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
of the net\;l"\ljlgfrg'f se ectl ei (fl‘jvgﬂeér %PIC? e“Pl ?Jtregec?‘%lyo?n ]a gy peapsulate
determ ni ngackbthaito friveesqb@tegamhplarisnwh t@ﬁll@ie@ ahdyi sdffagfrdui BigR okzé}M&li‘vf&Cinian a
col l'i sion; Iectlngthe eue in ponse to the determ nation;

det er ni ni naz‘? atc Bhe A0 Kepd KEESmay n?tﬁ’é agé iR B GoRnuowy Wit omeREY t o
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.
la Accor dgngiviARY b BRCAREGBRREt of the present invention, there is
provi ded a nethod for encapsulating a plurality of packets into a frane,
conpri sing: redeiagjondpnee withuerabaddingentsf ofglchredest iatention, 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.



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 able 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 wi h the del ay requirenents
associated with the one or nore packets by: receiving at the queue a
current packet having a current packet size, the queue having one or nore
potential packetscirding figthe secow] dspest plibe peesdobinveitivs, therpés mpddedra maghad for
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frame if the refabaiding e bt aspect op eaeseniinwnian, g PFovided A PIedrEi mum
acket size; : | ; ; ' f
p %ncaggsﬁ%ﬁxgggtﬁyd;{?gﬁ %J&ﬂﬁﬁm cIrRinBackStife a leagtytd? ?acfk@t@ﬁ? or

transm ssion channel. Ib According to the fourth
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requirement [eflectlnP a deadline corresponding to at |east a subset of

t he plural iaya}fab}p channel of the network; determining that one or more packets. at a queue ol 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.



stations; directing the plurality of packets to a plurality of queues of
the station; detecting an available channel of the network; determ ning
that one or nore packets at a queue of the plurality of queues are ready
to be encapsulated 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 waiting for the next packet is
associated with an expiration of a deadl | e; and determ ning that the
gueue has the one or nore packets ready to be encapsulated into the frane
in accordance with the decision; and encapsul ating the one or nore packets
into the franeAdcordingtamrenfoud anneat of thy Prasent iyartjorbtheredhammided a Behed firng to
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for the queue; deciding that waiting for the next packet Is associated with a packet loss raie 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



According to the seventh aspect of the present invention, there is
provided a systemfor encapsulating a plurality of packets into a frane,
conprising: an input operable to receive a plurality of packets, each
packet associated with a delay requirenent, the delay requirenent
reflecting a deadline corresponding to at | east a subset of a plurality of
stations of a network; a -plurality of queyes coupled to the input and
operable to queue the plurality of packets; and a schedul er coupled to
the plurality of queues and operable to: establish that there is an

avai l abl e channel of the network; select a queue of the plural it[;' . of
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be encapsufatred *int'o *rhe frame Dy recelving a the gqueue a current packet
havi ng a cufore phckpRC ket ifide enddpanlaioeus thhaome ng oore m@cketDingo ot Enme ddr
packets having . a, col|ective packet size, the one or nore potential

packet s to“’ﬁ‘éﬁnb%ﬁtoéﬂf‘@&ﬂ’leﬁvaéﬁglﬁﬁgw&lt ed, determ ning whether a sum of the
current packet $icz§dhg o MRdighherspt beht biSenP Ak kitlon Sther€ id froQicial SktehiTan a
maxi mum si ze corresponding to a payload of the _frane, and detern ning
that the qeesgpsulptiog aipdurgite o packets dntp ackends cprapiiing: an FWUesReEREUICIEEHE Sitnt o

the frame if the IS Qe NG RN PGRAGKS!, B d8ay AGERIALNY tO
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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



reflecting a deadline corresponding to at |east 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 schedul er coupled to
the plurality of queues and operable to establish that there is an
avai l abl e channel of the network, determ ne that one or nore packets at a
queue of the plurality of queues are rea to be encapsulated into a
frame in accordance with the delay requirenents associated wth the one
or nore packets, and initiate encapsul ation of the one or nore packets
into the frame for transm ssjion using the avail able channel , the queue i's
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conprising: an input operable to receive a
maximum packet size.
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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



plurality of packets, each packet associated with a delay requirenent, the
delay requirenent reflecting a deadline corresponding to at |east 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
schedul er coupled to the plurality of queues and operable to: establish
that there is an available channel of thg_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, and_.initiate enca | ati on of
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one or nore packets at the queue of the plurality of queues are ready to
be encapsuhatibdond nit motetrackatsarrrdybip: bepaneapswatech gite the diamesin Agcogdange Wil the
packet fordt he queue; deciding that waiting for the next packet is

associ at ed “W Y a packet |oss rate that does not satisfy a threshold; and
det er mi ni ng t haacédi@ingtoabeelbasthtaagecoofeheqiresamnie epidak e is gadyed aosyem for
encapsul ated into the frane in accordance with.the decj si og According to
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i nput oper e’to receive a plurality of packets, each packet associ ated
with a del aflertaguideadtimntcorreshendinsl tayt letsti pybsehohe Pluraliy elctiating of e fe
corr espondi to at |east a ' tiafid, QP Sackbts:Band
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packets ready to be encapsul ated into the frame in accordance with. the
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there is provi to for.. encapsulating a plurality of packets into a
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plurality of packets, each 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 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



the delay requirenent reflecting a deadline 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; select a queue of the plurality of queues by: determ ning that
the queue transmtted a colliding frame involved in a collision; and

sel ecting the queue in response to the determ nation; determ ne 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 ate the one or nore ckets jnta the frame for
transm ssi GACUGIRhGE OReOr |YE PRABIsdeady é%ﬁ’f‘e‘?n.capﬂ'é]é'gaéﬁt?] Fedgmera 3?08[9{9{'%9"}5.‘{%
aspect of the.pLgsent invention, there is provided |ogic for

encapsul ating a plurality of packets into a frane, the logic enbodied in a
conput er - r eadablAgcording taaie thretintnaspest ofihe preeste inyeriipnpiperg it pivpdediossder abl e
to: receive a rali f- packets at . a sfhati rali f
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subset of the plurality of statjons; direct the pluralit f packets to a
plurality Gﬁmﬁ‘ﬁﬂe‘tfé@‘ﬁﬁh‘?( plestationt ‘i’g ,et"ﬂ’é]ﬁ@?fﬁ’ p&ﬂ(eh”\’fé‘?“llaéﬁifﬁ@‘th %‘?‘?iaﬁ’ﬁg‘im%?e%he
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naving one BrTeigY e R SR sdetd R pBHILEH QBRRER, dc by BATHENE, |
one or nDiEngpokant dodildingaeketisvdlivdbie a patigot; iaad bojeceng thp quévatiedtspaied torthd ni ng
whet her a sum of the current packet size and the collective p_a%feﬁo gi ze
i's great er etREHNAgORRISISHICS S ORGP BOOPAEKTR) 2t §Cat5ieg | B BF THE r Kire;
and det er m.RiaAGakdaakto b HEARUS Y& oRAScelWih 1R8I B/ reliRfctieB Geblisted RAlIhetolle b
encapsul ated i1nto the frane if the sumis greater than the nmaxi num packet

size; and encapsistsapel entipsulatsshenme gpmerepackeistino thetlpmerer tFangRigsignyysing the

transm ssion.using r11e avai |l abl e channel. According to the fifteenth

aspect of e prese?ﬁ' invention, there is provided logic for
encapsul ati ng aAptdidiag id e ddurtpatik edpsctiofithe peesént dmventidoh thetedg povenbbpdicddr i n a

conput er -readabl e storage nedium.and en _execut e a conputer rabl e
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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



t he queue having one or nore remaining potential packets having a
remai ni ng col | ective packet size corresponding to a payload of the frane,
the one or nore remaining potential packets to be potentially
encapsul at ed, determ ni ng whet her the renai ning collective packet size is
greater than a maxi num packet size, and determ ning that the queue has
the one or nore packets ready to be encapsulated into the frane if the
remai ni ng col | ective packet size is greater than the rmaxi mum packet size,
and encapsul ate the one or nore packets into the frane for transm ssion
usi ng the avail abl e channel.. A%cordi g to the sixt nLBﬁafRect of t@e
present i ritAAr Piohplutaliyrob statons o ¢ PERE™ B & 8?”“5W%§6@' %%l%ﬂe%mﬁwﬁ%ality
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storage nedi um and when executed by a conputer operable to receive a
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are ready ¢§0,R8 RREERAHLALED rbdifin@pdtéAREpcket ARORE dadtaning télletihe pdeleay
requi renents associated wth the one or nore packets by predicting a next

size of a sirexorrgspokir 6 o paioad of thedmmedibe pe gnore aRMRE Roiggalmarketsiebhext
packet is associ ated w XPi ratl f re@aidSadLidde, g.1081:66 FeRieNd
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the frame thdh a AOGCEIIEpaker shiel indtdeendiainigshad the qand henbapsudranae pirkiety rrador
nore packets into the frage for . transm ssio sing.the avail abl.e channel.
Accor di ng t & cpeargiareh e ibe franepit de BPapig Cﬁﬁ%cgléﬁp g‘ikﬁtvselﬁet i ?a?e? ﬁlia‘rnetg?s
provi ded |,0gk Gy Bhicketie AR thalphiifle helnb bahbic padkbis A6 KRt fanicfoorashissoe, the
| ogic enbodied in a conputer-readable storage nmedi um and when executed by

a conput erusopéreabhibbleghannelcei ve a plurality of packets at a station of a
plurality of st éecargﬁsat@heasiﬁ@e%%&ﬁea SR pRAGH e ARROLRLIS Grotided 1ddicIRL 2Y

requirenent, t e requirenment r ting a deadline corresponding to
at | east ansipbd@ingaf pltulakity pif preletst iytoof frarsd, dhd logis emdtpdied in 2 hempitaireaditly of
packets to a plurality of queues of the station detect .. aval e |h
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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



frame for transm ssion using the avail able channel. According to the

ei ghteenth aspect of the present invention, there is provided |ogic for
encapsul ating a plurality of packets into a frane, 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 station of a plurality of
stations of a network, each packet associgted 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 packets to a
plurality of queues of the station; detect ap avail abl channel . of the
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deadl i ne cg}c?%sgpo I a subset of the plurality of stations;
means for gdimgchibdign iewhduxaditddybyof copgoteedmrable ta: notaiveal plerglityof pasketedt of
the station; neans fqQr detecti an avai | abl.e. channel .of :
means for & @P‘é@tqfﬁ@“&ﬁ@h%ﬁf@t‘f}‘iﬁ Or}gﬁgt“ﬁ’?lﬁ R S baéegl&l&bay%epagé%?rxn\g%{n g
that the aeyelal fRDSdHhdnt RAcing aldehdlind Gorfdspdtlink My &l 1¥:Rth fubset af thopluraityost, and
sel ecting the queue in response to the determ nation, neans for .

det er ni ni ngatidysitdireeiies rvratity o8 pasietk &t plataliviol QLS BT SR (it 2 3Rl
queues ar el 6ad%r b nBERIEARRIHADnl B o pacdkb3E: QBUAGIR! ARG oMbylcllst Ne
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According 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.



gueues by determ ning that the queue transmtted a colliding frame
involved in a collision and selecting the queue in response to the
determi nation, and by selecting the queue of the plurality of queues
according to a selection procedure; determ ning that one or nore packets
at the queue of the plurality of queues are ready to be encapsulated into
a frame in accordance with the delay requirenents associated with the one
or nore packets by: receiving at the queue a current packet having a
current packet size, the queue having one lior nore potential packets
having a col | ecti ve packet size, the one or nore potential packets to be
potentially encapsul ated, determ ni ng whether a sum of the current packet
size and the COMkaﬁﬂmg&nﬁaﬂkﬁhthﬁemjﬂw@ﬁeabﬁdatmmmmaiﬁmnhmmmd@mge
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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;



traffic of at | east one of the stations. The packets are directed to
queues of the station. An available channel of the network is detected.

It is determ ned that one or nore packets at a queue are ready to be
encapsul ated into a frame in accordance with the delay requirenents. The
one or nore packets are encapsulated into the frame for transm ssion using
the available channel. Certain enmbodijgents of the invention may provide
one or nore technical advantages. A technical advantage of one enbodi nent
may be that the nunber of packets 2 encapsulated into a frame at a queue
of a network AGARE LYeLY Bl Bt iRE 4R FAD fdr QrandHRYSH vt At A i N
the queue, gﬁ%g$§$ﬁggﬁh?¥gﬁéﬁ?§J%? paékets, and ghémhetmork %onditions.
Adapt i ve encalpslaklnndn may m ni m ze bandwi dt h overhead caused by
encapsul ati on. Adaptive enca [ S5 QukAS R el ay
guar ant ees for %cg%%FgEVﬁ%e?B%ﬁ%%§Og@egﬁ%m?#nes dnéz%n %ﬁgppregence of
varyi ng netviamk ihdalds rebeioin @lic patlethatiacadtioady antuabe offtates of avediorke kachray
be that adaptive encapsul atiqn nmay provjde . for a reduced nunber af.
transm ssi BFksitit asipriaded Y %ﬂﬁwﬁl@ mtthgir?ﬂ??téﬁéiaac{llﬂ? sUgHsat e gf’efre@'t‘me

or mance.

Certai n enpogi: BN Foa®f ork N thd MSIInk OTh Bk Gl UTRCLBO BE quenied T8y, thokstatibd. Aaf t he
above 10 technical advantages. One or nore other technical advantaqes may
a

be readi | yaegiple shanneloof thpactakil isalgteptad.tlhés deptqrmined that |gBe Py ggiegRackets at
descriptions, and_cl ai i i 0 .

