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APPARATUS. FIELD OF THE I NVENTION 5 This invention rel ate o 2884 i very
of scalable nultinmedia objects to neet real-tinme applications on a

het er ogeneous network. These scal able hul timedi a obj ects may contain
synchroni sed audi o, video and data information for interactive,

comuni cative and broadcast applications over a wde area network. The
present i nventyvep BASED MULTTMEDIA OB ETORIRI AVINGEAPPARAPU§0d based on
network resource availability at each 10 network conponent. It all ows
real-tinme end to end delivery of multinedia objects with mninmal effect on
the presentation quality of the nultinmedia objects over the network with
dynami caFI@LBlﬁﬁgﬂ*%méémﬂomesource par aneters, such as varying

bandw dth, delay and latency jitters. This invention | eads to nethods and
apparatu | i . e j.cati - e swiqt.ehi ng and
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real - t i mepplimbidordementaerogencons abivonk.t Thesé eadhbbaakltihalinebjetit amyt dvatdiecei ver
to the sender to, proyide a reBort on_received data transm ssion statistics.

Based onS? ﬁsé‘éo“d‘é?t‘k Yidepyrand dafa iafpmanan \for IIDiCEACEVa pPRBPRRiSRIEeadEd ons on
the trangphgskOdpSicafithis sgtentydat diel bk UGEE - rgééﬁt G eh G r%lﬁ&g NoPy the
senders may require 20 reservation of nore network resources for end-to-end
dat a del mudmyedanabbiestst stegagning snethod bajedson chatvenrk Resduram svaikbilioy abfeablost

dat equi.res the receiver end r epo S i.fical he amount of, | ost

dat glqancg?mf) ’3? 8?1“%‘5FB€ eﬁ/ f’ﬁ%w% ﬁ?aﬁ'%gled%tdgoc‘aﬁfgﬁwﬁy ﬁé é‘“’ﬁtﬁn‘f & Ogﬁﬁ SR i ons
at the rgegindPéffenen tMre@nfaﬁbﬁ%uﬂﬁ?b@ﬂlé’ﬁiﬁl&iﬁleﬁﬂ%tﬁe&J SveR theicdRokupiaer  of
servers and clients, the report nessages between the termnals utilise a

consi der dBleanieally shenging iRk tashurce panametsss, Isuglbamiacying handvdddo delay endnl ess
dat t . . at | th t. k ,
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or the tapphichifon davecqmeaswiteisg addioutidp at the ativatk ipde bet ween data packets
at the network layer is unable to relate the coupling nature of the

appl jcat] r_data fragnented into data packets for network | ayer

del i{érybmﬁg}mﬁpese data packet 30 paraneters used to distinguish the
various class of service between data packets are |isted 18 February 2004
2 in t heThddlrrdnk ALEVRE o BAYHRREIH e Eﬁ&i‘v&?ﬁﬁ@&h & the 494 DAk AAbREd $om
Protocol version 4 and IETF's RFC 2460 on I'nternet Protocol version 6. In

t he cur réigtreesieds o hatseods tooprovide faerepatti en ecteBed \date tragsmission statigtidsn

| ETF 474, F 7 RFC, 2597 RFC..2958, i o] ovi d
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al I ow t hearativwiykotRbRQLEM data HUES uss. Thal@iohs Blkes Wy tkd@hdedsGndy Rghird he | P
dat a_packet based on it's different quality of Service fields, DSCP, as the
i ndi <t ofesgHakAPLIIReE nevEwk Saoures fr dttercid daie. deliveryraad re-sassmissipwaf and

dr oppi ng trd. : e j £ i f.ormed at
the | P peSi A & BARKor Pl ByR e hils IRERSBRE o eb B IRy 2
packet dithéwrt efifoshtiatarnceunterbd beferd the ratireadatd ben fraciket td dwedppliogtiohd at

sel ective droppin a group of data_ packet .is alnmpst jnpossible if this
process Y e%%ﬁ{ﬂarar}%aea St‘?‘ﬂé”qWé? theracre aJaee nnPRGRt seREE Hidotlisnts,

i nf or mat i@ Redoraitds ' | t gfade it
hough 1 e R s S o D F A P BN S Al
application software needs. Wth the re-transm ssion of the m ssing data

t hat2% i nfl hoph germiegtéen and qonacqtionlsss data apiavorld,Slatdwackets atthe desmér-layars such

i i to t t b t,. dat a,.Qbj t h i d t
Cihor | o e B 1B HEF 8 Rofiseor SOF doiy b Qifefiing abbvBucbdn” "
val ue, bgtaitser thetht 1@ lile badeeash. Mhid hetikitReanffe bl e @il packRASatahd eady

el apsed. As a result, network resources are being used in delivering
real - ti netyakalayer rid upablsetor eletRethenepuphing  nafure seldthei epplicatiors layer data

non- pr es LON . val r tS:: e cessary,2
netvbr k- ORBGE 146 4%, RaOHR: B BLBERGEE' RTRY, SHMCAY MRRESRRRIAEE. 1
many30 nspannesrstized aodig@sduidnthe van@iveiss of séafvidebefPeensenBackers s el onged
and in a worst case scenario the traffic congestion nmay spread to a w der
area. In nost real-tine data stream ng across a packet data network, the

decoding rate of such a data rate is only made known to the end devi ces,
for instance, the server and the end client.




25 In many instances, the server can only deliver data atgg rat% Bgsed on
the decoding rate of the data and the report sent from t hE ES9r8a¥ 20P4i ng
statistics of the data received. In sone inplenentations, a |arge data
buffer or an arbitrary size of data buffer need to be preallocated at the
client side before the stream ng of data fromthe server to the client can
begin. In the scenario where a wide area network is constructed based on a
nunber  ofy 80 TETE €l PRk Tn@inRBENPTALIRAGS REUE0 Bén [fdth&RoRRd wiNibEhg8d these
have no information on the type of data and how the data should be treated
for end- BIEnREE! 2466r gn Iniesndt nProtavellivatséion 618nFdbr carent 2p6dfigativodefor have
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delivery of network data packets that nake sense fromthe view of
app! i at sRseialmagking pllow the nehwerk cogipopends,sueh putoutsisy ecswighhes to &reafithe B&sful |y

5 delive - -1 -1r i ssj-an_of o data may be
pert or meuapdel PR Bl i SRR Sun PO SuloE MIRE YR Slbe g iR
aspect oflath fow shoaid benletetingled. The pe-aunseiskion aid ideoPphy of dite packyie tHat N

obj ect siream ng apparatus into _an existing network i nterconnection schene,
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net wdl k; sedecGua tderriping af 4 groupathategpackienis aimast iagossible if thiraprycaswiit chbaig or
routing ne Worh npoRYePn{(' aﬂd an Egress Gateway to control the exit of
data pacRBfUmEd SHBERE LK ISk and to stream content to end-users of

di fferent network 15 access and conputational power profiles. According to

a secondvagpacidddiodahifoimeeioh i tHePpBedtion REAWhAESthedlatiBSRRE thArmalR!it veri ng
synchroni sed tinme stanped nultimedi a objects as payl oad of network data

np : , N
packet s, theughy theerstwarie smyronly sensisteoisedy ag ofr thy dain thegprphieativar sofotirect s
into one.Qr ] ; L S taining .part .or a
full por?%gﬁ'@gtﬁﬁ%eﬁ%&gﬁﬁfoﬁ Orﬁer{?f'tlr lgﬁ%glgg%j{aecg ta%ﬁ;d?lﬁfgmg‘?%n%qtﬂu%mr%% grréenrq(‘,e;
cr eals ngtha strioh keal-timerredpateneknt irgoEtiheshoee tavmiokbelfica A dstk @bfecbthagirfiged ng
fiomthe sa nul ti edi a} pbj ect . usi ng a object reference, before
transm sStAThedRs i b Jealfunt airpRenids saiddp o ¢fgha prepantation; wadue, besasence
W th ti ngerBlErBNRE | inh ets,| e
transm ssieon node; %n Ig'lte{hgg%% ﬁgln:f e ag?%@%%@ﬁ%@%%f&o §?ﬁ§%‘gb?&e@§m based
on t he otspewscesr aftcheing usel it Heliveningi eelekirae alajaeof norvabie ontlreembukerdat a

packet s f(fdomtht .sald nmul timedi a object. ngcordiC?% to a third aspect of the
i nvent i off, 1tl“ﬁlergus’l BOm PGP HRIP L YRR o8 OFB r Os SRB RAGKHY PAY M IRPESSBRY ti me
of mg tin@abik AREERioH & hdBRAdY Sdindd MRrAeHialealcywdRthoded 18 YiinG oRsiRBs

del ays between inter-arnval of nultinedia objects at a next network node,

sai d’ et fegorgnipen of reworketraffieprasoieemdity belprigonged rand dwria sirgreasé saenani o
frames bﬁé ?ﬂfl?@co%@es%%&y spread to a wider area.

