1 METHOD AMD SYSTEM FOR ENCAPSULATI NG PACKETS
TECHNI CAL FI ELD OF THE I NVENTI ON Thi s invention
rel ates generally to the field of data communi cati on
and nore specifically to a nmethod and system for
encapsul ating vari abl e-si ze packets. BACKGROUND OF
THE | NVENTI ON Encapsul ati ng packets in a communi cation
system may i nvolve the use of nultiple queues for
buffering packets waiting to be encapsul ated. Packets
at different queues, however, nmay experience
different waiting tines prior to encapsul ation, also
known as \iagkeln S&%Jéﬁ%\?@fﬁﬁitﬁ@xg Eﬁ@%'f’%ﬁLq@Jrﬂ\Y PACKETS
variation may introduce unwant Jitter 1nto
conmuni cati on system Moreover, encapsulatlon
according to known techniques may result in
sub- opt|nal bandMAdth usage of a communi cations

= ts associated with

c may invol ve datagrans

of Tafs iﬁbblﬁlonsiel&es g\éﬁeﬁdllynﬁythaf fidd lof elaGApSHinahicatiord aid more

opti mal bandwi dt h usag F Consequent | y encapsulatlng
Speﬁbﬁﬂ%gl’ to yymethed apdhpysty qagn?quléﬁlnga‘f?ala@ﬁﬁamafsﬂ@e

bandw dth utilization has posed chall enges. SUMVARY

OF THE | NVENTI ON | n_exanpl e enbodi ments, di sadvantages

- N[O T3S YV EiNd & th previous technlques for

e n ﬁ_ﬁ.ﬁs U| Lﬁt Lon ag%vg %{aelt gt?bnél 1aae H@lg%?oafs%gtgﬁﬂ%wgﬁgaﬁze %lhe use of multiple
que@@§ ErdITERing fddkéts T diShg & PeCdnc&fsulahd. Paclegntt different queues,

invention, there is provided a nethod for

hovgvenF8 exteRgnGsadifiercat waiings tiRpspriorn e sargnsiptign, also known as
pacggﬂjae%}} &éﬁ%&ﬂ?%@%ﬁ%&l ?Eﬂlatlgﬂ iﬁtﬁ'ﬁiﬁ&e Bg\?glgt'{a& a?&g dnto the

queue; eac
cormnhmeatlomiystdne Mbmoabn te;acqfsukaaok et:cs:)rdmgltb ltdwnswbhm'ques may

resl it Supioalih rab PR WSEES R oRgp b chongfl ylhermore,

pacRéts USsocRIdekih TitBeheBPLHE0E (IP) tRNKAREY Inatdmandzﬁﬁgﬂaﬁlls A &Mriable
associ ated with one or nore packets accunul ated at the

sizq, awhighemay qﬁfeétjue@@amglaaomu efot @@wfbéwméwuﬁh wRge.c Conteguently,
enc?s%fa@mﬁ %glﬁég@ an Ehc%tnﬁrgﬁmg _]ét ex ; %a%ﬁd‘\%’iﬁ‘g{ ﬁﬁl‘?ﬁtmn has

posed eldhlletgeng a next packet si ze and cal cul ating the
next encapsul ation efficiency in accordance with the
next packet size; encapsul ating the one or nore

SURRMARYSORGRE ARy the queue into the

In example embodiments, disadvantages and problems associated with previous

techniques for encapsulation of variable-size packets in data communication may be

reduced or eliminated.

In accordance with a first aspect of the present invention, there is provided a
method for encapsulating packets, comprising: receiving a plurality of packets at an
encapsulator comprising a queue; repeating the following for ;:achgpapket of a subset
of the plurality of packets until the subset of the plurality of packets is encapsulated
into an encapsulation section: accumulating a packet at the queue; determining a current

encapsulation efficiency associated with one or more packets accumulated at the




encapsul ati on section if the current encapsul ation

efficiency satisfies an encapsul ation efficiency

threshold and if the current, encapsul ation efficiency

is greater than the next encapsulation efficiency. In

accordance with a second aspect of the present

invention, there is provided a systemfor

encapsul ati ng packets, conprising: a queue operable to

receive a plurality of packgts; and a processor

coupled to the queue and operable to: repeat the

follow ng for each packet of a subset of the
quepFuPTERictipe of npsicriepswation effderaybawpcigted withpharane; o5 more
pacﬁéts taB%ﬁmg%g ljl?rb cfﬁﬁé %Lé&éﬁgkgé p}eg%c%ﬁlg&? %gc;ﬁuée@' 'pp&hctmg a next

pacldat sitariand Rglcalating rtﬁemegnempmhlaﬁd)m Bfffiércyi @Nadcordance with the
aSSOC|ated with one or nore packets accunul ated at

next prekgi it em@p@aatertg thg oge ﬁ’éwpreemc&ﬁfg asaued af the epng into the
t
enc%:sﬁ&ﬁbfi‘ sggldng\’\fg;tge f];]rR %c ﬁ?ﬁc@é}%?&ésg@%?éé%@ﬁ&gsulaﬁon
effipiendy (Ihneﬁlgpla anexif t}haOd(Etens,l é‘lﬁ:ﬁpﬁﬂﬁh@lﬂlefﬁdlaﬁdyn@ tifeater than the
next encapsylatlon efficiency in accordance with the
nextneppYEtiRB effiisngy- encapsul ating the one or nore
packets accunul ated at the queue into the

enqaRstraldc8yiRes sbQhd! dspt S rEY HRMint SACRRSH! bR provided a
efficiency satisfies an encapsulatlon efficiency

systehr fos kotapseating packbs, camprising: enqeps obanblerto redefivecd plucality of
nex ncaps Iatl Eiefflc e

pachgl ol Lo BRI e AR e {65 5L RigtTpllowing for

cach PEUNEIRT of §BHSIVdMEc &ﬁ'ﬁlﬁﬁfysof ﬁick@ts%l%ll’ ehOEutRBt of the plurality of
efcapsul ator. The follow ng operations are repeated

packeit ii$ eveapsalptedcinid eni encapsuéationt sesﬁmredaccmnntaMMgra phcket at the
ackets .are accunul ated at .the.gqueue. A curren
quells; %

SR oh ClPR: Ehaegouet SR GReAtRv one or more

paclRi$ HtuhAll A6l ReGK Qusud; HreEigT REH. en@aﬁ%ﬁl&hon efficiency associated
encapsul ation efficiency associated with the

witatheioma |oateute padietst ascamalatedortdbié quad asd mtlamgredmwdmxt packet

ti of t acket etermned, |f e.current .
by: it P PReR e el e TR encentlfid Fifettcy in
accibncel QMY thdrRxbopdtkan Q;Izef éﬂ%ﬁpéﬁ%&f ?Whee rtﬁ@p%w bl packets

ef fici ency is. ar eat er th an he nex encapsu ation

accwhilatcdericthe quiee miedhalmcwubaok eestiay i rcapsat sneapsulation

V0 2004/ 062203 PCTY szo /.030
SRS AR QG ARG SIS ORY B IST Ih L o gurgent gpppsulation
efﬁ&@mﬂs gRlhater BMARS ARS8 SnchHshBEPNERARIend¢lvant age of one

enbodi ment may be that the size of an encapsul ation

SeCAéc‘afqlhgl A e“e%% in@nf %ﬁcpaggﬁﬁtn%%‘?%%kgﬂére}éﬁﬁ&es recelvmg éaackets

encapsu i clency an Jitter
at a ghéwrdf anencasulagir. The fodlowang bperateonstasd mpngeéﬁﬁilbaeeuauycntena

e B oGRS BESASL R Bl SRR AL e
efficiency associated with the accumulated packets is determined. A next encapsulation
efficiency associated with the accumulated packets and a predicted size and arrival time
of the next packet is determined. If the current encapsulation efficiency satisfies an
encapsulation efficiency threshold and if the current encapsulation efficiency is. greater

than the next encapsulation efficiency, the accumulated packets are encapsulated.
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encapsul ated to.maintain efficiency while controlling

delay jitter. Artot her technical advantage of an
WQR948s38"t nay be that a del ay associ ated wi t RCT/US2003/030957

recei ving predicted:  -packets may be' determ ned and if i
. the delay satisfies a jitter requirenment, the

accunul at:ed . .packets may be_encapsul ated to control

jitter. Yet another techni cal advant age of an 10

enbodi nent may be that encapsul ation sections packets

may (egtaiino lenﬁddmnﬂm:s o] the wentlmp roge HTOYItiérOIlel' lps more techmnical

ad‘?qqlgqa egvgl %dy | gl?% %%@"&Wﬁ?ﬁg?ﬁ fzxf:\f ghe size of an
&?Qﬁlgﬁ& se@ﬁbﬁ% AdjaBeadh g@sﬁbbﬁse‘)fo 4 berrért \e@bisantion efficiency and a |

cl ude none, sorne, or of the above technical -
prd@meahtmtgegn amecffort rfor eonttol eittere witHe camrinigiving: etficienqyy I the

scctiruiRd ot BT la SptiG ALich teBibAE B pelkdfimay be

enﬁ%ﬁ&c@&@%hﬁﬂlﬂ%ﬁeﬂ&ﬁmwﬁmm déla?'gitﬁerc oﬂsmloﬂ:tee technical

under st andi ng of the present invention and its

admsagsrce?samnm o@wahtr@@@be thatf @ deliy casseciaiedy Vit soqeiving predicted

pa:{kﬁg %Bd[esc-r 'a&) i\% thé ?kfean ﬁa@%ﬁ:egh@ _}H%?&J m:Teﬁtp the c?tcgcumulated

‘padldetsuﬁlhy HeCencapsudara® db eBtrobfittar. SWet @nbther technical advantage of an

encapsul ati ng packets to form_ encapsulati on sectionps;

embwtmgt znam by masn@gpwt@#bwnmpa%ta way o5 ﬁ@étlteénméq cells to
1m1i)r§ itg;t %%@sts%ﬁéh %@c @é If?’%?ﬁd%wﬁﬁgﬁszt wasted or

adcﬁuéﬁapvu“abﬁﬁtymlthmrsag aﬁgdai rret hod for encapsul ating
packets FIGURE 5 il lustrates another enbodi ment of

t he Ceoninwmbedisaents f the Iny@HonaRAIBElIa ORS SQBE: PLHS of the above

o B AR S AT b

. ond SR 8 thé vt BoniliHe AJRAd| MsCripticasRmdlclajhdsintlnd¢dlerain.

system 10 for encapsul ati ng packets to form

encapsul ation: sections. System 10 adjusts the size of
TfoNrbﬁ’ﬁ'?ﬁDk%W“ gve a high_

encapsut ati o erticrency Wil & ensuring:satisfaction

of Boy 4 tnicke comglste aﬁﬁe‘rstandxnggﬁ i pteserﬂ mmatmﬁt i features and

| 'ar ge section,inerea ver, sul at.i )
advanisias, Foleksaes isrow Y & b thed ﬁ?ng({’e rhtion, GG i ogtjudtion witt

meé’?&&ﬁ%}gﬁl‘%ﬁ’&s i wiMSt.em 10 pred| cts J i tter and

FIGURE 1 illustrates an embodiment of a system for encapsulatmg packets to form

- ehcapsulation secttons e

1

FIGURE 2 illustrates an embodtment of the formatton of cells from encapsulatlon

- sections; .

