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TIME BASED MULTIMEDIA OBJECTS STREAMING APPARATUS.

FIELD OF THE INVENTION

5  This invention rélates to the delivery of scalable multimedia objects to meet real-time
applications on a heterogeneous network. These scalable multimedia objects may contain
synchronised audio, video and data information for interactive, communicative and
broadcast applications over a wide area network. The present invention relates to a
multimedia objects streaming method based on network resource availability at each

10  network component. It allows real-time end to end delivery of multimedia objects with
minimal effect on the presentation quality of the multimedia objects over the network with
dynamically changing network resource parameters, such as varying bandwidth, delay and
latency jitters. This invention leads to methods and apparatus that allow fast high-level

application data context switching and routing at the network layer.
15 BACKGROUND

The current delivery of real-time data depends very much on the feed back channel from
the receiver to the sender to provide a report on received data transmission statistics.
Based on this feedback report, the senders will take Vappropriate actions on the
transmission of subsequent data to the user. The actions taken by the senders may require
20  reservation of more network resources for end-to-end data delivery and re-transmission of
lost data. Re-transmission of lost data requires the receiver end to report specifically the
amount of lost data encountered before the entire data can be of use to the applications at
the receiver end. For a large system where there are a large number of servers and clients,

the report messages between the terminals utilise a considerable amount of bandwidth.

25  In both connection and connectionless data network, data packets at the lower layers, such
as the network layer, treat data as transport for data loads, differentiated only by the
priority or the time to live parameters. This distinction made between data packets at the
network layer is unable to relate the coupling nature of the application layer data
fragmented into data packets for network layer delivery. Some of these data packet

30  parameters used to distinguish the various class of service between data packets are listed
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packets ar &° e 1199 1R THTS TAIraraqnt 45 spick 1Qcbe QAo presentation value, because

the time for decoding the piece of information has already elapsed. As a result, network
resources are being used in delivering real-time data of no value to the end user. In
addition, this non-presentation value group of data packets may cause unnecessary
20  network congestion at the already strained intermediate network nodes. In many instances
the congestion of network traffic may seems to be prolonged and in a worst case scenario

the traffic congestion may 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

fype of data and how the data should be treated for end-to-end delivery. The intermediate
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to treat the |P data packet based on it's different quality of Service
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t hat final Isy arrived at the receiver end, 15 the strict real-tine

requi renentSYMMARY | nst ances cannot be met. A data object that arrived not
adhering to the real-tine requirenment is said to be of no presentation
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received. In sonme inplenentations, a |large data buffer or an arbitrary size

of data buf4&grgg,§%§' atsgcohﬁ bt ofdhd &%,;zﬁg, @Fﬁeteig?mgig%&Qﬁneﬁloq%lb&él%%gt he

stream’ng (0} romthe ‘'server to
synchronised time stamped multimedia objects as payload of network data packets, said

method comprising the steps of: fragmenting the data objects into one or more data
packets; marking data packets containing part or a full portion of a single multimedia
20  object using a unique reference; creating a link for related 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
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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
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t he nanageen%&;t 6 flugtpies g pre "PPlﬁli”Fli'tg% (gﬁhf R Ey! ?&e%eé’rc\f’g’}ecbr any
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al so shgws 151@;‘?7 sﬂo%vsﬁﬁ@&e'tﬁ'ég bl%&?éiaéram of Object Packet Stream Traffic Control found in
the Object Stream Scheduler sub-block of the Exchange Object Traffic Controller.

0

FIG.8 shows the detailed block diagram of the Time Slot Allocator found in the Object
Stream Scheduler sub-block of the Exchange Object Traffic Controller.

FIG. 9 shows the flowchart of the method of scheduling object data in the time slot
20  allocated for the Object Frame. It also shows how time slots not used for current object

frame are being accumulated for future use.

DETAILED DESCRIPTION

25 To solve the problems in the art, the present invention allows the current network
configuration to use apparatus or devices implementing traffic control of real-time streams
at the Content Producer domain, the Service Provider domain and the content consumer

domain; a means for intermediate network component to stream real-time data; a means to
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object streans. It also shows a preferred format of the object descriptor.
5 FIG 3 is a block diagramof the Ing|’6ess bject Traffic Controller used
in controlling the flow of real-tine traffic into the network. FIG4 is a
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i hvention invol ves ?éSt emarchitecture that allows the end-to-end stream ng

of .time bad¥dleibireet sme-pirgpedphiect dateeThe data infarmatinn ofdhoehiect desstipienin
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Traffic Controller (lngress Gateway).
payload.

25 At each of the intermediate node, such as routers and switches connected with the
apparatus implementing the inventive steps, the data packet received is re-assembled. The
data packet is re-routed to the host using the Egress Object Traffic Controller (Egress
Gateway) if the data object has reached the final destination, otherwise it is processed by

the Exchange Object Traffic Controller (Content Traffic Exchange Hop) for re-

30 transmission to another network node. In the Egress or Exchange Object Traffic



15 In the Ingress Object Traffic Controller, a |large data object is
fragnmented into nore than one snaller network data packe specified by
t he chosen network | ayer for delivery. Each of the netmﬁﬁgéﬁ\’%ygé\%‘ket are
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routers an es(%/\néat%(l: es egglglbﬁggt?r@g\g%ﬁ? ﬁbl?‘%Sat%r;;‘g‘aer“ﬁeﬁﬁ%%ﬁ%ﬁl%%ﬁﬁ%ﬂ’&%‘ﬁ@e

i nvent i \ve shpishaseden tihad sotp Bqleebricd basedod thestrafBe smpearoh lfitter addpred thatie packet

is re-routed to the hqst usi t he. Eqr es ject Traffic ntroller (Egress
Gat eway) | fsgf%% %‘éPBﬂe%b‘P%eg‘Pg ﬂg“s“{}%ac%re‘ge ?’ﬁgyr ﬁ%ﬁ%ﬁf 1324t Inrfhe {Objpet ?Heﬁ@r\(m ge it
is Er ocessepielh?anﬂMSEotqmngenémjmﬁhgfﬁeaéqhiranmh frikd traffic f(}@péttaﬁerﬁtd ordd ﬁtﬂ;]fi c
Exchange . Ho or rex 30 trgnsm ssion to another network node. In the
Egress or Iﬁgéhr?élhe@éomr&gfnef? i5p¢ jowver ity pEE] dota sehsdulinechn OPIgst deFoding o

obj ect desgriigd O dét@miradfons tegbinof Sbjeed dtReh etbs@pebral réckiVRd. Gid Slinbrel S
spawned .f or eac(p o(g ect stream, Ba fed on.the tim ng information the System
obj ect P arfleFidegoding trge g‘?‘ﬁé‘fﬁ a&laftﬂs/ or thg obiset datip &F defvered femeptgeadl-timer obj ect
frame is conpbes theMiRahi OBedt Quibud. Afs @&lnﬁl;&iﬂ@s@ﬁedhh@%]@ﬂhb ‘68%& data"Batof the
obj ect data._ The tinme schedule for the delivery of the 5 object based on
time slots Wi¥ exRis withip dhaphicch timg f{aﬁ’é1{’rﬂ?fsftff‘éﬂ‘sélaﬁ‘érQllﬁFQfdia‘Iatoé’lecﬁd@ﬂleed f or

