ENCAPSULATI NG PACKETS | NTO A FRAME FOR A NETWORK TECHNI CAL FI ELD OF THE

| NVENTI ON This invention relates generally to the field of data

comuni cation and nore specifically to encapsul ating packets into a frane
for a network. BACKGROUND OF THE | NVENTI ON Accordi ng to network protocols,
packets at a given |layer may be encapsulated into franmes at a | ower |ayer
in order to trans®NCAPRELAdEREPACKETMINGG MBRISBMEFQRANKIWORHe of a

net wor k. Known techni ques provide for encapsul ating individual Internet
Protocol (I1P) packets wthin individual Ethernet franes. Known techni ques
al so provi d?éE(fIdNICSﬁIDﬁ(ELDi(DlQTHBeNVENamﬁ ssion of real-tinme traffic over a
net wor k. For %&}Vﬂt kno techni que may _use forward error correction

(FEC) to provid S?“ofe alesy girerlly desthe ofipdd At dadzs cppupigatfont jugde more
traffic. Kngwhfida8s A indiBeatiddPABRR into b YiRInE Hrlaepnot ef fectively and
efficiently encapsul ate packets into franmes. For exanple, known

techni ques, may suffer from high overhead for small sized packets. Al so,

known t echng goesrEBY\OF TRE Q1i@yProvi de continuous uniform QS
guarantees Tor real -tli contenti on- based Et hernet networKks.
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a net hod for enc |ating a.plurality of packets into a frane,
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the del ay requirenent reflecting a deadline corre sponding to 4 a
subset of tfq’féfﬂliél Walcprtf%ﬁtleﬁ (Fféi)atplmsde iatigatfiseryice QP guaahtebs,/fcmfreqmamleet s
to a plura he st ; dete all bl e channel
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be encapsugaﬁ-feﬁbesﬂir&:aatuhé Bffic ihcoRatRREEE ML ndtherdel ay requirenents
associated wwth the one or nore packets; and encapsul ating the one or
nore packets into the frame for transm ssion using the avail able channel.
| a Accordsgglm{zhﬁﬁ%:m@ﬁ@gpt of the present invention, there is

provi ded a nethod for
In accordance with embodiments of the present invention, disadvantages and problems

associated with previous techniques for encapsulating packets into frames may be reduced or
eliminated.
According to the first aspect of the present invention, there is provided a method for
encapsulating a plurality of packets into a frame, comprising: receiving a plurality of packets at
- astation of a plurality of stations of a network, each packet associated with a delay requirement,
the delay requirement reflecting a deadline corresponding to at least a subset of the plurality of
stations; directing the plurality of packets to a plurality of queues of the station; detecting an
available channel of the network; selecting a queue of the plurality of queues by: determining
that the queue transmitted a colliding frame involved in a collision; and selecting the quene in
response to the determination; determining that one or more packets at the selected queue are
ready to be encapsulated into a frame in accordance with the delay requirements associated with
the one or more packets; and encapsulating the one or more packets inio the frame for

transmission using the available channel.



encapsul ating a plurality of packets into a frame, conprising: receiving a
plurality of packets at a station of a plurality of stations of a

net wor k, each packet associated with a delay requirenment, the delay

requi renent reflecting a deadline corresponding to at |east a subset of
the plurality of stations; directing the plurality of packets to a
plurality of queues of the station; detectjng an available channel of the
net work; determ ning that one or nore pac s at a queue of the plurality
of queues are ready to be encapsulated into a frane in accordance with the
delay requirenents associated with the one or nore packets by: receiving
at the queue a dwgerding to thaedcend #sagat afjtha presant Bventigh.chet isqiroddediapetinddie
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one or nor detormikiag svhather gk gbthe fourrens pagkpl sisg) and yhegrollgrtive @acksl @2erie 9% 0 be
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frame if t i pi | i | 70| : i mum
packet si zereaBE D B o o & P e
transmi ssi ontatisi ofg fliralitaehsthtaink ef oieamrk) cacl fackehessoriaiedyith adeldverequagment,
aspect of the present inventjion, .there is provide r .
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plurality eftiRRCkedktngthe plurality of packets to a plurality of queues of the station; detecting an

available chanmnel of the network; determining that one or more packets. at a queue of the
plurality of queues are ready to be encapsulated into a ffame in accordance with the delay
requirements associated with the one or more packets by: establishing that the queue has
transmitted a previous frame, the queue having one or more remaining potential packets having
a remaining collective packet size corresponding to a payload of the frame, the one or more
remaining potential packets to be potentially encapsulated; determining whether the remaining
collective packet size is greater than a maximum packet size; and determining that the queue
has the one or more packets ready to be encapsulated into the frame if the remaining collective
packet size is greater than the maximum packet size; and encapsulating the one or more packets

into the frame for transmission using the available channel.



a station of a plurality of stations of a network, each packet associ ated
with a delay requirenment, the delay requirenent reflecting a deadline
corresponding to at | east a subset of the plurality of stations;
directing the plurality of packets to a plurality of queues of the
station; detecting an avail able channel of the network; determ ning that
one or nore packets at a queue of the p{Aﬁality of queues are ready to be
encapsul ated into a frane in accordance with the delay requirenents
associated with the one or nore packets by: predicting a next size of a
next packet for the queue; decidi n? that waiting for the next packet is
associ at ed wi t hAepardingdp ithet fowth aspect of the Ferse énvenfion. ereds AroMdsh2 iRtked e
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and encapsu ng the one or “nore Sackets Into the frame for transm ssion
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or the queue; deciding that waiting for the next packet is associated with a packet loss rate that
does not satisfy a threshold; and determining that the queue has the one or more packets ready
to be encapsulated into the. frame in accordance with the decision; and encapsulating the one or
more packets into the frame for transmission using the available channel.

According to the sixth aspect of the present invention, there is provided a method for
encapsulating a plurality of packets into a frame, comprising: receiving a plurality of packets at
a station of a plurality of stations of a network, each packet associated with a delay requirement,
the delay requirement reflecting a deadline corresponding to at least a subset of the plurality of
stations; directing the plurality of packets to a plurality of queues of the station; detecting an
available channel of the network; determining that one or more packets at a queue of the

plurality of queues are ready to be encapsulated into a frame in accordance with the delay

requirements associated with the one or more packets by: predicting a next size of a next packet



i nprovenent; and determ ning that the queue has the one or nore packets
ready to be encapsulated into the frame in accordance with the decision;
and encapsul ating the one or nore packets into the frame for transm ssion
usi ng the avail abl e channel. According to the seventh aspect of the
present invention, there is provided a systemfor encapsulating a
plurality of packets into-a frane, conpri icng: an i nput operable to
receive a plurality of packets, each packét associated with a del ay

requi rement, the delay requirenent reflecting a deadline corresponding to
at |east a subset of a plurality of stations of a network; ; lurality of
queues coufirele arruehdecidig hatawitngolor A5 wext Backeld oy %éocﬁ‘lteigr‘éi%f F‘g e%*wncy
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queue of t lkecapdulatel intoyhedfangpuie aerdayce widt e deotsiongandreacapsietingfes e or more
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‘network; a plurality of queues coupled to the inpyt and operable to queue
the pl ur al Feapngjfof Hhe mrioes; selpe af'&l“e%e&%gﬁlﬂhg?ht& 86&65%%9’0&_5%1“515}ﬁaélt1?6t?6%
queues and (oper@hl Lol RineGShABhicHE iR @ Lolliieh;Qnd Sel@An@itdighaRlieressidpehe Of
the network; determne tthat one or nore packets at a queue of the

plurality détempieaios; dedgrmincethly oneoohmornpaebeitilahthedselestos qeye ageresdy to be
accor danceel\am at Srl!ll tte%el tg%liragnerh? uclorcpann;:%%i& t?l%ﬁaﬁj 1%&19 mels Egoéiﬁ d QU 18 lond' QY €
packets, afd*PHitidle encapsu?afl on o € one'or nore packets Into the
frame for udoanpaoksss] el usiing chdxpsubatian | @bihe aabammedre pabletqintuehd Famherfoher
operable to calculate that the one or nore packets at the queue of the
plurality Gensgissipagsing thepwaildhlechrnde encapsul ated into the frame by

receiving at the gueHe e Yigh@spRask@t phadt ierios,Uhére i prPddddet systeddor t he
gueue having one or nore potenti al pacEets having a_col |l ective packet
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collective pac Ize'1s greater an a naxi m'si ze corresponding to a
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packets 1 ela)'ﬁl}‘lalittyootb cﬁlesegcc%gpslgaj tac')t tﬁg iﬂpﬂ% gnd operable to queue the plurality of packets; and a
scheduler coupled to the plurality of queues and operable to: establish that there is an available
channel of the network; determine that one or more packets at a queue of the plurality of queues
are ready to be encapsulated into a frame in accordance with the delay requirements associated
with the one or more packets, and initiate encapsulation of the one or more packets into the
frame for transfnission using the available channel, the queue is fur’cher operable to calculate
that the one or more packets at the queue of the plurality of queues are ready to be encapsulated
into the frame by receiving at the queue a current packet having a current packet size, the queue

having one or more potential packets having a collective packet size, the one or more potential

packets to be potentially encapsulated, determining whether a sum of the current packet size



the frame if the sumis greater than the maxi num packet size. According to
the ninth aspect of the present invention, there is provided a systemfor
encapsulating a plurality of packets into a franme, conprising an input
operable to receive a plurality of packets, each packet associated with a
del ay requirenent, the delay requirenent reflecting a deadline
corresponding to at |east a subset of a plyrality of stations of a
network, a plurality of queues coupled to the input and operable to queue
the plurality of packets, and a scheduler coupled to the plurality of
queues and operable to establish that there is an avail able cqan %Hlof
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According to the tenth aspect of the present invention, there is provided a system for
7 encapsulating a plurality of packets into a frame, comprising: an input operable to receive a
plurality of packets, cach packet associated with a delay requirement, the delay requirement
reflecting a deadline corresponding to at least a subset of a plurality of stations of a network; a
- plurality of queueé coupled to the input and operable to queue the plurality of packets; and a
scheduler coupled to the plurality of queues and operable to: establish that there is an available
channel of the network; determine that one or more packets at a queue of the plurality of queues
are ready to be encapsulated into a frame in accordance with the delay requirements associated
with the one or more packets; and initiate encapsulation of the one or more packets into the

frame for transmission using the available channel; the queue is further operable to calculate

that the one or more packets at the queue of the plurality of quenes are ready to be encapsulated



t he next packet is associated with an expiration of a deadline; and
determ ning that the queue has the one or nore packets ready to be
encapsul ated into the frane in accordance with the decision. According to
the el eventh aspect of the present invention, there is provided a system
for encapsulating a plurality of packets into a frame, conprising: an
input operable to receive a plurality of ;packets, each packet associated
with a delay requirenent, the delay requirenment reflecting a deadline
corresponding to at | east a subset of a plurality of stations of a
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plurality ercapylgas aplealitsfpadksts fro arfrg)ss ﬁ‘f"gﬂrglﬁlg' PhETE nggtéa?ré’ecﬁlf:e 4

predicting ﬂuJﬁh%XBf ScB&s, RhctPp AR tasRRGHE twilhOd ddiRerequitdint, dRCAMtyNgqiiRaient

wai ting fof the next packe? I's associated with a packet |oss rate that
does not satfiesting aalendiine shro¢sdondingdo atlesses AibTtief a PhElity pletgigeud 258V YR one
or nore packets ready to he ' alit 13f BS&KOE.ARHAGE
with the d& fai]?yo?fqu %eéé:ro '(J:l’itﬂﬁdg%{]%g?%gé %&zﬂ%ﬁaﬂ%g%gec? ft%?ﬁ@ hétyprgsent . '

i nventi on, séhe@n& cospi@al 1\l garakityy gtieam fmiroperebic apssthiaish thgt therp lixamavaifapleof
packets into a frame, caonprising: an input operable to ceive. a
plurality &mlﬂ%léﬁ@ﬁél?twé% F}f"tw% LB BT YL Bﬂﬁﬁﬁ‘s?ﬁa %eﬂee?tjz’at@e pﬁlérall}?ro LHSHES the
del ay requifeBRDYo be GlchRGlateAGntd 2 $AEIA NRo@RICE ASRARIdNY rbduiraterdesdciaed
subset of a plufality of stations of a network; a plurality of queues

coupl ed t owithehd ensuer reerd pagiersamideinitistecraeapsulation 9b|the g rynose PekeR dite theyng g
schedul er ¢oupled to the pl.urality Re AL Spdrile BStaftialakessh

t hat ther e%ﬁa%lgéf%r gvarrapt %H% gﬁ&%iag%fcg%iﬁgﬁﬁlgf%}lk; det erlr)n' nee t haat (?ne or
nor e packetist ik ofe cfusite pakets hethpluenabf thy plofaligyuod gesies ar ecadedy enw@pipdated

encapsul ated into a frang |n accordapce wt he, del ay .r equi ]

associ at ed e framp By greliging Ao 5588{2%’?6& pa&E%tF?rEPfi (?ug'tl% deh c%té %ﬁgat%%nfo%f 7
the one or yIof& Pﬁ%&eifssasioma&dt‘bﬁﬁl a fph @B 10bOFard AN E6Es SRl GMtistiSa Mgeshbid; and
avai |l abl e channel; the queue is further operable tqo cal cul ate t%z% th

one or nor detpadhing thabthe grase daiie orst ormpse packstareadyfode carreTIiaiediple heyye te 0
be encapsul a c%&daﬂc@%vﬂh e lkige by: predicting a next size of a next
packet for e queue; Ei}reém d'lE ng that waiting for the next packet is not
associ at ed wi t h Aatoréih§ kccihe meslfth agpeawé thepreserd inyentnethetiery providdska systee i
encapsulating a plurality of packets into a frame, comprising: an input operable to receive a
plurality of packets, each packet associated with a delay requirement, the dé}ay requirement
reflecting a deadline corresponding to at least a subset of a plurality of stations of a network; a
plurality of queues coupled to the input and operable to queue the plurality of packets; and a
scheduler coupled to the plurality of queues and operable to: establish that there is an available
channel of the network; determine that one or more packets at a queue of the plurality of queues
are ready to be encapsulated into a frame in accordance with the delay requirements associated
with the one or more packets; and initiate encapsulation of the one or more packets into the
frame for transmission using the available channel; the queue is further operable to calculate
that the one or more packets at the queue of the plurality of queues are ready to be encapsulated

into the frame by: predicting a next size of a next packet for the queue; deciding that waiting for

the next packet is not associated with an efficiency improvement; and determining that the



gueue has the one or nore packets ready to be encapsulated into the frame
in accordance with the decision. According to the thirteenth aspect of
the present invention, there is provided logic for encapsulating a
plurality of packets into a franme, the logic enbodied in a

conput er -readabl e storage nedi um and when executed by a conputer operable
to: receive a plurality of packets at a s]'{fation of a plurality of
stations of a network, each packet associated with a delay requirenent,
the delay requirenent reflecting a deadline corresponding to at | east a
subset of the plurality of stations; direct the plurality of cketg to a
plurality GReu§layds opf onmpere ppcketsgepdy é‘é?ee‘?f’tcaﬁiﬁla'ﬁgé‘%? ﬁ’ﬁlafl@medﬂéﬁ;ﬁgjlaan‘i?fw‘ﬁ‘ne
network; sel&glisg, queue of the plurality of queues by: determ ning that
the queue transmtted a colliding frame invelved in a collision; and

sel ecting the queceding taés plorisatht apechef thel presquivinyantioonthergds prowdekloglider one
or nore packets.at th | ect e ueue are C ) pNto a
frane in aglécélp%%laﬁg%a %tr%% ﬁg p%?%f’%ﬁ ¥ gqtﬁalmreé?rlgﬁ?%c g@%%%daﬁgd&%ﬁ#{ %ﬁ%eﬁgab?)&ne or
nmor e packetiagamddignaad stibéecittEbonenguicrppeabpaioketdvd nploralityef packate af or
transm ssi on using the avail abl e channel . Accordin o..the fourteenth
aspect of eREIYrAIPhralimolksitiophof ansRyosk. ie§°hpﬂaéiﬂ ?fé?f“}q?fj;‘i‘”éh "f‘gerlay requirement,
encapsul at ifaGiefy Plquiréthdnt }'efﬁlr:th%_aacd%%lﬁle B Qpdndinza8TBs ledsh € sittRgiof e pRe4ligdr i N a
conmput er-readabre storage nedi um and when executed by a conputer operable
to: recei vetatons] direet the pluptitysd okeets taa pluglistodahags ofthestpian: datqet go gypilable

stations of, a ne rk ac o | ] . o i ed;[‘g]gg
t he del ay _Fléa('qlﬁ? roe%rfll e |S‘L’el%"t?|%ﬁgg}ae Ogglg%ﬂr%}etfgfoﬁ? It’éés;[? n%?ér{gl}ﬁfcg at ﬂfee st a
subset of thsntddraadoilidshgdfamesihativedris i calisie tand hdecphgithalgitug infespmekiottse t 0 a

plurality of queues of the station; detect an gvail able channel, of the
net wor k; ~ d&ttepaant feigrmyigetngl O%Premﬁﬁc%%? at a’i {‘fll]fé[‘fg Beus As SN R My of

queues  ar gup@Medtifto Q%ﬁf&q&lB&é}c@ﬁﬁdmimh@daayf&@ﬁﬁrﬂeﬁts aG6a5EaRER theichd ot he

del ay requirenents associated wth the one or nore packets by: recejving

at the quemwrapackstsy entenpapsidete thesane aymerepasketsinto frediare fortrangmisyigneusiigdhfe
havi ng one _or r.e thential packets having a collective packet size, the
availab ¢ chanfiel. . ) . ‘
one or nore potential packets to be potentially encapsul ated; determ ning
whet her a sum ofActdiéing tir the fidurteqalc kbt of the paneht tihenidol, thectis pevidat logic fai ze

is greater than a maxinmym size cor.respondi to a oad of the frane,;
and’ det er nPRiPRY A e Pﬂ‘{%“& Gk _H‘éCkﬁtéém? i Weagrlo% F‘é‘bg@%i’é'taswf@g%{f reta%abgee
encapsul at gdrbdheditii@nd $A8Eedcbutd By $Mpufer pR@EH: Fbee 4 plerallBxif paukepacket
size; and encapsul ate the one or nore packets into the frane for

transmi ssi astaties ofg piusditaobitations ef agisErntle (cachmagkst #spripteb™ hadglayrequsment
encapsul at PRgeR) EREPE A Ak AN Bk SpBldl e ter RIS PSR e b 1
conput er - r etaickals) drectsheoplang Bty packats anal pinadity «xeais elthbstationg datgstitresvaybdy abl e
to recei Vecl? él lflnlfc t%le Ingt}’/vo&t dgtear?nklr?et tﬁataf)tne (a)'r more packets at a quéue of the plurality of queues
are ready to be encapsulated into a frame in accordance with the delay requirements associated
with the one or more packets by: receiving at the queue a current packet having a current packet
size, the queue having one or more potential packets having a collective packet size, the one or
more potential packets to be potentially encapsulated; determining whether a sum of the current
packet size and the collective packet size is greater than a maximum size corresponding to a
payload of the frame; and determining that the queue has the one or more packets ready to be
encapsulated into the frame if the sum is greater than the maximum packet size; and enbapsulate
the one or more packets into the frame for fransmission using the available channel.