FIGURE 3 illustrates an embodiment of a cell ﬂow,

- FIGURE4isa ﬂowchart tllustratmg a method for encapsulatmg packets c

FIGURE 5 illustrates another embodiment of the formanon of cells from
encapsulation sections; and ,

FIGURE 6 illustrates another embodiment of acell ﬂow
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ﬂows 15.

and adjusts the size of the encapsul ation sections to
reduce jitter whi | e mai nt ai ni ng efficiency. System 10
WeeHpeR0packets fromreal -time flows 15 and  porusies/eseess
non-real -tinme flows 20, 10 encapsul ates the recelved
packets to form encapsul ati on sections, forns the

- encapsul ation sections into cells, and transmts the

cells to a receiver 70. Pack®ts may be associated with
dat agrans of different sizes or variabl e-size packets.

DEJATEBIDESCRIPTION OF THYE DRABINGS an. I.P packet or
i Cel I s may

- dat h b f i tabl .
g 22 Z?E?@Eﬁ@lﬁa'%%a SRR ADCHT PRoealafneDiskeR de f?m encapsulation
sekabis, FSsiceX P la@jus® AR ki gg!ci{et (NE‘E@%%”B@*’? Y%to %nh:leve a bigh

pi ctures experts group 2 pac
enwmulat@ul ttfﬁbllenc}padnﬂetensinﬁg xatidfaotion ofira ﬁﬂoérereqmﬁnemy In general,
roed i nt S. W t hout deVﬁatlng fromthe

SRR RE Gt 1R SR BRI ke DoV R Foniig » ol ssion
whil@falitihg ji@iet, r&éu!ﬁﬁlﬁ I(ﬁfrér'e‘fﬁm?&% l’%}&cor d'ti'asillttgf"@ndzgfﬁclency,

transmt non-real-tine traf
andnidivstsrdhe sizecef e maphldmomﬁeo’m;as do mreduées jigter 2¢hiknyhaintaining

"eﬁ(‘?iex? -sensitive traffi¢;“for exanple, voice data such

as vorce over .IP (VOP) or video on demand (VOD) dat a.
Non-Sys@ba 10 FBodiffed Wackdls ﬂaﬂyréanﬁidédﬁm@@%igat h%ﬁ;@hﬂéﬁ@tﬂows 20,

traffic, for exanple, IP data. Flows trans

‘engansalates t%@;f}el@ﬁdl pﬁdﬁptszerfgrm ieneapsulafitn. sem;iund) famns thei emeapsulauon

b0 5y S 5§03 AR gttt
daﬁgﬁdnﬁmflﬂffﬁﬁﬁt i Qr VB AWIY-size phildh. SrdreREm gfe %b?%&ag)compnse

for exanple novi ng pictures” experts group
andP poket o dategrem; phich may s @feauyvsntablﬁ sizere Cefls ahme gbnerally be

#\c’&é@w el " rb%f(?tp%io éq&? OE g gﬁggectp tq&% Ezlgq%pnse a moving

he tra ¢ my

pldttﬂ’eﬁ EXPREIS SrAAGED hadieg (VPBRE paskeyi Aﬁf othek S@itdUIE ph é)%ft of fixed or

jitter tolerant conprises non-real- tine tra
alaﬂ-&e t5128f ey behdermes e ¢allstwithows| devaatinge fopr ithe concept of this
invef@itime traffic. Jitter tolerant 30 traffic,
however, may conprise any traffic that is jitter

ot oI Rbﬂﬁimeﬁcmdlsmﬁmt&%m—ﬁxﬁb ke anﬂ%foh&éélltﬁﬁe Flows 20 transmit
ter tolerant, " and jitter intolerant traffic my. -

| n‘”&: Himedraffig. (Agording o ane iembodinent) reabtimedlava i mad compn'ﬁe' '

o ATt N L T 5 0 g i

on demhnt §50DY allatat |mm4ifni@ﬂbﬂy 20 efayihcluae ransftmaﬁdmam trafﬁc

per - f ueues and a processor 80. Real -t
eoﬁ’g 8

for (FERP atdy eElozY@ tb@tf trasmitether fypes of aiﬁrans¢nmuW twflic such as
voibd ??ﬂf ld?"éﬁhél‘fl'e af ?Te i al?\%#/@% 'fugsr%qrﬁlefafafcé o o;gllﬁeggdslﬁgg to-real-time

non-r ea

System 10 may receive any suitable type of traffic, for example, moving pictures

~* ‘experts group-2 (MPEG-2) or MPEG-4 video traffic, voice over Internet protocol (VOIP),
- or Internet protocol (IP) packet traffic. .The traffic may be classified according to jit‘tei'

tolerance. According to one embodiment, traffic that is jitter tolerant comprises non-real-
time traffic, and traffic that is not jitter tolerant comprises real-time traffic. Jitter tolerant
traffic, however, may comprise any traffic that is jitter. tolerant acco'rd'ing‘to any suitable

 definition of "jitter tolerant," and jitter intolerant trafﬁc.may_-comprise any traffic that is

-not jitter tolerant. For example, jitter.intolerant traffic may include voice traffic.
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non-real -tinme flows 20. Each real-tinme per-flow queue
40a may receive fromreal-tine 5 flows 15 a real -tine
wOl2004/0523C0r responding to. the real-tine per- fﬂ’@Wuszooslmogﬂ
queue 40a. Simlarly, each non-real-tinme per-fl
gqueue 30a receives a non-real-tine flow 20a
- associated with the non-real -tine per-fl ow queue 30a.
As used in this docunment, "dach" refers to each
msnber of a set or each nmenber of a subset of the set.
ANy gydiEaet 0fnciBfies FelRlimb! JER-foWOYSeut?d Wﬁoﬁ?—@eéﬁﬁl‘i’e ﬁéidﬂow queues
any suitable nunber rzd of non-real-ti me flows -
301 ande preedsor S0 Realttime aﬁyﬂ@xmquab%e%bnﬁer re@btlme ﬁafﬁc from real-

real -ti r-fl o ueues Onv_and r.fal -
e Py o, qia e 55k e AL Bl por- el watfic from
noﬁ&’@él&hﬁ@ flowsO2E UBScH Rel-tinftURK 1ok GRéud JOLMmagTretdind Fom real-time
such as voice traffi'c or other real-tinme traffic _may

flowes 18 el TRal-tirpe affew ofSao ﬁonrespamangu ton theo rfrraé-élmq ipreflow queue 40a.

sl SRSy o hePl ke AE aBBhich: Pl Shug aow 200

asdobiatedSwith tthe Mﬁeammamrﬂdw quARcI®Rl AS us@rBi théddeiuntnt, "each”
real -tinme per-flow queue 40. Processor 80 determ nes

refprs tp ipactparenhes of gseiengash aepnchertod @ subsgt-ofithe sgferAny wipaber n, of

real gﬁ#éle%cﬂigss IESZ’ g{Rﬁ{é 1{?:%& agcf %a%lﬁtggl n%{lﬂe? r}i’ 8% ngn-ré}tf‘ﬂﬂgﬁgws 20 may

be @B&RPSimhidiriy) An P eGitdbddn@hbé dreshiitivie p@ﬁﬂbmqu@ez €0n, and non-real-
processor 80 determines if a current- encapsul ation

timer perchlaan (qrenes S woy hecusedi apeeprgingxior gne &mbgﬂqwt,a@éues that

- uRARSHYAL BB SLEUE Yok DEEROLLomEr RAERRRIBRC TRY be used in

Sl z¢e ermne

plaw of entn ad(ﬁtiﬁﬂm@ ﬁm&fﬁdw gaagy 4ot don-teaprimecpdpsflow quenes
wai ting for the next packet Processor 80, may al sso

30pred| ct a next. packet arrival tinme to determne
wheth : r \V/ d . .
v FTocesdbrdd phaf Ml RN Shobis it ShEF wilen an incoming

packe] igsécelf e a&lazreaIQimGPﬁ’(-ﬂm Quéum 4ie mocexpordhdeteindhed ilfithe packets
25 %f{ tgndl ng.real -tjme -fl ow queues 40, _and.
CHﬁx}’fat §j T5alrtima egdlone .qu%ﬁe A48 fasm pp rqpcapsulation; srstion of a

[
maf%x‘ﬁﬁﬁa i ?,ét%ta%tnes?zes %h‘le%?k%t% %:1{:2 ?pﬁhﬁl dd'bne ?l%ﬁ%@(ﬂ% dFYmaximum

he nunber recelve
sectiom -sizg| ptacemsop B0 fdetermings Ui€sa MMtemngmpsmmw of e -

to secti on -and cel |l s; _Encapsul ati on sectl on
CDPF’Hiﬁt?f[PEﬁ‘é@t%ﬁ“é & 80 carwpstiglion alliincy Beesheld ” Biaoessgr 80 may.

l)

preﬁﬁf‘la nedt e]zgﬂcm §9¢ qgst#,lér Oltsﬁfetb t ?ﬁs‘ﬁﬂh%ﬂ éfﬁEi%ncy ‘would

conmon r I e buf and ce

impreed byiwaitiag dfap ¢he adsit qmcmm]?mn&sar 80 tnmr alzkoapredlct a next packet

£omon n-real buffer 55.5. The, cells
§?tpla%m§@@13 24T ﬁﬁuﬁgﬁﬁ@dv‘%‘%&&ﬁ??la‘i%qWﬂYﬁlBﬂg for the

nex"t Kek] %%fg%%%ﬁsﬂay%ﬁpﬁl@/ §826P%ections to be encapsulated at the

US2

'correspondmg real-time per-flow ‘quenes 40, and may . also adjust the number of cells
- formed from'the enoap.mlated sections. -In addition, processor- 80 may adjust the number

U of packets received from non-real-time per-flow quenes 30 that are encapsulated to form

30

* sections-and cells.

| ‘Encapsulation sections from giieues 40 and 30 are formed into cells. - Cells of real-

' time encapsulation sections are copied into common real-time buffer 50, and cells of non-

" redl-time encapsulation sectioris ‘are copiéd into common non-real time buffer 55. The

cells of an éncapsulation sectioni may be copied sequentially into real-time buffer 50 or
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non-real time buffer 55 such that the cells are not
vlg(gt erl eaved by c)el | s of another encapsul ati.on
204496220Real -ti ne buffer 50 and non-real tine
55 may process the cells according to a PWMS%WO”%F"
first-in-first-out procedure. According to one
enbodi nent, buffers that buffer other types of
traffic such as voice traffi 6 or other real-tine
traffic maybe used 5 in place of or in addition to

| nopaealt iime bufffére55 ScRrhMOte’ 8dls Eii‘efrﬁop 'i'l‘;tgﬁéav'éé bﬁ\@ﬁ;%‘f another

al so include a scheduler 60 th out put

eF%@g‘?]f‘P% secdions Reabimochufier tﬁor'mldbllufﬁ mal ﬁﬁleslmﬁfer 55 may process the
m nons r eal g(ﬁnbuffer 55.

ca@?s recél vedﬁ& k'kﬂt%ﬁgi'o}l OCeqUE: %‘F“P & qBg embodiment, buffers

thabhuffaaithén typesOof e 55:]1@)@0‘&% thFRE e 8ty rdaflfime traffic may be used
hed er, 6 order of priority. For exanp e

a?e 9% Gan egqhﬁl@n i reaktimedytiar $hot hen-reshtimeibutfenss.f er
50
"BYottdl P B 8RB eahie, A0l bt AR reattm, ol from real-

non-rea

tilpe biffer 56 and abn rémtinnocells Fm hbﬁfﬁ?él Qﬂn}&esbﬁffé? :395 N@R1s $&deived at the

er. 55 are transnmtted only i real -t
' Ieﬁug‘% S’“féb SPandpanyreal\tims ey |59, mﬁjbrberlmadleﬂlhya‘.hb stheluler 60 in

