now expose “Broadcast Publishing Point(2),” which

points back to the origin sexver's 510's Publishing point.

Accordingly, in can be seen that one of the benefits of the foregoing .
configuration is that the Redirection Subsystem 610 can offer up the same URL to
20 the user, even after the primary root splitter 630 fails. The user will then be

provided the same stream using a newly-configured set of publishing points.

14



the data center is notified of the primary root server failure. IE;DEC 2004

-operations staff nmay then attenpt to evaluate and sol ve the prob
renotely before makin trip to the POP site 620. Enbodi nents of the present
i nvention jnclude various steps, which have been desggi ve. The
step§&93§mﬁggenbodied I n machi ne- execut abl e instruct?éﬁ@ﬁg%ﬁgginstructions
can be used to cause a general - purpose or special - purpose processor to
performcertain steps. Alternatively, these steps may be 10 pgrforned by
speci f i ¢ Regruilessofouhish sreasning fermakis aped M Rreams| a3gPEoYigrd Der f or ni ng
the steps, or by any conbi nati on of programmed conputer conponents and
CUSHRBRNRESIVE BeGRAPH .10Bt GpEIErSatTB5 ! e 70yt omeratiays thiat be provi ded
as a nachi ne-readabl e nediumfor storing the machi ne-executabl e

i nstyugtjons, The chipg-r | Van . i S not
| i m'dé%aa &mﬁﬁggﬁ?gggﬁeé%?géﬁeﬁ%%%%% Hrrizaztl(f‘;ﬂnet o- opti cal
di sks, ROVs, RAMS, EPROMVE, EEPROMVS, gnet or pfical ,cards, propagation
medimesothepaiiemptip €valuagp and salvertha ¢ Sﬂ‘alfﬂI%Otep'ﬁégf’ SAOHRe for stori ng
el ectronic instructions. For exanple, the present invention may be
- dowmlp as etk POPaite@aput er program whi ch nmay be transferred 20 froma renote
conputer (e_g., a server) to a requesting conputer (e.g., a client) by
way of data signals enbodied in a carrier wave or other propagation nedi um
via a communication link (e.qg., a nodemor network conpection). 15 EC 2004
WO 02/ 03 Abgelimensonf the3gssariip § pRIEgB? ﬁ'ijfpae‘é’g%cg‘ﬁiai‘@n, for the
pur poses of expl anation,
" . been described above. The steps may be embodied in machine-executable

instructions. The instructions can be used to cause a general-purpose or spedal-

purpose processor to perform certain steps. Alternatively, these steps may be
10  performed by specific hardware components that contain hardwired logic for

performing the steps, or by any combination of programmed computer

components and custom hardware components.

Elements of the invention may also be provided as a machine-readable
medium for ston'ﬁg the machine-executable instructions. The machine-readable
715 medium may include, but is not limited to, floppy diskettes, optical disks, CD-

ROMs, and magneto-optical disks, ROMs, RAMs, EPROMs, EEPROMSs, magnet or
optical cards, propagation media or other type of media/machine-readable
medium suitable for storing electronic instructions. For example, the present
invention may be downloaded as a computer program which may be transferred
20  from a remote computer (e.g., a server) to a requesting computer {(e.g., a client) by
way of data signals embodied in a carrier wave or other propagation medium via

a communication link (e.g., a modem or network conmection).

15



nunmerous specific details were set forth in order to provide a tﬁo?o@%@nmﬂ‘&
-understandi ng of the invention. It will be apparent, however, to one
skilled in the art that the invention may be practiced w thout sone of

t he jfic details. For exanple, although the i ng_enbodi nents
werg% eg)grl bed in the context of specific stream n%eﬁ’g‘%ﬁrﬁl 6°(e. g., Wndows
Medi a and Real Medi a), various other stream ng nedia formats may be

i npl enented consistent with the underlying principles of the invention.
Accor di Fiyopghentthefosegaing cbepmmoroﬁ‘on%@ pupesas afrexpinsdion, be j udged in
ternms of the clains which follow 16 2 2 DEC 421 17 What is clained is; 1.

A rayféRiis ¢patific Hebdils Wefd $e¥dbth iR BFd&@RbipkbeidetOthobbiigh a data stream
transmtted froman upstreamserver into a plurality of |leaf splitter

S N o] L i, f_ | eaf litter | i ach, of said |eaf splitter
sb%rg%grr%mlln %F%Fﬁég?%%/n'o w@ﬁ)(f a@?%?%ttﬁ%ggng?r’\%%g?%? egﬁlé of More of said
plurality of leaf splitters is a backup root splitter; a_nonitoring
s@Btihat Hie inyenton wory baprasticedyvishoutisoms ofthese spasifiagetails.eFor and an agent
to reconfigure one of said backup root splitters as a new primary root
S lehininphy, altheaghnké Y@repoirfeahnbodiniartawriro destiibadtin thaicengxt 6ary r oot
splitter, 2. The systemas in claiml further conprising a | oad bal ancer

