WD 03/ 103241 PCT/ US03/ 14827 1 METHOD AND SYSTEM FOR ENCAPSULATI NG CELLS
TECHNI CAL FI ELD OF THE I NVENTION This invention relates generally to the
field of watem/1ezzamuni cati on and nore specifically to a nedradoang2syst em
for encapsulating cells. 5 BACKGROUND OF THE | NVENTI ON Encapsul ati ng cells
in a conmunication systemmay involve the use of nultiple queues for
buffering cells waiting to be encapsulated. Cells at different queues,
however, may experience different waiting times prior to encapsul ati on,
al so known as cell delay variation. Cell delay variation nmay introduce
unwanted jitter into the comunication 10 sgsten1 Mor eover, encapsul ation
according to known MEERHQR A& SXPTEMSHOR ENCARBULAkINGREBESdwi dt h usage of
a comuni cati ons channel. Consequently, encapsulating cells while
controlling jitter and enhanci ng bandwi dth utilization has posed
chal | engeSECHSUVWARYEDOD OHH HRVENENDMONS | n accordance with the present
i nvention, disadvantages and probl assog%ﬁpe d W th previous techni ques
[

for encapsul at 1 1Byerdiop) lates a%f’ceéﬁ&(i??rrﬁ‘ﬁi faycopunpRigafoggand, more
elimnate - r o ﬁ‘s‘i@ﬂ i 110 resent invention,

encapsul a%ieﬁrgﬁgle ﬁswlettr}\lgfigggg r ecg(%r\rléﬁ%psglgflﬁgegﬁ a queue associated with
deci sion points. Each decision point 20 corresponds to a nunber of cells
andissas QCi at € ith a c iterion. The follow ng operations are
r epeated ‘ fleime et is satisfied. A nunber of cells
correspondi ng EfcapslfEiSEQR R0 BSmAuSicafUMdteat fthyainvelveUR@se df fuiple
associated with the cells at the queue is predicted, and it is determ ned
whet her t tiecupy Bibuffedng rellsewaiting fasbe encapsidated. nCelha different aydues hasssen at ed
with the cision poimn. Lf t redict L [ tisfiges th reshol d
cri tert o'y Rp@pPE uliesed ondiCf RrREoRb % bhoeblad i ol b G408

Q her Wi sevariatibg. 0€dll Selapniariatién haybitradedenutvedreetl fittet ito qhi€yemmbRatied | s i n
the buffer are encapsulated if certain criteria are satisfied. Certain
embodiGrensystest  tMareprere sFRPsuldHgn BeeArding tonknayn fgshaiques. aycEasult BveiRt ages.

A techni cali; REYant#ath NagQBfa ESRAThIRNNs TnMRE E6Aeqh iy "B ngElL S tO

while controlling jitter and enhancing bandwidth utilization has posed challenges.

SUMMARY OF THE INVENTION

15 In accordance with the present invention, disadvantages and problems associated
with previous techniques for encapsulation of cells in data communication may be reduced
or eliminated.

According to one embodiment of the present invention, encapsulating cells
includes receiving cells at a queue associated with decision points. Each decision point

20  corresponds to a number of cells and is associated with a threshold criterion. The
following operations are repeated until a threshold criterion is satisfied. A number of cells
corresponding to a decision point are accumulated at a queue. Jitter associated with the
cells at the queue is predicted, and it is determined whether the predicted jitter satisfies the
threshold criterion associated with the decision point. If the predicted jitter satisfies the

25  threshold criterion, the cells are sent to another buffer coupled to the queue. Otherwise,
the cells continue to be accumulated at the queue. The cells in the buffer are encapsulated
if certain criteria are satisfied.

Certain embodiments of the invention may provide one or more technical

advantages. A technical advantage of one embodiment may be that the number of cells to



WO 03/103241 PCT/ US03/ 14827 2 be encapsul ated is adjusted in response to
predicted jitter, which may serve to control jitter while maintaining

ef fi ci encywo obfiozzhe predicted jitter is high, fewer cells &caswa33ul at ed
in an effort to control jitter. If the predicted jitter is too |ow, nore
cells are encapsulated to mnmaintain efficiency. Another technical advantage
of one enbodi nent may provide 5 prediction of jitter by estimating the
nunber of cells at a buffer at a gi veg time. If the predicted nunber of
cells is high, the jitter is predicted to be high. If the predicted nunber
of cells is low, then the jitter is predicted to be low. Certain

enbodi menbsemspsithated imadiustednn nesponsedh prrdiateshigtierswhish negy sgrve tofcontnel jiitsove

apparent YOIE TR RRETEERTR: 1T ERaTabted HOR T et [ SoE e e pHrREAeT "and”
cl ai ms i ngd vded thesion jittBRl EfthOpRaRtRTIEN i oo Tlbke, DRAVNENSSIrE@hcapsiiatcd to

conpl ete understandi ng of the present invention and its features and

advant ageBrintan e3fEpiercy. s Meptherntrshuigalt pdvantsge b pre gedodiment omay tRiREAe | n
conj ungti A : - mgﬁ{p [ i ' i ch 1

il usrsf at gﬂéd}g&légg i‘%eégfegtﬁg%p étr%ﬁ%jgb@égr\nlc@%tsac} 4@?%%%%6@5@5& c')nIf the

sect i ons; prelliictddmuzhtiet biksdlls ad kigh athp fickeis preditt@hwapdtiplat Ifahe pedictadniunfeURE 3
illustrate ncapsul ati on_ sections for which cell delay variation may be

20 cal cuI%ﬁS SlslailP@zJFbE“ﬁthétt"é”rP@aEFFgrt?bFll‘?‘Yxstrati ng a method for

encapsul ati ng egldif enBBEimdit34RRe hvefitich &%@Wﬁﬁfetndnu 463t 3t bNGs theiohed for
predicting jitter. DETAILED DESCRI PTI ON THE DRAW NGS 25 FI GURE 1
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2t e Bl FTi Qb bt ot BavBtelssriciont snRlle shBsiBed T he nunber of
cells waiting to be encapsul ated at ot her queues. By adjusting the nunber

of cells to be encapsul ated, system 10 may control jitter while
nai nt ai ni BRIEE DESCRIRTION QR EHEDRRAWINGSsul ating a smal | er 30 nunber of
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advantages, reference is now made to the following description, taken in conjunction with

15 the accompanying drawings, in which:
FIGURE 1 illustrates a system for encapsulating cells to form encapsulation
sections;
FIGURE 2 illustrates a packetized encapsulation section;
FIGURE 3 illustrates encapsulation sections for which cell delay variation may be
20  calculated;
FIGURE 4 is a flowchart illustrating a method for encapsulating cells; and
FIGURE S is a flowchart illustrating a method for predicting jitter.

DETAILED DESCRIPTION OF THE DRAWINGS

25 FIGURE 1 illustrates a system 10 for encapsulating cells to form encapsulation

sections. System 10 adjusts the number of cells waiting to be encapsulated at a queue in
response to predicted jitter, which depends on the number of cells waiting to be
encapsulated at other queues. By adjusting the number of cells to be encapsulated, system
10 may control jitter while maintaining efficiency. In general, encapsulating a smaller

30 number of cells reduces jitter, while encapsulating a larger number of cells improves



WD 03/ 103241 PCT/ US03/ 14827 3 efficiency. System 10 predicts jitter and
adj usts the nunber of cells to be encapsulated in order to reduce jitter
whi | e naiwbDaBnosrgl ef fi ci ency. System 10 receives cells freemaisdeostt ows 20
and data flows 22, encapsulates the received cells to form encapsul ation
sections, fragnents the encapsul ation sections into 5 packets and
transmts the packets to a receiver 32. A cell conprises a fixed-size
packet. For exanple, a cell may conprihse an asynchronous transfer node
(ATM cell having a 48-octet payl oad and a 5-octet header. Video flows 20
transmt video traffic, and data flows 22 transmt data traffic. According
to one entffidienent SysinidO pr¢dieis jiter analyadjustmibe ingmbaTaf qedls i@ he ancaphylatgd in
circuits (RVGCs), .and. dat a..f| ows .22 .conpri se ATM 10 PVCs. Fl ows that
transnit %@ﬁ% I?@ﬁﬁén%?“ﬁv%g?ﬁimgﬁgg%%§m5glce traffic or other real-tine
traffic may beSysefl 10Rediasech idh videadows 20mnd dati fUees 52, WBapddlateSitas em 10
may receive any suitable type of traffic, for exanple, noving pictures

experts gicetiped celivpedorm gcapgplaton sgetias, fragnents the, encapsugtian sestigpsggo

pr ot ocol ) 0 pac - FL G, ) i tream
Gt e oar (A and Foptlhf 18 HheRASIPE RohloP b2 ACKAN odrifiice . RS ker®,
jitter toFaraaaple, Acedlr thaygongprizaaneasadirorent trangfemfibde (ATM) dedl havirtgea

tol erant conprise ata traffic, and traffjc that is not jitter tol erant
conpri ses&/‘P _Etop%y_i‘_é?%f?  a §|‘°ccfeé§‘ef‘€qrer\éﬁlf°t éi‘fsfibcfra‘i'mk\‘/@rej,o t g?mﬂ‘?p‘fqt%e any
traffic tHaks 29 tridshli®Uata O AHRNT ARCHAMG 90RO eAMSdFNt, abld8o dRfWDb1 @Ry Of

"jitter tolerant,” and jitter intolerant traffic may conprise any traffic
that i s nemyrisetAsfMtpepamnt virfigl cieouatefP¥Cs), iand dataiflowe| 22 may codprise ATM ¢ may

include voice traffjc. stem 10 i ncludes. a swi tch. 26 d an_ encapsul at or
500 S RVER BB arabi S e o PR w6 Pick dratFS of Gtea SRR S
and sendstrg@k hfayte RBE NN A3 iBRddiM foGhdedbflowi@dn. conpri se an asynchronous
transfer node XTM switch. Switch 26 includes a video buffer 34 and a

data buffer 365ystangid8 mayf feeeivgany seitablatype of traffia, don exaghnde.fmeviag 2Oturghd 25

data buff J I ; . i i nt a
schodul | ey eisEP UIREGD o SIEECLER R, i s ortl b rfiBoqn RIEIGC,
flows 20 @viterhdigrpotdleflP) pdckettrifiicl oBbdral sfréammddatariddowsAZRI cEncaphall at or

30 0o AL e sy be ‘tlabsifiod aceording 1o Jitier Tolerance. | According o one emtbadiment,
traffic that is jitter tolerant comprises data traffic, and traffic that is not jitter tolerant
comprises video traffic. Jitter tolerant traffic, however, may comprise any traffic that is
jitter tolerant according to any suitable definition of "jitter tolerant," and jitter intolerant
traffic may comprise any traffic that is not jitter tolerant. For example, jitter intolerant

20  traffic may include voice traffic.
System 10 includes a switch 26 and an encapsulator 30. Switch 26 receives cells
from video flows 20 and from data flows 22 and sends cells to encapsulator 30. Switch 26
may comprise an asynchronous transfer mode (ATM) switch. Switch 26 includes a video
buffer 34 and a data buffer 36. Video buffer 34 receives cells from video flows 20, and
25  data buffer 36 receives cells from data flows 22. Switch 26 may implement a scheduling
priority that favors the jitter intolerant traffic from video flows 20 over the jitter tolerant
traffic from data flows 22.
Encapsulator 30 generates encapsulation sections from cells received from switch
26. Encapsulator 30 includes an interface card 38, video queues 40, data queues 41, a
30 processor 43, a real time buffer 42, a non-real time buffer 44, and a scheduler 46.