According to the fifteenth aspect of the present invention, there is provided logic for

encapsulating a pluorality of packets into a frame, the logic embodied in a computer-readable

storage medium and when executed by a computer operable to receive a plurality of packets at a



lg station of a plurality of stations of a network, each packet
associated with a delay requirenent, the delay requirenment reflecting a
deadl i ne corresponding to at | east a subset of the plurality of stations,
direct the plurality of packets to a plurality of queues of the station,
detect an avail able channel of the network, determ ne that one or nore
packets at a queue of the plurality of qugues are ready to be

encapsul ated into a frane in accordance wth the delay requirenents
associated wth the one or nore packets by establishing that the queue
has transmtted a previous frane, tt]%e cheu havi n%‘gonﬁ1 035 rmre.reg;.lati ni ng
pot ent i al StFeKef apliy g SAtieNs 082 AFTTG TR B1P FRFL A BRIV & ety RGP RS ndi ng
to a payl Qﬁéj(?e(?sry b refb AN B ecfitle: RABIR coFRHEdiRTB LR Rsani iRl phpatkef s to
be potentially encapsul ated,” determ ning whether the remaining collective
packet si m@tivss, dreathe pluralinarf packetetd mnhrahitcafapeuss ofthe stapng detest A #HiHePls hat

t he queue has on r nore ck : L t he
O A L A
packet sSi z@as readicto @8 e@ppulatidantd herapren accorane vphahedday mywremiaess issegiaed or
transm ssion _using the avail abl e channel .. Accordi t 0, t.he si.xteenth
aspect of Yifehg prs@irorp ﬁ%‘éﬁtﬁ by r‘i‘?talflﬁg‘t“% Ql}ag ths PRAe Ry g?‘%’il%edfaoqrmom%%me’
encapsul attilé]%le RIvHp@ht bYm&E r86HKEE SotbmiaPpaakdd ARRg atrifaihiagbaleciteqdiied in a
conput er -readabl e storage nedi um and when executed by a caqnputer operable
to recei veiza cpirespaidingyo opayeadiosthe fepmeathe spegrimgie frmaiping Rpfeafaipgoksts t%g%t i ons
of a network, .each pa i gt 1 ] i e i eflel ay
r equi renerﬂo}[%}l%"gﬁeeélf %’ﬁ%ﬁktg&’é%gegalﬁ%ng ‘g%gﬁf@}erg%on ?ﬁ%@%égﬂ%?{# gag;g?( rggzesllsj%%gt of -

t he pl ur althdnys ©fximsh phdkensize, slidrdettminivg tiplt theghéuepaothe pactratae peekels pady al ity
of queues of the statjon, detect. an avail abl .channel .of.the n ,
det er i ne ' RaregREtHd wy be Samedf ea’iem&’n&’ﬁeﬁﬂgecgf ¢ PRES TR 515 ff?@‘%%&%ues
are ready 4.0;hgn pR&kensd! Adedcdpiiife tefohaBBmbl paderhstaneaianet fbr trdemddbay
requi rements associated wth the one or nore packets by predicting a next
si ze of a wisgthepaaleble chawnel he queue; deciding that waiting for the next
packet i s assockat e it ReGHPIHAL bP e Hfeséhn A8RAIN Biere? BroA R 1 NoP Y

t hat the queue "has tHe’one or  mor packets ready to be encapsul ated into
the frame dneupsEl@Bb@radsmaktywif tpackehseindecfranorihe lagd carodipd il arenpus-redebler
nore packets into the frame for . transm ssion,using.the il nnel .
Accor di ng StEreeAed UM AR ek EXFeUS YR C%?p”feﬁgpeﬁa?)éestg ﬁefcg’ivﬁ\?}glﬁjg EIHI n, ptl‘)l %%?Sglpigs
provi ded | ok of £pluraBRCARBUbRALIAGeRvoRL, Whdl fathet Sbodqiaakweiisa elhoreguiferene, t he
| ogi ¢ enbodied in a conputer-readable storage nmedi um ndt(\)/}zghen execu%ed by

a_conput erthogrisyapiudrement refissing e depdpie rogpipeydieg loghlrg psy SRR et of &
plurality s?aftioésg %Iéécg@]@ ggﬂcrarligga &ﬁ;amo a?yﬂﬁ"ﬁi‘qp BEdiBles 3B HRGlaAbE ettt b avhildal ay

requirenment, uirement reflecting a deadline corr esfpondi ng to
at | east ahsuibbetthafettdue dotermiat itayonefor more packets at a queue of the plurality of queues

are ready to be encapsulated into a frame in accordance with the delay requirements associated

with the one or more packets by predicting a next size of a next packet for the queue; deciding
that waiting for the next packet is associated with an expiration of a deadline; and determining
that the queue has the one or more packets ready to be encapsulated into the frame in
accordance with the decision; and encapsulate the one or more packets into the frame for
transmission using the available channel.

According to the seventeenth aspect of the present invention, there is provided logic for
encapsulating a plurality of packets into a frame, the logic embodied in a computer-readable
storage medium and whén executed by a computer operable to: receive a plurality of packets at
a station of a plurality of sfations of a network, each packet associated with a delay requirement,
the delay requirement reflecting a deadline corresponding to at least a subset of the plurality of

stations; direct the plurality of packets to a plurality of queues of the station; detect an available



stations; direct the plurality of packets to a plurality of queues of the
station; detect an available Ih channel of the network; determ ne that
one or nore packets at a queue of the plurality of queues are ready to be
encapsul ated into a frane in accordance with the delay requirenents
associated wth the one or nore packets by: predicting a next size of a
next packet for the queue; deciding that paiting for the next packet is
associated with a packet |oss rate that does not satisfy a threshold; and
determ ning that the queue has the one or nore packets ready to be
encapsulated into the frame in accordance with the deci.sion;..an
encapsul at ghaptd obhe neroripetermipe it 09 o Ha\éq‘etT ?té'r‘r_%‘e‘feo(’&ﬂ{erpi%lﬁg 5167 "usi ng
the avail apl eaﬁp?dﬂ'lﬂieéncap%ﬂgt@& kP hRe IR cGlHAbE RERtHR REBP eGlnir@heritBsdqaraedent
invention, there is provided logic for encapsulating a plurali t(}/ of

packet s i ntvoh thefonemepore eckiets iy cpreditingiaengxi sire of 8 Bevh pedkel by gptues desidBgage
medi um and en.execut ed CcQ : LV, G lat y of
packets at th\ggwglfm ?%ﬁﬁeo?eX?l%%ﬁ%ﬁtr lglr%g%%%%fi Q@%?P%cﬁgtt lg? ° %%ﬁtg%tm% r?J i?&le%%% S acket
associ at edihvdshdid;amd aktayhiniggthiar therguine hast theordalr apra mgkity wadrtp be efdapiotatedg a

deadl i ne corresponding to at | east. a.subset of th lural it f. . tions;
di rect thelnfths gP‘P? i %Tor%&ﬁ?(‘é”(ﬂétahf’ge%m?ﬂ’ ﬂ?cgi’nic?fi?m?ﬁﬂ%heg(’é]ﬁgrsmg]f%f ﬁ(gtssl éﬁeon;
detect an ﬁé{rﬁéf&%&mé@i&ﬁ%ﬁ%thefavéillaﬁee%wrk; determine that one or nore
packets-at a queue of the plurality of queues are ready to be

encapsul at ed i nfecoadifig trthe pishtecntiogstient e haPTaEeTE frycrfionalhcie dypreyidsibiqgis for

associated _w th .t he one. or DY 1AL 6ddidd%n @ REbliteSicd@bRl a
next packefmf”?)SPBF?lgea(ﬁ@éﬁ@?%g&gl{wﬁ? ﬁlg&gt agjte’ %\I/gik%irl ng for trﬁe ngﬁ?t epaecket is
not associ atage medilim and ehdi eiansiyby aqpnpuenemtablegncreceet aplvlily 9§ packefs alt he

gueue has the one or nore. packets ready to b nca | at.ed, i.nto rame
in accor dahaisiatR P{“I‘?él‘)ﬂ‘écc‘}ﬁ’élf"bsrﬁf aé‘ﬁta"og%(%%é’ﬂﬁ‘ﬁﬁgs%c azeléﬁvﬁgl aodre'la i ugr%ﬁ%"[%et s
into the f{ameaf Mguirddi@nRAkdik AMcitind dorttdiforaigitd alikst chmpmnel the pheditdog t o
t he ni neteenth aspect of the present invention, there is provi dedai? ystem

for encapssitaiintireet the rlvrality of paskotp trok@lpe ity of gueres ¢fdhestatiopntisctinmy ans
for receivii &oPhdhalbhydo@hiRafii Bhoodthord pilialt bitlyhe & il plivdlidy by gRhes
wor K, each P ed wth a

stations of ‘a ne packet assocl a del ay requirenent,
the del ay #reeidy enmBdncapsiilhied intmg framel daaicondance wiith dlspistnireqpiremens assesisad a
subset of the plurality of statians; meanps for directi t | ity of
packets t o™4!Ble@rars ?‘9"”@F&ﬁﬁzlﬁe%m‘%f’m{gﬁenexgﬁftogg A Xtr?éugkr?tsp (t)hreraggt%ége'zcl?dlrl]ﬂ an
avai |l abl e ghanagng Ofor the nOet K ;is rRRNSsotiated Seitte i | fifpiancy Umpeverhent;t sl

plurality of queues by: determi ning that the queue transr‘z:l?tted col |l iding
frame i nvollseaniing that thofcue hasrihe ensdr stareracksy o §f staPTfiideels 0 the
det erm nat hlo C?IHE%P %vnfh%? Qgctls%nr,naﬂd ngzaf)ﬁ@arte thOB8e BF mBR' cRACHES the Famb T

ep

gueue of t urality of queués are ready to be encapsulated into a

frame i n asasmikainaesing thh atdilebldehaayelr equi rement s associ ated with the one or
more packets; aggcording to the nineteenth aspect of the present invention, there is provided a system
for encapsu.lating- a plurality of packets into a frame, comprising: means for receiving a plurality
of packets at a station of a plurality of stations of a network, each packet associated with a delay
requirement, the delay requirement reflecting a deadline corresponding to at least a subset of the
plurality of stations; means for directing the plurality of packets to a plurality of queues of the
station; means for detecting an available charme] of the network; means for selecting a queue of
the plurality of queues by: determining that the queue transmitted a colliding frame involved in
a collision; and selecting the queue in response to the determination; means for determining that
one or more packets at the queue of the plurality of queues are ready to be encapsulated into a
frame in accordance with the delay requirements associated with the one or more packets; and

means for encapsulating the one or more packets into the frame for transmission using the

available channel.



means for encapsul ating the one or nore packets into the franme for

transm ssion using the available channel. Ii According to the twentieth
aspect, there is provided a nethod for encapsulating a plurality of
packets into a frame, conprising: receiving a plurality of packets at a
station of a plurality of stations of a network, each packet associ ated
with a delay requirenent, the delay requirenent reflecting a deadline
corresponding to at | east a subset of the plurality of stations;
directing the plurality of packets to a plurality of queues of the
station; detecting an avail abl e channel of the network; selecting a queue
of the plurality of queues by determ ning that the queue transmtted a
col i di ng frame Alctut@iny etihe Bvantieb higest thare iapdvidel emtthpd)for kecapimabieg kn

bl aral Ty Srieteuci BPd R SParehe feron sroban LR Gt Miong ¢ na
one or nor ef a pReket of aitiohdef fnauerkpéach peckpl assaliatddywidf a deleueguisment,eady to
Do SnaPS ULt 89! ol B ¢ BEUBICHIS 0} I e, PrufEctt et
current lp&@lﬁﬁﬁltﬂ‘laflatﬁ@n& &wCﬁ@ﬂlegﬁmklay ofipaeketst toen qmeilne/ baygicnep @1@6 or mor e
ot ont 1 al Sk erectps b dfatiener py e RS Rk df o 4k e MR, or o
sum of t he qGaies BNdetPREKEQS thatShez@eanthnthgted 8 kdléding ﬁrempawkletd wiazellisengr eat er
than a maxi sj.ze, correspondi n k9 atha\fl oaddg 4 he. 3 %p

det er i ni n§" %LFP“?%%G VIE] rﬁsé’gnste%e BB BY KAt ans & (E]"‘? t

encapsul at ghirdlint of tihmed naorlingf tot heclation |psocgrhmat®termha1g thirteonml rrmrm packet

size; establishi t hat .t he ue has tran tted a.R S t he
queue havi RF<ERE tgﬁ?q“eﬁﬁ?%&’? B‘H’%ﬁﬁi c‘ﬁ&ueﬁlg? gRtial Opbét:ce &Ps %%ﬁnﬁ& féinlrieggg i ni ng
col | ecti veaparlisde witlz ehe dleh@ &qeremfents rmroemtednmtmthegoxportremrﬁaiaclp&cboet s to be

POt 21 SRR 8L LR AL ASLART o8 TP e v
the queue bamotdpotomal @icken rlﬁvmgcakeillsctrvea;dlykdt Gizb,ethe mmapsuhtart e{mtmmlo t he
e, L Bt B RUHGOLL SELLG, RSPl B L haT A, o um
queue, deckigh agl theadollvaivé ipadref dire ishgealdr rtbdn memmmupamkeecorrespoaémgm» ated with
an e 2t o0, 8 BeeRd AR EPTOA R PrufRE LRy e one
with the dechebamtedmeditet frage & thecands nesdter shanetho fmaxingee packeneixt; packet
;ggof:lh St ggeu%ihﬁ]g’gg IB%E a’gtc}uplée gasvg%ntﬁﬂl’%%%fﬁop%%‘}é%% nﬁgecos atfplg@(et hgﬁ%ﬁoﬁ}gs 10l d, and
det er m ni ngnotch@inatobey wueksl fraketd keignereoraininy ellpeivk phcket saﬁdth oehe

more remaining potential packets to be potentially encapsulated, determining whether the

remaining collective packet size is greater than a maximum packet size, and determining

that the queue has the one or more packets ready to be encapsulated into the frame if the

remaining collective packet size is greater than the maximum packet size; predicting a

first next size of a first next packet for the queue, deciding that waiting for the first next

packet is associated with an expiration of a deadline, and determining that the queue has

the one or more packets ready to be encapsulated into the frame in accordance with the

decision; predicting a second next size of a second next packet for the queue, deciding that

waiting for the second next packet is associated with a packet loss rate that does not

satisfy a threshold, and determining that the queue has the one or more packets ready to be

encapsulated into the frame in accordance with the decision; and predicting a third néxt

size of a 'tilird next packet for the queue, deciding that waiting for the third next packet is

not associated with an efficiency improvement, and determining that the queue has the one

or more packets ready to be encapsulated into the frame in accordance with the decision;



encapsul ated into the franme in accordance with the decision; and
predicting a third next size of a third next packet for the queue,
deciding that waiting for the third next packet is not associated with an
efficiency inprovenent, and determ ning that the queue has the one or
nore packets ready to be encapsulated into the frame in accordance with
the decision; |Ii and encapsul ating the one or nore packets into the frame
for transm ssion using the available Channel. According to one enbodi nent
of the present invention, encapsul ating packets into a frane includes
receiving th : S I T tah k4 fisife Rt wor K.
‘Each pac kg?C?FIEC%ggés?atg(ﬁ:% glﬁee -ew{) ﬁb%npcfgﬂt%;m?dé%?fg%nﬂgeﬁ% ﬁ]lkal?lgsﬁ%fl e%gt s a

deadl i ne cevaleslpemdi¢lg to real-time traffic of at |east one of the
stations. The. packet.s are dire : i . «avai |l abl e
channel of the %8?0\5%?%%03 © S%IE’%GE gng .0%?1? Bll%géﬁg@tv gnr%a’n@g%@%%‘ﬁ%%n%g?\%@grlmﬁor e
packet s at adramgueilcareeiv@ady gaokdreatarcaips of anedbdrntf etatorfs rof pweiwerk. Each

accordance with the _de|ay requirenments.. Th one _or. nore packets ar.e
encapsul at 88Fkelit geseqide W%ﬁ@gﬁﬁ’rmﬂwgf@%t@@ir%}?cﬁgiedﬁ@ﬁ’f’%%orﬁa\s}%nﬁ% Foeregl'ctﬁlelaennel .
Certain e MRt $alf ok NE th VSiRtInk OPheBHEKAS O dh@cto @ QlicubDbfetht Satier. cal
advant ages. A technical advantage of one enbodi nent may be that the

nunber of peadlkiede shaneleofchp sefivatkeld detseted.dt is dasmiped dhay 9BG & BPTPREH X may
be adaptivel y adj us . ng - ngg [ t g
delay r equﬂ?ééﬁgrr?ltrgadgﬁ 91662%1%%%{&{%%#\%9? e ng{]é %@Eﬁﬁggﬁg :ﬂ{t%i égir%g r &gg%}ge{nfsvg
encapsul at bf omordThavikes 2ee banpuwiakidningy tehart Gausaenission asiem fwudvatlabdm .
Adapti ve encapsul ati on nmay al so provide uni form del ay guarantees for 5
real -time 3P¢lic at all times and in the presence of varying network

|l oad. Another paehnNédRinRdsBTURGSV@fioRSy Botabdi mondycbeal disintadapt i ve
encapsul ati on may provide for a reduced nunber of transm ssion attenpts,
whi ch may Iteshidcal advaniszoviene embesiimens ey bp et Be puphes of kS n enbodi nent s of
t he invention may include none, sone, or all of the above 10 technical
advant ages. One or nore other technical advantages may be readily apparent
to one skilled in the art fromthe figures, descriptions, and clains

i ncl uded herein. BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore conplete
under standing of the present invention and its features and 15

advant ages, reference is now made to the follow ng description, taken in
conjunction with



.the acconpanying drawings, in which: FIGURE 1 is a bl ock diagram
illustrating one enbodi nent of a networking system for encapsul ating
packets into a frane; FIGURE 2 is a bl ock diagram of one enbodi nent of a
station of the systemof 20 FIGURE 1; FIGURE 3 is a flowchart
illustrating one enbodi mnent of a nethod for encapsul ating packets into a
frame; FIGURE 4 is a flowhart illustrating one enbodi nent of a nmethod for
updating a flag at a non-real-tine queue in response to receiving a
packet; 25 FIGURE 5 is a flowhart illustrating one enbodi nent of a method
for updaﬁricatguatedfih@gp ft‘nzim@atraCInmUﬂf efad nett‘imﬂc warebeadaptivets pdjosal dolipcesst ul
transmSS|0 %’é e FIGUF%G il fl.Lowchart _illustrati ng one

enbodi marrff ? HB ohe puele e ndfley rffqué§m|egtls of packets; e tHeagbrotkngd

FI GURE 7coh5mamf | owalyarde éddapiatdiiah i ﬂﬂngﬂﬁmﬂ&QomdaWchO&e%eﬁﬁt&Q%df %?
updat i n?ﬁga 30 .nunber of packets to be encapsulated into a frane at a

real - t i FECAR§BIgHON 3Adptye epEapseipiGrRMPY | abpe e vidsrumfos &ds Ewsandtesefors of
t he presenlimdy, t Vgt r t by .referring
o F o i (BB B9 Qins MBI BRERLR Ahe HINRIEI0EE, Roptfs: 1 | e
and coﬁ@fégweh@ﬁmgmgapf snmtﬁminddewarmzmjse duaaadapgsc ex&aﬁdu@ﬂﬂE mayl mo@idbl ock

di agram L enbodi. rren tem 10, f or sul ati ng
packet s f;':njnétl gesdnl ‘fgﬂt et 0? h TGEHERY %n‘&"’ ﬁ%ﬁ Ry Agad toy ‘FTE’“H’ ﬁrﬁgﬁouﬁ'??“ﬁac kets
encapsulpatf@ehanné.o a frarre dependl ng upon the delay requirenents of the
packets and _npetwor k ctl Vi t A larger payload typically yields higher
bandwi dt h ef FEEREIFEP fé e mi”%%t{ﬂ”tfga)i fclugp gane, somp el of die dbevays,
"~ Wi ch nveéheﬁhala%@m ouseln Ll ngly,
~system 10 attenp 5%@ %&%ﬂ%ﬁggﬂgﬁdw dt%lgg‘f#%%g%%??ggg&g ¥ ﬁ&?&i ﬂ(ge del ay
requir eﬁﬁfh%ﬁ‘@? intth@arpﬁ@méb@ﬁmea; desgripgontspanddaiimslingdededthedtirerbodi nent
system 10 includes one or nore stations 20 coupled to a link 22. A
station 20 may conprise an Ethernet station that receives packets from an
upper | BREERNBESPRIPOION OreieE DRyaWGE destined to other nodes of the 15

net wor k. St algl on 20 léladalgrlﬁ‘l vel%l % gsul ate packets intg a frame to
attenpt to - i "G ECBRERPUNFLEIaNERE SN 4 BEgeY dbyaatien e fth deagiapngnd

riéqui r endaheged, rdth@n@as lﬁ@%ﬁnad%tt@meqﬂliowmg description, taken in conjunction with

the accompanying drawings, in which:

