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ENCAPSULATI ON BACKGROUND 5 1. Technical Field

Enbodi ments of the invention relate to the field

networking, and nore specifically to a network “mmmm'm“

for attachnment to switch fabrics. 2. Background ,

Informati on and Description of Related Art 10 Many sis0150*

METHOP ARP byS ORI BR CRck P .28 PIRINGG 8dumtific haverste AREJiAR® ENCAPSULATION

resource requirenments that are difficult to scale. An
effective way to scale such applications is to
BAGQKGRIOWND i ndi vi dual al gorithnms onto different
processing el enents and interconnect those processing
el e ts an..a switch fabric. This arrangenent nay
1. suhﬂ%ﬂﬂﬂﬁﬂgiﬁggh bandwi dth data flows that must exi st
between the 15 algorithms. A high performnce switch
f abEmbodimamigefdhe inventior relate tevtbe fieyd of aetwrorkingr aad snore
proprietary multi-stage sw tching technol ogi es, but
spddificajig td arnmeiwoek hede forlatiachohent tasWwitctinfabriss. i n dol | ars
and in features, such as scalability. In order to
achi eve high performance at a reasonabl e cost, current
approaches |nclude t he 20 use of network technologles

t echnol og| es are i nmatu and stll evoI Vi ng,,and are
| i i¥laey mW%B@W@H@'G?&“%@PRHC@HPW hawme dggianding resource

performance, such as classes of service and congestion
requisements that are difficult to scale. An effective way to scale such applications

is to distribute individual algorithms onto different processing elements and
interconnect those processing elements on a switch fabric. This arrangement
may support the high-bandwidth data flows that must exist between the
algorithms.

A high performance switch fabric arrangement may be achieved by use of
various proprietary multi-stage switching technologies, but the performance is
achieved at a high cost in dollars and in features, such as scalability. In order to
achieve high performance at a reasonable cost, current approaches include the
use of network technologies such as Ethernet, InfiniBand, PCI-Express/Advanced
Switching, and Rapid 10. However, these network technologies are immature
and still evolving and are limited in some features critical to network

performance, such as classes of service and congestion control.
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WDRSERIOPTPON OF DRAW NGS The i nvention may bestPERUS2004/018418
understood by referring to the foll owi ng description

and acconpanying drawings that are used to illustrate
enbodi nents of the invention. 5 In the drawngs: FIG
| is a block diagramillustrating one generalized

BRIEFORESGRIPIION OE\RRAWINGSr por ati ng the inventi on.

FIG 2 is a block diagramillustrating one generalized

Th%ﬂﬁ?@rﬁtiﬁ?ﬁhag{t@t E%X@P%F@tg&l? PP QQfe?Fiﬁg% Eﬂffapg%ﬁﬂj 48¢erigtion and

greater det ustrates a ware

[ u f r d or di o) . .
acEBah B BpHardn B B o AR o bt B tng nvention.
i.ntercqgnnection of nodes in a nmultisheif configuration
'nma@"‘%g%xternal swi tch according to one enbodi nent
of the invention. FIG 4b illustrates an
i nt #Gohieatblock dibgrerd dkusinatiag onketgerteralizedogrmbgdinentaf a
15 using a nesh according to one enbodi nent of the

systeweiticofbratm§théinveniord.l ow diagramillustrating a
nmet hod according to an enbodi nent of the invention.

DET . X ' X
et i #6575 DR blrt RS ARG bhe Harkedl ¥ BOtment of o
fabrics are.described. In the follow ng description,
sysRfb GRS R nveiaton ihorgater el th “Fonever o ¢
IS understood that enbodi nents of the invention may .
be PFtAcBilkistrales abatdwaresuchifraiure ef aaetyork nade agagesding to
i nstances, well-known circuits, structures and
one echbodiment bhthe invéntloeen shown in detail in order not
to obscure the understanding of this description.
FIG. 4a illustrates an interconnection of nodes in a multishelf configuration
using an external switch according to one embodiment of the invention.
FIG. 4b illustrates an interconnection of nodes in a multishelf configuration
using a mesh according to one embodiment of the invention.

FIG. 5 is a flow diagram illustrating a method according to an embodiment

of the invention.

DETAILED DESCRIPTION

Embodiments of a system and method for a network node for attachment
to switch fabrics are described. In the following description, numerous specific |
details are set forth. However, it is understood that embodiments of the invention
may be practiced without these specific details. In other instances, well-known
circuits, structures and techniques have not been shown in detail in order not to

obscure the understanding of this description.
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2 WO 2005/ 096679 PCT/ US2004/ 018418 Ref erence
woRpEghgat this specification to "one enbodi NnPOI/uS2004/018418

"an enbodi ment” means that a particular feature,
structure, or characteristic described in connection