Interface card 38 buffers cells received from switch 26, and transmits the cells to video



26. Encapsul ator 30 includes an interface card 38, video queues 40, data
queues 41, a 30 processor 43, areal tine buffer 42, a non-real tine

buf fer 44woandozms4schedul er 46. Interface card 38 buffers eerhsos/esei ved
fromswtch 26, and transmts the cells to video WO 03/103241

PCT/ US03/ 14827 4 queues 40 and data queues 42. Interface card 38 may
conprise, for exanple, an asynchronous transfer node (ATM network
interface card. Video queues 40 buffer, video traffic, and data queues 41
buffer data traffic. Each video queue 40 stores video traffic sent froma
video flow 20 associated with the video 5 queue 40. According to one
enbodi nenqueueudlesnd tdata qumae 43t hdntet@q;resaxdr 38 rmby icompuisé, &y eoimypde.t aaf fic
or ot her real-tlnetr dng%/,g&g dl& acedof or in addition to video
queues 4Oasy§k11??‘i'°é‘tsltﬂ?ns Sﬁ@ﬁ 9 88Wé’ ﬁflt%r Hfé&&%ata traffic sent froma

data flow 22  QRREGuakad0Mur ViiRo dalf, AHE UetatheudH4 1USHEEr idAtal thiffic dBasHTENT
"each" refers to each nmenber of a set or each nenber of a subset of the

set. 10 Pridexguane MBstmﬁa@@@ trafic satapernl aayidem flowotk associgied withh éhenviderer  of
Pel s nt e(ﬂuegpseegfc ng tg' % gr%%&ﬁ?neﬁt tqglgge%zgitg;él\é&é Ht%ter ES)JBE%SF {rh%c%@h@ rmed

into ula SOty SN OProte arget value in

response ¥dicdtrefficCéredthet tdabrimeVrdfEib m@ebermded implaa¢ Ton)Iﬂ ih heldivionber viaéo
packets at real tipe buffer 42. Jit is neasured by calculating the cell
del ay varquepeoAOhamptaly, each fiﬁmue% 4évﬁt@r&h dolg %#&Ct%t fRpue 42 fleVetder 15

32. Data Qualigsq %tlﬂ% hah u%ﬁ‘é’%ﬁ’su tds0 i3 B! RRAmBAOMeAdEe Mk fRhis 1N a

simlar nanner I n anot her suit h‘?e manner . cE’Q'capsu | at1i on sections from
gueues 40nemdep40]faase€omcketmibedofm®sﬁa1fkmset. Packets of video

encapsul ation sections,are copjed intq real tine r 42, an cket s of
dat a %encapsul BEFEHOS fr}aB?'&esé*‘%e’&‘iﬁ‘B?gﬂpqnnErBC‘ﬁén \gg the; (ks 0 égl?ﬂfaThe

packets Osfldé’J‘ ga&@@@é%ﬁbék'tﬁfbsﬁﬁwaﬁﬁ TRY & GRPIRMeS QAR eAdp¥ulfié P I eal
time buffer 4 non-real time buffer 44 such that the packets are not

interl _eav@dtlduy ﬁmaos 4afdeemmyneerth@m§@swlhm momsmm@cttm @mdlmd ﬂﬁamw}nclof a
Aecor di g PERGE SHOBR TR RE S Roreab ey i “THReE Bhespidr s
such as déquuq:aamtgrtaé EdICdeddy @atrimbn betadeeﬁ tHEnputab biviciay aﬁtﬁtﬁéiﬁ;ﬁxt ith rReivee Of
or | r]1 Sadd3|2t | (])Dr;tz;[ 8uéu%2l4lt rlng}? for%n5 egg;pfsglratlérg sections from the data cells in a similar
manner or in another suitable manner.
Encapsulation sections from queues 40 and 41 are packetized into packets. Packets
of video encapsulation sections are copied into real time buffer 42, and packets of data
encapsulation sections are copied into non-real time buffer 44. The packets of an
20  encapsulation section may be copied sequentially into real time buffer 42 or non-real time
buffer 44 such that the packets are not interleaved by packets of another encapsulation
section. An example of a packetized encapsulation section is described with reference to
FIGURE 2. According to one embodiment, buffers that buffer other types of traffic such
as voice traffic or other real-time traffic may be used in place of or in addition to real time
25  buffer 42.
Scheduler 46 outputs video encapsulation sections from real time buffer 42 and
data encapsulation sections from non-real time buffer 44. Real time buffer 42 may be
given scheduling priority over non-real time buffer 44 such that packets are transmitted

from non-real time buffer 44 only if real time buffer 42 is empty. Accordingly, non-real

30 time buffer 44 is sufficiently large to store delayed data encapsulation sections. Real time



Schedul er 46 out puts video encapsul ati on sections fromreal tine buffer 42
and data encapsul ation sections fromnon-real tine buffer 44. Real tine
buf f er 42womeg/1be241 gi ven schedul ing priority over non-real POTMSObuster 44
such that packets are transmtted fromnon-real time buffer 44 only if
real time buffer 42 is enpty. Accordingly, non-real 30 tinme buffer 44 is
sufficiently large to store del ayed data encapsul ati on sections. Real tine
WO 03/ 103241 PCT/ US03/ 14827 5 buffers42 and non-real tine buffer 44 may
process the packets according to a fifrst-in-first- out procedure. To
summari ze, system 10 encapsul ates cells to form encapsul ati on sections. The
nunber of bufédri4g and nos-real diapsiulfir dd nady pactss thedwokefsacmrdiog itea fidjtusfiedt- i n
response tao redicted jitter, with the goal of reducing jitter while
mai nt ai ni ‘Hﬁpé‘?clﬁﬁ%rl ency. Jitter maybe measured by cal cul ating cel |l delay
variation, to Pg sgiesffiz8aystémt o étﬁzfaﬁtﬁﬂﬁ@@célﬁ t61foddREnchpsulétidteédeeieng. OThe
determ ning when to encapsul ate cells is described wth reference to

FI GURE 4. nymlesti oftqebly tedte ensapapjetehet sdghoridedagrueed0 daladivstediingesneasaier
of packet ff S th
ret or choo e ReR Bk Bt e 389t RN R il oBlindirind GrBfpAEtRELRE W1 J

packets, basufedisyecdldudating detleidlalyorarietiai, Y@ be describédivith raﬂefbnpaw@mmapr i se
fi xed-size packets, where the size of a cell npy dlffe{)ﬁcﬁromt size of a
packet . Themetiof offf riftssaYRiRSt Wwhen Fpaynwseig@dcqlﬁ ieflessrRsd AVithy referensts to

descr i bedgiiykher PrARlESehl 4ot (LS Ay ELLAEgARR 1R FhERTS Ackdt ough

5. Paranmeter finition ows 20 22 n"
vi deo f | opvediz@d tndbel‘dttmdwéttmm‘bmfﬁardz;‘ toobvsdaﬁribﬂcx With Nefieteace of FKHIJRE 3. nTh¢1e kt h

encapsul ation section.200 of the i CDVYSW Wor st - ¢ cel |
var o0l oreBr U BBGSAPAFE TAEmENF] BHo Z8TRSWRAITY R TG BABadP Cr b o
out put  pogélindpatkédcaiRprideTikeilsfzeRRtketS ¥RRGthe size of a cell may differ from the
size of a packet.
The following parameters may be used to perform calculations described in the

examples illustrated with reference to FIGURES 3 through 5.

Parameter Definition

n Total number of flows 20 and 22

Hy Number of video flows 20

Ny Number of data flows 22

Mi(k) Number of cells in the kth encapsulation section 200 of the ith
flow

CDVs, Worst-case cell delay variation for video traffic at switch 26

Ry, Switching capacity of an output port of switch 26, in bits per
second

CDV ora Worst-case cell delay variation for video traffic up to interface
card 38 within encapsulator 30

Reora Processing capacity of interface card 38, in bits per second

DY .4 Worst-case interdeparture time for two successive cells of the ith
video flow 20

Rencap Rate of encapsulator 30, in bits per second

M; Size of the payload portion of an encapsulation section from the
Jth video flow 20

CDVencap Worst-case positive cell variation up to and including
encapsulator 30

R; Allocated bandwidth to the ith video flow 20, in bits per second

nM) Bandwidth efficiency for an encapsulation section of size M

Muigh = Nop(M) | Optimal size of a payload portion




CDVeard Wrst-case cell delay variation for video traffic up to interface
card 38 within encapsul ator 30 Rcard Processing capacity of interface card
38, in biweopaeszsecond D card Worst-case interdeparture PCRUSHDI482TW0
successive cells of the ith video flow 20 Rencap Rate of encapsul ator 30,
in bits per second Mi Size of the payload portion of an encapsul ation
section fromthe 1ith video flow 20 CDVencap Wrst-case positive cell
variation up to and including encapsylator 30 R Allocated bandwidth to
the ith video flow 20, in bits per second 71 (M Bandw dth efficiency for
an encapsulation section of size M _Migh =it pr(M Optimal size of a
payl oad po¥ticon WO 03/Siosed pH®edpsaBini4 817t civiospositze of a payl pad
portion atMﬁ frrst de(81§éQﬂ’h@%ﬂld&ipom,éta%c?cﬁld(?feci@loﬂ%ﬁéhrﬁad portionjat a

second decist ] pSs 40 m
ol AR M gt 8 oells i videq dife é§40'\/'%#“ﬁ..”.#2?“ f

packets i|mmt he real t|iNembsrfof eellvin thy ity reeo quguedd: (=t -esma packet i zed

encapsul atdgn secti on }Zﬁﬁberm@a@&wla&hmﬂ tﬁﬁ@bmmﬂoo I ncl udes a se¢ction
header 210, —sectTonm gata 212, —and—a section footer 24— Sectiom hieader 210

may i ncl ude,—LGL-exaane—m—@%I—\#dee—bLeadeasy—ng—eD@)—W—u—% Pr ot ocol
Encapsul ation (MPE) header_data. Section data 212 includes packets]|?216.
Accordi ng to one enbodi nent, encapsul ati on section 200 may conprise a

mul ti - prot ocol FIGIMRBPS ullastiatss & MaERetized tenospsulitipacdeetior? 260j nEhefeslatiopacket
header 218, packet data 220, and an&@cket footer 222. Packet data 220

i ncl udes alion 206dnelndas 4 sention headerrgl). isertionadata 24 3y andy a feetion fofes 214
cor et oG SATE AR LSRN SIBOA Tl G PR BV BTN
packet5 daP@titdD Enkayssulabidn b{MRIS), hpmlekeibtaf oQketio? A2tah2R? éndjindes byydckests 2A16d f our
bytes are gcso?&llnfg% O%g g%nrbglhment encapsulation section 200 may comprise a multi-protocol
encapsulation (MPE) section. A packet 216 includes a packet header 218, packet data 220,
and a packet footer 222. Packet data 220 includes cells. Section footer 214 may include,
for example, error correction codes. According to one embodiment, each packet 216 may
10 comprise a 204-byte MPEG-2 packet. Packet header 218 has eight bytes, packet data 220
has 104 bytes, packet footer 222 has eight bytes, and four bytes are used for control
purposes.