FIGURE 1 1s a block diagram illustrating one embodiment of a networking system
for encapsulating packets-into a frame;
FIGURE 2 is a block diagram of oné embodiment of a station of the system of
20 FIGURE I;
FIGURE 3 1s a flowchart illustrating one embodiment of a method for
encapsulating packets into a frame; _
FIGURE 4 is a flowchart EIIustra:ﬁng one embodiment of a method for updating a -
flag at a non-real-time queuc in response to receiving a packet; |
25 ~ FIGURE 5isa flowchart ilustrating one embodiment of a method for updating a
flag of a non- real-time queue 10 response to successful transmission of a frame;
FIGURE 6 is a flowchart illustrating one embodiment of a method for setting a
flag for a real-time queue; and __
FIGURE 7 is a ﬂowchartiﬂust’rating one embodiment of a method for updating a

307 - number of packets to be encapsulated into a frame at a real-time queue.



includes an input 24 that receives frames fromthe network and

E?ansnits frames Po the network. Link 22 may provide system 10 with one
or nore channels that may be used to transport packets. A channel of link
22 may have a corresponding activity state. For 20 exanple, the channel
may be idle or available, busy, or in collision. Link 22 may conprise,
for exanple, a cable conpatible with Ethernet Protocols. To aid in the
expl anati on of the enbodi nent, TABLE | sumarizes notation used in this
docunment 25 TABLE | F Definition Nunber of stations. Nunber of real-tine

j f - I -time (NRT) flows at a
gs-la-%lglnﬁl\g@ﬁme B} g&gIPTIéIH of packets at the ith queueto
be encapsul at eBmbodimcaneaf tfuf gfﬁe@ntﬁi@:ﬁmﬂf ahdRs B&Ja%%aﬁef f.,%lcb%gt &rﬂﬁgrskoﬂe ueue

Random del 0 packet. 4 Paraneter

associ at et ?ﬁ?%tmgs oft PH%“ { chthegipwingsrdike |“@Wer€Upb{?Tg bsmgrf(tﬂr hif)e ilﬁe

f tion &fregpondnn paRacketSabdshirdGagd i nes that are allowed to be
rgrat ed. 'I{rhelil{)aﬁgpagl {é@l ?epreéentg14 the delay _requirenment for class-i

traffic at a Ity aopleck Tisgedm nthreimag)bmuﬁmﬂd@g&hﬁ&ﬁalssggatg.gggj g(%rt Pﬁte
| ransmtted or have been di
Cransm tts ooy pARSRNRON kol SRR BRB! 10 Bibaest v mitenat badseen

di scar dedensapselated iRfoxp f&mﬁmh&hgmpoﬁfthe @eﬁs}cdéqwﬁl%me%tsf BIaEH% ;%%E%tglc g{‘g )é(lt

?K;elst (r)]f q,{%%ééﬁ)%g%vny,\lmger%agwg é)gn%fxtlrrl?ft}géd? {lqsg}lgftdla(g);gwﬂth aff c&mﬁy rhuv alsot | e
of the j tré‘sullﬂ@tk%ng&i trafinikbdidh BYUSHE whidhlmly violal the %ﬁ%%eqzmrel(nlentsb(}/tl the ) of

t hFO th pac iia(tast ggcc}rglﬁgllyf stltjcer:rllj?ﬂ' attempts to maximize bandwidth efficiency subject to.

the delay requirements of the packets.

According to the illustrated embodiment, system 10 includes one or more stations

20 coupled to a link 22. A station 20 may comprise an Ethemet station that receives

packets from an upper Internét Protocol layer that are destined to other nodes of the

15 ‘network. Station 20 may adaptively encapsulate packets into a frame to attempt to

_minimize encapsulation overhead subject to the delay requirements of the packets. Station

20 includes an input 24 that receives frames from the network and transmits frames to the

network. Link 22 may provide system 10 with one of more channels that may be used to

transport packets. A channel of link 22 may have a corresponding activity state. For

20 example, the channel may be idle or available, busy, or in collision. Link 22 may

comprise, for example, a cable compatible with Ethernet Protocols.
‘ To aid in the explanation of the embodiment, TABLE | summarizes notation used

in thas document.

25 TABLE 1
| Parameter Definition
N ' Number of stations.
F, Number of real-time (RT) flows at a station.
Fau - Number of non-real-time (NRT) flows at a station.
F- ' Nuniber of flows at a- station.
'_ : k;‘_ Number of packcts at the ith queue to be encapsulated into one
_ frame. _
B Size of the ﬁxst k; packets at the ith queue.
1D ' Random delay of an arbitrary packet.




S,4i,k) e E sn(tj) St(i,k) Size (in bytes) of a frame with a payl oad
conprising the first k packets fromthe ith queue. Transm ssion capacity
in bits per second. Wrst-case roundtrip propagati on delay, used for

hal f-dupl ex Ethernet. -Ti(k) Delivery time of a frame that contains k
Packets fromthe ith queue. | Inter-frame gap. ? jo, k) Total delay of
the jth packet transported in a frame that includes k _packets fromthe
ith queue. Smax Maxi mum al | owabl e frane payload. ? ' Tineout value for the
frame payload tinmer (FPT) at the ith queue. ~inC pr Oder (menory |ength)
of the preéguahRterf Orf HOGRG&FKET Tnte€fr-arrival Tines: z uder (rremmpry

| engt h) ofgfhe predi CE)QJdInLQEssBQ%ecPQ’%%g@ Fihe &tﬁ Al u@.ﬁuﬁgva. LL”E )I htehe

;]ne))s('; LSEE%E g? Lgeél v g}u ﬁg"%‘%ﬁ"“ 1@‘“‘8“0 Iﬁscsullpkz’a ﬂ?? W‘thﬁ’@g‘j‘%‘ﬁg‘t%‘é next
packet tojarrive at lm%}qﬂge& ‘803 fa‘[f’r_ )ctr%IHeS:’?P‘fetbe defay t ane

that incl Sy k~-pact one
packet thaM‘W Il arr |%31| Autpgs ?{ut“ﬁ‘rqée Q'%S*‘%%Ckﬁﬁe@i"cﬁé‘ct delfaydesn i me of

a frame that incl udgsurcpdilbefransmittedent hyve bpen wisrsaided at theuenphignphe
packet th WI LL__arrfistatopn the future. 7th Threshold for the encappul ation
effici enc.yMafa a_f r ag@umbkr o€ diassHeadeats thhi lnee besodisdrdedredyt val ue for the 7
i th queuel ?@yst em 10 Bueypsoitius effictedc Amfintadoatapaske btel B ghyl@EMUNI cat i on
net wor K t N} CONPT if $RSreAOGRS asdiiitioaS st ations and alTows tThe metwork -
nodes to cgnmunicat ¢ Ninftler 6A5dEketOLNRE ith GAEuE xanpl g, systenr 1O—may pe used
for a hal fgduplex—o " Ndide: GFF) Ss)%tﬁfe\. kel llt:LWUl K—A—conmuntcat+on net wor K

may al so U,-r(iuﬁl >€ d"Amval?mYeothﬁ thpackgtei‘tuﬁle lthqueueJ 1,2,...,Q.

| Sp(i,)) - Size (in bytes) of the jth packet at the ith queue.
Sia(1,k) ¢ '
: Zi=1 Sp{L.3)-
Sd1,k) Size (in bytes) of a frame with a payload comprsing the first k |
packets from the ith queue.
Riink | Transmission capacity in bits per second.
| ? Worst-case roundtrip propagation delay, used for half-duplex |
- ' Ethernet. _
Tik) Delivery time of a frame that contains k packets from the ith queue.
I | Inter-frame gap. _
24,  Total delay of the jth packet transported in a frame that includes k-
| packets from the-ith queue.
Smax . Maximum allowable frame payload.
2 imer Timeout value for the frame payload timer (FPT) at the ith queue.
P’ | Order (memory length) of the predlctor for the packet inter-arrival
_ times.
{.p2 Order (memory length) of the predlctor for the packet sizes.
] tast ___| Arrival time of the most recent packet at a glven queue. -
| St | Predicted arrival time of the next packet at a given queue.
| Son Predicted size (in bytes) of the next packet to arrive at a given |
| queue. .
-1 silet+1) : Predicted size of a frame that includes k packets currently avallable
_ . at the ith queue plus one packet that will arrive in the future.
| i+ 1) Predicted delivery time of a frame that includes k packets currently |

“at-the ith queue plus.one pack_et that will arrive in the future.
Threshold for the encapsulation efficiency of a frame.
1 T™4ccsd - | Head-of-line discard timeout value for the ith queue.

- System 10 may be used to communicate packets in a communication network that
- comprises nodes such as stations and allows the network nodes to communicate with each

othier. For example, system 10 may be used for a half-duplex or full-duplex Ethemet



swi tched tel ephone network (PSTN), a public or private data network, the
Internet, a local, regional, or global conmunication network, an '
enterprise intranet, other suitable comrunication |Iink, or any

conbi nati on of the preceding. 5 System 10 may encapsul ate suitabl e packets
into a suitable frane. A packet may conprise a bundl e of data organized
in a specific way for transm ssion, .and a franme may conprise the payl oad
of one or nore packets organized in~a specific way for transm ssion.
Accordi ng to one enbodi nent, a packet may conprise all or a portion of an

| nt er net cl packet,.and a frame nmay conprise an Ethernet nedi a
access coﬂtgt?%w(&A@"m‘iﬂcétfogn’éet‘g%sf“&ﬁtﬁi% fFym il o) % positieon af e PHIBRE

'802. 3 st andactid t&ﬁ%ﬁﬂh&woﬂawmp@p@bub%Bdnﬁahatain%q@ﬂﬂedﬂ (et alocal. |
non-real -tioe (NRT) traffic. Real- tine packets conprise de ay-'sensitive
[

packet f| BRO8ar PyigiRpal  srpyiirgiio, n¢iyode ot sptaipse intfapetratthansuiabte may
have del ayor@GiaRMSor £y UhBInaFSHb HERRLyARY conprise a dead!ine
i v@ni ch a cket

cal cul ated according a tine by p eeds to be delivered to a
receiver. 15 AZvsmdlil fgnayceromesubaronutable packess el ayuitbiifisRaEAtpabRY
expressed nabil st ¢ according to Equation (1): Pr[D > diJ 5 Si
(1) wher ec%gé}gg?hdgngfgnoﬂ%w el -%"f%f‘“éns%a‘%'ﬁf t""gé{?ftﬁ}f 'ﬁ%fﬁﬁ’%%‘}‘md?ﬂdi g frpRg mayadl i ne
associ at eebmyirish thejBypad k€bse of mbdkgatkds srgaizdd R shbQit watbrHandifisdos Tl |
positive Rurrbcfr. The pai.r l(glclj E ). represents the del ay re&ui rement for
the ith re&”{P&e® PREFMPPABEEobRBTke 2y comparsanilcer dpottiss deinalptermet

requi r enebtoedt Fauad a8l a AhmBBNay BorfyrReCas Bhei nRAVALILR (At Aalyin ~1
(2%1_ via - E:F_éluy\hereat4_?s t_aﬁ}e3 t ot al nunbg?béf) 3?1% éﬁgﬁpéogkg{ é\ﬁf\%mthe
i t A9 1 ow iR sWhstgrtially cpmpatidle withithe IRERC#skstatdad. t r ansni tted or have been

di scarded at tigets NN Ll QN _ 0 is.the er_ of packets
that have beer?gﬁ'i scﬁ%gﬁgggtbg&éggﬁ%? Wﬁwﬂgﬁm#'h%.m%ﬁ?{fﬁn Realy 30
maps a prigiapackets compded delaygsemsiint packeoflowd cafihg, faF Yxapdlk €bick B Giddo
determ nlégf%lngat%%ar antee . for iool%_Eé’%e ercent of the packets at  no nore
than | 008 Pt cenf h A haveslelay, e Atsac Coferh gequienie mab sennByt a

val ues Mdgidline caloclafdt @ZcorBig ReineXBRr ORiSEH phékePHES to be delivered to a receiver.

| 15 According to one embodiment, a delay requirement may be expressed probabilistically

according to Equation (1):

PriD > d,} < &, (1)
- where D is the random delay ‘.of an arbifrary packet, d; is the deadline associated with
20 p.aékets of the ith real-time flow, and & is a small positive pumber. The pair (d;, &)
represents the delay requirement for the ith real-time flow.

The' probabilistic guarantee of the delay requirement of Equation (1) may be cxi}ressa'd by

Equation (2):
25 oML /MY < e @
where M, is the total number of unique packets from the ith flow that have so far been

successtully transmitted or have been.discarded at the transmitting station, and MY is the

number of packets that have been discarded due to violation of deadlines. Equation (2)
30 maps a probabilistic delay guarantee for an arbitrary packet into a detenmiinistic guarantee

for 100(1-£;) percent of the packets at no more than 100¢;-percent packet loss rate.



i nstead of packets. According to one enbodi nent, counters may be used to
keep track of values M'.0 and M'' . The counters nay be reset at any
sui tabl e event, for exanple, when system 10 is powered up, when a session
is term nated such as when a queue is enpty for 5 nore than a specific
time period, or other suitable events. In order to satisfy the del ay

requi renents, system 10 takes into gccount the delay experienced by a
packet transported over the network- The determ nation of the del ay

i nvolves calculating the arrival time. Arrival tine ta"(i,j), i=1,2, ---,
F' and j=1, 2, -- represents the arriyal time of the jth packet at
the ith queue, Kﬁ%rr%aﬂ ERGENE ggir%eni,i\ja]}{e)s M a’i% Magel MAY B @xpresseian Bytge sp( i
1) represepigudidieasie& ARk ile (HIRK W agment s the sa
packet may be tdr?z)gt ed as srepgr ate g’té‘é’ﬁ‘i@s‘?}’{v’ue%‘_ﬁ“{‘%gg‘ gg’r‘?eusﬁﬂol It\:/egP t'iaFlfrﬁnF
Accor di ng valres i aathgili. MRt coup@EkiRiy beresdt dedriyngit@ilc SHAH For exh@pObhen
permtted. Any suitable procedure nmay be used to predict the arrival tine
of Eg het ne%YST?jathe‘t powm@b_ﬁdimg atsgssbmeis derindreht aaima]g? _aawhatui Qﬁf_ﬁﬁﬁ&ﬁ%@qm( AR)
predj ctor i ne- varying coefficients- e orders p,
and P2 of t éét aﬁfl gﬁ‘*@"é‘r"‘é‘é’%‘f Beenog'rsgrcoég%rgg’%%ég’ﬂ?fseri ze the inter-packet tines
and packet si zésordecopatify ied yelfpregaickmantd spdem 1b) takRBhRREGSS i d Y P2
reflect the menory, of the predictor (the tine degendenc‘e on past dat'a).
The val ue SERER Y2 Patket Urnsegiied overethiernerril: Th¢ detenpinatiant L tic dubml ysi s
of the safRbRecBilOARIah&khiRRE iflRd Arfd tind ocqry el ati ons. of, enpj rical
dat a sequences. 20 Theg next i ntler-packet titﬁrggjg’tﬁg’"gi"\?’gﬁrf‘ %nuthg’%’r‘ay e

pr edi ct ed™Pirarta e time of the jth packet apihe sbnfuetdevieengugnp e Qi j+1) for

i nt@r - packet hd respal; - hn 1o the. queye, A _ haracteri zation
of this sequéncf‘aﬂ3 i Qgté‘uz%gﬁ“wg 'ésueg i%"ﬁ Stzg)ozeflg% p@ﬁﬁfsﬁgﬂ%@%‘ﬁ 'ﬁ?me“?%9f they +
--- + a, r{ame pathgt'maFrbeitrédted( B)sepbtewhrekes Rith thdsalne2arrival tinte. WHcb@idgabse and
a(;ar,. - 0 8he t | me-varyi p .coefficients. The values of these

coef fi ci eRFSTHPA AN RAS! FOTTERETY duse paeestmisedi val using, for exanpl e,
wei ght ed r ecur Sy sith1a plocs@ nayasd hsdBld BRAFEIRASval GRRS I n -
1),ai(n - ?1%) ...,a 1(n - 1) rep_rygz’{ant thg updat ed %aa%sgﬁgﬁég%%?%g‘AR
coef fi ci eNtOrding foRiierrantodanen)an aererteysivt (ARepreditioe may by uspd wihviare-t hese
valsies angryvihheotadilas 19 & and nYS 3 predicted value "}of y" my be
gi ven by 'quaa i oen‘ (4" @E %@mj %1%"(dnp zoqut ei&%‘%%r %93 Ve PResEes fg’?kt?*zzéith?. o+
aP, (n  (4pter-packet times and packet sizes, respectively (py =1 and p; = 1). Parameters p1 and py

reflect the memory of the predictor (the time dependence on past data). The value of each
parameter may be determined using statistical analysis of the samp!'e autocorrelations and -
partial autocerrelations of empirical data sequences.

20 The next inter-packet time at a given queue may be predicted. Variables y, n =
1,2,... represent the sequence of inter-packet times at the input to the queue. An AR(p)

characterization of this s.e'q:uence' 1s given by Equation (3):

Yo = 89 + &Y, + AYor F o F épl(,n T Wam v, O

25
where ? .- n=1,2,... is white noise and afay,.. -»3p1 are time-varying coefficients. The values
of these coefficients are updated following each packet armival using, for example,
weighted recursive least-square estimation methods.
-~ Coefficients d,(n ~ 1),4,(n = 1) »e3p (N — 1) represent the updated values of
30 the AR coefficients following the availability of the value of y, 1. Given these values and

the values of y,,.i,....,Yapt, @ predicted value 2y0f v, may be given by Equation @): .



