-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. 5 BACKGROUND OF THE | NVENTI ON Accordi ng to network
protocol s, packets at a given |layer may be encapsulated into franes at a
| ower |l ayer in order to transmt the packets from one node to anot her node
of a network. Known techni ques provide for encapsul ating individual

I nternet Protocol (I ‘If% ackets within individual Ethernet frames. Known
techni ques al so privige T@Qﬁpﬁ%ﬁﬁ% IT‘iBOtAhER{"P'%EQRs%NEWWRKeaI -tine

traffic over a network. For exanple, a known technique may use forward
error correcti on (FEC) to provi de quality-of-service (QS) guarantees for
real - tine | HViENTIOMwever, typically cannot effectively

and efficiently n uI ate ack into f or exa
t echni ques, may Tshﬁgf ?n%)rﬁ 0r“om APgh %raﬁértﬁetg%l ‘%gﬁir?ﬁﬁ M avach| %QEW@BS’POW so,
known teChmpepuﬁi&iImempsubﬁmglph@:etsﬁntbraG%éﬁMoﬂEnﬁ@Blild. nuous uni form QoS

guarantees for real-tinme traffic in contention-based Ethernet networks.
SUMMARY COF THE | NVENTI ON I n accordance with the present invention,

di sadyant agescieadopnabgpaeseeingied 20 with previous techniques for
encapsul ati ng packets into frames nay be reduced or elimnated. According

© - to one enbodi rrer’i\tCCfo‘mBH@ﬂfﬁff‘@é‘%ﬁ?*ﬁﬂﬁbﬂ?wk@ﬁat degivapemtratiyty gpegkehsdinto a
frame incl on o nber, of stations
of a netvvoq%%s Eac l”\é%%gell n?gﬁggols&g%:"?%l Iaﬁa?/\n E‘%Hoﬁ'e(fngfop%tj?tﬁ“?@ﬁ'é‘?ﬂdef’ at

- reflects aundead.i Kaowortecémp;uadpmgadz&ot mmﬁ@llathgrmdlwdaﬁlf In€er@h PadtodoB@Py One
of the Statlgﬁ%ﬁ‘ (lf Lm fil rect@g{ ueues of the station. An
avai | abl e &% e"Y‘ hvé H gt frameo cIopqvaptechniayes alsg pervidefensuppetingne or
mor el0 pac kﬁie&raﬂﬁmﬁsnﬂhl GﬂQaﬁﬁxﬂe eidYoveOs RRWEAC HRS kAR o Db RnAed higlIBmh{
accordance vvlé)h t he del ay uirements. The one or nore packets are

encapsul at 8 PR Ed £Rer ‘f"l“&ﬁ‘#)“f FQY oarevire gpadity-ofisarvige (Qrs) avaranteds| fer redlannel
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encapsulate packets into frames. For example, known techniques, may suffer from high

overhead for small sized packets. Also, known techniques may not be able to provide
15 continuous uniform QoS guarantees for real-time traffic in contention-based Ethernet

networks.

SUMMARY OF THE INVENTION

In accordance with the present invention, disadvantages and problems associated
20 - with previous techniques for encapsulating packets into frames niay be reduced or
eliminated. |

According to one embodiment of the present invention, encapsulating packets into

a frame includes receiving the packets at a station of a number of stations of a network.
Each packet is associated with a delay requirement that reflects a deadline corresponding
25 to real-time traffic of at least one of the stations. The packets are directed to queues of the

station. An available channel of the network is detected. It is determined that one or more

packets at a queue are ready to be-encapsulated into a frame in accordance with the delay
' requirements. The one or more packets are encapsulated into the frame for transmission
using the available channel.
30 Certain embodiments of the invention may provide 6ne -6r more technical

advantages. A technical advantage of one embodiment may be that the nomber of packets




advant ages. A techni cal advantage of one enbodi nent may be that the nunber
~.of packets 2 encapsulated into a frame at a queue of a network may be
adaptively adjusted according to anount of data in the queue, the del ay
requi rements of packets, and the network conditions. Adaptive
‘encapsul ation may mnimze bandw dth overhead caused by encapsul ati on.
Adaptive encapsul ati on may al so prov}de uniform del ay guarantees for 5
real-time traffic at all times and in the presence of varying network | oad.
Anot her technical advantage of one enbodi nent may be that adaptive
encapsul affcfulpti iplogviraree atfagrucee ¢ fecheteerkmuaybler adeptitehambustsisicandaitenpt s,
whi ch may. i 0, ouwgh r f or mange. rtai p enbodi nents of
the i nvenﬁ](gﬁgn(g{;d%t%@f‘u%gd%%ﬁéé, Mgo(freeﬁjafy Bér[zl%gfarl"er{fa (ﬁhgacggtﬁvémpfﬁf PERRY cal
advant age®ndioes.or Adustercotivepsutasion nhealmiaitvast RGeS idRYovRRciEadidad Bppar ent
to one skil]l eﬁt.i nR%%%art frﬂthe figures, descriptions, and clains
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under st andilngn®fuatie aPeR S8R AdAVRNHeORteRREe lof Svaf BRE WEGRBMGha. 12 BHYANT ages,
reference is now nade to the follow ng descri Et i‘on, taken in conjunction

“with t hdedetshphiipiagg obiprasrbpstiment migyi kenthatr ancissulatibh owl pdoade am

i Il ustratg,pg QReeE R . [ system, for encapsul gting
- packets intora f?ama;%ﬁ%ﬁm?%'pgﬁ%ﬁ%%kﬂgf%é}a ﬁﬁea(‘)iftoéﬂlé’mevﬁg@af)ﬁé\ﬁf‘t of a
stati on okrformansystem of 20 FIGURE 1; FIGURE 3 is a flowchart illustrating

one enbodi nent- of. a t.hod . fo encapsul atin ackets into a frane; Fl GURE
o & %6$

4is a flowchar T FHRAIEEY BHEVEHOIMNeRElids nopensame T pbof thsahtTng a

f14@ at acchoieal #i¥anthid¥E GHéRHdrEloth@SPARSRI havahBE&! Mhi e RaBF khrentR FI GURE

5is a flowchﬁrci_ i|lustrati ng one enbodi nent of "a nethod for ‘updating a
flag of &fhdled wdhe o Famdhe fignres dpssgpiinnscandslajme sobuded hereimansni ssi on of a
frame; FIGURE 6 is a flowhart illustrating one enbodi nent of a nmethod for

setting a flag for a real-tine queue; and
BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention and its features and
15 - advantages, reference is now made to the following description, taken in conjunction with
the accompanying drawings, in which:
FIGURE 1 is a block diagram illustrating one embodiment of a networking system
for encapsulating packets into a frame;
FIGURE 2 is a block diagram of one embodiment of a station of the system of
20 FIGURE 1;
FIGURE 3 is a flowchart illustrating one embodiment of a method for
encapsulating packets into a frame; .
FIGURE 4 is a flowchart illustrating one embodiment of a method for updating a -
flag at a non-real-time queue in response to receiving a packet;
25 - FIGURE 5 is a flowchart illustrating one embodiment of a method for updating a
tlag of a non- real-time queue 1n 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 flowchart illustrating one embodiment of a method for updating a

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




FIGURE 7 is a flowhart illustrating one enbodi nent of a nethod for
updating a 30 nunber of packets to be encapsulated into a frane at a

real -ti me queue. 3 DETAI LED DESCRI PTI ON OF THE DRAW NGS Enbodi nents of the
present invention and its advantages are best understood by referring to
FIGURES | through 7 of the draw ngs, |ike nunerals being used for |ike and
correspondi ng parts of the various dgawings. 5 FIGURE | is a bl ock diagram
“il'lustrating one enbodi nrent of a system 10 for encapsul ati ng packets into
a franme. In general, system 10 manages the nunber of packets encapsul ated

into a fraRREHERIDRSCRIFMONTGE TeEayR ARANCEMENt s of the packets and
network acti vi t bA | arggr ayl oad typicalTy yields higher bandw dth
ef ficiency, but mogfimenkssefi the Present dhisetion g !imaéssinmgeﬂaiea:gesu undiBiseddd By

violate t heeféleing)fo PEGURESTARIRERY of R d%QWi%g T %ég”g%%g?r DA

attenpts to naximnze bandwi dth efficienc
1 equi r ementeTEBPORdiRg pasisiodths vaseusalraiings. t 0 the illustrated enbodi nent, .
20 coupled to a link 22. A station

systegm10|nclu r r tatio
20 nay. conpri seﬁ?@ﬁegne% ?dslgﬁ%n t'ﬁ"éf*fra'r‘%8i“§/é’§'b0<|§jﬁ@kb@§afswnmam tipper

| nternet Peesapwditing aydetdinata Aife de $bidi@0sykRnP | HEL the.15 network.
Station 20 o8 Suiicfi(%p |veI encapsul ate pack)fasts i nt gnga& ?%n@jﬂfbgrgf%cﬁﬁtf to
- mnimze enca "8 %o %‘P‘ﬁé‘é‘&“g’%j wep the delie fdellua%ynemaquf trengskas Ghd t he

packets. Shatvotkructﬁ |nqb de di t ei,ve mes fromthe
network and tr a.nsr;1 it@}é fr aﬂr%eséa{ygdat ﬁgﬂ&h g%'4elh€ﬁ' er%?"ﬂ‘ﬁ'%ﬁtrfgfc&%d’é‘t akat em 10

with one ofsHi5r8 lepas d@pamistien detays, lyémjseﬂytvﬁniattertaaﬂgmytrefgﬁ&kﬁ;,@lOfAhghanneI
e

of lHonk 22h4¥R¥s haVEoRin [ activit te. For
~ channel 2‘% be idie or %g{/aﬁ? &gqe aﬂgmg tod‘i’a’%’rﬁ% apgeidgnetticienky Q@meo
conpri se,. ¢ éﬂel(w@qmr@ner@sqfahﬁ p}lckﬂﬂpatl ble with Ethernet Protocols. To ai d

in the expl anat t E,rrbodl TABLE | summari zes notation used in
this docurent. '%CEQLF tﬁqﬁ M‘%‘Pb‘]ﬂé‘??% PEm N ghider owef orshatkisaitisns
‘ 20 coupled to a link 22. A station 20 may comprisc an Ethernet station that recejves

packets from an upper Internet 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 o‘r more channels that may be used to

transport packets. A channel of link 22 may have a coneSpond‘ing activity state. For

20 example, the channel may be idle or available, busy, or in collision. Link 2?2 may
comprise, for example, a cable compatible with Ethemnet Protocols.

To aid in the explanation of the embodiment, TABLE } summarizes notation used

in this document.

25 TABLE 1

Parameter Definition
N Number of stations.

F, Number-of real-time (RT) flows at a station.

F ot Number of non-real-time (NRT) flows at a station.

F* Number of flows at a station.

ki Number of packets at the ith queue to be encapsulated into one

_ frame.