According to one embodiment, header compression may be used when
encapsulating the cells. The header of each cell is removed and the payload of the cell is

15 inserted into packet data 220. Relevant information from the cell header is encoded into a
control cell of the encapsulation section 200.

FIGURE 3 illustrates encapsulation sections 200 for which cell delay variation
may be calculated. The equations presented in the illustrated example apply to an
embodiment according to which ATM cells and MPEG-2 packets are used. Other

20  equations, however, may be used for other embodiments according to which other cells or
packets are used. According to one embodiment, encapsulation sections 200 are at the ith
video queue 40, where i =1,..., n,, referred to as queue i. Capacity R; is the bandwidth

allocated to queue i. The worst-case cell delay variation CDV? that queue i experiences

at switch 26 may be described by Equation (1):



pur poses. According to one enbodi nent, header conpression may be used when
encapsul ating the cells. The header of each cell is renoved and t he payl oad
of the ceWwb 03403246 i nserted into packet data 220. Rel evantcirnfsos/msei on from
the cell header is encoded into a control cell of the encapsul ation
section 200. FIGURE 3 illustrates encapsul ati on sections 200 for which cell
del ay variation may be cal cul ated. The equations presented in the
illustrated exanple apply to an enbogi nent according to which ATMcells
and MPEG 2 packets are used. O her 20 equations, however, nay be used for
ot her enbodi nents according to which other cells or packets are used.
According to oﬁBVé;hbcﬁimmnw/Remam,{mi on sections 200 are at thg)ith

vi deo queue 40, where i =1,..., referred to as queue i. Capacity R 1is
t he bandw al. | Th ||

cbvs , " twg%re d‘élseall%asé’\g%grn%eng)g&%' bf{ e Ogtp Yl\ﬁf)% O?%?tgﬁ% ES@I%I é%g%%gq%atl on
(1): WO 0&&@&&2&& aPETértioe 34r4R20T endapshd®? 36. 53 x 8 X nvlR S.,v= 424nvIRs, v
(1) where Rs,v is the switching capamty of an output port of switch 26.
The next buffeTlnengell delagevadetton CRK,. npelof andeincliding3tasface verh 3 nzayobe 30. 5
The cell delay variation CDV,Qd up to and including interface card 38 may
be descrdeseddahbYEMaHIPBIZ) 2) 1 CDV ~n d = 424nv/R ard (2) 10 where Rcard is
t he processing capaC|ty of interface card 38. After |eaving interface card
38, the worst- é%? arture time D~a .d , or delay tine, g)r t wo
successi ve cel £ ard T ’1 ‘dy be described by Equation (3): D K

424nvl Raard + 424/ R (3) 15 The worst-case interdeparture tinme for two
succeBsi veherelR,. s, iathd precessinp dhpasity ofitafrekatd®8. 3fterdeaving ineefacé bard 38 st
cell of two successive cells happens to be the |ast cell of the kth
encapsul athieoyorsieass merdegrartues time B2g onuidelaie bmesfoy swe shecessive palsfafflow dne of
the (k+1)th encapsul ation section. In the illustrated example, first cell
250a i s tmaybadescrbed by Beuation Bhcapsul ati on section 200a, and second cel |
250b is the first cell of the (k+l)th

DY =424n,/R ora+ 424/R; (3)

card

15 The worst-case interdeparture time for two successive cells at the output of
encapsulator 30 occurs when the first cell of two successive cells happens to be the last
cell of the kth encapsulation section, while the second successive cell is the first one of
the (k+1)th encapsulation section. In the illustrated example, first cell 250a is the last cell
of kth encapsulation section 200a, and second cell 250b is the first cell of the (k+1)th

20  encapsulation section 200b.

If the first bit of first cell 250a arrives at queue i at time ¢, the last bit of first cell
250a arrives at time 7+ 424/R.,4. According to one embodiment, the time needed to
compute header 210 and footer 214 for encapsulation section 200 and to insert cells 250
into encapsulation section 200 is assumed to be small compared to the waiting time of

25  cells 250 at queue i. Similarly, the time needed to generate packet header 218 and packet
footer 222 of packet 216 is assumed to be small. To compute the worst-case
interdeparture time at the output of encapsulator 30, the difference between the earliest
possible departure time for the last bit of first cell 250a and the latest possible departure
time for the last bit of second cell 250b is computed.

30 Once the last bit of first cell 250a arrives at the queue i, header 210a and footer
214a for the kth encapsulation section 200a are computed, and encapsulation section 200a

is packetized into the number of packets 216a given by Equation (4):



20 encapsul ation section 200b. If the first bit of first cell 250a arrives
at queue i at tinmet, the last bit of first cell 250a arrives at tine t+
4241Rcar dwoAsaas2di ng t o one enbodi ment, the tine needed t ®CTamOpuse7 header
210 and footer 214 for encapsul ation section 200 and to insert cells 250
into encapsul ati on section 200 is assuned to be small conpared to the
waiting time of 25 cells 250 at queue i. Simlarly, the tinme needed to
generate packet header 218 and packet g footer 222 of packet 216 is assuned
to be small. To conpute the worst-case interdeparture tine at the output
of encapsul ator 30, the di ffer ence between the earliest possible departure
time for the last bit cell 250a and.the | at ed8MpEosilelle departure
time for NHwbprefipapkgts %*535186%16}18@?311’5‘215%1 sestiony Al < E ® -|t K& | ast bit

of first cell 250a arrlves at the queue i, header 210a an foot er 2l4a for
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200a is pack e nu ets quation (4):
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termin the numerator is the contrjbution of encapsul ati on secti on header
210 and fbesie of packepdiia RR@ofimaekehA16. i n t he denominator is the size of

packet data 2204 At RRCKEL 2dfirigl BahlR NBSSE £R9% SAEHRNILon RAGIE LR LE: Of

the kth encapsul ati on Sectlon a are immediately“sen rom encapsul at or
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48M (k) +16
(8)(204)] ———
424 184 (®)(16)

EPPLLEN - (5)

Rcard Rencap Rencap

where R.ycqp 1 processing capacity of encapsulator 30. The last term in the right-hand side
of Equation (5) represents the time needed to transmit footer 214a and packet footer 222a
15  of last packet 216a, which are transmitted after the last bit of first cell 250a.
In the worst case, the first bit of second cell 250b arrives at video queue 40 at time
Dcqrq and the last bit arrives at time ¢ + Degpqg + 424/Rcqrq. Second cell 250b waits at queue i
for the arrival of M(1+k) -2 additional cells to complete encapsulation section 200b.
According to one embodiment, the M(1+k) cells may include a control cell. Accordingly,
20  the last bit of the last cell of the (1+k)th encapsulation section 200b becomes available in
queue i at time ¢ + Deqg (M(1+k)-1) + 424/R..,4. Once the last bit becomes available, the
(1+k)th encapsulation section 200b may be constructed. The copying of newly formed
packets 216 into real time buffer 42 and non real time buffer 44 is assumed to be done at a
rate faster than Repcap.
25 In the worst case, the (1+k)th encapsulation section of queue i has to wait for the
transmission of n, -1 encapsulation sections from other queues j, where j=1, ..., n, and

Jj#1i plus the transmission of packet 216 from non-real time buffer 44, due to the



r + 424 + 184 _ (8)(16) (5) Rcard Rencap Rencap where Rencap i S processing
capacity of encapsulator 30. The last termin the right-hand side of
Equat i on WB)snexamesents the tinme needed to transnmit f oot ePCZASa3/asad7 packet
footer 222a 15 of |ast packet 216a, which are transmtted after the |ast
bit of first cell 250a. In the worst case, the first bit of second cel

250b arrives at video queue 40 at time Deard and the last bit arrives at
time t + Deard + 4241Rcard. Second celyl 250b waits at queue i for the
arrival of M (1+k) -2 additional cellS to conplete encapsul ati on section
200b. According to one enbodinment, the M (1+k) cells may include a control
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packets 216 into real time buffer 42 and non real tine buffer 44 is assuned
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indicates the generic size of an encapsulation section fromqueue j. The
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described by Equation (7):

Latest transmission time of last bit of second cell 250b =

15
. (8)(204)% . | $2+1
(o0 k-2 (204)21 - [ #52]  (204)(8) , (116)(8) -
Rcard Rencap Rencap Rencap
From Equations (5) and (7), the worst-case interdeparture time Dé,’;)mp at the output
of encapsulator 30 may be described by Equation (8):
20
; ; 1632 43M ; +16 48M . (k) +16
DY =DY (M, (1+k)-1)+ : - ' +1.647 | (8
encap Card( x( ) ) Rencap jz; 18 4 18 4 ( )
The worst-case cell delay variation CDVE(,,iC)“p up to and including encapsulator 30 may be
given by:
25 CDVY =D =424/R, 9)

encap encap

As an example, the worst-case situation occurs when the M-value is set to its
maximum possible size for all encapsulation sections 200. In this case, Equation (8)

reduces to Equation (10):



field conprises four bytes, header 210b conprises eight bytes, and the
control cell conprises 48 bytes. The latest transmssion tinme of the | ast
bit of sewondiexhl 250b may be described by Equation (7) PCraiSey14827
transm ssion tine of last bit of second cell 250b = 15 (Z) 424 (8)(204)E;
* 148MB4 161 (204)(8) (116)(8) t + Dcard (M (I + k) -1) + + 1 + + (7)
Rcard Rencap Rencap Rencap From Equations (5) and (7), the worst-case
interdeparture tinme Deneap at the output of encapsul ator 30 maybe

descri bed by Equation (8): 20 D('~ = '~ M 1 + 1632 [48M + 16 - 48M (k)
+ 16 encap - card ( , ( k) -1)+ R 184 184 +1.6471 (8) encap J-1 The

wor st - case cel | yyvar pati@on,K O824, ~a and i ncl udi ng encapsul at or
30 may be givenqggzw W?‘%gbgﬁﬂthgyé3éaﬁai€ﬁ§EQ},ap =424/ R As an exanpl e,
the worst-case situation occurs when the Mvalue is set to its (qximm
possi bl e size for all encapsuLati@ngections 200. In this case, EQuation
(8) reduces to Equation=(8@@&b @BBQA%&FEﬂYUSO3/14827 10 (D~;,)ap
)static =84D cad + 1632 {23(nv-2)£ém647} Rencap (10) = 84D )d + 1632
(23n,,-44.353) ¢ Rencap Wien the (1+k)th encapsul ati on section 200b of

queue i i WHef the Fﬂgﬁ%h@hﬁh@iontsgﬁi&lni%b $oqileRE i 9f td-BE @htHRulall, tHeadniyray be
controlled is M (1+k). This nay be used to reduce the
factor of Equation (8) that may be controlled is M,(1+k). This may be used to reduce the
5  worst-case cell delay variation.
Cell delay variation is negatively impacted by larger M-values. Reducing the M-
value, however, may have an adverse effect on bandwidth efficiency since such reduction
typically increases the relative overhead of encapsulation. To demonstrate this
relationship, variable M is used to describe the M-value of a given encapsulation section
10 200. Bandwidth efficiency n(M ) is defined as the ratio between the number of payload

bytes of an encapsulation section 200 and the total number of bytes used to transport
encapsulation section 200 from encapsulator 30. According to one embodiment, the
payload bytes refer to ATM traffic bytes at the input of encapsulator 30 that are needed to
generate an encapsulation section 200. Accordingly, bandwidth efficiency may be
15  calculated using Equation (11):
53\ -1
n)= isM +)16 (1)
204 - — -
184

where [(48M +16/184)] is the number of packets 216 of an encapsulation section 200,

and M-1 is the number of payload cells of an encapsulation section 200.