Time tl,,t represents the tinme of arrival of the nost recent packet, text
represents the 5 predicted arrival tinme of the next packet, and next
represents the predicted size of the next packet. The value of toext is
given by the sumof tis, and the predicted inter-arrival tinme. Both tfext
and snext are conputed every time a packet arrives at the queue. Frane
size s,(i,k) represents the size of an Ethernet franme that has a payl oad
conprising the first k packets fromthe ith queue, where k< Q |If
s,0,(i,k) sp(i 1); then 10 size st(i,k) may be described by Equation (5):

Sr(lik) |Soyerh +stot(i., k) ,.,if sm, :~Stot(l,k)~Smax (5 t Sover head
N S el O LR Y R

+Smior if Stot(l in i 8 Xohe ranitndpbveriéada smoO is

the nini mum al | Wbl e frame payl oad, and 15 s"w,, is the maxi nmum
-al l owabl e frane payl oad, all of which nmay be nmeasured in bytes. For .

exanple, in the case of a 10 Mips Ethernet, sovethtad = 26, sm,, = 46,

and smax =T1500.« EprestrantheRime lof 28V € TS mobiterebdr ra08RAET t Y rdpRosBled e
second, and tinme t represents the worst-case round trip time over the
link.? Ti mePred{ay! srapaieinenns teheexd phikegrandt3 e rofresents| thafRedidial sicORE @i K
packets fromthe ith queue. In the absence of collisions, delivery 20
time Ti(k)"ReEpreetebsrabised by, Byuhtendy théjum Tf (k)and Shesprédicte) ifec-areikart t/ 2
+ 1 (6) mhered% Ls the inter-frane gap. As a convention, T, (0)=0, because
the act ual "PEURY" thixp 204 fFe.. 25 coBPYISE Bverytimstagiarion srrivay atrhe fesis. t han t .
The total delay.d:(j.k) of the jth packet pmay be expressed by Equation
(7): deli, k) = ‘E’I‘}rg r%% st Jﬁ?rﬁ%ﬁ“ﬁs &"31%7(%?‘( 79 Egherygiframmg that has @ pavteads to
the current tinme. Delays d;(j,k)> djo+l,k) for all i, j, and k. That is,
for a queutmitrsingdes/ brsbk ppdketsdtan thehith quens wheradt Qﬂ&f%}{i,ﬁ)ﬁéﬂﬂkegpﬁ gt of
the head-of-line (1-10L) packet. Furthernmore, d{l,k) < d(I,K+ )_ Since
err &Y det ed%G hkbmay hedesedbddintEqmtiom(S)per f or ned on the whol e frane before
any packet can be delivered to the upper layer, the 5 packets of a frane
have the sane delivery tinme T,(k). Once a frane is delivered to the

destination, the ffame naysnegdgo ke acknow . The | EEE 802.3
st andar d doéélnbt:{equ?r% aékno%deéqgﬁ§gsuéﬁggggg$%7‘(5yansnitted frames,

since col lisions are detettant & afre: T f48i on can be inplicitly
regarded as a negative acknow edgenent. This, however, does not protect
agai nst noi se o

WHEFe Sovahead 1S the framing overhead, s, is the minirmam allowable frame payload, and

15 Swax is the maximum allowable frame payl‘oéd, all of which may be measured in bytes.
For example, in the case of a 10 Mbps Ethernet, Soveead = 26, S = 46, and sqa, = 1500.

Constant Ry represents the link capacity in bits per second, and time t fepresents

the worst-case round trip time over the link. Time Tg(k). represents the delivery time of a

~ Irame that contains k packets from the ith queue. I the absence of collisiens, delivery

20 time Ti(k) may be expressed by Equa-tién (6):
Ti(le) = 8 sdL.k)/Ryn + t/2 + 1 (6)

where L is the inter-frame gap. As a convention, Ti{0)=0, because the actual round trip fine

25 between two stations may be less than t.

The total delay di(j k) of the jth packet may be expressed by Equation )

dl(l;k) = teurrent = tan(i:j) + Ti(k){7)



10 errors. According to one enbodi nent, acknow edgenent frames nmay be .
used. Once the receiver verifies that the cyclic redundancy check code is
correct, the receiver sends an acknow edgenent franme to the transmtting
station. The acknow edgenent franme may contend for the channel |ike any
ot her frame, or the channel may be briefly reserved for the transm ssion
of the acknow edgenent frane follogying the reception of a data franme. 15
Station 20 may perform adaptive encapsul ation in accordance with a

cal cul ated encapsul ation efficiency. According to one enbodi nent,

encapsul ateRN &f.flfhEBGe el imEODefiyE ) ﬁJ@h G| M'ei ;%:dl?(yt 5

payl oad nmay be expressed as 77(x)= x|l (total S|ze ccording’'to one
enbodi mefer 2 ﬂmﬂea’\’tﬁfem@%ga?bﬂ{e@ ey fisse dowingttt expiet isndbowelf fhe Hebdof-fina@i mum

al | owabl cl udes byt es .of fram ng

over headﬁiggﬁg%cor mmm ? 04%) 5% l%hli’sg 7o RO R ‘ig‘iﬁ ﬁﬁ ab?‘teéjf“‘té?aé'of‘éﬁw r ed.

Ther ef or pgerfcarmcdpsuhmvhala fraerief befbrenay ;ﬂcl(@&)can—be(ﬂéiivc:rbd%)the &fbet RBeRlher

ha d, if 0 z T %P Hg gql 9 eeded to insure that the frane
eis 9%*5?? & lrang heyy the syagdelnpty iy (&?72 Accordingly, the

encapsul at i onogéd | |acﬁﬁﬁ\§}’1s ddiierad rt@ym@ede@wn%ﬁs %Fﬁq 5 I xl

X/ (Soverhead + Smn T) 0 ~ X < Soverhead (8) U %g %d( ®, 1?8

Sover heagckpowtedgeg hellﬁﬁﬁrﬁgﬁ sapdadaeepot Wtrowklsawlqigmg Isucp:lems[ﬁdbl y, the

transm s r he mors -case undt np

tine (RTél'})“Bg'\I/%%anﬁ@ %({enggﬁss'g@;g% 8@@3%&@' on can i Sléct a"a Eol"MH ?ftg’

bef or e tiggardertiavh megesavf: ragkneo wledgestens Sihix) hotvf:vérh&od?f&i@t protEM apginst wdignce

b ghveen Lwo s atkgns renalqi the s qg &gen the wor st - case RTT may also 9

be fi xed OHhJ&CoTYng 901° %‘@%’fto?\c BREGeTRe Hrmes fepnis uied- Pgopthe

i ncr eas edceitdianrrifiBethanihei dPde dddufivall ShEdCBRIeSE 2600 Sthe A3 ek REIRASE tO
ensure that collisions can be detected. For exanple, Increasing the

transm ¥ R frame 1tg %@“@H@&lé‘tﬁtlﬂ’ehmq adgowkidbenel depinenayt s
range figRehe s tﬁe%harﬁ&e;rﬂ@éaf{wothgfﬁ{ﬂné"m daﬂngtrﬁéyzg P,%{%ﬁ”m%r%% (f ten.

5 This, however, may lead to~inefficiént SR Th 'he case
of smal Ith e&ar&mmnmfttlam&mwleégamt frnmblﬁnih)meglﬂmlretgptxdneoﬁmd@tdr&ﬁmal | owabl e

| e di stan ween t ti,ons or ubs t.Q i nterconnect
sf%e)lt i ons. For%(?aeﬂf'ge‘i ey fﬁ%o as“‘pt'lélt heé'lp?Pesf"ﬁﬂég e ‘&‘h% cafepiatetdm f r ame
si ze at eBdapoyltes eﬁﬁuiends)el msoxﬁmghuhﬁxevurﬁﬁbd@nerﬁﬁéﬂcﬁﬁkm&%ﬁl@fﬁ}%ﬁd} hul

di stance of 100 neters.
for a frame that includes x bytes of payload may be expressed as 77(x)= x/(total frame

size). According to one embodiment, for a ten Megabits per second Ethernet network, the

minimum allowable frame size is 72 byes, which includes 26 bytes of framing overhead.

20 Accordingly, if 46 < x £ 1500, no padding bytes are required. Therefore, encapsulatlon
efficiency 77(x) = x/(x + 26).

On the_otheg hand, if 0 < x < 46, then padding is needed to insure that the frame

size is 72 bytes. In this case, 77(n) = x/72. Accordingly, the encapsulation efficiency

771(x) may be expressed by Equation (8):

25
r}{X) — -.x/(sove:head + Smiﬂ-)' if O S X < Sovezhead (8)
X/(X + Smin) . if Soverhead‘ £ X = Smax
In-erder for CSMA/CD-protocols to work properly, the transmlssnon time of a
frame cannot be less than the worst-case roundtrip time (RTT) over the Ethemet 50 a
30 station can detect a collision before the end of its frame transmission. If the maximum

wire distance between two stations remains the same, then the worst-case RTT may also



10 Hal f-duplex G gabit Ethernet utilizes a carrier extension whereby the
transm ssion of arelatively small frame is followed by the transm ssion
of carrier signals that insure a mninmmchannel busy tinme that is equal
to the tinme needed to transmt a full frame. Accordingly, the

encapsul ation efficiency rlcicA(x) may be expressed by Equation (9): 15 nx
[/ Sm.G, if 0 S X< S, 0,n@ - Sm. 'Ig9%9 1X1 =- x X+ S (9 1 mn)' i
f Smin G - Smin < X < Smaz where s,”,;0ob is the nininumallowabl e frane
payl oad for G gabit Ethernet. Modifications, additions, or om ssions may
be nade t . S8 eﬁélo.%/ithout _departing fromthe scope of the invention.
For exanpl é, g‘é/s U TothseYansanasioRotased PEViRE Etheprpt 43 tobhencrrmddil e the

Mor eover , médiguaRdlodtabRTant sisVifh& Nsd PndiBie lﬁ‘gergﬁl.reftb?{t @Eﬁalj%xs gzﬁ&%&iﬁ&%{cﬁ{ i ag{ e

ot her nodul es. Addi tional | functions may be performned usi

1 ogic conpti €AYl dreremime, %haﬁadmisépn optr of ¢ dMbwr EthtyictStéh ttiddsxhile ,
conbi nat i gRLRE ifs 26 e R« I 0. sed in this .docunent, "each” refers to
each merrberpo%le} segte%%&g%%'ﬂgs 'Fr‘t%n%ée%?g%\@%m% Bpmgpreg byap ordssoHeBURE 2 | s
a bfock di agr afhisfhopmeers ntaydiatett inefficiens batdvwaoth20iiRkticty st B8 AR @f smdnl GURE
|. Stati qpatrgeg ng,}/[tei nag.l ude one fr nmore real-tinme queues 30a, one or nore
non- real -Fife §UEUESSDEY, J5ude &dBring sthe gRgKimumc plewably cabfe chisiphaed as

i | 1 ust r atbetvéen tivb Gtibns 8r refiROBARIS oOintddnhbd Yakibat 29, sRod  Station
20 incl ucE[etﬁ a _nunber. FRT of real -tine qt_JeSes 30a ahgg%%%gsgws

non-r eal -1 AR Hfe qrantanpd the maymum framg siget 30 dytascbitvieBes36h ubisemith bi me

packet fln¥imanGtRoRLhE stahbdEr [H6N S 200 receives a non-real -tinme packet
fl ow. Accordin tooone enbgdi ment , g(ll‘l%?rgr ent real-time flows may have :

di k¢ erent del &lalfduplaxcGighbie Bthetst ublinks packet xtchdbn RBLRBY tHeQrdbiRisSBHE

real -ti | Qw: ve the _ I requi rement. A queue 30a-b may
conpris 2% g% ;8284‘(&\(%[@%%1?@ %ﬁ?’]ﬁ et %fg%‘gvreggﬂy Z%f’ & af‘%‘é’é’i‘?fé‘?f s snglsdhatdaswge a
packet s. niaigiung uharecBBasyltume)thdt i€ ledald ©ORE ke hQUES 163 Adrdhir bRk ges
the 5 oaterati OB' cu‘ t he qlue_ue 30a-b, and may conprise any suitable device
oper abl e &P 4EEE thesppsulafion effisiene & amfitmardesrdicsydihy Fonatitef©ned r ul es,
and produce output. Control logic 32a-b may, for exanple, determ ne the
nunber of packets that may be encapsulated to forma frane of a suitable
si.ze or cal cu] at gxwhe;ip&r, waiding for a next packet would lead to a

vi'dl ati oflaefa Bglaysauinemept, U0 o @)
i T min Gb min — - max

min

where Spingn 1s the ménim__um allowable frame payload for (igabit Ethernet.

Modifications, additions, or omissions may be made to system 10 ‘without
departing from the seope of the invention. For exampie, system 10 may have more, fewer,
20 or other modules. Moreover, the operations of system 10 may be performed by more,
fewer, or other modules. Additionally, functions may be performed ué'i"-ng any suitable
. I‘ogic compnsing software, hardware, other logic, or any suttable combination of the
preceding. As used in this document, "each” refers to each member of a set or each

member of a subset of a set. | . |
25 FIGURE 2 is a block diagram of one embodiment of a station 20 of system 10 of
FIGURE 1. Station 20 may include one or more real-time queues 30a, one or more non-
real-time gueues 30b, a processor '24,' and a scheduler 34 coupled as illustrated in FIGURE
2. According to the illustrated embodiment, station 20 includes a number Far ofreal-time
queues 30a and a number FNR.T non-real-time queues 30b. A real-time queuve 30a receives
30 a :eal.-time-packet_ flow, and a noﬁ—real—time_ queue 30b receives a non'—reaLtirﬁe packet

flow. Ac‘co'rding to one embodiment, different real-time flows may have different delay



.10 Control logic 32a-b may maintain the nunber kz of packets, starting
fromthe current head of |ine packet, to be encapsulated into a frane.
The nunber k; of packets nmay be updated in response to events such as the
arrival of a new packet, the successful delivery of a frame, the
expiration of packet delay requirenents, other event, or any other

conbi nation of the preceding. If almqueue i is selected to transmt, queue
i either uses an | S updated value of k, to determ ne the packets to be
encapsul ated into a franme or defers transm ssion until a next round. A
frame payreartoteninemdiRTkamihabesl agsiodhase whk fimt flowmst hae @¥ahit @agput ed
k; wval ug u\{l\rgenet\/er a new value of k is conputed, the tinmer nay be Set
accordi ngu{o mﬁal]ation (10): 20 4tinmer = [di - tcurrent - tarrll, Il +
(k) 1 (10) PhgudicBE-H fad RbmPHSOL Betabl bileer }a%leoﬁatjecMQE)rgeAnﬁy from

the time of conpputation that can be tolerated before the exprrati’on of the

dead! i ne S PREet; Fach swewe80a-phmey jigclude sontseldlogits 324-b) that npaeget theof a
fragre of gkeR@GK ' _he _ | k:. value . satisfies di(1,

kj*) = d;_%S thenggglielqrs?g%cg(}%p’ %%?gsngggg%/?‘gyaguf#%eéjwﬁgfpe Lee')?pzlcf' hef or e
the ith Huslieresesmdriibmtacéardime.to pldetnabuiles, ahdippeance baputeRan@lgogict the
channel 5§3~9L{]§% for.,an extgnded peri od bgf Flg% or if station 20 is in a
back- of f “period: 11 FRE T rare Sy S PFhal PREPSRAT may be eneapsulatsdvieval ue
30 for kiormasfrime b fuiatid sizEloe cilabibe wietlier waitHRALERRSM phikel Wodlllieads) = O;
. If-in the process of.decreasing k; , k =0 is reached, then the deadline
of the h%é{tﬁ’!ag‘r“!‘|0?ﬁ2316é6%é‘tf6'€5?fnot be Il net, that is, d;(l,i) >d;. In

t case, stati ) dii e.head- of -l i ne cket i ncrements Ma,
hat é&lﬁﬂ)g d%@g §2§$%Qi_r££§tamt ﬁn%l lhmber ] pach(cff‘ sifge Agﬁ?fﬁrtﬁi To

advances the It and re-conput es e valw

di scard gurRgafeRfot1inRePEEKE be GichddBize: ragk apdi scard ti Tascard .
Wien a packet adovar?cgjs&l to the ﬂjeaﬁd-oéﬂ | n0e5p05| fiag}he,_mf'ﬁbeert'ﬁirfgpaﬁ%tﬁe my
be set amepbdiupdatédin psgoaiidtd een(slshph ad tie) arridhiserad few piliker el succds@GF( 1, 1)
+ Till) !.Wlt ) é,aé?le) Discard tipe T,(1) is the m ninmum possible tine that
i s needetF' VB RAme, thieexpaation elopaske delay ssapiramentstiather presbor annbiher
accor di NgmitandgRHAL i prkdellng. Sitdcad did idaala QUEHIERE. 1B Jhhat,san, be
further tolerated bﬁeﬁ‘?)re i[%g becgt?rles urlll i kely thg#!ﬂ?ﬂ’eqeélgé-e% e-rluls'ﬁseaﬂpacket

15 updated value of k; to determine the packets to be encapsulated into a frame or defers

transmission until a next round.
A frame payload timer FPT may be assoctated with the most recently computed k,

value. Whenever a new value of k; is computed, the timer may be set according to
Equation (10):
20
[-&(i}

timer = [di m tcurrent - tar:(ifl) + T).(k:) } (} 0)
The timer is set according to the additional queue delay from the time of computation that
can be tolerated before the expiration of the deadline of the first packet, that is; the head-
25 of-tine packet, 0{ a frame of k; packets. Since the newly computed k, value satisfies di(1,

ki) = d;, then A

Timer z 0.
The frame payload timer FPT may expire before the ith queue transmits a frame.

. This could happen, for example, if the channel is busy for an extended period of time or if
station 20 is in a back-off period. If the frame payload timer FPT expires, then a new value

30 for k; has to be found. The value of k] is decreased until di(1, k;) = d;. If-in the process

of decreasing k; , k; =0 is reached, then the deadline of the head-ofline packet c.a. nnot be



can be delivered intinme. If at the tinme of setting the tineout val ue,
“discard tinme discard O, then the head-of-1ine packet is discarded and the
gueue i s advanced. The process of conputing the tinmeout value is repeated
for the new head-of-line 15 packet by setting the value of t,,,,.(i j)
and the value of ty" (i,j+l) for all j, and using an wupdated t value. If
a head-of -line packet results in dslard: 0, packet discardi ng ceases.
Schedul er 34 may be used to determne the service order anong the gueues
30a-b of a station 20. Scheduler 34 may sel ect queues 30a-b according to

any suital] rocedur.e n exanpl e, scheduler 34 may sel ect queues
30a-b accglrmgT ﬁ]éi?tl% 'E]r’ Quﬁﬁair (a)LBi tﬁatz%g’c Hauen iezﬂgd‘ﬁ?aé‘@e&%ﬁ g?advﬁéﬁﬂg Rpglseles
30a-b ar e i@gRkRHCASAAALAM A AR Cnd REBSANLEL 1341000 B Sla0k: dueues

30a-b according to"™& nodified round-robin sc I'ng procedure.t"Schedul er

34 tracks the IasiiscadetadQRie HiAR, MM & tfrgcﬁrzeq%xgﬁq tzrggggﬁsf ul

transmtted. Once-a channel becomes avail abl e, sc scgd] ect e t he

next backlaqgded adueides B0fvelhead-0f1in@PSMtidn, ahd HMRE valSs ARG WeSet 2ol g ve
equa§ pri it% to real-time queues 30a and 25 non-real -time queues 30b or
may Qi ve %F% i"l(i/)”to real -time queues 30a or to non-real-tine queues 30b.
If there is a collision at a channel, scheduler 34 may use a back-off
procedure as defined in the | EEE 802.3 standard. After the back-off
period, schedufr., 34=dat erid res i, i) tthe mhameah }(s)i dl e- |f the channel is
idle, scheduler 34. waits for an inter-frane gap, and 30 then proceeds to.
transmt a frane fromthe queue 30a-b that sent the colliding frane. 12

Modi fi cati , > to, stati 0 w { hout
departing 11 orm Ched LRBTEH ¢ERERLAT ol ofr TRFS sfeed' ShtbRp e diay

hav@ nor epf-rewmcket. Fhe ointeut raldulaesrdiMy te Bqestiod g ) P eHeadddRidBalOfuedingt | On
20 may be.perf rmeg %Fh_m)rq, fg)vxﬁ)ré .qr other nodul es. For exanple, the
oper ati ons 6f agr"’?fb S LBt SIRtPd Detro ih hsromas wolikely hat e heash-ofdineyackaie

modul e,  OfanthBRCPREELHIRRS 7 ar IRNEAUL L 1idd PN MBS RE fe,ocﬁs”cg% tﬁ%&y'fm re_than

one nodul e. Additionally, functions nmay De pertorned usin Syt abl e

| ogi ¢ cobypifenshdlgag @ifva Hacked & diaried aft theGubiROk GdvaRked@ny- Sui tabl e

conbi nation of the preceding. FIGURE 3 is a flowchart 1llustrating one
enbodi nent of REREPHEYOf BPMPUHEARR iMgeutnplisaiskiepeatddniop the fovalad-offiee met hod
begbns atpesk@MylRingMRENAIR! AL, QM) 20a ¢hO VARL 8F4S (alyayailable, channel .
Station 20 det gr m ]r?egs whet her -é'gdlaeue t%egggggﬁ)gtst ’éﬁ{) fé’?égljr i‘l%dl Hsdng fame at

step 104.uplitedit e éf SBadbofline paeket reduteahl i Ng- 6 ases dkt&d.iﬂg'&élﬁéjs.
proceeds to step 108, where schedul er 34 sel eCts the queue 30a-b that sent
- the col | idi ngScheduler 34 may be used to determine the service order among the queues 30a-b

of a station 20. Scheduler 34 may sclect queves 30a-b according to any suitable procedure.