B; Size of the first k; packets at the jth queue, -

D Random delay of an arbitrary packet




Fn Nunber of real-tinme (RT) flows at a station. F,,,, Nunber of _ ‘
non-real -tinme (NRT) flows at a station. Number of flows .at a station. k1
Nunber of packets at the ith queue to be encapsulated into one frane. Bi
Size of the first k; packets at the ith queue, D Randomdela of an
arbitrary packet. 4 Paraneter Definition d; Deadline associ at ed with
packets of the ith real-tinme flow. ey Upper bound of the fraction of .

cl ass-i packets with deadlines that are allowed to be violated. The pair
(d;,e;) represents the delay requirenent for class-i traffic at a station.
Mo, t' TotaPanuwher gfDefmigise cl ass-i packets that have so far been
successful Il 1 ansmi fisanh. RS RPEI) ShACALARR AL KT LigHST LI

H t\’\r\u

station. ﬁ.’ ! I NUFTbG ;Q:Ter Géﬁﬁ%ﬂlhe%tﬁgﬁ éfélgggrl ﬁ&ef‘é vtf};f?n hgesé aLt‘ lSO ]:jar—
?(x) Encapgul ation efflug{vg@ ¥ 5O vidal t B ; oad. .
' V(ﬁl ']%a‘f’fc gi S%)?? l@'t i fES St ‘i'f@e. B;

4urrem.Curtent tine g re&@n%t fgrcla§s Ut e of the ith dacket at

Number of byjeas—at—t %1;1 qf “of éﬁ‘ﬂt\é (c%laﬁs- ﬁa@lge}s (glpattb@/ej #h farabeest| at t he
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H ol 1 2 .
TP ﬁ Iqhgugu SéOt(l k) |suctepsfidly fransmittagy or hays bepry disgdraedhyit the Yrapsmittingriane wi t h

a pay| oad :urrp({)i c;_”U HEO?I rst k ..ackets fromthe ith queue. RBnk
Transni ssi pMreapaci t vNWE@rPEdEﬁéﬂ paekebrtiat v sten disserdedsmfler i p propgagati on
del ay, usef?®dr hal f 1 Fopapsulation effi iciency for a frame containing x bytes of payload.
teurrent Current time at a station.
G Number of packets at the ith queue.
B; Number of bytes at the ith queue.
tared(1,1) | Arrival time of the jth packet at the ith queue, j=1,2,....Q..
Sp(i,)) Size (in bytes) of the jth packet at the ith queue.
Stacli,k : '
(k) Zx S0,
Si(1,k) Slze (in bytes) of a frame with a payload comprising the first k |
packets from the ith queue.
Rk Transmission capacity in bits per second.
? Worst-case roundtrip propagation delay, used for half- ~duplex
Ethernet.
Ti(k) Delivery time of a frame that contains k packets from the ith queue,
1 Inter-frame gap.
70, k) Total delay of the jth packet transported in a frame that includes k
packets from the ith queue.
Smax Maximum allowable frame payload.
? (')t.mer ' Timeout valug¢ for the frame payload timer (FPT) at the ith queue.
P Order (memory length) of the predictor for the packet inter-arrival
times:.
P2 Order (memory length) of the predictor for the packet sizes.
Hlasy ' Amival time of the most recent packet at a given queue.
Goene Predicted arrival time of the next packet at a given queue.
Sext | Predicted size (in bytes) of the next packet to arrive at a given
| queue,
-1 sdi.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. '
™+ Predicted delivery time of a frame that includes k packets currently

at the ith queue plus one packet that will arrive in the future.
Threshold for the encapsulation efficiency of a frame.
T(I)discard : 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

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




Et hernet. Ti(k) Delivery tinme of a frame that contains k pickets fromthe
ith queue. | Inter-frame gap. ?;(j, k) Total delay of the jth packet
~transported in a frame that includes k ackets fromthe ith queue. Smax
Maxi mum al | owabl e frame payl oad. tiner Timeout value for the franme payl oad
timer (FPT) at the ith queue. Pt Order (nmenory length) of the predictor for
the packet inter-arrival tinmes. 2 Osder (nmenory |length) of the predictor
for the packet sizes. tlast Arrival tine of the nost recent packet at a
gi ven queue- Predicted arrival tinme of the next packet at a given queue
Snext Pr edinetventks vz €orfiininiddioRs het@brkt ! Q.arriye at. a 9iven

H i Ry MK ¢ (ﬁﬁ? |ncf ?J¥B'écolgeat3

queue. st (i +hl%1 %edl cted size of a franme t J4es?
current |y aviriedeierhoge neteork (7S 18 }etipubicws ponee pate ketwoll e Wiehlet, ansdaye in

t he future.redibnal,+h} [ e me_ of frame that includes k
packet s curn;:génta Y, %?Bﬁﬂe&?r?ﬁugg%{?\é Fﬁ%(twtorkc‘m%n %‘?ﬁf@‘i‘set brefaneds | qthear Fqlﬁﬁblq n the

future. 2mCTRPrEsitalien ids, OtMcembamswhafﬂ)e)ﬁreeédmg:l ency of a frame. 'award
stem 10 may be used

Head-9f -1 i ne di i meout value for the ith queue. S
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such as st avmpis @bthdbd b0 sdagniRRt MO JoedBE 8oy iS; £ th each
ot her. For _exar 'ﬁ‘ system 10 nay be us‘ggd for a ha uif)) eéﬂ%od\r,\%r?rﬂ‘fmaﬁupl ex
Et her net n&TWEFSE. NP RS P1 'Bﬂfer?étﬂmqe‘gmyedahgapmﬂqawaﬁ éor adahsnifsich.
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data network, the Internet, a |loc
net wor k, ahrossek bppkes eand it frame tmayo tdmapriss Lint Eb.lethet ﬁfbﬂ"ﬁ%ﬁc@ﬁtdoﬂﬂol' 11\@)&(2 yor any

* cortonat] oRaft oS BIAEHIRACR R RS L. ghePsyote sutab ¢ packets
-~ a specific way $wtent Iamsybgpoabothasd-tand (RAVBNIBYL-real-time (NRT) tratfic. Real-
time packets comprise delay-sensitive packet flows carrying, for example, voice or video
information, and may have delay requirements. A delay requirement may comérise a
deadline calculated according a time by which a packet needs to be delivered to a receiver.

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

according to Equation (1):

PriD > d,]1 <& (1)
where D is the random delay of an arbitrary packet, d; is the deadline associated with
.20 packets of the ith real-time flow, and & is a small positive number. 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 expressed by

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

successfully transmitted or have been discarded at the transmitting station, and M%_ is the

Vig

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 determmlshc guarantee

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




conprise the payl oad of one or nore packets organized in a specific way for
transm ssion. According to one enbodi nent, a packet nmay conprise all or a
portion of an Internet Protocol packet, and a frame nay conprise an

Et hernet nedia access control (MAC) 10 frame substantially conpatible with
the | EEE 802. 3 standard. System 10 may support both real-time (RT) and
non-real -time (NRT) traffic. Real- téne packets conprise del ay-sensitive
packet flows carrying, for exanple, voice or video information, and nay
have del ay requirenents. A delay requirenent may conprise a deadline

~calcul ated accorglicogis t SR daboMihdah V%M%@C[Jﬂet e del | to a
receiver. 15 Accordi rlllggto one gnbodl ment, & ﬁe{a{gy t‘i’fequ}/Ecrﬁreprf:ss Y‘ €s

expressed pnstrabif paskdmaddcyrdm@cts@hdbmgodzﬂzeliﬂH@&dt&ﬁ' n(a})be UE&;{E ke g% ]},k gk (1)
where Dis the ra goamdela of an arbitrary packet, d; deadrt Re
associ at ed YRfueh M. fﬁa‘\iket hfvfoum%s mayhbe et at anyesufthtdeevenr) Goraxampleawherml |
positive nurp}‘q The pair represents the delay requirenent for

the ith real g i Po errng, WBB&?E?SH“S‘F it miipiadasvele as whert heuede lissgmpty for

requi § enentm@t dhauapkafic (hd pdbd, BeoBaRl Equation (2): 25 MM. / M
1' a<, (2 V\,herebl\/to IS P he fotal ﬁnﬁ%‘?g"o X;unl gue packets fromthe ith

fl ow that have 3$®OfdgF thiagpfy thmd@elssihuireryertts amﬂamtmdk@rnntb&‘e&eodﬂem & scar ded

at the traRspddidao : er of packets that "have

been di scar dtggéljteduéeIJ ?%Ea}a H?e? iR %%ﬂ%é %gdﬁ]ien%e Ol q ﬁtﬁmf@?t’wf”ﬁ'ﬁgiﬁ&‘y

pr obabi | i stunml\ceelcal;zulgtmg amtaaevai omeannwdpltwsﬁurr)(n j)aprhet 1Nk 0aefy jd@ber mi-stic
acket's at no nmore tHhan TOG"

guarantee _for erc f the

per cent pac??e?se?ta %’% iy &Q%HE(H’F‘?@‘ f‘gthéh@ mmm&m(w:ﬂ tuei Y Jorand

M oti0vay belléxpi6ssed sid &8predth to on

enbodi nment , countgers may sg(e’})us% tggqﬁgégfeto?gc{ﬁé%m Aﬁ]ﬁﬂ{ E??g’“e“és ﬁﬁ’ewao .

The count eF&IGBRF B‘em?)ééeffe?’é?d Hrigparafetrabkass witknhe sahor adxaniphee Acebig@mg gy St em
g

10 is pomﬁ@@efﬂ%dlmaba@ké?él?ﬂdgﬁncé%Iqhgﬁe”ﬂxg%tg%n%{f ch as when a queue is

enpty for 5 nore than a speci erio ther suitabl e events. In
order to satisfjny kel pycerlequinyerents to praicelicliritaka® fihonae poRt ! he
del ay According to one embaodiment, an autoregressive (AR) predictor may be used with time-
15 varying coefﬁcéents. The orders p; and p, of the autoregressive processes characterize the
inter-packet times and packet sizes, respectively (py = 1 and p, = 1). Parameters ps and p2
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 sami)lc autocorrelations and
partial autocorrelations of empirical data sequences.
20 | The next inter-packet time at a given queue may be predicted. Variables y,: n =
-L2,... represent the sequence of inter-packet times at the input to the queue. An AR(py)

characterization of this sequence is given by Equation (3):

Yo = 8y + &y, + Aoy + - F 5;:1(,“ ~ Ly, + v, (3)

25
where ? ;- n=1,2,... is white noise and afa;,. --,3p1 are ime-varying coefficients. The values
of these coefficients are updated following each packet arrival usiﬁg, for example,
weighted recursive least-square estimation methods.
Coefficients &y(n — 1),&,(n — 1),..,a,{n — 1) represent the updated values of
30 the AR coefficients following the availability of the value of y,.;. Given these values and

| 'the values of y,.,...,Yap, a predicted value wof ya may be given by Equanon {4):




experienced by a packet transported over the network- The determ nation of
the delay involves calculating the arrival tinme. Arrival time t,,,(i,]),
i=1,2, -.., F. and j=1,2,..., Q, represents the arrival tine of the jth
packet at the ith queue, where t,,,(i,j) <ta"(i,j+l) for 10 all i and j.
The size s,(i,]j) represents the size of the packet. Miltiple fragnments of
the sanme packet may be treated as separate packets with the sane arrival
time. According to one enbodi nent, packet re-ordering at queue i is not
permtted. Any suitable procedure may be used to predict the arrival tine
of the next packet @ -Agcording 0 odj,nent,, an aut or egr.essi ve (AR
predi ctor ma%/) be Esedpi\/;\,itﬁl?(!tni m%s 91'5”%%{}%3“?5& £ ¢i 'e%t%}(”Tﬁeﬁéde%rs p, and
p2 of the autoreéébessive processes characterize the inter-packet tines and
packet sizes, respectively (p, =1 and p2 = 1). Paraneters p, and p2
reflect the nmenory of .the predictor (the tinme dependence on past data). The
val ue of eaditme Sar EREwSENts theytibe ofl etrénbion de: mestngeent phdket i tal Rpabyed §0f
t he sanpl e autocorrel a&t ions and partial autocorrelations 6f enpirical data
sequerces. Perdigid #axe! Gme éflfﬁdlq%g?a‘tkﬁh@“étsnac gevesengubel prediyeddgzpoedicct ed.
Vari abl es Y neit. fdclet 1l:h,ali:z,-..Afepr(izse_nt t he sequence of inter-packet tines at
the i nput to ’fﬁ)gdffue Valie Ui )'S SRR DY dheTiny of fne andfhetiredicted GuerTeval S
gi ven by Equat.i (3): .Yo.= a0 + 51Y'-1 + d2y"-2 + + Apl(n - 1)yo-pl + To
~(3) 25 -w]eyg‘te?gﬁﬁﬁﬂ?,t -af“? Spese OURICPPIET E¥ery HEYe 3 packet ammives ayghe quee.
time-varying coeffihgl : es. of these coefficients are updated
~ foll owi.ng each pg%{(ngtﬁg% ?,I(:&Z:}Q%}é‘glaeh{éﬁ{: ostee%g?f]pi%&eme\F\éjTa&ﬁ @t pacarngyipad

|l east-square estimahi?n net hods. Coefficients 5 (n - 1),51(n 1),...,a 1(n -

1) repr esent®HHENEIORIEYX patkglsdrost thedth queee, pReredes Q. ¢f gl Js) B[ Ispf)nged he
“avai lyabi lity of .the valye of y"-,. Gven these values and the val ues of
AR 1% . ygi_z_ep'];f(,l’kgmﬁ-‘r'gﬁﬁ???'é'bed\}’dlﬁ?é‘a“‘?’y@f y" may be given by Equation (4): 7
Yn = ao(n - 1) + a,(n - 1) yn- + a2(n - 1) yn_.2 + ... + a 1(n - 1) yn-pi
(4) Tinme teas, represents the tine of arrival of the nost recent packet;
next represents Itl(hg Sa.pLetbgtedkar ifval, | kisie(Dfk)khe next packet, and s"ext
represents tﬁé(lp &di cted sjze of cthe o)

overhead min * tot ( i 4 k ) < Sm.i.n

where Soverhead 15 the framing overhead, s, is the miuimum allowable frame payloaa, and