20 In general, the larger the M-value, the higher is the efficiency. The trend, however,
is not monotonic due to the ceiling function of Equation (11), which is attributed to the
padding of unused bytes in packets 216. As a result of this padding, for ATM cells the
optimum efficiency is achieved at M = 84 and is described by Equation (12):

25 nopt(M )=1(84)=98.02% (12)
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number of cells at a video queue 40. Wen video queue 40 reaches a
deci si on ipdicating shatiqeedictodh jivier wivot bedow oerapsyiatisinatsedafpised & logdegtto gain
transmission efficiency. According to one embodiment, each decision point may be
associated with an optimized efficiency such that encapsulating the number of cells at the
15  decision point may provide for maximized efficiency. Data without quality of service
constraints may be encapsulated at the maximized efficiency, and data with quality of

service constraints may be encapsulated at the maximized efficiency with respect to the

quality of service constraints.

Activity may be measured by predicting a number of packets Q2 at real time

20  buffer 42, which includes the number of packets already at real time buffer 42 plus the
number of packets expected to arrive at real time buffer 42 from other video queues 40.
Threshold values may be used to determine whether the activity at video queues 40 and

real time buffer 42 is sufficient to encapsulate cells. For example, if the number of
packets Q7 satisfies a threshold value, encapsulation is performed. In the illustrated

25 example, each video queue 40 is associated with a first threshold and a second threshold.
The first threshold is used at decision point My, to determine if encapsulation should take
place at Mj,,, or M,uq, and the second threshold is used at decision point M,,.; to determine
whether encapsulation should take place at M,eq or Mygh. '

The method begins at step 300, where cells are accumulated at video queue 40.

30  The number of cells at video queue 40 is checked at step 302. If the number of cells has



vi deo queue 40 is nmade based on the activity at the other video queues 40
and real tine buffer 42. Typically, high activity at other video queues 40
and real woms/bazifer 42 10 indicates the potential for hi @acTjis/ess271f the
activity is high, indicating that predicted jitter may be high, then the
cells are encapsulated in order to control jitter. If the activity is |ow,
indicating that predicted jitter may be | ow, encapsulation is deferred in
order to gain transm ssion efficiencK Accordi ng to one enbodi nent, each
deci sion point may be associated with an optim zed efficiency such that
encapsul ating the nunber of cells at the 15 decision point may provide for
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time buffer 42. The nunber of packets nay be predicted according to a

met hdd dededipmedzag angansutatipr prefion. Adterengapgulaging)the e¢lls, e aprteadigrminatser
satisfies a fifsSg, td?écﬁétg(? | nfber ﬁBgsong’togatlsf}hﬁlen?ethI?cg threshold at step 316, the

method proceeds to step 320 to continue to accumulate cells. The number of cells is
checked at step 322. If the number of cells has not reached decision point Mg, the
method returns to step 320 to continue to accumulate cells. If the number of cells has

20  reached decision point Mj, the method proceeds to step 324 to encapsulate a large sized
encapsulation section. After encapsulating the cells, the method terminates.

FIGURE 5 is a flowchart illustrating a method for predicting jitter. The method
predicts a number of packets Q2 at real time buffer 42, which is used to determine

whether to encapsulate cells located at queue i. According to the method, a fill time

25  matrix A4; describes the time for other queues j to reach decision points, while taking into

account the bandwidth allocated to the flow 20 associated with queue j. The predicted

number of packets QF at real time buffer 42 is determined using the current number of
packets and fill time matrix A;.

The method begins at step 400, where fill time matrix A4; is initialized. Each queue

30 j may be associated with a fill time matrix A; that has two columns. In a completed fill



proceeds to step 308 to encapsulate a small encapsul ati on section that
includes M,, cells. After encapsulating the small section, the nethods

t er m nat ewo oBfio2le predi ct ed nunber does not satisfy a fipsa/ushs/eskol d at
step 306, the nethod proceeds to step 310 to continue to accunulate cells
at video queue 40. The nunber of 10 accunul ated cells is checked at step
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met hod returns to step 310 to continW? to accumrul ate cells at video gueues
40. If the nunber of cells has reached decision point M, led, the nethod
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30 j may be associated with a fill tinme matrix A} that has two colums. In
a conpl etBghatiph (13D 03/ 103241 PCT/ US03/ 14827 13 time matrix Aj, the first
colum describes fill tinmes, and the second col um describes addjtional
packets 216 produceﬂﬁéymeﬁéhﬁédTﬁ@wgpbnéﬁggﬁgﬁﬁ?“ﬁﬁsis the (p, d}%% el enent
of A

During the waiting period, other queues j may reach their respective decision points and
may encapsulate using any of the three M-values. One of the other queues j is selected at

step 405 to determine the impact of the activity at queue j on cell delay variation. The

maximum number of cells that could arrive at queue j within W)

low—med

time period is given

20 by w2

low-»med

R;/424=21D%),R,/424. There are three possibilities to be considered,

card

depending on the fill status of queue j: m; 2M M,, £m; <M, -1, and

med ? low

-1.

low

mj<M

Fill times for a queuej with m; > M, , are calculated at step 406. If m, 2 M

med ?
the next decision point for queue j occurs at M. The earliest time by which such
25 encapsulation could take place is given by 424 (Mg - m; - 1)/R;.  Thus, if
W(i)

low:

mea 2 424(M ,, —m; —1)/ R, then in the worst case queue j could generate at least

one encapsulation section before queue i reaches its fill level of M, -1. If that happens,

queue j generates [_(48 x 84 +16)/ 184-| = 22 packets 216 into the real time buffer 42, and

starts filling again.



In the illustrated exanple, the decision points conprise Mow, Mrmed, and
Whi gh. The 5 decisions are made when the nunber of cells M, at queue i
reaches Mvp,034032and M ,,d -1. A decision point is selectedratSoyisspr 402. |f
the nunber of cells M at queue i is equal to Mow -1, a decision is nade
whet her to encapsulate using M= Mow or to continue accunulating cells
until the next decision point is reached. To determ ne whether to

encapsul ate, the inpact of waiting fofs the next decision point on the cell
delay variation is 10 assessed. A waiting period is calculated at step
404. 1f encapsul ation is postponed until m = Mmed -1, then in the worst
case queue i hmstht voreti dasé, Gubdeh@enp endapsulitiaw at rpdudesithinbid BY | Eqedéd on
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and m <Mow- 1. Fill for aqueuej W th "> Mhred are calculated
at step 406. If m > M*red t he next decision point for queue j occurs at
Mhi gh.  Thehear|l| issthe tflose fisyetiohi ¥ mertioned sbey dhe tﬁrﬁtﬁlbrﬁsubmrdtwmroetvm ace

is given by 424 (Mhigh - m - 1)/R . Thus_. if Ww 4I\/h|Iq m -
1) / R} ,packetn 2l andeeambﬁ@bseqmﬁaméwcps E8ntp ng@él%& étpapl@&%i o“ﬁhe
encapsul atl on section before queue i reaches its fill |level of Mred -1. If

that happ@kest tiirelis grodusing tieelirsy fillgocgurs safter 1hg }ratew&l desgpibeh BX d1q9abars i nt o
t he rgal q;ge buffer 42, and starts filling again. W 03/103241

PCT/ US03/ 27 14 In the worst case, subsequent encapsul ations at queue |
within the Wow ,nmed period are perfornmed using M.,v. Thus, the nmaxi num

nunber of enca?sul atlm(mcuansmoo t hat
,,,g,, R seconds (15)

J

Subsequent fills occur at intervals described by Equation (16):

15
T ()= 2= 2 5% seconds for m =23, fug W) (16)
Rj R
Fill times for a queue j with M,,, <m; <M, , —1 are calculated at step 408. If
20 M, <m;<M,, -1, the next decision point for queue j occurs at Myes. The earliest

time by which such encapsulation could take place is given by 424 (Myeq - m; -1)/R;
seconds. Thus, if W

onsmed 2= 424(Mpeq - m; - 1)/R;, then in the worst case queue j generates
at least one encapsulation section before queue i reaches its fill level of M4 -1. If that

happens, queue j generates [_(48 x36+16)/184 _| = 10 packets 216 into real time buffer 40,
25  and starts filling again

In the worst case, subsequent encapsulations at queue ; during W time

low—med

period are performed using M,,. Thus, the maximum number of encapsulation sections

200 that may be produced from queue j during the W

ow—>med

period is described by
Equation (17):



maybe produced from queue j during the Ww'nmed period is described by
Equation (14): Wow,nedR [/ 424 - (Miigh - 1 - m) ~> 5/ high (.~

W ow >nedwo-0b/16324114) M ow -1 where L1 is the floor functi ®er/v8e3/msati oned
above, the first fill results in twenty-two packets 216, and each
subsequent fill produces [(48x15 + 16) /184] = 4 packets 216. The earliest
time for producing the first fill occurs after the interval described by
Equation 10 (15): 424(Mg" ' - m-1);sT g (j) _ "' seconds (15) R
Subsequent fills occur at intervals described by Equation (16): 15 424
Mow -1 5936 T ;gti (j) _ = seconds for m=2,3,..., f high (J, Www >ned)
(16) R R Fill tinmes for a queue | with Moti, <- m < Mmed -1 are

calculated at step 408. 1f 2Dpb0 < /gbg<(Mred 1, yhe next decision point
for queue j ocqur&j, Y \Mypd: 1 Fhe 6/ i h such endapsul ation
coul d take place is given by 424 (Mred Mzom‘l-l)/Rl s¢conds. Thus, if

Wo' W,ned > 424(M,1led - m - 1)/R, then in the worst case queue |

ener at es i i.Qn f i its
PO e AL AR OFRIHoRLLTL SR RETOER, el DS
16)/ 1841 foul Pagkeckelts ZThé ehrlicst timalfort produding fler fidd fill d&cuandftatthe tistefvial | | ng

again In the worst_case, subsequent encapsul ations at queue j during
W ow- +nedé‘TSF‘ﬁl%¢dl1¥e$qL@H°‘épe§perforned using Mo,. Thus, the maxi num nunber

of encapsul ati on SeCtiﬁlgM Zle_t_bat may be produced from queue j during the

W ow >ned peri 8, (3 sEguat i on (17): WD 03/103241  (18)
PCT/ US03/ 14827 15 Ri

Subsequent fills occur at intervals described by Equation (19):