As an example, scheduler 34 may select queues - 30a-b accerding to a round-robin

20 scheduling procedure, where.queues 30a-b are ordered: As another example, scheduler 34

may seleet queues 30a-b according to a modified round-robin schedrulzin‘g procedure.

Scheduler 34 tracks the last queue 30a-b from which a frame was successfully transmitted.

-Once-a channel becomes available, scheduief‘ 34 selects the ne:@t backlogged queue 30a-b

to transmit a frame. Scheduler 34 may give equal ﬁriori'ty to real-time gueues 30a and

25 non-real-time queues 30b or may give priority to real-time quéues 30a or to non-real-time
queues 30b. |

If there is a collision at a c_han;nel, scheduler 34 may use a back-off procedure as

defined in the IEEE 802.3 standard. After the back-off period, scheduler 34 determines if

the channel is idle. If the channel is idle, scheduler 34 waits Lfor an inter-frame gap, and

30 then proceeds to transmit a frame from the queue 30a-b thét sent the colliding frame.



~frame. If no queue 30a-b has sent a colliding franme, the nmethod proceeds
to step 112, 15 where schedul er 34 sel ects a next queue 30a-b. Next queue
30a-b may be selected according to any suitable selection procedure that
may be used to select a queue 30a-b. For exanple, next queue 30a-b nmay be
selected fromthe next backl ogged queue 30a-b or the next queue 30a-b for
which the flag is set to true acconrging to a round-robin procedure. After
sel ecting a queue 30a-b, the nethod proceeds to step 116. 20 At step 116,
schedul er 34 checks a flag of the sel ected queue 30a-b that indicates

whet her there MeddichGHIP gmdis, ! o REmiliASHLY LR g8 MIUEHE, SRRl
flag is set in response to any suitable event, such as receiVving a packet

at the quetmringfeum tstsapneyof the myyentian. Fagexeufptea vetibn 20miaydageaoe, ¥8erb,

ot her sui : , G L nati 0f. the . preceding. 25 The flag

may be se%layggrt ?‘églﬂgsr' ‘%ﬁe?g&a?% S lkeeﬁgf)fgfbf e ré%t(}r {?}-gy i%ﬁcﬁeégpﬁg‘?f’ﬁé?mﬁher e
is a frafever,amdyhet arodutean Fior ssampleathd dpatasiens ofhir6adses thatd JR&du@eri s NO

fra r ead or .transmssion.,|f the flag i et to true, the nethod

oo s 1y b Berterinad R aRE motluter prhe Speraigheiah sthorylenid mpy e PErtaGrT: | ng
the franmembleehaBddResbdu®s M ABE@RIly) funtdifis 3 DeiperfsSlcd Ride - t hod
proceeds to step. 128, where quel)je gOa-g iag gl??pped?d L/%\]l‘r{gzél’n§§wit%%gl1ﬁ) t he

queue,  ROPEEESP U C rdv s wher Ingigi driapnsyihis combitiativn pEthe precodingsi ons.
may be nade t giEhRETE hod, WidHQl @ SRakLd fromithe scope of the

i nvention. Additionally, s\tl\f(}a%s rrtza-ttyl e péé'# oq?lr?eg%g}?\&gfﬁ?ts Oggf’t g'ﬁ‘fhé’gof‘ﬁer

wi t hout degrpselating praintstihe 8 dowe:. ofThe mecthadyBrpiinsoat. stdp3 10F; | VRIRE sétib$ 28

fl hart, il]ustrat.i. ne i t ,of a method for updating a flag at

_ noir)lquceal -qeltercrles ac?uaevﬁlelal?qgicgar?’"éegggﬁag’é’% P‘E[E%‘?‘Wsn\ﬁpeéheﬁa?c'ﬂ‘é?”? I Rt #6Habegi ns
‘at step chbBRingMiane aceorpriak. | Hol quarRa3 04t hidkdnt aScfiEn YRS 1R Rlapacket s
at queue i, the number k; of packets that may be encapsulated into a
frame, afPeRt Qiske B8, shemacheduler Hhseleats the dyencciadp that seidhé polidiagf r ame.
The size {Bme0f packets corresponds to the collective packet size of the
k; packets that may be potentially encapsulated into a frane. Aflag is
set to falselbmo quays 308h hay grae ketollnding figme, thermehod packeats size 2., , .,

550 RTINS Rl SEUST Mo S i P PR e
Q of paeketdingio guesistablei seledpciaprdedire 3h@ Pnaltie uskd td REleld AguaiRY RS, Set to
true or ngl gx%m%‘ie, ?1%13%{1%1‘166630#'43 rr;[ar)]r efsle e?:‘teid Sfro?ne;[hetngxttgagflbgéer:iequgggggar-ﬁ or

the next queue 30a-b for which the flag is set to true according to a round‘—rof)i'n procedure.

Afler selecting a queue 30a-b, the method proceeds to step 116.

20 At step 116, scheduler 34 checks a flag of the selected q_ﬁ_eue 30a-b that indicates
whether there is a frame ready to be transmitted from quene 3Ca—b. The flag is set in
response to any suitable event, such as receiving a packet at the queue, suceessfully
transmitting a frame from the queue 30a-b, other suitable event, or any combination of the
preceding. | _ |

25 - The flag may be set to true or false at step 120, where true indicates that there is a
frame réady for transmission and false indicates that there is t_m frame ready for
transmission. If the flag is set to true, the method proceeds to step 124 where the frame is
transmitted. After tranémitting the frame the method terminates. If the flag is set tb false,
the method proceeds to step.128, where queue 30a-b is skipped. After skipping tf:e queue,

30 the method terminates. * ‘ o “

Modifications, additions, or omissions may be made to the method without
departing from the scope of the invention. Additionaliy, ste_;’;§ may be per}onned in any

suitable order without departing from the scope of the invention.



k of packets of the frane and the size B; of the packets of the franme do
not need to be updated because queue i has packets of a sufficient size
to fill the payload of a frane. Accordingly, if aflag is set to true at
step 166, the nethod proceeds to step 190. If the flag is set to fal se at
step 166, the nethod proceeds to step 170. Control logic 15 32a

determ nes at step 170 if the sumof the size B; of the packets plus the
size scu,R,, of the current packe® is |less than, equal to, or greater
than the maxi mum size sny,. If the sum is less than the maxi num size
s,,,a,,, the ﬁﬁhﬂ@%ﬂg[%ﬁeds to step 174, where values for the size B; of
packets and t 1S & floyehagbidlugirasing waa cabiodimenter! upddibil ey dphletivgh ues,
the et AnocLLUEmE , I S ual, tg the maxi mum
si ze s, “Qié the met hrgdqgﬁegggéf%%? %%g?é‘%&ﬁgf‘% %éet‘r ﬁ?ﬁéedé{f%g@sﬁf SBRcket s
and the nuitb¥hem cogfrol dogik 8P initidizgp chet mehbed Beof pagets St §aductithelditibedl Step

182. After- setting.the flag, th thod proceeds to step 190. If the sum
is gr eat(:a}tge"r étf agfﬁetgwgnﬁﬁ&#ﬁg?ﬁag?”j‘g%w(éi frapg cgnditheesine B0 od perketetbalsmeyp st ep
186, wheRg L 9. 1S set true. After setting the flag, the nethod
pr oceeds bt% c?hs g{:)l!xt%g&m ggrag'g’hggﬁf'é? %340%fd’§{"§’1[5rﬁ°ﬁf€§’%ﬁ%§%@ﬁ°? stive packat next

packet aki;sl€mhe 190k A S next packet,. the method returns to
step 158, wher 6 t‘hgachééttﬂagg'%gebte qogenrt%@ﬂ/%ﬁ%“lfaﬁ?d Tifet Bag. A Jag et packet

at step £ atshp 15et POFacker WiV £8urcddhddcCatd QNS 18081:H oS WL, QN Ssions
may be made.to the method without departing fromthe scope o g

i nvent i offex RAGFAYERAFER | 5& Mpdmyaysitrestpas thornaedmim abinywabld Granisi faghke or der
W t hout URPAMILE tle RALENS. PE.+ jnvention. 1 FIGURE 5 is a
flouchart il11ustrati ng o{g' mg%ﬁt%fnﬁﬁg?{%u%@aﬁt%g%sﬁc?)jé%rpdati ng a flag of
ndf-real - t i meTpiagenay berset eIpomadalboatstpass s flthe f15:00 S8 6 SeNhO fufbdT ane.
The net Qod becgtignsfaﬁ tep 200, where scheduler 34 determnes that a frane
has been™: &fREBEEPEF eyf?"t"f' tdtheseg B ohihgweckstsi of tih&amedbent Qredab bpacket s
at queuudated Hoshablil, t, 204. .The. nunmher Q of packets may be
equal toﬂora gr eat er qtﬁ%ﬁq}agrp%dgf% g?élpsu fgent pre o Bl the mgzloadyof gt frpae ket s i s
equal t ohgerdngly, i6: 8pg B8, totifue ametho6h, At aBsBpbheeal BtplRo, Where the

nunber k; of ;packets to be encapsulated into a frame and the size B; of
packets to belpg‘ﬁc%gaéésuﬁ"gi"e@sff At %BPE ﬁ‘éﬁa fhespethad rropass toaten, BP. Cohieolilbgig i s set

t 05 f al ses2atdeehiBiies 418p AOLEH | -l the method terminates. 10
| f the nunber Q of packet s igssg[%g{][glﬁg{}ﬁagﬁ nggehrl%paacget%)gﬁ tgﬁg‘?e?ﬂh@m t hod

pr oceeddhs ourrept prrk@39lesPihag egamiiio 26t Gel@ HnNAS mhREIRELIUM VEl el the

number l?s Iegg thgr? ﬁmléeng.asxirlngx?lssize Smax, the method proceeds to step 174, where values for the
size B, of packets and the number k; of packets updated. After updating the values, the
method proceeds to step 190.

20 If the sum is equal to the maximum size Smax, the method proceeds to step 178,
where the size B; of packets and the number k; of packets are updated. 'fhe flag is set to .
true at step 182. Afier setting the flag, the method proceeds to step 190. If the sum is
greater tﬁqn the maximum size s,,,,, then the me_th_qd proceeds to step 186, where the flag
1s set to true. After setting the flag, the method proceeds to step 190.

25 Scheduler 34 determiiies whether there is a next-packet at step 190. If there i; a
n‘ext packet, the method returns to- step 158, where the next péc-ket is received. If there ié
no next packet at step 190, the method terminates. '

Modifications, —addftions, or omissions rhay be made to the methed without
departing from the scope of the invention. Additionaliy,' steps may be performed in -any

30 suitable order without departing from the scope of the -inven{io_n_ -



than or equal to the total nunber Q of packets at queue i for which the
corresponding size B; is less than or equal to maxi mumsnBx. If size B;
is equal to maxi num size smax at step 224, thenethod proceeds to step 230
where the flag is set to true. After setting the flag to 15 true, the

met hod term nates- If size B; is |ess than maxi num size smax, the nethod
proceeds to step 234 where the flagyis set to false. After setting the
flag to false, the nethod term nates. Mdifications, additions, or

om ssions may be made to the nmethod without departing fromthe scope of
the invention. pReigk ki I, = _ I, itaple
order w thout depar%iﬂg%fdrdgvnﬁﬁﬁem?gggﬁg (Bﬁc ?ﬁgé%%g)tfiagﬂaﬂ%il fé%%gﬁ%lniggaba

f 1 owchar t flpg 1ofi dppaedtigneonesue b diespamse 66 sacarestin didanbwissioetdfi m frame. fTiag f or

areal-ti -30a. Jh t i at, step 250,. where the nunber Kk;
of pac kelttlrlgtht(a g%%’%n%aﬁtsﬁ%qégd“% g? %ggé#?eérr% ?ﬁt Wngs ek %Magas‘t FFFé’r FPT
ar e updat sacésefulla tragsmeitted fronFuene i.palé aadbid Qrif pRREsmRYjudiR 1Us edalighdd ack
theS_am)untt gf toi Lt hat %)a(ﬁlr%ts 25 staé at queue i in order to account for
t he” del ay* FEAFerBROEMBET @il Packelcapay bt cqblofi@gratsr thanree # GBS QIf of
packet s ameé naibeUEYST padksis 88 bl kS BEY Alstept BB, FR4nethdd plAAVIDSE 2%; of
packets is equal to zero at step 258, the nethod proceeds to ste% 2
wher e t hewhiradhe psmbet ki @ff@aklsds tbtemcasutadeadgintdhe ffanagand e siet BOdof
term nates. |f tEe nunber Q of p&ck'ets at queue i is greater than the
nunber  k;Pa5¥eth i Reracepyiaied srie drstipme gep Infiadbized. f Therflagis sot &pfado 256p t he
met hod progeeder tQrst fl Aa68he Hetolil@thihdeset to true at step 266. After
setting the flag, the method termnates IS |f the number Q of packets
at 'Queue i is Ietdgaumber @hef packeteis preataithpacketistdpd0Bathe netdpsiradeads tont 0
“the frane t%@ ;Bat hod gr od%eeds to step. 270. In tLhi S case, . the avail able
packets CAR 48 dCRuisdatdslrrmmes e mrsmymviie at thirgmkes kg opaegkets fess
deadl i nespdf oot f fak I j [.at ; however, .
encapsul aryon 1G5 BRol RubbHTa B bhAte TR Wnich e R BHms oee
it is possiBliesitmtoraqhdl eBainiuin K., PlfdizeAleis @Gudley AaBafkelise JBYat BRp
formed and transmtted w thout violating packet deadlines. Processor 24
pr edi ct s Z2hehpmethodiprecesdseinistepf23Pvdhenette flageket toafrues tefier 32hing Rredibegsor 24
delt rm nﬁs_ V\/ﬁ%t her, (Léhe sum of&ghe sizes of the packets to be encapsul ated
and of t Re% HEpethad dapupaies oL pige & 1% fesf thae marignims size am, HisemadR mum
Size sm Bl 7 Lhe . um - i ), | e IS stot(i,.,k;) +
next > S%(%Fe%htg%t%hgﬁneh{hﬁ%gﬂ 'Efﬂé?eléggi %Qbo%ag 'epgggfettgn\%neﬁe alghtgot%{sgigthf?s set
to true. mathodrtemenatenng t he flag, the nethod termnates.

t hen

Modifications, additions, or omissions majf be made to the method without
departing from the scope of the invention. Additionally, steps may be pecformed in any
20 suitable order without departing from-the scope of the invention.

FIGURE 6 is a flowchart illustrating one embodiment of a method for setting a
flag for a real-time queue 30a. The method begins at step 250, where the number k; of
packets to be encapsulated into a frame and a frame payload timer FPT are updated for a
queue 1. Frame payload timer FPT may be used to track the amount of time.that packets

25 stay at queue i in order (o account for the delay requirements of the packets at the queue i.
- The aumber Q; of packets and at queue i is established at step 254. If the number
Qi of packets is equal to zero at step 258, the method proceeds to step 262 where the flag
is set to false. After setting the flag, the method terminates. If the nomber Q; of packets at

queve i is greater than the number k; of packets to be encapsulated into a frame at step
30 258, the method proceeds to step 266. The flag is set to true at step 266. After setting the

flag, the method terminates.