Wi t Refbreneshiodbiughott this spedificitionitd “ahe ERTSIMINBAL" or anf

enbodi nrent of the invention. Thus, the appearances 0

enﬁﬁ&ﬁhr@@ﬁtﬂﬁﬁéané ﬁa?aepa‘?ﬁaﬂgﬂ fé%mr?hrgtguctho 01 Characteristic described

ment InN varrous places

o SR S B BT s 2 L0 ot of e

fegtures, structures, or characteristics may be

| '“V@GHBFﬂé'Guﬁn hgrRpRearangascoithn mbrases ‘thenegemandiment” or “in an

enbodi nents. Referring to Fig. 1, a block diagram
embodinsentireyadousplaoes throughaidhistspecifivation @re modnecessarily all
enbodi ment of the invention. Those of ordinary skill

refemirighte thetsamié embagipnesti FetHdniors Re PRiriEUI4r @@ﬁﬁe& O8tructures,

may i ncl ude nDre conponents than 'those shown in Fi g.
or éhaﬁé@’e’é?ll‘éﬁés bécé‘r?ibl réﬁltraBFe{) hean 65@6? lore
gener al co ventlon nen S e o U1

ose an il lustrat | ve enbodl ment for practi CI ng
emtbﬁg%%&éhti on. 15 Network node 100 includes a switch

104t coupl e, h fabric 102 andaplurallty
¢ Befegad i Juailask dggramalsistiaies a Tetwarknods 100
subsystem 106 is a subsystem at which external

acqardingite onegmbedimentiof the inxention.cThose obandimarysskill in the art
Et hernet, enters and exits the network node 100. The

willagpsgsintenthabhe nételosk aade 100an8y irttudxirre %brrrr.ﬁjﬁeﬂts than

identify an associated flow, and classifies each 20

thoﬁé%ﬁbﬁlﬂ' in et HoivePer "'ﬁs Mot AeBbsY that é?lfofCtHégé @eggﬁly

based on the packet's destination, “priority

cork SR S e e o OB B G,

receil ves

ket |nto ate gueue, schedul es the
emﬁg@ PN RIRC %IEQ%S‘SE[@“ - transni ssion, and

encapsul ates the
Network node 100 includes a switch 104 to couple to a switch fabric 102

and a plurality of subsystems, such as 106, 108, and 110. The subsystem 106 is
a subsystem at which external traffic, such as ATM virtual circuits, SONET, and
Ethernet, enters and exits the network node 100. The subsystem 108 labels each
received external packet to identify an associated flow, and classifies each
external packet into one of a plurality of queues based on the packet's destination,
priority, and path through the switch fabric 102. The subsystem 110 receives
labeled and classified packets, maps the packets into the appropriate queue,
schedules the packets from each queue for transmission, and encapsulates the
packets to form frames of uniform size before fransmitting the packets to the

switch fabric 102 through switch 104.
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packets to formframes of uniformsize before

wonasstd7bi Nng the packets to the 25 switch fabrpeEr/dédosoissis
t hrough switch 104. 3 WD 2005/ 006679 PCT/ US2004/ 018418
I n one enbodi nent, the network node 100 al so i ncl udes

one #]r%nér%ﬁrﬁ)od?rﬁbe‘ Ghe ﬁ#Rﬁdﬁtr?dH% i Wéﬁe%élﬁg& bRk H4fiore
fouch proc

hi gh- essing functions, suc eep packet

2ol BRP PSR et é’r?@xaﬁ@ﬁﬁ5?%?@%?%&5@6&5&% such as

for processing. An adjunct process nma a thread
degp packel: 'W%@P%%’QF‘%WPQ%&"% r"e%g "&%@N@N@d toan

_ processor mcroengine, or a thread of an adjunct
intermat os external diurst sabsysfemalor progesisingsr A @dimnct ppsRss may be
The adj unct process may be on a | ocal node or an

a thidal ¢fal netwaitk prédddsor abrd, Rethpeadef ahgtwekysrokessste
100 is shown in Fig. | and Fig. 2 as 10 including a

miehpie: Bla (e Ut allfcP RSN Bt B g e
Prosty (558 e PR BboeNanat nh BB A e e PPED extemal

éubsystems of the network node. The other of the two
Od@i t ches woul d be a fabric switch that connects one

or nore subsystens to the switch fabric. 15 Fig
il Aﬁhw@mﬁ\qep@mpwseWKmdﬁet%lswhwmnﬁg i rand Fig. 2 as
greater detail according to one enbodi nent of the

indudiem iswitichAO4stoasunnestitrey sutsystdins and theidedtch fabrigun one
Medi a Access Control (MAC) 202 and an out put MAC 204

en%dlm@ﬁtemeamm 164 %&M@@m%m néb¥ihe two

virtual circuits, SONET, and Et hernet The su system

ool O SR i ED o v
newg@gg. Q‘fhe S[JPf qu Swsl@%(&%%&&é bleng faLtgrﬁ:ssﬁlrt]ch B!
connects one or more subsystems to the switch fabric.