DRAW NGS FdFU8 arr‘?ﬁ’?%”?%%?“é%%“&%@ InOR nmgﬁcgf%r%ﬁ%%?ﬂa%ﬁ\%ﬁ%ﬂgffnd
its featurese anchord backely ant ag@psulatet§ @rcetieeldng fioviramsmliesiem using theodviabahilng
description, taken in conjunction with the acconpanying draw ngs, in
whi ch: FIG@NE“%'is a block diagramillustrating one enbodi nent of a

net wor ki ng syst @faid QhbRARSRRSIHRLhngiRAakepSvilsR o nfoiaetinick] dduiagss. iAs a
bl ock di agram of one enbodi nent of a station of the_systemof 20 FI GURE
1: Fl GURE %chujcad advapiaehefrone pnbodimend piay §e Batthe poRsr AERERSY a nmet hod for

encapsul ati ng packets into a frane; FIGURE 4 is a flowhart illustrating
one enbodi nent of a nmethod for updating a flag at a non-real-tinme queue
in response to receiving a packet; 25 FIGURE 5 is a flowhart illustrating

one enbodi nent of a method for updating a flag of a non- real-tine queue
in response to successful transm ssion of a frane;



.FIGQURE 6 is a flowhart illustrating one enbodi mrent of a nethod for
setting a flag for a real-tine queue; and FIGURE 7 is a flowchart
illustrating one enbodi nent of a nmethod for updating a 30 nunber of
packets to be encapsulated into a frame at a real-tinme queue. 3 DETAILED
DESCRI PTI ON OF THE DRAW NGS Enbodi nents of the present invention and its
advant ages are best understood by teferring to FIGURES | through 7 of the
drawi ngs, |ike nunerals being used for |like and corresponding parts of
the various drawings. 5 FIGURE | is a block diagramillustrating one
enbodi ne@mpamﬁlaaedsiysataeﬁnarﬂ@atfacqueuemmwbm magb@ataletdy hdjh@edacks @R tol N

general ,_sys manages t he_ nu of .packets. encapsulated into a

frane depen(?lE ng f}f’g%rf“ tﬁg %P%ythf’e(éﬁﬁyr é?f%‘r’ft%?eﬁtls theaghsskepd e detwrkwor k

acti vi t yonditibad. ge A dpReOatkabRIt6A! ity Mhmlﬂ&ehbm%dtﬁa&d:meg& heafiddl gl,€ncy,

but also results in |l onger transm ssion del a%g f which may violate’the
Pyilo

del ay r SYEARSEIAERA- SAQ‘TP“lVﬁé’HEWS‘Ha%%bF@Y Pk HFan ﬂS!yé‘ti@frgQ@aramSefqat s to
maxi M Z Qe aipeivi o o t A [ s, of the
packets. Accor d‘?ﬁfg: l'igt]:)ii'tI ﬁielﬁcf'gl %élt?:#l?ght%e egér%i)ccc#? evagfihé‘ Y qu Ié%;m ”H:és one
or nor e feshaichbwdyaniage obomd erabddiment lnkankb@that ddaptivd exmapsiiﬁhnmynagmrpmﬁse an

Et her ne e| ves ket s f an u I ntern Pr ot ocol

| ayer ttk{%ltsé g%délgges'f aberd)? grat ?'? SgaLs, Vﬁlfﬂ]g‘afgeﬁgwovcéttﬁi"f‘ﬁwuﬁo may
adapti vebgfoma@sul ate packets into a frame to attenpt to .minimze
encapsul ati o] over aa subj ect to the delay requirenents of the packets.
Stati on | Ef"& Wﬁﬂfﬁp‘tﬁtt SUVEIHIN P ckpde npre sege.for ghhof Hie abevewor k and
tyensm t&hﬁ;&ﬂ%aﬁt%éh@ne%ﬂ%é Bthert-deBnidd aﬂ%ta%@é)}ﬂag%e okl ? g}}{ﬁ&QﬂﬂWté h one
or nore channels that may be used to transport” packe nnel i nk
22 may RBGibediortheupbontithyfigoes, descyipdons end Gmmszmclia:ledmptem, t he 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 anaBROGF DE&GMP’@I@@G]WEDR‘MBBEGS summari zes notation used in this
docunent 25 ABLE | F Delfl nition gg,e{l of stations. Nunmber of real-tine
(RT) flows at%%a® Q1% COAP E‘CNHWBQPHB‘PS D¢ gegsentimentingryd ft5 denturag and

Sitsat | On.ﬁtlwﬁh@ge@feffaﬂeﬁ&iﬁs abwan#lead WRYollowing 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.



kets at the ith queueto be encapsulated into one frane. Size
g?n?ﬁ; ?{rgﬁcki acat the ith ﬂeue_ Random del ay of an arbitrary packet. 4
Paranmeter Definition d; Deadline associated with packets of the ith
real-tinme flow Upper bound of the fraction of class-i packets W th
deadlines that are allowed to be violated. The pair (di,e;) represen}s
t he del ay requirement for class-i_traffic at a station. Moik rfta
number of uni que class-i packets t hht have so far been successfu y
transmtted or have been discarded at the transmtting station. M,

j di rded so far. ?(x
Nurtber of pgaSph HRGkElSbRALE 4 e et i ol oad.
Encapsul ati on a e ni ng y the | e B
ku, __e Curr ent Embodinehtsaofahapictint ilNeARET af itP 38KALS clre d%ﬁhﬁédggsﬁo%%%g ’
NuﬁBEr of t.es qg i th queue. t-40 1 Arrival tine qf the jth pa ket at
the ith qﬁ:i%gng goi]%l(léj ES 1 @mu@g\wgﬁf@qwlﬁggjﬁ@glyn@faht bang tded fackiet anait ht he
‘ ) 1 LI B | . . . . H t a
| th ueue_comedporldingdartof 88 (hligusAidlinld Sl z€ (in bytes) of a frame with e
payl.oad conprising the first packéts fromthe ith queue. Transm ssion
acitv in bikl§ lsgdbhbka@¥Emn¢@®BHﬁmyndhEﬁ@oﬁhﬁﬁﬁ@ﬂh%@ﬁmﬂe“ﬁﬁn used
gap ﬁ;|¥_ . I -ykg Y. Delivery ti of a frame that contains k
pockers 1 omembtnTpRRER e o« Fiod ty Bt Clic, IF nohads thg norseant aekay. of
the jth packesvlatedamsperfrak idepeadihs age nstthélfdcliaﬁ}ctlghkﬁge?géﬁ_-ltg anggﬁt(&{/cgf%reﬁ?]o: h'?he
ith queu X  MaXi Lallowable frame payload. ? _llmeout” va
tr amg paﬁegvgdggtaf:thwé{ry. ?}é )geralfay o3d tymgplly yaclds higher bandwidth efficiency, but also
results in longer transmission delays, which may violate the delay requirements of the
10 packets. Accordingly, system 10 attempts to maximize bandwidth effictency 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 or 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.
Fox Number of non-real-time (NRT) flows at a station.
F ' Numiber of flows af a station. '
'_ : k;‘_ Number of paékcts at the ith queue to be encapsulated into one
frame. -
B, Size of the firstk; packets at the ith quene.
D ' Random delay of an arbitrary packet.




~inC pr Order (nmenory length) of the predictor for the packet

inter-arrival times. z Oder (nmenory length) of the predictor for the
packet sizes. tsar Arrival tinme of the nost recent packet at a given
queue . 6 Predicted arrival tinme of the next packet at a given queue. Sri
Predicted size (in bytes) of the next packet to arrive at a given ueue.
si(i,k+l) Predicted size of a franegthat includes k packets currently
avai lable at the ith queue plus one packet that will arrive in the
future. tk;'+1) Predicted delivery tine of a frane that includes k packets
current |y patnteRe | tHERIGAS, PT US oné packet that wi arrlve mthe
future. 7§Q Thresnol %éa‘?i'imé ogﬁ‘é@&ft}lp%l{e?{bf‘?ﬁé tﬁ,m%{ &Y ‘ﬂ' a ||a||r; - d scam
Head- of - | E distar Lljl Iér b docflthe ﬁ'dC(t;O U ? d 30 ey be
used to cpnmuni cat e [padker s Hg;ﬁss P ié‘ﬁ\mtk %fﬁ%'f‘“ YT | ses
nodes such as statidris %0 9 E PRE rfuiak TerseeBitnili ggtse) wi t h
each ot hef—dror—exadBlaremepbiopfasyy Dr
full -dupl p LY her net %%MBF‘R"”A“&GHWHW@%T‘oﬁﬁckﬁﬁm@whm sal &0 bgempri se
all or a portion of |#uptfsHilly traggmitierbar hasiccissomiscaeduat lhe(tRETNJing| publ i c
or privatp data net w§tiont he Internet, a local, regional, or gl obal
conmuni cal Mea' net wor Wuralrer ofitlesspirpaslests ﬁhhr!mvebﬁe:rﬂikmrdeﬂ $b tfz&bl e '
communi caf ¥@h | i nk, |@ncamylacombificintforaffranftecoptatfdk Bies 5f pyRla8M L0 May
encapsul at g,mgpi tabl P (Rafeselific b Qat@dnSUI tabl e Trame. A packet nay  conprise
a bundl e pf;, data or iR of Packers BERE {thquiiy TOr transm bbl om,—andf a frame
may corrpzrlgse . Nu?lﬁ)%rg lzﬁé& tﬂ{elﬂpélgmgdbl&etb organtzet—+n—a—specific
way for t { J ,_.. _ chkf {Heth k L'f' lh‘; HYeRt—¢a “af‘bni- FrRY-—-C npr| se
all or a en—of{4h .m RGO ) RIS a'ﬂb%‘ﬁue conpri se
an Et her (l Bdi-a—at S  thy Cke’iﬁ“h?ﬁhﬂuelﬂ‘}'hﬁt ant | aI |.y._conppati bl e
with the I%F_{E%OZG {1 d. System 10 may support both real “ti g (RT)
and non-rjeal -tine ( \I%i’l)s" S)gffic. Real - tinme _packets conprise |
del ay- ser|si€ikVe pack8izeflimhsteshaof yifngne frdth £payiphd compiitg e Hist &0
I nformatifon, and nmaypikes fceh ty ithegeee.enent s. A del ay requirenment jmay
conpri se [Rygdeadl i nran@bﬁwsi%heﬁbaaﬁpgﬁmsn@rgecbhare by whi ch a packet} needs
to be delfiver ed {0 AWGGRINE TroukRfCHOPALAGNT BiR)E EIPTH oM auperlle! Y
requi remgnt may be prpegssed probabili st ically
Tik) Delivery time of a frame that contains k packets from the ith queue.
I | Inter-frame gap.
7:0, - Total delay of the jth packet transported in a frame that includes k|
| packets from the-ith queue.
Smax  Maximum allowable frame payload.
2O 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. -
| Gent Predicted arrival time of the next packet at a given queue.
et Predicted size (in bytes) of the next packet to arrive at a given |
queue.
s(i,k+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.
| it 1) Predicted delivery time of a frame that includes k packets currently |
' _ai the ith queue plus one packet that will arrive in the future.
T Threshold for the encapsulation efficiency of a frame.
1T ficand 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



according to Equation (1): Pr[D>diJ 5 Si (1) where D is the random del ay
of an arbitrary packet, d; is the deadline associated wth 20 packets of
the ith real-tine flow, and Ej is a small positive nunber. The pair (d;,
E;) represents the delay requirenent for the ith real-time flow The
probabilistic guarantee of the delay requirenent of Equation (1) may be
expressed by Equation (2): 25 Min_~1'" (2) via MN- Ei where t4 is the
total nunber of unique packets fromthe ith flow that have so far been

tot successfully transmtted or have been discarded at the transmtting
station, ﬂ&gmﬁ%/ g(i;os the .nunmber of packets that have been discarded due
‘to violation of deddPRUEBqANPY n"’gﬁ)a SO3EORE 4l o g aprtipn i & pulliqy
guar ant ees¥ochednelgitdng hetworlp SR, 4 pitlicar @avAE bl instiGk S aels
100(1-E;) ercgnt of the packet s_)atﬂ?lo rmrge t han |_%%J§9k’g§%’geﬁ'§£g‘£8£agt | oss
rate. 6 %&0&? i Ay &PabneendRpYEteRnpetwoRl, uay oRterprise, intrdet\t aermeitable

expr essedcdhimiyit88n 1t & ) ¢ rding to one enbodi nent,
counters may be usgén?b&ﬁﬂlﬁﬁggﬁ%?még&gée@h%ﬂ0 and M'' . The counters
may obe reset abysigmy 16 mayatsicapselagmiuitablepaeketiples soibble frayst Rrpaditt nfay

power ed u _ 2SS i s termnated.such as when a queue is enpty for
5 nore th‘%ﬁn aﬁ%%é‘%ﬁ?%cﬁ@%eg%%"r’%egdf} aGpedfifany gﬁ‘i rpmassieitds? frpme B1ager to
satisfy téenpisk sy paghpaid b€ oRObSMoRYHRLIENS drdadipddas al PELQHAGEP WHrah 46l 2y
experi enc&glcob%j a (gacket transported over the network- The determ nation of
the del ay “PHRIBE JLONE SPQAmRGIh 2 PRdkes ey compriserall ox 7 ipediontdfran ngeigét, j )

i =1, 2, - -Protoks! gdtfled 3Rd A frame Ry corhSRLCSE R rival, tir f . the jth
paiéet at_the i_tﬁiﬁdq%eue, V\/h_ere_tya, (r{llflgyé%ﬁlt gl: ﬁeg'?[}e%;ao!rmc%{? %’;ﬂn lrOll &gﬁg)]j The
Si sp( i frgnye subpardycempribls witd th IRHFe8Zatatdardul ti pl e fragnents of the
sane packet,r‘nag\grS et .eal e at kets with the rrival tinme.
According to ong&eﬂrg’b’g% ﬁ%ﬁ?ﬁ b?)%f:} el'? mr%e-o 33% Fﬂ'b“reéﬁ]'t'ﬁﬁéh’z{q\ﬁf‘%"n&eal"

per mi t t edindparkelnicombtise geloceusitiec yagkebRows eshrlify, Foeehaaipld REicaLF Liiah tine
of the n%gftmgaatco%e%hd Accor di to one enbodi nent, an autoregressive (AR
predi ct or Ay A3G 8% Yave Y. reaiTRmEs nd delay reinemest myn cowpEker s p,
and P2 ofdesdime @alcolaRgResHME aRinRORSWRiSh & PAARELEIL 18bd NGivERL S 5 Ragkgt tines
anlqj pack% slzes, respectjvely (cP = | and p2 = 1), Paranmeters p, and p2

| ceording fo 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.



reflect the menory of the predictor (the time dependence on past data).