N T L e O LA

non- real e e

* benagpigned thighier  priantynthin tnoe-regltirhe fceDMabRRid&Rithi 8 non-real time

0,and non-r.eal tlrre buffer 55 to a receiver
b“% gi% “g&]’;‘}%{%waé stimecpsile frpns nt-ropl Ewnduller Sharedtmasmitted only if

redlBim® BuffeL 90 i nt ?%a rd. nl% ﬁ&%@f@&%%&f@ ﬁﬂg}lﬁ% be sufficiently

buffers and the
largg &a Etnreldﬁ&}rﬁdapmbn}eal—m&e pACIpS]atid® sdcbibh’, CTEARREMAL! GWmay further
The nunber of packets to be encapsul ated

u'a%u%ﬁq ee%ﬂnstff 9P theeal-ilgg b %ru@ a5l non-red] e duffer 5 to a recelver 70.
AdyRRROftabIe pHfbrif 9&&&@1@% gncﬁglﬁ% o R b e R0 ﬁgween the real-

a jitter requirenment
Uﬂ}ﬁhﬂf@ﬁmﬂhennmrmlaumblﬁaifl ci ency Encapsul ati on
One enbodi nent of the

sec?gons are forned h@ cel | s.
t TBHDBHZS SYFEk 1§ enespsulaiag) packeln tecformomsapsslation sections.

for

Th® Bumbeser pdetets Wb bB ch&IpehIRRE 1t E&%\J ﬁ"%ﬁe peﬁ‘@g\alq‘]@m 4@]as adjusted

may be transmitted to recelver
in 1gsROEISE 1 bandapsdakiar effieidney threshelemmncfittérachitifcRat, Suiffthe goal

of RERERR Shff b Flalepand sthGom e Riscapmiagonsettions are formed into
cellerbogsé 'éﬁﬂbbdﬁﬁeﬂtrtﬁ' ﬂlE %I% I’be éel%e%&ﬁ éﬂ{ %PWISP égﬁetéoqs OIS to be

enca sul ation sections Is eSCTI

- dese ith’ refmmcheto B‘iﬁbﬂkﬂ BenA cefl flove aldy b ﬁ!ihs'rrﬁtted to receiver 70.

FI GURE 6. FI GURE 2
Ond ?‘?’BB‘?‘%?'E\?% Sr?eg C‘?“llt??i Wil refersnemid BIGWRE G| Agnethod for

det&ﬁﬂnﬁnghex@m@%a@bﬁ@ldt@%aa&@st isoae&ﬁl@%%ﬁﬁ’ m:ri Sgaof‘@%URE 4.

enbodi ment, encapsul ation secti

Anothap grebadimenbed therfooaption af cells ﬁ'bﬂEe)ncﬁpﬂﬂatm sections is described
des a_secti on header

witGRRAE 3 JCHRRE'S, Sk %ﬁm capliadiinegoof ool fpw s dostribed with
refefsmet tOFIGERES, . '

FIGURE 2 jllusirates an- embodiment of the. formation of cells 250 from .

_encapsulation section 200. According to one embodiment, encapsulation section 200 may

comprise a Multi-Protocol Encapsulation (MPE) section. Encapsulation section 200

- includes a section header 210, section data 212, and a section footer 214. Section header

210 may include, for cxample, digital video broadcasting (DVB) Multi-Protocol
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210 may include, for exanple, digital video

broadcasting (DvB) Multi-Protocol W 2004/ 062203
wdPt0b4deh38003/ 030957 6 Encapsul ati on (MPE) heaglerngsiosinzeos7

Section header 210 may al so include, for exanple,

Digital Storage Media Conmand and Control (DSM CC)

header data. Section data 212 includes packets 216.

Accordi ng to one enbodi nent¢ each packet 216 may

conprise an | P packet or datagram Section footer 214

'Enéﬁ?)éujaﬁ&ﬁ (OPE) HRAd D! Secifsil BEadeP 210 Gidy0slsS ifeldds . for example,
According to one enbodi nent, datagram sizes are

" Digital iSashgs Mok Compaod jand Gravueb (DSMGC) hsader dataex3orbion data 212

incfieB A 780 SRR 0 STb rpipitsech Yool 2P sy fomprisc n.
P E%Ec't QP RORrARY JeetibpFsGer 214 enayeinchiddSfor éxaniple adrtor correction

50 includés a cell header 220, "a payl oad, 240; algd a. d
codsel |Adcontieg toge: emeediment slatagram gizen grei Yrelehige Whilg section header

ampl e, MP ac r '
A RO SR LG by B e
- dat accdidiflgtd $ne 4Rbodinent GnugruMibséction20R enay hdiforimed into cells
have, according to one enbodi ment, 184

250 Baitonal X omohdesceRiLh A 220 ReYlog cdPegiiohodb Btgi30. Cell
hea%%%?ﬁ?ﬁla?%clﬁﬁ?{, ?&deﬂaalg:ge, MBEG2S pHE h?ar%‘agﬁﬁﬁ.' @e]l‘?%lg'tei 230 may

he”TTTPustra exanpl e; a ce s0a may

inchidadest exehiple, MPEGS packet ifosteptiatae Raytad 2B, may rissiude MPEG-2 .

cel1 250b may be | oaded with, a conéfll&g.isqng 15 portion
‘ -oaded with a

n';gg@ Oo?fe & %tdl%lﬁa 299 en%#Fultgﬁ&? t&tion 28b!m5ay? 50 forﬁqﬁ into

Sequentrally un e encapsul ation -

L

L

" onéeEhiotnseeni cle2s0, i dgnithsiesied ekamplaca oell 26062 may be loaded

cells 250, According to one enbodinent, a . cell, 2 e s
withgnfied Pogiam of sschign 309y @ W&Fﬂﬁa#o@n@%%l igfdeg;ith a continuing

porfiff 'i);h’ %}L&é@ ?g@%dia%h lﬁ?gc 289 105 ViRPRREL YorBSR of sdcfion 200. In

examnp a’last portion 245 of.
gererul Aqels 280 noay, besfonhédoseqRafiallyamfil thei engapguiation eentionr200 has been

_ data 216c and section footers 214, is |oaded into the
raggagate o ong BF MORSERIN AT GRHHORANE S0 B CRBPEID g gl 50 loaded

with ﬁ%fﬂ%tglgogéﬁf b al ?Iﬁ%dgéﬁ%ggx? g%dggﬁszgogé% ifR® dRltididal bapacity 280.

* Tn thedilbdtenal exanpde iat ast2Bationi@ds \cdfrencamshlagion SEotiviny 2, cothprising*a -

sl e B S A BB IE0 SRRyt oo

G 'loac:l\%cf-{:}mﬁgﬁ oF %g%yéo‘r%g? G RERe 0@ Perifon 245 ddePHBESRT the capacity pf the

strates i.ment of cell fl ow 300 resultin

paytoadyst bell 26@r hatadditiond] capatisy 280 Howeves cells250vnay be formed in

. - reference.to FIGQJ 2. In_general, the.cell ow. 30 . ..
anyngiher sgifable magpets Pf@oemgeaﬁ%ﬁfaﬁﬁkq%wv, of foltling’dllis 250 is

25
" formation of cells 250 as described with reference to FIGURE 2. In general, the cell flow

30

" des ﬁgéf‘gﬂﬁ i b L 1 ﬁ@?ﬁ@f* yehye.serially, or in any :
desgl m I ar rkr%{fﬁgr%?e toherevmt . According to one enbodi nent, -

eacRIGURE 25llusieajes anlemisgdiment of a cell flow 300 resulting from the

300 may include cells 250 ordered sequentially, consecutively, successively, serially, orin

any similar manner therewith. According to one embodiment, each cell 250 may include, .

- “for example, IP cells or datagrams 240. In the illustrated example, a last portion of cell
“950¢ associated with datagram 240¢ may be followed by a first portion of a cell 250d
. ““associated with datagrani 240d. According to one embodiment, a cell 250c may include

"' additional ¢apacity 280. Additional capacity 280 may result from the formation of cells as




for exanp
illustrat

Wos0ei/memd with datagram 240c nay be fol | owed

first por
dat agr am
- 250c may
capacity

In the

I P cells or datagrans 240.
30 250c

l e,
al ast portion of cell

ed exanpl e,

tion of. a cell 250d associated with
240d. According to one enbodi nent, a cell

i nclude additional capacity 280. Additional
280 may result fromgthe formation of cells as

WD 2004/ 062203 PCT/ Q52003/ 030957 7 illustrated in

B 2 FIGURS, it

contai ni ng additiona
capately AB03BLY), copbitue B6Ddelny 3501 Belaaserorginee expatiedcsttil a cell flow

300 iy 89 Bali b s e e Tk

d@laztant DOOY. 30611 HBYX 39 hey BE
for exanple, 5w
il the iegplapion 95 addm;mﬂs:@pacstyomas describidt with eéferenoe ¢o FIGURES 5

nanner,

a)

L€ e fiGl 3

0 ‘may cont

S-(h[l&l‘ﬁgi b 4 rﬁ] 15,

§ 300
capacl t'y

oDis

the time | apsed bet ween
gveepa lasiiR
%}ﬂn%daiﬂﬁn?toﬁﬁfsi

excliusion o

illustrating

atd §YRES 5 and 6. FIGURE 4 is a flowhart
an enbodi nent. of a nethod for encapsulating IP
pack ﬂGURFIﬁsfaCﬂdv&waﬁgllﬁ}ﬂfaﬁﬁEfaﬁre&%%&?oPé ﬁ:ﬁ:tﬁdﬁ for encapsulating
rm cal cul ati ons describéd in the exa

'Hperfo

2kstsr atlegfoliowing pirametersemay Hel WRelREo perfﬁm anletiBtions described in