In most real-time data streaming across a packet data network, the decoding rate of such a
data rate is only made known to the end devices, for instance, the server and the end client.
25  In many instances, the server can only deliver data at the rate based on the decoding rate
of the data and the report sent from the client giving statistics of the data received. In some
implementations, a large data buffer or an arbitrary size of data buffer need to be pre-
allocated at the client side before the streaming of data from the server to the client can
begin. In the scenario where a wide area network is constructed based on a number of
30  intermediate network nodes such as routers and switches, these have no information on the

type of data and how the data should be treated for end-to-end delivery. The intermediate



18 February 2004 4 Decoding rate; further dividing the transm ssion timne
within each frame of a nultimedia object channel into tinmS Estspary 2004
nunber of tinme slots being equivalent to dividing the transm ssion rate by
the nul ti medi a obj ect decoding tine based on the assigned bandwi dth for the
obj ect channel or the amount of remaining transm ssion tine; perform ng an
5 enul ated delivery tinme schedul e based on nultinedia objects with tine

st anps I

Comput i M R e Rl KR e b bt VPRI Bing

maxi mum tisjredes. dm thepeveel einepeoik adngdstiomabbre; ofahd intesedmtuhddes, theredabpect

t hat cannot be ivere wi.t hi ori.n in a_cache
nmenory, d%@yert% i écl}egulgéﬁee@{]}vg@/ %%“%%0%&%?%@5£ﬁ3 e gaﬂaﬁ(ﬂe fgnse fpm

assi gnecjtﬂe&h@& of ¥k ARG Gath. Olnamﬁﬁttra&é% @ﬁl@e@fwarﬁﬁl éﬂj@ct'd@téel@tsh%ssﬁl@fr eis
provi ded a clocking nechani smat a host and routing node to synchronise

wi t h Tul d¢livseida to e end sermeiapks, red aievegsmission oofs dos dlate mayahe mes®Imed t i ne
of obj ecﬁut&tn E&rﬁglh%tthgnag%ﬂg eém ned tinme slot, said g:l ocki ng mechani sm

conpri si Ng: Aft'he the arrival of a |ls’ data packet

bel onging to a object, based on a nultinedia object reference; a nodule to
conput e SGMMRARYain the 15 time table of all the streans, based on the

di fference between the | ast sent object and the next schedul ed transm ssion

of that sane . object; a Ilnig list for the datalg kets received for all
SubsequeRECHLRE .20k SPRechel BiPHeHE. IHE SHHEVISE] 8cYSIoRNar iSRS Fodul e
to put dgbjactPiekeln hfpatts RS Anakd s@lhl'gerfét%ﬂmn%r&%ﬁecﬂ%%%h&h@gtot &r@roi' fth

aspect of the invention, there is provided neans of avoi di ng network 20
congkt i daia dradfie @eheratetd logh omtitimedin digend vitrtems wanid| fos amsucfn tigreedk m&byo—dmd ayi ng

the tran SSi a bj ects b u5|n cache for data o ts to
neet rea ép{ve%ggg%l ?1%] é’?’Jéﬁﬁ é?l‘g 35’5 ?fg?pnsﬂ&cﬁn fcsz'oaée“éqyxftoh“g%rﬁgct of
the i nveaithyoof ditAgyaekdts ilb até desviiRAN T dteni ISR Bthafod Bl Matid Rt £

resulting in a burst of data objects at network nodes,” by diverting object

data to PsaavHichingmsrgutinggjebeerkgamponent] @ifean %gre@é@ém@ tasvpngolathe exit
st r,at
he. mhneg i pe AP TR Gt ] L el e TR bRt el 5,

ot het5 cl a®ats andepmiperativna lppwenprlofitescont ent  provi der domain to the receivers
at the content consunmer domain via the service provi der domain. This figure
al so sho 18 Febyruar 004 i nt erconnecti o ont en _st r.eam
traffic ‘g%?ﬂrfhgg 0 grSepqpsd ??98% it lanSPt“Phéher‘fﬁF%@@r‘f@rr‘}a tﬁ@@ VoI delivedgir ces
for the ghthhRBed tef) ét%ﬁﬁﬁyd ﬁﬁlltﬁﬂé’&@ BE_]ectE |a§pa§10§ﬁ‘%‘f‘§1eﬁwﬂﬁkfdla V‘?ﬂ:ﬂéﬂs {84

creating an object reference fromthe input object streans. al’so shows a
pr ef er r ettethiod momppisinghtheotiprsc of: deagmdnpingrthe Slaml Gbjedsiistoaohd ockmaticadptam of

(he, 10 Gt P 1 R AP L R B 4 G iR oo

Obj et  Totgédti wsirgoat lﬁrﬁdlllleei'eféﬂéﬁcd, heedigh@ng® fbr akfated fragmented network data
packets originating from the same multimedia object using a object reference before
transmission; stamping the data packets relating to the object reference with time reference
markings the instant the data packets leave the transmission node; and attaching the
precedence level of the object, based on the object reference of the multimedia object or

25  onnetwork data packets from the said multimedia object.

According to a third aspect of the invention, there is provided amethod for scheduling the
transmission time of multimedia objects to meet real time delivery and achieve constant
delays between inter-arrival of multimedia objects at a next network node, said method

comprising the steps of; dividing a transmission time into frames based on an Object



Controller used in the inplenentation of the Egress hbtwog{ q?de ang14
| nt ermedi ate node for controlling the flow of real-tinme dit BEONHHYREPY 5 s
a structure of the Object Frame for each Object Decoding Rate, and the tine
slots within each Object Frane. It alst illustrates the way the nunber of
time slots can increase or decrease in accordance with the traffic
conditions. FIG 6 illustrates the preferred inplenentation of the tiner

circuit Pecidif@Ras; Rl @6ididd AbltiashRh UhElith edGrBW 555 nﬁmnsag& hange
nodes. 15 FIG ™7 shows the detail ed block diagramof Object Packet Stream
Traffic Obiselr dlanfidunie time shoés, O ponbStafdime Sobselking equevdlend] toalividingtthe

Exchange, Obj ect. Traffigc Cont.rol.l er. G 8 sho t he detail.ed hl ock. di agram
ot Ot ne S reERtien 1 b Goe G it Shircl feotoR oe b pla etk PGt | o
of the Exgh@eosjédd] @ehnelraf thiCankaiink e defainify GanSnsioNihdepdrk b Of
the nethod of scheduling object data in the tinme slot 20 allocated for the

Obj ecl Femmtated deliyerydine sahsdie hetadan miltimedisnabjeptewith simecsiampnwitbiyj the t

frame ar ' r f USE. | L | PTI 25 To
Corve tSeHsfuR Bt BUIVALPRordX or WA Bl SE colllANE b San(el dbfoct Meffierl
net wor k patdd ghichtis equitdlentste thp pakAhwa obfectgioup €slaymeliedrllbwaiglel 4l fel C
control of real-tine streans at the Content Producer donmin, the Service

Provi der SSling ahePieddhat sanral e delivaird WidBhte fimeslgfe by store if i asarhel at e
net vwor k GaRRENGRE ot Bct el stk i Be ggﬁv%redaat g'%ﬂﬂéslb%sgigﬂ[%i ]El%p ruary 2004 6

provi de accurate tirnme synchronisation of tinme based o et ween net wor k
conponents; a neans of allowng quality of service for the data objects to
be didi véceddimgde atfhertinaspacrdf thainvestive, tfergisgviddadp thookiagenecbanism agaent ed

obj ect dat ckel. fro si ngl e .dat a, obj ect ;..a jmeans _of droppi | ect
ot o ai MigRRG hline modh R Sidrorutsti ok EResid o gt s iegy e dad

ar chi t ectdhe@ult AranbhRWod Ainh OB objedf diletm$s RAR Pr&deRiminddt @he slod, PRI svating! | ed
by a generic traffic streamcontroller; a neans of dividing the real-tine

time framechanisn somprisng:ta medue ta deteraring the agival p6a ™ drtadacket bloaging to a
nmeans of | - ak| b | e- sl 0 the real-time
requi rerearieB S L i Blis B! PRbhIE ahdbe I pdtiSle i rBRen o ans
of ptHvi tinegatilaef rlahe strains baskell ioa the diffepdrice befvasen el Bistiemt 68jgctsandithas

next scheduled transmission of that same object; a link list for the data packets received

for all subsequent data packets belonging to the same object; and a queuing module to put

data packets in assigned allotted time slots.

According to a fifth aspect of the invention, there is provided means of avoiding network
20  congestion and to limit short-term bandwidth utilisation peaks by delaying the
transmission of data objects by using cache memory for data objects to meet real-time

decoding at an end receiver.