The val ue of each paraneter may be determ ned using statistical analysis
of the sanple autocorrelations and partial autocorrelations of enpirical
dat a sequences. 20 The next inter-packet tine at a given queue may be
predicted. Variables yO: n = 1,2, - represent the sequence of
inter-packet tines at the input to ¢(he queue. An AR(pt) characterization
of this sequence is given by Equation (3): Y. = ao + d,y"-r + ?22y,.-2 +
--- +a,r(r - 1)y"-Pr +Y" (3) 25 where ? a: n=1,2,.-- is white noise and

a(;ar,.--,ap, varyi The .val ues of these

C(()effl ci entg a?%%ﬁ'gd‘gtgdm?y %gdlmen Vgglﬁ% &R g[rtq\f/tl way bﬁé’i‘ﬁ’fﬁsse@(bff beganpl e,
wei ght ed riggeng r ; eff

1),ai(n - 1), &Jf\bﬁcﬂe%aﬁ%a;}g ?etgro gi%"ﬁ‘t‘;&% g@i r{Pée)rg vgl 1e8% ? %rtaalég’E\R

coeffici enakes M[, m{j HEhmmleﬁbhiy IBQ/reQ?ft al s MAME e @t Yor dxﬁmﬁe\/@ erf NESE
val ues and the val ues of y,,.1,...,y0 1, a predicted val ue "}of may be

gi ven by Byieeil8s Mﬂedm;},wheuaa@(smmsle)nmna&ﬁ(aac&aaﬁrﬁéhaqdéue}?s cﬁpty for -t
aP, (¢ (4)m0'|jém§n58 acl ﬁ'ﬁ‘%é"sﬂe%t fO‘E“CS{Jg%ﬁ%%)\Eep%;[wal of the npbst recent

packet, text repre ent' time of the next packet,

and next repr efeotlsr tohetigy ek aélgdrequianafts tsh@em N@XhiRaatEIccoulid he d"élédze of
toext is ?lven bﬁ the symof tis, and the predicted inter-arrival tine.

Bot h t f exP BSHE"EH Rt 2 greet SABWOREC Qver (rernehior. Eb%ld@tterramatmesf tc defry

queue. Fr aivelves Z8clatldg, ke arfRRY ﬁﬁl%nh%wfém% g fi-q» Et hg {?am\g‘(hat
has a payl oad conprising the first k packets fronithe | ere k<

Q If s, ofspresgats the(arive) timernsithe th packes athgiithiquens ywhzee q,qs@ r< Q,(;‘{i:lﬁby for

Eqyat . 1 | tok (i k K s 5
quaty on 4P} st (gl SOUBTGRNER! AL Gl blocS i hal) e (9
over head, sasm Backe npdydbentreataduam sepdraealakiestd waiehdayhOadvalant:. A"e'ém% d@’to i's

t he maX| aII Wab e franme a | oad, all. of which may be neasured’in
byt es. or X gﬁ&’ ﬂ‘eff?éo Fugueligs ppeTEKer net, sovethtad = 26,

sm,, = 46, an%;smxme pide@fure GRS ARYed It prehicfﬁﬁ ?ﬁve‘amn& {d18nd hd p aRpci ty

in blts p}ﬁ cond, and tine t represents he wor st-case roun rep tine
over ‘the r 1§ Vi edictoi mey b we nind- hat
he T¢59Rdingrionenetentheyipessy s ureregers ed@m)ws di ok 1sed fvith h

gg:ﬂ? \6/1:3::1 ; dﬁ:ﬁﬁlg K@etfﬁmufzrrtg Pk Q)?dértg B 51{&%‘2 of thd a&t@r%gr%p&\?engrgccosgescc .lc'n"lalct%gent e
inter-packet times and packet sizes, respectively (p, = 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 Gueue. An AR(p\)

characterization of this sequence 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.
- Coeflicients 3. (n - 1,a,{n = 1),..,3,,{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 4):



20 tinme Ti(k) may be expressed by Equation (6): T;(k) =8 s,(i,k)/R;,,k +
t/2 +1 (6) where | is the inter-frame gap. As a convention, T;(0)=0, -
because the actual round trip time 25 between two stations nay be | ess
than t. The total delay d;(j,k) of the jth packet- may be expressed by
Equation (7): dcli,k) = kurrrnt - tan(i,j) + Te(k)(7) 8 where tc,,,,"t
refers to the current tine. Delays d;(j,k)> djo+l,k) for all i, j, and k.
That is, for a queue with several packets, the first deadline to expire
is that of the head-of-line (1-10L) packet. Furthermore, d{l,k) < d(I, k+l
) _ Since erzor_ ge&egtf_gnaqt ngz destination is perforped on the whole
frame before any’packét cah be’ deti veldl t 8 ¥he Upper #aler, Uthen5 packet s
of a frane have®he same delivery tinme T,(k). Once a frane is delivered to
-the destination, the frame may need to be acknow edged. The | EEE 802. 3
standard does not require acknow edgi ng successfully transmtted franes,
si nce col | Tsnens: apeesdes dnt albk &faadval of thd nSLEOR. e i mplig -
regarded as a negative acknow edgenent. This, hgémg@g‘?%t’dg‘gé‘ gég%és%l}t%tﬂgct
agai st noPsdictd wrivartime A€ dor dixhgatkot,and BDadhERALs, tha Ghambe S9e U il
frames may be used. Once the receiver verifies that the cyclic redundancy
check coden?¥ peghct eldie valiseofriaceiiv @ives ddbe s ofitk neditadgedert ifkaagvio t he
transmtti n_gl ;[%aki-on. The acknow edgenent frame may contend for the
channel | i KB dthernd Panearespmphied evein tiste apaykdsertves afthyquenser ved f or
t he transm ssi o}% :%f t he now ed?se‘r}%nt_ frame follow ng the reception of a
data frame. 15 Statidon IO e HEFoln SiEfaph pv &thaseet Jamathabhas n paybeddance
with a calculated encapsulation efficiency. According to one enbodi ment,
encapsul at fRpreinizites Brtl packess)frond dre ith queasyerhichdk < QNG HHRE) X 25%4;,63), @fen
paylgad may be expressed as 77(x)= xl(total frame size). Ac€ording to one
enbdfi mentSizedikbmexbe dsgabridtty Bprtieetdnd Et her net network, the m ni num
al lowabl e frame size is 72 byes, which includes 26 bytes of fram ng
over head. 20 Accordingly, if 46 5 x 5 1500, no paddi ng bytes are required.
Therefore, encapsulfation +8f fiiciken (%) =¥/ + 26). On the other
hand, if 0 Seix %{46,htchen otp(lad ?ng)ﬁ,gmheesd‘é&i(i@)%sﬁ%r(g) that the frane
size is 72 bytes. Mrthis tase L7y %472, Accordingly, the
encapsul ation efficiency 77 (x) nmay be expressed by Equation (8): 25 Ixl
X/ (Soverhead + Smin)' if 0 ~ X < Soverhead (8) o

WhEFe Sovahead 1S the framing overhead, s, is the minim;ﬂm 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):

T,(k) =_8 S((i,k)/Rﬁ"k +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)



{XI' (X + Sminl , if Soverhead t X < Sm. In-order for CSMA/ CD- - protocols
to work properly, the transmssion tinme of a franme cannot be |ess than
the worst-case roundtnp tine (RTT) over the Ethernet so a 30 station can
detect a collision before the end of its frame transmssion. |If the

maxi mum wi re di stance between two stations remains the sane, then the
worst-case RTT may also 9 be fixeg. Thus, if the transm ssion speed of
the Ethernet is to be increased, then the mninmumallowable franme size
must al so increase to ensure that collisions can be detected. For

exanpl e, viRRIGAS] Bkl Bond ARAMINS! DRIFPEEL)Sfq R 1) APRP; FLDRINCH,L &N 11 Tes
while keeping its range fixedrequires Increasing the m’ i rum T ane”’ si ze
by an or d@ra gheucerith sevehil packetawtive first degdline dol ckpird isethfii aff athebdotiihet h

utilizati g . se _of 'S | - 1 Se: Alternatives  ncl ude .

r educi ng'(lgﬁé'b aé}%@ﬁuﬁ}ﬁnﬁg?qn%\a%g thc%g I%%’s?’%% %mrb‘ge:t%@% a{T&% ‘Jﬁ_té‘i“‘\t'Bﬂ 43 or
relyi ng perfivuied ohahd whele domneiadforstany ipaciet chidbe eXRRRIIG0 HOB PP RSer, EhdIET NEt
hag mai nt ai ned t%e rri,nimr]rtllém frane. size a%g_64 bytes, but relies on hubs with
a “maxi nbFEE &f f GAmEbavrbe et dAREDH™e g6k het ers. 10 Hal f - dupl ex G gabi t

Et hernet util DA&S adfGAET is€ HelfetN$h Qe IBHARYN! MG tHARS ﬂ}a?,ﬁ holy Qfpd
relatively snmall frame is followed by the transm ssion of “carrier signals
that i nstikeoytedpsdniTharhEERaf7e} standyrdtdoge noharquirs asknmatledging lveccessflneeded
to trans@dsn@ddUibhmbd A8, :gor di.nglqy §] capsyl ation efficienc
rlcicA(x) may be e?%’essgdcégggaﬂg@gﬁm?g g a%@ %xcoﬁ “Eh 8 ?’ei ‘r‘“lt&""’éf& <

S, 0, nGb reg@ded as b gefalive Mtkmowledgedient. Th{) howkver] ddes riot probedt gfast nod® N < X

<,Smaz where ~ob is th . ni mum. al | bl e frame payl oad faor G gabit
Et her ne?@”ﬂ%d‘fs“ﬁb?é?ﬁ e ‘ﬂgtﬂ%ryf'f‘%‘ﬁs?C‘(B?W%?g?'ﬁ rf’i‘"’f?éy“%’eb%%fé Pacsihet em 10
Wi t hout recleparietifigs fhaohctdielis sRBd Aty theckd NS IcfRect FAE S sEndsSyst em 10

may have re, fewer, 20 or other nodules. Mreover, the operations of
syst em 1% efgensat figmgdd By tappmittisg gton.oFhoatkepwindderne . fraxddimayonal |y,
functi ongniERY rhenPerdAEMRe A S S Wrtep L,9gi i si.ng software,
har dwar e, "ot her logic, or aﬂ? Sui t ab é%égﬁ%#lﬁlgﬁlgﬁ&g?ézﬁﬁ%iy lﬁrs'%%ee‘?jionrg. As
used i n thirapsgussionerthe dtbaowitdgaiat Fame fellotingtheerpidn of séita fameach

rqangbe_r of a syhset,pf a set. 25 FIGURE 2 is a.block diagram of one
exboal ment ot e 4F rgh e3or eyl sigersalhtof g e SRl b sstindy
i ncl ude cotpsdntiomeficieas). - AcoRdliigerd ehe 3FhodaNE VéncAPRRLDR RIGG&RY- H 1B
queues 30b, a processor 24, and a scheduler 34 coupled as illustrated in
Fl QURE for a frame that includes x bytes of payload may be expressed as 77(x)= xf(total frame
size). According to one embodiment, for a ten Megabits per second Ethernet network, the
manimuny 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, encapsulation
efficiency 77(x) = x/(x + 26). 7
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 transmission time of a
frame cannot be less than the worst-case roundtrip time (RTT) over the Ethémet 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



2. According to the illustrated enbodi nent, station 20 includes a nunber
FRT of real-tinme queues 30a and a nunber FNRT non-real -tine queues 30b. A
real -time queue 30a receives 30 a real-tinme packet flow, and a
non-real -ti me queue 30b receives a non-real -tine packet flow According
to one enbodi ment, different real-tine flows may have different delay xt
requi renments, and packets that belogp to the sane real-tine fl ow may have
the sane delay requirenent. A queue 30a-b nay conprise any suitable
buffer operable to receive store, and send packets. Each queue 30a-b nmay
, that manages the 5 operation of the queue

i ncl ude contr ol
30a- b, ang ' fr JE’H%r i awsmswamp@maé\% the Fdpsarenlis ¢o e inoewpd, ﬁhn:p)uhe

process tﬂﬁltmﬂﬁwﬂo@%ﬁ!&rﬂn{% 2emB §RsTide e k! raduce ,ou -
Control Iqgic 32a-b may, for exanpl e, deter rﬁgﬁf’eﬁt@ﬂgdﬁﬁ‘ 6o dtﬁge fedt s