the streamsufin WYjQE tadkBehdndy heshbdllQ hedt. A adNE JiQf hiCoPabRiuled PUt 1N
t he Obj ect stream queue and t%ose obéect data not neeting the requirenents

of the traf?KFeEs YmasiEP 2t taved & eduture Chiertdrarandt heregre mseflpiantdinadets) ower
priorityy ORH@GEnalHnfe-F&tE Qett hil ddted APonD e FdserdEC R d& fglng 'eRdL. 11 ahlfd GFeM J!’led

fromthe set of object stream descriptors received. e or nore 10 object

decodi ng t ilpfefiiciegt §mgmslotsafor delivedy, fobject dasa diof exniredintthe nextwbiediefrimenwsd t o
meet real -t{gBagditeria in the Stream Cbject Queue. After conpleting
schedul i ng of the object data that will expire wthin the object tinme frane

in the St reag\ bj ect Queue, data objects_ in the Stream Cbject cache nenory
are schedul’edatdopiect paokel schethulsd; for re-ansmission is dhradigrasgmbled chased en the s ot s

are saved fo@fpufinbiWbil Gitbdl 8&d a ARk Heddel r?seﬁfnaﬁﬁ’erdead.cgﬁmgfs)j. SI::})I@ %oéegs[rﬁés' ots,

15 additional tine-slots are allocated fromthe reserv meet | needs.
If therr@ arepeptsd i thecdatarbiect incthe ExehangePbiges| Trafde fontsti]er of the dntermefliate expir e

in the nexto@Rivifhin th %c@ﬁﬁwﬂéﬁﬁﬂm&%ﬁ@til rﬁeﬂ%%eﬁamﬁ,thapa&%%acﬁ&khedul ed for

re-transmssion I's then re-assenble ased on the output network criteria

and a networ k header is mapped accordingly. The process is
e invention provides a system and apparatus for, and methods of, delivering multimedia

objects for improved streaming at the multimedia content provider, improving the quality
presentation at the content consumer end and improving the network congestion at the
25  service provider domain. The present invention is described in the following in detail with
' 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.



20 repeated for the data object in the Exchange Object Traffic Controller
of the internedi ate nodes within the service provider dog@:‘% unt'%%t he
final destination has been reached. The invention provid ey and
apparatus for, and nethods of, delivering multinedia objects for inproved
streamng at the nultinmedia content prdvider, inproving the quality
presentation at the content consunmer end and inproving the network
congestion at the 25 service provider domain. The present invention is
descri bed iRefartieg nov|toviilfy 1i n diegram| ofinint kxemifasy estreork systerh enangistmgeoft ed
enbodi nent g; I: ' . I r ayM.Ngs

i nt roduced%gg%%%g{wr? i ﬁ’gl C#‘é#}s%ém&%g&de éér“%g‘ﬁ %‘gmﬁgér(rsle% bs gﬁ}‘ﬁ?ﬁ%‘ger&r e set
forth in onekgptienos phustrateid If shows an dlitomglhnetmetk figtctiord pemmheritbeinpraddsdnt

~invention j 1 h rt sone_.of, t he expl anati ons, .some
obvi ous de? %?lfors&e?ﬁg{: L‘#"gr(rgln%n%p?téarn ge%?en% %ﬂedgfa e’éeﬁ?tf‘il@' @55?‘:@“{3)’9%’5? é‘”’flﬂﬁ’ But i n
order té nebntemipeoksaans prked dg ditealt h gmdabe néntént ¢arshinenmarkéd bireigralar y 2004

8 Referrin ow tg Fl ..a diagram aof an exenplary network system
consi st i ngqolp' )gg‘ef ﬁ??‘@?cﬁenﬁ'é‘f%WﬁﬁgWWBﬁﬁ’F a lfgg"“f‘(? i ErREh AR e h e
vari ous aspedt sithef tht Centpiitaanimer oy €oviter Prodacdr kibisih) ddp&lling dn (BN RN

addi tional petwork functignal  conponent bein ded to. allow traffic
control an(?g-‘r?ﬁtn e eS‘I‘tRHg]?aée@%’E@r £ & 'W“%H@ﬂﬁ%rogoibﬁatwaﬂéﬁﬁm?s; t he
S content |SeRthscEuntenfBrovilek €. Pie BedvRE Phovidet dodiid i§ BineQst Bthe COMEMTET
marked hy ljiteral  1.10. f;gﬁbph si cal end-users w.th conmunicative

appl i caPi oA%duss vig 4nehve H{a¥ sheees dhecsawe nglworkqlink, { Aetndiachitegipre @ theconsuner

or - Cont ent firkt eRHERted AMIBITR, swIRRIGE Hldhkn) Nt .&. NEorf broVityt ke QbinBAd cohpoResm The
entity that enSL{{yes the end-to-end delivery of object streans i's the

Servi ce Cofagsed by lgealybp, 1s temped pswitching jelegiepts gichdp ageprasentative resWpRéct ed t o
the Cont enteoriforRhOd#CRItING Bf AaRChIMREK drl pifobhRl BHAT KitchilE GaFeNgBWOr K
link, 1.4, and architecture as the first connected network sw tching

el enent, 1Switching Theelaryige Providen anayopqatainm mpenteerk efainkesepnnsetadi sveitchingl. 6, s
terned 18 S\iehfehs Rt & 8@ﬁffferéﬁt‘?&Qoﬂkﬁ)r&fﬂo@s‘){rﬁ%ﬁﬁt@&ﬁr&e Eg%f gsv@iﬁ:ﬁg@nent for

routing of data packets or performn abel sw tching ayer 2
ﬂ‘g@&%@hanae

swi t chi ng. clPAentSéy sanpected e ¢ iGoatent by Hopek-§ude Reréim the Smetinmrafct ed

swi t chi ng Sy jof t 0

architect ur()l(},js‘i'c.:t &Each o;‘éha%l etagd\j\n}b?gﬂ{trtr?lg%gl %ﬁ{eﬁ?sobﬁgtt i@%ﬁ%e@% ggﬂfeoévgitcgg%t ent
Traf fi c Exelemsgie Thipgpnnactigity besweesy thoswitching elemeot andre GdntepbTeffic Berhange

i nt er chang . ] f i raf.f the i t chi ng
el ement - ThoP bonh 3 FABISk hidoh gl £ BlaP ook thbe Bdhafled) S5ehY