Fig. 2 illustrates the subsystems of network node 100 in greater detail
according to one embodiment of the invention. As shown, subsystem 106
includes an input Media Access Control (MAC) 202 and an output MAC 204 to
interface with external networks, such as ATM virtual circuits, SONET, and
Ethernet. The subsystem 106 converts iﬁcoming data to packet streams, and
formats and frames outbound packet streams for the network interface.

The subsystem 108 includes an input MAC 212, an output MAC 206, a
classification function 208, and a decapsulation function 210. If an encapsulated
frame is received at subsystem 108 from the switch fabric, it is sent to the

decapsulation function 210, where the frame is decapsulated into the original
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classification function 208, and a decapsul ati on
wbaoioogyre 210. I f an encapsulated frane is regerusdoniorssis

subsystem 108 fromthe switch fabric, it is sent to

the decapsulation function 210, where the frane is

P o] paob e ety AL} W g oxtgma
o 45 8 g RS b e B Sl b AR

| abel ed and cl assified. The classification function
208The glassificatian funsticerddd exaieives eash eydemmal packet and gathers
i nformati on about the packet for classification. The
infarheetionf aboait it packettfoodagsiication. Theglassificatiop Aaictioh 208 may
source address and destination address, protocols
ex@fimedd Eﬁ_@(btw douréd adarsseind dektinadon dddress ProtBEDls associated
HTM_, TP), and/or ports associated wth the packet.
_ AR . b vE . ! _
i D G T PG LT B R4 b8 adibbiated
.packet and labels the kep, wi,th.a flo i dentik1 gl .
wit i Boefla B (s wiadgs: hetkiodyifletcifungtish 2b dijermines
then be classified 10 into one of a plurality of,
a pertiguiardlow agseclated with e paskebang fahels the paekpiavith a flow
traffic. A path to be taken by the packet through the
idestifiardID ¥ tatidentify dhe essocizteddlow.odible paskehimiaydhées be classified
consi dered when determ ning the paths packets wl|
intd ehe of arphuralityt dfetraffivvclaebed, Buchas Vales! drabiynar vides traffics A
to selecting different paths for different flows to
I t t t kd Hi
patﬁ% @@qsk%ﬁsy tﬁé‘?ygeg%t tﬂ?o e s%ﬁfénrfgbg%'iﬁ qe ymgr’fé?j. Load

amage that”cou _ oné 15 to t ughput a

oaiffib §cO G e Hefralriic tRE6E: AabEh i tek8 through the
Jpacket' s destination, path through _the switch fapric,

SWiERASBIip o LOBY DAREIRA BRI SEIRIG Ut Palss fas aiarent flows
destination, path through the switch fabric, and

to halangse the. loadenrhe patha anthio ginimizetheddainagedhateardd bp done
to identify the queue to which the

to throughput by a partial network failure.

Each packet is classified into one of a plurality of queues based on the
packet’s destination, path through the switch fabric, and priority. The packets in a
queue have a common destination, path through the switch fabric, and priority.
Each packet may be labeled with a queue ID to identify the queue to which the
packet has been classified. In one embodiment, packets may be further edited by
removing headers and layer encapsulations that are not needed during
transmission through the system. After a packet is labeled and classified, it is
sent back to switch 104 to be routed to subsystem 110.

The subsystem 110 includes an output MAC 214, an input MAC 222, a

mapping element 216, a scheduler 218, and an encapsulation element 220. The
5
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20 packet has been classified. In one enbodi nent,
WoK406678ay be further edited by renoving heddaregS20011018418

| ayer encapsul ations that are not needed during

transm ssion through the system After a packet is

mapphf] ednidtl 2a6as&nihes each Pa’%keﬁéﬁt! destninds whidhconel8fta

to be routed to subsystem 110. The subsystem 110

pldré‘lﬁgl&?lgﬁeﬁ&nem% B%@%glcﬁ'g% %éaﬁ’é &g%c 5823!’ id@ntifiets. The

apsul ati on 220. .The 5 WO 2005/ 6679
e e A SR T e H’ﬁ”ez%a\é@ﬁgﬁ%ﬁ‘é@'%%{% to a next
packet and det erm nes whi ch one of a luralit
deqma'ﬁ@g thraughatblecawilehl fahge. Thesghedules@ddtsohedy the packets in
identifiers. The packet is then queued into the

theaqupe s foatrangnission. o Thaaichetulen 218 1siesvarious imfexhation to
destination through the switch fabric. The schedul er

sclddile phekbis Bom tte §B6IES. STh iRforiatiBH $HEPinNcRide occupancy

transm ssi on. The schedul er 218 uses varl ous

sta;ug{ug, ﬁ%\}sgﬁcﬁrﬁorrﬁéﬂﬁgg‘bﬁ 0@%&5 Sl ah a?i bl%ﬁ?ﬂb’@ W&rfadd! shd

nmay | nc cupancy

f C t1.0n nf i qur,ed |a an m ni tive
fecdhBER R, Wi Al f, SR A AR AR R o 06 o
orithns naK be used for the schedulin suc
sC Qﬁﬁ@egx sysh as Lengest Deday fiist St qa\slsscﬂeﬁﬁmedeme(ﬁas) Simple
Sinple 10 Round Robin, and Wi ghted Round Robi n.