“that may B¥ eneRfs PcEeastngt the trapsmssion rsam of a 40 Mt:;tsaethansﬂ &zﬁ tﬁtescxatuwl ate

whet her wadehi ead ta a violation of a del ay
requi remanteb ng%wrﬁe?iglggféqa Jg'g}ea%n%e mn’élf”r‘t mFﬁ@e%éiﬁBé?F degot 8. packet s,
stafting fr om"ﬂhﬁe hmwclentayﬁe:&ﬁtooﬁlefﬁcl‘ﬁeit lbaﬁdoat!ﬂa UtizBEorPMCAR Sieairathant 0 a

frame. The nbe,}[te of packet rr%y be updated in response to events such
as the arrl Val LU G [S'éﬁé’kgtc denirducipg dhe rppximye) phlesyapleofeabe f distamse t he

expirati ch@t\eéeupafﬁks&ihod@bxabéljﬁ@gwh hERER! Biter@n&: sBUEHL
conbi nat i the preceding. If a uelueerl i's sel ect ggpéxéﬁyaﬁéﬁ%{'bpsqueue

i either etath"s PEURARst &op W&t‘@éﬁbﬁame stz afl §t drytrisnbutt lebesparc kagtsswitlp abe

encapsul a,t;g(q}nmﬁtsml@njuggﬂ@dggmgggﬁr@métggnsm ssion until a next round. A
frame payload timer FPT may be associated with the nost recently conput ed

k; 10 val ue. Vh&latvduplex Gigobiv Etheacohtilizass @aigpuketsion Meleh B YRS §et
accordln 10). 4t|rre - rrent - tarrll, Il +
S (k*) 1 (ggg%l"’rﬁ%&%‘l‘r%%? fﬁg“sf‘es‘setff’%g‘ ‘ﬁ@ “FES'?'F%O%I attltfrwﬂalfdbﬂenw ay from

the ti nmermohinoompbdat] basyt fab thars QQuztlQbethélttﬁd: hefigd & LheGXRIdAt of the
deadl i ne ,of the, first that is, the head- 25 of-1l1 ngg ‘{é@k‘t"t% a

acket
frame of AKCPAERL; the %F%é%‘atlﬁ%etﬁewyy Fomplamnbe Qxatea@détatﬁqsﬁucms(%h (1,
kj*) =d;, then A~ilmer ? 0. The frane payload tinmer FPT nay expire before
the ith queue transnmits a frame. This could, happen, for exanple; if the
i s busy ar/ aj, xtEﬂdBctperd ed of tikme or if station 20 is in a

nnel
bg?k off“peﬂ‘bc‘r' {gf ‘%Jt e ; pay | oad’ t| mer i'fl'bT< expi (®s, then a new val ue
30 for ki has to ound"m ‘I’he va‘l‘lu‘@lp of Sk i S fetreased unti d(l, k;) = d;

I f-in the process
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 comprising 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 FNRT non-real-time queues 30b. A real-time queue 30a receives
30 a real-time- packet flow, and a non-real- time queue 30b receives a non-real-time packet

flow. Accordmg to one embodiment, different real- timc flows may have different delay



. of decreasing k; , k =0 is reached, then the deadline of the head-of-Iline
packet cannot be Il nmet, that is, d;(l,i) > d;. In that case, station 20
di scards the head-of-1ine packet, increnments M?a, advances the ith queue,
and re-computes the values of k' and AcnCr _ To discard a head-of-1ine
packet, a tinmer may track a discard tine Tascard Wwen a packet advances
to the head-of-line position, the tener value may be set according to 5
Equation (11): T(i) discard - di - It - tacc(1l, 1) + Till) + WIt)) (11)
Discard time T;(1) is the mninmumpossible time that is needed to deliver
t he head-requreofents) md ppelokethat Hdleng torthosimaahligmacloar ikt thdpatdeny (11)
is the a g(il;thjeoréatl queuing tine that can be further tolerated beforé it
becones un |kre'19‘that t he head-of -1ine packet can be delivered in tine.

I'f at the tinma gheusehibN@al REmpkise S sviibUEhu el SHRFH1d 1o/ c@\i/esgﬁarrg and then
t he head-of -1ine packet is discarded and the queue i s advancéd. The
process OfBATGE hgch muews plult mgnindude cppisdlatogit Baa-bi Het mewages the

heagl- of - lohb&es pettd _ 2, Qf by e (0] nd the val ue
of ty" (i ?j +I3n1f§{)€@a I%fj': ,?yzﬁ’d&ﬁis{agjétcgﬁpﬁgép%% g%ta%lev%qvﬁég.odl#abge QKGR - 17 ne
packet r &pul.tpsogess dis cepud 2cyrdipgdi preddfisahndésngnd pagiase odpieduhes! 134cmy be

used to erm the servjce order anong the queues 30a-b of a station
20. Sc heg%%qgr ' 4%%?(3[5“ égl?eéc ee(ﬁ'ﬁlenﬁcejtge ?ﬂgl%ﬁ'g 3&%‘?“%%@3& '6‘%%9 caeApsulpied to
pr ocedur éum asaranofxanmble size b eslukiete Ak WaRRIgo6F a AMR P8%PREuE 1@aGer di ng

to a round:&gbin Zg schedul i ng procedure, where queues 30a-b are ordered.
As anot h&V ORISR Sf 8 dela¥ FAYIF®EN34  ay sel ect queues 30a-b according to a
mog fied round; n:iseheduling hrocedure. . Schedul er 34 tracks the | ast
queue 30a-b P?%%%\}\%Igﬁag%f Jr“ggﬂgalln %tgmsﬁ%c“eusf% <1 sy Of PAYKER PlEE repdhe o

channel ARRATREANAIk ARk, SACL R BR) 6 MRERL,Packladged, aueue

30a-b to transmt a franme. Sch nmay give equa
real - ti mpayjbeupdat@Dia @spbnad tonevenisaakh b MR AHOMEST Shky gackeﬁmemu%é‘espﬁli ority
to real -{#il.r_re 3#.6 s 30a or tQ nop-real-tinme queues 30b. [f there is a .
col | i si off 3tV erttiferic Swaten ek pasketrigfayfequiseimik oBfef eymboeduy ethas
def i ned dombikisioh BERSENei antaqlue Aid Qe drolRfsnAl fudeh 0k, Jghedul er
34 deternmines if the channel is idle- If the channel 'i's i dle; 'Schddul er
345 wai tupdited valweiaftier if daemmigahe prbets@o bhencgsoaeddsiot Hfaht 30 Uids a
frame fromthe queue 30a-b that sent the colliding frame. 12
: transmisston 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

{-&(J’J

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



Modi fications, additions, or om ssions may be nade to station 20 w t hout
“departing fromthe scope of the invention. For exanple, station 20 may
have nore, fewer, or other nodul es. Moreover, the operations of station
20 may be perforned by nore, fewer, or other nodul es. For exanple, the
operations of processor 24 and scheduler 34 5 may be perfornmed by one
nodul e, or the operations of schedu)er 34 nmay be perfornmed by nore than
one nodul e. Additionally, functions nay be perforned using any suitable
| ogic conprising software, hardware, other |ogic, or any suitable

conbi natiqp,o he preceding. F RE 3 is a flqowchart illustrating one
embodi ment™ o Ehé‘k et ‘ﬁé‘d f or d: éﬂc‘h%&ﬂs&t Ftﬁﬂo'bzfgkg'tg%af?'%ﬁ? hexdrofil@e pasketnet hod
begi ns at igdr&RentO0E MiRhficalRl #iPfuedd and Qe B5hHGESHANAYAl 20lg ghannel .
Station 20 determ H&5 whether a %hueu’eaHBO%-‘%Eﬁ%SStggﬁ?lﬁa chlolfilglﬂgi%’g"#r anme at
step 104. |If aTdWeusd30Ral-Jrdme ot 3 trlelih ) i g gaet ho

proceeds to step 108, anre scﬁz’dul ér.t34 rse&e@%é{at(ﬁ%%adutté'nug%ﬁa@b that sent

the col | i dipagket adedies fof thetheqd-0BEnSPasitior) e SRIE vau@a{al[yiaii RPadcbRfi: tJ NE
met hod proceeds step 112, 15 where scheduler 34 selects a next queue

30a-b. Ne “ﬁ\?@&LBSOa-b may be selected according to any suitable

sel ection procedure that nmay be used to select a queue 30a-b. For

exanpl e, next queue 30a-b nay be sel ected fromthe next backl ogged queue
30a-b or the Wgxt.,quete-3@a-btfor, ivhi ghit-hed fdyagiths set to true according
to a round-robin procedure. After selecting a queue 30a-b, the nethod
proceeds to step 116. 20 At step 116, scheduler 34 checks a flag of the

sel ect ed queuen30a SN eTe [ s whether there is,a frame ready to be
transnitted f?%%npag%gﬁ{eehggg'-'%&le%ﬁ;elﬁﬁmam&ls%%sté‘f’epﬁi 'Srngg(b‘%ﬁgge il g‘ﬁ?‘e fi tabl e
evaflt, suelHirespackete Tt nignaupasiketicatrdiheo @qauton BIUT 6L T ddltbnalt §uaGsE tting
a frane f{.omtpe quede 30a-.b, qther SLLitabIe eyent, or any conbi nation of
the precedf Tyt cypberfiither é‘ﬁ]c 'hﬁg’r%ét ceomes waltksly fhay he hgid-eftling prolet wher e
true | ndi GALERCHIAL MG toudhe di yeagﬁggye (ol \ANE TSI 20d | alse

indicates that there is no franme rea transm ssion 1t g ‘Cirii'ég IS

set 10 tryehentthehdiidfotic padceRdBsched htPtht ddeidi8hvhhg frame is
transmtted. After transmtting the frame the nethod termnates. |If the

flag is set tdieAreEss of pampgiigole gmseweive is repaed fop e michadgddve 30a- b
| s 15Ki ppgfickeMlyelenilsl P IVAfLe! &8, LT YRd thSQalillSeTRHNOH £ 8T Nl eS:

Modi fi ca?igons,btyagdiﬁ]!té: ons, or onﬁgs i onsﬂ.] %@Q%gq%gdgﬂt%ﬁtaﬂ]é’ et HS% &'t hout
depar t i ngipatednt tdhee. $topedoif-lide@atiey @REitsan. TAJd]t o qraald MiscRlifpseBY be
perfornmed in an sui tabl e order wi thout departing fromthe Scope of the

. i nvention. Scheduler 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.



13 FIGURE 4 is a flowhart illustrating one enbodi nent of a nmethod for

updating a flag at non-real-tinme queue i in response to receiving a
packet. The nethod begins at step 150, where control |ogic 32a
initializes the nunber Q of packets at queue i, the nunber Kk; of packets

that may be encapsulated into a franme, and the size B. of packets that may
5 be encapsulated into a frane. Thg;size B; of packets corresponds to the
col l ective packet size of the k; packets that nay be potentially

encapsul ated into a frame. Aflag is set to false at step 154. A packet

having a curreplod@rRekSl, JWdGoRE, oo omiss.li(ﬁﬁsm%?% @naﬁgxﬁong&rﬁlll.zﬁ) IS5 s

recei ved at step 158 Maxi mum size s,,,ax is the maxi nrumall owabl e framne
payl oad. dqmEingfram diegroner! thyHyentiq. Fof exsapke satiof 2@ uaydaie inpra)fidatred at
step 162. _ I  set to true.or false at step. 166, If the flag
i s set tomtlgtgge-{%tohlgg}%u e?péatkﬁ%f Oé)eart%t & SOfc#auP ﬁeﬁf Payke hrgorned by s, of

t he packefesvenfortotter incaintes.d Fon ekampledthe ®pomtiontdelirocsRe CAUSRS QUM eri 34has
packets of _a t size. t the.gaylo d of a frane. Accordingly,

§ f . bsuf%i Ci‘?B o fi%l
it a flag % SRTIYEY Prenamoglenon'es oPPRECHIL I proibEay bepedemipdbon. | T
the flag inéreSRin dre nhclu®e Addigs Ry 1HA t'dn@@na!y Ble b M%gg@sﬁ Sap] 0.
Control logic _15 32a determ nesyat fg';ep 170 ?’f ?he' sum o Blgﬂnggé)l?éc& of
t he packetodpgising spiiuars; hagdwarg, qther logje, orfang swiableaombpatike bf the prasding.han,
equal to, or grneaRe’ 3t han, ths | A S g f. th m ig legs than
the maxi mum si ze s,, ) a,,, t‘ﬁ(gwér%?thod p‘?g%:%e%sgy?gb%{”é}ﬁng'f’i?amﬂ'@ dy¥rues
for the esicspsulBtingpaghaskiatosa drehe hdheundlerd keginf atpagk B06 wRsatkadon Abt er
updating fhe val ues,..th t . proceeds .to step 190. 20 If the sumis
_qu(gl to ‘{eﬁ%‘sr@g‘xﬁ“’rﬁs}%ﬁ‘% icg%méq?, ,E?a?mﬁh%) &r@?‘iﬁ’&ﬂ“p\”%‘?ﬁ%’é&q‘f?ﬁ‘es}%ﬂ’ Bsgsent gher e
“the size Bliidingpaiaketas sepd helfughbale Ka-BhadaGkat S1Rdise YRAa etk mingaf ! ag
is set to true at step 182. After setting the flag, t%’ue met hod proceeds
to step PoFEesiiosie Whmmbere wheditler34 sederly e aveud Hink that e thaxollidlen t he
met hod prggreds to step 186, where the flag is set to true. After setting

the flag, the method proceeds to step 190. 25 Schedul er 34 deternines
whet her t her elf 2o guevexdVagdnbicesentite wileping f@Ge, thie hétbod pireads exdp pEcket

t hg; met hQg, o feLMb St L€ 58, Where d% next packet is received. |f
there is RO nex foa%k%%l%gtf ]asP &8 48yc 3tt gb' nﬁeﬁf)ﬂu‘f‘@ {W“H'étr%%y. e selected
Modi f i cabt@nding adeiiyt swtable selechoh pRicomie MRY iy FMPERI 1O sklegr ABEhRBoWE hout
departi ng from lihe scope g{%ﬁ the invention. Additionally, steps maé be
per f or med°f FFAAR N9Y WETS AR iy derselried dm the parthantogpeshauche 38cbpe of
t he i nvemereRre qukde 30 BFIRE HicH the Fak i ONE Btrdic dc'::éfdﬁ)tgrtagi'r&%og&%m%&gh@ nt of
a nethod for updating a__ . -