1%1&2003)‘030957

additional

smf0c and next IP
k%bﬁ@'ﬂlaﬁner for example,

unber, time and
thr?%% rgfe ﬂ?hsﬁtea%ﬁge efw%ﬁi@fﬁ@f“ ‘real -time flows lid
Palrnbier of De€initiogal -tine T ows 77(2) l:ncapsui ati om
n €11 Cl entYolaPhudb& T TRl Lilll ZOhLeal-ahb Flopa) | oot
i B T g Y 1 AR
PSRN & ' PR resho at - defjines.the
"d'n AR A-J\f e mﬁﬂmsnn efficiency for |
| 7196h- r eal | Ergapsylatign efficisncy forta seatiomwitlo anl ysibyte payload
nﬁectl on (Dptmh}bm@ibdulamh@fﬁﬁéﬁéwal t| me I'n the 1th
oW —Si nbyvtes) of ‘the 'th cell in_ the
Mt 11 o] T thah) debres g PP fogentehe muapaylation
average fﬁqienmformak@mqtr affi_ Exponential |y wei ght ed
Nupovi ng avBiedhelbithai dgfines: the Tmidinum nicespiible jencapsulation
S1(1) - |lefEciendyi fot non-real time traffic
Sopt Optimal payload size for a section
1 TiG) Jth cell inter-arrival time in the ith flow -
Sij) Size (in bytes) of the jth cell in the jith flow
1 Koo G, 3) Exponentially weighted moving average of T,(j)
Hsize G4, 1) Exponentially welghted movmg average of SI(])
u(i) Ti() - Pinter(, )
i) Sid) < Psize ()
| e Forgetting factor for updating ;.zmter(x _])
| SHize Forgetting factor for updating psg.(, j) :
Ti(n;r) 1-step forecast for the inter-arrival time of the 3th ﬂow, startmg
form the mith inter-arrival titne
-] Sifm; r) r-step forecast for the cell size of the ith flow, starting from the
: -mith cell size
o; (m) “Coefficient of the autoregresswe( 1) model for the cell inter-arrival
time in the ith flow after the arrival of the mth cell
o, (m) Estimated value of o, (m) -
B, (m) | Coefficient of the autoregresswe(l) model for the cell size in the
| ith flow after the amrival of the mth cell
B (1) Estimated value of By(in)
“ Ohax Maximum number of bytes of an encapsulation section
1 Orr Number of MPEG?2 packets in the real-time buffer at the current




ff",~r For ettin factor for !jpdating rote (i, . fe
Forgetting factor for u datinize i, j) 4M r) r-step
W(f%ﬂ%@ﬁ for the inter-arrival tine of the 'tficfr)n‘% 03/030957
artlng formthe mh inter-arrival tinme S;(zn }Y)
r-step forecast for the cell size of the ith flow
starting fromthe nth cell size a; (nz) Coefficient
of the autoregressive(l) nogel for the cell
inter-arrival time inthe ith flow after the arrival
—of—tte—T s L,l:‘ll A Ulp . Estimated value of a . (M
R——{37)—1€ fi he ULUIC esstve( ) —nodetr—for
OEE@cel Il §F@8iepﬁmf[ﬂ)§ jf-Q sz Ws%{:n &t the arrival of
d; the nth jo(Wbist Bage ]{tten):x@ielncmltmdceﬂaloﬁﬂleoﬂl flew (m

4 VBXT mum|pypdigted GalR)fesafbdr oAb (RibGe) Bt atdwil fingect i on
I(ORT Nuntler of MPEG2 packets .in.the-re

Dit he currélﬁermm@ﬂ@ﬂPWlR?oosl 030957 8 tine
| Refpn ' (0 |Muwipitotnedfitheienapsuator wfbp® after t seconds di
R;Wr st cqFRak it kate foxahe phgled inbpsel | s of the ith flow
ST Predi|ahgAba)rbSteliin the i pepfioWGuduk 4t 4l gBjken time instant
S T A Bl Vifhe ISy IR, sbfidyT SNt Tor The T
S F:,‘Sizdéﬁtbempﬁtxe&e\ntcgu‘fo 5&&%“&9 | the 7 W 0 sedonds
Shent €5 i 1] Fedicted izso P (e, FPRSERBIRET dtersagivak fpieRVAR I e
_instant | flowpin sepommsedi ct ed val ue of - tat after -
T%geonds | Di@atien of thehmonbrecentaptenarril timepinathe; e ﬂpi"‘bfﬁl
the ith|fskeonds seconds _; Predicted size of the ' .
F@BUDSEqUE Hredibleg ] lo¥ dlhe sdbtsequeﬁt Iﬂtét-ztt-ﬂealllhfefveﬂllﬁ\theﬂh .
aggconds | flow (it Sedonty at i on of the nost recent

AT TIEET= 4'_6&1-}@511 1%8'8,_{ L 0P} o/l kel the ABWS) Pen

»-I-l

b

1

¥ ganst or val fﬁi% Eémle;fﬁr ”cﬂrst‘ bt of the 1 fast cell'of atl MPE section in -
} ith .
¥ a2 | Arrival time for the first bit of the first ce]l of an MPE section in .
' the ith flow
2 pisn 1 Departiure time for the first bit of the Iast cell of an MPE section in
.. | theith flow |
1Y st 2 Departure time for the ﬁrst blt of the ﬁrst cell of an MPE section -
JSinish, P |
' _ _ | inthe ith flow o : _ e
7D, Predicted value of #” 1,2
| 7O +850 /R, ,_
L eurrent - | Current time at the encapsulator :
| m,‘;?, 3  Index of the most recent cell to arrive at the ]th queue |

. In the 1llustrated method, packets are recelved at the per—ﬂow queues 40 and 30
| froni Ireal—tlmc ﬂows 15 and non-real-txmc ﬂows 20 As an example, a packet of real-time
| flow 15a is received by real-time per-ﬂow..queue 40a. In,descnbmg the embodiment of

5 FIGURE 4, the term "per—ﬂow queue” refers to a-real-ﬁfjﬁe'p‘ér-'ﬂow gueue 40 or_ anon-
real-time per-flow queue 30. . | B o o

The method begins at step 400 where a per—ﬂow queue receives a packet The

method then proceeds to step 402 where thie size of an encapsulatlon section inchuding the

recelved packet is compared to a maximum number of bytes: Qm,,x of an encapsulatlon-‘

10 sectlon. The s:ze of an encapsulatlon section descnbes the oombmed 51zes of the one or-
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- 30. The net hod begins at step

e flow (in seconds) ' stari(k Arrival time of the

first bit of the kth cell in the ith flow ~: staN |

WO eeogab2203 ne for the first bit of the | ast cel

MPE section in the ith flowt/r stari,?2 Arrlvgf:&)‘;U 31030057
for the first bit of the first cell of an WE section

in the ith flow fN sr,,| Departure tinme for the first

bit of the last cell of an MPE section in the ith

flow Z) f,01;2 Departure tinme for the first bit of the _
nidre phckes stored ‘aﬁmcpﬁﬁﬂ%eﬁ B, : AcBo ﬂotcihefénﬁ’%tﬁgent the maximum
Pr di cted value o rnis Sn~t /R

PRt G5 fdnag MY the A&Spd’é{tﬁﬁ é’ﬁthatsme afihe bnmtpmllaiﬁon mnon exceeds

3 nt.. gell ot ve, at t h .gueue . | ast
o Sk Hhunfh o R0, D pRbeible8 syt 266 S hpte the method
pmeedsltmﬂepme@ﬁﬁer&@pﬁﬂb&ea& dokem real -time flows 15 and
l-time flows-20. Es an exanpl e, a packet of.

non-
r eal fft ‘iﬁﬁélzefq fihe eneeppalation asolien dogs n@fa'batlsfmélepaamm1mmmumber of

R S P I R N

detenmifi¢ aﬁ/aqmummempmaaum rbfﬁél%ﬁig- ti( mﬁy 6e1thd Icﬁw GH %Sre packets
ere a' per - .

acqumylatade gt e peraflpicipetue Ftisficsat first! thiesildy omeghsnefaqg step 404

-de?érﬁﬁn% ﬁa (%Alhﬁgﬁte?rtggg o %l%ﬁ%?wf gﬁﬂégsul %@oa? 1@% %Eﬂeogncapsulatlon

sul atj on

sec |on %@&er Ofogb%;ﬁoiﬁggh%%ﬁﬁgﬁﬂsgﬁgg%c? ghency tgfeﬁhﬁ)l_d.ﬂ.'m.

N TR B e

exampieh ehep eatiof bOW mymehee . x AGE Paflbid) biyRs GREoCRARL Wil 3h encapsulanon
t he maxi mum nunber of bytes Q ,. nay be 4080 bytes,

SG‘FHODt eanpisig ofe phamose pagletd atdunlaatin the pordiad sjucad e the total
a soc:| ated with the

[ nu byt es
nuaer 3 % 0% encfag?gmﬁg?rh t%%:ﬁon ccordmg to one embodiment, the payload
bytes refer to thf; IP-trafﬁc bytes that generate an encapsulation section. Accordingly, the

current encapsulation efficiency may be described by Equation (1):

"i(x)‘"w for 1<= y <= 4080 - M

184

.where r -I is the ce11mg ﬁmctlom Refenmg to Equation (1), the larger the value: of the |

number x of payload bytes the thher the current encapsulation eﬁmency ﬂ(x) ,

However the trend may not be monotomc due to paddmg of unused bytes in a cell. For

example the optlmal efﬁc1ency nnpt, for one embodlment is acheved when

numbery, =8_, =4024 bytes, as descnbed by Equat:lon (2)

a——— ey ey SR e

According to one embodimenf, real-time encapsitlation efficiency threshold 1, and
non-real time encapsulation efficiency threshold Ny are predetermined encapsulatidﬁ

efficiency thresholds associated with a corresponding real-lime or non-real-time per-flow
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proceeds to step 416 to encapsul ate the packet. S If
the size of the encapsul ati on section does not satisfy
wb Beus pfum nunber of ‘bytes Q,. associated '91?{1
per-?lwg\t/’vjrgueue, the net hod proceeds to step 4\3‘ O§29&;1030957
determine if a current encapsul ation efficiency. q(x)
of the one or nore packets accunulated at the
per-flow queue satisfies a fgrst threshold. In
general, step 404 determnes if .a current
n geffi ci s A7 (o) - [
B0 SBRULIAP" A HEABIA ol Uiche) KRLURIA i Aoy v
'acdepfﬁbleeﬁmapﬁiﬁtﬁahi afficiendy. C Feneyantple, G.ﬁb ozlalilehjf thrdshold n,, may be set
Accordi ng to one enbodi nent, the current encapsul ation
apmbiincitelay 8A%, De sumfiaried step, 4040n cueahgricepsulitivn efficisncy 7(x) -
of .a nunber x of payl oad bytes assocjated with an

forappsligts upesivashat tbemerﬂa% angei isi ahainerd figm FepatiqnatRet Ehe current

oGP e UG PSS o

detEffing fb C'eE@i@)gulaﬁ emﬁ)éﬁé}aﬁ]rés@loﬁy 48$ be&l Rbtidedt NEF the current

['P-trat at generate an encapsul ati on
enpatlatom eﬁnmmcyhdmgs yot mhﬂesfydhc eacapselation s@ficithan threshold at step
ffici s bed uat i on 77 (x)
404, themgtho a@m? tgs éjorg"%wal%‘%}r 20 where
[a ifs plduRht 'eﬂ&ap%ﬁ'lﬁﬁ&h oaﬁci%ﬁé;ergan@ﬂest %&%aapsamubﬁ) efﬁclency
the larger the value of the nunber x of payl oad

thrésholds at step #04yHbe métbod proesstls do odgrsuion iand 408 iteipredict. a next

encaiting SRCIHL R BHPRERet e o AT o ore fpodiment, a

‘nex? thﬁﬁhlaﬁﬁﬁ'éfﬁ@i@ﬁé& friay bd %so&ﬁ%deﬁ@ﬁ’%ef‘d}t moteSpackets including a

achi eved when nunber ™ x = = 4024 bytes, as

“predistadr nésgdpapkeiEgeamidated 23t: a wr-ﬂﬁwp qummaﬂnmxi)llustrated example,

proftne e RRcapSuIPA FeREEY CoRcseR PGiCHBR § T Bisket size. The

next BAckeE Arivhl fRe K GAGIMbAL SRIRE Abl jf:ency threshold 1 are
predet erm ned encapsul ation 30 efficiency thresholds

assAotading tei one embodimenpostieisné0a end A08rase alculated, for example,

L T A —————

sizeeRioedicahg 0 ﬁeﬁfﬁabﬁét%ﬁﬁValttﬁﬁ@ﬁxa? BQ oB’&Ynd&Qﬁﬁéﬂ i@ﬁ'aﬁve procedure or
m ni-mum accept abl e encapsul ati on efficiency.