Rosnd &obiheampbbicighted RoundeRobidequeued and schedul ed for
transm ssion, the scheduler 218 sends the packets to

t hepRec KetORaw Bé&M deqdbued BAJ seheamed!fof | tr@ﬁsmlssmn the
el ement 220 transforns the schedul ed packets into

SHNGTfe SR OSBRI T,
o AR Ga o oubi R R i W o

Smal | ackets ed together using
framgh O HSIPaRNGPL PREKYE AL Salrsening Eoa packats. e size of

usi ng segnent ati on and
the frame may be determined by the Message Transfer Unit (MTU) of the switch

fabric technology used in the system. Small packets may be merged together
using multiplexing, while large packets may be divided up using segmentation and
reassembly (SAR). The encapsulation also includes conveyance headers that
contain information required to decode the frame back into the original packets.
The headers may also include a sequence number of packets within a frame to
aid in error detection and a color field to indicate whether a flow conforms with its
flowspec.

The encapsulated frames are sent to input MAC 222, which translates each
frame into a format consistent with the switch fabric technology, and then sends

each frame to a switch fabric port consistent with the path selected for the frame.
6
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reassenbly (SAR). The encapsul ati on al so i ncl udes

waemsenige headers that contain informtion requis2ed/018418
to decode the frane back into the original packets. 20
The headers nmay al so i nclude a sequence nunber of

Diffsrértedvditon fabiib téctiicidmes and %Flérﬁbrﬂéfi@ﬁs fARiyelsé ussd anthe
a color field to indicate whether a flow conforns with

Syélt%@lﬁ%rf :W ggher\-ﬁ%?clﬁf‘lf T ns%%@gaégﬂmfi%ﬁ‘@ i%ﬂdolhlgniBand
techﬁé@t? consistent with the switch fabric technol ogy,

Sn sends 25 each frame to a switch fabric port
consistent with the path selected for the frane. | 6
wo Doeilioudes i acexampifnal @ petmibrongh tenetwark nede 100 taken
fabric technol ogies and i npl enmentati ons may be used in
by ahextarpal pagket neteidkchat sibisystesn 108CI THexexterssdl pdicketds deceived
Swi tching, and InfiniBand technol ogies. The foll ow ng

fromsarfextefiimetwork &t theinput MARCTDZ iResubsl/s@ink 108dernEQshcket is
taken 5 by an external packet received at subsystem

sent 6 swﬁEﬁ 194 WhicH fo?@émtct’hg?E'bﬁéteﬂo"%gbysé/isfé?ﬁﬁggfSE‘rEIgE;éﬁﬂEation.

network at fhe i nput I'n su em 1

t, S t it 104 i,.ch fqgrwards, the
T BERER: e BOMAC AP Sl I eucH BinERas 8 packet to
packet arrives at_MAC 206 in_subsystem 108, which
thelcasiicadop fanetion@Q8.. bhe classificatien fundtion0& examings the
208. The classification function 208 exam nes the 10
pagket Kietermises aiovwe essodiated withsthei packet viabelsithe pasketewith a flow
| abel s the packet with a flow [|ID, determnes a path

ID, detérminekampatly td be talarkisy tHehpaukeh thrbe?h\»thé slitthabric, and
and classifies the packet into one of a plurality of

o9 el AR G s T tlod S0 st

pockt e S i DACE 215 U Tp EOE o Bl o 8 swin 104
The switch 104 sends the packet to subsystem 110. The packet arrives at MAC
214 in subsystem 110, which forwards the packet to the mapping element 216.
The mapping element 216 examines the packet's label identifiers and determines
which one of a plurality of queues the packet belongs. The packet is then queued
into the appropriate queue to await transmission to a next destination through the
switch fabric. The scheduler 218 schedules the packet in the queue for
transmission. When the packet is scheduled for transmission and dequeued, the
packet is encapsulated by the encapsulation function 220 into a uniform size
frame by aggregating the packet with other packets if the packet is small or
segmenting the packet if the packet is large. The frame is then sent to the MAC
222, which translates the frame into a format consistent with the switch fabric

technology, and then sends the frame to a switch fabric port consistent with the
7
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15 214 in subsystem 110, which forwards the packet to
woRrelMapp¥ng el ement 216. The mappi ng el enent PLIGUS2004/018418

exam nes the packet's |l abel identifiers and determ nes

whi ch one of a plurality of queues the packet bel ongs.