10

424(M,,, ~1) 5936

seconds for m=23,..., f, ., (j,W(i)_,med) (19)
R; R

Tn(x;nd) (J) = low
Fill times for a queue j with m; <M, -1 are calculated at step 410. If m; < M, -1,

the next decision point for queue j occurs at My,,. The earliest time such encapsulation

15  could take place is given by 424(M,, - m; - 1)/R; seconds. Thus, if W _ > 424(M,,, -

low—med —
m; - 1)/R;, then in the worst case queue j could generate at least one encapsulation section
before queue i reaches its fill level of M,.; -1. If that happens, queue j generates four

packets 216 into real time buffer 40, and starts filling again

In the worst case, subsequent encapsulations of queue j during the W

low

—>med periOd
20  are performed using M},,. Thus, the maximum number of encapsulation sections 200 that

may be produced from queue j during the W) period is described by Equation (20):

low:

0] wp
, ; p )
-flow (ja VVlolw—>med) =1+ ow— me

Ri/A24 - (Miow-1- m,-)J 20)

Miow -1

25  The earliest time for producing the first fill occurs after the interval described by Equation

(20):

424(Miow—mj —1)
R;

T ()= seconds 21)



I (') low*nmedR 1 424 - (Mned - 1 - nmj) Jmed \.~ ~ Wow>ned) - 1
+ WMION1 (17) !'ow Except for the first fill which produces ten packets
216, everwosahexguent fill produces 5 four packets 216. Paa/usas/h4sest tinme
for producing the first fill occurs after the interval described by
Equation (18): T'ed (j) - 424(Mred - m - 1) seconds (18) R Subsequent
fills occur at intervals described by Equation (19): 10 T ed (j) =

424(M ow -1) - 5936 seconds for m= 263 - - fined (j>Wow>ned) (19) R R
Fill tinmes for a queue j with nj < M,, -1 are calculated at step 410. If
n < MO -1, the next decision point for queue j occurs at Mow. The

earl i est Subveqeuntfilleocapstintrvandestfbeddyl Equatike (3Mace is gi ven by 424( MLow
- nm - 1)/R seconds. Thus, if Wow >ned >- 424(MLO nj - 1)/R, then in

t he worst case queue%& coul d generate at | east one encapsul ati on section
bef ore queue rimy gacAEdMers I i [PPeyel, ol Myedy 31, | ff (a0 happensy) queue |
generates fouf” )éacket SRi216 intR real time buffer 40, add&farts filling
again In the worst case, subsequent encapsul ati ons of queue j during the
Wow >ed per i gfl m#APix, FoPGlche feehddfidng stvh A2 wiliUAl thit® d¥RkniAsmapseper  of
encapsul ati on sections 200 that nay be produced from queue j during the
W ow >nedd(fethraghi 4101 e$he ieptodatby wegsisascoscep@) for( the \generatiom of Ragket4216 (M ow

-1- g i I, d) .= . = he.. | ] i f
o odue) o oRduphesg frt 1 boknd & et o0 Pregiet st daCufR BubERl T o
(20): Tiowdj) ﬁm%ip%ﬁ%oﬂke &olutibh o?‘?ﬁ@ﬁlﬁﬁbe(r%%%)amtsoﬁ re3add v/ 445Q3h 4827

16 SubsequéHit™f | occur at intervals described by Equation (22): Trove)
(1) =424 '\nqeogg t_hat1 2>f a ba(’t;c:iﬁ6 80%9%/]‘1 Ocrluerlpln:g szysgéhi with l];no%vv}ll gt‘ai‘tin\évt?r%éfgr?cp )
(22) k=1 Tk

10  heterogeneous inputs, that is, where the interarrival times of each input are deterministic

but vary from one input to another. Except for the first fill of each input, the batch size is
fixed at four packets. In the illustrated example, the time to serve a packet is given by
1632/Rencap seconds, which is selected as a time slot. The first column of each matrix A;
may be normalized so that the time for each fill is indicated in the number of time slots.

15  The floor function may be taken to produce an integer number of time slots.
If there is a next other queue j at step 414, the method returns to step 405 to select
the next other queuej. If there is no next other queue at step 414, the method proceeds to

step 416 to determine the current number of packets Qg in real time buffer 40. The future

number of packets QX after W)

low—>med

Rencap /1632 time slots is predicted using the

20  current number of packets Qrr at step 418. The growth of real time buffer 42 may be

simulated for the number of time slots using fill time matrix A; for j, j #i. The following

pred

procedure may be used to predict QF. In the procedure, the parameter next fill[;]

provides the index to the next fill time at queue ;.

initialize Q2 == Orr

25 set Spax = W Rencap/1632 /* maximum number of slots */

low—med
forj=1,...,n,j#ido
set next_fill[j] =1

end-for
fort=1,2,..., Spax do
30 forj=1,2,...,n,j#i,do

if 4; (next_fill[j], 1) =t



R R 5 Fill matrix Aj for queue j is updated at step 412 wth fill tines
determ ned at steps 406 through 410. The estimated worst-case scenario for
t he generwbDiodnox2f packets 216 fromqueues j = 1, . . . nPCTJUSH3/i4823 used
to predict the status of real time buffer 42 after the Wwm tinme period.
The evol ution of the nunber of packets at real tinme buffer 42 is the sane
as that of a batch I n_-'" Dk | D/ 1 queuing systemw th known starting
times and 10 heterogeneous inputs, thaf is, where the interarrival times of
each input are determnistic but vary fromone input to another. Except
for the first fill of each input, the batch size is fixed at four packets.
In the illustrated efghp @2t het(nbxrefili[), 3erve a packet is given by
16321Rencap seconds; ct ed as a tine slot. The first colum of
each matrix A maly’1 C\gg{r}%{r}r'rlla?r}? Iiﬁ so that the tine for each fill is
indicated in the fidfer of time slots. 15 The floor function may be taken
to produce an i sfidsger nunber of time slots. If there is a next other queue
j at s{ep 414, %@dlﬂi‘ ed_returns to step 405 to select the next other
queue J. If ther€’is A& next other queue j at step 414, the method proceeds
to step 416 t¥dd®fernine the current nunber of packets QRT in real tine
buffer 40. The future nunber of packets QRTd after WaW->nmed Rencap /1632
tine slots is Tﬁhee'dbrst-edsews'tragletalye:aﬁﬂcdd],yrpcrsmonmgrm‘eapstuiatipacakquale(;ﬁ[a)abe step

418. The h, of buffer 42 may be sinulated for the nunber of
time slot%“ﬂ?ﬁﬁ’g“sf‘}gllf‘{alﬂ%%trix A for j, j :~i. The follow ng
procegure may be used to predict QRTd . In the procedure, the paraneter
next WJ] provides thg 22@3@&@ téel next fill ti me at queue j. initialize
QRTd : = QRT 2548¢t .S 4 N M,%) %y* maxi mum nunbgy of
slots */ forj=1,...,n,,,jRM, ,do set ‘Next TI[/ end-for for t = 1,
2, ... , S naxXpy e@i@tl&‘?id reﬁortc?d at-step'420. ] TH decti®on Whéthed Rechdsulatd usidd =

WO 03/ 103241 PCT/US03/ 14827
M,,,, or not can be made by comparmg Q”’ed to a threshold Njgy —» meq described by

Equation (24):

def | 48M . +16 < | 48(36) +16
N —_ z : —med " | _ z 7 7 1=10 -1
low—>med ’V 184 1 jzlj#ilr 184 _’ (nv )

15 j=1 (24)
J#i

If Q”’“" Niow—» mea» €ncapsulation section 200 is formed using M,,. Otherwise,
encapsulation is postponed until the next decision point. After reporting the predicted
value, the method terminates.
If decision point M., is selected at step 402, the decision was made to not
20  encapsulate using Mj,,, but to wait until m= M,,.q-1. At m; = M,,.q -1, a decision is made
whether to proceed with encapsulation using M,,.s or to wait until m; = Mg, -1. The basis
for making such a decision depends on the impact of waiting on the cell delay variation at
encapsulator 30.

A waiting period is calculated at step 404. If encapsulation is postponed until m; =

25 Mg —1, then in the worst case queue i has to wait for the period W0, . described by
Equation (25):
Wn(tézi—)lugh = (Mhigh med )Dg)rd = 48D21)rd SCCOHdS (25)



QRT pred (RT d + Al (nextf II[j], 2) increment nextfll[j] end-if end-for
pred prod 5 QRT QRT - 1 end-for The worst-case extra delay caused by

post poni /goeaaexrsul ati on at queue i may be estimated usi mgTHS0RI480N (23):
10 Pred low+ned - (g)(204)RQRT - QRT) + Dcard (M ned - ML0111) (23)

encap The prediction is reported at step 420. The decision whether to
encapsul ate using Mow or not can be nade by conparing QRT d to a

t hreshol d Nlow 4, , lea descri bed by E%:_J'ation (24): L Er48Mm+l 61 48(36) + 16
Nl owined 184 = =10(nv -1) =lj* 184 j =1 (24) jai If QRT d Nlow -)
med, encapsul ation section 200 is formed using Mlow. O herw se,

encapsul abiuong the waising paead,wthér quehes hery reksbitheio mespostive. filMavels andpoay i ng

the predicted ,value, the t hod ,t.erm nates. .|Lf ci sion point Mn IS
ol ent o dioanvisfe yose by g FEAREE JSHITBRE of e A6 SisRE 08 8kt 30%st g
MLow, but 4650 t\aeferiit | the MRIPactMIB the- dotivAlly dn queudl;nel cell . defaydesridtionn The Made
whet her to proceed with encapsulation using Mnea or to wait until m =
Mii gh - 1. mTkieninasimsberf afceltnkhangowld airive atepiess pwithapibadg,hr,. 1 hiee pepadtis of
waiting on the cell delay variation at encapsulator 30. A waiting period

i's calxul gived ® BIED, 404 42uf= 48IDUPR Ul 424i. on Therep@sd phreed puskibilities t& be
considered depending on the fill status of queuej: m; > Myed, Miow < mj < Mipeq, m; < Mioy,.

Fill times for m; > M,,.q are calculated at step 406. If m; > M,.q, the next decision

point for queue j occurs at Mg, The earliest time by which such encapsulation could take

place is given by 424(Myg; - m; - 1)/R;. If W)

med—>high

> 424(Mpign - m; - 1)/R;, then queue j

) encapsulation sections 200 within the W)

10  generates a maximum of fygn(j, W, et —high

ed — high

period, where fj;,5 is described by Equation (26):

we Ri/424 - (Migh -1 - m))

. @) _ med —>high
f high U, Wmed—)high )=1+ = Miow—1 (26)

15 As discussed previously, the first encapsulation section has twenty-two packets 216,

while each subsequent encapsulation section has four packets 216. At best, encapsulation

sections are generated at times T () T D+ T (1),

Tioh D+ T (DN +Tian(J) , - - ., where T, () is described by Equations (15) and (16),

igh
for m =1 and m > 1, respectively.