anYeothwmr@cedm@ switgbitoogencrate Siroprgdicted, valegs ofed set Packet size and a

-.nexgﬁ%r o€| matf at 80% To summarize step 404, a current
' &(5 YR TR%ef fi ci ency T/ (X) for. packets received

atl Fdi€exagiplé,| seos H0BUMd @O@Hia?ll:l%e&rfdi:ﬁﬁtlﬁﬁltﬁé tﬁsubvéﬂg manner A
‘The- cur rent

N predlcted next packet SIZe S (]) used to calculate a next encapsulauon efﬁ01ency at step

_.406 may be assoc1ated W1th the sme of bytes of the Jth packet of the ith flow. Similarly, a

predlcted next packet amval tlme T; 0) is associated with the _]th packet arrival time of the
ith queue flow. The exponentially weighted moving-averages (EMWAs) of T3} and Si(j)

‘may be defined as pmer(ij) and psze (2j) given by Equations (3) and (4), respectively:

Moo G T+ = ﬁmum(l J)+(1 ffm)T (G +1) 3

@ 4D ﬂ:mum(z,ma ﬁz.,e)sfm-l) @
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is conpared with an

5 encapsul ation efficiency i(x)
determne if

encapsul ation effici ency threshold to

wio2oengapiul ation efficiency threshold has been
satisfied. If the current encapsul ation effici&m{S2003/030957

does not satisfy the encapsul ation efficiency

“threshold at step 404, the nethod proceeds to step

420 to wait for the next packet. If the current
encapsul at i on effi ciency satisfies the encapsul ation

ﬁﬁérb%n¢ faDadel %ﬂﬁtgdfgé\&t?sﬁ: odeg% t@g drTEgltreg)%? adaptiveness in the

proocee ds to Steps

@H@@BQEIO theanodhg aviragesy and a next packet arrival
ment, a next

Eneo AGEIARE D it PP i dbe Bt cheduhgon atiany spleulated at step

encaps

4906 4l thefnedietion of Glekd ﬂeﬁarrﬁ)gia%%crfet%g ift?c{l t%fegt 108, may include

mul ated at a per- f ow queu
Dé%%hl%ﬁg & Seqlpﬁﬂéé |a@qudiggtt¢16naeboregeeBsarp3m®ll Bmheflﬁumaegd%ample an

aﬁ%@ eﬁ%lq%%%ggw‘@% gé:ket size. The 15. next :
pac

faang ﬁx(ﬁreéﬂ@t Migk-fy]) and a packet
S‘%@@@““““w“*a 9 peHinde o) Bifiing BORSllopar Dy PbBiEend s are

cal cul ated, “for exanple,
nmmthztﬂd,mg:m-mmn,qtdehﬁ 1ﬁléb@ﬂimﬁ¥nes ﬁﬁ@ﬁb&tk e&w‘%@?(t’l‘hus according
¢ acket Si ze andﬁ}gredl cting a next packet arri

PhfeCTHRRAIREN fiTspadiad the seqenace (afi) Vel o) eddi(a(br j=1)y.) may be
oBSBE! REGRELERT AL S MRS Sub LS Rl tmo-vaying

.ues o

performed in the follow ng manner. A predicted next
packet size Sia), used to calculate a next

encapsul at i on erf(la-el)m,}(k)tt(@ti-e:ps(lél@ﬁ) kagybe (5)

associated with the size of byt es of the jth packet. of

the ith flow S rl te next packet
“arrival time Tj 6{’4@ aéggg‘i H5 %\ﬁ‘t’*hl e lgeh packet . (6)
arrival tinme of the 25 ith-queue flow. The

Whore ow(Ghendi Byl wei tihe-edryimy i bé@i@l\éﬁfsa@é%?e g s a sequence of

_m%p b%.epg ﬁgﬁgl é]émélgnqat%mgg g;;o;gglr( ;;Sndomegqjabiesvd t;he(hcuse processes

Rl e AT RO

f.l sae(i

_sewmaybepewuw@ﬂg%ﬁﬁegézsw%chﬁﬁﬁ& ffiner and

fue are forgetting factors that  determne the
degr"‘e“‘ 57uSssb pReVIpuH thei predinted stest oftae inont pickbhﬂ,g) and predlcted

LT s 865 e R SR SEL TG0 o

encapsul at:.on ef't1
pet-fow guewt ﬂbwpwhafe ireKt2, paokeindgpabdld, Widie gabc ul gt %gd m is the

include 5 nodéling a-sequencé

| md%% 83&*2?0’9?85& tocti Papked grissit fke ensapsulatpn thévpredicted values of Tyj)

and 57 89773 SOGURME F-steP'bf a recursion procedure are described respectively by
Equations (7) and (8):

B0 = @m)Y (B0~ 1o o) + 1y, o) 0
8:(m7) = B,y (S, (m)~ e Gy m)) + o) @®

- where the adjusted coefficients ¢, (m) and B (m) are obtamed by IIll]]]II]J.ZlIlg the mean-~

square error as described by Equations (9) aud (10);
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arrival time sequence may be nodel ed by defining
(r,(j) Ti(j) --,,(i, j)) and a packet size;sequence
gpdel ed by defining (s,(j) = S () = sug
““&%2?@ T]6) and s16) are nornalized, zero- neanC&hEhi #Bm57
inter-arrival tinmes and sizes, respectively. Thus
according to one enbodinent, for each i, the
sequences (t4) j=1,2,...) amd (si0) :j=1,2 .... ) may
be 10 obtai ned according to an autoregressive nodel of
_order one (AR(1)) with tine-varying .coefficients as
descri bed by Equations (5)_and (6): z|(k+1)a|(k)z
(k) +ei-s(k+1), k1, 2, (5) LD +]1) , .
s, (k+1) =QA(K) si (k) +4%(m) k = ~ (6) where 16)
a, (k) and (3, (k) are tine-va 75 @befficients, {e(/)
j =1,2,...} is a sequence of independent
|dent|cally di stributed zero-nean randon1var|ables of
t he noi se processes, and v, and 6 are
~variance-rel ated coeffici PS ‘ng oi se processes
The nodeling of a per f or med u3|ng(un
any aut oregressive tégﬁnlqueggﬂ%¥ } scussed
previ ously, the predicted siZ&%f the next packet SiO
and predicted next packet arrival tinme T4) are

det gmhrefbusly ddsefibed}be dhetrafed, memsa Qﬁi)r vied yi. reEmisloﬂrproccdure
ith per-flow queue flow, - where i =1,

Aqoansting dp owerembodimen, | the admtectarmefﬁm@tt Folm) rm%}k bﬁ generated

the nost recent packet to arrive. at the encap

TequIVely eaic i a/mext @ackst awival fimepednip be rgedﬂ*"dgfij l 9 Hr?@lct a next
S AR B A A TR U (8BS0 g dtmined wing
rec&ﬁs gé tar%al}olegey&j %H é&) %@m\gﬁ)cm% erit) ?.ﬁd Qf%)r t ) ( 7)

(i, in) (8) where the adjusted coefficients a;

RGN Bt Sro ot QRGBT iinﬁéis?fgﬂ%ﬁ?lo) an

WD 2004/ 062203 PCTFUS2003/ 030957 = 12 a) - ZM T (1) T/ (;
j+) (9) 5 (10) m1 As previously described, the:

“illustrated ne ﬁg socedure. s
- According to 0?8‘5%0(2“ ﬁte)t'h Q‘ @s’lf@ oef fi ci ent (12)
cc; (M may be generateﬂ' recurS|Wer each time a next

acket arrival tinme needs to. be. pr dIC ed,. . -To predict. )
whrq ter-step predicsionanay be pbigined usig Wfals Pgt)%&%%ﬂce the mth

me%sﬁ%@ﬁl%&t ﬁ?&eﬁh&@nﬂiﬁnﬁﬁs Q\%Eﬁﬁf@ ”ed’ US' ng

“Foralli=1;... ,nvdo - ' SRR
(hntlahzauon) After the arrival of the ﬁrst packet do o
T )= i (D) =T, (1)
Y, =0
Z,=0
_(Recursion) For each subsequent cell arrival, 1, do
Update EMWA: t,0,, (51 = ffierbiater Gt =D+ (U= e )T, 01)
Y, = ¥, +T,(n - DT(m)
 Zi=Zi+T (m~1)
&, (m)=Y,/Z,
T, mr) = (@ (m))" (T, (m) - Hiter G m))ﬂl,m.;.n(z .
, End-recursion
End-for
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recursive variables Y(k) and Zi (k) as defined by

Equations (11) and (12): def k Y,.(k) =
WnR20044p92203 (j +1) =Y. (k-1)+T, . (k) T, 1(k+l) (11) ; _

Z, (k) dg L T2(j)=Zi (k-1)+T,,2(k) (12) where tﬁ%¥m§%031030957
r-step prediction may be obtained using the follow ng
procedure once the nrth neasurenent for the | ast

arrival tinme is available: 2@ ;Foralli=l;...,n,,db
(Initialization) After the arrival of the first

packet, do T,.(1;r)= F-inte,.(i,l) =T (1) Y,.=0 Zi

=0 259he Wole) : |, arrival .
. o Rt 2RCehs SR URRinch By biep 4l K53y, e determined
usiRg @rsyildmecuryion pyocedurel rack) the pradictionZif nkRf Sichpsulation efficiency

A, e, i Pocds hatep el 40 ollamhind of tpredicted. next

the next encapsul ation efficiency a
defemained afetiep 4124 biyEquationi(i ar Ifithe nexticacapsilatien bffivier@yG€ lower than

; predi ction. of pext encapsul ation efficiency is
thggt%grgrlnte %&Psuﬁ%émrfgﬁﬂﬁﬂcyp E}g% dt]gogqegf, 1o 50 14J 6 to encapsulate the

padkéts noduneulitbd b e Beebwig@edugiext 5 encapsul ation
efficiency exceeds the current encapsul ation

ef f i Ki @ﬁcl}ﬁxpr@@?llﬁugﬁyn cliicEnay nie dtlligherstlﬁnf ?a@%thyent' encapsulation
] ' A ft ext. epcapsyl.ation efficiency is .
eI e ltodrtiAfa iy StancA i deiPonine the exmentsg. datmo assosiated
witle réwetvipg decaea paokal e hbi lifie § ‘
acket ;mgaccurml ag ed at the gjeu?i}-?tlg%?\llpea%%%etﬁe Ieﬁﬁ?%%d r(]igl)z(:zy may be

dedped ps e sbsalnte srlveif S diffeserive dhtveeti anddlinpo£thier finkt packet at the
t hod proceeds to

l.atyi:on, .10 ficienc t.he (
engv{bggﬂﬁfffﬁﬁl ('t)]i)e O%etlaé/r ﬁ%n?ﬂé)a@%e ACser t9\png suberped, when a first
packet arrives at the encapsulator, the time of arrival of the first packet is noted until the
value is updated with the time of arrival of a subsequent or next packet. The time of

arrival of the first bit of the kth packet in the ith flow queue may be represented by

Hh

@
tstart

(k), where k=1,2,..., and #=1,2,..., #,. The times of arrival and departure for the first
bit of a first packet may be représented by t@m,,_ ; and t(‘)ﬁ,,,-s;,, 1. Similarly, the times of
arrival land departure for the first bit of a second packet may be represented by ¥, aiid
2 puisiz. The expected delay d; may be defined by Equation (13): | '