15 Smax 1S the maximum allowable frame payloéd, all of which may be measured in bytes.
For example, in the case of a 10 Mbps Ethernet, Sovemeat = 26, Smin = 46, and Smax = 1500.

Constant Ry, represents the link capacity in bits per second, and time t 'rcpresents

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

~ frame that contains k packets from the ith queue. In the absence of collisions, delivery

20 time Ti(k) may be expressed by Equation (6):
Tik) = 8 s(i, k)R + /2 + 1 (6)
where | is the inter-frame gap. As a convention, Ti{0)=0, because the actual round trip time
25 between two stations may be less than t.

The total delay di(j,k) of the jth packet may be expressed by Equation (7):

- d:(},k) = tc_i.!rrcnl - t:m’(ixj) + Ti(k) (7)




next packet. The value of nett is given by the sumof tj,,, and the
predicted inter-arrival time. Both ,,,.t and sne%C are conputed every tine
a packet arrives at the queue. Frane size sl(i,k) represents the size of an
Et hernet franme that has a payload conprising the first k packets fromthe
ith queue, where k <_ Q. If s,e, (i, k) sP(i,j); then 10 size sf(i,k) may
be descri bed by Equation (5): 3f(l, 8k)- Soverhead +stot(i,k) , if Smin ~s
eot (i, k)~Smax (5) fsoverhead+Smin, if Seot(i, k)< Sm n where soverhead is
the fram ng overhead, Smin is the mninumall owable franme payl oad, and 15
s",a" is tWeErtaxidrsfersaboltionabteat fmanBehgy b0l > &b+, 10f o £ /8%, b@angasur ed
in bytes. OrF LusXxa Ieé in the case_of .a 1_0 Mops Ethernet, soved, ead = 26,
sm,. = 48% L98°Us évf%é’?c‘&sn S fipst geadhing 19 expitesisrthat ethibe (heakolhiaci t y
in bits pgHOESean@:. FRARHehiod® d(j, kP UgRieny sSintd & - I LB tine
over the Link Tine T S?IS%: re[;ﬂroes)gnt?t o Sinks veﬁeﬁﬁgﬁgfthg%@‘é’%ﬁf%at
cont ai ns WERABIELR the wheleHeanre beferigeany paskst carebaddivacd tofthcupier kiyanshe

del i i A by Equat i 6): Ti(k) =8
o (110 | Rkl O e o TR o B BRRE T 0 er  Trare gap. Ab 2

convention, T;(Q0¥e0, fibweaissdeliveecdade uht destmtion) it tHaRe n2§ BeIMVeE et WO |

stations I t t . The total delay d;(j,k) of the jth packet may
be expres rsgg% Og’ﬁedé%ﬁzgﬂcg%%&??z'?ﬁfa&g%? doeg Gﬁ?lfﬁﬂf‘““% ackperyledging sugeeseiutly7) 8
~ wher e t cumensafitteédefiamss, t indeheoltisibhente HetoRablPalndy$ @ifsionklars 1d; ﬁrlg)hki’tll?’) for

I rst

all i, j, an'gl k. That is, for a queue with several packets, t
deadl i ne THELHRF @ qegaipg ackegwledgeneah dhés hpwaver, daeoinpt prdéat tagaifisirmokser nmor e,

d{jik) < @jrérsKAbdordisd REEnLERdiHESE 5 inatdon i;sq perfornmed
on the whol e_sframrs "b%ef ore ang 6acl§él€adggﬂlegger%ﬁteﬁ?iﬁ\%§%gp % Hsé‘adugﬂger{hleayer,
the 5 pacKé&g¥eroferifies fahrthereyehc retandanep ciedki sodeyis tomet Tthé kdceivoneenda ahir ame i s

el ver sl ASadist KA 0o I5LIANE Y TECL 2 B s acknont cdged. The
transm tt eshtdndefoethe chameklikbobdy sthanSara¢, or ARt GehadlRaydBlbleBPlesbSiPRcan be
tmplicitl the transmission of the acknowledgement frame following the reception of a data frame.
15 Station 20 may perform adaptive encapsulation in accordance with a calculated
encapsulation efficiency. According to one embodiment, encapsulation efficiency 1{x)
for a frame that includes x bytes of payload may be expressed as 77(x)= x/(total frame
size). According fo one embodiment, for a 'ten-Megabits per second Ethernet network, the
minimum allowable frame size is 72 byes, which includes 26 bytes of framing overhead.
20 ‘Accordingly, if 46 < x < 1500, no padding bytes are required. Therefore, encapsulation
efficiency n7(x) = x/(x + 26). .
On the other'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

77{(x) may be expressed by Equati.on. (8):

25
q (X) - X/(Soverhead + Smin )’ if O < X < Soverhead 8
X/(X + Smin) r lf Soverhead = X = Smax ( )
In order 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 so 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




regarded as a negative acknow edgenent. This, however, does not protect
agai nst noise 10 errors. According to one enbodi nent, acknow edgenent
frames may be used. Once the receiver verifies that the cyclic redundancy
check code is correct, the receiver sends an acknow edgenent frane to the
transmtting station. The acknow edgenent frame may contend for the
channel |ike any other frame, or the channel nmay be briefly reserved for
the transm ssion of the acknow edgenent frane followi ng the reception of a
data frame. 15 Station 20 rmay perform adapti ve encapsul ati on in accordance

with a cal gul@lg ncapsul ation. efficiency. According to one enbodi nent,
encapsul ation ef ](}Ir i(]:llﬁg‘é(r;llil)E/i1 St FHRARTISSEOBy Spﬁ‘# szlie Etlgret ne 1 fe dnsredsgd, dierofhe

payl oad maynipeuexgloesbledramse dijd nhst akh (Hddaas tof dhAWE th.S1 . rding to one
enmbodi nent O[f or, alten Megabits per, second Ether netha?lg‘tgl\ﬁ%)l?”lg&ﬁ%ggeﬁgn&ﬁé'wm
al | owabl e 1 Pafe ™S dPGreasing 1he densmissiem speed| af e 40 Mbsyftbemetf tef tiaws Rehile ,
over head. Ré:pigdRrshgdd¥d rdduirdSinsrelsi . addi ng byte e required.
Ther ef ore, er?g‘g sul agtai on effici er‘%ﬁ}n h%)?%m":m{(']'j)?gmghs'f% ya rd?’ﬁ‘%rtﬁi'her hand,
if 07 < x _< 46'Mg:Hfioweyermaxydeidstoniseffistbnt baridesdthaititibationt iQhE EATRE sHafi€ | S
72 bytes. k NI S I6ASH; = x(72. .Accordingly, the encapsul ation
~efficiency E}?I%QW(X%I TRy %@pr%cé@gdregﬁmﬁ%dg? i“gaﬁ(Y‘(‘BT: aliyvagly xgble distance -
X/~ Sover hebwaenSybjstitiond oxrelying Gohebivedstercohet statidnd! Férextimll Mo Muk
‘Sover head g4, haks ) ‘grtder for CSI\/NC[ET) protocols to work pro efly,N{bﬁe
transm ssion 1 nme:graaamed theminimugy fryae see gt 6 dpteshntviohisstonclade widumdt r i p
time (RTT)moumomtsheiokithanunaistanle & 1080h&8 @t 1 on can detect a collision before
the,end of itsdiar%ﬂg transm ssion. |If the maxi numw re di stance between two-
stations remai n@lrplexmgabit Feermenptiligss stcanies extBislomelierabBs tie Sandiisibx ed.

Thus, if tdre thansikssi t hernet is.to, be increased, then
the mni mum aIaI ovng)l e ?itra gﬁé@?fllzog‘feﬁl})gﬁ h%frgrbsrq’?fb%%fs‘@“i‘% sialy that insxage a

col | i si ondUgEmBeheiuekbraydtime Roat iexquplte thé Aekeasi@ld Renshi@NFN $Sken Speed
~of a 10 l\@fﬁ%m%h@?}[ ﬂ%tenEgpgufahgr? gfﬁ\é@ml:ye 7 GiGa(x) may be expressed by Equation (9):

X/ S 1 0 < x < 5
x/(x +s

min Gb Smin

15 Ngigal¥) = { 9

min min Cb min max
where SminGh 18 the minimum allowable frame payload for Gigabit Etherpet.
Modifications, additions, or omissions may be made to system 10 without
departing from the scope of the invention. For example, system 10 may have more, fewer,

20 or other modules. Moreover, the operations of systemn 10 may be performed by more,
fewer, or other modules. Additionally, functions may be performed us"i'ng any suitable
logic comprising software, hardware, other logic, or any suitable 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 queues 30b, a processor 24, and a scheduler 34 coupled as illustrated in FIGURE
2. According to the illustrated embodiment, station 20 includes a number Frt of real-time
queues 30a and a number Fygr non-real-time queues 30b. A real-time queue 30a receives

30 a r_eal:timepacke't_ flow, and a non-real-time queue 30b receives a non-real-time packet

tlow. According to one embodiment, different real-time flows may have different delay




keeping its range fixed requires increasing the mninmumfranme size by an
order of ten. 5 This, however, may lead to inefficient bandw dth
utilization in the case of small frames. Alternatives may include reducing
t he maxi-nmum al | owabl e cabl e di stance between two stations or relying on
hubs to interconnect stations. For exanple, 100 Mops Ethernet has

mai ntai ned the mnimum franme size att®64 bytes, but relies on hubs with a
maxi num st ati on-to-hub distance of 100 nmeters. 10 Hal f-dupl ex G gabit

Et hernet utilizes a carrier extension whereby the transm ssion of a

rel ativel y"8WEIMents apfepackets diaf belae ythe brme reahSmi sloivanayoliave aiie sagfe deignal s
that i nsurgqdrenfdnpi Num channel busy tinme that is equal to the tinme needed
to transnmt a full frame. Accordingly, the encapsul ation efficiency

77ci cA(x) may b‘éqewm?éklﬂemabwomm mmsm&)oie ﬂlﬁf@)ﬂ()pgfﬁbﬁ%lreééveosﬁ;e des S
mnGbmnseg“g)aclget E(Bagzll-%b almenGb- 8

wher e S HERi RIS mO&P| WHP%‘“ § ARt alosivad2d-br th@ gmlaagesEﬂllaer net .