20 Fill times for Mo, < m; < Myeq —1 are calculated at step 408. If W

med —>high

> 424

(Mynea - mj - 1)/R;, then in the worst case queue j produces at least one encapsulation

section within a W

etnign Deriod, and may produce a maximum of fuea(j, W0 hen)

encapsulation sections, where f,,.q is described by Equation (27):

25 f d(j W(t) ) = 1 + W’:Zd—)high RJ/424 - (Mmed - 1 - m_])

ed — high M 1

@n

low

The first encapsulation section 200 yields ten packets 216 in real time buffer 40, while

each subsequent encapsulation section 200 yields four packets 216 in real time buffer 40.



25 M,igh -1, then in the worst case queue i has to wait for the period

W ned-, hi gh descri bed by Equation (25): W(iei)d-ahigh = (Wigh - Mmed

) Dcard = wBbaaoxt4seconds (25) WO 03/ 103241 PCT/ US03/ 14827 pcTAISDeridsay t he

wai ting period, other queues j may reach their respective fill levels and

may encapsul ate using any of the three Mvalues. One of the other queues |

is selected at step 405 to determne the inpact of the activity at queue |

on cell delay variation. The nmaxi numgunber of cells that could arrive at

queue j within the Wred-, high tine period is 5 given by Wned-, hi ghRi /424
48DcQ dR} /424. There are three possibilities to be consi der ed dependi ng

on the fiThe sttetgenestioguienes ¢f thei ensapskiation eetions fram the Kuewk / afe givin 00

Fill tinme are calculated at step 406. If nj > Mred, the next
deci si on lsguaﬁlpnmia%gﬁg) occurs at Mhigh. The earliest time by whi ch such
encapsul ation Pﬂ’H}rﬁﬁtﬁE% 5%,0091 él%cglc\él%ﬂsdba)f ézé‘h(lb’l I 90 - M > 20d R -

Wred~hi gi , > hen qu 10“g&ter at es a ma |rrum
o "I G ) i E0h ISR PR LA0S, SR ALY 115 e
Wvh 1-

G stﬂissede“g?%%ﬁl%ﬁ’??segmfﬁm cfore (po GHBEE L eAbRRNTER vl SPRAGON, Mperk e

packet s 2d&cribadbyt Bquatioh (2)bsequent encapsul ation section has four packet s
216. At best, encapsul ation ections are generated at times T (g (j), T g

(i) +T2) (i (] T| Pt RY424-TMgh1€m) |, ... , where T ;gh (j)
i s described b@vWEant%h@ni (II'S anuh(ltM le m = and m> 1, 2§-)
respectively. 20 Fill tines fbr M,,, <?) < Mred <1 are calcul ated at step

408. If Wed high > 424 (Mred - m - 1)/R, then in the worst case queue |
produces Bichl enasisulation esrtian 200 & paeketized dit 'fam paskels 21 6a TH¢ gexterativongim¢sefot od,
and nmg produce a maxi nrum of fined(

W hi gh |
sect i Bhs, thisfesncapsuigiion seefians mayebe Bvaeaﬁgt%ﬁqw%ns)(%ﬂem@%u AR 924 -

(Mred - 1aboufnﬁll)t1rnes and the potential number of generated packets is stored in fill time matrix
Ajat step 412. If there is a next other queue j at step 414, the method returns to step 405 to
select the next other queue j. If there is no next other queue j at step 414, the method
proceeds to step 416.

15 The current number Qgrof packets in real time buffer 42 is determined at step 416.
The predicted number Q% packets in real time buffer 42 is predicted at step 418 from
the current number Qgr and the fill matrices. The procedure described previously, but

low

with W(Ed_,,ug,, replacing W) = in the second line, may be used to compute the
predicted number Q2 representing the number of cells after W(ed_,,”g,, period. Once

20 7 is obtained, the worst-case extra delay caused by postponing the encapsulation

decision at queue i may be estimated using Equation (29):

o _ ®QNQF - 0m)

med—high — R
encap

D(lz'd (Mhlgh med) (29)

The predicted value is reported at step 420. The decision whether to encapsulate
25  using M, 0r not may be made by comparing Q,’{;ed to the threshold Nyeq — nigh, described

by Equation (30):



25 fined(/, K=-).high) =1 + Mlow 1 (27) The first encapsul ati on section
200 yields ten packets 216 in real tine buffer 40, while each subsequent
encapsul awpen/1exet i on 200 yi el ds four packets 216 in real pCcrasobufster 40.
WO 03/103241 PCT/ US03/ 14827 19 The inter-generation tinmes of the

encapsul ation sections fromthe queue j are given in Equations (18) and
(19). Fill times for |} <M,,,, -I are calculated at step 410. If

Wred-' high ? 424 (Mo,v - nj - 1)/Rygthen in the worst case the queue |
generates a maxi mumof fo,1,(j, VwEdhlgh ) 5 encapsul ation sections before
t he queue i reaches its Fill | veI of Nhl gh -1, where fom1|s descri bed by

Equat i on (28) {yWE 1|@ﬂ < hugh,, 4805)+16 %ﬁ? ((,, (i) c JIONV
Wred Thi gh) —%@87’ B ﬁlé% 200 is packetized
in four packets 216. The enera on t1H% for

t hese encapsuI@h
sections may be obtai ned~from Equations (21) and (22). Informati about
fill times and the potehfﬂal nunber of generated packets is stored in fil

time matr step 412. |If there is a xt ot her eue ste 414,
the et holf 87 bt ovo p ciggsyiion sre lﬁhf@ﬂﬁ‘fsﬁtuwh@'ﬁiwqa@{?ﬁith % her e
iS no next oth ueue at st 41 hod rocee St 6. 15
The curreft®® Pﬂ%’é’ &’ p M@&T T Eifﬂqlng?g ﬁ? prsedgge[deyaﬁf%giée at

step 416,nembgt@ﬁﬁgn@¢ed nunber CRTd packets inreal tine buffer 42 is
predicted at step 418 from the current nunber QRT and the fill matrices.

The proocedur e Beesppulpas Eﬁlbvficéefﬂl% tpthe ilstrcdweathodmgly redpeeatiitergwitiiow med

in the se b d

ropr osent g HLE SRy ot SEFR b Sy REMRGEA 2B oot SHLRGE G 1
obt ai ned, cdllkethsarthé maa:aee(ﬁﬂterdépdraye cmadthbyomatqfommgsmdwr shaapsut at i on
deci sion at queue i may be estinmated, using Equation

29):
obtained using Equation (8) by substituting M,,,, for M(1 + k), thigz for M;, and M, for
M((k), yielding Equation (31):

10 (De‘;)m,,) _14D9 4 1632 Z[(48)(84)+16-‘_[(48)(15)+16—‘+1.647
low. Ry 184 184

encap \ J*i
1632

=140+ (22n, —24.353) (31)

encap
If encapsulation is postponed until m; = M,,.s —1, then the worst-case interdeparture

time is upper bounded as described by Equation (32):

13 (D) = )02, +32 {0 [ EODIE, 4]
" encap 184
<35D9 +11€63 {10(n, —-1)-2.353} (32)
encap
=35D9 4+ 1632 (10n,~12.353)

encap

The first term of the right-hand side of Equation (32) is the result of having to wait for the

arrival of M, —1 cells before encapsulation. The other terms account for the impact of

20  encapsulation sections 200 from queues j other than queue i and for the impact of the
previous encapsulation section 200 from queue i.

Finally, if encapsulation is postponed until m; = Mj,g, — 1, then the worst-case

interdeparture time is upper bounded as described by Equation (33):



d M- (8)(204)(QRT d - QRT) + T1 (i) nmed-ahigh - card (M high -Med) ( \29)
Rea cap The predicted value is reported at step 420. The deci si on whet her

t o encapswbaBao322b usi ng M ned or not may be nade by conpa&drrpo§dRBd7to t he

t hreshol d Nmed-+ high, described by Equation (30): WO 03/103241

PCT/ US03/ 14827 20 dej 48M 0, + 16 n" 48(15)+16 Nmed->high 184 j=1 jm 184

= 4(n,, -1) j =1 (30) jai If QRTd >_ Nmed-+high ~ an encapsul ati on section

is formed using Mred cells. Oherw s encapsul ation is postponed until m
= Miigh-1. After reporting the predicied value, the nethod term nates. 5
Encapsul ating cells according to the illustrated method may reduce jitter

whil e maintai g effl enc a63e Cg,g,s (@8)(®) +96qt i on 200 from queue i
is fornmed usi ngDilA: high zglsch}aeﬁ&‘lﬁ‘{ j_—4_t‘ rdeﬁﬂ ture tinme at
the output of encapsulator 30 ma “¥obt ai ned using Equation (8) by

bstitut Moti,, 163R) h IVl dMo,,,for Kk
f/:Jelsd: n; :Eggatlgnl (31)é:)§%4‘,’§}éi i%(ff Ié? f&gg 1s+122+1 647} ((E)%?aé gla =

14Dd + encap =14L d + 1632 (2 ””- 24.353) (31) car Rencap If

encapsul ation is postpogtggk')um 2r(m =_Wbed) -1, then the worst-case

i nterdeparture tine is upper IQQ;,,;nded as described by Equation (32): 15 (DW
) _ (Nmed - |)Dcard + 1632 {QPred - [(48x1ls) + 16 + 1.647 encap nmed Rencap
18, 35D(';d + 1632 {10(nv -1) - 2.353} (32)

The worst-case cell delay variation for the M-values may be obtained from Equation (9)

5 by replacing DY by the corresponding worst-case interdeparture time at the given M-

encap
value. The reduction in cell delay variation is the highest when My, is used and the
lowest when Mg is used. The average reduction in cell delay variation depends on the
distribution of encapsulation sections 200 that are encapsulated using My, M,eq, and
Myign, which in turn depends on the traffic conditions, because the heavier the load, the
10 higher is the tendency to encapsulate using a larger M-value. If the load is light for a large
fraction of the time, then most of the encapsulation sections are encapsulated using Mg,

and to a lesser extent M,.4.
If the resulting cell delay variation bounds are too loose, then one can control these
,and N

bounds for both Meq and Mg, by modifying the values of N For

low—>me, med—high *

15 example, using a smaller value for N than the one used in Equation (24) increases

low—>med

the number of encapsulation sections that are encapsulated using M,,,, and hence
decreases the average worst-case cell delay variation. According to one embodiment, the

sizes of the encapsulation sections may be monitored, and the thresholds N , and

low—>me

N may be adjusted so that a desired cell delay variation performance may be

med—>high
20  provided.
Certain embodiments of the invention may provide one or more technical

advantages. A technical advantage of one embodiment may be that the number of cells to

be encapsulated is adjusted in response to predicted jitter in an effort to control jitter while
maintaining efficiency. If the predicted jitter is high, fewer cells are encapsulated to

25  control jitter. If the predicted jitter is too low, more cells are encapsulated to maintain

efficiency. Another technical advantage of one embodiment may provide prediction of