A ; ; : ; :
' di = max{o"(tﬁzm,z'ht%ﬁ.l)— (t.gi'tﬂ'—-'t.gzﬂ,l )} SR (13)

In the worst case, thg computation of d, may be performed after each packet arrives at the
per-flow queue.
To initialize the process of determining delay d; at step 412, #yar s = sy = 0

D : . _
and ¢ start2 = t(‘)m,,, 1. Subsequently, when an encapsulation section is formed, the value of

; 1 s 1 i quated and used to update ¥ funish,1 @8 described by Equation (14):

SO_59 420
: . gst) Or +[ “ 1;;?‘
t(l) =t{l) 1+ ;urem o

finish,1

slart; R

i encap
—

(204)(8)

)
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with receiving the next packet. In the illustrated

net hod, the expected delay may be defined as the
W(ﬁmmmﬁ; val ue of the difference between the ﬁl@b@igzdaﬁm30957

the first packet at the encapsulator and the del ay of

t he next packet. According to one enbodi nent, when a

first packet arrives at the encapsul ator, the time of

arrival of the first packetid s noted until the 15

value is updated with the tinme of arrival of a

PSP SRR TR POyl L, o e of

_ mo@?ﬁé'cgﬁrﬁﬁ&gf E)derﬁyfﬁ fhord Phd - Pe%wsg anﬁi is- the (A€ rate in bits per

times of arriv d departure for .
-secohé of itresith floint, Rajspas fherrate qfethi encapsylatoe ir by, esd e ds ﬂnp number .

of sicabdiat cclty i bk Ry e 5D SBE Rrof Bblonlll

nis fed fi 1
Acgc)ﬁ(‘rpecttéﬁfgg:égi;}oﬁlﬁneﬁmeq@? ﬁé%ﬁéEqﬁlg% 3 n_['r?e or example, using
[

dej
ar F 08! {W;ﬁsﬁ' ipig pvmputed at or after the last bit of the first

pack vk hncithtshiaphghof ion b EHS S P ormed, e

val@é bf H@e 4L, giigeupd%@dper flow queue To initialize the

process o etermning delay di at step 412, tQ a, 4,/
- . ADkterinining i@ defaydd; vf Equatioaf(132) at step 419y tequire the prechctlon of
. Sﬁg equently, when, an encapsul t| on section, is, forned en
rapucTle brediofedh valup Qfcig dDned: 49y DS Sefered Jaoeét o2 204
ttl)f sh f as_described by Equation (14): 1Q
W%Ei%a“@dl Ya BSicn reRT + 184 30 t fnih, |-
Jt(tort,I "E m- (14) R Rencap | J (204)(8) V\D
2004/ 062203 PCT/ 1152003/ 030957, J4 3('; IS the
“current nunberpif Ryt es _,1@41"!];1 eue, SZ. . (15)
(ru,t is the sf of *FHe = nmost recay,, packet to arrive
fromthe ith per-flow queue, R, is the peak rate in -
thItS per second of the ith flow, Rencnp is the rate
F t he encapsul ator in bps, and QRT is the nunber of
encapsul ated cells in the real -t rre per fl ow queue 40 -
at the tine of conputi (fjf 88%h.J. 5 According to 1
"~ one enbodi ment, tine dSI md ey be gener ated by, (16)
for exanple usi ng expreSS|on tri~stnn t +(88 '

,y if it is conmputed at_ or after the-last_ bit-
andt@'é wilP)sis the aeadistedhpymbersof egliseat the, éeaéw@ma@eﬁf%ﬁ $Q> ﬂfter t Seconds
section ingcluding

t first yacket is for
from the current fime tamm Q}ES(O) QRT)D The predlcted pa?;ﬁet arrzval time I;,S,?, and

o the predicted packet size 89, et Of Equation (16) may be ojbta%ned from 'Equaﬁons (7) and

(8) as prewously descnbed

To generate predlcted tlme ¢ }3“,, , In accordance with Equation (15) the predicted
-number of cells at the real-time buffer 50 Q”"’“ (W‘_‘))_may., ‘i)e‘.c_)btamed ﬁ'om Equation
a7 .

O (7 ®) ~ max] 0, OM+Z a7

J-—-l
Ji

82 P)+24| Rouot?®
184 oaE) [ .
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value of time tt starl,2 is updated. Deternmining the

del ay d, of Equation (13) at step 412 my require the
WPaee128h of t f uh 2 and 10 tine t("~fds), 2 dﬁom
predicted value of tinme tCffl,h,,Z my be referre 30957
as described by Equation (15): N.t +Wi)+
QRTd(W " ~)(204)(8) (15) finisL,2 current Recap 15

where: def gS(i) WN=Tug + rnieéxt (16) and Q Ry(t) is

the predicted nunber of cells at the real-tinme buffer

vﬂﬁr@ﬁmgwm Sigg%%ed%‘gtﬁ L‘Bﬂ](i]té}pac &jtrtleg%lrl%ﬁ%ﬁ th%‘}/\”ﬁéﬁazaccummate at

e pre

q&é\ﬁjtabﬁeﬁﬁéﬂdj éz?gx[ of Equation (16)

may be obtainedfrom atlos ) and (8) as '

previ ously descri bed. To gs\; rat fredi cted time tj~~t

2 in accordance with Equdti &, %) t he predi ct ed (18)
number of cells at the reaf?time buffer 50 QRT (WI))

- may be obtained from Equatlon 25 (17): @ (W()vnmax
g%ﬂ St o) (W +24 (17) 204) (8) ~~ ~ 18'4) WO
v &h%@gmnwetrahgsi@@@ﬁdae% tege thah eatisfidy Pdfation 019?
descri bed as the nunber of additional bytes that could
accunul ate at queue.j as defined by Equations (18)
through (22): P . ® 5 e recursion
variable r* is éﬁ”g(‘?‘éié)‘s[tgh{ nts‘-gé‘@%’" %(? Sll sfies (19)
Equation (19): TP(mm -i; k)~W" +tcunmene (rriUI\/bsI| )

anﬁ]v%)eres HN) is the index of the most recent packet to arrive at the jth queue.

- According to one embodiment, the recursion variable 7* may be, for example, the--
largest integer that satisfies Equation (20):
| r(t)

| ZT (m,m,k) <t - 0)

k—l

~ for any positive real value number z. Thus, using Equation (7) to obtain predicted time

I}(mg:;k) and manipulating the result into Equation (20), a recursion function ¥(t) may

be obtained as described b Equation (21):

Hister M ()1 =d)

(21)

r@) <

Fmally, once the recurs:on ﬁmctlon I( ) 1s generated from Equation (21), for

example, by using an 1terat1ve process I'GCIII‘SIOII variable 7% may be obtained by

substituting time ¢ m Equauqr_x (21) wﬂh wo :l-t -—tf;’af,, (m,m) 50 that a solutlon for
SO WD) may be obtained from Equation (22): .

50 SP (5, - m(,))(f__l_(_ﬂ_LL runG) @)

e
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k=1 and where nt2 is the index of the nobst recent

packet to arri:vé. at the jth queue. 10 According to one
wehedispRat , the recursion variable r* may be, ét IU820031030957

exanple, the |largest integer that satisfies Equati

(20); rQ zTi (ma); k) <t (20) k-1 15 for any
- positive real value nunber t. Thus, using Equation (7)

to obtain predicted tine Tggn(,',),;k) and

mani pul ating the result into Equation (20), a

W%?Cléaﬁ n f(ijCt i og;; =(,=t,S) (mramlefrg‘ obt a| d %s),? 2&:}%:0 )S,‘,,?(W“’)
for. € ?‘%]”L 511 %Eﬂ’é’? 3? %‘% @%%gfgiﬁqtt ﬁur Stlf Qﬁ?l ;}gt | oag-tu%e,buffer 50
Ofe (@9‘02%%8% %BtaYr %S@eﬁcfu B{‘? W S%nﬁrth}é%%rgﬁ genl5¥ 5?”?}/ accordance’

m%EﬁuM@nﬁs)bmﬁﬁbebBtameﬁm ~), so that a sol ution for
e obtained from Equation (22): 25 se(oil +

( S; Tha‘mstll:lsé Ptcekds to-step 414%e debegrumng if)th¢ deipy agsop@ted with waiting

foé% gg}/gop6 % Jitter: %ﬂgﬁ%&%ﬁ@g{lgﬁﬁ@fgﬂwg agredetennmed
m {1&6&* rc%ﬁﬁ&nhnt' thét functidns as @ ey rddold IEF&' cvaluatmg a delay.
predi cted nunber of cells at the real-tine buffer

Aqggprting W o;1e ma}hddsn@m Bienedx o] gy sequinerden? s, sod example in the

ther del cor dance Equat i on '
rangfS5F 281 B> GUkeiee' Srofe & REPRSRTIcib autisg O, " The delay
obfhlded B emha €oldp abdie vl Y j ﬂﬁ?%cgﬁfeﬁfénw LR ddyt isneuhm jitter
for a nex acket |s within ji'tter bounds. The jitter

bopadmwbemihe ddapis loaves tharethst J@iqmrm;drement If the delay is within jitter

bounds, that is, the delay is lower than the jitter requirement, the method proceeds to step,

420 to wait and accumulate the next packet expected at the queue. If the delay is not
within jitter bounds, that is, the delay is equal to or greater than the jitter requirement, the
method proceeds to encapsulation of the accumulated packets in the per-flow queue under
step 416 and to subsequently form cells from the encapsulation section at step 418, Cells
may be formed in any suitable manner. For example, cells may be formed according to
the procedure described with reference to FIGURE 2. After forming. the cell, the method
tetmjnates. | '

To summarize, 1f the packets accumulated satisfy the encapsulation efficiency
threshold the pred1cted Jltter s evaluated to determme if the accurnulated packets are

encapsulated I the predmtcd J1tter 1s low, more packets will be accumulated. If the -

predicted Jlttcr is too hlgh then thc accumulated packets are encapsulated. The method

may mclude more, fewer, or dlffcrent steps The steps of the method may be performed in

any suitable order. For example, the predlction of the arfival time at step 408 may be

‘ performed after the determination at step 410.