If the sumis not too large, that is stot(i, k;) + s exXC < or = smax, then
the nethod proceeds to step 276, where the delivery tine of the next
frame is predicted. According to one enbodinment, the delivery tine my be
predicted in the follow ng 15 manner. The predicted size a(i, k;+1) of the
frame that has a payload including the current Kk; packets plus the next
packet to arrive may be described by Equation (12): sf(i, k; + 1) _ j(fS
verneae .+ stuc(i, ki) + Snexcr if 5 5 Stot(i k;) + . next 5 Swa
"""o0..erneae + Snynr if Swirl > Scoe(.ir ky) + Snext x 20 (12) The
predicted delivery tinme of the future frane may be given by Equation (13):
i (k*+1) =8a(i , k; ¥ithelRmber Kxtof padke(s1®)JueE: iTikraen! o tiei tundrs kared peciteablo tshed

at steps 280 th@gggh %%4. Whet her wgiting for the next packet causes a
deadl i ne eXSFHEIGrntoghe figmendigdoghod prsceds d aeri220.e &t it sashabe availblep
280. The sherdd EebaxRbhAbEART M8 TRl @?&Eitih%?}h&@t aghifls iffadLLe
associated with the head- of-1ine packet. The condition nay be established
usi ng Equdfit@psrpiftay smupgdiatply ({f bowever,sancapdulation 43 pospdried luptil a flew-ikket;

(14) cwhere _the summatipn of Equation (.13) is taken over queues 30a-b j for

whi ch t he %G o 4U°t lh’_r‘ﬁ‘“éh‘? |‘§P°§8F]t"t‘€aﬁar‘ﬁaé‘%e Kitly ke Plusyaee or mppq packets may be

f or ecast %nﬁé?!eanﬁmhérhi@t@@Mi—ﬂ@ét%@iﬁlﬂ’ﬁ?ﬁa@k&?ﬁe&&iﬁm.J~1 transm ssion of franes
a

from ot her queues. The termis neither ower nor an upper bound on the
actual del ay, d$ronsesosdfrprafintuibs neetysizuds e qefahe hext ipadeeasep@70daes@ase
their k' _values, while others may decide to defer transm ssion until the
next round? dekEMHIER tvhefhat khersuppole isizes af theumgkets tarbey ensepuddted)amak of the
ater thaReRBoRERIHIAY (hRW realch flanitfe mblfltm 40 & L seelr?. fidndadh(K:

), forcing queue i to répeat t eci si on makl hg pro¥ess. “&Pect ed
arrival tiseodbrebhtanaxs, nackpt+iss, t 09 $ar, then iRembhbd bR ckaRtoisicp™y, cause

a deadline wviolation,. that 1s, | >d, - t,,,(i,l)+ (k;+l ), then queue
i tries t&hgiechelllagie setrto dwes ddieysettiveg the Aing, the method serintnaescapsul at e and
transmt a fra Whet her waiting may cause excessive packet loss rate is

est abl i shed at TsPg5uBg5 1ot doqlacas dhafds phedketki) ois §.sate May Fefefhepdha
packet | O%throﬂtﬁo&lgﬁé todgéa ?7%:[ W g‘}ei t%];yde?ivgrr}rt?gig %lf dt-he next frame 1s predicted.
According to one embodiment, the delivery time may be predicted in the following

15 manner. The predicted size 's}{i,-k;ﬂ) of the frame that has a payload including the current

k; packets plus the next packet to arrive may be described by Equatien (12):

Seli, k; +1) =

next max

{Smrerhcad .+ S:ot{if k;_) + é'nem—,-f it Smin < Stot(i" k;} + § < s

Soverhead + Smi-ni if Smiﬂ > S:Qt(il kl) +é

20 12)

next

The predicted delivery time of the future frame may be given by Equation (13);

TCH) = 850, ;1) / Ry + /21 (13)

25 _ |
Three conditions are established at steps 280 through 284. Whether waiting for thé next
packet cauées:a deadline expiration for the head-of-line packet is established at step 280.
The deadline expiration refers to the expiration of the d-cédl'ine associated with the head-

of-line packet. The condition may be established using Equation (14):



~value. The condition may be established according to Equation (15)- MJ o
+ ka +1) / (Moc + k; + 1) > E (15 20 Wether there is no significant
ef ficiency inprovenent by waiting is established at step 284. Efficiency
i nprovenent may refer to increased efficiency as.discussed previously,
The condition nmay be established according to Equation (16): ?(st"(i,
k,)+s,exr) ?(sa(i,k )) ?m(16) 25 phere ?th is an adjustable efficiency
threshold. Even if the arrival tinme and the size of the next packet are
accurately predicted and the franme encapsul ation at subsequent queues is
performed _as, anti ci pated from current nunber k' of packet val ues, there
is no guarfl%’?‘ﬁt‘f(é‘é‘mfr%ﬂaé(ﬁelﬂvgdltﬁraé)*b ki hY ‘hdad- ofIf) ne packet can 30 be
nmet. The deadline may be violated due to collisions and back-off del ays,
whi ch cannot 17 be anticipated by a station 20. Accordingly, if delaying

frame engaps tJ nd transm ssion.js expected L ead .t eadl i ne

vi ol ati on, s‘?g‘% i ggﬁﬂ?gmgﬁglﬁlgﬁﬁ)&ﬁ%{e? FRep ¥R q“egﬁsczé%s%i gl"i“ﬂﬂgh&il‘fs € 18t at i on
20 has | eewentlst et tootket at e packet violation, and loss in the expected
bandwi dth gain resulting fromdeferring the encapsulation is sufficient. 5
If Tess than thk6 @Hﬂdi}«,iloﬁikﬁ}és gafiregasie@f dhe suddisiopgedelaheawset hod the oceeds
to step 288, where the flag i's set to false. After setting the flag to
fal se t héranenissidn bEframemafras othet quaies. @ Sérnt Waervsdilbivartor 3k Bpsabbskd €d at
step 286, the nethod proceeds to step 290, where the flag is set to true.
After sePPitha¢tHd delayy singe some quedse maat Swbsequentlyi inatcess. orQlchensestbicir ] e
procedures, for sFtti g% t he fl,ggs may be used. For exanple, 10 procedures
that rel V28RS tHEISPEET P dede thdelen dmapanisdemppt! He adxe reunde Thhaentxt

packet iy S.. | so be used.. For ex |l e, statiqn 20 tragk the
fracti on%oc?(le%/(l%rre aet%ucllllea*nrﬁ@f a%%aély BELYF %f .a“?ﬁ%s‘?'r"ﬁ‘gﬂgdﬂ“ﬁ%ab@ benput ed

oviegr a mevi,jag, W Ndowrt e )aEseMBtquel ol & MGy IRNAL S eld the
case of nunber k,?df JE)agkets tgoquglé ertlcgf;psul at ed&éleoglurgltﬂgg%h%&ﬁ%hggrtﬂ% of

packets at. .glgue. i (08 rH8SI.1 O 9. whet her, to encapsul ate nay be. 15 made
dependi ng %eﬁ%gcongl t'l'onsﬂles"tegfb[faldé%é%ltogﬁlars'f‘é%esgﬂ’éﬁﬁ?ﬁ'ﬁHlfé’r?a“fgz?’%@ W1 as -
the fractioRfionOhat il . 4 &B. ¢ FP1)+EH AP CihehfquARERSS ol REiCRNdI td.ons .ar e
satisfied and. the pro‘_babi I f’{(y )O?Eah )l' (h quﬂ%nnre] s ?ESEQ éeﬁesgma'ertai n
per cent ageit sut proasedS BPoncapsatatomd2tnsmy adegiede to wait in . hopes that the
time the next.pagket arrives, the channel may be nore |ikely to be
wheh
avai | abl e. ether waiting may cause excessive packet [oss rate is established at step 282.
I5 Excessive packet loss rate may refer to a packet loss rate that does not satisfy a threshold
value. The condition may be established according to Equation (15):
(i, + i + D /(MG + K+ D>6 (15
20 Whether: there is no significant efficiency improvement by waiting 1s eétabi.ish.ed at step.
284. Efficiency improvement may refer to increased efficiency as discussed previously.

The condition may be established according to Equation (16): -

sioliy k) + o) - 21l k) < 7 (16)
25
' where 7y, 15 an adjustable ef“ﬁciem;y threshold.
Even if the arrival time and the size of the next packet are accurately predicted and the
frame encapsulation at subsequent queues is performed as anticipated from current number
k; of packet values, there is no guarantee that the deadline of the head-of-line packet can

30 be met. The deadline may be \ﬁoiaféd due to collisions and back-off delays, which cannot



Modi fications, additions, or om ssions may be nade to the nethod w t hout
20 departing fromthe scope of the invention. Additionally, steps may be
performed in any suitable order without departing fromthe scope of the
invention. FIGURE 7 is a flowhart illustrating one enbodi nent of a nethod
for updating a nunber k' of packets to be encapsulated into a frane at a
real -time queue i. The nmethod begins at step 300, where an updating event
is detected. An updating event nay conprise, 25 for exanple, successfully
transmtting a frame from queue i, receiving a new packet at queue i,
determ ni that a.frame d tinmer (FPT) of queue i has expired, or

ot her su??aaﬁ*f“é’péﬂfi‘enl?y aCB‘Ett“%/rbl %i odiceordintlyet iErdalavie Wamehencapsslagien fapdm an

‘updat i ng paeefskitifisfeRpediddio I%@%rdekdh&fwcﬂmrség%ﬁ 28 Elﬁo?; St defer Fne

exanple, in the case of the receiving the next there are two
possi bi | i FR@psulationtydesp saion 29 haallleravagf ot thigrate piseet kgolzmbn pmdkletssmv\ms | ess
than the &Hg&@&bgdvﬂg ben the value for the k; does
not need to be tg%(%ﬁ‘ sllﬁtrll ﬁ{?ﬂ%gé c%l}lcﬁ%stU?aé 5% packet s
al r éady at queﬁﬁéeas thzm‘ twwqimimdn!: amfsatap‘mmtssep 62 feahethéd &occda?@:nsﬂe?

he

updati ng dur n. or det er mi ne whet her

frane can%ggco%g%ﬁgg 83 %&/%ﬂlﬁ er ﬁﬁftmﬁﬁh%é‘ﬁr’a't"écalﬁ? thederiad temipdes. tI§ be
per f or medat IédﬁEtWﬁBt:dﬂQﬁh(ﬂ{s Qﬁ@%ﬂﬁﬁé@at&&@m@o@le m&hwﬁfo%eédg% Qéﬁggﬁ Wierk S NOt
updat ed. etﬁ\fg not updating, the nethod term nates.

pr ocedur €1f 538 5 sitofidier drftreerting e Bpe ome, %enqibldﬁemlpmtm;eeds to step 308
to initiate unbe X ket s
thtBerl RSl R Bf&e@ﬂw For &ttv.?gs e ?é ALY §°or é&ﬁ@a@a} i G

| ess than the nunber Q packet s
3210 det eripesdureatha rely ®1B1e\m§zchttem dfhthe chainel statls \Aakhtetnﬁf: themdxephdiics i N a

frame of t LY, z whi ¢ eterm 10 establi shing
whet her t @e@ ijéj ?%Eél%va %% g"‘ exa“glgf’lng%/tf @f’?‘i’t”(?ac{g%ﬁ“} taction of time thg,e

sel ect ed Chaineemsfbeleﬁ idleeThadiactydnathgly Be @hpaba6eL %h&n@ﬁﬁo&ttggcc’%%ﬁt t he
met hod proceeds to step 306, where the nunber k* of packets 1s not

updat ed. ¥ thedyppicy ph e trfic.t e theatasreof numabarek hofthdcketsiabe agapdufatddne

sel ected u satisfactory. size, the nethod proceeds to
step 3206¥€3ne§'g “E‘:’réqrifl) i §1 eflp(?&%S YA g?"rf{eﬁ’é‘é’“\mé‘fhﬁ@ﬁr torfecapsylaterreay s val ue
of 15k’  guaraatigeading-thé eondetRnk ¥RENishal at kREs DARGRLR bBAS; &@x@%ﬁ% e (4Ride the
next pack i.n a frame will lead to a deadline violation 'S condltlon

may be egf}?ﬂﬁ 1i0fre GOLSTAMPLS: Henone of thsionditiprs areiseisfied end thi pyobabitity of ai( 1, K’
). 1T idiecnah@Gs RYs ¥ah HRe®lin BlrcGRIAQL PSRN B0k B trr'lar)rz%egge I Ghivin the

met hod proceeds
hopes that the time the next packet arrives, the channel may be more likely to be available.
Modifications, additions, or omissions may be made to the method without
20 departing from the scope of the invention. Additionally, steps may be performed in any
suitable order without departing from the scope of the invention.

* FIGURE 7 is a flowchart illustrating one embodiment of a methet:l for updating a
number k; of packets to be encapsulated into a frame at a real-time queue 1. The method
be_gins at step‘ 300, where an updating event is detected. An upcfating event may comprise,

25 for example, successfuily transmitting a frame from queue i, receiving a new packet at
queue 1, determining that a frame payload timer (FPT) of queue i has expired, or 'other
suitable event.

Control logic 32 determines whether to- perform an updating procedure for the
" number kl -of';packets at step 304. For -example, in the case of the receiving the ‘next

30 packet, there are two possibilities. If the previous value of the number k; of packets was

iess than the number Q; of packets at queue i, then the value for the k; does not need to be



to step 306, where the nunber k of packets is not updated. After not o
updating the value, 20 the nethod termnates. |If the selected value can
guarantee the in-tinmed delivery, the nmethod proceeds to step 324, where

t he nunber k of packets is updated. After updating the value, the nethod.
term nat.es. Mdifications, additions, or om ssions nmay be nmade to the

met hod wi thout departing fromthe,scope of the invention. Additionally,
steps may be perforned in any 25 suitable order w thout departing from

t he scope of the invention. Certain enbodinents of the invention may

provi de on . hore technical _ Nt A t.echni.cal advantage .of one
brod menbo il TReTh FERR ehRor B0 VAR AR TR BRI R L RS L one.

a queue OpackeBELWRuKI BRYY;DeheAIMBL dpdalig FeHce8EB InAE GRF HirfBmb® in HaR9es i N
packet deadlines at the queue and in network conditions. Adaptive 30
encapsul adstemingyhetherithe framp seristcemmodite ey dagkaised. by encapsul ation

Anot her 19 t i.ca . gggg Iy R - aptkve
encapsulationq%ggl%%%&ﬁgéaﬂkéggggﬁggggg nuE%QEQg?&?%gﬁgﬁ%ggﬁbﬁg%?@%npts,
whi 6h maywh&adhd aukB@' BV 8dndt ipaated p wifier RET fifafiRg) GRe nAtHA Qbralinags. efrlaadi nent

of the invention and its advantages are described in 5 detail, a person
ski | | ed iwpdatseprartducid th halperfomredoaisstien 8@4, dhe orethodapidideids s steprids to

om ssions. .W thout departing fromthe spirit and_scope of the present '
“vent | ornitBeBE S Bt Apghisilntemihe: Foof P (s kepAbRERES: 1. A
met hod f gk, _ i _ & i fr | | [ N YR Si ng:
receivinaéﬁﬁ3%§§§ ngegtigggégégig%ﬁg&g? ??gﬁhg?hﬁkg %F%??ggvg?gggg%ions
of a netsstted vaReHF PACKAlts & § BahRtdrt sidficterydeleaWhich Gty RMR M midkh8ydel ay
requi renent reflecting a deadline corresponding to at | east a subset of
t heO pl ur alstabyistoiig hehérahs selabtedeatiend i, hatigassglii k) =af.packets to a
plurality of queues of the station; detecting an avail able channel of the
networ k; sel edfihegelactgdizalee of ki deesplatyald 4 satisfacuesissatlyiep 3d6tthe miethodg t hat
the queue transmtted a colliding frane involved in a collision; and
proceeds to step 306, where the number k; of packets is not updated. After not updating

the value, the method terminates. If the selected value of k; yields a satisfactory size, the
method proceeds to steb 320, where control logic 32a determines whether the selected

15 value of k, guarantees in-time delivery for the head-of-line packet, while the next packet
in a frame will lead to a deadline violation. This condition may be established using the
following relation d(1, k;)=d;<d(l, k; +1).

If the selected vatue of k; cannot guarantee in-time delivery, the method proceeds
to step 306, where the number k; of packets is not updated. After not updating the value,

20 the method terminates. If the selected value can guarantee the in—tiﬁled delivery, the
miethod proceeds to step 324, where the number k; of packets is updated. After updating
the value, the method terminates.

Modifications, additions, or omissions' may be made to the method without
departing from the scope of the iﬁveﬁtion. Additionally, steps may be performed in any

25 suitable order with(;ut depﬁrting from the scope of the invention.

Certain embodiments of the invention may provide one or more technical
advantages. A technical advantage of one ernrbodiment may be that the number of packets
encapsulated info a frame at a qucue of a network may be adaptively adjusted according to
changes in -packet dcadl-ir’;és at the .queue and in network conditiohs. Adaptive

| 30 encapsulation may ininimize: bandwidth. overhead caused by encapsulation. Another



selecting the queue in response to the determ nation; determ ning that one
"or nore packets at the selected queue are ready to be encapsulated into a
frame in accordance with the delay requirenents associated with the one
or nore packets; and encapsul ating the one or nore packets into the frame
for transm ssion using the available channel. 2. A nethod for

encapsul ating a plurality of packets into a franme, conprising: receiving
a plurality of packets at a stationl®df a plurality of stations of a

net wor k, each packet associated with a delay requirenment, the del ay

requi renment reflecting a deadline corresponding to at | east a subset of
the pl ural )63 2gvantagsref;ongigntbedinggt ma belthat alativeahcpackedsmip p@vide
plurality @ff O848s 31 Ak Q) cti,ng an avail abl e channel of the
net wor k; ~ det er ni ﬁgﬁmg?ggﬁgﬁl%r%gﬁ gﬁ’(té”thé&alpa%?eagéﬁé'“‘%ﬁo"?c{:'gf%‘lgbﬂ‘él ity
of queues Bfrormeady to be encapsulated into a frane in accordance with

t he del ay requiﬁﬁ%ghsa _gsgo{fi atted ith the one or nore packets by:

recei ving at the Gquete a"ChrPEstt phiecnVHROD mgdails advagtseespare dsseribed én t he
queué havi degaibrepemson ahitied POt @juicpﬁﬁlkee’t’a?i()h@mt&&i(ﬁisCﬁd’f(ﬁﬁg |a%& oG l%%%

si ze, the OQ%HJ or nmore potential packets to be potentially ’encapsu1a ed;
det er i ni ng" U CRRATIEE Som Bre ht 206 jeapr op thekiresent pveatinh tshdefimod lbeahe ve
packet si#perded@l@ad er than a maxi mum size corresponding to a payload of
the frame; and determ ning that the queue has the one or -nore packets
ready to be encapsulated into the frame if the sumis greater than the
maxi num packet size; and 21 encapsulating the one or nore packets into
the frame for transm ssion using the available channel. 3. A nethod for
encapsul ating a plurality of packets into a frane, conprising: receiving
a plurality of packets at a station of a plurality of stations of a

networ k, each packet associated wth a delay requirenent, the del ay
requirenent reflecting a deadline corresponding to at | east a subset of
the plurality of stations; directing the plurality of packets to a
plurality of queues of the station; '



detecting an avail abl e channel of the network; determ ning that one or
nore packets at a queue of the pl urghity of queues are ready to be
encapsul ated into a frane in accordance with the delay requirenments
associated with the one or nore packets by: establishing that the queue
has traw%&t,g@ﬁlméﬁ\{éous frame, the queue having one or nore renaining
potenti at—packets naving a remai ning col |l ective packet size corresponding
to a payload of the franme, the one or nore renmi ning potential packets to
be potential Ly en I - 1 0 r i.ning collective
packet size i1's gr%ﬁ%&oﬁﬁg‘%nggsén@%%rﬁ%gc g)ﬁ B%‘fkfiesﬁﬁ%’naz%?’erm ni ng that

‘t he quewemnipasing:he one or nore packets ready to be encapsulated into the
frame if the gl i - j ' ; n the maxinmm
packet size; ’%F%W quéc@g%aﬁ&a‘%fﬁ)%k‘%{%gp%%%ﬁ%? gfﬁ%)gig}a%ggﬁ%f%%ﬁ%%ﬂgt he frame for
t r ansm ssivank, esich gackeh essocitédwitie a dhkyp meduiremeni) time tddlaylrdnaireractapsul ati ng a
plurali . S in f hWSLNG: . pl.urality of
packet s trééf{e%én@%égi?&gﬁe gPrtr%spgqnﬁi E;rtglqlgﬁI ’g/le%%%%dé}t%%{;ﬁ’sth%ﬁlﬁgdl:Wncg?, 5\% P % each packet
associ at ed wiltrdetiag tred Elyraliyopdipeemtnto, a plhalityelf gyevasoefitneseivn; refl ecting a
deadl i ne cor | n t . of the plurality of stations;
directing thé&%ﬁm&%r}%}?’h%?igﬁg%:%e%t?éﬁﬁg%gg‘zq?%raI ity of queues of the

st at i onseledetgecquiaug cdthegvarditylif quelesinel of the network; determ ning that
one or nore K gueu f the p ] : s are ready to be
encapsul at ed&%% ”@P‘ﬁgﬁ‘ﬁaﬂé@ ﬁﬁeugctgacr)lrs h’@ﬁegeg gélfohﬁq %%ﬂ%érﬁgﬁggznq%i rements

associ atdltikion; tahdt he one or nore packets by: predicting a next size of a
next packet i he queue;. 22 cj di i.ting for the next packet

i s associ at e%eq\%\ncnlthﬁ?%enq%exu&'Pi?slpgﬁg%koqggga{eeg@f”ﬁﬁ@’ and determ ning that the
gueue has t heetemdiniag tivadibac pacioed packetsoht thosdjecte@ nuapsareasaty tbrieo t he frane
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the ohe or more packets; and

encapsuiating the one or more packets into the frame for transmission using

the available channel.