According to a sixth aspect of the invention, there is provided means of moderating a peak
data rate resulting in a burst of data objects at network nodes, by diverting object data to

25  cache memory, object data of lower precedence using an appropriate filter.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the management of streamed data traffic from the multimedia server or
any other client user terminals in the content provider domain to the receivers at the

content consumer domain via the service provider domain. This figure also shows the



10 ingress and egress nodes as well internediate traffic ange eto
streamnultiple object data of different decoding rate si ﬁ%ﬁ%ﬁ’ﬂ%@!@@ﬁy Thi s
i nvention involves systemarchitecture that allows the end-to-end streani ng
of time based objects. The input objec? data fromthe object stream
entering the network is marked and di sassenbl ed by the I ngress Object
Traffic Controller (Ingress Gateway). 15 In the Ingress Qbject Traffic
Contr ol | gftercéndedf @ FabiteRitReh thFht caarmMAade B%aamrfsr fHe @ panatIRk| er

net wor k data packet as specified by the chosen network |[ayer for delivery.
Each of neworereapikesdar thesiitient deliverpaf kendentccor ding to the precedence

| evel desired by the application entities at the source of t he obj ect
stream vvlth he and real -tine
i nf or mat Fg%gée}l\agt‘?%q%%jlﬁggt as la%ﬁe%%?ecggﬁg&eﬁr%? %tl%e 188? jecég?éa&n on the

real - ti mi alseqlibwe appdferatifotne sfahaobjkctidesaiptaes aI |l ocated for the delivery
of the object stream the tinme for each ij ect Franme i s conputed and

created t he del.ivery of st anped o ct. data. The, data |nfornat|on
of t o%fércs’[ 13 ](%jIBFlf élaﬁgmf f%?&ggs'asst ggl'eﬁb giSenispller pisedhisy caminellingrthe wher e
possi bl efoRrofirdal ¢t £arBE iR aRdefvbMt 0 the payload. 25 At each of the

i ntermedi ate node, such as routers and switches connected with the

apparatus_inplenenting the inventive steps, the data packet received is
r e- assenbled is arhb)cmltaarm@ﬁéte Egessé)bnthe@fﬁp&qmueﬂmﬁ ths Erchanpe TEgfies s

bj ect T f I t hed
Chet1 nalonsufer M e Ehplebfih@isy oF 8 it ervie Soterho b Bk et
Traffic f&im:bﬁt@d)lhﬁgtl{e%%sf}feaﬂﬁﬁéﬂhﬁ Exchange Hop) for re 30 transm ssion to

anot her network node. In the Egress or Exchange Object Traffic 18
February_ 2004 7 Control]er, the_ object descriptor for _each streamis

col | Bt eBlGmds & sfmefire ofithe (biect Eragﬁéah@& {QBect Reroding Rate, and tha fimemiaied on
the tim and
the numbarsr ek CRPErdiE LEHE) FRORLERE B phi S AOKATER Y, 2

used to maddcretahennbe:bm'dechwuthrélednfafﬁMa)ndbjmsi data The tinme schedul e for
the delivery of the 5 object based on tine slots is perfornmed based on the

traffic am An.object neeting.the
r Pt o s ol BTG i Rfraleh he peghrnBt Fhuleftaien B ATEHimet Cneeh G Bitie iRt hose
Ob] ect daﬁmcrc@htr@mtfbmeE@@sgmwxemghgd&f the traffic shaper are stored

in cache nmenory for a generalised [ower priority object data scheduling. An
obj ect decoding period . is determ ned fromthe set of object stream

desch pt 81% rdows thadetaied tleckipgrampt &H}J@&Paéa&@meﬁg Trafhe Gngrok foypd in

al | ot t ed, criteria in
the St realm &1]&%?&% Z%Ié?&i%r%u? %(lz%ﬁp(}%% Eh)g('rhsc Ig'?tﬁlt‘mﬁﬁaéf I{élloo j'ect data
that will expire within the object tine frane in the Stream Obj ect Queue,
dat a obj EK1.8 shows Ifee SttaibealnbIGb diagranaoﬁﬁlerr"éim $loardlosathe fuinddnrtha Objedf t er an
object h chedyl ed, . exce i e aved for a future bject
Fr ane. ?ts? ggheZ‘PBef ‘#é‘ﬁﬁ?lf(??&ﬁfxﬁf‘%e ﬁ“raifrg el Ynal time-slots are
al | ocated fromthe reserves to neet the needs If there are insufficient

ti me- sl OFKG.f Drsheked itve fiyweRd @€ ithélMethddnaf s@%BER: bhjebh@athaX (thORINRE ot  ame

are discarded. A data object packet scheduled for re-ttansm ssion is then
r e- a&k en#llasated for thedpbiesfer rameplitalypethapisihosy timerslets antiusedrfer warrent ebiager i s

mapped ag qu! Y repeated for the data object in the
Exchange %%Egt rga?c;gl cu%ontro t%lr%u%%) the intermedi ate nodes within the
service provider domain until the final destination has been reached. The

i nventio i.de nd apparatus for, and nethods of, delivering

mul ti mdﬁgmoﬁi@&rgﬁgﬁhﬁmed stream ng at the nultinmedia content

provider, inproving the quality presentation at the content consuner end

and 391pr 91 gl lIf HRLNOIKE MAGH! (D g?%sellﬂthﬁlvgétlcﬁfa GO GE L ULAR! pgQRAL N The
S r

present 1 nvention described 1h | ow n det ai eference to
a few prefré'rguenﬁoemtbom ammtaslstdndcmés ma;éemé:ﬂtmgttraaﬁedontml bﬁﬂaaaunmmﬁamys ng

dr awi ngs nt bov foI I escri nuner ous details
v e st ohE IroRiFtE PindoehRamaits e SeorcePihifks dGmaimine SFealsnh comorse
present ﬂ(’ﬁﬁﬁﬁt 4 ﬁl’éaﬁyfop ﬁﬁe@%ﬁlak&%thﬂrﬁ (fb%lﬁ%)rn%nt th @tréé?ﬁ?ea‘l)ftuﬁenfate?)é%@a%ﬂd ons,
some obvious details that forns part of the inventive 30 steps are |eft out

in order to not unnecessarily obscure the present invention. 18 February
2004




8 Referring nowto FIG 1, a diagramof an exenplary net K
consisting of different network functional nodes for irrpmﬁ-{rg ri)ll %{]%

vari ous aspects of the present invention is illustrated. It shovvs an

addi tional network functional conponen® being added to allow traffic
control and managenent of data generated by the users in two domains; the 5
content producer, as marked by literal 1.1, and the content consumer marked
by literglovidelQookR RRYS| SakhSRHadRE! S Wrhd) SREIUBbEaL! ¥ErARR! hedighons
can, in different instances, be in either the Content Consuner or nt ent
Pr oducer caiopazients; d enesmgl |0ﬁgllowmgrmlahhomf sdreicofprethe data elgnets Thbe aleliveryd t hat
ensures the.end-to-end deli ect,.streans i,S.th er vi,c Content

b ovi der OV Rk BRE N nRRs ot fine TR 7 BB BRieA Sbise 9% PHUKCESARER: 10
Producer siyila d@taﬂﬁ)?]éwralﬁnédﬂﬁ bof URPpine b @$ dAth aiS AR ﬁ@&t\&@ﬂhﬁé felélulrémént @nd
architecture as t first connected netvvork sw tching el enent’, 1.6.

brevidy, MepRs tﬁ@@%dkﬁ%@ﬁ%@w toraH e yarguy frafée ghaperssor ﬁlgers @sxbﬁe@néroﬂwlt chl ng
el ement, e ut| of .data
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Provi der smasljer ¢iond dots for nhemxiwdfy of datatoej‘emmacdaﬁ@loﬁ Wldo@ﬁngl@lcﬂ&e glleaang s t hat
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swi t dhi nglgedsermchtegmssj nad«Soast woll ifteafiddiate Eratfiva axphatjppnode o ﬁreanstrmttqﬂe di sed
|ntercon @8{105#% té{a ‘ﬁl | ows da a to be exchanged, or sonme 20 ot her

net wor k 8 5 of lifferpptdecodips mte tf"ﬁ"é’“? ow of selected data streans from
different end-to-end users to be controlled and managed by the Content

Traffic Exiehanatonap ddelsyseRei-IttdRASS Btht RRGKs 1R ddacodtseRinmeaiamat . I n
t he Cont ent PrOV| der domain, the traffic generated by each of the server .

entit i esbased pbjepts. Thsdapuitabiechgate fiom thgrobisst stzaemyenjering the netwosloistmarked he
trafflc exM) the term 25
"server' ngs(ﬁlgjdge lﬁlggggg%\rﬁk Sfb J‘é@?ﬁ%f@@*ﬁ’“ef %%ES éat%’%’ey )sour ce of
content to be delivered across t he network. The Iast switching elenment in
t he Ber vincthe Pngressd@bjectofmific Centoileneciaegk data bhiectthy rf@me%tleimymoﬂe. thin via

an |nterconne at shares the me ty of net pr.ot ocol and
ar chi t ec?fy 12 ,ei’i I‘ceﬂ%or&cf{ﬁ]’faeﬂ‘[“’k@)ﬁ% %}ﬁ%?mhﬂ’ﬁ &%emﬁg;wgggiqyglf ‘B’f&i‘w‘é’nt s
Wi th di f ERIHEETthe BEMRITK ARG GRSt REOhhied ac&ﬁ'@ﬁ% t6 kﬁeeﬁ}ﬁe&d%gébhl%bélhﬁﬁzr&ﬁyf hi gh