pati€elRefdtEfor tise frAfd,. TRARIBScKetiria P tHdeafive R Rinofiet rﬂ#@éﬂ( node

to await transm ssion to a next” destination through

sitfi sohb R, AR Tion FFaSERgSiely 218 schedul es the

cket I'n the transm ssi on

schedul ed for trans i on d ued
pacﬁpfpﬁowmaaéa%@aplsff@r@%ﬁ@ by 56 s radey 308 taken
220 into a uni form size franeH¥¥ ggregatln t he
byphtrrene reiceivediirun thswitek fabiria HeZ. pAbe dtame issiegeivedrat the
segnenting the packet if the packet is large. The

switchr®4i. sThehframedstsehbdtd MACVROS ir? 8dbsystemhl 08, avidtiaforovards the
the frame into a format consistent with the switch

patRét tbGhe decapiinatiGoiuncabd 21ipe nrﬁiseaééadslwatfdrﬁmcﬁ@n 210
switch fabric port consistent with t

oo ARSTES CE A AL FSIEIAS, i b o
thef %%@&4#%'&1%%@%@99335 Bg a#eéﬂmweoro?xtsrwh For

t hrough the network node 100 taken by a fra
exapla, \gﬂé@ spitshhnmaeseid thenpacket ite an @ljurct @ubsueﬁfem for high touch

received at the 5 switch 104. The frane is sent to MAC

pragssing entbsubisestetD806 tdbe iransmitied $o ahexteraakedtwionk.
t he decapsul ation function 210. The decapsul ati on

f unglg. @illddttated eannawand Asprebentblion®f anicwbAenedé bpal
one or m)re packets. The packets are then sent back

acédtd @b&@ﬁ"nérﬂ d&nd fveatidRd 'ﬂr%‘:(?ér{té(r il ‘the node is a switch

exte exanpl e, the sw

30%?fi%e@g"%gf’s%g%%%ﬁééﬁé?%%ﬁﬁ@é CMIL AT -

K 3 illustrat har d
on§ i R et $355eBon A ez

boards. A PCI-Express/Advanced Switching Node is used in this exemplary
implementation. However, other network technologies, such as Ethernet, and
InfiniBand technologies may be used in the network node in other embodiments.
In one embodiment, subsystem 106 and an external adjunct subsystem may be
located on mezzanine boards while subsystems 108 and 110 and an internal
adjunct subsystem are located on the baseboard.

Fig. 4a illustrates how a network node may be interconnected in a scalable
system to additional switching nodes in a network according to one embodiment
of the invention. Fig. 4b illustrates how a network node may be interconnected in
a scalable system with individual boards connected directly in a mesh according

to one embodiment of the invention. Every board need not be connected
8
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according to one enbodi nent of the invention. The
woentsmeaad the node is a swwtch 302 that connectraskéva/o18418

node to the rest of the network via the switch fabric

304, and to various processing elenents |ocated on a

veﬁ%éﬁ%?éffddotﬁ F’m&ﬁza?mdg%‘n%&tg%)ﬂﬁe ufed to connect the boards in

press Advanced tching "Node is used In th
Ho th t k
o SR enl BLEETAIGHER Forever, ©f her netver
t I b sed n.the network pode ot her .
B raTaes raﬁw%dﬁf&br%a?o B3 seytsediens o iingantion.

external adjunct subsystem may be |ocated on
At pB0 zeanhrechveddietwark packsi s labelas wiblg infarmation idemtiffing an
internal 20 adj unct subsystem are |ocated on the
assuciated flod ard @.quétiel ih vhith teepadi@tvwvdll awbitdrdnsnsigsionayn one
be interconnected in a scalable systemto additional

enﬁ%hﬁéﬁﬁ%é“ﬂ&ﬁ%sb@clﬁté@km fe pEOQt M B&e?ﬁlr%“cﬁbased on the

enbodi ment  of the Invention. Fig. 4b illustrates how

softc8 Haipeds EJ% Oélﬁ\;?h d%’cgdrleg '&ﬂﬁ?o‘?g}rb@c& r%&ﬂc’i’ﬁe& with the

system wt conne

pa@i?ﬁ%ﬁ%rﬁﬁ* . btth%iraﬁ'zfnﬂb s T i BB

PCT/ US2004/ 018418 3 vertically, and other nesh
detgfpinege fapne empodmamefaaadﬁrdrafﬁﬁ@atlom REdisdayrr encapsulations
ot her enbodi nents of the invention. Fig. 5 illustrates

areaemeivieddram doe piackett AIBG0R, ealsh giacket is gilacdkinto enataf arplurality
At 500, each received network packet is |abeled with

of  PARET  ASTE e o aasons bl et o1t 5o
thePickets in the queues are scheduled for transmission. At 506, the scheduled
packets are encapsulated to form frames of uniform size by grouping small
packets and segmenting large packets. In one embodiment, headers are added
that contain information to decode each frame back into the original packets. In
one embodiment, small packets are merged to form one frame using multiplexing.
In one embodiment, large packets are divided up and placed into multiple frames
using segmentation and reassembly. At 508, the uniform frames are transmitted
through a switch fabric to a next destination. In one embodiment, when the
frames are received at another network node, each frame is decapsulated into the
original packets.