Modi bi cat mmsmoaddlt}td @RSe 305-bO M M P RS mIpRY BRAG St 0 _wi t hout
departing .fromthe scope of the i nvgntl gﬁ ¢ %g}; xSle (%VFC% Of%{nﬂ% WAHE have

more, fewdPPUb BIGCGS; ”B’tfﬁé'ft FeRrdingdo prasieEnedrules; had pmdnaet owps. Obntsal9@e 10

may 'be peribabnmgy e 8Ly f du e Addi tjonally, functions
may be performagy usi ng ng)rile;/ %ﬁ”ﬁo&eqﬂtﬂog%cc %stf]ﬁgm@b*’?\ﬁﬁ?"gsmﬁtﬁ‘ﬁ dhar e,

ot her | ogiferm dframapt & siitahisi sizeow nijiwlateivdetiog vJahB)g o £6&dpitdet PSuIFGA 4 N thi's

docunent, "vg(g each nmenber of a set or each nenber of a subset
of a set. : %Fb&ﬁgédg{a r'gqa’rﬁplg?:tk di agram of one enbodi nent of a statl on 20

of &¥stem 10 0Tontrd I Gl ﬁa—@ﬁﬁp'rﬁﬂmgﬂl %yndn%lrggbopge o Svin %n t%end a

queues 30a, one or nore non- real-tine queues kFScdauge

schedul er c@dent el edlirspackétUtt beadRabsuthtdd GHRE fratre Aﬁa%ﬁk%bag K Oogltpgglf%

illustrated enbodi nent, station 20 includes a nunber

queues 308124MkE %dﬁeﬁi‘rﬁ‘emmmmm&abh s e apteAled a3 pAKECHe-sukBsfgueue
and a non-real -ti me queue 30b

30a recei
recei ves gaﬁ,gﬁpr eafr%[i‘ indd pac “ap?“ O{fe‘?a(?&? RydeaiFpens. sher aiehbar pmnother
di f f er ent cordlghatiani the pussedivy  Havgucol § {:0ieRidtedds! AYsmit, queue i either uses an

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

transmission until a next round.
A frame payload timer FPT may be associated with the most recently computed k|
. . . i

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

A(:‘Jmer i:di - tcu:rent - tarr(‘i"l) + Tg(k:) ] (]0)

The timer is set according to the additional queue delay from the time of computatlon that

can be tolerated before the expiration of the deadhne of the first packet, that is, the head-

25 of-line packet, of a frame of k; packets. Since the newly computed k; value satisfies di{1,

ki) = d;, then A®

timer

2z 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 dy(i, k, } = d;. Ifin the process

of d_ccreasing ki, k; =0 1s reached, then the deadline of the head-of-line packet cannot be




10 requirenents, and packets that belong to the sane real-tinme flow may
have the sane delay requirenment. A queue 30a-b nay conprise any suitable
buffer operable to receive, store, and send packets. Each queue 30a-b nmay
i nclude control |ogic 32a-b, that manages the 5 operation of the queue
30a-b, and may conprise any suitable device operable to accept input,
process the input according to predefjned rules, and produce output.
Control logic 32a-b may, for exanple, determ ne the nunber of packets that

may be encapsulated to forma franme of a suitable size or calculate

whet her wai i) gnfiof Q. a |.d d.to, ayviolation of a delay
requi rement. 10 Ctjolrﬁ’t ?éﬁﬁ%g?‘éqg%?%g%ﬁy Slr?g?rﬁtztgl H’S?Eﬁé Hhsnbead-of-lingf pasketket s,

starting friometbsts MY, bénhcdiaRditofudue dRECKBhbuted @e 0 sulated into a
frame. The nunber k; of packets nmy be updat Eé%lei nergggﬂonsé #‘gaie‘v’eﬁts such

as the arrival Ofo discasiv haaketline ackes UCERESHAY ¢ | di ; yfra t he
expiration of Eacket del ay requi ?ements, ot htyr r%cggin({l%/cg%%/“rg%\;ﬁﬁff%é%e“
conbi nat i orf BAcketrdvpnrces brlthechead-bi-ting pasition, the tis@} L& thal Dot R RS Tidin, QUEUE |
ei t heg usesE&lquﬁ(;IHS(ly)odat ed value of k* to determine the packets to Te
encapsul ated 1nto a frane or defers transm ssion until a next round. A
frame payload tinmer FPT may be associated with the nost recently conputed
k; value. Weneyer a new value of ki is conputed, the tiner nay be set
~according to Eduaticof @10)it 200041, 1) + T(t+mem) F((gi - tc.rrent -
tarr(""") + Ti(ki) ] (10) The timer is set according to the additional
queue delay fromthe tine of conputation that can be tolerated before the

expiration of tpacs@ankd NEYES thE REnfids boRBSKELs pthat is.. the head- 25

of - | LOPe packet, of a fr a_rrg)of k. packets Aﬂ’g(tﬁcee&iaﬂlé “ﬁ%‘%ﬂ)}o Q%H’ﬁﬁ{ﬁéé}e@?” val ue

sati$fies af—ﬁrr’; pagkgt. jThe taneout Melne lat¢ording Go tHqmetion (11) is the additional queuing :
time that can be further tolerated before it becomes unlikely that the head-of-line packet

can be delivered in time. If at the time of setting the timeout value, discard time &) g
lscari

0, then the head-of-line packet is discarded and the queue is advanced.
The process of computing the timeout value is*repéated for the new head-of-line
15 packet by setting the value of tan(1,j) and the value of t,.{i,j+1) for all j» and using an

updated t value. If a head-of-line packet results in T

atscara = U, packet discarding ceases.
Scheduler 34 may be used to determine the service order among the queues 30a-b
of a station 20. Scheduler 34 may select queues 30a-b according to any suitable procedure.
As an example, scheduler 34 may select queues 30a-b according to a round-robin
20 scheduling procedure, where queues 30a-b are ordered. As another example, scheduler 34
‘may select queues 30a-b according to a modified round-robin schedluling procedure,
Scheduler 34 tracks the last queue 30a-b from which a frame was successfully transmitted.
Once a channel becomes available, schedﬁler 34 selects the ne;;(t backlogged queue 30a-b
to transmit a frame. Scheduler 34 may give equal bn'ori'ty to real-time queues 30a and
2.5 non-real-time queucs 30b or may give priority to real-time queues 30z or to non-real-time
queues 30b.
If there is a collision at a channel, 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. for an inter-frame gap, and

3.0 - then proceeds to transmit a frame from the quete 30a-b that sent the colliding frame.




© As anot her exanpl e

The frame payload tinmer FPT may expire before the ith queue transmts a .
frame. This could happen, for exanple; if the channel is busy for an
extended period of tine or if station 20 is in a back-off period. If the
frame payl oad tinmer FPT expires, then a new value 30 for k, has to be
found. The value of k; is decreased until di(i, k;) =d;. If in the process
- of decreasing k', k; =0 is reached, 12hen the deadline of the head-of-I|ine
packet cannot be 11 net, that is, d;(1,1) > d;. In that case, station 20
di scards the head- of-Irne packet, increnents M,'0, advances the ith
queue, and re- cMﬁéLﬂC@EOﬂSh edddiboesooforkisian dmdy "t inadd Otodli k@68 02 without

head- of - & RAS a dlsc?rd tinme Tascard. Wien a

ck
packet advan%es 4%?5[{' e Sﬁ%%d()ftga?l’]vﬁ%"%g?f PBHPIS flatien AR may Arveemarsy faver.s et

- accordi ng boother Eq:ualtet Olofebvdr) theToyEaRdnd of sthtioh 20~ mb Ak Gk [ + W
(t)) (11) scard tinme T:(1) is the m ninmm possib me’atrr%rohhedb ré\%%éded to

del i ver t hEYWFoal-othe ‘B‘Td“i‘isné: op&ExEple. thsopeiatpsual Wwwwrédcmdchch@ulam 34
Equatsi on ( by bk pedtbificadd q urther tol erated
before it be%orrgg unl i (kﬂg O%?ﬁ)g{ﬂei ﬁ%h%gdaﬁéﬁrf%%%meiﬁ max 3h PH O'H‘é’fj%\Yer ed

| ntinme. | momth%@wtmwiﬁyff\@bmnaﬁg, fuhetidnk ey bk pvﬁ‘bm&d wWingGay duitdbiBogicscar d

t hen i s discarded and.the queue is advanced.
The process&r{;)kferl h%asgﬁ?];mﬁ e t1 erd?g FAlrdaY puty g@rﬁ’@%’[‘l"éﬁ“f’%Pfﬁlﬁémﬁ@W‘é
head- of - 1 i ne mqnma lbya sAbwitag TMGuyahd el eItIIBS({lhlehl) ofr*ng AT folﬂe of
ta,r(i,j+l) for and using an__ updated t val ue. a head-o I ne

packet res C?%S“,aﬁ"& Hrdetsrgto-a dramea c e “diﬂé@alrfmﬂﬁgﬂt@é@sb@ Wehedalier 264 may
be uged t odel@iLiThifIablBRhGEIeY| SRutRROSy d%émnﬂestxbﬁetﬁéé%usueué%a% %%f i 2 2! on
ac

20. Scheduler 34 nay sel ect queues 30a cording to'any suit
pr ocedur e. colliling frawg atstep, 104e hHou kerue3iDarthas sdne at colfitknge Sraadathe @ewoed di ng

L2 3 o 2R BRSNS D0 B 8 BT

modi fi.ed rioamed-r obi n schedul i ng procedure. Schedul er 34 tracks the |ast

gueue 30a-b frgp’rv\,hrch fo grre was s es fu”é. transmtted. Once a
channel becones' 3V&rF'Y Ehdhrete “% PREt Setpetheb riocpris kb strgett 2queue

30aid t o whicd Sehietiular B#%ﬁ&cts&h@ﬂ%&he%a@y Nt/ Eu&%u alprrﬁaqI bd %elbeq .
‘real-tinme e es 30a and_ 25 non-real -tine queues or may - ‘give priority

to real-ti g anypytaBle selectom prasgdure ithas may be used to select a quene 30a-b.

For example, next queue 30a-b may be selected from the next backlogged queue 30a-b or
the next queue 30a- b for which the flag is set to true according to a round-robin procedure
After selecting a queue 30a-b, the method proceeds to step 116.

20 At step 116, scheduler 34 checks a flag of the selected queue 30a-b that indicates
whether there is a frame ready to be transmitted from queue 30a-b. The flag is set in

response {o any suitable event, such as receiving a packet at the queue, successfully

transmitting a frame from the queue 30a-b, other suitable event, or any combination of the
preceding.
_ 25 The flag may be set to true or false at step 120, where true indicates that there is a
frame ready for transmission and false indicates that there is no frame ready for
transmission. If the flag is set to true, the method proceeds to step 124 where the frame is
transmitted. After transmitting the frame the method terminates. If the flag is set te false,
the method proceeds to step.128, where queue 30a-b is skrppcd After Sklpplng the queue,
- 30 the method terminates.
Modifications, additions, or omissions . may be made to the method without
departing from the scope of the invention. Additionally, steps may be per}ormed in any

suitable order without departing from the scope of the invention,




gueues 30b. If there is a collision at a channel, scheduler 34 may use a
back-off procedure as defined in the | EEE 802.3 standard- After the
back-of f period, scheduler 34 determnes if the channel is idle. If the
channel is idle, scheduler 34 waits for an inter-frame gap, and 30 then

"~ proceeds to transmt a frame fromthe queue 30a-b that sent the colliding
frame. 12 Modifications, additions, or om ssions nay be made to station 20
wi t hout departing fromthe scope of "Phe invention. For exanpl e, station 20
may have nore, fewer, or other nDduIes Mor eover, the operations of

station 20 ma fewer, . or ot her nodul es. For exanpl e,
t he operatl ong %?Lgr@;)gg%g@g“g%ﬂ d'Stg%Wgé’ﬂFS?]b%“?“hﬁfya wethed fdramdetingy gﬁe
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one nodul e;s i.tiQ I
| ogi.c corrpralo\g/?'ﬁm C@B? IV\%?"@ ﬁﬂa\?‘ﬂﬂéﬁeé thegupder Qogf packets atgyewslj thablugiber
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begi is at st epapk0Qicd\WnST; eras,g@t[i s _an .avai l ab] e .channel
Station 20 det eprkm nes whet her 29815(2383 %g’ gﬁ&sh QLTS 1p thg cpilestivgpackaie at

step 104. sidfe o tlpurpadk@-that eeterfialPbld t he thod roceeds
to step 108 wher e schedul er 34 sel ectasipt ggcwuiﬂ‘gﬁ:{e{n 3 e 4 %%}‘Ttsei{z?