2. A method for encapsulating a pluralify of packets into a frame,
comprising:
' receiving a plurality of p-ackets at a station of a plurality of stations of a
network, each packet associated with a deléy requirement, the delay reguirement
-reflecting a deadiine corresponding fo at least a subset of the plurality of stations;
directing the plurality of packets to a plurality of queues of the station;
detecting an available channel of the network;
determining that one or more packets at a queue of the plurality of queues are ready
to be encapsulated into a frame in accordance with the delay requirements
associated with the one or more packets by:
receiving at the gueue a current packet having a current packet size, the
queue having one or more potential packets having a collective packet size, the one
or more poteniial packets to be potentially encapéulated;
‘determining whether a sum of the current packet size and the collective packet
size is greater than a maximum size corresponding to a payload of the frame; and
determining that the queue has the one or more packets ready to be
éncapsuiated into the frame if the sum is greater than the maximum packet size; and



t he avail abl e channel. 5. A nethod for encapsulating a plurality of
packets into a frame, conprising: receiving a plurality of packets at a
station of a plurality of stations o' a network, each packet associ ated
with a delay requirenent, the delay requirement reflecting a deadline

Che. ol bral | {PERHAARGEE 0GP & PR RATKES 1Bt Ma Tt b S HBcGPAEr B,

det ect i nge aPaiR¥R dndhhd®. channel of the network; determ ning that one or
nore packets at a queue of the plurality of queues are ready to be
encapsul ated into a frane in accordance with the delay requirenents

associ ated wig h t heRRRdebr SfapsRatieed slubiity Phacksts infga ramext size of a
next packet for the queue; deciding that waiting for the next packet is

associ at®d B e a packet loss rate that does not satisfy a threshold; and

det erm ni ng tr@@éiviﬁg?ﬁ pRFSIHE of \tkbideat AREatioRh oD bRrPACKEisioneady to be
encapsul ated into the franme in accordance with tFe deci si on; a{:‘d
encapsulBEWerl 2ash nopket GEsoriated paRiaalay TRAWPRILHPS 1A SPAYERREhi ssi on
using  tBfecMghlRBlifeCRARESINdIR toft Rshe dubset ofth6 pRBalltab] Aigicdispl ural ity of
packets into a frane, conprising: receiving a plurality of packets at a
station of adkpefingithe plugFlitsefRackys i p&;rai%gf\w 5 g'0R SHHeRet associ at ed

wi th a del ay deqaily GBVHIablshatiabiay risauthomnent reflecting a deadline
corresponding to at |east a subset of the 1;o,tl ur al 'Et% of stations; directing

the pl urdgtsrinying thabenesd'sNeE RACKES AR THGU P! e BIHEAITGR! quedes Bl Fady

det ect i g paRnaYRALlAR iRto RaMEIn BEcdrih cBRIiNORK deld@ tfufemieng t hat one or
nore packets at a queue of -the plurality of queues are ready to be

encaps ulagseapted wWih e onenr MAreRAckE§dce with the del ay requirenents

associ at ed WkBpfidn st e @@ﬁ@h@@ﬁb@éﬁiﬂb&a pRiVRAis Gtdnfid tiee Qe size of a
next packet for the ‘queue; 23 decidi ngt that waiting for the ne|2<t packet
]

i s not &9¥ibEcaEEAMAFE Femainiag PRISNEAIRACKSRHAYIS AdFMainiig pollective packet
size corresponding to a payload of the frame, the one or more remaining potential

packets to be potentially encapsulated;
determining whether the remaining collective packet size is greater than a
maximum packet size; and ' )
determining that the queue has the one or more packets ready to be
encapsulated into the frame if the remaining coliective packet size is greater than the
maximum packet size; and

encapsulating the one or more packets into the frame for transmission using

the available channel.

4, A method for encapsulating a plurality of packets into a frame,
comprising:

receiving a plurality of packets at a station of a plurality of stations of a
network, each packet associated with a delay requirement, the delay requirement
reflecting a deadiine corresponding to at least a subset of the plurality of stations;

directing the plurality of packets to a plurality of queues of the station;

detecting an available channel of the network;
determining that one or more packets at a-queue of the plurality of queues are ready
to be encapsulated into a frame in accordance with the delay requirements
associated with the one or more packets by:

predicting a next size of a next packet for the queue;



determ ning that the queue has the one or nore packets ready to be
encapsul ated into the franme in acc gance with the decision; and

encapsul ating the one or nore packe% into the frame for transm ssion
using the available channel. 7. A systemfor encapsulating a plurality of

packets into Si t i a :
plurality ofdeﬁﬁﬁf@g% w%g%n%{)g}el{{% gSSOC@%%EﬁQSH Wﬁhgln nggBﬁeo\éﬁi rement,
thg delm}adl‘imllandelnent reflecting a deadline correspondi ng to at |least a
subset of a ural.it stati of Ly of queues -
coupled to t é THEH M’ﬁ‘ﬁ&' oﬁi’&f"%ﬁf"% 900”3911%3‘@ e p ur aalwp%b of packets; and
a SChedéﬂoabsm@tuahrﬁdtrtedrdmnmdcm:lantqwdiﬁ trpudacisioraadd oper abI e to: establish

that there is an |, abl h t. f
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frame ityakxreld dhadnelcol | i sion; and sel ecting the queue in response to the
determ nation; determ ne that one or nore packets at the sel ected gqueue
are ready to be encapsulated into a frane in accordance with the delay
requi r ement s, assogiraétacd wirtehcada@tioge phuralitp oEpaketsstts;a faarde,i niti at e
encapsul ation of the one or nmore packets into the frame for transm ssion
usi ng tIPEREFEE abl e channel . 8. A systemfor encapsulating a plurality of
packets i nt gegeifir@E®iuraltpobpacketsg aamationmiit phpelitabf gatasradeei ve a

e el s B bt PPEBASE AR e YLl P
subs Ftedr@?%c@:pgLeaulﬁ'eghlnrza/cwfesﬁbMImg)’lmsat?éasaaraaabsm rokthea:ltprlanty af stagvom?: queues
s R S L A S
that there igtainguaialakibee cianneiadf tied nétherinet wor k; 24
determining that one or more packets at a quéue of the plurality of queues are ready
to be encapsulated into a frame in accordance with the delay requirements
associated with the one or more packets by:
predicting a next size of a next packet for the queue;
deciding that waiting for the next packet is associated with a packet loss rate
that does not satisfy a threshold; and
determining that the queue has the one or more packeis ready fo be
encapsulated into the frame in accordance with the decision; and

encapsulating the one or more packets into the frame for transmission using

‘the available channel.

8. A method for encapsulating a plurality of packets into a frame,
comprising:

réceiving a plurality of packets at a station of a plurality of stations of a
network, each packet associated with a delay requirement, the delay requirement
reflecting a deadline corresponding to at least a subset of the plurality of stations;

directing the plurality of packets to a piurality of queues of the station;

detecting an available channel of the network;
determining that one or more packets at a queue of the plurality of queues are ready
to be encapsulated into a frame in accordance with the delay requirements
associated with the one or more packets by:

predicting a next size of a next packet for the queue;



determine that one or nore packets at a queue of the plurality of queues
are ready to be encapsulated into aJframe in accordance with the del ay
requi renents associated with the oné or nore packets; and initiate
encapsul ati on of the one or nore packets into the frame for transm ssion

using, Lhe aval L ARES 8 1ANDE.or bR SeisiRel inbisbisicanAnabl andgngal oul at e

that the one queue of the plurality of queues are:
ready tdmbevemeapsudated into the frane by: receiving at the queue a

e P R RO LG nAFPEThet ffre biSertdgUpIYi g one o fore

potenti al packet size, the one or nore
pot ent i ancpetketd intwthb drapet ie rctatiayceawitpis Weaisien; afet er mi ni ng whet her a

sum of the current packet sij ' issiSh G8nd S greater
than a maxi m?ﬁ’?%‘?sil@%% ee%nﬁoﬁg?%g%tag%gs %g%/}hgg of OIE ﬁgﬁsﬁlgﬁe; arrll%l

.det er m nhagvdilaple chhenglueue has the one or nore packets ready to be
encapsul ated into the frane if the sumis greater than the maxi num packet
size. 9. A systemfor encapsulating a plurality of packets into a frane,
conpri sing: an i npusysepefaleheapsolatiog eiphgality of packpistijiosf fryfBgket s, each
packet associated wth a delay requirenent, the delay requirenent

refl ect i°RYPH>H%adl i ne corresponding to at |east a subset of a plurality
of stations ah impulepavablk:to seqeiverapliitafityof§ padeie saclh aptkegaswwoiard | nput and
operable .t o eue the pl.ural].] f. " : pled to
the plu qial%f%\f re&ﬂ@%r@‘gma{l?g ddé)%rrg ?'Eeqﬁ%ﬁ?éf%gl%?%&? %gtg H%“ﬁfgrn gmlgs an

avai | able atlbastredubeét df epluretitwor kiatioes efraveteotkhat one or nore packets at a

queue of ‘the plurglily Of QUGHES S nbRAAN oharaBE EREERSHEIGY N 0

frame in accér y requirenents assoclate -the one
or norecppsetsanand initiate encapsul ation of the one or nore packets

into the franme for transmi.ssion usi i hannel ; the queue is
further oper&tﬁcge‘?%erccé’fle%g]&? @q;ﬂﬁﬁaﬁ{y%qg%sﬁﬁ%#@%g bEeafcgzjkets at the queue
of the pl urakbktapliaf thaliasess anavaitith cliamnbeofdreagiwalkat ed into the frame by:

havi ng SRECER SHBI o B El A RS SHELRE PBI  packet s having a rommining o
col | ecti ve .paeledining that the queue transmitted a colfiding frame involved in a
collision; and
selecting the queue in response to the determination;
determine that one or more packets at the selected queue are ready to be
encapsulated into a frame in accordance with the 'delay requirements associated with
the one or more packets; and
initiate encapsutation of the one or more packets into the frame for

transmission using the available channel.

8. A system for encapsulating a plurality of packets into a frame,
comprising: .

an input operable to receive a plurality of packets, each packet associafed
with a delay requirement, the delay requirement reflecting a deadiine corresponding
to at least a subset of a plurality of stations of a network;

a plurality of queues coupled to the input and cperable to queue thg,.plurality
of packets; and

a scheduler coupled to the piurality of queues and operable to:

establish that there is an available channel of the network;



size corresponding to a payload of the frame, the one or nore renaining
potential packets to be potentialI&4encapsulated; det erm ni ng whet her the
remai ni ng col | ective packet size is“greater than a maxi mum packet si ze;
and 25 determning that the queue has the one or nore packets ready to.be

encapsul at ed i nt o f | | I8 £l Gk Qs je8larssi ze is
greater thand?tﬁégm%rg}%tr?h%%gg{cfr% chﬁegs?@l@ A?sysetggm flgr gnc'apSlrJI ating a
pl ur al i taadyfto paekedmsulatcintp 4 frame in acaongamics Wity thafdelpn RAUITEHENEDbl e to

receive _a CEaL{%CﬁJg{tlaﬁ]eg{;‘ep&%&g}ﬁgﬁ‘?&?BnPaCket associated wth a del ay

requireﬁﬁ requir eflecting a deadline corresponding, to
at | east a sinfiized erfapauiplion ol the pnebr s pashetsattodhaBEemMBfX: a plurality of

gueues coupled to the inpL rable to queue the plurality of
packets,gra S 'OEEE'E%S'P% ‘%3%%%%@89'%@’ the plurality of queues and operabl e

é 0: estrabduesb id fuathet dpErable $o ealcustaithatiheorhaitnere kackeh @t MStHEHK ;

etermne that qne.or nore f lyrality of queues
are reﬁgvetp rglgy 8?1%"5%'?3@5 g‘%%ﬁ(% (B)e g%@é%@ﬁ“@é@%?grg%gg with the del ay
r equi r ement srecaivsgeit dteeguaniet ncurtent packebhavieg @ cpendasketsiFa. Riti at e

encapsul ati on of the one ar 1§ Mo\ f i SSi or
si ng-t AGSUR AR e i TR BRE TPk (e oBe o8 heloh e S e

t ha'éI t[ier gmﬁe Odte i lﬁa@@tﬁ(@tt&e rdtentlady gueapsulatsld; t he plurality of queues are
ready to be capsul ated int h r O o Lo =Yo el o ' of a
g%FrI’FIHIéIg dm? ar Qe 818’(51% C?ﬁgnt%ck&s?z% {r\g tE cRliddfve patk&e

next packet _ _ eci di t 'waltin r the next packet is
associ atied isgrehicathagxpineetiunnsioé caregpoading e Payidad et e Miariengd hat t he

T accor dancaea e RREHERdae FaFbr o HEUHE o Bonspa BRRARal IR L g
pl ur al i eycaphulpaekiatothé fbmeal theaws is gomtgthan thg:marmbmmECkgsEeabl e t o
receive a plurality of packets, each packet associ ated
9. A system for encapéulating a plurality of packets into a frame,
comprising: - _
an input operable to receive a pl'urality of packets, each packet associated
-with a delay requirement, the delay requirement reflecting a deadiine corresponding
to at least a subset of a plurality of stations of a network;
a plurality of queues couptled to the input and operable to queue the plurality
of packets; and |
a scheduler coupled to the plur"ality of queues and operabie {o:
estabiish that there is an availabie channel of the network;
determine that one or more packets at a queue of the plurality of queues are
ready to be encapsulated into a frame in accordance with the deiay requirements'
associated with the one or more packets; and
initiate encapsulation of the one or more packets into the frame for
transmission using the available channel;
the queue is further operable to caiculate that the one or more pac;kets at the queue
of the piurality of queues are ready to be encapsulated into the frame by:
establishing that the queue has transmitied a previous frame, the queue
having one or more remaining potential packets having a remaining collective packet
size corresponding to a payload of the frame, the one or more remaining potential
packets to be potentially encapsulated; '
determining whether the remaining collective packet size is greater than a

maximum packet size; and



with a delay requirenment, the delay requirenent reflecting a deadline
corresponding to at |east a subset gf a plurality of stations of a
network; a plurality of queues coupled to the input and operable to queue
the plurality of packets; and a schedul er coupled to the plurality of

queues and O%g%%@ﬁpttﬁatthgagﬁfét it BAE of igfebdckeifioatiabliabl e channel ~of

- the network; ermne one or nore packets at a queue of the

pl ur al i tepcafsumlier the Famedttpe rempipingrolzaiive prda! $izt & geaieainenithe

accor danc W%haizke‘?sﬁgl ay requirenents associated with the one or nore
packets, rat’e "encapsul ation of the one or nore packets into the
frame for transm ssion using the avail able channel; the queue is further

operable to qgl cul aty M\ hggpsgmn 5,&, PaseREE “ﬁg alffigndlueue of the

plurality of ueues re rea apsul ated into the franme by:
pr edi ct icompasingxt size of a next packet for the queue; deciding that

does not sat POTPUROrHRO o fererg AP o Pk P e et he. one
or nore v@lﬂ(zkdﬁlsy feqaichmero, the d’ewca@slﬂmtﬁﬂﬁﬁtr@ g qé@dim%ﬁ%r resPOREIEdr dance

with th?? aﬁ\%l Stl E'R‘B‘%Tzoé ﬁlmﬂ%ﬁtk%ﬂtﬁﬁénseﬁ?%wfﬁ“ ng a plurality of packets

into a operable to receive a plurality of
packet s, eacla phaalitg bf mesmatxwdd tcwlhta inat ged egerpllg b fuskenthe Piuiditye| ay

r equi rement g{l e$t| ng a deadline corresponding to at |east a subset of a
plural i t°y %‘I" 4'f ons of a network; a plurality of queues coupled to the

i nput and oparsabécmlércmoqpledeotHeeJI!p'laUy@wa}JeS@ﬂdpa@l@étesto and a schedul er

coupled to tBFt@B&Sx‘atﬁ%té%'grS ﬂ%@é\%ﬁinaé}%nﬂ%ecﬁﬁ@ rhk establish that there

is an availa NET Wo eterm ne that one or nore packets
at a queue otietehainplthiatahétoy mofe qma’f&&@euﬁ@éﬂ‘ﬁ Rialiy ckAdeSs At ed into a

or mor o FEIRAPE ChasR A P P R R S BB B ket

nmor e éncapsul a e one or nore packets
I nt 0 t hasédscuted fvith the one or more packets; and

initiate encapsulation of the one or more packets into the frame for
transmission using the availabie channel;
the queue is further operabie to calculate that the one or more packets at the gueue
of the plurality of queues are ready to be encapsulated into the frame by:

predicting a next size of a next packet for the queué;

deciding that waiting for the next packet is associated with an expiration of a
deadiine; and

determining that the queue has the one or more packets rﬂady fo be

encapsulated into the frame in accordance with the decision.

1 A system for encapsulating a plurality of packets into a frame,

comprising:

an input operablé to receive a plurality of packets, each packet associated
with a delay requirement, the delay requirement reflecting a deadiine corresponding
to at least a subset of a plurality of stations of a network;

a plurality of queues coupled to the input and operable to queue the plurality
of packets; and |

a scheduler coupled to the plurality of queues and operable to:

establish that there is an available channel of the network;



transm ssion using the avail abl e channel; the queue is further operable to
calculate that the one or nore packejs at the queue of the plurality of
gueues are ready to be encapsul ated, into the franme by: predicting a next
size of a next packet for the queue; deciding that waiting for the next
packet is noty associaledeWi{bréBadldd & Lafte df RN EINRIMRE quard et er m ni ng
that the queue has the one or nore packets ready to be encaﬁsul ated into
the frameadyrtodecnrermiaiedintha frameda apeqréanice th g delpy (rquUIrpEe
a pl uralaisgyci%«fe RAR KR! Shel SHrRord JocReTE; arfdhe 1 0gi ¢ enbodied in a
conput er-rea a%l e storage nedi'um and when executed by a_ conputer operable
to: receive aifteieatapeylaon pbibk eng camore BA&EIsROdRe B2MPHTal ity of stations
of a nett?&ﬂ%#ﬁlssi ﬁ(ﬁgm m@ecg\g” g@g{ﬂ%@éled with a delay requirenent, the del ay
requirenen rer ectPng a 3ea Ine corresponding to at |east a subset of
the pl utie gueued$ fsthat pramabledd caletiatertbatin®pag P JO6Y PSR B YSHep| ural ity
of queue f .t e i on; Feeéd? i - Ramagle wf the network;
sel ect §§ah(l%é)dlse£§¥%[ﬁl5eéugglﬁ% |tyq%Pégﬂg%%EIaﬁ?:lﬁ?gterm niﬂr?g t hat the queue
transmtted araddlting dineyt siranka nexideokal forih@aueust | i si on; and sel ecting the
queue in respansec ey afind9henEa ke ISk Banwkhabatkt ids e e packet s
at the selecté q%eue are“ready to be encapsulated into a franme in
accor damiza does hottdatistgd el tbeshelqueénrenent s associated with the one or nore
packets; and gncapsilialignt i Q%ﬁasotrherg%%rprﬁﬁgsé&ekeﬂrtegdﬂi Reod rane for
transm ssi on 0sing the avarTabl e channel . 14. Logic for encapsulating a
pl ur al i epcadsulstakietesthé fremeain faceergdanaenuitt} Bigidecis®fbodi ed in a
conput er -r eadabl e storage nedi um and when executed by a conputer operable
to: receive a plurality of packets at a station of a plurality of stations
of a network12. eadtsyswokir easapssiaiing@ niwraliy & Beikgls PORNFBRent, the del ay
requi renent .refl ecting a deadline corresponding to at |east a subset of
t he pl urcgﬂp{|§)n%f stations; B

an input operable to receive a plurality of packets, each packet associated

ti?ncapsul ating

with a delay requirement, the delay requirement reflecting a deadline cotresponding
to at least a'subset of a plurality of stétions of a network; '

a plurality of queues coupled to the input and Qpérable to queue the plurality
of packets; and

a scheduler coupled to the plurality of queues and operable to:
establish that there is an available channel of the network;

determine that one or more packets at a queue of the plurality of queues are
ready to be encapsulated into a frame in accordance with the delay requirements
associated with the one or more packets; and '

initiate encapsulation of the one or more packets into the frame for
fransmission using the available channel; |
the queue is further operable to calculate that the one or more packets at the queue
of the piurality of queues are ready to be encapsulated into the frame by: o

predicting a next size of a next packet for the queue;

deciding that waiting for the next packet is not associated with an efficiency
improvement; and

determining that the queue has the one or more packets ready to be '

encapsulated into the frame in accordance with the decision.