30 bandwidth, 1.14, fixed line access, 1.12, | ow band 1.15, or” Mobile
access, the 1@pllqa1i@nagutlasss aiGheesmarcevid] the robipgt atream.HEo provide thestetwonedhta 0 t he
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mul tigTedireateh) Bases daethe rr@al&ﬁxﬁlﬂtdqglrélhaﬁﬂ dnd thd QeRRINREd UM anb@téaof& Ghe
fragmentor. The appl ication aobject descriptor provides sufficient

i nf or mat dqiweﬂb@f thﬁe 684 Breamy thediran fasreael ObjpgbFameais &oma@ueétasd lsesateddfong t o
the sanegy t ﬁ}ﬂ r f.or a
dat a obj eg?i © S tl?‘ﬁe ét!uﬂg? O}Qtp‘? o‘%taoaf%é?r%tﬁl lhcasggm!l ? f not %iﬁs?dXSC% tor T he

obj ect nmepisedtto thehdad agofetht eetwonk daﬁnﬁhéxerpopﬁlﬁile edrsit a@lﬂ@be@na‘:cﬂiedhﬁte thet wor k
delivery | r before it can be delivered by the data carriers of the

net wor k Paé’%d The flowhart in FIG 2 shows the nmethod for providing tine
information and |inking of data packets froma fragnented nul ti medi a obj ect
as appl i gath@D ok auelinRRhENGE Encile! SaaP ab NButgkl bidReiBnQPEGettel With tRE
network. For each 10 transm ssion of object data, a session Is set-up with
t he Obj eapafatesgimmitnoenting . the lnvhmn@bqtmst thbrdagtrmnke;ttremnqurlmeasembleﬁh’@he

i ed d on th di t O f set
par amet cih 290 35, Aoy SRR g BE EtesR Gyt Al Pafalf 0EPeS ot de
on the vehﬂéeramftp@ﬂeﬁ@bbjéafﬂfdsr}ﬁa&%dEﬁwﬁmxdlegtﬁﬁu@ﬁ SHREwARLNRY frobl@bddey y data

packet. Based on the object descriptor and the networ k delivery payload
si ze, th&enBrehangefObisela Traffiga loatrellero (Bententn Heaffics Eaeha@gm Hep), for 4e- Each

v o cof bR RE ol BB G2 LT Pimodr arvenes ooty Tetiel cam

uses for the entire life cycle of the session. This Mjor Object Reference
nunber is incremented by one for each session created by the application
with the Object fragnentor, 2.5. For each data packet created fromthe

obj ect data, both the Major and 20 M nor object Reference nunber are
stanped, either as part of the data packet payl oad or packet data header or
a representative of header information that the network data packet

carries. St a@i ng of the data gacket and gacki ng of fragrrent ed data into




25 2.10, with the sane tine value passed by the object descriptor. The

obj ect fragmentor will synchronise with comng object dat FforeaE288todi ng
time rate is the sane based on the tine value in the object descriptor of
the object reference. FIG 3 shows the bl ock diagram of the Ingress Qbject
Traffic Controller, which enables marking and controlling of the flow of

hj ect data entering the network. Object data 30 enters the Ingress (bject
Traffic eopfsIRk] @E OWeElfHeE&‘?thpfo?ﬁﬁch%%%'i?E(?Eecte%'a}ld ARG SG R W alBa t he
application entities. Each ‘object data are fragnented Into snall'er data
packet for@aghethjedsyre@(Based op e toning ibfprmateonChe Sgitan dbjentyfremt ds cre®ed based

on the t wor.k .nayl oad size mar ked by .3.2. For each qf_the data.object
divi ded THEBHEHRT Y RG bRt ok ing Hofh fer ik fiamicel BRPBiP: HEe ETRIOtdT 11 o
val ue i nuiddeo alirletie dBFEHItRADES theSbjelt datal ThE Yintd\RhEMIE tdr PRHcIRERLH thar ked
by 3.6. The timer derives it's tinme value fromthe data descriptor's, 2.1.

The decodbing hesgdeorstimp glofshis perfarmps hased enthiertraffic paper oncfiltdyladepted forehe vi a

the inpu Kk pteral 3. 3.0 f t val rom.the, subseguent Obj ect
doscr | bt Sroutk 95, oBet o Bl ik cibrie b ' Bt ol i Iy LA RGRL oboE o

Di vi der , q@eud anddieise objet®Rlasd fit nidedig Meseh@ifndits Ghhe ahffdahapdriaf®stsle@ts are
created, based on the bandwidth allocated for the delivery nedium Based on

the ti nmeCdnamsEPrpionheengmlisedlones PEoBY Qbirst Agfa sehadpling fbolibstalecodingie ti me
Slot All 0 1. DeSs, igh ti I fnda ket s
isto beﬁﬁg({d?{/se%%ﬂ%?%&{ ﬁ]gﬂlngltev\%rt ‘@4? clﬁi’gk?ctt gac?{ﬁd%%%ﬁﬂggrg%%?a?%dqb%&dé P{\i/l)g'?ed,

t he Hat aolpactidetoding timeppeslatecllvtied fhelthe/ajyctNatanworbe deliydrodich Maetleeilitine

nodul e, 3.11, .and the ti i nformation of the data packets are sent to the
Netvor k BiFiE Bie NEGHLPoHSHOMELS A1 Copuienng ChuLHREIoL Theomeriimtieb. | <
del i ver eg/ill exgiRewRBIVEE Shie! HiMe R MBSt3ah2obitat Ghddedsh %Wﬁec& & e ock

di agram of the apparatus Tor receiving the object data fragmented into one
or nore higeann Qbjeritcacheauientosy aradschisdulap pextatAktertanaobipesr iasriwen tshkedinied)
functions, of the. ntent Jraffji hange Ho Furt her .Egr.ess j ect
Trafti o CHtY G SO B rauet Bhrehfiyy CRSRLFOrS Of HEtR e AOTAT BIERS A ked by
litersal ddditiorth] Gimelsldts dreldllcri@d 4dn therre2Qv@aeh nitkt e ne&isWaF khdl@taae packet
recei ved, the data packet header is parsed and decoded by the Network

Par anet efsuidicisal Hgerslos tho Aelbfery. biest dete thar Renirepip thetnexhobjeat Bameee ti i ng
i nfor rrat%@&r@éad the object reference extracted fromthe header are passed
for further processing by the Tiner Circuit, 4.4. Another source of tinng
information and the object reference nunber can be extracted fromthe

Net wor k Ragdtn atjdoe pRdek sthedeledf fon at-transmibsidh i hieenf terassémbiall Hakalc kn g ked by
literal 4.6. The tim.ng and object reference are the agnly 2 pieces of

i nf or mat PHRY PeRvor &ri r%\'%t %dlﬁf%% haader WPRedpﬁ‘E‘lQé‘ﬁn%léyﬁngPrP?esﬁ A®

net vay Kk Rpaded i fthd BRa B8fWPIkhe TxehD3E (&t GP8%ic TQntORES ¥F tht TB%hediate
information and the object reference npntJ)er. Encodi ng of the timng

i nf or mat hesies andinbe seviceareviderclomuimgil thefindl depinptiombiasdfeen eachiet a packet
foll ows the object descriptor shown in FIG. The Tinmer 30 Crcuit,

4. 4,
a o . bi ' ved wiiht
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di sti nct slgectd firigeroved atré@ningus tebmakimeded eont@t proreder, PasEUnp e QiYy On the

obj ect reference nupber extracted from 18 February 2004 11 the object
descri pt Biesestation) & dhe gantepfsnsumaig crbard Hapiosmenbewsikotkwnaestion sy th so t he

numej4l §e‘§flg§?1%%d%k b¥Raf Thg'ﬁregﬁ‘ft WVelkitiSiE [s\deS G iRa 4R B fp)ﬁb‘mng iﬁ%lretaglhﬁt}{ I mer

for the o
reference to a few preferred embodiments thereof, as illustrated in the accompanying

drawings, introduced above. In the following descriptions, numerous details are set forth
in order to provide for a thorough understanding of the present invention by one skilled in
the art. In some of the explanations, some obvious details that forms part of the inventive

30 steps are left out in order to not unnecessarily obscure the present invention.



received to work accurately within each frame, the tiners bl ock 4.4 are
updated or created by timng information fromthe Object §F%WT

Circuit, 4.12. The timing 5 information is al so passed to the Object

De- Fragrrent or, 4.2, for accurate const$uction of the data streamif the
data stream recei ved has reached the final destination. For the Object
Streamreceived, the streamis further processed by the Cbject Stream

O assi {1 Referrhd fow! @ €86 C1TNELAR bF 0l A PHKObystdle BRbigGly SFream
based on the uénl que handl e’ r ef g%nce Ifetﬁg}ldrgj ect stryesam hcgsélr efch}e‘d t he
final degiffercat ingtwork Henetinal padsk dbs implempatine thet wrione agfecGbplthe present