Rencap = 35D a;d + 1632 (10nv -12.353) Rencap The first termof the

ri ght-hand side of Equation (32) is the result of having to wait for the
arrival oWwoMsam241 cells before encapsul ati on. The ot her tremrmsoae4sount for
the inmpact of 20 encapsul ati on sections 200 from queues j other than queue
i and for the inpact of the previous encapsul ation section 200 from queue

i. Finally, if encapsulation is postponed until m = Migh - 1, then the
wor st-case interdeparture tinme is u r bounded as described by Equation
(33): WD 03/103241 PCT/ US03/ 14827 21 i> _ Whigh ~, ~ 1632 -(48)(1+16~ RT

+ 1.647 ( ap )high - (Migh - 1Dd + {QDred_Rencap_ 184 830(Q d + 1632
14(, , , - 1) At B58HmMEEE theRambapofcadi3Bt-a beffer at 6 Zvepdime. K taspiedirtedonpbehe

wor st-case.cell. delay variation far, the.Mv es e obtained from
Fauat ] on poseTeas B thei er fpraRictoie b idh o b Prelodiingbieai Sffl g™

i nt er depaen g jittdi®s pbdicfee tgby®w.M val ue. The reduction in cell del ay
variation is the highest when ML, ,, is used and the |owest when Migh is
used. The averégbouﬁndmtemﬁdmpnwﬂ the|dpvaption rangd tifsopd Wapsess drodescrbed n

di stridut| f i i e I j MLO
! Mred, oL p R R B0 e T SO AN B AP RAERTHE B hglisicho
because t withtwgaddpaiting hfeorh ahel spirtteand Gebpeagbf thel reddne inwsndency definehbgphell at e
using a larger Mvalue. If the load is light for a large fraction of the
time, thefPR¥Bd3d Qfitshe encapsul ation sections are encapsul ated using i gh
and to a lesser extent Mred If the resulting cell delay variation bounds
are too | oose, then one can control these bounds for both Mred and Wi gh
by nodi fying the values of N, ow,ned and Nned-, high . For



15 exanple, using a snmaller value for N, ax,,ned than the one used in
Equation (24) increases the nunber of encapsul ation sections that are
encapsul awedsusizag M .,,,, and hence decreases the averagenusosi4sease cel
del ay variation. According to one enbodi ment, the sizes of the
encapsul ati on sections nmay be nonitored, and the threshol ds Nrow, med and
Nmed_, high may be adjusted so that a desired cell delay variation
performance may be 20 provided. Certg n enbodi nents of the invention may
provi de one or nore technical advantages. A technical advantage of one
enbodi mrent may be that the nunmber of cells to be encapsulated is adjusted

in respon®HAGIPCENIMEIAIS:i tter in an effort to control jitter while

mai ntaining efficiency..1f_the predicted jitter.is high, fewer cells are
encapsul ated tb 25 ‘é‘dﬁ?tp%‘{ fﬁrf{l‘faﬁf‘ﬁaﬁlqg?eﬁlé’_cﬁw&s%d jitter is too |ow, nore
cell's are encapssiviigefphuealifpobtalsat £hhidue] ﬂf%eué&@id&ﬁfed[ﬁﬁhm ataliggyant age
of one enbodi ment nmay provide prediction of 03/103241 PCT/ US03/ 14827 22

jitter bydesisiommneintsy cadthedenisibe poimt coBPIPONGing 4o munamperaef eellsi gegh decison | f

t he predict.ed nun . Of ' igh, the jitter is predicted to be high.
| f thesepréc}iﬁtc S%%qag%ggacgﬁl%%:ﬁeqﬁﬁig&legbﬁ%ow, then the jitter is predicted to
be | ow. Alt hougbeaingehdfudliominy urafl sitivyihgu eintstoid aftdrion:s advant ages are
described in 5 detail, a person skilled in the art coul d nake vari qQus
alterations, additiF4MUBHASGhilesTUHE 2 WPRGRE GEPLPTPIGNINGIP theCAHiPn i t
and scopep(%t.the present invention as defined by the appended clains. WO
03/ 103241 PCI/ US03/ 14827 23 WHAT IS CLAIMED IS: 1. A nethod for

encapsul ati ng cel | sprediotipg jitérragsocrabekwith g &llgl urality of cells at a queue,

t he queue associated with a pluraljity of. decision points, e deci.si on
poi ntlLbcor r espondi nggﬁtmmﬂﬁr?glé#ﬁ%f t&‘Eequ‘i’?tegdétFFr BF@SO{EIG @Ieﬁgﬁ%ﬂt CTYEQL; at ed
with a thigsdiabdwethith®€addNion piReating the follow ng until satisfying a
threshold criterion: accunulating at the queue a nunmber of cells
correspondi ng to a ttadingitba cells to a buffer coupled to the queue if the predicted jitter
satisfies the threshold criterion; and
continuing to accumulate at the queue a number of cells corresponding to a
15 next decision point; and

encapsulating the cells at the buffer.

2. The method of Claim 1, wherein:
predicting jitter associated with the cells comprises predicting a number of packets
20  at the buffer; and
determining whether the predicted jitter satisfies the threshold criterion associated
with the decision point comprises determining whether the predicted number satisfies the
threshold criterion, the threshold criterion describing a threshold number of packets at the
buffer.



point; predicting jitter associated wwth the cells; 10 determ ning whet her
the predicted jitter satisfies the threshold criterion associated wth the
deci si on woioatip32zsendi ng the cells to a buffer coupled to trha/cpozuws27f the
predicted jitter satisfies the threshold criterion; and continuing to
accunul ate at the queue a nunber of cells corresponding to a 15 next

deci sion point; and encapsulating the cells at the buffer. 2. The nethod of
Claim1l, wherein: predicting jitter aggpociated with the cells conprises
predi cting a nunber of packets 20 at the buffer; and determ ni ng whet her
the predicted jitter satisfies the threshold criterion associated wth the
deci si on poi nt 3conplhe esthedtarGliaim dgwhpistthpiedicHag pitted pespelateduriiethesglls sf i es
the threstropusesriterion, the threshold criterion describing a threshold
nunmber of packedcsssiig bHdl tief metrix ¥WoEidted OB Andthdy I8/ EBAN tirde ndatridhe

met hod of Claim1, er ei edicting.jitter associated with the cells
conpri sesSOTAREHE P ﬁgﬂ%lltf/iq?|ﬂ?{'illﬁs8=ﬁaf fill i prspeiried wnﬁsar@%@?etaa%ée t he

Fill t4 megauffeXfromf®bthel fbud Plurality of fill times, each fill tine
associated wth a set of packets sent to 5 the buffer fromthe other

queue; det er mi détemgnining@rougnent mumkize of pickptaek theduffer;tahd buffer; and

predicting the_n er ..of cket.s accordi to.the current n r .of .packets
Bt The  buf f er PRAT ek GRendpber B BaebAeCo e sl Stk plberr it T e R
associ at epuffértand tRefilE Bilematdf ifforddh® predittabe ffter@ssdciatdd wivh ehicedeMs.pr edi cti ng
jitter associated with the cells conprises: accessing a plurality of fil

time matrices associated with a plurality of other queues, each fill time
MRt riy, comprisyng arpl Weldatof Ghint h! WhblelPSredRAEE jitted hoshlilfed IRRPH e
comprises:

accessing a plurality of fill time matrices associated with a plurality of other
queues, each fill time matrix comprising a plurality of fill times, each fill time associated
with a set of packets sent to the buffer from the associated other queue;
15 determining a current number of packets at the buffer; and
predicting the number of packets according to the current number of packets at the

buffer and the fill time matrices in order to predict the jitter associated with the cells.

5. The method of Claim 1, further comprising calculating a fill time matrix
20  associated with another queue by:
calculating a waiting period between encapsulating at a current decision point and
encapsulating at a next decision point;
determining information about a plurality of sets of packets sent to the buffer from
the other queue during the waiting period, each set of packets associated with a fill time;
25 and
storing the information in the fill time matrix, the fill time matrix used to predict

the jitter associated with the cells.

6. The method of Claim 1, wherein encapsulating the cells at the buffer

30  comprises encapsulating the cells to generate a multi-protocol encapsulation section.



with a set of packets sent to the buffer fromthe associ ated ot her queue;
15 determ ning a current nunber of packets at the buffer; and predicting
t he nunbewoaB/ipeeeket s according to the current nunber of packesvsi14e7the

buffer and the fill time matrices in order to predict the jitter associated
with the cells. 5. The nmethod of Caim1, further conprising calculating a
fill time matrix 20 associated with another queue by: calculating a
wai ti ng period between encapsul ating a current decision point and

encapsul ating at a next decision point; determning informtion about a
plurality of sets of packets sent to the buffer from the other queue
during the wailing Per nethodeat IClant 1pfwheaik ensammsktiog ahedells tah the fhukfer t i me;
25 and storing the information in the fill time matrix, the fill tine

mat ri x us‘é’&lﬂrgeﬁr edict the jitter associated with the cells. 6. The nethod

of daiml, W?én@iaﬂn?ﬁﬁ%ﬂ@dﬁkﬁﬁﬁ&ﬂseﬁﬁ&l b¢hdding@h sédi®nPehde@and 3Qe@RNTHHELS
encapsul ating tThe cells to generate a nulti-protocol encapsul ation section.

WO 03/ 103R41e i/ 40803/ 14827 25 7. The nethod of Claim 1, wherein

encapsul ating the cells at the buffer .conprises: ner at |

encapsul ati on %afgg?tfzé?'g E@e SHEAPRY2U0m, Seqtiof nhL SR raliey of é:ié?tlg’ogg?hog?%(re Y to
the cell s(,:onefjmirfg @@@keﬁﬂeaaé}gmaiaq,agmmm ation section into a plurality of
packets, each packet conprising a packet header and a packet footer. 8.

The met hod of Caim 1, wherein: each decision point conprises an optim zed

efficiency; an%i 10 ?Wﬁ%t!h%?b%tlh%hgﬁlﬂs at the buffer conprises
‘he ce i >

encapsul ati ng s at a nmaximzed efficiency. 9. The nethod of Claim
1, wherein thecackldbdsionppmt s@npriset bh opsmized effttidncgmarel  gr oup consi sting of
video traffic, voice traffic, and re%l -tli me traffic. 1Ei :

10 encapsulating the cells at the buffer comprises encapsulating the cells at a

maximized efficiency.

9. The method of Claim 1, wherein the cells comprise traffic selected from a

group consisting of video traffic, voice traffic, and real-time traffic.
15

10. A system for encapsulating cells, comprising:

a queue receiving a plurality of cells, the queue associated with a plurality of
decision points, each decision point corresponding to a number of cells, each decision
point associated with a threshold criterion; and

20 a processor coupled to the queue and operable to:
repeat the following until satisfying a threshold criterion:
accumulating at the queue a number of cells corresponding to a
decision point;
predicting jitter associated with the cells;
25 determining whether the predicted jitter satisfies the threshold
criterion associated with the decision point;
sending the cells to a buffer coupled to the queue if the predicted
jitter satisfies the threshold criterion; and
continuing to accumulate at the queue a number of cells
30  corresponding to a next decision point.; and

encapsulate the cells at the buffer.