“col I'i di ng fal¢ &iritep 15¢. b peketibavdpa bushas psaket sigs €0L) 1 Bn r,g&emu]rntg rret hod

proceeds t0 551%9 ;ifgd%[ re schedul er. 34 sel ects a next queue
Next queue 30a B! tnggg%?’gﬁmmaﬁ%eoﬁ'@l‘ﬁﬂ‘etfﬁ‘xafﬁymﬁjpwawbéras?elpeyba@n

procedur e %ha&lunmftmmq of pek@Sbf QeBUEN G ; exanple, next
queys 30a-b rra;{.Bbﬁ sel eﬁt ed fromthe next bac o ge queue 30a-b or the
next queue 30a % Mk %?th%’é“‘%‘qfafgls‘wtSé‘?@tiﬁﬁofﬁthmﬁamseﬁtdmg th®n@nber

round- r obi) §1,9 eI ectin e 30a-b, the nethod proceeds
to step 116. 0&%% Ltrsfﬁfeepﬂé&é% es&ul%wggﬁ gﬁ%@?@s"féhff frage gp n@heeeéebeet ed
queue 30aupdadialicciundiq@ateh haspeRkielor thG read

transm ttg% from g ]Lé? e 30a-b a%he f] ag F@l%}gﬁéfrﬁsﬁggle@ﬁgéaé 8f3r’rc§/m§w tabl e

event, cordingly if p Jhag s sgt lodeieat stap i@ﬂa&eqmthmi meEEdﬁﬁ)Sétéﬂ f9p. transmtting

tahfer ame from tlﬁ%%”@séﬁ@c@fa@e apthIﬂGé Wit mu?d [%‘%ge%hs toosrtep n%) 8812Tttr)clﬁlrllggti(|: on of

15 32a determines at step 170 if the sum of the size B, of the packets plus the size scygenr 0f
the current packet is less than, equal to, or greater than the maximum Size Sy, If the sum
is less than the maximum size Smax, the method proceeds to step 174, where values for the
size B, of packets and the number k; of packets updated. Afier updating the values, the
method proceeds to step 190.

20 If the sum is equal to the maximum $iz€ Sk the method proceeds to step 178,
where the size B of packets and the number k of packets are updated. The flag is set to :

true at step 182. After setting the flag, the method proceeds to step 190. If the sum is
greater than the maximum size s,,,, then the method proceeds to step 186, where the flag

is 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 is a

next packet, the method returns to step 158, where the next packet is received. If there i is
no next packet at step 190, the method terminates.

Modifications, addmons Or Omissions may be made to the method w1thout

departing from the scope of the invention. Additionally, steps may be performed i in any

30 _. suitable order mthout departing from the scope of the i mventlon )




preceding. 25 The flag may be set to true or false at step 120, where true
indicates that there is a frane ready for transm ssion and fal se indicates
that there is no frame ready for transmssion. If the flag is set to true,
the nethod proceeds to step 124 where the frame is transmtted. After
transmtting the frame the nmethod termnates. If the flag is set to fal se,
the nmet hod proceeds to step 128, whane queue 30a-b is skipped. After

ski ppi ng the queue, 30 the nethod term nates. Mdifications, additions, or
om ssions. may be nmade to the nethod wi thout departing fromthe scope of

the invention. AHGUREONSld flowsizapiusiayindenpenbaiimest i alhod Srhpahig LOr der
wi thout departing fromthe scope of the invention. 13 FIGJRE 4'is

flownchart i1 RtPREEHBR Queifbb FERAnSeto susrsstiddramsmission atfi m§amef | B at
non-real - t inkghddUB&IBNd al RtepCSPPNGRert Gch&fr Vi t. Th od begins
at step 150, vx/ne%hg cont re?))I "1 dgi ¢ Ir3221 initial ?g%gﬂ?}ﬁ{?%a&n%gﬁmgﬂ%f g%e’a\‘cket s
at queue i SueHBTRlyHmesmitied fsim gerskét The hamberdy: dfpadmtsap gubieti édedtaliohel
frames and,f {Zen cket 5, be encapsul ated intg a frame.
The size B %fgp %géek}gt%snu%f: Egégﬁ)r? sett{]%gif Eefelg%'{?ll F%e%rt’??f"é Fihauzgto at step 0% It he k.
packet s t hate mmbeb&; pbpeciteisais leguatne aps Uk atepc20sN iR dethéPRceeds td a8p g2 set to
fal se at _st%p 154 A packet having a current packet size scurrent, | ess than
a naxi num N5 the pumbes k; cefoparkefs 4¢ bstengapssRiedMinsd mfransd ael Swesizd 8 tdfe |
maxi mum al e fr lLgad., The values of the nunber @Q of packets of
queue i isb %C\ggtgt&g e:f? gzg’f @g%%’%? tlﬁ)gﬂ”ﬂg 2Fq nitialized. |, Lhe Bag isovef f@ls6rat Sigpse at
step 166. Rf6.tARerfsk@mggits: Gl thediiod@erndif@erunber  k; of packets of the

frar’% and the sff e B; .of thfe packets of the franme do not need to be

. ypdated because é’lFefl}@‘tief Rast pasketetserenter shan gerq ot stapt208i the methofliprdceedsao

~.payl oad of . Lnal.y, if a flag is s to true. at step 166, the
net hod pro%tg%gés(ﬁ?%mg% 3p%g%taﬁ¥'¥etsﬁfée PRRgE vaie OF&‘efnﬁF’i’@ kt Oéf’@ﬁie‘ié‘@}; t he
met hod pr oteedsequal ®tBEOtolad GumGa O Tlpa Qe £ qud®: 1332w 8lT ingkgp 170

if the sumof the size B; of the pagﬁets plqtljs tlhe sﬁzféﬂ%goa?%pg%l@%?ﬁe

current paBketlessghiregequildn mastuat sb.0, Ifoize 3 catqiial th@aBxitim R, s EH Ze

sma,. If t 3 aﬁm Ls | ess .than the maxi num size s,,,a" the nethod proceeds
to step 17%% WHAPLELpraeseds i siepre 0 whesesthe flagfis s4tkistes Aftrd sethieg therfgrto k;  of

packsts up@@ct’ ek rrémogrteﬂﬁqgttei.n% tsigg é/;alisuFesss tltlablemaximum $iZ€ Spax, the method

_ proceeds to step 234 where the flag is set to false. After setting the flag to false, the

method terminates. _
Modifications, additions, or omissions may 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,
2 o FIGURE 6 is a flowchart illustrating one embodiment of a method for setiing 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 1 in order to account for the delay requirements of the packets at the queue i.
The number 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 whefe the flag
Is set to false. After setting the flag, the method terminates. If the number Qi of packets at

queue 1 1s greater than the number k; of packets to be encapsulated into a frame at step

30 258, the method proceeds to step 266. The flag is set to true at step 266. After setting the

flag, the method terminates.




met hod proceeds to step 190. 20 If the sumis equal to the maxi mum size the
nmet hod proceeds to step 178, where the size B; of packets and the nunber
k; of packets are updated. The flag is set to true at step 182. After
setting the flag, the nmethod proceeds to step 190. If the sumis greater
than the maximumsize s,,,a" then the nmethod proceeds to step 186, where
the flag is set to true. After setting the flag, the nethod proceeds to
step 190. 25 Schedul er 34 determ nes'™whet her there is a next packet at step
,190. If there is a next packet, the nmethod returns to step 158, where the
next packet is received. |f there is no next packet at step 190, the

met hod t er mi nat e€. BHRYer Caof irketsa gnevcdris coul tothessinbes kTay plikerad et 0

t he met hod w ' rtdn rom.t he scope of the invention.
Addi ti onal |§¥/H,°ra£§$’*egéesd ‘?%g";t% téraﬁ‘gr {hSr“Freé%“F RrOSHYs to3gers 479 ol thisagie then aHalle

departing fpahets hen iscepen@bditibinione Eitricaithoktyibla@RERef dadtidel f’f"*‘r‘r@ﬁ%e
illustrating one enhodi ng_nt .of a nmethod for updating a flaag 0

non-r eal - t i Tre GeBHEC MMyl o s BOV eV s encarsytatipn is postprined iuonl ©hew pheleire-

The get hod,hegi. . - 200, hedul.er. 34 determnes that a frane
has been su@c%s%ﬁﬂ%&’%?ﬁ%gsrﬁ%{ 'é‘gﬁﬁgﬁnﬁ (Fetid ¢; Plis@ne anmere reckest manbget s

at queue i ﬁoﬁnﬁﬁﬁrﬂb}airl&ﬁﬁéd5/itﬂbut3/§cﬂﬂir%%ckéﬂa@adi‘i‘rl@%er Q of packets may be
equal to or greater than zero at step 208. If the nunber @ of packets is

equal to zero atf"eYr 2hredidicthrpericireps,oc exfde naat packpt 2 stka 270 WRRYcessbhe
nunber Kk; 4&§é:kets to, be encapsfugat_ed into a frame and the size B; of
packets to-be SACHIEIISIELETEE FiHEC slzahel the Parkeis fodie casehsulited ddag the set

" to fal se atnest@pket2dBo 1N @Kat %?Elteht@gthtah%eflkﬁgmuwl?ze@mxgzg%e}g ??]ien lzg{eﬁs%a] 10 I'f

~the nunber Q of packets i's greater than zero at step’
" procé@ds t ds tosx lepge2tiet isPsgaieskor+ 24, det ef nj,nks b endikod ﬁﬂéﬁééﬂ@w@tegfm,he

nunmber k, of atggets | ess than or equal To the total number Q of packets

at queue i "frt‘}Fe flakisspdo doer Afpoistingghe flam theBpethed leesmatehan or equal to
maxi mums, , ,, X. ize-Bi . is ual, to maxinmum size sma" at step 224, the
met hod, pr oceedsni {})le§ltuépmf§6 t%g‘??ee’ {7 1§ 15ag i i 5 &t Swe £ 08 =MSberthenthd ng

the flag teelifdt prdoeds e sB NG wh SN ILf size B, is. |less than paxi num
size sma,,, the l?ret hod ‘[S)t?gqee’ds tgn%gg%ﬁgﬂ % ce?éﬁ}eh%exf I%%?le s @'é‘ﬁ‘“?ga
fal se. Aft éyccarding; agonehembodigento theakglévery hiene may be predicted in the following

15 manner. The predicted size (i, k;+1) of the frame that has a payload including the current

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

Seli, ki +1) =

nexg - max

{smmad F S ik + 5, 1f s, < Seeli k) + 5 < g

Rext

Smrerhead + Sm.i.n' if Smin > S:ot(ifk;) + é

20 (12)
The predicted delivery time of the future frame may be given by Equation (13):

T+ = 850, k. +1) / Ry + /2 + 1 (13)