Tr af f i €0Ex othaneptwedls gonnecting This Snkaaltbays diestbiv ofiselected date sitdams froth. differediat ,
al | ows dat e S the t Wor n tion.. This |ink
al | ows t he@?cf_%ﬁv&gf&é‘egpgc%? ecgn%éi[eg S rHeléll(‘;)1 e%f{r’]yo%eg(? Rl ﬁﬁ%ﬁgﬁzﬁ-&?a&g%ﬁ{?puser s to
be contr ol befdredrethgpassed ddckbip théewiBhitgeelemént.ahfthe Conterlt Prgpaddridpmbiaf thee bei ng

passed bac 1 ing.el enent ...In.the Content Proyvider _domain, the
traffic geﬁgéﬁgtgéeg&%@%e%g%hgg e VL Tps: é?t }stm%ds%fa?%.tﬁ', ti:"f égﬁcﬁ%gfltgi”% by the
| ngr ess Gafl 8y coritroB thet traffio Rhtesihg tHeeServied Pioviden Dembing FohbBre®@ey, \thee eerder ovi der
Domai n,,.For,_ brevi "serv used to descr a | qgi cal

t the ter 25 "s; I | b
ont 1ty 2 TS i It dretSE T loelat el VEob i Geiie L doBER g ke AHBHE: wor k.
TEe :5 ast smégsshmagneakiaﬁrmeilmtmcﬁag\ﬂmnPﬁ@whéliggnmﬂmomdﬁﬁ dsﬁﬁlﬂﬁﬁt ed to
t he Egress t : , Yia an_ ipterconnect, 1.9, that shares the same
type of nefWg\é%%&P%Engsa%"éﬁychil Ré’&at 3y ipterqopnech d Schat tates BissamadPe Domai n,
it may consf sdwerk prdtb@Nhsd Mkl fhe ChonleRtOMEkm@ TSRS, R REy doasist oFese
clients can either ‘have high 30 bandwidth, 1.14, fixed |liné access, 1.12
| ow bandwi gists ithsdiffgrentyimgiviosk ggecss profiles) SThes aliensy oo eftherehane Wigh
regul asg t BedWidh 1@, ﬁk&ftqm%ersQ 11BE10H vahBia@N 15,08 WRBhS adRs, 1.08 8E" ver

carried out by the client.
Egress Gateway will regulate the traffic streamed to the client and requests for the server

carried out by the client.



18 February 2004 9 Literal 2.1 of FIG 2 shows an exenpl ary descriptor used
by multinmedi a obj ects before sending themto the network ?fL' the 83%] ect
fragmentor. The application object descriptor provides s& BN

i nformati on for the object fragnentor to enabl e data packets beI ong| ng to
the sane object to be linked. Data pacKet linking is necessary as, for a
data object from 5 the application, in nmany cases if not all cases, the
obj ect needs to be fragnented into smal | er packets adapted for the net wor k
del i very | dyitsral Bef ofr G  shkars dneexgmplapedeserimior wsad byl anutimedia iobjegts deforehe

net wor k | ay, TiREmftd MAGR time
|nfornatlorlsglztiidrl1n m?nr% t+ ng o?goglaklg tgégf?g%ts ror#}%ﬂﬁ' fgggﬂg%%dedd’bﬂm ?é/s cﬁ;}g obj ect
as appl i catrironddseviicicstofifonmationdon thaohjed fisgmrentor tnrdabie dﬂu} prkds belongitghe

he Obj ect 1 PEGARe e \GBSMGT Ol BT REL iR Aond S 190 B bt " ™'

carried 50utth¢3appé1datwm, trhmamgessed iftrot a8 cdes,otle rog]ectameedsatmdbderegﬂdmdmatod fset:
par anet er, | i i.on ces r to decide
on the val Ui aﬁer Pag e% %‘{‘J‘ tﬁ%? itﬁ% O{J(E‘ie%ﬁ%fﬁ?ygﬁt’gﬁgg L&a‘h‘éﬁ%ﬁ éig}'lﬂ?}eery dat a
packet. Basiath oametsheftl(d:neaMIk mfrh@ﬂmdﬁﬂ&h FiG:2 sietwsalidmettbd ﬂ:emsbviamgl oad

si ze, the nunber, of .dat a tst | inked is . Each
. of the dat & aiematq, %f’rluiﬁlﬁ% ?ja(% '&?t@or?sag Eﬂgarﬁlﬁaﬂe tohle& %?nl que
Maj orf Qbj eﬁpplﬂﬁﬁ@{ Wﬁsdmfﬁfreftreaﬁ:? thﬂ nautilmedaa Bbje@i_ﬁﬁntﬁ\hh& hettvbﬁc ot %ERéhf stream
uses fof, the entire cle of the sess | j ect Reference
nonber 105 HEeRBRiGT epbis G » Fmon oR-Go Bk O QBT e, T sPiveat | on

Wi th the Oftagalenthtichgpiotdsotis thén Zarrfe@lout Baddd Al e Aasiilor’s 'e&Jdat fateommd he
.object data, both the Major and 20 M nor_ object Reference nunber are

stanped, eifrerefenss Qffsek Pasametere 2datispinttiatisatipn prosats 6@“’5&‘51‘(@@%8‘?@! feader or

a representgatiiyén Bt vblﬁadﬁ robjeaflﬂirﬂag bPife méadtdf%eﬁﬁlv\‘&i Heﬁi@gﬁd
carries. Stanpjng of_ the data packet and packi ng of ment ed data into

the payl oad®td o the chjerilercapton prd the neBiope rwgrymaﬂe@@& Rber ofyda 6, 2.7
and 2. 85 Atpatif 168€ nﬁazedqé aetaaﬁﬁwri<4 cﬁ%@ome Has ﬁaﬁ@ardl%magﬁeaed %%xe [k data

packet s are time stanped, by process 25 the sane ti val ue

passed by tthen stasnRed (Withess Byt Mgjor @he%l&?fer@@cemua@ﬁem & 2-hi & hurgben vthidhni se
with com ”Qhé’éﬂg&?&tréﬂﬁtlﬁeé for Eh@%m{jr@ﬁ?eddy@l% °tfme§5ﬁ’l"‘em‘§{”“$’§ncié@%?‘%%§ SO” the

time value in the object descriptor of the quJECt ence. 3 shows
t he bl ock mvaléﬁrazmwemm@d by 9ne & eayly sessionTurepted; by tmoepplioationrwithythé Ohjeenabl es
mar Ki ng andy6Rek4H00 t ' t qor K.
bj ect data %%entgngr sj ?ﬁregz{ }ﬁgdraesgak%c%fgttegﬁ g‘f&ed&iegtn?ér% olte}{;glve\nl\hﬁ 1{] e obj ect
descri POor Mipor objgsh Bsterendommlfer are Stdnweé,pq»ﬂlcmtpad rof et datd prsket Baylbadodyj ect
data are fr ' %@EH r ayl oads
by the bj cg{)grﬁ&ﬁgg%aggncﬁgr eE{agase eQ&?bﬁ% mﬁé? ng% {hlé% O%Pgé%a %Qd{a

mar ked by IJaies. Fsmarnmﬁ thé d:ttzhpaoﬂettaad phgkangt of dragineheteld data mtcsthmlphyioackiﬁtaa

packets, t ke the tiner i aI n e qbj.e

fosor | pt or dacplet % RRESRE BY pleists MEed by i) B8y Ay W end e o,

derives it nsMorkrﬂatua:lacletsfmmnghmedat\mmelstarﬁapkm are, tine §tamﬂ'éale beeeadssng rate
25  2.10, with the same time value passed by the object descriptor. The object fragmentor will

synchronise with coming object data if the decoding time rate is the same based on the

time value in the object descriptor of the object reference.