De- Fr agnent or r for j b assenbl ed. and .| at er
fod t oot e itysvaltar bRgus & pddiBeBRingGiork furfiehsl GpRRar BEEGHIF om ¢ he
Ti mer G focdlloby tdFie Roie Pl ReinhidiRdn® of @dta lg&?erét@d B¢ thelséR %m&&&@lh%ﬁgi Mg thin
one Object Decoding time frame is required. In order for the host network
conpohe nf’Q:PteIE wrspdugsr, owimasked badierebltlersd theocqniertt sonsurhes markedbytlitonl of t he
Cont ent |l er t he f unct i onal s in the
i ot oS SRl Ll peBlhR poShmugthte  Ag RS B FECR) BBese ng o
the ti nmebe frﬁﬂh&ﬁﬁh@%nﬁ&ﬁ Cbﬁsuﬁlil%lr@bleJoh&ﬁdP@dﬁﬁrﬁbﬁx@ﬁ@dﬁieﬂdin@Q}% tB¢ HlowhBe
accurate tine keeping and are kept by the Cbject Stream Tinmer Circuit,

4.12. ThoWest styearys Tihe gpfity M%%e%meyer@otﬁte@ﬁrédwm plgobiRelo¥Teamsdn thor t he

object s ut ed t he
oty oars §SuRr WA PG 3¢ The SBARLY BloyEE Wb S TpnfdledBille Popteh
based onPwduterivieda uet@lmlt hnlbﬂfacshasesrthaﬂardenﬁmorlglmk m4]gnd aﬁuhitemrﬁs thand t he

transm s nt| ui red ar ut ed by e Tine ot Divider, 4.11. In
addi ti onﬁfSE Soineg %W&&‘f Juttchin I&ac‘%@tb@v%a tREAFPIRC CRBARIBE | 4. 8,
wi th t hemghiegaly H‘l%iia@ rl'@txﬁ"ierﬁa‘éﬂ%t W %% ElEMRAL %aﬁfsaa é‘s@ﬁtaﬁ@é:ﬁét\ﬁr%ﬁ( vi a

t he Network Pararreter Mapper and er functional block, 4.5. 25 Based on

all of témnpanenl et r@ﬁm@oﬁb@a@dpmhetseat tpeviojmaing beleawitdfing he tayme 2643 ot

di vi der cl oStrea ff ic Contro deci d time
eau e TTar e igePlaifts ey SRBE0p st i b eRERAGS, Spiing

pr ecidenglemeiits ke s@;kpoemxffaieheﬁémaﬂ{ prioftolsnti RecHIR Bk, BRHC thé Sriteingach
object stream .the Tine Slot Allocator perforns the final decision as to

how t he SBRERts iienaceted i foatent Rradie Ex?iw@g@f@pal &, wanrerfpamdlbie Hmction of he
netvork Mg Oy Mg 8080 BhARK B SonT LB BEAIIBY R o8 shhaudpta

obj ect streamt be transmtted s provide
Ti me Sl otledenti The conhedtivifysctByat mmsiﬁtmﬁn@eMneBt m@sﬂagﬁﬁﬁﬁaﬁﬁ(ﬁEkcﬁaﬁ@e

i nf or natj on of. each fti sl ot divi der each obj ect stream 18
February %694"1112‘ St‘%”ﬁ%ﬁ%ﬂrfﬂ?@"ﬂﬂ"é”ﬁ?nl %%Fggf %Eb Refhangad, oM uber
of tdgre §hétserd Ok doRfedtiddernis ife LS ﬁ%%olayof'-:s@egteﬁﬁg 5%519%0 T(ﬂ?fe f" mim

bj ect Frame determ ned, by the System T Sl ot Divi
f unct i oneridatoR@dlusersets b@lcowyolleﬁumdt m@n@edbby)the @oﬂqﬂeﬁaﬁﬁwﬁ%xahﬂgwdﬁmp ai ns
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net wor k trafﬁc generated by each of the server entities, 1.2, is moderated by the Ingress Gateway,
1.3, to control the traffic entering the Service Provider Domain. For brevity, the term
25 ‘"server" is used to describe a logical entity which is the source of content to be delivered
across the network. The last switching element in the Service Provider domain is
connected to the Egress Gateway, 1.11, via an interconnect, 1.9, that shares the same type
of network protocol and architecture. In the Content Consumer Domain, it may consist of
clients with different network access profiles. These clients can either have high
30 bandwidth, 1.14, fixed line access, 1.12, low bandwidth, 1.15, or Mobile access, 1.13. The
Egress Gateway will regulate the traffic streamed to the client and requests for the server

carried out by the client.



resources may include bandw dth, |atency and total packethgrou del ay.
I nformation generated by 4.3, is also synchronised with t Fefy §I09‘>E{
Al'locator ,4.9, such that the sane timng information can be napped to the
network data header or encoded in the Bayl oad of the network packet carried
out by the functional block marked by literal 4.5. 10 Obj ect Frane =

M n( Decodi ngRat e obj ect stream 1, Decodi ngRate object scam z>

., Decodi pgEal egbj t (5@1.“%,) g&gtp& : : j time
of the O%je(_:t 3a?§p¥%§b%h%??;gth eaégrglgt tﬁ%h% reggﬁ%éggiﬁeglr% %ﬁlﬁgﬁt
Traffic BstelingigemHoghe networieviartber®bisat fregmedter. Ghjeapplitatianmbiest destiptoed f or
the Object stre .1o0.bhe transmtted. out. Th re-allacated ti eriod for
the o) oftois BRRP wlrarBh e BBiePhbsmetioRt eofe darhrclbia Ceofate da a
as descr id@e shifiec bBRcQB| RAInkES O4th Phket 1ihionk Ren&BKBryMETR A AW 6bjk& Fom

requirenent to use nore or |ess bandw dth, "the objéct frane period can be
i ncr easedheotpplistinvedn nEMYHCasks doot Rflasasesrdle obiest needsfto rhsr Eagmentedindo t i me

slot, de i 1 .l qcat ed . far,.the delivery.of the (bject
Gate. monmain iRl G AARIME hib B ATREL IR pbilE bk Y5 4 R5eh T ) fay
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derived fromEQ 1. FI shows the organisation of the Object Frane,
and ti nededidn en the. valuelfar ehject suaskingiod the prylead of tircrdtorkedeliveryidata packet.

transm ssi 0 8 Februyary 2004, 13 of the ject frame i s schedul earlier
than® T heBafRon e obRB HARKAEPERY hE RbwirkCetbeS Hunloh T, e SRR of Qs oy
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Frame : snotybhanik ﬁa:lrémen_mﬂlhjl e?b ﬁ?:‘ ehl:iESas‘:{ijoe(ctc'ieatlzdSH;/rﬂ‘hETapjslic?{tiofrl1 lik&thlrot_aé E)bjedct
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net wor k paskpbdasmheadeEac h refiresentativé ntheddas indoroewtios that dhanttivatiedsta patketrer
session is.created in.6.1,  An individual ti.ner instance provi des ans to
i nsul at e“THE 3 WIP%PEB?H{?@ Ifarckﬁti %‘FH’@F%%]O&HE%‘%@FP@Q%@HP ctge P@ﬁ@?cgﬂ ®s. The
tiner isdapdatied ané pbrfbied byphessel aiddd BY 2fd, 07 LhE 200) £CthedgRiCHE L OT
6.2. The tine value in the object descriptor provides the reference
decodi ngnethrEc getatimekepneaskingathe. notwprkodgte packess prsf ime ritasepedi by reDeriss ar
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follow one timng reference.. As the object data fromthe sane object stream
arri ves, geatues thejobieeh descaptonpt WeoRiSct el@enesl tinme, Delta Tine, as marked
by literal 6.3, with tinme resolution finer than the 20 tinme period of one
time sl obrsanguledne bk didBim SRSHL Mbrbs I6RAL R | §fifenS

di scont i nuesrgt?lhe o%? ect stlér%am t ranglr%rssi(gﬁ, 6. 4.fﬁJBgEs)gthIgJ£’ ?ﬁ{ézhietrl\l%@r%rpati on
fi om t hem8ysneamdicoetr@liog ofithe diew df Gbjedt alata oriterimm theonetfvork. e@lsjhcti deda vi dual
obj ect strea he schedul.ing. of the dat bj ect to he streamed out to
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i nput  objekt theSppliERRM diiibd. I BacR B REtal 18 RGN Ak tealitranabhligd to
anot her desti natp?on net wor k noél;e. bﬁ]forr?ati on suélh as theastreaﬂ:po([blﬁect
descriptor and the information fromthe output of the Tine Slot D vider

that provides description of the object are nmultiplexed by 7.2. A full scan
for k object streans, as in 7.1, by the nmultiplexer is perforned at the

maxi mumrate of the System Object Franme generated by the System Ti ne Sl ot

Divider, 4.5. It can be 30 perforned at a faster rate if not all the
streans have objects for delivery. Besides streamng the information to the

