METHOD AND SYSTEM FOR PACKET LABELI NG QUEU NG

SCHEDULI NG, AND ENCAPSULATI ON BACKGROUND 1. Techni ca
wo@sdodanbodi ments of the invention relate to pé¢EURI064/0l18418

of networking, and nore specifically to a network node

for attachnment to switch fabrics. 2. Background

I nformati on and Description of Related Art Many nodern

comuni cations applications have demandi ng resource

requirenents that are difficult to scale. An effective

METHODAYNI @ysSTEM eors pabkm@p phimaie O EUEIE, OSCHEDULINIYt BND ENCAPSULATION

i ndi vidual algorithns onto different processing

el enents and i nterconnect those processing el enments on
BAGKGROUND abric. This arrangenent may support the

hi gh- bandwi dth data flows that nust exist between the

al gorith . A high performance switch fabric
5 1. 2l 9 Fidly

ar r-afigeft y be achi eved by use of various

proprietary nmulti-stage swtchi e | Qgi es, but

P BBos Grdnih 06 e PiER T Bkt o e figk Gatipr g 4T wore
and in features, such as scalability. In order to

spesificaliy o ainghwerkriasienten efaghmant ieaswikiblebriedst , current
approaches include the use of network technol ogi es
such as Ethernet, InfiniBand, PCl-Express/Advanced
Switching, and Rapid 1O However, these network

2. 1 ?%@Jg@&hrﬁﬁrﬁé@étmﬂhﬂ aeﬂﬁggtﬁﬁ o REMAIVARY and are
[ n s eatures crrtrcal to network _

I e T e
rqugé@gﬁf,% thﬁa% i?ffcﬁt%g%cg%. ' rf1 %%(ra(i:t? \gvgy g %cglglslu%\qdarb%lications
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

15  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

20 use of network technologies such as Ethernet, InfiniBand, PCI-Express/Advanced
Switching, and Rapid 0. 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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acconpanyi ng drawi ngs that are used to illustrate
enbodi nents of the invention. In the drawings: FIG 1

WO g008/0deeck di agram il lustrating one general i ZBAI/US2004/018418
enbodi nent of a systemincorporating the invention.
FIG 2 is a block diagramillustrating one generalized
enbodi nent of a systemincorporating the invention in

greater detail. FIG 3 illustrates a hardware
BRAEE DESCRIPEIQN QF PRAWINGBode according to one
enbodi nent of the invention. FIG 4a illustrates an

Thé IHRINGBATMRSY bast unc tcﬁ)ddrbefgr A nhbstB%é &l iﬂ(\)%iklﬁgmﬁlbn and

usi ng an externa to one e

he i nvent. a El 4 L t . .
acrpbatTabd SRV BES thatiath 88, Oélffﬁirﬁf‘q &npPHiments of hevention.
sing a nesh according to one enbodi nent of the
In’ﬁﬁ\ﬁgg‘("ir&ﬁ;} FIG 5is aflowdiagramillustrating a

nmet hod according to an enbodi nent of the invention.
DETRIG.EDisGEB{ORK RiagDRHitbsititingnore géneradiyed emhmdiment of a
met hod for a network node for attachment to switch

sydtaiprincsrparatirdetherinvatdionl n t he fol | owi ng descripti on,
nunmer ous specific details are set forth. However, it

i s prsles %‘QBQ)CW)% ﬁpiﬂg"st?ﬁﬂ@?rgé 8&H§ralllﬂé(§gl9ﬁt§b@|!]rﬂ§bft &

practiced wt hout ese Specl et al

sy PR e AR o SRR eRlllec it T order ot
to obscure the understandi ng of this
desE'rCi" ot llalraiess B@f@é"atr B ebftiestire of |asn%*WQE’$ FP@%@P@M ding to

"one enbodi nent” or "an
one embodiment of the invention.

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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enbodi nent” neans that a particul ar feature,

structure, or characteristic described in connection
Wowak/0odse enbodi nent is included in at | east OPEI/US2004/018418

enbodi nment of the invention. Thus, the appear ances of

the phrases "in one enbodinment” or "in an enbodi ment"

i N Rafdredse Mragghoutihieugeelfication fo SHRCembeaim&it” 8f &an
not necessarily all referring to the sanme enbodi nent.

emBYGIRER " Rigans St Q%’étﬂc‘fﬂ‘érﬁ%atfu?@téﬁ&?uresw Hﬁér‘éﬁf;e?rﬁge rdesc;rlbed

characteristics ma ned 1n any’suita

in gfhrifgl gvdt?“"thg.qmr@%qd ALl Tcfedat e Rabbor %"g&d@emamf the

t 0, 0one i ment of the_invention. Those of ordipar
inveR{ion. Tﬁ“? ngélﬂpeﬁ[ qflceépﬂﬁr“?e% PHEasepHixk ORee BeR 96%/!8 an