While the invention has been described in terms of several embodiments,

those of ordinary skill in the art will recognize that the invention is not limited to the

embodiments described, but can be practiced with modification and alteration



enbodi nent, the flow associated with the packet is
WEAEYMOAPI based on the source address, destiPET/USH04/018418

address, ports, and/or protocols, associated with the

packet. In one enbodinent, the traffic class to which

withie thiaspiet ahe somgs of the gigpe@idedeldimd.nTho deeditiplibriTthus to be
header 1 nformation and/or |ayer encapsul ations 10 are

reb SIS fitaFathRAnsRRS iinfling02, each packet s placed
into one of a plurality o ueues to await
transm ssion based on the packet's |abel identifiers.
At 504, the packets in the queues are schedul ed for
transm s ) ,
encapsul ated to form frames of uniformsize by
groupi ng small packets and segnenting | arge packets.
In one enbodi nent, headers are added 15 that contain
information to decode each frane back into the
original packets. In one enbodi nent, small packets
are nerged to formone frame using multiplexing. In
one enbodi nent, |arge packets are divided up and
placed into multiple frames using segnentation and
reassenbly. At 508, the uniformfranes are transmtted
through a switch fabric to a next destination. In one
enbodi nent, when the 20 franes are received at anot her
net wor k node, each frane is decapsulated into the
original packets. Wiile the invention has been
described in terns of several enbodinents, those of
ordinary skill in the art will recognize that the
invention is not limted to the enbodinents
descri bed, but can be practiced with nodification and
alteration 9 WD 2005/ 006679 PCT/ US2001/ 018418 wi t hin
the spirit and scope of the appended clains. The
description is thus to be regarded as illustrative
instead of l[imting. | 10

10
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wo Rosmdedos: 4 1 A nmethod conprising: | abel i ng reaTyS2004/018418
recei ved network packet with information identifying
an associated flow and a queue in which the packet
will await transm ssion; mapping each packet into one
of a plurality of gqueues to await transm ssion based

CbAIM8e packet's label identifiers; 10 scheduling the
packets in the queues for transm ssion; encapsul ating
the packets to formframes of uniformsize; and
transmtting the uniformfranes through a switch

Whabis daimeiShext  destination. 2. The nethod of claim
1, further conprising decapsul ating a received framne
of 15 encapsul ated packets. 3. The nethod of claim1,

wher gi n bggel i ng. each packet to identify an
‘i'ass_dgi"hett FPBW 'SR a queue in which the pac}lfet Wil |

se JePRER T BB o e GaeR Vi Rt uBnagétffiving an
AROHESD IOW LB afete AERIAhe PRI yai Garfamiston

i de%h[ﬁﬂin?:éacﬁﬁfa%kéﬁhﬁﬂoﬁé SNadNshafity iR ues thitividit fri®smission

packet” 'w awai t transm ssion conprises determ ning
baetll ovthagsekets RfbeMddntifiss; packet based on protocol s

associated with the packet. 11
scheduling the packets in the queues for transmission;
encapsulating the packets to form frames of uniform size; and
transmitting the uniform frames through a switch fabric to a next

destination.

2. The method of claim 1, further comprising decapsulating a received frame of

encapsulated packets.

3. The method of claim 1, wherein labeling each packet to identify an
associated flow and a queue in which the packet will await transmission comprises
determining a flow associated with the packet based on the packet's source

address and destination address.

4. The method of claim 3, wherein labeling each packet to identify an
associated flow and a queue in which the packet will await transmission comprises
determining a flow associated with the packet based on protocols associated with

the packet.
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wol2a03m0dg79wWher ei n | abel i ng each packet to i dentrdyusp0o4/018418

associ ated fl ow and a queue in which the packet wl|

awai t transm ssion conprises determning a traffic

class to which the packet belongs. 5 6. The nethod of

cl aiﬁép!sel’ wherein encapsul ating the packets to form
5S¢ r ang¥® BethaghekGaim i wheteintabeling eachapmnkesto idgntifiean

ackets_to faoarmfrangs of uniformsize and addin )
aﬁ@ﬁ@@?‘iﬂw AN aveye,in Wﬂtﬁhﬁﬁﬁina@k%wmo@/é@mrﬁgswgpn comprises

. back jnt ckets. 7. The thod of claiml,
d%@fﬁ@nﬁ %E@E@ﬁ%gﬁn‘@ﬁlﬁaénﬁt@cpﬁt lir’%’?ﬁ’?r-rarres of 10

uni form si ze conpri ses encapsul ati ng packets to form
frames of uniformsize by nerging nultiple packets

R T e TN U

claim1l,
urfform & ' | i iform si

e e b o PRI B RS B dREHEL Bt iform size
andngtidn @RéadersRasstah in ' d&&b g A Back i

usi ng @15 segnent at i oln Iaﬁﬁ?gggg%{%ﬁ/. . bﬁgﬁg;par a?%ksmto
packetpri sing: a classification elenent to | abel packets

received froma network wwth information identifying

an associ ated fl ow and queue; a mappi ng el enent
coupled to the classification elenment to place the 20

7. packBednethod of slaimf 1, awvheneinencapsolatingepackets tefbrovframes of
acket's | abel identifiers; a scheduler coupled to the
Unieiphsizg compfises ansapsuleing acketsgadewa franmes obunifpreusizge by

for tra]nslm' ssion;, and 12 ]
merging multiple packets into one frame using multiplexing.