St ream Cbi ect Sl ot Schedul erI the nul ti gl exer al so keegs



18 February 2004 14 the statistics of the object stream as_shown in the
data structure below. This allows a feedback for the dyna}ﬁ]éebr%%rﬁaﬂ%m
required by the traffic shaper or filter. Cbject Stream Statistic { Max
Object Size in Bytes; 5 Mn Object SiZé in Bytes; Average Decodi ng Rate;
Total Objects received; In the preferred art, multiplexing sequence starts

fromthe object streamwth the | east 10 decoding rate, as illustrated in
7.1, andpigioddd®y thel0west IeRbhSy, 307 B4AEISRGE: Rbawtk hhoBhd 9RS: ash shows
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the tot alefegérRdRudeA¥ard BE eRRRIOHEm the Network Payload De-Packetizer function of
25 the functional block marked by literal 4.6. The timing and object reference are the only 2
pieces of information that are extracted from the network packet payload if the network
header of the network data packets does not carry timing information and the object
reference number. Encoding of the timing information and object reference number in the
payload of the data packet follows the object descriptor shown in FIG.2. The Timer
30 Circuit, 4.4, contains a time stamped time for each of the object data received within the

Object decoding frame. A handle reference is created to provide a distinction between the

various object data received, based not only on the object reference number extracted from
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frame have been assigned, the remaining tinme slots for the object franes
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the 15 receiver, us cu conplexity In ocol
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packet received via the Network Parameter Mapper and Decoder functional block, 4.5.
25  Based on all of the information computed for each object stream of the time slot divider,
the Object Stream Traffic Control, 4.8, then decides the time required for the final delivery
of the object stream. Based on the precedence of the object stream carried in the object
descriptor of each object stream, the Time Slot Allocator performs the final decision as to
how the object data fragmented in data packets are delivered out to the network via the
30  functional block 4.6. Timing information of the data object stream that is scheduled to be
transmitted is provided by the System Time Slot Divider, 4.3. The System Time Slot

Divider gathers all the information of each time slot divider assigned to each object stream
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reference. As the object data from the same object stream arrives, the timer is updated with

the internal time, Delta Time, as marked by literal 6.3, with time resolution finer than the
20  time period of one time slot computed. The timer session is deleted if the object stream

discontinues the object stream transmission, 6.4.

Based on the information from the System Time Slot Divider time slot information for
each individual object stream, the scheduling of the data object to be streamed out to
another destination is performed. Literal 7.1 marks an arbitrary number of input object
25  stream traffic entering the node to be re-transmitted to another destination network node.
Information such as the stream object descriptor and the information from the output of
the Time Slot Divider that provides description of the object are multiplexed by 7.2. A full
scan for k object streams, as in 7.1, by the multiplexer is performed at the maximum rate
of the System Object Frame generated by the System Time Slot Divider, 4.5. It can be
30 performed at a faster rate if not all the streams have objects for delivery. Besides

streaming the information to the Stream Object Slot Scheduler, the multiplexer also keeps



lv) atime slot divider to conpute the transmission tinme_ of the qbject
((:IatZi fragnmented into a nunber of data packets; (v) a ti mel&Feliruaw 2904t or to
determ ne the exact time of delivery; 18 February 2004 20 (vi) a Network
Par amet er mapper to translate the tinmMg and the object reference of an
obj ect descriptor to the header of the network data packet or to encode
them as part of network data packet's payload; and (vii) a Network payl oad

packet i zgfe §taistios I Bbjectt fiRai! A9TRHNEYn MY A5t HALRrOHRBGK Glhid Ridvd Fgl -

format used for delivery at the network |ayer. 4) The systemas In c
wher ei n fasdbakipethe dypamicineechrebanggitedpyithe pafficistiamtr at fikemode and
conprises: (i) a Network Paraneter Mapper and Decoder nodul e which checks
and encofbgect Beedne Stitistic 6f t he packetised nul timedi a objects based on the

10 precedence vel. i. e nped tinme of nultinmedia objects, the source
and dest i natilc\)){\a?(r@pg?t?ﬁ%eelpﬁﬁ?s) a Network Payl oad Packetizer and

De- patket i zer Mia€ibjéc0 SRdABYtsAt € and assenbl e the object data fromthe
dat a packets %f t he sar’ae ohj ect received fromand transmtted to the
Net wor k | ayer AVE%8E DefgoingRai ect Stream Schedul er to register accurately

the decodi ng ThapObREtseasdvedl the data object streans received and to
schedul e_the delivery time of streams to be routed out of the node; (iv) a
Dat a pacff(ets transm ssion scheduler related to a tinme stanped multinedi a

ggjt ect ify eraﬁ%f&feéia(?ﬂ? rﬁﬁlﬂﬁlei‘ilng%‘éﬁué?lcé |SPQHs S d thé %ﬂk@st?&jme%tht ﬁquas§ent
10 decoding rate, as illustrated in 7.1, and is then followed by other precedence
classifications. FIG. 7 shows the detailed description of the Object Packet Stream Traffic
control. The Object Stream Shaping, 7.3, then performs filtering based on the object data
size, the rate of entry and the precedence of each of the objects received from one single
stream. The detail shaping algorithm can vary, depending on the rate of decoding. For the
15 data that meet the filter criteria, reference of the data object is passed to the Stream Object
Slot scheduler, 7.4. The Stream Object Scheduler then assigns the object to the time slot to
deliver the object within the decoding rate as specified in the object descriptor. The time
slot schedule information, which refers to the object delivery time, in terms of time slots,
is passed to the Time Slot Allocator. References of Data Object that did not meet the filter
20  requirement are passed to the Object Cache Control, 7.5, where information of the cache
for the object is passed to the Time Slot Allocator’s Stream Object cache memory of FIG
8. The Object streams in the cache memory have object precedence of lower levels and

should not be transmitted because the capacity for the stream has reached the assigned

bandwidth according to the filter in the Object Stream Shaping information.

25 FIG. 8 shows the detailed functional diagram of the Time Slot Allocator. Literal 8.1 shows
arbitrary stream traffic received. The object frame created by the Time Slot Allocator is
based on the assigned transmission bandwidth and the minimum decoding rate determined
from the System Time Slot Divider, 4.3. The time slot schedule information from the
Object Stream Traffic Control, 4.8, determines if the data selected by the Object Stream

30 Multiplexer should put the object in the Stream Object queue, 8.3 or the Stream Object

Cache Memory, 8.5. Based on the queue information from the Stream Object Queue and



20 in its entirety (v) a Tine Slot re-scheduler for re-all ting. th
sending tine of an object to an earlier tine slot if it fﬁ?g’r’t’ﬁg’r@gg t he
real tinme requirenment of the object stream (vi) a System Tinme Slot divider
for synchronising all object streans flor re 25 transnission or re-routing;
and (vii) a Time Slot Allocator for the exact delivery tinme of an object
stream | eavi ng the node. 18 February 2004 21 5) The systemas in claim1l,
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the data strea romthe data packets of the sane_object. % met ho or
del i veri HW&@&%&&W%@%%@%@@ %Ehﬁ'ir??@ajislam%jn&% less thaty fsaentise
networ k éaldt PARERSR: TRt MRS a8t 4 obfte ?ﬂﬁ-{l%f th & nting
the data o{)j ects into one or rmrgad%'?tg{a%r pac‘llgletosj,]i tZ%-fe Il %rél&ngﬁ{gg‘%g
packHl s awhqesiuaimmegngashowd nat éxdebd fwrfollowingfto ans tigd tetaingtdupndettivafoo bhect
using a unique reference; (iii) Creating a link for related fragnmented

net wor k 8%t% packets originating fromthe sane nultinedia object using a
obj ect reference before tralr\l/ferglo%sb%ré,@ueue&cache)=

Group Delay X (max. Object Size / Decoding Rate) (EQ. 3)