: i : i ] ri af splitters
papefe Pl lombln B, HERIN AR RIMRAY, LhibLebuld

sal splitters.
streaming media formats may be implemented consistent with the underlying
) pﬁnciples of the invention. Accordingly, the scope and spirit of the invention

should be judged in terms of the claims which follow.
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3. The systemas in claiml ftuther conprising a redirection substﬂeEE@cﬂ
redirect client streamng requests to a particular point of presence site.
4. The sysWn . as in claim91 farther conprising | oad bal ancer update
logic for renoving said backup leaf splitter fromsaid plurality of | eaf
splitters to which said |oad baland@r directs user stream ng requests
responsive to said backup root splitter being reassigned as a primry
root Splitter. 5. The systemas in claim3 further conprising redirection
subsystem update logic for notifying said redirection subsystem of said
new prWihatig claboéd isspl i tter responsive to said backup splitter being
reconfigured as said new primary root splitter. 0 2 2 DEC 2004 18 6. The
system as imn ACéatem onififig;n said redirection subsystem update |ogic
transmts said'new primary root splitter's TP address to said redirection

b . | | ai f ur i, Si bli sh [
ipdat o otery §08 PRET AR B Rl il Rt AP B B P ponsi ve

to sai d back root server being reassigned as said primary root server.
8. Thé’q‘gﬁgﬁyé’#ﬁﬂsolm%ﬁg?%‘si further conprising a primary root splitter
agent to periodically transmt a heartbeat signal to said nonitoring
subsyst érilumality ofdeafisplitters &1 sphih Pachrodiseidtl¢afgplitteaistreamnadingy & plarafity obt splitter
is operating within normal paranmeters, 9. The systemas in claima8 wherein
sai d wodusasiregns wisysn ene drmoefsad plurdliyiof teaf splgal ista®askaiptopr | MaAry root
splitter agent, and wherein not receiving a response fromsaid primary
root splittdrf €r agent indicates a problemwth said primary root splitter.

a monitoring subsystem to monitor the status of the primary root splitter; and
an agent to reconfigure one of said backup root spIittérs as a new primary root splitter
responsive to detecting a problem with said primary root splitter.

2. The system as in claim 1 further comprising a load balancer module to direct
client streaming'requests to particular leaf splitters based on relative load on said leaf
splitters.

3. The system as in claim 1 further comprising a redirection subsystem to redirect
client streaming requests to a particular point of presence site.

4, The system as in claim 2 further comprising load balancer update logic for
removing said backup leaf splitter from said plurality oﬁleaf splitters to which said load
balancer directs user streaming requests responsive to said backup root splitter being
reassi gned as a primary root splitter. -

5. The system as in élaim 3 further comprising redirection subsystem update logic
for notifying said redirection subsystem of sai& new primary root splitter responsive to

said backup splitter being reconfigured as said new primary root splitter.



10. A conputerized nethod conprising: nonitoring status of a prifgr WHloQ@00L
splitter to ensure that said primary root splitter is operating within
predefined paranmeters, said prinmary root splitter to split a single data
streamtransmtted froman upstreamygerver into nultiple data streans
transmtted to multiple leaf splitters, the leaf splitters to split each
of said leaf splitter streans into a  plurality of end user streans,

wher ei n one SofN&g¥stenys is glaim S wherpinspidgedirestion Sehsystemapdate dogic  backup r oot
splitter; detecting a problemwith the primary root splitter; and

r econf Hrgusmiitssaisinevoprimariyctodtesplitiand IRt 4ddress assaid Rdiveqionsabsysteapt splitter
responsive to detecting that said primary root splitter is not operating

Wi thin sai d7pTheefstdieds PRdlARE! Birfher &nnﬁis%qaﬁﬁl?ﬂr%jga ﬁ%dgre;ggggoponput eri zed

met hod of claim 10 further coprisig: updating a nodul e to

Cpi i ¢ S e YRR AR i eleh! Fapdndive N PRI 83 BuBrbele g

reques Folp re of said | eaf splitters based on | oad on each of
sai d I%gfsgﬁggﬁgfagépgga?imtﬁy%onput erized nethod as in claim10 further