FIG 3 shows the block diagram of the Ingress Object Traffic Controller, which enables
marking and controlling of the flow of Object data entering the network. Object data
30  enters the Ingress Object Traffic controller with the object descriptor, 2.1, passed down

from the application entities. Each object data are fragmented into smaller data packet



S and this value is fed into the timer block, 3.6, via the input marked by
literal 3.3 if the value fromthe subsequent Object descr égt a’r/'\z he sane.
The tiner value generated is feed into Time Slot Divider, We tinme
slot transm ssions of (bject data tine,slots are created, based on the
bandw dth allocated for the delivery n%@r um Based on the time stanped on
the data packets belonging to the same object, the time Slot Allocator 10
determ nes in which tinme slot the group of dat a packets is to be delivered
to the net idYRadshyrtheQbisctaniragpenitted.Sthosedeondbe Nomodtpayldad sitatas malkddet ar e
mapped to t he
time |nforn‘t}1§,§3 |zgﬁblt)%é€1ti Mfeth@g%gs g%ﬁﬁ(%ﬁgr}tgﬁgﬁgﬁ% h%t%f-» ?C%th'l#é‘teﬁmgt?]r%ara ter
Mapper noddhetime, or timetsatugrie thetnbjeshddseriptat swoin k2. Ip by et fuhgtioda | Hlockmexdkddo t he
net wor k del h t bl o agr am of  the
appar at us Hg\ré r)é“égﬁ‘%ﬁ‘@“’% lg’gbm%%?lﬁég mtﬁri\{\srr%eﬁ%né)&orrshgg ﬂﬁg‘g MHPE net wor k
dat a paéketagd énsl valhelsafpcﬂ)artathscsnmdraﬂoqkeB Spvmmhet inputfrodrked hyniitetabBS iPthet he

Content Tr t her an E res ect Traffic, Controller
(Ror eos car 2k Spm 0 8RSt dch o itor P e TheRhER i ctnera tads. 4 6,
4.4, 4.10 amd mme SIdEaNvider, @8¢cwhet tinteeslotatanamiksiaiatad Qlaek aita tamailotedse t he
data packet_h S_par eco the Networ k_Par.anme Decodi ng
function of t gd%tsed n% %@gw@’ f'l? g%or tgggeh“ﬁﬁ'emle n&a?eﬂf‘l?rtﬁtﬁtnf’t?n and

t he obj ect sfaﬁ'fped @ACthe abita pakes buoagmg he theasss odjeet, m@esseré $101 Allgedibrer
proces |ng t.he Tr“&rﬁr ar nothr source of timng information

and t he Qobj S Ermipesin, %‘et"?t%;r?féﬁ‘e gap Bfed 4o8&it 5o Pr dekvered taheisorbay | oad

De- Packet i Fef edch Idﬁthlp@dfkeﬁtfo beRlefitiged, mqtata%atet bde%é@p%fo&ﬁ@ldémeﬂyl N&awek 4. 6.
The timng {St £€4?E ref rence are the on| pi eces of information that
fayosd ieketz

are extrac & e %@k“p‘gtﬁilé@?mﬁa%f%“f’# of the defa pagkels apresgaele of t he
net wor k datig PREKRE Pael@REer Nhpfe Hiodule M 10g uettfrerﬁreawhera AitdorkacRlY) KC1

ref erence urrber ggcodl ng.of the tim ng informati on and obj ect reference
nunmber in e Bisdetsiork drdiverymedpum Bde- ol | ows the obj ect descri ptor
shown iﬁ FIG2 The Tinmer 30 Circuit, 4.4, contains a tine stanped tine
for eadR of the obj ect data received vm'thi n the Object decoding frane. A

handl e r ef FI@RGRWStHE bRk Athgtam Wtﬁé’hﬂﬁraﬁ:s%ﬁebé?ﬁﬁ% B olBj%EWﬁﬁégrﬁe{r;Yeﬂr I ous
obj ect data received, based not only on the ob reference n

extracted fit®ATe oranqrenstyaskdatpaeketsgng fhe apparetes ﬂléFé@CfPWtﬁttbe fulf funcipasoft he
sour ce and geGdHtdatrrdnc BRIMAEKHES AN eES a% sSOhjid @r{f{ft{@%ﬂ&ol@? @Egés%m ative

of the network service accessS {)or nt. For e tiner he o recei ved

to work ac&areaRy) PogstE Ief fmetiens blpéﬁeﬂarkwebbt litexat 4.5i h6p4. &c‘klmaﬂﬂ 42eFarpdat ed
d
or creaped ¥ JdrkHd dBvdripfiRs H?ctkhtqgceweg Th BRa g&gcﬁte%d%% Lgﬁ%ghﬂlf&eﬁéaeg%gg rent or .

4.12. The timng 5 information is also paSs

4.2, for ataNedvekdormetaDeretinofunetivn of decblaskmestknd ty literel, ddt Thestimmgm
recei ved hagoheashets ke & ecer ved,
the streamis Furt her tt}{r%:r%g %dggéeggﬁ é’ﬁa&%j eg{:ﬁgtﬁreg(geﬁt gstss?dfsr er to
det er mi ne progessing &y th#e'lsmenatrcwm&f Andibergbyree of tining anfprniatiere ahdothe blls;ectunl que

he data pacrars manbe O 1 EEeEhbR AR ATNoheBENE Pefke® ahGRndl", do;

f or t h@5obthedindtiond) élorc}emasl@d vly |litetal st Thatieing & object feferdndé fuerthdJ(a‘:ﬂdef or

bj ect d f he Ti h k
Cne-ti mor SDEER Ol st BP0 abf G bkl SeripadL Yotk (1 o

frame, is hexde oﬁche ﬂel.w(ﬁkdhta paokets dEeshms teaft@ ttinbhK iFOHMRE6@ AhS theS UljBct aS
swi t ches and rout ergg #m per f rmthe 5 function, of tthe Cont ent Exchange
r )

traffic coftrolrerm e FP(‘?ttF‘BPl%}n UFRLM BEiedicrtretermeyraker insthecam

Schedul er bmfda, offthd daar@ckacmndrmthemsaect dbRfipet skl PG 2f TN intdr BT
refere 8ed bry e uni que handl e reference provides all the accurate tine
3 an§spib 44

keepi n o BERIHTS 1 Hie cl3mped time rf@aﬁ%hwfh‘é? objestdatatreceiyved withithihg | i st of
tinmers cregbReh &@&d{né:ﬁﬁﬂ@'ml?anme%t@ﬁneﬁg ereﬁ@& #tpgo{q@% Hﬂﬁnc‘ﬁgh Ctwes] fgam to be
re-routed to anot her destination. For eac e streans recelved, the
del i very t V#fiouspljed datareceiyed baged npteonbibgretbe objest agferibagsanmber extradted fatn v dual
obj ect stream decoding timng requirenent, and the transm ssion tine
required are conputed by the Tinme Sl ot Divi der, 4.11. In addition, 4.11

al so provides the bject packet streamtraffic control, 4.8, with the

obj ect descriptor constructed fromthe data packet received via the Network
Par anet er Mapper and Decoder functional block, 4.5. 25 Based on all of the

i nformati on co$uted f or each ob'| ect streamof the tine slot divi derI t he

final delivery of the object stream Based on the precedence of the object
stream carrr ed in the Ob] ect descrr pt or of each Ob] ect stream the Tine

~l . e Y o v N .