Depending on the amount delay to be supported, the group delay value of each node needs
15 to be updated such that re-allocation of the memory size can be recomputed. The

recomputed memory size determines the maximum group delay per hop using EQ.3. -

For each of the object frames computed dynamically by the functional block, 4.3, for the
system implementing the Exchange Object Traffic Controller, a new number of time slots
per object is computed using the conditions set forth in EQ.1 and EQ.2. The rate of change
20 is performed at the rate of object frame rate. FIG 9 shows the flowchart for the allocation
and de-allocation of time slots being carried out in a functional block marked by module,
4.8. The flowchart assumes that the allocation of all objects based on the allotted
bandwidth for the intermediate node and also the precedence criteria to be implemented
accordingly for the streams to be delivered, are performed based on the preference of one
25  skilled in the art. For each object frame, the number of time slots is computed by
functional block, 9.2, meeting the criteria set forth in EQ.1. Object data delivery within the
object frame is performed by 9.3, based on the data packet in the Stream Object Queus. If
the objects in both queues, the Stream Object Queue and the Stream Object Cache
memory, have data objects that do not meet the real-time requirements, the packet with the
30  object reference is dropped accordingly by functional process, 9.5. Objects that meet the

real-time requirement have the total time the object data packets reside in the queue less
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obj ect, based on the object reference 1® of the nultinedia object or on
network data packets fromthe said nultinedia object. 7) The nmethod as in
claim6, further conprising the step of providing an object descriptor to
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ool oot Rols it O 15 ah e codine i oD be bRl &t BRreSre Bt She datt
W th ref ghiefcCRedd® to1HLHIARIGRICIn BRS Burddt gimifmné.r@radhhﬁmﬁﬁﬁﬁwam& }aﬁ;@t ion

entit%. 9) The nethod as in claim?7, further conprising the step o
providi nipdriseth Vit thissobigetkirarge.t the allopationr prgresstead dwtla withe ket Binctidmgl nat i ng

froma singl j data,...to.provi.de.a.reference poi.nt and curate timng
for end- t)@-g]ég'cﬁ Eii/tﬁg%r%%?@(gp%ar% g %I?lt%ebg%sagﬁ‘f%?r p?fﬁ‘flg‘.’s %?Ctif%elshige f or
schedul i rgalldetidr ensdditimiaDtimeisites Bfupdaictlibyedle TuBoss thiodk) 9re dthidhBidepd | Me
delivery and achi eve constant delays between inter-arrival of nultinedia
obj ect s~ 8obgl thee slatsresseredsyvrr soarbitiasy periafeefitivae. cBith thesixgepsttines dotspdataf ; (i)
Di vi di ng G S ! i r ' ng, rate;
IR A i S s S e G R T

mul t 10redbased bpeciterzhseh fath inn®.8. Abdignnsdmyto$ datahubjeutinbesed ofi thé Aibocatedttindei ng
equi val ent  t.o 25 divjdi the transm ssion rate by the nultinedi a object
decodi ngaf’ﬁsn‘é PSHemped I pﬁ@ ég"ﬂ éﬁég’ﬁﬁ%lsnﬁ erdgeoding tigy; BamedR¥AMEr or t he

anmount  OfssTRBRItHE RondikiAR SiteSdte forlth&'Bbject frames are saved for future object frames,
as marked in literal 9.11.

This invention allows the delivery of data without the additional feedback from the
15 receiver, and thus cutting down on the complexity in the protocol needed by both end
users to handle feedback reports. It also reduces the processing power needed for the client

to perform reporting based on the data received from the server.

This invention is able to provide a means to deliver real-time and near real-time
multimedia objects and the delivery of different decoding rates in a connectionless
20  oriented connection, accurately based on individual decoding rates. The invention further
allows synchronisation of the time based object stream, such that real-time delivery
specified for the object stream can be met accurately without an accurate timer being

implemented by the host network node.

The present invention provides a mechanism to perform network congestion avoidance at
25 each intermediate network node, dynamically, at the rate equivalent to the smallest
decoding rate from the set of decoding rates from the object streams. It also allows link
information between data packets belonging to the same data object to be retained as the

data is fragmented and delivered across the network.



18 February 2004 23 (iii) Perform ng an emul ated delivery_ tinme schedul e
based on mﬁl timedi a f)bj ez:ts with tine stamps within the sEhEehinay 286fect
delivery period or frame period; (iv) Conputing a schedul ed object delivery
period which is equivalent to the 5 nmaldi num object group del ay period

al l owabl e; and (v) Re-scheduling an object that cannot be delivered within
the time slot, by storing it in a cache nenory, the object being

re- schedulsedr 1y lﬁﬁled@élflv%@% ek ﬁirterﬁiilrténﬁ‘ae 2 b/g% kg;?tseit qne ﬁlc?:xﬁﬁﬁﬁ : coﬁ&a%togﬁ'%o met hod

as in Caim10, further nprising the provi di ng nmeans
dynani cabkihch thhtcengi tngnd kelap forbthe aoivad bfrell dhtetabjgoeris keping abopnstdatptatengyer o a

changi ng..obj ect decodi ng rate of .the object descriptor a changes . to the
Cr anom SS7n T8 uh FG e RERABTE TEhiES TRRproTIeY febiiotte AP PO LA 16,
further geuRef ks e@kell NBe $éRRMIOFeqhirdm&ERMAWIFBSnt RMeOUIRRAARE dul (NE BdrAtS
avai l abl e for nmultinedia object 15 delivery of a currént object franme; (ii)

Updat $ ngcetbtiensaenpeiaisiedn Thiesee ind¢rotiient egwiations dv delags tvatifeethedolbjtedata dat a
in both nd che nmenmory. of a stream connection; (iii)
B IS A0SR B RS

De- al | oc&t 1Ay ot's i “%he transni ssion of
I ntended nul ti nmedi a obj ects cannot be delivered within an assigned frane,
20 as defrhe rdontedt dytaaswiodhigg ars bapgsrformed dtithg Md@alevelg thisTgeshgtthef rom a
tinme slot Qank a(icurmilrate from previ ous o )

apphcation level from the rudimentary work of re-transmitting content object data

received,

10 With the ability to couple fragmented data packets originating from a single data object,
the present invention enables routers or intermediate network nodes between end-to-end
users to drop data packets of data objects with no presentation value. A Data Object
without presentation value is an object where the data object cannot arrive at the end user
at the decoding rate. This prevents non- presentation data objects from causing network

15  congestion, by dropping the said object data.

A Timer can improve synchronisation without the need for a central control time or
network time protocol to keep synchronisation between network nodes. The present
invention allows an accurate means to estimate the decoding time of each object belonging

to different object streams.

20  This invention also allows a single network traffic controller to control object streams with
different traffic shaper or filtering algorithms. With this invention, object stream traffic

shaping can be performed accurately and simultaneously with other traffic shapers.

This invention allows existing network configurations to use apparatus implementing the
present invention to control real-time traffic over wide area networks such as the Internet
25  or a corporate wide Intranet. It also provides an infrastructure for the content provider to
stream AV content to users in real-time, and the amount of data objects to be delivered to
end users can vary depending on the profile of the users, on a data packet network such as
the Internet. For a virtual leased line, a server can choose to stream content to its valued

clients with better Quality of Service over non-valued clients.



object frames if transm ssion of intended nultinedia objects wthin the
specified decoding tine franme cannot be delivered within 8 5%%]’69%
object frane. 25 13) The nethod as in Claim 10, further conprising the step
of conputing a queue buffer size requilBed for a stream queue at a host or
routi ng node based on a maxi num obj ect group del ay paranmeter and maxi num
mul ti medi a obj ect size. 18 February 2004 24 14) The nethod as in claim
10, further conprising the step of providing nmeans for stream ng an elastic
delay period for the arrival of a nultinmedia object based on a maxi num

obj ect g'fbmpnwatlaly ppevidesesystem sisghdtentmem $orf qvpasateamnplgmohm itled mrgyentiee

211 obj ofFe &GP ARPEIE Lr 0 gamtalles Ffs SRR R e e ielot el ay

par anet efgwofk étuchizd for @rd-foadhandetisb9 ofd@hiaymuiaarae A P?@raf{@&hmﬁ@ﬁhgyh@f an
object is culmnated at a value not nmore than n nultiples of the maxi num

obj ect d@wgz}tl\@ﬁ&mslcm@wm a ggbHmiermeghgpigingioe corerrt smetch,@erbasmors timdeg and
10 f del th
0 oo ROt O e SHEHC L E S Bk e e O O

t he queumMﬁﬂ@funSﬂuﬁﬁ NchﬁEdobgbsﬁdilﬁs@vﬂid@dMyQﬁkﬁfdmg bject datd whichlBgki ng
mechani sm at a host and routing node to synchronise with nultinedia 15

obj ect stasishef raeE‘éTPWdOfaW?IWPE}( dataeRpskes: Hahe rpddinas requisment 5%]Se'@tbest reams
at a pre%gﬁfeﬂ‘ Agd ﬁ@a\z Hretw O?rafﬁcfcb'x Ghd g?g;% c?smfﬁﬁ?qgr bl hl-thrhd

nodul e to determne t |ngtoaobject
baseld onreguimerhé¢rit mbidiva effi¢ientt use effercemark; reﬁamoesaanﬂmdsd protvidles (anpndheatancb

mai nt ai e.tine table of a h strea 20 on th

ot ween e it SeBRareghftdns bamr s HeRidem dot e dotHn L S TBh B hat
sane obj g&vork bdthporRents! BKopdrsib ihol chbiMbotiabd Rk &l §tré£1‘ﬁﬁ%‘ﬂ€ﬂ -Ré tRkfic
subsequent data packets belonging to the sane object a queui ng