Afer 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 queve 30a-b. The flag is set in
response to any suitable event, such as receiving a packet at the queue, suceessfully
transmi-_tti-ng 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 to false,
the method proceeds to step.128, where queue 30a-b is skipped. After skipping the queue,

30 the method terminates. * ‘ - “

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

suitable order without departing from the scope of the invention.



flag of non-real-tine queue i in response to successful transm ssion of a
frame. The nethod begins at step 200, where schedul er 34 determ nes that
a frane has been successfully transmtted from queue i. The nunber Q of
packets at queue i is established 5 at step 204. The nunber Q of packets
may be equal to or greater than zero at step 208. If the nunber Q of
packets is equal to zero at step 208, the nethod proceeds to step 212,
where the nunber k; of packets to bé encapsulated into a frame and the
size B; of packets to be encapsulated into the frame are initialized. The

flag is set taq., e at step 216. After setting the flag, the nethod
t er m nat es. 1821%}?]'5%1% ‘SrﬂJﬁB@?haQ dpstaier ong embodjmenit afra tkhthind fer wpdating s ep

208, the fraptdiagn-pa06RLEUScld i 24, det er nj.nes the maxi mum
val ue of tz%te nurber k: q‘o? egégiges?g“%éggecg{vﬁgﬁds%r%&etqé‘gf "?egh{f ReEMSehF e Runber

Q of pacldt ¥here cauedidogic B initvileks thvenuntrer ©5 pHpatkag a8 ydie iBihel mmltRss t han
or equal -0 frraxf(r{u nBx, 1f si %egg; i s _equal to nmaximm size smax at step
224, thene‘t%d’&'cper%@]géﬂ? boenspripdeingma famepndithegz 8; sdpacksts thatenayf t er
set4ing he f] Q- rue, -fhe method termnates- If size B; is |less

t han naxi m(jmrh&J ?‘gzééﬁs)%(g?tﬁiaﬁg‘ -r‘;é? ﬁ'ég%;p?fg’émcwswébtoz@g cobestize paekef | ag i s
set to false¢ufftep.pekHl.r flag to false the thod term nates.

Modi fi cat izons, ad’d??c?%%rg{,agg‘ra&?%i %Oé?n%ﬁgy ﬁ‘é“g?P%'Za‘ ge ¢ gg'fnﬁe Alemseiia hout
depar t i néalfer amdphisds copakel havitg: 4 BYet hdker Addi ti opal Ly, .steps. may be
performed in any .20 suitabl ekjr%,’r der wi ?h_ogtt depart | ng1 7 l'guglc%%ce of
the i nvefitek BrCCHYEaRECE 9% MaXimymcyian tned 5 lestramimglioneble fhagti pipikd of a
Step 250, were o ps nunlb 00 {fHahuul B1Geh} (R MR TR ot od i nto 8 frame
afl a frame pBlyd fecnayi beeset BRTuean dalupatatapd 66 OIf the (1AL W& th ruEBOBuReY! 0ad
tinmer FP‘]@ rrgig g(eP uge]% %o track the amount of tine that packets 25 stay at
queue i ih "OPYEFS S MEEEMENG GE Sta5eBdel ty packgtsi af dheframe db rioheeqdaoktet s at

the queugdated LERRH r f ets.and at queue i is established at
step 254 P the ﬁuﬁg%r%‘ '85 pg‘f;k‘%gﬁtéit%‘ﬁfa%e“édﬁﬁﬁ“ T g mavigad of &frosg, t he
met hod phewedgytiba Supps s262 twoar e 16S, ileageihddprotied] @ £@l £, After setting -

the flag, thgepetfhod term nates. the number Q of packets at queue i
is greater tﬁgﬁ%t f& Isnsﬁﬁ{ﬁ’%gﬁ,at yer Lgé‘gclifé@[@etb‘ﬁi pacesle opted bile Contmeldogicf r ame

ats st ep 3@ d2k8ninkh 2 1B PFO4dr R . step 266. The flag is set tq true
at step 266. After sﬁt?ggf?{ﬁ%ﬁﬁfggg%g?%eﬁn%ﬁ OBPFEE r‘?"ﬁ’ BEZF Gureprfolt he

number @re offrepapickeiss kbs MueUGuil thSorgGtdér thah thd R RIS Gk  Of Ifqﬁec;gﬁ:%s to be
encapsul.afed.into the frame, the method proceeds to step 270, Th'this
case, the gSV gflll'l | FRAXINU S1Z€ Sinax, 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 s,.,, 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_ -



packets can be accommpdated in one franme w thout violating packet
deadlines if the frane is transmtted i mediately. If, however,

encapsul ation is postponed until a new packet 5 arrives at queue i, then
it is possible that a franme with k; plus one or nore packets may be

formed and transmtted w thout violating packet deadlines. Processor 24
predicts the next size siext of thqgnext packet at step 270. Processor 24
determ nes whet her the sum of the sizes of the packets to be encapsul at ed
and of the next packet is too large, that is, greater than the naxinum

size smx at SERIUREZ iskindhifas lt'l'iﬂs%r@tnﬁ% oﬁ@aniy&ﬁxﬂ@m otf*a%ethéd ﬁtr%)fiétm 4 )

next > Smax, then the nmethod proceeds to step 2 wher e ag 5% set
to true. Apg ef neawedligne fecut|idg, restnmserse h@@bﬁtSétrintramame:snonlq‘f ¢ FremsunThe not

too |arge,, &]Iaatbég%lfsgtog Qé 206, hartibr® SR Suer 034 _det%frmtnﬁs tﬂ?.fiz)r(]f{ t‘%{'ﬁ’ng% Seen

proceedsto ste the delrvery tine o
pr edi ct edsuccdssﬁnﬁydtangnmted Giom qrebodi Tﬂ‘b@humb-i&reQ i€ Iphol@ls)at hhé@ maystahﬂashed

predicted . in t ner. The edicted size a(i, of the
Pratte.t natt a2t g nomor it arity el o Rhfror sy ek st 20ke e
packet t Othaminber RYE ?ﬁk&@i@ Eheeh Byro B U 2@8 (hla?r)leméi‘ &ﬂoceelas o st\%g 212) (TS

verneae + stuc(i, + Snexcr if S- 5 Stot(1 k;) + . next

0. . er nebese -l‘-htSnymben Kk, &ﬂgabkets Scbe(mcapsk;a)edﬂnﬁéneﬂame ar&Dtl(e]sZz)e Bheof

predl cted dellve{) time of the f éure frame ma iven by Equatlon (13):-
i (k*+1) =ggFkety to p§ gpgapsulated juq theirame are mpgialiged o gp@rﬁsseaﬁcefaé@taa@tqpshed

at steps 780 A ek &34 WEkiBloaHBhAG, for the next  packet causes a
deadl i ne expiration tor t head- of -1'1 ne. packet is established at step

~28%  The deadf th¢e1ue1>bpt @eﬁtf popkeateis@reaterdharherextplapdion pthe afetliddereeadt tone

associ at eg %hﬂ e of -l i ne packet. The andl tion may be established
usi ng EqUdti fﬁ?e's Ieigppines the paxinum yalye ol themymber k) o P%‘R(etﬁi?sﬁd
14) wh 30 j f
(hion e} dSe ?@%@fe&at iR G O ST 1

f or ecast B)flstiéi;etiiﬁdirfel]m&i magikiliyn ﬁ,@,ySEdleYBt:@@quait‘cﬂ-mhflﬁﬂﬁ{ﬂxﬁsd QMat Qfepf ranes -
from other queues. The termis neither a | ower nor an upper bound~ on the

actual de&Pyihe giethod psowedsgostep23fanhesuthe dtpgantet o fome refis setting dedtedse
t hlegj rok true, the method ferminates. If size B] is less than maxinmum size Spma, the method
~proceeds to step 234 where the flag is set to false. After setting the flag to false, the
method terminates. A |
Modifications, additions, or omissions majf be made to the method without
departing from the scope of the invention. Additionally, steps may be performed 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 termmates If the number Q; of packets at

queue 1 1S greater than the number k; of packets to be encapsuiated into a frame at step
30 258, the method proceeds to step 26‘6._ The flag is set to true at step 266. After setting the

flag, the method terminates.



val ues, while others may decide to defer transm ssion until the next

round. The next packet to arrive at queue i may actually arrive |later

t han one scheduling round, that is, tnex, 10 > tc..nl + 19 1 Tj(k; ),
forcing queue i to repeat the decision making process. If the expected
arrival tinme of the next packet is too far in the future that it may cause
a deadline violation,. that is, | >d, - t,,,(i,l)+ (k;+l ), then queue
i tries to avoid the unnecessary w&it and proceeds to encapsul ate and
transmt a frame. Whether waiting nay cause excessive packet |loss rate is
established at step 282- 15 Excessive packet loss rate may refer to a
packet |oss ratlétheaumitoél ofipackststat giwguea is kned hotte nuvidletie. of pecieendid on

b bl i - ir ' - K /
Y et B R e B i e by o
| T oV e e rgackits Wi Bd RBorhSio8REAR dns hﬁ%&bit@uﬁpaolaéﬁg padil] #e%hﬁrﬂgf I RLAeTENt,

may -refer to increased efficiency as.discussed prévious he condition
may be estlabPPYMEad anmsdigtehy o heveiveri ensapstibition 3§ postpaned lup)ik-g newrpjacket

?(sati,k )).? 6 25 where ?t.h i s an. adjustable efficiency threshold.
Even_gif R o e iﬁ&ﬂsﬂg“’éﬁ%r}@ff“‘{w@r‘f@ USIPRE I0E MO8 RACkEE Maxthel y
predi cted agkda wahdiiied SARIAVLIAAORRL Ringguent queues s performed

as anticipated fromcurrent nu packet val ues, there is no
guar ant ee t hat Prénessde 34 piadectothe nbet steagl, of of thegexp pediet atcap 0. Peodeior The
deadl i ne nay, be violated due to collisions and back-off del ays, which
cannot 17 2%islsteamines iwhather theysum afi the isggs 26 themaskatsitonbg gncapsulatasl and ofgther ane
encapsul atg : 15500 LS. BXNEer, : ad to d l i ne.

Vi of a1 on eAPaRE s S AR Brh e FERL Seahl S B 37 Qe at o
20 Hhs | eewwyp lef Gheisasg (parket 3y ol At on, thanethe M8Sod Prdcbals t@&&?%ﬁﬁ

b4

bandwi dth gain resulting fromdeferring the encapsulation is sufficiént. 5
If less t retthp lapisget to oive. Afier satiigsthe dg dahe sietipd R8Mjnatdee net hod proceeds
to step 288, ﬁh%fr:e t he flag is sef to false., After setting the flag to
fal se the met hodf &P HNAEL00 farge: dhat|igaus(tvln) CoRdict i09F ar Emsathenithed at

step 286, _ to st 0 ere. the fl is set_to true.
A tor set FPAp IRaRH: B BEBTER, MReRL R st Brros b o ciites S rviatite
procedur egcéwdingetot enrgenbedifileag sheraiylibey UFRE mdyObe XAGUE in (HD fRGRLUT €S
that rely on the prediction,of the channel status at the tine the next
padRet afenRfssharrediried sige s(idad]) Fbihe dampphat has & peylosd inGluding the agtent he
fraction ﬁf time tlhe _ . ) )

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

i

Seli, k; +1) =

next max

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

next

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

20 (i2)
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):



~ channel has been idle. The fraction may be conputed over a noving w ndow
to account for the dynamcs of the traffic. In the case of nunber k, of
packets to be encapsul ated equals the nunber Q of packets at queue i,
t he decision of whether to encapsul ate may be 15 nade depending the
conditions established at steps 280 through 284 as well as the fraction.
of idle time. For exanple, if none of the conditions are satisfied and.
the probability of an idle channe' is less than a certain percentage such
as 50% station 20 may decide to wait in hopes that the tinme the next
packet arrives, t hanpg!l . may .be re likely to be avail abl e.
Modi f i cat%’?@rmaé '-gzlicfef??s?%@?"&nf*é%#ﬁsﬂ?@d‘ibe mdd® to the nmethod without
20 departing fromthe scope of the invention. Additionally, steps nay be
performed in any suitable order without departing fromthe scope of the

i nventi on, S, ach hart, ill.ustrating one enmhodinent of a nethod
for upda’??r hnegé ?é ﬁﬁﬁnﬁlﬁ%ﬁnl‘(}fﬁgﬁg{%&g{l‘(a? EAGE O CAT gﬁsﬂﬁa‘?é "i‘ﬁl“n@ '%l‘ef' Mg at a
real - t i meEugeatiyeser to thie nmet hod begins at step 300, where an updating event
isaﬁetected. An ugdating event may conprise, 25 for exanple, successfully
trahsmitting dberée Lpqmligiields ia fareessi of ibe addimngadiiet catsed queubei
determining that a frahe payload tinmer (FPT) of queue i has expired, or
other  suiahahisgorvefremesGboth fottler hogies. T2 telet BmARSS WPl e Ea LFpBHhML M an
updati ng procedure for the nunber k; of-packets at step 304. - For
exanpl e, °Prih¢ Aelualdetayp Fingm somme queugs mpyt Swbsegusatly Boreprectratecrenteetheirarle t wo
possibilitjes. I.[5 t he previ oug val ue of the nunber k; of packets was |ess
t han t he "Allfbethits ofes Jaak dpedafe deter drapsmissien uptilethgataxe reupd. The text does
not need | pdat ed since the.frapme cannot accomobdate packets
al r eady g{l&aﬁ)@uagﬁw HI g‘ﬁeu*n%aa%‘auéffam’ffalé{ggf}?"iogeé ' ‘;':]“’tgdo'fﬁcé “laﬁﬁn‘ntxhe
6L hetpd he

updat i ng>pLAGedure My e fiskhl QueRd; ikd r&fede thet Rcistitl LI
frame can acconnnﬂé{rg]yagnew pgc uet ) l Itf r‘?l{l upga{%glsg)?’o%glghggy I's not l%o be