25
Three conditions are established at steps 280 through 284. Whether waiting for the next
packet causes a deadline expiration for the head-of-line packet is established at step 280.
The deadline expiration refers to the expiration of the deadline associated with the head-

of-line pgcket. The_ condition may be established using Equation (14):




nmethod term nates. Modifications, additions, or om ssions nmay be nmade to
the method without departing fromthe scope of the invention.
Additionally, steps may be performed in any 20 suitable order wthout
~departing fromthe scope of the invention. FIGURE 6 is a flowchart
illustrating one enbodi nent of a nethod for setting a flag for a real-tine
queue 30a. The nethod begins at step 250, where the nunber k; of packets
to be encapsulated into a frame and a frane payl oad tinmer FPT are updated
for a queue i. Frane payload tinmer FPT may be used to track the anount of
time that pagkels +35 stay)pl 1ayedsa,l4hn prdgr to account for the del ay
requirenents g? fﬁg%bgﬁﬁﬁggx%t%Tﬁg)tggﬁggyg& The(z mber Q of packets and
at queue i is established at step 254. If the nunber @Q of packets is
equal to zero at step 258, the method proceeds to step 262 where the flag
is set to fhtrsehe AntrRdtios A tHqOGidnN@ 3 {sa@8kent Ler M Nk I, the
nunber @Q of packets at qugue Pn?sféﬁgztéﬁgi aﬁaﬁﬁglﬁtﬁ%gﬁﬁ ;mggﬁﬁé%kets
to be encaﬂgﬁTgYﬁﬁ“?ﬁ¥% a frane at step 30 258, the method proceeds to step -

266. 5The flag if,S te trye,at .step 266. After setting the flag, the

met hod t er ni natg}se. ?ei'g ?:j? it h khtr}%ear @?‘fcagf Oﬁa{h?(é’f@t‘éﬂ‘alq e fused lsgikg to
t he nunbert k; of. Eag ets o be encapsulated into the frame, the method
proceeds t'TEPES8 PHIrames wemothey gueues.pihedes) is abitter agenératos ac appddound

| dat g it hout viol ati t deadlipes if the f -
e ransm 4128 woRREAILE IR Soe el uf BBl adepsetepbpdcunt 1| a

new packet r il ) . i S. possible that a fr wth k;
~plus one ovraﬁlr(re%r ghﬁigwgissﬂ%?ggge t‘# tgrgfr%é N Sﬁ?'ﬁﬁg(ﬂi &‘Fe‘lf"f/\ﬂq‘i‘ﬂuﬁﬂgi"&“ati ng
packet - degdbiaresamife aCRESOT masa AR il % P uARKhe SERRLG Y fral opNEX!

packet at step 270. Processor eterm nes whet her t sum Phaesi zes
of the packbus«tioXpg Bhkdpsubiagemcand tofreffehethe niexisiopackighg F}Soctew if 8le0e,
that is, greater than the maxi num size Smax at step 272. If the sum10 is

t 0o | ar ge expdeadd drsvas tiftie (oif theliekt gacR€s o3 (T Xhe LREDHLNE nlIBt ds to
~.step 274, where the flag is set to true. Af teer sett?‘ng ﬁg&fqla%?&ﬁ%e .
met hod t envirlateomethat isf tuidtedisua(, Bk + DptheAkgeue itthéd toi s50Rl the (hneckdsdryt slexc |
c or = smax, then the nethod proceeds to step 276, where the deliveéry time

of the neXfdiyand ppocpeds I{,q epRsuide and transmit a frame.

| Whether waiting may cause excessive packet loss rate is established at step 282,
15 Excesstve packet loss rate may refer to a packet loss rate that does not satisty a threshold

value. The condition may be established according to 1E-quaticen (15):

(Mylo + K, + D/ (MY, + K, +1) > (15)
20 - Whether. there is no significant efficiency improvement by waiting is eéfablished at step

284. Efficiency improvement may refer to increased efficiency as discussed previously.

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

(St ;) Soend) - (51l K3)) < Ty (16)

© 25
. ‘where ?y, is an adjustable efficiency 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 violated due to collisions and back-off delays, which cannot .




i i livery-tinme may be predicted in the
?gf:lo(r)a: 28 ELg ?rgﬁngp‘?o_(lj_lhgegﬁ éadit Eseges: \z/e é(i, K; +1§/ of the frame that has a
ayl oad including the current k; packets plus the next packet to arrive
ey be described by Equation (12): Sf(i, k; + 1) 1 Svernead,+ S ( k,) +

__gay_te ifessmn < )étoc(i ki) + Sexxt 5 Smax Suvernead + Smn, if snmin >
tne(| ki) +. Snexr , 20 (12) Tt’ﬁ predi cted delivery tinme of the future
'fStnC(l’na be given by Equation (13):'7 '((k*+1) = 8s,(i, k: +) | R 1"k +
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Whet her waiting nay cause excessiVv
282. 15 Bshewdbesebosadilet Thedsiciia @ayThy cdif@éd &@r & RAGKLYHIIOD o LabEadt hat

i,sfy a threshold .
does not Sf%;[’ the (%/ynamltcs of the traffic. In the case of number k ; of packets to be encapsulated

equals the number Q; of packets at queue i, the decision of whether to encapsulate may be
15 made depending the conditions established at steps 280 through 284 as well as the fraction
of idle time. For example, if nonc of the conditions are satisfied and the probability of an
idle channel is less than a certain percentage such as 50%, station 20 may decide to wait in
hopes that the time the next packet arrives, the channel may be more likely to be available,
Modifications, additions, or omissions may be. made to the method _without
20 departing from the scope of the invention. Additionally, steps may be performed in any
suitable order without departing from the scope of the invention.
FIGURE 7 is a flowchart illustrating one embodiment of a methc;d for updating a
- number k; of .packets to be encapsulated into a frame at a real-time queue 1. The method
begins at step‘BO{}, where an updating event is detected. An upd-ating event may comprise,
25 for example, successfully transmitting a frame from queue 1, 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 k; 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

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




val ue. The condition may be established according to Equation (15): (Ml.o.
+ ki + 1)/(Mac + ki + 1) > si (15) 20 Wiether there is no significant

ef ficiency inprovenent by waiting is established at step 284. Efficiency

i mprovenent may refer to increased efficiency as discussed previously. -The
conditi on-may be established according to Equation (16): ? (stedi, ki) + s
eat) - ? (s,.1(i, ki )) <9,h (16) 2b where ?,h is an adjustable efficiency
threshold. Even if the arrival time and the size of the next packet are
accurately predicted and the frame encapsul ati on at subsequent queues is

performed apdaad dikdcNRé BEmb LOHOE HicbRRodMNdPBEets Micadf aRACKST 1YRMHGS « tdpere i's
no guarantee that the deadline of the head-of-1ine packet can 30 be net.

The deadl i peckatgyisherual od dDietheduthetwpdeting ipsicedse analy bhacgerbificdél aydr twhi ch
cannot 17 nticipated by a station 20. Accordingly, if delaying frane
encapsulatF%%H§H%W%F$§H§ﬁﬁ§§F8ﬂ‘%éoggﬁg% B4V PG t o a deadline
violation, statifon GRaehgrotduriol rdefcbe hértiRed CiRe RS ESbORIHR 855366 ati on
20 has |l eeway to tolerate packet violation, and loss in the expecte

bandi dt h ¥l thesunbernly, iy vohwiddted.r iAfigr noteupsintag 3ot atethod termisidsf i [€agnt . 5
If less than aEWO condi tion sat,isfied_at step 286, the nethod groceeds

to step 2882 ROFEIYRS £ Eﬁ%ig ol 3t 5tgpa iUl thonmedhodserpegeds ta Hep 08 dot o
false th Ry e o SODRLLI NS RN, SAL STied at
o T g oo o BRI, FOHA TGRS AT o

step 286, the nethod pfoceeds to step ag

After settQnef fableetf Isagletd f step 3 1h€onRbiNeglc Bes BLBRIRS: at FepBli6 SMbhahe
procedures for setting the flags may be used. For exanple, 10 procedures

that rely ¥#ectedealneadiigticantsat afiamesiamatdfageratsizs, which heythientetetrthieedpyxt
- packet arrives may al so be used. For exanple, station 20 may track the
fradli on ofstabliphing hetherhe prdgctedaaluseas vk jsatisfies Fhe, ) Zotizon may be conput ed
over a noving Wkﬂg to. account, for the dynamcs of the traffic. In the

(0] A L .

case of number ecflepigd Ralg of &: Heesdiop sk i satigfactorrfizg 2 stend1 hibmaeth@  of
packets at_queuye i, t deci sipon of whether to _encapsul ate may be 15 nade
dependi ng Qrﬁ%eeg%%‘?t?ﬁ 2@65 Wg’ffea‘bie i"g‘ﬂ&‘t’f ot 0€P”§b§‘3 2peetiuRdeeg > B aobepdaling  as
- the fracti i ti.ne. .For e, jf none .of. the conditions are
catisfied tgﬁ (\jral? eth%lrngglggiq?rln{z%a?%sf ﬁ)a(tﬁgpelected value ot 'k, "yields a satistactory size, the

method proceeds to step 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 di(1, k;) =d; <di(1, k; +1).
If the selected value 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 -tenni_riates. If the selected value can guarantee the.in-ti'lhed delivery, the
method 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 invention. Additionally, steps may be performed in any

.25 suitable order without departing from the scope of the invention,

Centain embodiments of the invention may provide one or more technical
advantages. A technical advantage of one em‘bodiment may be that the number of packets
encapsulated into a frame at a queue of a network may be adaptively adjusted according to
changes in packet deadlines at the queue and in network conditiois. Adaptive

30 encapsulation may mimimize bandwidth overhead caused by encapsulation. Another




idle channel is less than a certain percentage such as 50% station 20 may
decide to wait in hopes that the time the next packet arrives, the channel
may be nore likely to be avail able. Mdifications, additions, or om ssions
may. be made to the nmethod without 20 departing fromthe scope of the
invention. Additionally, steps nmay be perforned in any suitable order

w t hout departing fromthe scope of the invention. FIGURE 7 is a flowhart
illustrating one enbodi mrent of a net Kod for updating a nunber k' of
packets to be encapsulated into a frame at a real-tinme queue i. The met hod

‘begins at s . where an updating event is detected. An updating event
may conpris%%ﬁggﬁggrmg%gﬁg%@?eE&B@H@%?W?Y ¢ thal adaptive errgpanlation meyfarormigueue
i, receivi nfpra meéwcefamkitter af trarf@#RdRN atteBEsC IR L, fo | oad
timer (FPT) o%mﬁueue i has expired, or o?her (EJ?%%ngRE®E%®%HE%ﬁ§ 5F9Iogic
32 det er mi nBE" Bt %er to perform an updating. procedure for the nunber Kk,
of packets at St 8RhcA- anF Ohb | & thk N se .of the receiving the next
30 packet, there are tﬁ% pQSS|E?Fiti%é?n%?ﬁ?ﬁéngH%ﬁF@ﬁ@“WﬁFﬁ%dﬁ?gP hunber
k: of *packefdathdgersesskitisd in thisartrronldenal@ vadbupalekaioss, atidiguauend omiskigrs t he

val ue for t ' need tqQ be 18 wupdated since the frame cannot
acconnndatewggﬁﬁé@gﬁnggﬁﬁyﬁgfpﬂﬂéﬁgE??“ﬁ? &ﬁﬂﬁ@?“k?”@ﬁm“ﬁﬁékﬁﬁ%iPﬁﬂéqUa

to Q, thersppbaledptiahii.ng procedure nmay be performed in order to determne
whet her the franme can acconmpdate a new packet. If an update procedure is
not to be perfornmed, the nethod proceeds to step 306, 5 where the nunber
k* is -not updated. After not updating, the nethod termnates. If an update
procedure is to be perforned at step 304, the nethod proceeds to step 308