nmodul e ttbﬂplﬂl allrge peteiode. dt |aI$Oafseﬁsgmealeeﬁdldmomeldrqsomessteqused EBthEGC)heﬁhe
cynenr onieBnraatb SFbRprab PG b Vs R Rl FRBER bGh B B ect
st r e@m biaffigi Rgeifed. In addltlon, the system allows real-time with high timing accuracy
delivery across a wide area network without drastic changes to the existing network
architecture. The client can receive quality content with graceful degradation when there is
network congestion or when the bandwidth to the client is reduced due to heavy utilisation
of network resources or server resources. On the service and content provider ends, it
20  provides an infrastructure and means to differentiate real-time services provided for the
client, based on the client’s profile. This invention is very useful in delivering real-time
data across heterogeneous networks to light-weight clients with limited network resources

and processing power such a mobile PDA or a Mobile Video Terminal,



18 February 2004 25 stream obj ect cache nenory and by nul tilgl exi n% an
object in the cache nenory to enpty tine slots of am obj et Fehruamy 0%) A
means of avoi ding network congestion and to limt short-term bandw dth
utilisation peaks by delaying the trandni ssion of data objects by using
cache nmenory for 5 data objects to neet real-tine decoding at an end
receiver. 18) A neans of noderating a peak data rate resulting in a burst
of data objects at network nodes, by diverting object data to cache nenory,
obj ect d&debIMS| ower precedence using an appropriate filter. 19) A neans
according to Claim18, further conprising nmeans and apparatus for 10

enabl i ngq{ he @o f; . d] I ] i i d on a
generic l ftho% %{reﬁit Flog 1%@*(;‘(8{&12@%@% _Otgw[e%{)gét%%ﬁl%% ﬁ%ﬁgﬁ&{ltéfﬁg&gﬁg AP e

Febr Uary. 2004 26 TI NE. BASED, ADLTI MEDLA CBIECTS. STREAM NG APPARATUS ABSTRACT
5eTLgaL¥@sf‘éﬁPreit ﬁF?‘BFP"E)‘E'E@fi ey %%WHH@OE% JeStpsaid By 6PMBEYEE NI ng of

real -tinme multinmedi a data obj ect across a heterogeneous network was

presented. Thg)pr e&@ﬂigrés@‘(ﬁ%\ﬂfd%o%b&%l%ﬁ&?b?dﬁ&%ﬂ&&%iﬁfo e hawong | egacy
net wor k nodes such as routers and network” switching el enents to
inter-operate with the ap%aratus i npl ementing the inventive steps for a

col | abor at i ve(idf f o Coptent {radteriBrghanga IHapi aftached toi ateghey wvoitahing ormutieg 10

than relying on en J Lit..al so provides a nmeans to provide graceful
de- gradati on of thgetqrr@ﬁilg&n%%ﬂnghé%?%cts presented at the end user in a

public network where the bandwi dth is hardly managed during heavy traffic.
The i nvent i on(ipy ovawEgresh@atewanso Eamtrohtireagitnd damlphtksedframshe eaiwotl, ahd | ¢ at

each of the network conponent along the |ogical path between end users. It
al so all ows cont enf® piti§aHc PN ht‘\/i‘?“gdﬁfsrsl éﬁséhq%?rﬁ%t t5tEeKe A5P5sat 404 0 15

end gystoners basegblﬁlghtgmap%xg@&t gensce profile and network resources
wi t hout putting severe quality ir?the presentation of nultinmedia objects at

the client's end. FIG 1. _
2) The system as in claim 1, further comprising means for attaching object streaming

apparatus to a legacy network inter-linked by network components supporting existing

network protocols and architecture,
3) The system as in claim 1, wherein the Ingress Gateway comprises:

15 () an Object Fragmentor module to break up large object data into smaller

data packets suited for the payload size of the network delivery medium;

(i)  atimer, used to perform clocking functions to emulate the decoding time of

the object to be decoded by the end device;

(iii)  an object marker to provides linking of network data payloads belonging to

20 the same data objects to be delivered;

(iv)  a time slot divider to compute the transmission time of the object data

fragmented into a number of data packets;

(v) a time slot allocator to determine the exact time of delivery;
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(iv)  aData packets transmission scheduler related to a time stamped multimedia
object if transmission time allows a single multimedia object to be sent out

20 in its entirety

(v) a Time Slot re-scheduler for re-allocating the sending time of an object to
an earlier time slot if it fails to meet the real time requirement of the object

stream;

(vi) a System Time Slot divider for synchronising all object streams for re-

25 transmission or re-routing; and

(vil)) a Time Slot Allocator for the exact delivery time of an object stream

leaving the node.
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(i)  a Network Payload Packetizer and De-packetizer used to encapsulate and
assemble the object data from the data packets of the same object received

from and transmitted to the Network layer;

10 (ii1)  an Object Stream Classifier to determine the final destination of the object

stream, based on a unique handle reference;

(iv)  a Timer Circuit and Packet Time Decoder for containing a time stamped
time for each of the object data received within an Object decoding frame;

and

15 (v) an Object De-Fragmentor to reconstruct the data stream from the data

packets of the same object.

6) A method for delivering synchronised time stamped multimedia objects as payload

of network data packets, said method comprising the steps of:
(i) Fragmenting the data objects into one or more data packets;

20 (i)  Marking data packets containing part or a full portion of a single

multimedia object using a unique reference;

(iii)  Creating a link for related fragmented network data packets originating
from the same multimedia object using a object reference before

transmission;
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8) The method as in claim 7, further comprising the step of providing means for
application entities to differentiate the importance of the object data with reference to

other object data originating from the same application entity.

9) The method as in claim 7, further comprising the step of providing means for
15  marking the time fragmented data packets originating from a single object data, to provide
a reference point and accurate timing for end-to-end synchronisation of streamed object

data.

10) A method for scheduling the transmission time of multimedia objects to meet real
time delivery and achieve constant delays between inter-arrival of multimedia objects at a

20  next network node, said method comprising the steps of;

@ Dividing a transmission time into frames based on an Object Decoding

rate;

(i)  Further dividing the transmission time within each frame of a multimedia

object channel into time slots, the number of time slots being equivalent to

25 dividing the transmission rate by the multimedia object decoding time
based on the assigned bandwidth for the object channel or the amount of

remaining transmission time;
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v) Re-scheduling an object that cannot be delivered within the time slot, by

storing it in a cache memory, the object being re-scheduled to be delivered

at a time slot assigned later.

11)  The method as in Claim 10, further comprising the step of providing means for
10 dynamically changing the number of time slots per frame by adapting to a changing object
decoding rate of the object descriptor and changes to the transmission speed of the

network link.
12)  The method as in Claim 10, further comprising the steps of:

(i) Computing the number of time slots available for multimedia object

15 delivery of a current object frame;

(i)  Updating the transmission time slots reserved over a buffered object data in

both a queue memory and cache memory of a stream connection;

(1ii))  De-allocating time slots for a subsequent frame if the transmission of
intended multimedia objects cannot be delivered within an assigned frame,

20 as determined by an object shaper; and

(iv)  Allocating time slots from a time slot bank accumulated from previous
object frames if transmission of intended multimedia objects within the
specified decoding time frame cannot be delivered within the assigned

object frame.

25 13)  The method as in Claim 10, further comprising the step of computing a queue
buffer size required for a stream queue at a host or routing node based on a maximum

object group delay parameter and maximum multimedia object size.
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culminated at a value not more than n multiples of the maximum object
delay experienced at each intermediate node between the sender and

10 receiver; and

(i)  Queue buffer delay introduced by a queuing algorithm at each intermediate
node, where the maximum delay is based on the size of the queue buffer

size divided by the minimum object size.

15) A clocking mechanism at a host and routing node to synchronise with multimedia
15 object streams received and to schedule transmission time of object streams at a

predetermined time slot, said clocking mechanism comprising:

(i) a module to determine the arrival of a 1¥ data packet belonging to a object,

based on a multimedia object reference;

(i)  a module to compute and maintain the time table of all the streams, based
20 on the difference between the last sent object and the next scheduled

transmission of that same object;

(ti))  a link list for the data packets received for all subsequent data packets

belonging to the same object; and
(iv)  aqueuing module to put data packets in assigned allotted time slots,

25 16)  The clocking mechanism as in Claim 15, further comprising means for providing

synchronisation of an object stream and to limit the jitters of an object stream by using a
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Using an appropriate filter.

19) A means according to Claim 18, further comprising means and apparatus for
10 enabling the control of different traffic filter specifications, based on a generic method for

the allocation of bandwidth by dividing a real-time delivery window in terms of decoding

frames into multiple time slots.
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ABSTRACT

The present invention provides methods and apparatus for streaming of real-time
multimedia data object across a heterogeneous network was presented. The present
invention also covers methods of allowing legacy network nodes such as routers and
network switching elements to inter-operate with the apparatus implementing the
inventive steps for a collaborative effort in streaming real-time multimedia content rather
than relying on end devices. It also provides a means to provide graceful de-gradation of
the multimedia objects presented at the end user in a public network where the bandwidth
is hardly managed during heavy traffic. The invention provides the means for managing
multimedia stream traffic at each of the network component along the logical path
between end users. It also allows content producer with virtual lease line to stream data to
end customers based on the client device profile and network resources without putting

severe quality in the presentation of multimedia objects at the client’s end.
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