10. A systemfor encapsulating cells, conprising: a queue receiving a
plurality of cells, the queue associated with a plurality of decision

poi nts, eaohl3dexissi on point corresponding to a nunber of e@erlEsps/emseh

deci sion point associated with a threshold criterion; and 20 a processor
coupled to the queue and operable to: repeat the follow ng until satisfying
a threshold criterion: accunul ating at the queue a nunber of cells
corresponding to a decision point; ddedl cting jitter associated with the
cells; 25 determ ning whether the predicted jitter satisfies the threshold
criterion associated with the decision point; sending the cells to a buffer
coupl ed to thelueuthd §ystelne01b€1@dhdOe‘dherjbiintth@proswblstmee@e&th)e t hreshol d

criterion; and_cqgn uin CC | at.e at the

cor r espondi ng Pr881§ HQ?& g‘&éﬁ%‘%’ﬁﬁg}é f‘ﬁlFS Cog}%’s%n‘grs lgﬁP%?élu 8&)?&&& the
buf fer. Wa.@afféQ3dd1l PCT/ US03/ 14827 26 11. The system of CI ai m 10, wherein
the processor operat es to: predict jitter associated with the cells

conpri ses predfeteintiee avhsthepdic predistadidattes satistigspibe iweshald caitrrioneassoipted

Whet he§ th a%eeﬁiécﬁ;sﬁc%d%élh{ 5o%opr§s%g 'dgtfehgx%%xg\ghétﬂéretﬁ%l“{ﬁ#%d b%aﬁ?ﬁé&c‘th@t ed

5 with thé deci sion mnin eprelcte
nunber s aﬂir@hbla&ritdsﬁbn tHa:l’tﬁﬁ:bl@dld céitdrio@rdesotibinghe tltré‘shekhmhﬂb@'rdftpﬁckmm the
descri bi ng a threshol d nunber of packets at the buffer. 12. The system of
Cl ai m 10, rein the processor operates to predict jitter 10 associ ated
with the cells by accessing a fill tinme matrix associated wth anot her

aueue, 1o 1111 L AT o KOTR . BRRyPLAT hilo by o s "
ot her1(queassociated with the cells by:
accessing a fill time matrix associated with another queue, the fill time matrix
comprising a plurality of fill times, each fill time associated with a set of packets sent to
the buffer from the other queue;
determining a current number of packets at the buffer; and
15 predicting the number of packets according to the current number of packets at the

buffer and the fill time matrix in order to predict the jitter associated with the cells.

13.  The system of Claim 10, wherein the processor operates to predict jitter
associated with the cells by:

20 accessing a plurality of fill time matrices associated with a plurality of other
queues, each fill time matrix comprising a plurality of fill times, each fill time associated
with a set of packets sent to the buffer from the associated other queue;

determining a current number of packets at the buffer; and
predicting the number of packets according to the current number of packets at the

25  buffer and the fill time matrices in order to predict the jitter associated with the cells.



determ ning a current nunber of packets at the buffer; and 15 predicting

t he nunber of packets according to the current nunber of packets at the

buf fer andotozaoi24l| tinme matrix in order to predict the jipCmarsoassseti at ed
with the cells. 13. The system of O aim 10, wherein the processor operates
to predict jitter associated with the cells by: 20 accessing a plurality
of fill time matrices associated with a plurality of other queues, each
fill time matrix conprising a pluraligy of fill tinmes, each fill tine
associated wth a set of packets sent to the buffer fromthe associ ated

ot her queue; determ ning a current nunber of packets at the buffer; and
predi cting theldunb&he systgnaok Elamakd ovhgraiy theoprobessemopesaies rousrberatefa fghcket s
at the 2t5 buf fer and tEe .Ii |1 ..tinme ni)t,rices in order to predict the jitter
associ at e G ARsodater JthBOMST I35 PY PCT/ USD3/ 14827 27 14. The system
of Caim 10, Mmaﬁitmgtahaamﬁa%q;eﬁ&@bemeﬁ ah@psiletiahtClibatant dedisibh point BRd

matri x associated with anot her queue by: calculating a waiting period

bet ween eficapsuatiagiaha ngxt dgcisionmoHt; deci si on point and encapsul ating at a

next ci sion SN 1.4 i ! | f ts of
packeﬁg sent t%&%rﬁgmggfl ?@bﬁé@ g%b@? héeﬂ%?ﬂ{gfgggégﬁgp%hﬁé%tﬁé%ﬁa‘?%fegér o?)‘rgri od,
each set thé ofintkatie dgigcthatvesdting pdiod, édchlset ofipickedndsctiaed wightahfdl time;
information in the fill time matrix, the fill time matrix used to predict

the jittet™associated with the cells. 10 15. The systemof O aim 10,
wherein the pra&essal iRRFMaGS it Be GICARE YhAHS, HBGiI fiflk!Safk UsBF1PWehRE DY

encapsul ating the Tells to generate a nulti-protocol encapsulation

sect i on. thBjiltér assoatsy stithrtho€ells! ai m 10, wherein the processor operates to
encapsul ate the cells at the buffer by: generating an encapsul ation
section by adding a section header and a section footer to the cells; and

15. The system of Claim 10, wherein the processor operates to encapsulate the
cells at the buffer by encapsulating the cells to generate a multi-protocol encapsulation

section.

15 16.  The system of Claim 10, wherein the processor operates to encapsulate the
cells at the buffer by:
generating an encapsulation section by adding a section header and a section footer
to the cells; and
packetizing the encapsulation section into a plurality of packets, each packet

20  comprising a packet header and a packet footer.

17. The system of Claim 10, wherein:
each decision point comprises an optimized efficiency; and
the processor is operable to encapsulate the cells at the buffer by encapsulating the

25  cells at a maximized efficiency.

18.  The system of Claim 10, wherein the cells comprise traffic selected from a

group consisting of video traffic, voice traffic, and real-time traffic.



packetizing the encapsul ation section into a plurality of packets, each
packet 20 conprising a packet header and a packet footer. 17. The system
of Cl ai mwO,03b®aei n: each deci sion point conprises an OptPCHIUSesi14827
efficiency; and the processor is operable to encapsulate the cells at the
buffer by encapsulating the 25 cells at a maxim zed efficiency. 18. The
system of Cl aim 10, wherein the cells conprise traffic selected froma
group consisting of video traffic, vojgce traffic, and real-tine traffic. WO
03/103241 PCT/ US03/ 14827 28 19. A systemfor encapsul ating cells,
conprising: neans for receiving a plurality of cells at a queue, the gueue
associ ated wi th.a @IsuﬂahlfoyeMpMmglco}hs pommlsngeach deci si on poi nt
corresponding to a nunber . Pﬁ f g I] eci si gn }gm nt assomta %th\’\éth a
threshol d crit &8 Orée%"é’ﬁ% A prafip 8L E9 IS h SUES PSR AR TR S i ng a
t hr eshol dplafdlitebf @tisiorPHEHAU i digisdin pdit dpretindingustefurber &FlckHs, each
correspondl ng to a decision_ point redicting jitter associated with the
cells; deﬂ@#smrh]i)m@t Wﬁ@iwtth@tbﬁeé}mlgﬁ@éﬂf%t ter satisfies the threshold
criterd on cells to a
bufferg coupl e gn%ﬁhﬁeggaéhéttﬂ? %Ohﬁﬁgﬁlﬁhg g}q}lg%glgr%%g% s{?l&gs t he
threshol d criteriongccamdlaciagtat mhe qeeut a maabsrdfadels abrredpeondingue adevivitrer of
cells correspondlng to a next decision point. 15 neans for encapsul ating
the cel | sPdRGthe buffer. WO 03/103241 PCT/ US03/ 14827 29 20. A nethod for
encapsul ating cell lurality of cells at a queue,
t he queue associ at Z}?jre%gﬂﬁéhﬁ&%?ogqa?ﬁwg? E}Qdc(;égIPSI on points, each decision
poi nt correspondi ngdatenaning Mvkethof the gpredicted gatter dabibisdsothe threshold criterion

10  associated with the decision point;
sending the cells to a buffer coupled to the queue if the predicted jitter
satisfies the threshold criterion; and
continuing to accumulate at the queue a number of cells corresponding to a
next decision point.

15 means for encapsulating the cells at the buffer.



poi nt associated with a threshold criterion describing a threshold nunber
of packets at a 5 buffer coupled to the queue; calculating a plurality of
fill timewoaBnix2es associated with a plurality of other @EaIEse3/4s27
calculating a waiting period between encapsul ating at a current decision
point and encapsul ating at a next decision point, determ ning information
about a plurality of sets of packets sent to the buffer fromthe other
queue during the waiting period, eachhget 10 of packets associated with a
fill time, and storing the information in the fill time matrix. repeating
the following until satisfying a threshold criterion: accumulating at the
queue a nunber2®f cAltheghedtar esgrpmditing ecliscoguvisyigon  point; predicting

jitter associated with the. cel.ls.,b redi ct.i ng a nunber of .packet s at
he but fer by iseeuta gLy B efis ¥ EaFEer Mool dB e iR 2 Bien b
nunber of dRasdke psintsteadth@editibih Point @BegPordingttb g ntuBeofToells, eichpaakiadrs
according to the current nunber of  packets at the buffer and the fill tine
mat ri ces Peinlorssesiated vwithed thresholfecritprion: dessubig; & thaeshqld; pumbas of packeds at a
deternmng ni di cted nunber satisfies the threshold criterion;
20 senrgdi nﬁ&&ﬁ‘ﬁ’%@%@%ﬁ tsot{til'gq%lgﬁ’buffer if the predicted jitter satisfies the

t hreshol d cri tealcutatinganplucdiy iofidilhgmeonateicesredsatietedtwitihe mjuelity af ntheber of

cells correspondi tQ a next decision point; and encapsul ating the cells
2t the bufiars By ceensRag et ne BRedaret oniuliing o gurss dermpypaint
section hgpdglcapthtigSAH AR EAGHRDolR, SNEmARInkSinfRdiBRak&H aZbingither

encapsul ation section into a plurality of pacKets, each packet conprising
a packet setsacfepackets sentatheshuffelr dronethe other queue during the waiting period, each set

10  of packets associated with a fill time, and storing the information in the fill time matrix.
repeating the following until satisfying a threshold criterion:
accumulating at the queue a number of cells corresponding to a decision
point;
predicting jitter associated with the cells by predicting a number of packets
15  at the buffer by accessing the fill time matrices, determining a current number of packets
at the buffer, and predicting the number of packets according to the current number of
packets at the buffer and the fill time matrices in order to predict the jitter associated with
the cells;
determining whether the predicted number satisfies the threshold criterion;
20 sending the cells to the buffer if the predicted jitter satisfies the threshold
criterion; and
continuing to accumulate at the queue a number of cells corresponding to a
next decision point; and '
encapsulating the cells at the buffer by generating an encapsulation section by
25 adding a section header and a section footer to the cells, and packetizing the encapsulation
section into a plurality of packets, each packet comprising a packet header and a packet

footer.