conpri si ng: dating a redirection suhsystemto indicate that said backup
| eaf splittEriesystemagin clgim & futther somprisiagy root splitter, said
-redirection subsystemfor directing client streanmi ng requests to a
par t i cul aprpanreolafpliferagentie perivdicallBtranbmst cheupbeatsignebiorseidnod of cl aim 12
further conprising; updating a |oad bal ancer nodule at said point of
pr esenoenitiring stbsysted, tied iRvattbedt siz@kldndieafigURatl SRl priary ré&'splifté 1§ €assi gned as
a new primary root splitter, said |oad bal ancer
operating within normal parameters, SRR
9. The system as in claim 8 wherein said monitoring subsystem transmits a
monmitor signal to said primary roat splitter agent, and wherein not receiving a response
from said primary root splitter agent indicates a problem with said primary root splitter.
10. A computerized method comprising:
monitoring status of a primary root splitter to ensure that said primary root splitter is
operating within predefined parameters, said primary root splitter to split a single data
stream transmitted from an upstream server into multiple data streams transmitted to
multiple leaf splitters, the leaf splitters to split each of said leaf splitter streams into a
plurality of end user streams, wherein one or more of said plurality of leaf splitters is a
backup root splitter;
detecting a problem with the primary root splitter; and
reconfiguring one of said leaf splitters as a new primary root splitter responsive to

detecting that said primary root splitter is not operating within said predeﬁned

parameters.



nodul e for distributing user stream ng requests to one or nore of? 2ail&Ci S8
splitters at said point of presence site based on |oad on each of said

| eaf splitters, 14, The conputerized nethod as in claim 12 wherein updating
said redirection subsystem conprisas transmtting said new primry root
splitter's | P address to said redirection subsystem 15, The
conmputerized nethod as in claim10 further conprising: updating one or nore
broadcast pdbi Thgrommuarized methedi of sladmd i furthengopprisiagy root splitter, 16.
An article of manufacture including a sequence of instructions which, when
execut ed upgatmgprloadbalmcer madsle ts aidibanr thatesarlvackwy leapuplittor is séadsigsedolf a
primary root splitter to ensure that said priMary root splitter is

oper at h\gpiinahi @oPiplitier, isiif dodBdAHRESHSduS fr disHibUINE WisErQfealg tter  to
split a single data streaminto nultiple data streans transr%tted to

Tty Pt B8fo B WL Bt coid REr s BRIALY diPtoRa b ol ar3d et ! | caoh of

said le splitter streans 1n a plura user % wherein
one or nor said plurali of .| eaf atters is,a backup root splitter;
detect a prg%ﬁghﬁc\%@f*%flﬁ%&ﬂeﬁ%ﬁraﬁ’ﬁ‘g@fn z‘gmﬁ?qm%mgéconfigure one of said
| eaf splitifers as_a new prinmary root splitter responsive to detecting that
said pri \’&4“9“886?‘11?%?‘! subsystem to, indissts thet satgl backen leakspligepisedef i ned
paranmeters. 17. The article of manufacture as in claim 16 including

addi t i ispeniigunest asuontinmary roattsplitier, suidredéxetiunt setisystens for dirpetingadienr , cause sai d
processor to: update a | oad bal ancer nodule to indicate that said | eaf

spl i t tstreaining lea6ciscoacbatticufr pbint BRpesdrootitep! i tter, said | oad bal ancer
nodul e for distributing user strearning requests to

13. The computerized method of claim 12 further comprising:

updating a load balancer module at said point of presence site to indicate that said
backup leaf splitter is reassigned as a new primary root splitter, said foad balancer
module for distributing user streaming requests to one or more of said leaf splitters at said
point of presence site based on load on each of said leaf splitters,

14. The computerized method as in claim 12 wherein updating said redirection
subsystem comprises transmitting said new primary root splitter’s [P address to said
redirection subsystem.

15, The computerized method as in claim 10 further comprising:
updating one or more broadcast publish points to indicate said new primary root splitter.

16. An article of manufacture including a sequence of instructions which, when
executed by a processor, cause said processor to:

monitor status of a primary root splitter to ensure that said primary root splitter is
operating within predefined parameters, said pnmary root splitter to split a single data

stream into multiple data streams transmitted to muitiple leaf splitters, the leaf splitters to



one or nore of said |eaf splatters based on |oad on each of said I&4f DEC 2004
splitters. 18. The article of manufacture as in claim17 including

addi tional instructions which, when executed by said processor, cause said
processor to: update a redirection subsystemto indicate that said |eaf
splitter is reassigned as a prinary%root splitter, said redirection

subsystem for directing client streanng.
split each of said leaf splitter streams into a plurality of end user streams, wherein one or

more of said plurality of leaf splitters is a backup root splitter;
detect a prc;blem with the primary root splitter; and
reconfigure one of said leaf splitters as a new primary root splitter responsive to
detecﬁng that said primary root splitter is not operating within said predefined
parameters.
17. The article of manufacture as in claim 16 including additional instructions
which, when executed by said processor, cause said processor to:
update a load balancer module to indicate that said leaf splitter is reassigned as a
primary root splitter, said load balancer médule for distributing user streaming requests to
one or more of said leaf splitters based on load on each of said leaf splitters.
18. The article of manufacture as in claim 17 including additional instructions
which, when executed by said processor, cause said processor to:
update a redirection subsystem to indicate that said leaf splitter is reassigned as a

primary root splitter, said redirection subsystem for directing client streaming.