30 functional block 4.6. Timng information of the data object streamthat
I's scheduled to be transmtted is provided by the System,[i Sl | vi der,
4.3. The System Tinme Slot Divider gathers all the infor r‘rﬁg?:glﬁ'uwaé%\%h time
sl ot divider assigned to each object s“eam 18 February 2004 12 to
determ ne the m ni num obj ect decodi ng me. The nunber of tine slots for
the node is determned by EQ2 (see below). The M ninum Cbj ect Frame
determ ned, by the System Tine Slot Divider, follows the function in EQ1
(see bel owythe pRifgtdessviptor frubelo Ahe3sqyeserand rigstiationastivod sdstrashandiplse dhesal

obj ect frankmeRdsgestRthtivie? hOMRO FXERAUEEs FoRt TFof thFElmg\é?%rr k! oBfect Dased
on the network resources allocated for transnission. The network Tesources
may i ncl udeedsitedip ook asqurately withindeach tiamep thektnery i blockd dl4aare upddtal omt i on
gener at ed - S. 3l lLhsed; W, t he..Ti . Sl.ot cator ,4.9,
such that tt%eeafleggor?"eﬂn?}n% ‘ﬁ%“ﬁ%?giﬁr?g’? :t%n&@géﬁ é’gmrrgl;)uﬁlggﬁfr%m ﬁélélhgﬁ %%Wn%at a
header d&r dnfoudaigniinalshpaspraytb tleecOlject DreeFragrmentork4.pafok adcutter constchctott oy t he

functi onal : iteral .4.5. 100h}ect. Frane = n di hgRat e
bj ot St r b SR 6 B bdafBicba e S8R B8 onl o, SRPE OBl E o1

St ream N) ( BRedn rdwmivedahd grepinas xcthet procaasedriythe Ohjetti StamfClaRiidie ] 1@cto data to
be transmitied o e.Earess.node or Content Traffic. Exgchange Hop, a
time franme (%gepplélgh}ehea@ﬁmé% %O%Pg% °%§°t§é§% r1?8§§9f°8 ﬁlﬁléquﬁk'ja%(ﬁ? rez‘%?ré’ans to be
transmi t t edf distobjcthstrepmeias r¢aoheit el finalrdRstiation dhd duta phRetafeesdssed o ke i s

equi val gnt 1.0 e fine for codi n ne (bject data as descrihed in the
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| ess bandwibtiffes usedifor objbgtdedodingadie tipgg infdrh@ion Foni the TR €hcaif whRHUe®d. Each
- Cbj ect Fra may consj st. of nore than one tine slot, depending on the
bandwi dt h gll‘e? Bristsiar 25 ORiFRL styeam Feselyed fwithie org, Objeet Rssodmepispe Admegison t he
amount of treqmsdl ssi on bandwi dth allocated, it may contain nore 20 than one
time slot. The nunber of time slots per Cbject Frane can be conputed as
foll O\IIEVSZ - Zrmlgr@f foki tE@}g)ﬂt @étfvome&onfpoIérﬂsla%mhs&si @iltch@tﬁld%n%@@} toffis%ﬁet : Hrrllé 'ﬂgal ois are
rate . or eac ec rane, on an integer nunber o i n

all 0\(N88.5 | ?fufmsn egé@ %‘Fft“élt Feehangs effie C%%quér, &l the fungtignal gb-Ytesks jn the

addi ti onal Ol:gé& Streath ScHeaMldR blstk] a7abRAreh@fedeaRE ifitbAR dac 'femheFﬁraéFe, i f

the sumof the fractjonal portion of tine slots cal cul ate orns a val ue
referenced by the uniquephandle reference provides all the accurate time keeping and are

kept by the Object Stream Timer Circuit, 4.12. This list of timers created only contains
timing information for the object stream to be re-routed to another destination. For each of
20  the streamé received, the delivery time slots for each of the object data, based on each
individual object stream decoding timing requirement, and the transmission time required
are computed by the Time Slot Divider, 4.11. In addition, 4.11 also provides the Object
packet stream traffic control, 4.8, with the object descriptor constructed from the data
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



mor e t han one, accumul ated over a number of Object Franes. The rate of
additional tinme slots in terns of Qobject Franes is i nverfﬁ:%npro&?&t I onal
to the fractional portion of the conputed tinme slots, n, “defFiv romEQ 1
FIG 5 shows the organisation of the Objgect Frane, 5.1 and tine slots, 5.2.
In the case where n is a fractional nunber, the transm ssion 18 February
2004 13 of the ohject frane is scheduled earlier than the tinme frane
bounded by the Ohject Decoding rate, as in, 5 4. Over several Object Frane
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the tiner I it r 4.4 and 4.12 of .FIG 4 and 3.6
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i ndi vi dual %ﬁ%&ﬁl}%@?@%@tyn&aﬁ%eﬁgg fean orF ﬁ%él ep ertoﬁgn?qr&ﬁ(g o g’fer ence
from ot her peyipaadf thetnetvank piketachrried bettgrthefinctional Hlodkiarked byfitaslecs. wi t h t he
timng information fromthe object descriptor, 6.2. The tinme value in the

o) Cob Eer ! P OTOMR RS MADERKHERRE S, SRRl DlolinfRatd et fiams ) ©¢ 921 &
-..,DecodingRate opject Stream N) (EQ.1)

To enable the exact transmission time of the Object data to be transmitted out at the Egress
node or Content Traffic Exchange Hop, a time frame called the Object Frame is assigned
for the Object streams to be transmitted out. The pre-allocated time period for the Object
15 Frame is equivalent to the time for decoding one Object data as described in the Object
descriptor. In the case where there is a requirement to use more or less bandwidth, the
‘object frame period can be increased or reduced. Each Object Frame may consist of more
than one time slot, depending on the bandwidth allocated for the delivery of the Object
data. Depending on the amount of transmission bandwidth allocated, it may contain more
20  than one time slot. The number of time slots per Object Frame can be computed as

follows:-
No. of Time Slots (n) = Transmission rate/Object Décoding rate (EQ. 2)

For each Object Frame, only an integer number of time slots are allowed. In the case of a
non-integer value as a result of EQ. 2, additional time slots may be allocated for each time
25  Object Frame, if the sum of the fractional portion of time slots calculated forms a value
more than one, accumulated over a number of Object Frames. The rate of additional time
slots in terms of Object Frames is inversely proportional to the fractional portion of the
computed time slots, n, derived from EQ.1. FIG 5 shows the organisation of the Object

Frame, 5.1 and time slots, 5.2. In the case where n is a fractional number, the transmission



15 references with simlar major reference nunbers and with the sane source
and destination address, with simlar network service acg gsqrg%\ﬁé 4numeral
representatives use the tinmer session. This allows all o ? g %in the
same object streamto follow one timng,reference. As the object data from
the sane object streamarrives, the tiner is updated with the internal
tinme, DeltaTime, as nmarked by literal 6.3, with tine resolution finer than

the 20 tinme period of one tine slot conmputed. The tiner session is deleted
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t he session. This allows all objects within the same object stream to follow one timing

-

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 iﬁformation 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. 1t 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



15 data that neet the filter criteria, reference of the data object is
passed to the Stream Object Slot scheduler, 7.4. The Strﬁglfpebcr}ua' egbo

Schedul er then assigns the object to the tinme slot to delrver o4bj ect

wi thin the decoding rate as specified '51 t he object descriptor. The tine

sl ot schedule information, which refers'to the object delivery time, in
ternms of tine slots, is passed to the Tine Slot Allocator. References of
Data Object that did not nmeet the filter 20 requirenent are passed to the
oj ect CacHbe 8giticypf the objectsiesam. ah hommeini the dafp stragure delos. s allgwsbj ect i s
passed to tfbaibddTer th @jnaftid ACRRMEM FeqrirE LEMMMORh ST khpRCHG RO Y of FIG 8.
The bject streans in the cache nenory have object precedence of | ower