Db Cupeb @ MTRLPARBE AESEA Per! B DG g Rt OBREi i A eleading ° "'

updated. Arter not updating € e

r ocedur @olaSioh OthE. r fo4,ned _ 04,..,t.0¢ - c,e t.o..sle 308
T T i N T A A

to initiate the update procedure. A va e nu

| ess t hawait hed prondzds to dicapiulapeeidatansmi adelhect ed at step 312_ Control |ogic
32a determ neﬁmaé‘ ste&. 316 whether the selected value of kF results in a
frame of a satiSPEct'dlye MUeCauihFaEsshigyPasketdatseiif is satapished ot gep 282 shi ng
whst her Exessed piek@dosahieandf reker 16 albh&det &is slidirat dodtinbt satisfy a threlsé %he

sel ected val ue of k* does not yield a satisfactory size at “step i , the
net hod Yﬂl‘t?cgéﬁgoﬂdbn@t‘éﬁW?b&ﬁ@éc@%nﬁmrﬁwﬁhﬂ(lﬁﬂ: packets is not

updat ed. After not updating

A, + Xk D/ + K+ D >8 (15)
20 Whether: there is no significant efficiency improvement by waiting 1s established 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



the value, the nethod termnates. If the selected value of k; yields a
sati sfactory size, the- nethod proceeds to step 320, where control |ogic
32a determ nes whether the selected 15 value of k' guarantees in-tine
delivery for the head-of-line packet, while the next packet 1in a frane

will lead to a deadline violation. This condition nmay be established using
the followng relation d; (1, k;) =_di <d(1, k' +I). If the selected
val ue of ki cannot guarantee in-ti delivery, the nethod proceeds to

step 306, where the nunber k of packets is not updated. After not updating
t he val ue 20 t he ,nmet hod t_ergiﬁnat es. |f the selected val ue can guarantee

the in-ti Red HEPRGE Y a Hatiohrod Asrerdwghs  felaving Same eusepsulatie andnber k
‘of packet ganssisspsiis@fpechid BNeddRd AtdeBdinct Vi, YBiiod 56 ‘- m nat es.
Mbdi fications, additions. or om ssieonfsnerréyab(gl St D6 TSR ehef il Bt
depar t i ng®¥eBHiative wiesp stabipn t2Qchas dearnyi riolertiel ipekensiolajipn,sirgpisssnimythb e

per f or medeijdcal j . Lt h departing.fram.the scope of
the i nven?iﬂgﬁ. @ﬁ?ﬁﬁg&r@g&dﬁ ! ?@ﬁg?ﬁ:ﬁﬂ% |?1$/necﬁ?g’lug) ‘Oﬁﬁ%ﬁugtﬁ%‘?ﬁt‘de one or

nor & t echni calIf lesd vbant sgesonditione atendatisfiedanhsoapt 285 tef maned probads e Rpmay be
a frane at a queue of a

that the- r qQf packet capsul ated jnto ]

notvor kg BBtsedhe B KRCPw (FRE TR R abli § Flnigethatiopmoater 1
deadl i nesatdeast bheo curRigonange katisRES MOy FIF Mt hOMSd pALBRE Y S 990, where
encapsul atgl 8” may mnimze bandw dth overhead caused. by encapsul ation.
Anot her 118¢ HRGEIRS todTueadvishscdine e Nagte tairptgimathad tmyinges. t hat adapt i ve

encapsul at i on ¢¥BY%: PEE¥IOSrockBlred S eOMEEd gnuher of fransni ssion atfenpts,
which may lead to i r;provgaoct hrroug(ﬁput g%f g?ﬁ%ﬁ“@&. lg%Iutg oudt’ & ER5odi ment
of 1% he i rressdiush thatdelytan Gdvaedictpasofahe chiaset sted at the Sme@ictidxt packRer Son

skilled in. | d._peke variogus alterations, additions, and
oni ssi onsapn‘\;/ﬁgfrﬁ%%lsgg%a%ﬁ 'ng% f ot ﬁ’es@ban #‘?%&Y@E&g‘é figptignef wpedamt
i nvent i owhametiedsiteed idly. The fraapensele 6draputsd o a NAe kiidohAL NERuLS 1. A

met hod for encapsulating a plurality of packets into a frame, conprising:
recei vi ndoathp dyranics pf gfe lpﬁgk—eﬂfs thetcage eff aurilgan Jof ofapapkets & bé yncapsubdtat i ons

e R L R
t & pl ur alade Yeq@hdiigahd @nditions established at steps 280 through 284 as well as the fraction
' of idle time. For example, if none of the conditions are satisfied and the probability of an
idie channel is less than a certain percentage such as 50%, station 20 may decide to wait m
hopes that the time the next packet arrives, the channel may be more likely to be available.
Modifications, additions, or omissions may ber 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 methc;t: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



directing the plurality of packets to a plurality of queues of the o
station; detecting an avail able channel of the network; selecting a queue
of the plurality of queues by: determ ning that the queue transmtted a
colliding frane involved in a collision; and selecting the queue in
response.to the determ nation; determ ning that one or nore packets at the
sel ected queue are ready to be engapsulated 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 franme for transm ssion
using th il.able channel.. . 2. A neth r.encapsul ati a plurality of
packet s iﬁ?ogiyeg ?Cg'r?gej &a%g%ﬁrﬁog?cﬁaén{r@%tg%\g}?%gs azireﬁ %gtaq"f‘ﬂt]ei/i' g? n%rg@ﬁe is‘)flat a
station 0{):101%6@' ' @fubf Yo @;, St ineNgpdafin@ prdt@ner kay SRCHRRAKEtn AeQCloat ed
with a delay requirement, the delay requirement Teflecting a deadline
cor r esponditerpingwheth¢rdhe frame sapbasspmpiodateg nsivuregkdtt y of stations; directing
the plurality f ket : nl i1 el
detecting an a@aﬁnﬂ%ﬁg P?%%"ﬁ‘ﬁ% 1951? { '?dhléé ﬁ%‘?(\t/\rgl(r&g mgztﬁeglﬁorﬁt Q—l% ﬁ%ﬁghdaﬁg%%gaor
nor g packehéealie audb@UE, of ndthpdikdlr alfiet YoOipdatiRgl Qe alethoti@ainatés0 H&n
encapsul ated into a frane in accordance with the delay requirenents
associ at eepdalet procdilereoiretoobe porfermedcietiep B4, the owithadngroeteds e sgpaifé ta
current packet having a current packet size, the_ queue having one or nore
pot ent i al ‘“ﬁ&&‘@?é‘k’%gi’%e frg oo 0 Bthsupber & HEpakkes e dhanghe pgpker
pot enti al 4 _ Qf &N 4 , . 0 nip her a
o of 18 RiAckds hci8fcPal Bl S B by RRAERR T HECn S Fe N PSIEBEL T,
than a nmeiedeivahig®f GOr iease o diffaghet o adsadndteddiRf whith oldyMRictcdiithed by
determ ning that the queue has the one or nore packets ready to be
ent@psul asedlishitpwhétberfthagateddd vahe S sadsfgsegligt; yhan. t he maxi num packet
size; and 21 encapsulating the one or nore packets into the frame for
transmi ssi on U§ihegeletthe valuabf abdeesolvhmietd a saBisfadionetitoa sfepr3 1ethapsibdt i ng a
plurality of packets into a frame, conprising:

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



receiving a plurality of packets at a station of a plurality of stations
of a network, each packet associated with 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 available channel of the
network; determ ning that one or nore packets at a queue of the plurality
of queues are ready to be encapsul dfed into a frane in accordance with
the delay requirenents associated with the one or nore packets by:
establishing, that the queue has transmtted a previous frane, the queue
havi ng one 'SP 2dvaniaasi ofiang sovhodimdng may de kbt sdgtivierig capsulaniai i Provide

col | ecti vefRackgicedSi : Nl ayl oad, of the frame, the one
or nore renaini n%ceggiugﬁjf fg Erggsgrg%g%ng%%"%ﬁsg V%(l)‘%ﬁerﬁﬂ' L5ed o Eﬁ'@&ﬁ"éﬂ’ﬁ&’(“@ﬁ?m

det er ni ni nperieEfREr t he renmining col | ective packet size is greater than a
maxi mum packet ﬁjt%o%;ghaand dgt{frm'tni'{] that the queue has the one or nore ‘
packets ready to be> encapetfaray®) Mo HoR (2afeity pdvanseeserrgidsbariped in

col | éct i vedgat; lagterseh zkillies i1 iRArEEoUl @Bk NRioul B ARERS pf&a{i%‘ias $hé Smidds
encapsul atigeott&e one aor nore packets into the frame’ for transm ssion

usi ng t he™SVal (CHRTRO%E FRRT Eie. spant audngoppe af ther presrob powhtidn agdefinpd byahéty of
packets i ndppeichcRiRs. 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 requirement 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; determining 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 with the one or nore packets by: predicting a next size of a
next packet for the queue; 22 deciding that waiting for the 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 frame in accorgance with the decision; and

encapsul ati ng the one or nore packet2 into the frame for transm ssion
using the available channel. 5. A nethod for encapsulating a plurality of
packet s y} 1 conprising: receiving a plurality of packets at a
station \}(\)/Eki'%ici“ﬁwg?}sbf stations of a network, each packet associ ated
with a delay requirenent, the delay requirenment reflecting a deadline
corresponding to at ' - Of o] Lty f ions; directing
the plurali ts' of %‘a@%@?gtf?rca)enggg uért'g iat@lm%wgﬁé%ée%{%'f%t%@&g ‘ation;

-det ect i mgrmgnsiagiai | abl e channel of the network; determ ning that one or
nore packets . . it S . to be
encapeul at e ol PUBHE o RSt M AHEk o PHRISZIRADERY | croncs

associ amnetwork tdach hbeckah essmtiated witipa dklely sedyyrenmné dive delagregumenentsi ze of a

next packet.. ) X i.dj t L ; X} ..packet is
associ a’? éé%c\t}\'}qoléldéguglggllég'tﬂg?poog@%?g% ggle%%a?ﬁ Sl@%é@fﬂ% é@é‘r’{"%@f&g{éb%r eshol d; and
determ Ini ngddi_rm'ﬂingltfe mjuali dﬁ@ackdh@tomﬁumﬂtyrqmﬁetp?cﬁghs§ha_é<ady todbe
encapsul at e t he th the decision; an
encapsul at i ndét%t%go%ea‘jgﬁgﬂgFégh%iﬁﬁbg%?n chm he frame for transm ssion

p g p
usi Eg Bﬁectmgaai ?w&mlee:anmalli’gy c_ﬁqu@uawlyhpd_ for encapsu! ating a plkural ity of
packets into [.a risi.ng. r s 1 .of packets at a
station of .ad%faﬁnr"_ﬁip ft@atgr?englt‘%%%%s?mgfecd? gér{@;ﬁ” f%gérg)gh%g‘c%et associ at ed
w th a deliggn raedui renent, the delay requirenent. reflecting a deadline
correspondin . | east  .a s t .ality of stations; directing
the plurali tge'%??’”ﬁé'&%‘?es“et% "%S%gﬁgér Qqﬁ?ggge{%&é{éﬁlés of the station; '
det ect i ng andatgmmihiabltiest ohamneloropadkets atdhaeslksied gueraamiragitthde one or