- to initiate the update procedure. A value for the nunber k; of packets

| ess than the nunber @Q of packets is selected at step 312. Control |ogic
32a determ nes at step 316 whether the selected value of k; results in a
frame of a satisfactory size, which may be determ ned by 10 establishing
whet her the sel ected value of k; satisfies s,,,(i,k) = smax If the sel ected
val ue of k; does not yield a satisfactory size at step 316, the nethod
proceeds to step 306, where-the nunber k* of packets is not updated. After
not updating the value, the nethod term nates. |If the selected val ue of Kk;
yields a satisfactory size, the ' :




.met hod proceeds to step 320, where control |ogic 32a determ nes whether the
sel ected 15 value of k guarantees in-tinme delivery for the head-of-Iline
packet, while the next packet in a frame will |lead to a deadline
violation. This condition may be established using the follow ng
relationdi(j, kl1l)=d,<di (1, ki +1). If the selected value of k; cannot
guarantee in-tinme delivery, the nethpd proceeds to step 306, where the
nunber ki of packets is not updated. After not updating the value, 20 the
met hod term nates. If the selected value can guarantee the in-tined
delivery, Whea et bodppegeds to step 324, where the nunber k of packets is
updated. After updating the value, the nmethod term nates. Mdifications,
addi tions, or oh ssi/nsthwdfortracapsdletitpa Dh@“meoﬂwdkm tloal framelgpanptising: f rom

t he scope of t nyent Addi i onal | ps be perforped in any 25
sui tabl e order r}\?\ffét :Euénlgytl Rake rgo?n t%dt'o Eﬁé’i%?m?ﬁg Faﬁ'\‘}'é%?geﬂetw@'&t ain
enbodi menteclofpatiee asmwinéd mmmamemyomqﬁieeme, e dap4e rdRabiibfatefleaygant ages.
A teghnl cal advantage of one enbodi nent may be that the nunber of packets

encapsul atEd*{ Mt G H"P B8 it l?shﬁﬂﬂi’é@‘é’lﬂ@ el of si#tignshe adapti vel y

adj ust ed accor diiRgidghe GRANIEST a@k@@%@ﬁluﬁﬁ%ﬂqﬂaﬁsﬁ?tl’Fleéug eue and in
network conditions. Adaptive 30 encapsul ation m nimze bandwi dth

over head cause&e@ytl%@a@@wﬂd@P@nﬂelﬂrﬁé‘tch@twtﬁ& technl cal advantage of one
embodi ment may i.0 y. ovide. far a reduced
number of trans%ﬁgépg{r% ?8}’4 ?le ﬁgskgstt é—j\ rrgotg%ef‘rﬁ"“&@% ?ﬁ’iuglﬁf’ét?ﬁ%t

per f or manceadyAkd Hneughcamlmdmdo nee ritamef id hecdrdihlﬁatwmm the deldys rdiranémges are
desgél bed in erson skil I(fd in the art could make vari ous

al terati ofgOcH, tt}bwg °"‘éﬂo‘“8’i’i’1p§%l‘feb%§“ wi t hout departing fromthe spirit
and scope of “‘éﬂca%ﬁ:ﬂ&tﬁ{gt the T8 B infie FacISRS infPtheWarkd Gor BRBARMBH wSingithB- 20
VWHAT IS CLAI VED | A nethod for encapsulating a plurality of packets
into a fréﬂ%‘alf‘o‘i’?‘ﬁw%l ng: receiving a plurality of packets at a station of
a plurality of stations of a network,

2. The method of Claim 1, further comprising selectmg the queue-of the
15 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.
20 3. The method of Claim 1, further comprising selecting the queue of the

plurality of queues according to a selection procedure.

4. The method of Claim I; wherein determining that the one or more packets

at the queue of the plurality of queues are ready to be encapsulated into the frame
25 comprises:

-receiving at the queue a current packet having a current packet size, the queue
having one or more potential packets having a coileétive 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

30 is greater than a maximum size corresponding to a payload of the frame; and
determining that the. queue has the one or more packets read}r to bc cncapsulated

into the ﬁame if the sum is greater than the maximum packet size.




each packet associated with a delay requirenent, the delay requirenent
reflecting a 5 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 encapsulated into g;frane in accordance with the del ay
requirenents 10 associated with the one or nore packets; and encapsul ati ng
t he one or nore packets into the frame for transm ssion using the

avai |l abl e channsl . 2thdhembBlbhethiafi, Gndicm dote Wihgﬁ{at ﬁﬁgori sin segecti ng
et ni

t he queue of the 15 plurality of queues by: erm "ERAMT TR ue
transnitt el Pecne dfnge fatemblyi ofv gueped ajenready ob IbesémempsulaaaidinseigCHRg t he
queue inr e to the determnation. 20 3. The nethod of Caiml,

further conprising selecting the queue of the plurality of queues
according to a etdbbdtingthaptieaeeierias tdnsniitel fptciRts dhm @b Qudvc h‘ﬁhﬁé%b@
det ergi ni ng_ t %E tekllne.otge or ‘Fe pgeckets_ at the queue of the plurality of
queués are ready 10 D& %n@%ffigg RAKEH Mayingne Femagising 25ollsstipy isdst siecei vi ng
at the queuercspandinzadt paAGKES! he¥hig Re S dr el F@rﬁﬂﬁ LZSia1 b1 eue

havi ng one_or re potenti al 'packetg’ havi ngr; a ?:ol écﬁésgé@ﬂ:% etgilflozg‘? t he
one .or norBHBtEMPRIIHeEKket s to be potential ly encapsul ated; deter nining
whet her a sum fetdrfifmigd! 'WiRHer RRS st ze d.the collective packet size 30
is greater than a rra;(Ii%_Jrrum Sl ze clc?rgl?%@% naﬁ?‘ﬂeﬁ"i’% pﬁéﬁéﬁ'@aﬂs dFeafndhpn fve:  and
~ det er m ni FPIMEM Rapket gizeimmdhas the one or nore packets ready to be

encgpsul ated i rame if the sumis greater than the maxi num packet
size. it 21 5.d@EFﬁ3{nﬁ% hgt?ithgfqu?ﬂcaﬁ%t ¢ ORGHUTBYT Maekess ieRd frgbe ¢nstpsubseedone or

nmor e packet® the frame if the remaining collective packet size is greater than the maximum packet

size.
6. The method of Claim 1, wherein determining that the one or more packets
I5 at the queue of the plurality of queues are ready to be encapsulated into the frame
comprises;

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

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

into the frame in accordance with the decision.

7. The method of Claim 1, wherein determining that the one or more packets.
at the queue of the plurality of queues are ready to be encapsulated into tile ‘frame
25 . comprises: ' ' |
predicting a next size of a next packet for tﬁe queue;
deciding that waiting for the next packet is associated with a packet loss rate that

does not satisfy a threshold: and

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

30 into the frame in accordance with the decision.




at the queue of the plurality of queues are ready to be encapsul ated into
the frame conprises: establishing that the queue has transnmitted a

previ ous frame, the queue having one 5 or nore remai ning potential packets
havi ng a remai ning coll ective packet size corresponding to a payl oad of
~the franmg, the one or nore remaining potential packets to be potentially’
encapsul ated; determ ning whether the renmaining collective packet size is
greater than a naxi mum packet size; and 10 determi ning that the queue has
the one or nore packets ready to be encapsulated into the frame if the

remai ni ng col | e8t i veThacktiod if Diaiinst, ek detbiadhin t Loy si ze.
6. The netgpq“pf Clqhngl,_mhfrei det er m ni ng tha?mﬁhgﬁﬁae OPRﬁg %&ﬁgckets
15 at the queteldi“t ehﬁlfd?r& 'ﬁytQIPB‘Fe“ﬁ%é[f’eéeaQ)’éOrlé'aWapmldB@ ot dlps Gilaaice d
into the franprisegonpri ses: predicting a next size of a next packet for the
queue; deciding that waiting for the next packet is associated wth an

~expiration of  aPrefisius # Aext sigpaf Puexpackenfonthegueiat t he queue has the one -or
rane in accordance with

- ket ; -apsyl ' the f '
The. doci si on. 7 Hid BE FRAAPRE 8L W bG: by RolbPorneh D thatiasmeyono or

nore packet®progimanti@ndueue of the plurality of queues are ready to be

encapsul at ed irﬁ&kthe fn%g§1 25 cgnq&éses: predicting a next size of a next
i s

packet for the quaue "HER Hiedlets PPT AGMPET Packets feady tp de kkatapigated

associ at edinw thh ramp ac kebrdagsswitiaihe dbdigbn. does not satisfy a threshol d; and
determ ning that the queue has the one or nore packets ready to be
encapsulated 30 into the frane in accordance with the decision. 22 8. The

met hod of Claim1, V)('?)Fs?e'n{‘fog@ﬁc‘?ibmlﬂfngg pthprgitityto?;e)ac B8 i0 2 armeé, Qoarlg:gnesEnSggz
an input operable to receive a plurality of packets, each packet associated with a
~delay requirement, the delay requirement retlecting a deadline corresponding to at least a

subset of a plurality of stations of a nétwork;

a plurality of queues coupled to the input and 0perable to queue the plurality of

15 packets;
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 {0 be encapsulated into a frame in accordance with the delay requirements

20 - 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.

10.  The system of Claim 9, wherein the scheduler is further operable to select -

25 the 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.
30 1. The system of Claim 9, wherein the scheduler is further operable to select

the queue of the plurality of queues according to a selection procedure.




at the queue of the plurality of queues are ready to be encapsul ated into
the frame conprises: predicting a next size of a next packet for the
gueue; 5 deciding that waiting for the next packet is not associated with
an efficiency inprovenent; and determ ning that the queue has the one or
nore packets ready to be encapsulated into the frame in accordance with
the decision. 10 9. A systemfor encgpsulating a plurality of packets into
a frame, conprising: an input operable to receive a plurality of packets,
each packet associated with a delay requirenent, the delay requirenent
reflecting a deadlingy set o apI rallty of
stations of a network: 9gﬁ%ﬁngﬁ[@%?‘ﬂ‘aﬁ%‘be@a@gﬁ%]%‘%“ ‘306’ﬁ 5‘:%8’
oper abl e t Sh&jubtent ive miramatietsyatofie Bupat ket pturzﬂxtﬁ@h@dm@rar@%yang g0 the

plurality c&fmg,glggtgg, &Eﬁleé}%{"e gble to: establish that there is an available

channel of the net M ne that one or nore packet s at a queue of
the plurali ty oi’ecqurmgea the Quedcen Bytrdn® packet MEARS Wl @inf: an&lkﬁt uéufg
accorgdance del ay requirements 20 associ ated nor e

pac keétjs an Vm‘hlof'F 8f &UR Pal5ata! perksts Bavieha Hectve padkes Spracttetcmemttmortehe

frane for Pblreatrtﬂriiihcﬁ&is%lb&ﬁét@ﬂmﬁl?%n@a\ﬂﬁh%{é@' e channel . 10. The system of
Claim9, wherein the schedul er further operable to select 25 the queue

of the pluralit$§ctgmigasydsthpya smofetmpmm phdiat smmmdquew:etcmamekatsaé a
coLL1 9 19, gl welobh &oSghLbshoi o £pShselGilipg s, dleve I

~response to the determnation.
schedul er is fudattieiniopérabicaubee bl e bne bhﬁloﬂdJﬁé&et@freJd?ﬁo Bk Whad k&lé(feﬁ’cl
aim

gue acc sel ection p dure he syst
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[3. - The system of Claim 9, wherein the queue is further operable to calculate
that the one or more packets at the queuc of the plurality of queues are ready to be
-encapsulated into the frame by:
15 establishing that the queue has transmitted a previous frame, the queue having one
~Of 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
20 - 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.