FIGURE 5 illustrates another embodunent of the formation of cells 550 from
encapsulatlon secuons 500. According to one embodiment encapsulation section 500
may comprise a Multi-Protocol Encapsulatlon (MPE) section. Bach encapsulation section
500 includes a section header 210, section data 215 and 218, and a section focter 214.
Section header 210 may include, for example, digital video broadcasting (DVB) Multi-
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 is mthatiinterthe pagload FA0BaFARI 55040

maxi mum jitter requirenment that functions as a del ay
threshold for évaluating a delay. According to one
wotzomligsene, the maximumjitter requirenent. is, for

exanple, in the range of 25 to 35 mlliseconds J{f3003/030957
as approximately 30 mlliseconds. The delay 10

obtained in step 412 is conpared with the jitter :
requirement. A delay is withif# jitter bounds when the
delay is lower than the jitter requirenent. If the

' | YAy d that i.s, the_de] 'S ,
Rk 1 b, e BOMPS c pnd RSw o s

316 mayeplso idadd, domentaimAs) Digital \Sttiagd R1ddne Cotths S Qontrol (DSM-
I n

If the delay is not w

¢¢f tellcae%g%o 3}'}5’; Peﬁ%_;%sﬁgaﬁoﬂ h%ec;ﬁem a§/00¥=‘-s coppaises oseotion data 218 and
R Rlioh San 0t (e frich b B 215 NPt Py dota 218 amd

zpr oceeds to encapsu
14 qomprises patkets. quenerdindier oncsémBodthbn@Ech Dacket 218 and 215 may
e encapsul ati on ‘

cﬁégsequeﬁl% form_cells fromth :
Set HPoR? Flé% of figtagramn Sectipg fogter 244 rmay ineludey for example, error
cBitbdtRA| € dB N NBhtagiaf] sf%@%&%gegﬁa{bgeéw?e ﬁ%ﬁ?ﬁe@ﬁgezw has, for

according to the procedur

ke QG eytes, and sentiondooter2i4 Habefot etdmipl WufByieed.

term es, ,.20 TQ. s rize, if the packets
a’ccggﬂ “8%??‘3@%%&%5@%@@ gelds $5Gi Bacdycell 550 includes a
céihhesleobh, 4 18 8 o delit B6tel 936V fed. t o
deternine i fﬁ?}ﬂg&gg%%r?% e'ldltdg fgétgtg%(z gi;eZlahea et 220 may include, for

examie MMPEG2 packict hemslepdadi €tk dogiét23er mbg indd¥de, F8 &ample, MPEG-
predicted [itter

i k1. be acc ated. If the
2530 gos%wg#‘ﬁta't Raxioas %E@MMIH@%MM@kgsewmh have, according
toome aptboliimb&d,; 18 wyteet hod may include nore, fewer, or
different steps. The steps of the nethod may be

" per fO8GAEdNE fo 2eaembadiingnih bre or aeore. ehosipsalkaithl RctiddRe500 may be
step 408 may be

i ¢t he arrival tj t
RGNS b oPnotd Seefital B $40%  Brin iRBtratod srotapits @t 5502 may
‘beSloadddsfithad Estopstibe" | . t-heqd or mat j. 0

C@I | s _550 fro?n_ encaggﬁﬁgﬁgﬁﬁ%gﬁhghs%.an&%ﬂgocr%ggégb may be
logdsd 3rith @ ABEcRoTEeR of enreapsationt sectiv 00, ehilGRotHERYell 550c may be

o i.- Protpcol.Encapsul ati on (MPE) secti on.
oSS 18 ki T SRl b enity
untiban tioRC ot 1 ¥ N i

e nomc QR ban SOEIRARLS in ] g SERHORIS 1 e
llysirated jexampleg thedlashporion Hibefenespsulatiop B¥EjorMS00a m¥be loaded into

2 PR SR K] GO0 AB0 P gaion Ao e cpesmswlation sestion 5001
ca emgg e, Digital Storage Media &%ﬁ%?%ﬁ%ﬁ%ﬁaﬁn@raﬁiﬁmﬂ
RAEIEK £ S ey daseribred by BIGURERGa pehsiaatialinawsideéd.on 500a
005 CORE, € Hihdell her ipOBiont of are lchew GUcrrBting from the
formhatian 21l BellnE50 described with reference to FIGURE 5. In general, the cell flow
600 may include packets 212 and 215 ordered sequentially, consecutively, sﬁcccssively,
serially, or in any similar manner therewith. According to one embodiment, packets 212
and 215 may inchude, for example, IP packets or datagrams. In the illustrated example, the
cell flow 600 may inciude cell footer 610 and cell header 620 that may cause a delay 350.
The delay may result substantially from cell footer 610 and cell header 620 or may include
any other suitablg content. According to one embodiment, a cell flow 600 may be

obtained to improve a delay or jitter. In the illustrated example, there may be a smaller .
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5 215 conprises packets. According to one enbodi nent,

each packet 218 and 215 may conprise an | P:-packet or
wobeseis Section footer 214 may include, for gaaabh@zoes7

error correction codes. Datagram sizes nmay be
~variable, while section header 210 has, for exanple,

20 bytes, and section footer 214 has, for exanple;

four bytes. Encapsul ation sggtion 500 maybe forned

into cells 550. Each cell 550 includes a 10 cel

: I _
SRSFSE1 2 809 R0 1y WAL AT B3 s
b FHAEREd twheréCeth hdditiohad rcapiily 1289 contributts, to fihe centanpifehe delay in

spbod o RO o A 6L 608 90D o1 Aesirbed by HGURE 6 may

RO iBRve #E ﬂeﬁ%tﬁl@ asOe ROk He réc@i‘%%p&‘dﬁé%di l'ﬁeeﬂ:félzzw when, for

one or nore. encapsulation sections my be 1
eXaonpie dniaddibionaleapacitymsaleswriped by iIFAGURE B habhéen substaiteally avoided.

il lustrated exanple, ell 550a may . be.loaded with a . .
{1 r SCoagh comboBronn. ahfif dryoHORe BV ORISR oug Rlypore. technical
ad@litag@O 0\ TEhnRA1 dd?ﬂﬁg% ¥F tole BenMSodimBRY a9 O that the size of an
encapsul ati on section Oa, while another Cell 550c
enggpsubntion |seetitedisvidjbsted inarcsponee to arcuokent entapalati®Defficiancy and a
general, cells be fo d sequent.i al |. til a
PrEREE difen i o LR Tossprisgh Aiek Whe srRmiRE e, 16/he packets
-acBBiBlatdl doSnot IsBtis)S MedicteduatiRtRAR MRy thR@HbBSthe packets are
~portion 580 of encapsulation section 500a"may be
encapsylated totmaintain sificiensys 40wilefr technistal ad&mtageaftinaexample may be
first, portio 85,.0f . a next encapsulation section.500b ..
that 4 BE1af Aachle SR b B oGl atii oy 6 ALGinat and if the
defayC OMdfitd QNjiRér hyvieaddhd apAAhulaedPpdckbtd H8Y RS e'ncagsulated to
descri bed by FI E 2 is substantially avoi ded. FI GURE

cogtrp} jitien r Amethes tockmical edvandagesnf anfexampld Imalyl bev e cencapsulation

|t fr the 25 formation of cells. 550 L
soffFt bRt 9Pt e I b4 BRYs S, TR amgposufign sectons
m®ehd folthehint®6dlisythat b falRAs4dlySndMLcaRs aidider der ed

sequentially, consecutively, successively, serially,

or iMthengh snnembedimenhef thé étvgnﬁwmanﬂadtﬁoa@waﬂgage@-améescﬁbed in

: . ' - 8 124, 215 [ | ude, ,.£ ..
ol & BB snBRG B eSart fugd ke S Yoot i, aml ormissions
- withoatrBbparting) Gront @ld spitiowhd Q€bpeBysf the Glrustat Q@&éntiﬁ@%f{{?f;agnéd.by the

610 and, cell header 620 that may cause a delay M
appopdedielalys. may result substantially fromcell .footer.

-... 610 and cell header 620 or may include any other

sui tabl e content. According to one enbodi'nent,” a cell -~
“fl.ow 600 nay be obtai-ned to.inprove a delay or

jitter. In the illustrated exanple, there may be a

smal | er WD 2004/ 062203 PCT/ US2003/ 030957 18 del ay 350
.at a cell flow 600 descri bed by FI GURE 6 conpared to

the del ay 350 described o o




by FIGURE 3, where an additional capacity 280

contributes to the content of the delay in the

enbodi nent shown in FIGURE 3.. A cell flow 600 as

described by FIGURE 6 may therefore inprove the del ay

350 associated with receiving packets 212 and:. 215

when, for 5 exanple, an additional capacity as

descri bed by FIGURE 3 has been substantially avoi ded.
Certain enbodi ments of the ingention may provide one

or nore technical advantages. A technical advantage

of one enbodi nent may be that the size of an

encapspul atj ' j j [ nse to.a

curr enlt' erﬁ%g{)&g@ﬁgﬁ %%a%@@ﬁgﬁggg%r@“{é’%g‘%edi cted
jitterrcceiving aplicility opacheisabhn pitapeulatohicbmprising a queue;

mai ntai ning efficiency. If the packets 10 accunul at ed

do not rematiafytha foiledigd dek endapsatiteatdfon sabidt cafetteyplurality of
threshol d, the packets are _engapsulated to maintain_

ef P‘i“i‘le@né%}t.ﬂ Ah%tSHéﬁett%fcﬁrﬁ ehralityy 0 ragkels o spcapRulaist einto an
ma t.oaiflel ay associated with receiving
pr%%?gstué%ggggﬁg?'s may be determined and if the delay
satisfies a jitter requirenent, the accumnul ated

packet s mafccB@ulaging 4 packehpidheggeussontrol jitter.

Anot her techni ca] advantage of an exanpl e may be that
encapsul at {OFFMIBING: FREFY eﬁl&%ﬂ:@@? ma%ﬁs@n%.aﬁs@alaﬁqﬁ with one or
Cembfe paekétyBEQYRI4ted 4t8e quelBe encapsul ation sections

maybe forned into cells so that additional capacity in

the cel | s predirtiag detext Antdisubhioanfioieacy mevdciatdd Widh the one or

in ' nd its.advantages. ar scri he n

eV SR bR chiu by AL peR RO e e oy apsist iy

al terations, aggidiciaps nethcRENssRE AE W t hout

departing fromthe spirit and scope of the present

i nvention as. eafiladee the ndxé encapsalapionddiciehey imsaccoglance with

1. th&nbesmitdaekkt kigg; encapsul ating packets, conpri sing:
receiving a plurality of packets at an encapsul at or

conpri si NGerRafkuBiify thd GREGH Bk pdoRets QbdupiRed fanheQ?Etﬂe into the
packet of a subset of the plurality of packets until

t Hrscapsylasion ofseetion pifurthe | eyt sackstltips  effedgren| spddfies an

S BRR b R R AR RS TR AR B iy i
ef dreqibiaigy tha HeRGnddeolatibd &fieRAcyr nmore packets
accumul ated at the queue; predicting a next

encapsul ation efficiency associated with the one or
nore packébe metbofinfaelaim . whereiusereaiing thiet following for each

girp%.gi(&;(ﬁfga %det RIS Lty &F SR An3Anl XbsRITKEL plurality of

packets is encapsulated further comprises:

determining a section size for the encapsulation section associated with the one
or more packets accumulated at the queue; and

encapsulating the one or more packets accumulated at the queue if the section
size satisfies a maximum section size, |




cal cul ating the next encapsul ation efficiency in
accordance with the next packet size; encapsul ating
the one or nore packets accunul ated at the gqueue |nto
the encapsulation section if the current

encapsul ation efficiency satisfies an encapsul ation
efficiency threshold and if the current, encapsul ation
efficiency is greater than the next encapsul ation
efficiency. 2. The nmethod @l claim 1, wherein
repeating the follow ng for each packet of a subset
of the plurality of packets until the subset of the

pl ural i3t y Tk m&B6kst slaing 1eHCARSY |Za%gref1ﬂ4 ['ép'&@t'ing the following for
Con‘prl Seg?tl det erm ni n%ﬁa section size for

engaghsRacket ofrp sibeet ofrfhe pdwealitt lapaskets wnﬁé ﬂef-‘n%le@rofer@ glurality
Pagkicketd &Cdnotisalad fakhdrREmPHese; and encapsul ating

the one or nore_packets, accunul ated at the queue if

the se®Pr§dsiingsg éeéasé asspeipted with thedmaskeh anda nexh paskes andg

3. The ep@bpbaskiny theldne Br |m(9{a pabRdtidoumidaEeL! btnthE Qﬁ@@é {Nfe delay
th follow ng for each packet of a subset of