. k f th I i f d b
s ooabhE Rl e A el bk e PSP £
associ athetneaidr imdrépackats; @andnor e packets by: predicting a next size of a

n_eXt packet ér?crapgu aetin%"ltﬁg %ﬁe %:r)’more packets into the frame for fransmission 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



deciding that waiting for the next packet is not associated with an
efficiency inprovement; and determ ning that the queue has the one or
nore packets ready to be encapsulat®d into the frame in accordance with

t he deci sion; and encapsul ating the one or nore packets into the frane for

transm ssion using the available channel. 7.. A's m for. encapsul ating a
plurality of 9&&%&%’4@“9 %O PR, Pac g% meﬁ&m%‘?‘/? %"ﬁBﬂP'S%B@Pﬁ Ee to
recei ve tpe Blsilaglel d¥ngdl packets, each packet associated wth a del ay

requi renent, the delay requirenent reflecting a deadline corresponding to
at least a subset of a plurality of stations of a network; a plurality of

queues coupl ed to A hRtHoarYf ertiafsQBRIEDpIardlig o packets it pkamal ity of
packets; and a schedul er coupled to the plurality of queues and oper abl e

to: est@IERSt hat there is an avail abl e channel of the network: select

a queue of thécéwm{c_{ @blutraht)%f W@t@%taxétatieﬁbeé mumnlt\,goftsm@ttonmeaqueue
transmtted a coll1di frame invol ved ision; and se]ecting the

queue i MENEIBRRSE Haékﬁttﬁés%@t@g Mith & Gy reﬂ%’feé?efﬂt HE e ORigY TS HUCBE hor e packet s

at the Sr@ﬁl&%gg RHEHR RFBspERNG ot Rexst #80HRS b tA iraling 6f Aatfoname i n
accordance wih the delay requirenents assocj ated \ﬁ{#@sﬁghe one or nore

packets; and t#rﬁq:ttqgéh%plgrﬁi%gfmagk?fgﬁo BPIYLY ghveges BRets into the

frane for trRRsAhSaH hikdbicthahha A hethb®; channel . 8. A system for
encapsul ating a plurality of packets into

t
oper abl defgsminirginaons ¢ P Rackelsat ALRER efa"h%at&‘%%?%ie [al%é}@gfga?ygg '\r/'v.p? h a

del ay r gQuk RERlIatddRiodeiameliPEbddr@imRBIwithahe 8aby RGuretiendl | ne ,
corresponding to at |east a subset of a plurality of stations of a

net wor k;s80qiAtad with the @fe QURABPAHESIWY to the input and operable to queue
the plurali t)éstaeﬁsrmgqhsme q@@ge Aas GhedHitied a pRIMYLRrne:, thequluer al ity of

gueues and operableto: establish that there is an avail able channel of
t he net WB¥FKY 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 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;



24 determ ne that one or nore packets at a queue of the plurality of
queues are ready to be encapsul at eﬁzé nto a frane in accordance wth the
del ay requirenents associated wt he one or nore packets; and initiate
encapsul ati on of the one or nore packets into the frane for transm ssion

using the ava ',da Eaﬁ&%@ togthgt eetxﬂég & ,ssasfsﬂﬂ'friétgﬁgvitﬂ%ﬁreﬁp r&ich® %al culate

that the one™ ueue 'urality o queues are
ready tdedaénenredpsul ated into the frane by receiving at the queue a

currentpackel. havingfy GULEDkPACKSle 5ir68 obbeis AT havi ng one o more

pot enti al Ive pac sI'ze one or nore
pot ent i@icap@ﬂ#tetisntcb thelfearp® reicbalahye wﬂhamdﬂcaﬂ@dandet erm ni ng whet her a

f th dth
han a mi ATFPETSRREds bep AP Ratse s A PrRl el g, * O

det er m thk Agaildbat cHahgelqueue 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 si ng: @An i npuhetapefalzheadsnlatieg eiphaakity pf packetstigtos! frgragket s, each
packet assocjated with a delay requirenent, the delay requirenent

ref | ect§3 "8 Gead! i ne corresponding to at |east a subset of a plurality
of stations r@tf:exﬁn@atpwwlky oﬁpaﬁkaﬁsaﬂtlateyatmfn afj aglieslitg olightahstad at he i nput and

operabl e to qu |t pa K .-y oupled to
the pl JtEveTkye Eﬂésg‘ﬂﬂ Sﬁ‘éﬁh Feqﬁﬁm bﬁleaq?%? &H %erg is an

avai | abrleﬂecﬁ:hglanﬁiadmfe ddnespetdity 1o atdﬁsearwbmttohme mdurelitpof sietienspacket s at a
gueue of th Iur it f red lated into a
frame in ac g \R)/L[F%Ihf ﬂg{p g?§3°?§é ﬁeée ‘?eh%gé)g{s?%g%?% ed with the one
or nore pacl@t@xun@adawé\lalblea:trenaelaﬁmwhamm of the one or nore packets
mtotheframefor transm ssion using t e queue is
f ur t herdSiIBYRRG Bat gne 9T BATSRAFHER at%%‘%ﬁ’gt Ur’r%ﬂ p%l?%%g %?é ahRe queue

of the tpldreakbiptiéd mmttﬁal&&rr@nﬂab@ﬁdarndeowzbetherdempsad;tmteewntmto the frame by:

establishin trm&j t he queue has t{ﬁabnsmtted a previous frane, the queue
havi ng 51i&c éhe BRRPHINGE REK packets having a renaini ng

col l ective paskéing 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:

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 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;



si ze corresponding to a payload of the frane, the one or nobre renmining
potential packets to be potentiall )ésencapsul at ed; determ ning whether the
remai ni ng col | ective packet size is“greater than a maxi mum packet si ze;
and 25. determ ning that the queue has the one or nore packets ready to be

encapsul at ed difgﬁitg%ghﬁ%m;arit%@efgt t&e (8 SRRB D hBGhsS LAt WithainRafdi&icySi ze s

greater than I mumep et size. 10. A systemfor encapsulating a
pl ural i tiyjpeivepankebs into a frame, conprising: an input operable to

receive a pluralit i it h a del ay
requi renent, dfe%émﬁ%lgg@atﬁgéélﬁ%%en%%ﬁ?e ?giﬁoﬁgﬁi&ggﬁg?%ngﬁir responding to
at | eastenaasaubsed ined tha fiamer ialactyrdaficeswitit fheseciaibnaanset wor k; a plurality of
gueues coupled to the input Eiah Lidi of
packets; and QQCW@W g}ep%n&%{}g%r%g: %E?%Aeﬁﬁ %re gﬁéﬁﬁogyﬁﬁﬁﬁé gﬁﬁ oper abl e
to: estiabhisibbiehakntdiere i s an avail abl e channel of the network;

determ ne that one or nore packets at a queue of the plurality of queues
are ready to be encapsulated into a frame in accordance with the del ay
requi r enent s 7. assdcsyaten fonienhapshiatioge piurality oepankeledote;a faae.i niti at e
encapsul atian of the one or nore packets into the frame for transm ssion
usi ng tf8TRYEA¥abl e channel; the queue is further operable to calcul ate
that the oneaarinpudbperpblekeracee & pioraljtyeaf @acksts, ieaeh pRekehpFsopialtd queues are

ready to _be encapsul ated jntp the f. : HELdii B&ehdipyze of a
next paé"ﬂtg'ta ‘?%?y %H‘rﬂﬂﬁ'ﬂe%,heagg'@%’ofgﬂﬂF%tIP%A%C |gﬁégi!j§%drhﬁigﬁg”next d%gcket is
associ atedt it aubsexgiarpinatity obtafionslefadhgtwerk; and det er mi ni ng that the
ueue has the one.or_ nore packet | Ak the franme
q y ,—?Wy PE%”%‘&? Ipcglu%ﬁd ‘?ci{f%qﬂgut tapld l&ﬁ}eqaﬁl’%@ﬁ%éu@ﬂ?%iwﬂﬁt?

in accordanc® syste or encapsul ating a
pl urali oy padkepaekets into a frane, conprising: an input operable to

Fequi rement SeeqHledpuPRALS I RIRR o BEERs SRR 0o Sspond: ng
establish that there is an available channel of the network;
select a queue of the plurality of queues by:
determining that the queue transmitted a coliiding 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;



to at |l east a subset of a plurality of stations of a network; a plurality
of queues coupled to the input and agerable to queue the plurality of
packets; and a schedul er coupled to“the plurality of queues and operable
to: establish that there is an avail abl e channel of the network; 26

deternine that on Rl Her ik dihvaiplug@lesyrof queues
are ready tog%tgpr@'ﬁgg%stgﬁét%ég%?%?%&gﬁfa}tga in _accoér‘éarggg 9\,1 tr? trr1e del ay
r equi r enelydo basscansatatati wta dfraime inaecostanss Mith jee felak reHEMERSt i at e

encapsul_ation of .the one I gats into the frame for transm ssion
%‘ﬁé‘io‘gﬁﬁ‘ ﬂwec eor?{t?rgglﬁlgké@%

using t A8° anne é queue is further oFerabI e to calculate
that the oneintiatnen@ppastiat of the otd er paesurackets intadhirapafirty of queues are

ready to be encapsul ated | rame by: predicting a next size of a
next pa%ﬁ@?m‘?%'fm ﬁ'@gﬁ.'uee%\'e‘r";ﬂg%lgcﬁhgﬁ%% that waiting for the next packet is

associ attetqusiut s Rurthacketratble & calatlate thdtde deer mote rasketsBythg AUBERshol d; and
determ ning that the gueue h I kets peady to be
encapsuPtawg&ﬁLir%q%O %Léeupﬁgﬁeere%ﬁyté%g%gﬁ% ggi?v%atlﬁtoﬁﬁ% gecibrgi_ on. 12. A system
for encapsul aiceivingaat thegudtiet y cofenp aatket baving 8 carréntaasket sEgnfi si ng: an

i nput operable to receive ! ' at-1o neGReketRBEKGE cassoci at ed.
with a QUFYRPORPISRERATS q%rﬂe t%[a‘?z;%{&)rég%&ngganﬁ%&%?léecti ng a deadl i ne

cor r espongiongpotétizhpadkessto & pubsetly efcapspitpdal ity of stations of a

network: 2 PUSCEhhiY Rafiain EPYBIEHahhabAG Rkl (O GoRRRAIREA O dueue

the pluralit : d a schedul o the plurality of
queues and ingeniabtimnt-omaxieanabizé shrespending de @ Pryoanh obiaitiaglst 8¢ hannel  of

t he network; . determ ne that one of the
plurality of d%ﬁ%@@gg?%th? 2L\ ?agé%g%égggg@u %:écek%ESl %?gy?%r ame in

accor dasseapsulated ihe tHefraperitieisuenie greaterdbaotheao@dmunt 1RckeiSizéne or nore
packets; and initiate encapsulation of the one or nore packets into the
frame for transm ssion using the avail able channel; the queue is further

oper abl e t o gal culadystehhfalr ehbepsuiating e nyely phpickets iale a frRMeueue
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:
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 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



of the plurality of queues are ready to be encapsul ated, into the frane
by: predicting a next size of a nex 5packet for the queue; deciding that
waiting for the next packet is not associated with an efficiency

i nprovenent; and determ ning that the queue has the one or fnore packets

eady to be SREaRHYALGH: LILR Adlnk bASRr MBrAiREEaosSy tideh the decisi on.
+ 27 13. Logictor e capsu? I'ng a plurality of packets into a frame, the
| ogi ¢ ermbospsathtécing the frporest the eermiabing colientiug)pachebisizarsH1aaiRh R & cut ed by
a conputer rable. to: receive a plurality of packets at a station of a
pl urali Wb?e’gfpg?‘?%ﬁ‘%gof a network, each packet associated with a del ay
requi rement, the delay requirenent reflecting a deadline corresponding to

at |least a sqgset éoglytsjg'/epng‘%ople% Sbm?é)tgﬁg}rgﬁt}i, SfackEts s b e pl ural ity of

packets to a plur gueues o station; detect an avail able
channel cofnptisiegnet work; sel ect a queue of the plurality of queues by:

determ ning that the r 1 i di InRegved in a
col lision; afid '%Dé# e rlgﬁgl{‘?ﬁ%:e%gj%&'itaﬁgrogg%%ﬁgéég%%}g?i%égﬁéer m nat i on;

det er mi methtsandeiayorquicementy the pletdyeeguiremanh esflselinec depdljiR R TeRPENHIBAdY to be
encapsul.ated iinto a fr LF - | the delay requirenents
associ alt%atelﬁﬁtﬁ Sutbﬁ%t oggg%gﬁm@fgg%%%g%sﬁ%gﬂé’ encapsul ate the one or nore
packet s i nt oatphealfty ahgudies coupledin theiinmt asd prpreibie to ayeye BBIPETRannel . 14.
Logi c fo; er?((é%psul ating a plurality of packets into a franme, the logic
enbodi ed' PA™ESc8Mput er - r eadabl e st orage medi um and when executed by a
conput er opemnabheduierconpledity theaplywhily af qyguesfangeR@EbE 18t a station of a

Pemt erans <ShBHGR Pl P BUBbe o RED FRhERgROEL 2L ot 1 L1 Y,
at |east a subteehinefthdtlvee i uroat pagkets aist mqug@’;hed:piw@&ty of AdSURSA@l ity of
Channel rAovinBe fobaHiehinft e T abiankRfine oodl RurgheBeTl foue of
t he pl umgkddatedvitiytreums @rreore 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 encapsutated intp the frame by:
predicting a next size of a next packet for the queus;
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 ready o 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;



ready to be encapsulated into a frame in accordance with the del ay
requirements associated with the ong or nore packets by: receiving at the
gueue a current packet having a current packet size, the queue having one
or nore potential packets having a collective packet size, the one or

more potenti abiparkehs o%% PO beeHch Al dq@Aeap el Glietly ofqadSian ng whet her

a sum of the current et size and the collective gacket s ze is
greater remoaemzawmt@l into @ EAMEINBAHAFRICEHIR RAGFE ae%lffefffﬁa Sframe; and

determ nj ?&daﬁtgﬂwtﬁhﬁe rarre Igjagﬁgsogg or nore packets ready to be

encapsula rnto sumis greater than the maxi num packet
si ze; and 28|n|maipsamsdta@om h@hQQGSQFW@%ﬁ@H'@Péh? fewed®e frame for

transm t%%hglﬂ[s‘s’%h é \?a\{lgb %tﬂlaﬁné‘[hannel 15. Logic for encapsulating a

plurali rane the logic enbodied |n a
conput erthsr qmi@m mr&temw@biﬁé@lp@iwiamh@m%0@%@%@9@&%9‘3& at Eflf’rﬂﬂ?f’@r oper abl e

to: rece#%%ﬁurailtgcﬁ&u%u%ﬁ(%re assg% Bed cé’psﬁFa?éd A tAb frAmRlgyr al i ty of stations

of a networ clate del ay requirenment, the del ay
requi r ement pesfd:céloglarfgxla‘a‘izede‘ia@iheﬁ@aé%ﬁtﬁ@éb%ﬁ@ﬁq?g to at |east a subset of

the pluralit g?ﬁémé;ﬂg&{t }N%ﬁl?\g fgll {hg%texttﬁﬁk@ﬂ |§”é§§dc¥a§t’ed3\f\ntfpé‘bl§§ﬁe$ ids@ r&epl urality

of queues of etect an avail abl e channel of the network;
det er i twatidhes noreatisly artoreghpldckrd s at a queue of the plurality of queues

are ready g e BNGANShALED.d RLOYR chbWThordlpasens danpe od th (e del ay

requi rements —assocra e one or nore packets est abl i shi ng

t hat thenqamumtdstbjstotthaﬁsma!ﬂ@dchﬁmwlﬁuﬁ'efqeé'ﬁ@n t he queue having one or
nore renai ning potential packets having a renmaining collective packet

si ze corresponding to a payload of the frane, the one or nobre renmining
potential  pagket $ systepefqyeneapsusting achraliy of Rackets BRI ng whet her t he
remai ni ng _collective packet size is greater than a maxi num packet size;
and det gg%pﬂ?ﬂ% that the queue has the one or nore packets ready to be
encapsul at edan ipat bperable doreedefvet dnplurabived§magkete slach arkes 2pIRdaisd si ze i s

gr eat ef LA i\ eren[ BRI RS roflfdine ANEHLRER Abding cohgsiuiging! mor e

packet s WAt sm'ssion usin
to at least a subset of a plurality of stations of a network;

a plurality of queues coupled to the input and Qperable 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 plurality of quaues 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 queue has the one or more packets ready to be '

encapsulated into the frame in accordance with the decision.