I evel s and cdjeubfledpPbtati@ictir ansm tted because the capacity for the stream
has reached the_assigned bandw dth according to the filter in the Object

St ream Shapi ng MRSt PBRINBYes| G 8 shows the detailed functional diagram
of the Bi ne Sl oviAlObeesiad in Bytdser al 8.1 shows arbitrary streamtraffic

recei ved. The ogjﬂect éra reated by the Time Slot Allocator is based on
the assigned tr &YSRPSIFOANEEAW dt h and the ni ni mum decoding rate

det ermi ned fronTbhaEOGy&s rotivéde Sl ot Divider, 4.3. The tine slot schedul e

i nformati or} fromthe (bject Stream Traffic Control, 4.8, determnes if the
data sel ect’ed by the Object Stream 30 Multi pl exer should put the object in
t he Streamifitheepreferrad art, m8ltiPleringtsbguehte @atn f£hhahd okjas heedve MBthythe feabt. Based
on the que information . from.the _Stream Ohj ect eye, and. 18 Fepruary 2004
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per f or ne t ect to Tipe Slot x, marked by literal, 8.4. Because
of the fi ni%‘éﬁoﬁ'eamfr(%)”%‘it Saep Sgﬂepﬂ%?rﬁd&r%l%?ff%é Gliengignsssa on the obigsidataonal

bl ock, 8.5 sizBythe Fado6fentr adi Segrételidioe bOHPRSF the o) JedAtd BRI e gl 1 f the
menory assiﬂ_nedTi[hs usgﬁlug‘gagg,t here are free tinme slots after the whole
obj ect in tREATsINE dRtpibshap B FRsvape dspenfing pp the rate gEdesading disr het i n t he
St r eam16bj elafa tKaRE1R6: tAE AT Kritefia, Telctenbd &’iﬁgda@éjk%jé’rdrt]% palled {dhé StrednPotje b fS' ot

Mux, 8.4, to be delivered out to the network. e ‘'m ni mum Queue size for

each streamtSaesAYem e Bie Steeam QhjrchSehseulenthen assiges the ebigot tonthe ting alot thhe t ot al
menory assidgives tHeWbjdchRitBRitRCdecSdin AR AsspRehLl Bard16h; 8% HFJchtlaQ TaBgpueue

menory shoul d not exceed the followng to neet the total group delay for

one node; Mikhgduly informegien, avhichaefersdy the dbjastdeliverty dimexin( tvans ofCinjectats,Si ze /
Decodi ng Rad akseliEdne Phme 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



Dependi ng on the anount delay to be supported, the group del ay val ue of
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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, fneeting 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 Queue. 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 fuﬁctional process, 9.5. Objects that meet the

real-time requirement have the total time the object data packets reside in the queue less



mul ti medi a objects and the delivery of different decoding rates in a
con. nectionless 20 oriented connection, accurately based i_ndi yi gual
decoding rates. The invention further allows synchroni sai!?g??“&?ﬂﬁ? time
based object stream such that- real-ti delivery specified for the object
stream can be net accurately w thout an accurate tiner being inplenmented by
the host network node. The present invention provides a nechanismto
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1
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the said ohject data. A Tiner, .can ifprove synchronisation w thout the need
for a centraf '86?{’%Plblall?wﬁ1§heoflellr¥§‘fy at?ivﬁgwﬁtr O@BF‘OP‘E] ﬁ%&@ﬁd% R M8Ni sat i on
bet weensnetsteivkr, andléfs clifig @owf dtthe BYBHIELiIGNnSthe PioRNneA6LbRALEhERENS t O
estimate the degﬁodchn%%i gﬁ of e?cr obj ect bel onging to different_object
streams. 285ThiPSarql BRTIREHTRPLY ltatsp Sefuoss the prgsessInERaNsF Readpdifor fhie it r ol | er
to control tofirfah réportigBesedioh he@afalredeRRE fomahd éepvephaper or filtering
algorithns. Wth this invention, object streamtraffic shaping can be

per f or med curately and. sinultapeously with other traffic shapers. This
i nvention 3&30%%8“2’9& |a??be e @it Edﬂ?%@d? a‘{]elhﬁ‘?fsreﬁbmﬂ‘é énd fear é%)ai-gme
i mpl ement i amitirheigp bBjBEN tand e dklivey o deffsrért Odecsdimd ritbsTh bl @hhdclio¥@r W de

area nejworks such as the Internet = . .
%B oriented connecfion, 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.



25 or a corporate wide Intranet. It also provides an i nfrastructure for the

content provider to stream AV content to users in real- gﬁ and h e anount

of data objects to be delivered to end users can vary ded 8‘?%@78 % he

profile of the users, on a data packet ,petwork such as the Internet. For a

virtual |eased line, a server can choodé to streamcontent to its val ued

clients with better Quality of Service over non-valued clients. 18

February 2004 18 The invention provides systemarchitecture for apparatus
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heavy networ ﬁ"tf’reécee 18811 an ?’3‘?31 P%he real -time 10

requi r ement alloms effrcrent use of netmork resources and al so provides an

i ndi cat or tTheh¢ogleat ditayseitchiog toambe Hehfatmetdha tharmttwak Hevel thus fité¢ingitlent f or

t he sessio Lo ent erate [
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differenti aa;{tlel%rct{aezg?dl%s%e ;r(}alr cveelsltsﬁl%vi’rasea F%’]’ ‘Eﬁﬁg IEHT GRp © Hagﬂr he

client'l prcoﬁgdstmn,Ejndmppmgémtsmdbbjleetdufary useful in delivering real-tine

data across heterogeneous networks to light-weight clients with limted
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stream ng asperkitoe: protacoltp kmpssynnlgommimrbewe&neremhemﬂesoﬁhsmm to
control dat ener a ed b di o" t o ensure
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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.



(i) an Ingress Gateway to control entry of data packets into the network;
(ii) a Content Traffic Exchange Hop attached to a | egacy i,t chi or
routing network conponent; and (iii) an Egress Gﬁtema%iﬁ%nﬁﬁﬁﬂggl t he
exit of data packets fromthe network, and to streamcontent to end-users
of different network access and 10conputati onal power profiles. 2)The
systemas in claiml, further conprising neans for attaching object
stream ng apparatus to a | egacy network inter-linked by network conmponents
supporting existing network protocols and architecture. 3)The systemas in
claiml, WiGEGhintibh pldVelfe§ $stlh L MMYLcrGEBY la3Ratusl REhMAhahR] EE inveh@TENt O
nodul e to break 36 Igrge eQb?sect dat aCt:&[(r%to sa?gd?? er data plagket g gutlﬁfged for

t he payl oadteps, fer inftanchian elgeohbafiic gedtioller tp bawehifigured @nd yormectédiorany legay t o
perform cl | kONs 0 ¢ | I.n i of .t he .obl.ect to be
decoded byq‘t%ﬁ‘le‘)ggﬁthﬂg‘g‘%/?c"ggﬁd heerf 0k °% P ggg(r?q{gbﬁgéatrﬁnsalr é%m?ngn%)#hgvi des

| i nki ng Sof imseshiixer dtepd atraprowidt @ acks-titneIngechanisn foo c@@eriewiching blaedoobnagt s t o be

delivered; (] i .of . di.vider tqQ conpute the tyransm,ssion ti of the
Cbi ot aat dldebonfiud bE iRl ek il § BRI iR Gl ARGR Sp g T
al | ocat or tseritcléhgefunttivas.tNewerk a0t gdstiareis aboidel byvdisaidingldbjdcebataiahich 2894 20

consist of a number of network data packets, if the real-time requirement fails to be

observed due to heavy network traffic. Discarding objects failing the real-time

10 requirement allows efficient use of network resources and also provides an indicator to
higher layer software that the bandwidth is insufficient for the session. It also enables the
network components to operate in a collaborative effort in streaming real-time traffic
through a large network. It also frees up the additional resources required at the client
terminals to implement sophisticated protocol stacks, for providing feedback based on the