5110 Wléfyap]été‘ffé?@ni?ﬁlem the subset of the pI ur ality
of packets i s encapsul ated further conprises:
predictln a de] ay associated wth the packet
next péck %O‘iy %ﬁeléﬁ'% b é(fl}%"dntth"e e’é‘i?@“b]?“‘?fb?%memy threshold
packrisces alihat eapiulddon i@yl f the delay does
not satisfy a jitter requirenent 4. The nethod of
claim1, wherein the encapsulation efficiency

t hr eshel dThe an@hbd ©F ad mfﬂélﬂi\ﬁiﬁ L 200 aﬁﬂﬁdﬂélﬁtﬂlerburrent encapsulation
ef fi.ci enc ai s

18§eHc3f &ﬁe; & ?ﬁtlr(r)e @atﬁ’gﬁTeéf)F éw?oaéifcqyt%q aéwted with a predicted
C cereapss#sion seetidna:oﬁfprﬁmguhb efie of mpaypaeieks hytidsulated at the queue
assocli red) ted encapsul ati on se
c Pk IRtk oG O BieChroaRRET BRgp Rl SR Rpmpyising the
quengeor mage padketsal nunber of bytes of the predicted
encapsul ation section conprising the one or nore

packets. 6. The nethod of claim3, wherein the jitter
r eqw r énefhe ooethod 9€slam ﬁawhmq:mj thetjgterrrequirereamneomprises a

,ngggmﬁg@gggxﬁggﬁg 4 m1, wherein predicting a next

encapsu Ion I'Ci ency associated with the one or
nore packets accunul ated at the gueue and
7. The method of claim 1, wherein predicting a next encapsulation

efficiency associated with the one or more packets accumulated at the queue and
with a predicted next packet comprises:
predicting a next packet size according to an autoregressive model; and
calculating the next encapsulation efficiency in accordance with the next

packet size.

8. The method of claim 1 further comprising forming a cell comprising
at least a portion of the encapsulation section.




with a predicted next packet conprises: predicting a
next packet size according to an autoregressive nodel;
and cal culating the next encapsul ation efficiency in
accordance with the next packet size. 8. The nethod
of claim1 further conprising formng a cel

conprising at least a portion of the encapsul ation
section, 21 9. The nethod of claim11, further
conprising: forming a firsyg cell conprising at |east a
portion of the encapsulation section, the first cel
conprising additional payload capacity; and formng a

segpnd I =Y sul ati on section.

1O@Theq§1§he§g’ﬁg?cg‘tr§?mﬁf@8¢%r %El?e’lr%%t:onpri sing form ng

a detthingconfpsi selhgeompfrisiigg apdedst an poftidnhef the encapsulation

enc l.ation section,.and.a second rtipn of a next
seet i 5 T el Smedsios ftiiohi! Payle@ongt: 81 1 ai m 3,

wh dbmiing pseshind tcklh gorapideh @y nagsacipatlatondectiodn.he  packet

and a next packet conprises: recording a first arrival

time ad a first departure tine of the packet;

r edor di Tige ameduwahdfactdimall, tfurtheof camprxingpdedaging a cell

r.edi ctd a.second departure ti.ne of the next.packet:
corBfSiHe S tiRep iy FEME s R alid siouPh 280 2P Bt St & hixt
encapeydatidrreetidn. me and t he second departure tine;

generating a second di fference between the first

arrival tinme and the second arrival tine; and

pr ddi ct Thgmietdddlchymi 3) viresh padiiaing 4 deldyhassbditeld with the

difference and the. second difference. 12. The net hod
pack} ang’ ¢

LR A é‘?’p&S?F:pr edi cting a del ay associ at ed
Wi fiebortihg a (faskk efrivandne adxt fipdcdephrt@ronfdhé SE¥sthe packet;
pr %dirét [ ng.a Qextvc?zﬁckeg ar rti Vv tj I me according to an
autETEgeEsEr Me QAR HAEN at i ng the delay in
acuedididngesesbidddphsureeixic gfahkadxt padkieyal time. 22
generating a first difference between the first departure time and the second
departure time;
generating a second difference between the first arrival time and the second
arrival time; and
predicting the delay in accordance with the first difference and the second

difference.

12. The method of claim 11, wherein predicting a delay associated with the
packet and a next packet comprises:;
predicting a next packet arrival time according to an autoregressive model;

and
calculating the delay in accordance with the next packet arrival time,




13. A system for encapsul ati ng packets, conprising: a
gqueue operable to receive a plurality of packets; and
a processor coupled to the queue and operable to:
repeat the follow ng for each packet of a subset of
the plurality of packets wuntil the subset of the
plurality of packets is encapsulated into an

encapsul ati on section: accurulating a packet at the
queue; determ ning a currenf2encapsul ation efficiency
associated wwth one or nore packets accunul ated at

t he dideueA systendifertdnmapselatirqackats apeplisid: on ef fi ci ency
associated with the one or nore packets accunul at ed
at t heqepue aperaiitoveeeivea phurelity of patketexandpacket by:

predi cting a next packet size; and cal cul ating the
next @pleegssuicannleshodisf queheangyoperabledecor dance with the
next packet size; encapsulating the one or nore
packet s atepearthedoBeming Torractypaskiet ofiasukset ofhe plurality of packets
QGRS WAL oF theRGALLY B pdck&DR U EHed GRS éﬂbﬁhlél}f}gn section:

efficiency satisfies a encapsul ation efficien

threshol d and icturhigtifel skt aﬁm@ﬁ@&fé! ation efficiency
is greater than the next encapsul ation efficiency.

14. The syst ende@rmidigd dukdnt EndbpsiRkiof &MBlehS Rbciadd with one
| east ong buffer oagtrt%bl e to receive a plurality of

©Emoze packsts 4oumplate PAFYS: | east one buffer
conprising at |east one real-tjne byuffer associ ated
with a first PFPOFIngRnextEIgansu E%@EF@CY&W@WM he
control a flow of the plurality of cells fromthe a
BE.0% Moy dagfeteromulpied & Brodhi e dndyuithapiadisted B ket by:
grant priority to the [}31 urality of cells received

fromthe at |east dFREIYHEAIEXPIGKEL§ige: The system of
claim 13, wherein th rocessor, operates to:.determne .
a section size ass‘:‘B%i ga(lcélgﬁ\ﬁﬂt % I’i‘g"toﬁ%can‘u?ﬂ{?Pee lciency 1n
pemkdahse witlc thembdipeckettizd; he queue; and encapsul ate the
one or nore packets accumul ated at the queue if the

section size ISt 4: ' [ [ .
The system of e??ﬁﬁsﬁlngﬂi@?th\?ﬁg?é} ;ﬁy{@ Z&&%&s’oéég%@g?t%% 6%&15@3%“6
im0 the endapsulation section if the current encapsulation efficiency satisfies an
encapsulation efficiency threshold and if the current encapsulation efficiency is

greater than the next encapsulation efficiency.

14.  The system of claim 13, further comprising:

at least one buffer operable to receive a plurality of cells from the queue, the at
least one buffer comprising at least one real-time buffer associated with a first priority;
and

a scheduler operable to control a flow of the plurality of cells from the at
least one buffer, the scheduler being operable to grant priority to the plurality of cells
received from the at least one buffer.




del ay associated with the packet and a next packet;

and encapsul ate the one or nore packets accunul ated

at the queue if the delay does not satisfy a jitter
requirenment. 17. The system of claim 13, wherein the
encapsul ation efficiency threshold conprises a

m ni mum encapsul ati on efficiency. 18. The system of

claim 13, wherein the current encapsul ation

efficiency conprises a ratio28f a nunber of payl oad

bytes associated with a predicted encapsul ation

section conprising the one or nore packets accunul ated

at t h#s.quetike systena of olaji‘n lapwhereirothe pydcessoploptrates to: determine a
predlé:etcgd encapsul atl é‘?‘glﬁ: on co risi t he one or

more PACREZC 4500 3‘9 B C1BPHi B herein t he
;acmnmﬂstadat)tﬂleqaem:saﬁd) predict a next packet size;

and calculel next enc sulatlo effi |en

accor GARREMHRL { ?’?Feorri‘B%e Fe pocuguiated gy eﬁH@}/es@gteéﬁ?tmn size
sdtisticma matidpurbartienidche pr ocessor operates to:

predi ct a next packet size according to an

aut oregressi ve nodel ; and cal cul ate t he next

encapall arhesysed bLLISMC Y3, iwhed&h ﬂfe@ﬁé&@sdﬂo&a&aﬁe@ etonext predict a

cket e..24 21. The syste laim1 erein
B8 Fisaudled Srnifepitondiite 3 pithsticat Sedipiieis Hiy ghe or more
packets aacynulhtedrat dfe queac efithapaluy dbdsaivt SABEY @fitter r2duirdthént.
system of claim 13, wherein the processor operates to:
forma first cell conprising at least a portion of the

encap137U| atfihen s ﬁ@inl T, cldife 13' rﬁher‘éﬁi |th€ OBREApShiRBlon efficiency

@16 donal ay capaci t%;lta forma second cell
PP S e R 2R i ST BegPon. 25 The

system of cl a| m 13, wherein the processor operates to

form ceI risipg.a first portion_of the
encap&x hGn S§ ‘Prpaﬂamé $éconbensyr ¢ then cyrreat nengapsulation

i pryl c&)ﬁnprﬁesseeﬁticoﬂf a Admbédher Iidy&iaﬁmy@ifs deb@diated Yith a predicted

h
B e RERSESPAEpERRL LS o LRt e o
ractetal aumbse obhyteaof itheaprediotel erdcapsulatien gpatieatcomprising the one or

Ri&dbadkeR. second departure time of the next packet;

19. The system of claim 13, wherein the processor operates to: predict a

next packet size; and

calculate the next encapsulation efficiency in accordance with the next packet
size.

20.  The system of claim 13, wherein the processor operates to:

predict a next packet size according to an autoregressive model; and

calculate the next encapsulation efficiency in accordance with the next packet
size.




generate a first difference between the first
departure tinme and the second departure tineg;
generate a second difference between the first arrival
time and the second arrival tinme; and predict the
delay in accordance with the first difference and the
second difference, 25. The system of claim 16,
wherein the jitter requirenent conprises a nmaxi num
jitter requirenent. 26. The #fthod of claim 24,
wherein predicting a delay associated with the packet
and a next packet conmprises: predicting a next packet
arri VA t il systewrafictaymt 13, whergin beogecsssorppenateddd:;  form a

QP SabElh 24 Mot PEoARE o ACHRARBRR LS. the next

packet® arr

22.  The system of claim 13, wherein the processor operates to:
form a first cell comprising at least a portion of the encapsulation section,
the first cell comprising additional payload capacity; and

form a second cell comprising a next encapsulation section.

23.  The system of claim 13, wherein the processor operates to form a cell
comprising a first portion of the encapsulation section and a second portion of a next

encapsulation section.

24.  The system of claim 15, wherein the processor operates to record a first
arrival time and a first departure time of the packet;

record a second arrival time of a next packet;

predict a second departure time of the next packet;

generate a first difference between the first departure time and the second

departure time;
generate a second difference between the first arrival time and the second

arrival time; and
predict the delay in accordance with the first difference and the second

difference,

25.  The system of claim 16, wherein the jitter requirement comprises a
maximum jitter requirement.

26. - The method of claim 24, wherein predicting a delay associated with the

packet and a next packet comprises:
predicting a next packet arrival time according to an autoregressive model;

and
calculating the delay in accordance with the next packet arrival time.