avai | abl e channel. 16. Logic for encapsulating a plurality of packets into
a franme, the logic enbodied in a c?ﬁputer-readable st orage 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 network, each packet

associ ated wyh aLQ@Eﬂ% ern‘é‘%ufaﬁﬁglatplurbﬁtgoﬁ@éoﬁ&tsﬁﬂq@ﬁmmme logfd ecting a
deadl i ne corresponding to at | east a subset of the plurality of stations;
di r ect pﬁ@oéiedriraap@fpp@iﬁf-@ééﬂ@?§tqr@96a”*6ﬁwh?fidt‘§“/h%‘fe>i?8@88§w@r the station:
det ect ggmggig}bgé}g@e?@annel of the network; determ ne that one or nore
packets ‘at "a queue of the plurality of queues are, rea

dy .to be
encapsul at edracaive aigreliime! Packgisc Eoalion Aidureits 0&%"?’%&?"‘%{5&&$‘%%m s
associ a%‘ééirt(kﬁ\%ék?t éé%t%ﬁi%% Wil AB4i8y RACKEENDIHe Ry Bh@EEndnt Refleatimext  si ze of
packet for

a next e queue; deciding that waiti ng for the next packet is
associ atieadling chrresposgivg it el lsaster supseld Ao PHEIYH F448P%r ni ni ng that the

queue has L g, QG R B¢ PAAERS o Sadiy!d qlsuesgapsslat ed T nto the frame

i n accordance w : cl'sion; and encapsul ate the one or nore packets
into the fradefettan aveialiatkainehoffie AGMWIRE avail abl e channel . 17. Logic

for encg&ggf.{laa&de@gé)gg%lMgrghtiytqugéuéga@kets into a frane, the logic enbodied

in a conputer-rea e storage nedi um and when executed by a conputer
oper abl e t o, deteteining ﬂ'@’[meufﬁlﬁtiettwnémltfﬁ(ﬂ(@?@"ﬁff%f“%fr%{f’ﬁvﬁql'%EI' a plurality of
stationg,pf A pgtwork, each packet associated with a delay requirenent,
the delay Tedquirenent reflecting a deadline corresponding to at |east a
subset of t heelptiingdie ayeusfin sespenemip, thadetssMingiipl ural ity of packets to a

plurality of ,QUBliaS wDE ohBr SRl piRets AMELEdledst quatid #brsadyhameel of the

network; determne that one or nore packets at a queue of the B’l urality of
queues aneapstlatedyinto frame icagssidance With Higdelay FeqHESANtS ARXRIRL WM t h t he

“delay r 'qui;[‘]; jated with the one or nore packets by: predicting
a next %%;deneo an?l % pégi?l?gt for the queue; deciding that waiti ng for the

next packet encapsgleisithe ete i merapasieieaita the Famgifer transmission using th
available channel. ' o

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



that does not satisfy a threshold; and determ ning that the queue has the
one or nore packets ready to be encapsulated into the franme in accordance
with the decision; and encapsul ate the one or nore packets into the frane
for transm ssion using the available channel. 18. Logic for encapsul ating

a plurality gﬁ atggtéf‘éﬁ.e'o%%r%réameté.he hehfe reNPRdhfsbidusihg the

conput er -readabl'e storage nmedi um and when executed by a conputer operable
to: recévgiable giagnell ity of packets at a station of a plurality of stations
of a network, each packet associated with a delay requirenent, the delay
requi r enent reflectl ng a deadline corresponding to at |east a subset of

the pluralitydof $eaicifamhcapsuiaing aparaly of apekelp IBfo pEerettse{wia plurality

Of aueUes fichfia ShAbl RN carlBketbagd matiin 8 Gnehatieledtly 4 he network; 30

determine that one of nore packets at a queue of the pl urallty of queues
are reaéymti)@tebep%"ﬁb,la;b@ul ated into a franme in accordance with the del ay

requirement s . ag30Gl E(g o\f“p%gketté"% PEEHMN o i@ral?@%lﬁgfa%or%’of Pragb&ling a

next size of a next pa or the queue; deciding that waiting for the
next paeaet packehersopigiegovitit @ delay twwfﬁmeﬂt it ek reaUiFgIPeR EARESHNT And

determ lgé*aatreéda%dﬁpt &t téaaéa?osen@ftﬁé prrpgney aasehm ready to be

encapsu ate i Nt 0 rame | n accordance wth the decision; and
encapsul at e direst eeplwrlitief agetkiorapliurality Qflﬁtée'#ﬁ‘sa‘?féhﬁf #hatiet ansni ssi on usi ng

e e | A0hReENA N abid SradhPUSHE R RTcenCapsUl at [ ng & plural ity of
;. “conp

packets into a risin means for receiving.a plurality of
packets at adeteammeﬂwabbnaopmreapaqk@tsaﬂ asuptE ohthe rigrality 9EEYRIER areach packet

associ afed %BQeﬁcagﬁbevednﬁfM SE acéohgarfésmp théhéél'é!r [&fiRBhehts | ecting a

deadl i ne ¢ rrespon east a subset o urality of stations;
means fmsmlatmlim@etdme oplmaralpacket® by packets to a pI urality of queues of

the stationgOBaRmy kol iieLE&l M RihsHYRld 2PlSiotoRane! efqubhe network;

having one or more remaining potential packets having a remaining collective packet
size corresponding to a payioad 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

determlmng 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 packst size; and

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

availabie channel.

16.  Logic for eﬁcapsulating 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:



means for selecting a queue of the plurality of queues by: determ ning
that the queue transmtted a collidiogg frame involved in a collision; and
sel ecting the queue in response to the determ nation; neans for

determ ning that one or nore packets at the queue of the plurality of
queues are readicih alexC8saBsHhatt phcikdtter the fieue i n accordance with the

delay requirenents associated with the one or ra) ﬁ%gacket d neans for
encapsul at i n@e@!ﬁ'égB?Pé“@itmﬂﬁp'é’fhﬁ@@mk?trﬁ Bsstol‘?@tef :t ?8’fp'ra??%ﬂ€?n ssi on

usi ng the.awai hgbl e channel . 20. A method for encapsulating a plurality of
packets into a frame, conprising: recei Vlﬂ'é‘? C% urality of packets at a
station of adplerniairgtthatdhe suays kathePng of REFBRMkeTSIEAHY % et associ at ed

wth a ‘é‘ﬁh ura?éb%h{oem@ﬂiamet.H%c&%hwcer@%é@ga%n aef | ecting a deadline
corresponding to at least a subset of the p Iurallt%?of statiogns; directing

the plural it gnespsplatedtae onecr M5 preels toghe fFareder bansHssidt Y ke
detectlgg e@%%hhéble channel of the network; 31 selecting a queue of
t he pIura queues by determ ning that t he gueue transmtted a
colliding frame involved in a collision and selecting the queue in

response to the def E%rf@kheéhlatﬁag% &Mraﬁ@lcﬁ%bms fnhea fli@eethefodidie plurality
of queues according to a selection procedure; determnj nyg t hat one or

nor e pa@kfélodledtfn@ﬁ@ﬂquf@ﬁéeaﬂablekﬁéorﬁg%uﬁ'@ldiﬂam Waﬁ’éﬁé%cuéﬁdeb Feady to be
encapsul BrtnEQteP Eﬁé}ﬁ@e% ane in accordance with the delay requirenents

associ at ed W t e one or nore packets fy receivi [l?gi at the qu&
current packé&cewa\ﬁlmlg’aﬁty@npﬂ@fﬂfs%ﬂé’t‘o%?z%plu'ﬁ'i@o’:& ges AR Y Bne or nore

potent %%: 6—&{%{ éssBa\é Jivith 5%:%?%%%%%@%@ d&ihy RquirbRemeiecBhg BOT €

potentia ts to e potenti al [y encapsul at ed, det ermi ni ng whether a
sum of deﬁfémc@prrewngmkctatﬁaﬁfea élﬁdief pidhe plurality PhteliPitket size is greater

than a maxi ”Hﬂ% teﬁﬂur%ﬁtg Eas tﬁgabﬂrzﬁtypéfﬂu@@s &ftné Baitibf,ane, and

determning t one or more packets ready to be
encapsul at eddﬂatﬁctcﬁntmﬂﬁbi@@ﬁamﬂeiPﬁf@ewmqrg greater than the maxi mum packet

si ze; establ 50 nde WAbnL e n%‘r'@ﬁ&c@?ssatta{ QR Jf rRlblaraliy @Y gOstiesfarame, the
queue having one or nore renal otential packets having a remnaining
col | ect raaglypabk encapsulaied 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
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
ehbodied in a computer-readable storage medium and when executed by a
computer oberabte 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;



size, the one or nore renmaining potential packets to be potentially
encapsul ated, determ ning whether tdge remaining collective packet size is
greater than a maxi num packet size, and determ ning that the gueue has
the one or nore packets ready to be encapsulated into the frame if the

remai ni ng coldbRfhint8nRIRKRr nfdré patietdsteng @uetohtve dilrality shyidnsmapacket si ze;
predicting a first next size of a first next Ea%:kg%laéor t he &%eue

deci di ngeadyde begicepsiptetint A amer'glac‘f'?é%mcﬁ%t EOYUPRPEY with an

expi r at iQBshicd wiB ¥ brittor RO pdREEHYI Ni Ng that the queue has the one or
nore packets ready to be encapsul at ed into the frame in accordance with

the deci si onPrasician @nexysize bz ofd Aekat f¥ithea¥ea second next packet for

the queue, degliding%hat WaitihgWa# thi Maxf sckéhe nsezetskatBe Hith paGKkRderics associ at ed
with a packet |osS rate tﬁat does not satisfy a threshold, and

determ mnn@vemaﬂt & queue has the one or nore packets ready to be

encapsul at ed dlaﬁa rﬂinH@ethétrtﬁ@Eué% RESHEABGE Mbtd badkbe 88g) Biten; and
predicting at next size of a third next packet for the queue,

deci di n@nﬁwlat%ﬁq the free 't‘t"f’écqrﬁﬁfﬂ@‘ﬁ@k@eﬁ%%@ﬂ 3¢ not associated with an

efficiency i %éibﬁﬁ@%%e oRBGr nﬂﬁé?ééﬂené. e thBabmbher BRHAsIAsudiethene or
nore packets r be encapsulated into the frame in accordance with

t he deciaygiable mn@lncapsul ating the one or nore packets into the franme for
transm ssion using the available channel. 32 ENCAPSULATI NG PACKETS | NTO
A FRAME FOR A NETWORK Abstract Encapsul ati ni_g ackets into a franme

i ncl udes recdfvi ng Qwﬁﬁn’p‘@él@éﬁ@%&aﬂ%@t%r?]&ho Q#k%f‘srﬁntfﬁﬁécfa’%ﬁ” stations of a

net wor k . Earlpacket is associated with a delay requirement that reflects

a deadl i ne cor esponding to at |east one of the statjons. The packets are
directed to qeenereecaiirg aphialinof packals At paRtEN OhA RIVERITLET A Ret wor k i s

det ect ed  hbuicric 4LFHELAE sidiphio® Bin AlucHTEq AR, Shilleigy queue ar e ready

to be encapsuladte nfo a frane in accordance with t l(ljy
requir elmwgmeﬂfh!@ﬂ@ﬁ@g@deaﬁdbﬂ%C@é@@@ﬂ@'“&ﬁ‘éaté?%%ﬁssbipﬁté’amerﬁ' 2ty &t f r ane for
transm §§a‘n8ﬁs usi ng the available channel. Figure 2

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 determmatlon

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;



31

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, and by selecting the queue of the plurality of queues
according to a selection procedure;
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 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; '
estabi;shlng that the queue has transmitted a previous frame, the queue
havmg one or more remaining potential packets having a remaining collective packet
size, the one or more remaining potential packets to be potentially encapsulated,
determining whether the remaining collective packet size is greater than a maximufn :
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;
predlctmg a first next size of a first next packet for the queue, demdmg 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.