15  traffic received. In addition, the system allows real-time with high timing accuracy
delivery across a wide area network without drastic c_:hanges 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.



(vi) a Network Paraneter mapper to translate the timng and the object
reference of an object descriptor to the header of the nggﬁprk d35&1packet
or to encode them as part of network data packet's paylo ebry

(vii) a Network payl oad packetizer to ggcapsulate t he fragnented object
dat a 5packet into the format used for livery at the network |ayer. 4)The
systemas in claiml, wherein the Content Traffic Exchange Hop is provided
at a node and conprises: (i) a Network Paraneter Mapper and Decoder nodul e
whi ch checkesLamdsencodes the headers of the packetised nultinmedia objects
based on the 10precedence |level, tine stanped time of nultinedia objects,:

the source 1§nd ggstl n é}l on reference i) a Network Payl oad Packetizer and
De- packet i zdr pstenr ﬁHﬁ?ﬁ%@P&‘{t’é‘gQHH“a%@@ﬁ’BgéPEWWf%@t exifding netwerk t he

dat a pac ket1§tef&mﬁeh&mﬁs%ﬁﬁn@liﬂ &miroll REAtES nE@fEH%S’%utltfmbﬁéc?gretaﬂs Lhe
Network layer; 15(iii) j.ect Stream %che duler to regli Ster accurately

t he decodi rf§ ePst“FFet"T‘?SY e‘@a@r?“éfielﬂ‘?é’ f anitiaerinehiects, pashistemersaiprsidzand t o
schedul e the delivery time of streans to be routed out of the node; (1v)

a Data packets ti)ansmi BgicnGashscs sitrol &Lt@t&ﬁa&?a&efshﬁf@ttﬁetx@%ﬂg mul tinedi a
object if transmssion tine allows a single multinedia object to be sent

out 20in its entiret T, esch | er for re-allocating the

sending tine of B o% é%%“ag %‘n%éﬁ?alng% op Afige %‘ﬁ?ta fegacy switchingor guiRget ¢ he

real tine requi renenhetwérktcbﬁp@@e@ﬁd stream (vi) a System Tine Sl ot

di vider for synchronising all object streans for re- 25transni ssion or

re-routing; and(iii) an E .
gress Gateway to control the exit of data packets from the network, and

to strcam content to end-users of - different network access and

10 computational power profiles.

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;

(ii)  atimer, used to perform clocking functions to emulate the decoding time of
the object to be decoded by the end device;

(ii))  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;

4% a time slot allocator to determine the exact time of delivery;



(vii) a Time Slot Allocator for the exact delivery time of an object stream
| eaving the node. 18 February 2004 21 The systemas in égibm 1,2%ere| n
the Egress Gateway conprises: (i) a Network Paraneter Mag Forvaty coder
nmodul e whi ch checks and encodes the he%iers of the packetised nultinedia
obj ects based on the 5precedence level 7 tinme stanped tine of nultinedia

obj ects, the source and destination reference; (ii) a Network Payl oad
Packetizer and De-packetizer used to encapsul ate and assenbl e the object
data fromthe défih padkesverkoParameters meppashioe transtate diey dhifg end dhwd objeetnsi t t ed

to the Network | ayerﬁefeﬂ;%(:.é Bf &ad%jeg?&egﬁ'}rﬂto?‘% ﬁ@ghﬁepéﬁhé ﬁe@&/orﬁ(%ag%%gfé%rne the

final destination of t obj ect” strea based on a uni que handl e reference;
(iv) a Timer G recuittozgnebdpiivkets plit pEndbeodeta phaket'spaylaailindg a ti me st anped
time for each of the object data received within an Object decoding frane;

and 15(v)an Obj ggh Dene 1844 }%:ﬁ%iétﬁr}grgﬂz%fc%%?laggtﬁe qﬁtFrxlﬂerﬁ&{ 8gg¢%f<fa&m the

data packets of 'the same object. ‘ Irvefing sy roni sed
time stanped nulti mepicket oitp thetfermatused fr deliveny attimtnebrdik thaea packet s, sai d
met hod conprising the steps of: (i)Fragnmenting the data objects into one or

nore data pgcketrfi system as in claim 1, wherein the Content Traffic Exchange Hop is provided at

a node and comprises:

(1) a Network Parameter Mapper and Decoder module which checks and
encodes the headers of the packetised multimedia objects based on the
10 precedence level, time stamped time of multimedia objects, the source and

destination reference;

(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;

15 (iii)  an Object Stream Scheduler to register accurately the decoding time for
each of the data object streams received and to schedule the delivery time

of streams to be routed out of the node;

(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

%) 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

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

leaving the node.



20(ii)Marking data packets containing part or a full portion of a single
mul timedi a object using a unique reference; (iii) Creatin link for

rel ated fragnmented network data packets originating fronﬁgﬁgmﬂﬂﬁ§m4

mul ti medi a obj ect using a object reference before transm ssion; 18
February 2004 22 (iv) ‘Stanping the dat%lpackets rel-ating to the object
reference with tinme reference nmarkings the instant the data packets | eave
the transm ssion node; and (v) Attaching the precedence |evel of the

obj ect, based.on the object reference of the nultinmedia object or on
network data packets fromthe said nultinedia object. 7) The nmethod as in

laim6, fugth ect d i ptor t
2l Tow o meihs T OPe Ao LA F oefh 8L P/l BRoAREC, 12700 bet

| i nki ng mechani sm and for synchronising nultinmedi a objects delivered across

a network in th& 10 % d¥ehwak RarampiernMeppen anddPdcodrnt modude bich. chegls Fide net hod
as in claim7, furth IS] : L.gl ngl- f
application entiti ess{cg&gi %ggdedﬁlfql %frtieie ?h‘g&fl%oﬁ@g}rﬁlg@ho Jet@ﬁgﬂlg%ij g%tthedat a

wi th refSerence to ot presederise devel, timeastanped timatof myltimegiia dhjeetss thewowpphiddcat i on
entity. 9) The nethgd.. ' i 7, further conprising the step of

provi di ng neans for %t“??ﬁé’{lfkﬁﬁl“?q’e time fragnented data packets originating
froma single object data, to provide a reference point and accurate timng
for end-to-end §é9nchs datwosk Payloadf Packstisemand dpasketizdatsed to encapsulate and

assemble the object data from the data packets of the same object received

o

from and transmitted to the Network layer;