8. The method of claim 1, wherein encapsulating packets to form frames of
uniform size comprises encapsulating packets to form frames of uniform size by
segmenting a packet and placing the packet segments into multiple frames using

segmentation and reassembly.

9. An apparatus comprising:

a classification element to label packets received from a network with
information identifying an associated flow and queue;

a mapping element coupled to the classification element to place the
packets into one of a plurality of queues based on the packet's label identifiers:

a scheduler coupled to the mapping element to schedule the packets in the

queues for transmission; and

12



10

15

20

WO 2005/ 006679 PCT/ US2004/ 018418 a an encapsul ation

WO 280896678 oupl ed to the schedul er to encapsul atP€TIUSR004/018418
schedul ed packets into uniformsize franes before the
packets are transmtted through a switch fabric to a
next destination. 5 10. The apparatus of claim9,

further co i.Si ng an access unit coupled to the
ol 2 §reapshiatop|lemRpt CoHRIeR ko Hiessghesivlardo gnsapgulate the

e to, c nications from the network. 11. The |
sclffiiER R b iy Hoe dres.balrd dieepasetsale Rabsmitied
' I i I .0cessi ng functions. 10 12.
th#’ﬂ'ghaép%g&(g{ {@r%}to% 'gé])?a’nd‘g,g{'%ﬂqrher conprising a switch
coupled to the encapsulation element to transnmit the
schedul ed packets to the next destination through the

10SW tThe dpddirhtas of aif, 3Ukh&! I&Hﬁénﬁnﬁg .‘éfna&cﬁdé%? uorlllitn%oupled to the

conprising: a machi ne ‘access ruminclu

classlficatibn ltmbenttRbudhceswReh BY providea itaeco?ﬁ%ﬁt&ﬁhbﬁs from

machi ne to: | abel each received network packet w

the nétworkt i on identifying an associated flow and a
gueue in which the packet will await transm ssion; nap
each packet into one of a plurality of queues to await
transm ssion based on the packet's |abel identifiers;

1120 Ibreypiaeatusof phaikd, Surithertduenpising anfaefjunct unit to perform

. transm ssion; encapsulate the packets to form frames

sigpgl pigcessing funetionand transmit the uni form franes
through a swwtch fabric to a next destination. 13 WO
2005/ 006679 PCT/ US2004/ 018418

12. The apparatus of claim 9, further comprising a switch coupled to the
encapsulation element to transmit the scheduled packets to the next destination

through the switch fabric.

13.  An article of manufacture comprising:

a machine accessible medium including content that when accessed by a
machine causes the machine to:

label each received network packet with information identifying an
associated flow and a queue in which the packet will await transmission:

map each packet into one of a plurality of queues to await transmission
based on the packet’s label identifiers;

schedule the packets in the queues for tran.smission;

encapsulate the packets to form frames of uniform size; and

transmit the uniform frames through a switch fabric to a next destination.
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14. The article of manufacture of claim 13, wherein
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content that causes the machine to decapsul ate a

recei ved frame of encapsul ated packets. 5 15. The

article of manufacture of claim 13, wherein the

14T TS ASE 8 a8 g e S
@GR, DR ORISR EREne oeduit

redenfdy fﬂ@ma(‘(ﬁ%ﬁ%bﬁg@ahé_aegéémé_ncl udi ng content that when

accessed by the nachine causes the machine 10 to | abel
each received network packet to identify an associ ated
flow and a queue in which the packet will await

151 r aMhgiastidle of ARMUfactare OBEHIN &3 awhersnh e nRMind hccessible
i ncludi ng content that when accessed by the nachine

mediu dgrthérdnciadés sentent thistoauses theinfdchinestosemateohe or more
with the packet based on the packet's destination
laygeeneapsulations foaro doe seceiverttpacisd. with the packet. 15
17. The article of manufacture of claim 16, wherein
the machi ne accessi ble nediumincluding content that
machi ne causes the machi ne
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detgﬁﬁl’fr\b_rh]?ﬂow askebialePRRRA tl'iere PEERADREHYN ﬂﬁeﬁ%‘éﬁ%ﬁs 'd@stination

identify an associated flow and a queue in
address and protocols associated with the packet.

17.  The article of manufacture of claim 16, wherein the machine accessible
medium including content that when accessed by the machine causes the machine
to label each received network packet to identify an associated flow and a queue in
which the packet will await transmission comprises machine accessible medium
including content that when accessed by the machine causes the machine to

determine a flow associated with the packet based on ports associated with the

packet.