direct the plurality of packets to a plurality of queues of the station;
detect an avail abl e channel of the mgtwork; determ ne that one or nore
packets at a queue of the plurality of queues are ready to be

encapsul ated into a frane in accordance with the del ay requirenents

associ ated wigh tiggipRs e?iEaﬂE@:Ta%n@%Cdﬁﬁbﬁiyl@YFJadk@@emTWarf@fﬁé thd1eggueue a
current packet haw% a current packet size, the X%E haV| ng one or nore

pot ent i gmbpdielén 8 cwawtﬁgre@de@ﬁ sissags Begiipiid Wi & or nore
pot ent i %hmB@t%FSﬁéaﬁlQ ipe potentially encapsul ated; determn ning whether a
sum of t'he current packet size and the collectjve %ac e S greater

than a maX| ntaeele 2c0lwelity oF parraisra] aBatienl Riyality pf ﬁféo'TsrcgﬁEE%‘?i 4-
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encapsu ate Into t rame If sumis ater than the maxi num packet
si ze; andadliige Ceﬁemdinaﬁ@atiﬁési@n%lbé?t %‘P%P‘H%W&f@qﬁﬂ% the frame for

transm ssiong ﬁ*b?:'tﬂ% ﬁ!&%!l %Yﬁéék"é@t% LHang! of gluesldeiesthin; encapsul ating a
et

plurality of S |n frame, the logic enbodied in a
corrput er-readﬁbt@m@ﬂ@@%cmeh?ﬁfhﬁﬂemﬁ executed by a conputer operable

rec?élgaaaq&]ugr Hetﬁ{léetlfy%@%&}é%@t a station of a plurality of stations

f a ne eac associated wth a delay requirenment, the del ay
requi r ement d@ﬁtr@lomgrﬂyﬂéﬁe@le%@ltf%ﬁ‘é”ﬁtﬁdr%g?imfﬁﬁ“ gvaved Bh3t a subset of
t he pl “E&I;éu% ﬁ[i stations; direct the plurality of packets to a plurality
of queues 0 station; detect an avail able channel of the network;
det er i ne thmie@me tmqwnméﬁ%t%ﬁeﬁie@ﬁ@ﬁ@“% the plurality of queues

are ready g0 ROGAPSHL Bf flrd BiRe iRAECIdeTGRRILABGapibbot he dol ay

requi rements associ ate one or nore packets by: est hshl ng
t/hat then@ﬁweuleteldaetOtafaam&mrtQC@GI’C@”B‘? Whé‘%d‘?‘?b‘f?@”"’?‘ﬁ%’“ﬁﬁ FREEEAWIRG one or

" nore re{ﬁ%lduerbg np(%%?&qu Jaackets having a remaining collective packet

si ze correspondingto a payl oad of the frame, the one or nore remaining
potenti al panneesslatedhﬁen@ot eers mqk§t5éﬂt9§b§tr|a@?é%r ff%ﬂ’éf"éﬁsfﬂ“ﬁf%‘@ ether the
remai ni Q\gal‘éBt c‘?}ﬁﬁh&e packet size is greater than a maxi mum packet si ze;
and ’

14. Logic for encapsulating a plurality of packets into a frame, the togic
embodied in a computer-readable storage medium and when executed by a
computer operabie to:

receive a plurality of packets at a station of a plurality bf stations of a network,
each packet associated with a delay requirement, the delay requirement reflecting a
deadline corresponding to at least a subset of the plurality of stationg;

direct the plurality of packets to a plurality of queues of the station;

detect an availabte channel of the network;

-dete_rmine that one or more packets at a queue of the plurality of queues are
ready to be encapsulated into a frame in accordance with the delay requirements
associated with the one or more packets by:

receiving at the queue a current packet having a current packet size, the
queue having one or more potential packets having a collective packet size, the one
or more potential packets to be potentially encapsulated; '

determining whether a sum of the current packet size and the coliective packet
size is greater than a maximum size correspondingto a payload of the frame; and

determining that the queue has the.one or more packets ready to be

encapsulated into the frame if the sum is greater than the maximum packet size; and



determ ning that the queue has the one or nore packets ready to be
encapsul ated into the frame if the rgmaining collective packet size is
greater than the maxi mum packet size; and encapsul ate the one or nore
packets into the frame for transm ssion using the available channel. 16.

Logi c for en%ﬁ@a?éhl%%é fAd oﬁeQJlr‘rlflfoff‘é bhdket inRARK Fhfmelthi ParnfigsiifRusiid@e! 0gi C
a conp

enbodi ed in ut er -readabl e storage nedi um and when executed by a
conput e@vaipdteatiiaanelo: receive a plurality of packets at a station of a
plurality of stations of a network, each packet associated with a del ay
requi rement, the delay requirenent reflecting a  deadline corresponding to
at | east a sbset Logictorensppewatingya pleray of pagksts igicatemeHEe gt al ity of
packet Seh‘&oa'eelirﬂ%%!)h]%)ﬁtep—f' éﬂéﬁfé?s?o@% hRGiuRt 8hd @Ren ed@LRLILyAN avail abl e
channel o t'he net wor K; deeterm ne %at one or nore packet's at a queue of

t he pl ucampuipr ofergoled®s are ready to be encapsulated into a franme in

accordance Wth; - ¢ j Grafitl 86 sialibhs &EnRSKOr nore
packet s by:V\géﬁlv%%%%bt?)r%pg&r%i%r%f}%ﬁonoﬁ&ng@ pg.cklet for the queue;
deci di ngatthpackakdasopigtetoyit hdelar rgausamret, thesdalasisarisgraentwpiastigtha expi rati on

of a dg mna%brr@%f&l;}ﬁ@p%'z}@ia&@a 3k SfiRe RIS diatadoRe one or more packets

ready to be encaps "ed Intot e rame in accordance with the decision;
and encapsul direst theeplgality of paoass ivat Rigtadty] sicgeyescoftheddlionr transni ssion

usi ng the aéf@tie{;taaﬁﬁl ﬁ’aﬁ{%eﬁ%‘gﬂ%&g%@%’f}?rﬁor encapsul ating a plurality of

packets into a frang, ed in a conputer-readabl e storage
medi um and wHeiarmeiRe that ede by mare pagkpin e Gisee ghihe Riwality staispesargl ural ity

of paCkFétaﬁx%b eﬁéﬁgpﬁ{éﬁht@a RLMER Léabr@incém?hiép@dae@{, rulteheREk, each

packet associ at e el ay requirenent, el ay requirenent
r ef | ect agrpcatediwititiherree o mare pepiinbyt o at | east a subset of the plurality

Che Lot o Sb8Eahg R 8L AL o BrahBeed bl B Al ducues o
having one or more remaining potential packets having a remaining collective packet
size corresponding to a payload of the frame, the one or more remaining potential
packets to be potentially encapsulated,;
determining whether the remaining collective packet size is greater than a
maximum packet size; and
_ determining that. the queue has the one or more packets ready to be
encabsuléted ihto the frame if the remaining collective packet size is greater than the
maximum packet size; and ,
encapsulate the one or more packets into the frame for transmission using the

availabie channel.

16.  Logic for eﬁcépsulating a plurality of packets into a frame, the logic
embodied in a computer-readable storage medium and when executed by a
computer dperable to: - '

receive a plurality of packets af a station of a plurality of stations of a network,
each packet associated with a delay requirement, the delay requirement reflecting a
deadline corresponding to at least a subset of the plurality of stations;

7 direct the plurality of packets to a plurality of queues of the station;

detect an available channel of the network;

determine that one or more packets at a queue of the plurality of queues are
ready to be encapsulated into a frame in accordance with the delay requiremenis

associated with the one or more packets by:



determ ne that one or nore packets at a queue of the plurality of queues
are ready to be encapsulated into agfranme in accordance wth the del ay
requi renents associated with the one or nore packets by: predicting a

next size of a next packet for the queue; deciding that waiting for the

next packet ifR%RQcIRLES-IbE NndxiRasidtortesguairt e that does not satisfy a
t hreshol d; and detérm ning that the queue has._the iﬂe or . rlitlaﬂpacket_s

ready to be deridiagihat e fatihe nad FEACkeRS PFSOSELST WithaR SERYEHOR R? deci si on;
and encapshilRt snd he one or nore packets into the frame for transm ssion

using the available channel. 18. Logic for encapsulating a plurality of
packet s i nt odatefmiaing, thatriae deeiechasdht G8F Q8 MOR BRSHIGRRY Y¥adabl e st or age

medi um and, WAeR EXRAHE §drRVin AccSaamEhaih PBREaBIR; 41 receive a plurality
of packets at a station of a plurality of stations of a network each

packet assocFaganguiaie the enaer aypre Batlieisiniorhe frame a2 pssRl Yhehe
reflectingMie §eAALI Ne corresponding to at |east a subset of the plurality
of stations; direct the plurality of packets to a plurality of queues of
the station; detect an avail able channel of the network; 30 determ ne

that one or ‘ff.re égk%rser%ftapméth&@léep@rfan&gﬁpa&w@in'tdyfr%eguu@utﬁﬁc are ready
u

to be encapsul ate nto a franme in accordance with the delay requirenents
associ aeaodiet fin 8 Rempwer-tradablesiyagR B1ESIYFY aNGWEER SX¢HPLONRXt size of a

next pa%gﬁgutfepg érgﬁe%qeue; deciding that waiting for the next packet is
not associ ated liavlt an efficiency inprovenent; and determ ni ng that the

queue has t heecsive agniuiitily ©f paehets af 3 ea ¢l pluraligy it SRS PRINTINPY: t he frame
|n accoldanaa dobARAIGH 3 uoRy AiifeRBARRLUGEPrddIRRABR iSfiecing 8 packet s

into the or transmssion using the available channel. 19. A system
for encapsdlinacongsrendingrtalat iepsiot S%@E@fttﬁeipfﬂr Ytuok§@HAES. conprising: neans
fsf;t |r gﬁg' Vi NGt Blaidtality Yor BcRAS RS BiumdiityPorehuBliédsr 1 srutiphur al ity of
detect an available channel of the network;
determine that one or more packets at a queue of the plurality of queues are
ready to be.encapsulated into a frame in accordance with the delay requirements
associated with the one’or more packets by:
predicting a next size of a next packet for the queue;
deciding that waiting for the next packet is associated with a packet loss rate
that cuioeS not satisfy a threshold; and
deterrﬁining that the queue has the one or more packets ready to be
encapsulated into the frame in accordance with the decision; and
encapsulate the one or more packets into the frame for transmission using the

available channei.

18. Logic for encapsulating a piurality of packets into a frame, the logic
embodied in a computer-readable storage medium and when executed by a

computer operable to:
receive a plurality of packets at a station of a plurality of stations of a network,

each packet associated with a delay requirement, the delay requirement reflecting a
deadline corresponding fo at least a subset of the plurality of stations;
direct the plurality of péckets to a plurality of queues of the staiion,

detect an avaiiable channel of the network;



of a network, each packet associated with a delay requirenent, the del ay
requi rement reflecting a deadline cajpyresponding to at |east a subset of
the plurality of stations; neans for directing the plurality of packets
to a plurality of queues of the station; neans for detecting an avail abl e

channel of t hetdi@inaQhMtoneBraiste batkstehierdisug ohthauuralighf glrueslans al i ty of
gueues by: determ ning that the queue trans%t ed collidi ngtsf rame

i nvol vedeady tg beascapsiyaiep Iniha ramede ereRidane é'?f’ed‘?]ﬁy FEEHBRERSt 0 t he

det er m nathQited WRANE & ordRbRIgHCREB Byt hat one or nore packets at the queue
of the pluralit of queues are read%/ﬁtto be encapsulated into a franme in

accor dance wirfafiiating aierbsize pba IPHSReRRI 74828 %S ed With the one or nore

packets; and i oEaRS thf waRMEaBSHE Mekithckas ARRsObCiATRS Aithadietficiericpt 0 t he
frame for transmssion uSing the avail able channel. 20. A nethod for

encapsuliapiongmanprid al ity of packets into a frame, conprising: receiving

a plurality Qfateﬂﬂﬁihﬁttﬁatatﬁe Qusl@hiRe @he @r Plow Bddkkts rehdysioatd ons of a
networ k, each packet associated with a delay requirenent, the del ay

_ a
r equi r e RBARPSUAER] iate tha fragedt A8FITHBNEOV ISR SREFAG 3 at | east a subset of

the plurality,af  §ihal hede o6 bhais R Bk Fakifbirasmamudseising Bea
plurality of quepues of the station; detecting an avail able channel of the

net wor k avaiebles@iagpeli ng a queue of the plurality of queues by determi ning
that the queue transmtted a colliding frame involved in a collision and
selecting the queue in response to the determ nation, and by sel ecting
the queue of 18he Pyt foj epparpualing a Phyally ai rrskels o SdI¥%i on procedur e;
determ %R@riéi t one or nore packets at the queue of the plurality of
queues are ready to be encapsulated into a frane_in accordance with the

del ay requi r E99@ns &r repsiing apbuality phpadcketsgha skionst a PRERIES'SI#IPNS r ecei vi ng
at the gf’ﬁ'ﬁ@tv%rl@}érar:ﬁgécﬁ?‘égf‘écié@é’ Wig aRicrEQiMerRAC QS dgbye, the queue
havi ng one or nore potential packets having a collective packet size, the
one requirement reflecting a deadline corresponding to atleast a subset of the plurality o
stations,
- means for directing the plurality of packets to a plurality of queues of the
station; .
means for detecting an available channel of the network;
means for selecting a gueue of the plurality of 'queues by:
determining that the gueue transmitted a coliiding frame involved in a
collision; and _
selecting the queue in response to the détermination;
means for determining that one or more packets at the gueue of the plurality
of queues are ready to be encapsulated into a frame in accordance with the deiay
requirements associated with the one or more packets; and
means for encapsulating the one or more packets into the frame for

- transmission using the available channet.

20. A method for encapsutating a plurality of packets info a frame,
comprising: '

receiving a plurality of packets at a station of a plurality of stations of a
network, each packet associated with a delay requirement, the delay requirement
reflecting a deadline corresponding to at least a subset of the plurality of stations;

directing the plurality of packets to a plurality of queues of the station,

detecting an avaiiable channel of the network;



or nore potential packets to be potentially encapsul ated, determ ning

whet her a sum of the current packetzisize and the collective packet size
is greater than a maxi mum size corresponding to a payload of the frane,
and determ ning that the queue has the one or nore packets ready to be
encapsul at ed sbRt#hg hguducastend plutdisy «f goeiss igr dsererining e tehguenaxi mum packet
si ze; establishing that the eue, has transmt eg argrevi Qus frame, the
queue HRRSHEed ReliFingdaEns '@ﬂ’é?’?ﬁe'ﬁ‘ga %]fsm?rgjlls%%? RILE FEFAY a remni ni ng
col | ect irugdpas kfthe deickRinatibie PaDYGRIIHEtHeRRUA bMiembtralty DBhugpacket s to be
~potentially encapsul ated, deternining whether the renaining collective

packet $cs@ding typsgeEIonN RR®HBaxi num packet size, and deternmining t hat

the queyriidmiddBaldiR RmdrBiackAs keths queasyf the phealitebtquese ateed into the
frame if the remaini n%éecol | ective packet size itﬁ?ﬁr eat er .t han, the naxi mum

packet $8ady:to Sp&APERSURRERING 7 RMRdY BCCYrdaNcs Ity §BY FRAHeE et for the

queue, GRshSHIBEWIRBe ondadrirhéte Jaekett Bg first next packet is associated with
an expiration of leadl i ne, and determning that th ueug has the one

f a dea i
or nore pack&SEVingAljhe dUee BHEETS BF%{‘teég]a‘”i’glg(‘}“Erﬁ%t ‘?arcg '%enﬁ‘gccor dance
wi t h t hgdechsiiRondérafbetioidntial sakertaiwsta cdlgtivelpaakeatatenthereet packet
for. the queue, deciding that waiti ng‘ for tEee aecon.d_ ne tt acket is
associ aPEMof PoentiahRaReEts ofesrqightially Fagangyiaed: %?”E'ﬁﬂgsw)&? ' ht€5hol d, and
det er m gk i@ duftaht ddRRetGRUEN IS colfe:tion BasHet BRE & grasicetitan amaxlyuto be
encapsulated into the frane in _accordance with i Sion;

.the. d
orod: ot SiEg caTesRANdnddR A PEipad of e s EACEe B NaT BF SR HEels,

deci di ngnt Rptord\BadkbRGehPY totftCerdBbdlatee iito pRckarhe ifsha1oim asgreateat ed W th an
efficiency inprovenent, and determ ning that the queue has the one or

nore padkéttse XU gagket éF8apsul ated into the frame in accordance with

the deci si ONgsAPBRnRRGARIHE BLERONARarRi@ed a BRIVRUBdGKE, thd qledst he frame for
transm ssion using "the avail abl e channel. 32 ENCAPSULATI NG PAL%ETS | NTO

A FRAVEhBGRS ANNETMERKEMIFNIRG BRtents| PP HRYMY 2 FHBRIBNG PlRPVE PR

i ncl udegzk &hE ok RE moherARAKRY Poftintidl palcRéts @be pbteptidiyrepespnifated,at i ons of a
networ k. Each packet is associated with a del %i$ %rr gtg? rement that reflects

a dead| daEemaBNcedsiiriitigrarcaiaing calgdive RRCKSE S £ 2 Rggmum
packet size, and determining that the queue has the one or more packets ready to be
encapsulated into the frame if the remaining coliective packet size is greater than the
maximum packet size; ) _

predicting a first next size of a first next packet for the queue, deciding that
waiting for the first next packet is associated with an expiration of a deadiine, and
determining that the queue has the one or more packets ready to be encapsulated
into the frame in accordance with the decision; '

predicting a second next size of a second next packet for the queue, deciding
that waiting for the second next packet is associated with a packet ioss rate that does
not satisfy a threshold, and determining that the queue has the one or more packets
ready to be encapsulated into the frame in accordance with the decision; and

predicting a third next size of a third next packet for the queue, deciding that
waiting for the third next packet is not associated with an efficiency improvement, and
determining that the gueue has the one or more packets ready to be encapsulated
into the frame in accordance with the decision; and

encapsulating the one or more packets into the frame for transmission using

the availabie channel.



packets are directed to queues of the station. An available channel of the
network is detected. It is determned that one or nore packets at a queue
are ready to be encapsulated into a frame in accordance with the del ay
requi renents. The one or nore packets are encapsul ated into the frame for
transm ssion using the avail able chadgnel. Figure 2

ENCAPSULATING PACKETS INTO A FRAME FOR A NETWORK
Abstract

Encapsulating packets into a frame includes receiving the packets at a station
of a number of stations of a network. Each packet is associated with a delay
requirement that reflects a deadline corresponding to at least one of the stations. The
packets are directed to queues of the station. An available channel of the network is
detected. It is determined that one or more packets at a queue are ready to be
encapsulated into a frame in accordance with the delay requirements. The one or

more packets are encapsulated into the frame for transmission using the available

channel.

Figure 2