25 14 The system of Claim 9, wherein the quene is ﬁxﬁher_ 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 s associated with an expiration of a

30 deadline; and

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

into the frame in accordance with the decision.




that the one or nore 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 5 having one or
nore potential packets having a collective packet size, the one or nore
potential packets to be potentially encapsul ated; determ ning whether a sum
of the current packet size and the eell ective packet size is greater than
a maxi mum si ze corresponding to a payload of the frane; and determ ning
t hat the queue has the one or nore packets ready to be encapsulated 10
into the frame i% t HEhesysminsofgfleiat 6 whirelh thBQuaRXEs TAMPAGESbI ) Z8cukd. The
syst em of t%talh@ 9.. Wwherein the queue is further operable to calculate that
the one or nors PlcRet@reapackeis 4 ihuauere ehiheplurlity of qefuceveusadpte beeady
to be encapspshbtRdnionhorihenf.r ane by: 15 establishing that the queue has
transmtted a preyious franme, the queue having one or nore remaining
pot enti al packdirgd'ﬁa\&fﬁ&xbﬂ%@fﬁ'iWhgﬂckglfbetbbiquewpacket size corresponding
to aspayl oad ofgetiig,of e e .remaini ng. potential packets to -
be potentiall ydegiﬁgigﬁrsl%{%“éﬁ ; E)crie err'érgncrt %‘?Wﬂa@f%@e‘{]g@ﬁﬁéﬁﬁlﬁﬁi'% rélpthaget i ve
packet si Z®¢$ Botgpiedy ethreshald; and 20 maxi num packet size; and determi ning that
t he queue has td@%n%ﬂue ot@ trrtﬁre $a kets ready to be encapsulated: - into the
frame if the rermal Ning ¢ol PeSETRP 54k Bee & arg rackets seady te hamsntapsulatedi num
packet  siigte:thfardin abb@daus el aé dligbin 9, wherein the queue is further
operable to calculate that the one or nore packets at the queue of the
plurality of queues are ready to be encapsulated into the frane by:
predi cting a negt st : . t he queue; deciding that
waiting for the nex'trgj@og}g%g? 0??‘%@5%3&%%%%%& “ﬁu%% @@?fr%&eﬁ’& g carpulatgy
dead! i ne; hahdheleee orinmira gackest att the queeciof NS plurditp i @ELIIDLE PAGKEL S ' eady
to be enC@P&H&Lﬂﬁt@cﬁjindﬁ% d;n%%y!frarre in accordance with the decision.

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

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

I5 improvement; and

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

mto the frame in accordance with the decision.

17 Logic for encapsulating a plurality of packets into a frame, the logic
20 embodied in a medium and operable to:
receive a plurality of packets at a station of a plurality of stations of a network,
each packet associated with a delay requirement, the delay requirement reflecting a
“deadline corresponding to at feast a subset of the plurality of stations;.
direct the. plurality of packets to a plurality of queues of the station;
25 detect an available channel of the network;
determine that one or more packets at a queue of the pIu-rality of queues are ready
- to be encapsulated into a frame in accordance with the delay requirements associated with

the one or more packets; and

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

30 available channel‘




24 15. The systemof Claim9, wherein the queue is further operable to

cal cul ate that the one or nore packets at the queue of the plurality of
gueues are ready to be encapsulated into the franme by: predicting a next
size of a next packet for the queue; 5 deciding that waiting for the next
packet is associated with a packet loss rate that does not satisfy a

t hreshol d; and determ ning that the gyeue has the one or nore packets ready
to be encapsulated into the franme in accordance with the decision. 10 16.
The system of Claim9, wherein the queue is further operable to calculate

t hat the one or re e guay b Lurality of queues are
ready to be encggsufgﬁgggFﬁfgﬁ?ﬁ%P?rane?ggéa%Fgﬁ‘%??ﬁﬁ”ﬁ%H%?{&gP algy a
next packet of@teuesthy: queue; deciding that waiting for the next packet is not

associated with ff.icje 15 inpravenent . and_determ ning that the
queue has the oﬁ%ﬂgﬁunn gmgg%ﬁﬁFgengﬁvuf ayallidineafiame svelvediinacollistont r ame
in accordanaal with the decision. 17. Logic for encapsulating a plurality of
packegs into a fr@ne, he logic 20 enbodied in a nmedium and operable to:
‘receive a pl ur al TG aE TR regponge k e defarinatipnp| ural ity of stations of a
network, each packet associated with a delay requirenent, the del ay

requi rement reflecting a deadline corresponding to at |east a subset of
the plurality ofl%st affPehsic of €aon 17hBirbeuomkibietoaklcpatk @hisuc 6F Re puklig) ity

of queues offbbRs SERL:RN: etect an available channel of the network;
determ ne thgt o%e orlﬁg?éi%ggggiID%Fﬁﬂiqueue of the plurality of queues

are ready to be encapsulated into a franme in accordance with the del ay

requigs enents asspciated with _the ogne or nore packets; and encapsul ate the
one 2)[5 nor e pac%g't s flﬂﬁ‘f peod Flrmd 7 eperableansteiaming ihaighmenet dranor8 Packesi | abl e

¢hannel . 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;
15 determining whether a sum of the cumrent 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 surn is greater than the maximum packet size.

20 21.  The logic_: of Claim 17, operable to determine that the one or more packets
at the queue of the plurality of queues are ready to be encapsulated into the frame by
establishing that the queue has transmitted a previous frame, the queue having one
or more remaining potential packets having a remaining collective packet sizé
corresponding to a payload of the frame, the one or more retaining potential packets to be
25 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

' . 30 size.




25 18. The logic of daim17, further operable to select the queue of the
plurality of queues by: determ ning that the queue transmtted a colliding
~ franme-involved in a collision; and 5 selecting the queue in response to
the determnation. 19. The logic of Claim17, further operable to select |
the queue of the plurality of queues according to a selection procedure.
10 20. The logic of Aaim17, operable to determ ne that the one or nore
packets at the queue of the plurality of queues are ready to be

~encapsul ated into the frame by: receiving at the queue a current packet

havi ng a current2.packied logic2€ Cléiel 19 upisblbay HAARE 1Rl Y-S oPQ{o‘?é‘fﬁciﬁ!:ts
packet s haV|Fg a collective packet size, the one or nore potenttial packets

“to be pot efltfiGysye ahtbgplingy efiquerss deresdyinbarncopsetateling thafroé by:he current
packet size and,thgiGo] $&?£i&%’§fﬁ:?e‘if§atck§tif&ethaiqgelg eater than a maxinmm size-
t he )

corresponding to a payload o ane; .an eterm ning that the queue has
the one or nor edqgiitieethet meithg foo tizenen papisu|iatedciatdt ith ke dxpasion §f §he sum |
IS grseaterdéag _Eulpae maxi num packet size. 20 21. The logic of Caim17, -
operable to determne that the one or nore packets . at the queue of the

plurality of quktesimsethaeadyube RS BOERPS B Lshckas ‘?eathQO bE %H&ﬁ?&{éwd
. establi shl..ng)t}lh t the queue has transmtted a previous franme, the queue
r

havi ng one™ PRC HEFFEPIIPRAG YoEt BRdFAtiohacket s having a remai ni ng
‘collective packet size corresponding to a payload of the frane, the one or
more remai ning potential packets to be 25 potentially encapsul ated;

det er mi ni ng whéBher ThadogientChimd 7 calerabdt iowdetqpadicathatsth end sr goRAlEketd han a

maxigum pag kgt shds m.oning that the queuye has the one or nore
~-packet s rea% T8 be t%é?l@gﬁig | At d *h rSa‘fyht@tbFrﬁﬁ%@S‘iﬂ?tef’ ko therfeants big

~ «col l ective packetdiginzea nicst sigeadhaexitpadet Fighd@egum packet 30 size. 26
deciding that waiting for the next packet is associated with a packet loss rate that

does not satisfy a threshold; and

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

15 into the frame in accordance with the decision.

24.  The fogic of Claim 17, operable to determine that the one or more packets
at the queue of the plurality of queues are ready to be encapsulated into the frame by:
predicﬁng a next size of a next packet for the queue;
20 dg:ciding 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.




22. The logic of Claim1l7, operable to determ ne that the one or nore
packets at the queue of the plurality of queues are ready to be

encapsul ated into the frane 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 5 deadline; and determ ning that the queue has the one
or nore packets ready to be encapsulgted into the frame in accordance with
the decision. 23. The logic of Claim1l7, operable to determ ne that the one
or nore packets 10 at the queue of the plurality of queues are ready to be

encapsul ated intg the § DY di cting.a pext size of a next packet
for the queue; decidi nd&téﬁﬁgop%:f] %%LE‘S“%%PI”{%&Y ﬂgl%’c‘:}(ffét’l%%? fiageqepsansisaged wit h

a packet |oss ranens foarecethiess p‘lOtali@Gﬁfi;ﬁf:l%ttﬁattarﬁiﬁfthqu;pllﬂggty%?gﬁﬁg%g;f{}ig t hat
t he queue q%%grpeeaglge [ nore eﬁacﬁ@é? ready to. be. encapsufate into
the frame in accordafte \iFIrdHe Herfdngrativament e dabay mqafen@naiafiedihg

oper abl e t & dediaicrbiespbidhe {01 16 SAbsclBF e Pﬁ’:ﬁhﬁ}éf #oni.ne queue of the
plurality of queues fare, ready to be encapsulate Phio Che frane by.
preditting a nefit®& edisscting Hiepiurpiy kbpackess tot hplugulieper qualesdg e ditnBnt hat
wai ting for thegpgxdt [ ociated with an efficiency

i nprovenent; and detfgf%&%{ﬁhéh?’ﬁ\%ﬁg?’ﬁzﬁ%"ﬂfé‘uo HEWHE one or nore” packets
ready to be encasawl @r edterhming thheoda ammote pake@r A angeeudl dehint gﬁﬁjrgﬁgicﬁfi on.
27 25, A ﬁga;egrgrgorra(slng@%seul at i nLg a plural ity of packets into a ftrane,
conprising:  neans for recs AT drg) 7B ipasdeerdanes vethstiat ideiny of a
plurality ofquetratitomsodidtedwBhoQnk or Rkt habiatkghg associ ated with a del ay
requfd enment, the delfa%/ requi renment reflecting a deadline corresponding to
~at least a subsBFSlo% feapiuptiag ithaonstorgnereiperksts Bitordenkarho fordisnaatsiipg t he
“plurality ofinpmekeliBble@nsgel urality of queues of the station; neans for
detecting an avail abl e channel of the network; neans for 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 with the one or nore packets; and 10 neans
for encapsul ating the one or nore packets into the franme for transm ssion
using the avail abl e channel. 28 26. A nethod for encapsulating a plurality
of packets into a frane, conprising: receiving a plurality of packets at a
station of a plurality of stations e¢ a network, each packet associ ated
with a delay requirenent, -the delay requirenment reflecting a deadline
corresponding to at | east a subset of the plurality of stations; 5
directing the plaralAnytiod fpamkeisalating appkditabf fatal i@EHES e Qbndphgingt at i on;
detecting an avail.abl e channel. of the network; selecting a queuée of "the
plurality of qu&tRE By pi‘éff‘ A Pkt 3 actation of aeikeralityrofimiatiprs efck metwolld i di ng
frame i nvokaRthacket Base@idted valh ANMLLSClefEtdniGh ! ﬁﬁ (%i'@l?eq:uﬂ- LE3PQRs&inL0, the
~determ nation, and by sel-ecting thé queue of the plura |f:y of queués.
accor di ng fiegdline cpgrespandiogitont lpasbe subsetef theateniitynif ngtiodsat one or nore
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