18.  The article of manufacture of claim 13, wherein the machine accessible
medium including content that when accessed by the machine causes the machine

to label each received network packet to identify an associated flow and a queue in
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WD 2005/ 006679 PCT/ US2004/ 018418 whi ch the packet w |
WaO/\RI04/0066BNSM SSi on conpri ses machi ne accessi bl gemeshooynis41s
i ncludi ng content that when accessed by the nachine

causes the machine to determne a traffic class to

whi ch the packet belongs and classify the packet into

5 one of a queue to await transm ssion based on the

whichaftfe packed sdll awaittiianisnission aciprises nuaaiine 46ceskilde medium

_article of manufacture of claim 13, wherein the

incle@ng wontant daatiwien aeeasisachbyribe waachjne catees thewmacmﬁ@rto
accessed fécthe machi ne causes the machi ne

deigiatipe @ tEﬁ eless javhiehs theopacketbeloags ansk clawfyothm packet info
b Il 10 ket d t
ong e e ranaEra o baseslan e ratis dass foenishithe packet

ﬁontent t hat when accessed by the nmachi ne causes the
tne to encapsul ate packets to formfranmes of

uni form size by nerging nmultiple packets into one
frame using rrultipl exing. 20. The article of

192222@%%rﬁ5l3 f@ u@ulilegg %ﬁghg\ghp?eiﬁqﬁﬁgrﬁcﬂme accessible
mefiHRIAG dﬁé 6d?ﬁerﬁ‘%ﬁ€! Whey %H?%sr%ew}?y fﬁécrtPl'a\Fﬁlne uses the machme

encapsul at € the ets to frames of uniform si
to chaq:@ﬂtﬁé 8e %ﬁ@kéts t0 Wﬁﬂrén@@cbﬁﬁ‘%ﬁﬂtéli& bl @rrs@pm small

packets conprises machi ne accessi bl e nedi um™ i ncl ud| ng

packets ent sdgaientingnaRprcssckets EomplisesBtdvhie e¢ssdiblé tedium

machi ne to encapsul ate packets to formfranes of

including comtent thah wiesgacoessed by the okathime dadsepthecmaghinbdo
packet segments into rmultiple franes using

encansuiate prackatsdodormdesaesol yniform size dygnerging muriiple packets

..an access unit to provide access to conmunications

intg pRehframR LEIBEKNUBIPIMNGh coupl ed to the access unit to
receive and transmt packets; 25

20.  The article of manufacture of claim 13, wherein the machine accessible
medium including content that when accessed by the machine causes the machine
to encapsulate the packets to form frames of uniform size by grouping small
packets and segmenting large packets comprises machine accessible medium
including content that when accessed by the machine causes the machine to
encapsulate packets to form frames of uniform size by segmenting a packet and
placing the packet segments into multiple frames using segmentation and

reassembly.
21. A system comprising:

an access unit to provide access to communications from a network;

a switch coupled to the access unit to receive and transmit packets;
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received from the network with information _
identifying an associ ated fl ow and queue; a nmappi ng
eI errent coupled to the classification elenment to place

kets into one aof a ura |t of gueues based
on AiRATal tnon@éemem Gousteq o e iites o Gl Eachals pacsived from

tq BRI atr BT, ttlﬁaségrﬁ%'nﬁ@Eﬁ@%éﬁﬂa‘?%&ﬁow”@ﬁcpqueq“e“es

enc aoap b WerBer AT Kt RSstoftior g merSiap gchﬁthe
pabkeSiio HCorPnfrall of AupdEl bseP B 1R 1 lgkuiets:

tr aasgawsfa&ngr 8 aaa tBgHE nﬁp}ﬁﬁ@é@r@é}mt ta%chgﬁ‘@eitoug%h% in the

claim?2 Urther conpr i nct Uni

qué%éf&tr@%nﬁoﬁ@oBQHX@H%%&I&W si gnal processing
(DSP) functions. 23. The systemof claim 21, wherein

't heanwintapsulatien Beméntuoepied dhBGRAedifer iﬁ\fehéépélﬂate the

switch. 24. The system of claim21, wherein the swtch

scliedhiéd paskets PE -unfepmesizd frdmescandd Swi t ching fabric.
25. The systemof claim 21, wherein the switch fabric

i s aswiichdabrit céuied do tbswitthe vimywhiemscheduledrerzbpsulated
wherein the switch fabric is an InfiniBand fabric. 16
packets are transmitted to the next destination.

22.  The system of claim 21, further comprising an adjunct unit coupled to the

switch to perform digital signal processing (DSP) functions.

23.  The system of claim 21, wherein the switch is a PCI-Express/Advanced

Switching switch.

24. The system of claim 21, wherein the switch fabric is a PCI-

Express/Advanced Switching fabric.
25.  The system of claim 21, wherein the switch fabric is an Ethernet fabric.

26. The system of claim 21, wherein the switch fabric is an InfiniBand fabric.

16