10 (i) 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:
) 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;

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

transmission;



10) A nmethod for scheduling the transmssion tinme of multinmedia objects to
neet real tine delivery and achi eve constant del-ays bet V\?ﬁg inter-arrival
of multinedia objects at a 20 next network node, said ne ‘EPW%Q sing the
steps of (i) Dividing a transm ssion tj into frames based on an Obj ect
Decoding rate; (ii) Further dividing t transm ssion tine wthin each
frame of a nultinedia object channel into tine slots, the nunber of tine
sl ots being equivalent to 25 dividing the transm ssion rate by the

mul ti medi a obj et¥) de¥amping the¢ atappaskets gelating tmdhd gbieet tsfmehst dvikh ftimebt he
obj ect channel or t LAk 1SS e .18 Eebruary
2004 23 (111) Porf orgnaraneile HEHRAL RO b 30 TEElhe dhiniidthgal,

mul ti medi a obj ects windh time stanps within the schedul ed object delivery
period or frame period, (iv) Conputing a schedul ed obj ect

del i very period i CRutd i ' t ' ohj : elay
period al |l owabl (g.; an‘gtté(e\ﬁ/ﬁng%ltralil-ﬁs{-gr’lﬁg‘g]tlﬂ3 ?eg/gegl Jgﬁ'héoﬁé%’:ﬂé Egrqao?)J t@é;{)]bdg{t(?%‘gre%c& I vered
wi thin Bhe tinme slotof thy multimiedig oljedt roraorc aetverimslatar packeth effaibj the tsaldei ng

re-schedul ed to be drﬁ{lliti}ﬁ%ﬁi@gbﬁ& atine slot assigned later. 11) The net hod
t her '

as in Caim10, fur conpri sing the step of providing neans for 10

dynam cal | y changi ng the nunber of tinme slots per frame by adapting to a
changi ng obp ect Tae&wstiod s rintcdains 6, t fyhes jomprising sher step of peovitlinghamgbjectt o t he

transm ssi Ql@sci?igﬁ)?% Afow! Die pstféé&?{ighek ieﬁ}hies }gl%wa-lr-@ﬁ) gﬁ%&ﬂpﬂe A%ta iij e((.%I IMglo’

further conprising the ste
mechanism and for synchronising multimedia objects delivered across a network in the

10  form of fragmented network data packets.

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;



(1) Computing the nunmber of tinme slots available for nultinmedia object
15delivery of a current object frame; (ii) Updating the sm ssj tinme
slots reserved over a buffered object data in both a quehg%aﬁﬂﬂyébggd cache
menory of a stream connecti on; (iii?3De-aIIocating time slots for a
subsequent frame if the transm ssion of”intended nultinedia objects cannot
be delivered within an assigned franme, 20as determ ned by an object shaper;
and (iv) Allocating tinme slots froma tine slot bank accumul ated from

previ ous obj ect (i} anBesforming, am emulptadodeliyeryi time nwtheflutey besedreati aultbnedia s

wi thin the specified;desodifdintd AYTe Lthi p the
assi gned object f rarr%g 2513 Tlﬁrgé gné{l %\gﬁggwg%%%@%d %,Létfaﬁpfﬂ%yeé@ngﬁi si ng
the step of conputi nGameppriode buffer size required for a stream queue at a
host or routing node based on a maxi mum obj ect group del ay paraneter and

maxi mum nul ti megia opj . Sl . ord: das in
claim10, furt hgilrviJl coﬁgﬁ%nggazsﬁh%duge? e%?%g H?){rvé i |§%%ﬁrléc§#g eﬁ%;pﬁg@égﬁ% ng an
el astic 5del ay peri odmiximumindjest groumdelayfpedodrallawabiedand obj ect based on a

maxi mum obj ect group del ay paraneter, said nmeans for steam ng conprising

the following digcr %@s&@ﬁ@%g%%}e@t Bbd dRRGE eQucRPded Rhthinahy ufe!siy, gy me for

all objects is culmnated at "a value equivalent to the maxinum Qb’j ect del ay
paraneters; (ii)Nodestprangit wserchosmenonethapbigpidemererschedyledorhedielivgyedof an

object is culniat abondd ue not nore than n nmultiples of the
maxi num obj ect del ay 'experS;Fcyeira;cegél a%é?éé'ach I nt ermedi ate node between the

sender and 10recei ver; and . o
1 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:

() Compuﬁng 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;

(i)  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.



(11)Queue buffer delay introduced by a queuing algorithmat each

I nt ermedi ate node, where the maxi num delay is based on th ' t he
queue buffer size divided by the m nimum object size. lgg@rﬁ§¥?§)oéki ng
mechani sm at a host and routing node tz synchronise with multinedia

150bj ect streans received and to sched ‘fe transm ssion tine of object
streans at a predetermned tine slot, said clocking nmechani smconprising: a
modul e to deternine the arrival of a et data packet belonging to a object,
based on a lffll t The&ethog s de claime 18y Brber compriping thvsten ef providingpueans derd

mai ntai Nt Redrhil® ahadsBc Aelad! eribd ForS iHe CRATal &aﬁﬁﬂlg Qe ngctdﬁagédeBﬁrhce

between the | ast sent object ‘and the next sche transm ssion of that
sane obj ectmaxjmym)object j gijup idelpy frorametas, daid amemme kot steaming vedpiisorg dliel

subsequent ﬂﬁ’t‘ﬁn%)@i%&gée@fﬁlgw ng to the sane object; and (iv) a queuing
a

nodul e to put a packets 1n assigned allotted tine slots. 2516) The
clocking nechanismas in Caiml15, further conprising means for providing
synchr o%i sati on(idf andotsj ensk deliveryalelaantime éorl dlnphijeathis fulmingted apfa walueobj ect

stream by using a I%U@QEH?%‘@Q‘%W@%%& ?gb%&%}s cache nmenory and by

mul ti pl exi ng an object in-the cache y enpty tinme slots of an object
frame. (i) Node re-transmission delay where the maximum delay of an object is
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:

@) a module to determine the arrival of a 1* data packet belonging to a object,

based on a multimedia object reference;

(ii) 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;

(iii)  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



17) A nmeans of avoiding network congestion and to limt short-term

bandwi dth utilisation peaks by delaying the transm ssion .gf. data | ects by
usi ng cache nenory for 5data objects to neet real-tine delg(faﬁrﬁﬁrygp&%n end
receiver. 18) A neans of noderating azgeak data rate resulting in a burst
of data objects at network nodes, by diVerting object data to cache nenory,
obj ect data of |ower precedence using an appropriate filter. 19) A neans
according to Cajm 18, further conprising neans and apparatus for 10

enabl i ng t K&reaB Abieg caghe mpmary ardfy mpliiplexiag pn phieqt i the spehe suemionnio, entpéised on a

generic metfipdabQbr il fgrat i on of bandwidth by dividing a real-tine
delivery window in terims of decoding frames into multiple tinme slots.

17) A means of avoiding network congestion and to limit short-term bandwidth
utilisation peaks by delaying the transmission of data objects by using cache memory for

5  data objects to meet real-time decoding at an end receiver.

18) A means of moderating a peak data rate resulting in a burst of data objects at
network nodes, by diverting object data to cache memory, object data of lower precedence

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.