100 may i nclude nore conponents than those shown in
embpgimant” iovieniasts places throughavd dhis spegification are noff nedessarily all

general |y conventional conponents be shown in order to

refelirigl tothe 3anid émbbddiatante Fanthedinortthé partipuiartfeaiungs, tdheictures,
i nventi on. Network node 100 i ncludes a switch 104 to

or ét%fr@bt‘érf‘sﬁc@nw BecborhBidiedGn b9 s@lﬁgbl@ r’(éilaliﬂl'lﬁé\4 ihtohePbr more
su systems such as 106, 108, and 110. The subsystem

mk%}& subsystem at which external traffic, such as
V|r ual circuits, SONET, and Ethernet, enters and

o i DS e 428t st b%&ér%snddaeb%@

associ ated fl ow, and cl assifies each external pac
acwﬁk@gaﬁ@@rerﬁbmﬂlmt iof {hepinvgnieres Thaseaf endinans sklll i the art

packet's destination, priority, and path through the
willsappretiatentivait thel ogtwoTk eode HOPsnayinclitie moee cemploakatssitian

and cl assified packets, maps the packets into the
thosphomin iatFg alleHewever, it is not necessary that all of these generally
conventional components be shown in order to disclose an illustrative
embodiment for practicing the invention.

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 transmitting the packets to the

switch fabric 102 through switch 104.
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schedul es the packets from each queue for
transm ssion, and encapsul ates the packets to form
wo caseesord uni form size before transmtting t heCpHES004/618418
to the switch fabric 102 through switch 104.1n one
enbodi nent, the network node 100 al so i ncludes one or
nor 1Ry Gl ém@bdm@ﬂymmhaho@@ﬁbora@mum one or more
hi gh-touch processing functions, such as deep packet

adjhﬁéb?s‘e?@%y%n@f#\a? gﬁafm REAGES Bl aou?ﬁ%&e‘étsl n*éﬁons such as

ro 0 an |nt rnal or exte Jjunct S system

aegp halhed e D 200 T BFo e A rlfar gl Tt ®'an

processor mcroengine, or a thread of é%ﬁ unct
'nt%ﬂ@b@s@ﬁﬁm% a@wnsgStéb%/ﬁqu 307 RIPEASIINGr @e Ct(HﬁQﬁ%SS may be
The adj unct process nay be on a | ocal node or
a tneadrafial natwoek pricersergtore ha thyeadsf arryetweflv\cheﬁs@re 100
is shown in Fig. 1 and Fig. 2 as including a switch

mickBéngine coma eirbad lné an Wit Pneces3dr, tduehsas 4 digitaabignel
in one enbodi nent, the switch 104 could be split into

prdca@s@msmesrheoémuﬁ&t 6r6§e§é’\ﬁ13§/%é &R gaoazm uidaljet& eih éﬁ@MaI

swtch that connects the various subsystens of
C)(thwork node. The other of the two switches vvoul d be a
dbric svmtch that connects one or nore subsystens to
the h fabric. . tes, t he.subsyst
AN B BT rﬂetypggpga a@% Phod T kil # bie 2 2
enbodl ment of the invention. hown subs¥stem 106

inclusing aewitgh 1|0A59tcon@aptathmfs¢@§3§st@m& ans] thengwiichyigbrigni one

an out put MAC 204 to interface with external networks,
embodimers, tiE\N$witcht 1G4 coildde split iIrBONED swilcbe&t KrenefttheTtwe

subsystem 106 converts incom ng data to packet
swREHeRARBuldada local switch that connects the various subsystems of the
network node. The other of the two switches would be a fabric switch that
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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formats and franes out bound packet streans for the
network interface. The subsystem 108 incl udes an i nput
WORE5AdS79 an out put MAC 206, a classification PCHRUS10041018418
208, and a decapsul ation function 210. If an
encapsul ated franme is received at subsystem 108 from
padidees. SWighCdxtémbl packdtlis recehrsd attubshstefie 08 stHkattheRxiernal
function 210, ere the frame is decapsulated into the
ok r .
packel & SIS T besnlicaih Koo 20p B HE b B R MR,
classifjcation funct.io 08 to be | abel ed and
ol 2L plagdiodin HREHOR OB Fkebingsrelh oricona HackR! Aug gathers
. _each external packet and gathers _informafion about th
infsEnatien abewt HeaRacket &t GIaseificRlionc ThsFlpsTteation unRien 268 may
208 nmay exam ne a packet's source address and
exampisei npackat’'s souresaddess tndalestingtiot addregswpratocaie associated
packet (such as UDP, TCP, RTP, HTM., HTTP), and/or
witlp thid pacics ¢suc 25l UDR, T CPReRPRE KAWL, HDTP), kingl/or ports associated
i nformation, the classification function 208

witld ﬂ{eﬁbér&:l{é?.s Fl?oriﬁetrfsi iﬁfﬂrﬁ‘fatiﬁh?t‘ﬁe%‘?é@é?ﬁc%‘ti@ﬁ fhédbr P88 determines

packet and | abels the packet with a flow identifier
2 oph B o 5dctel R RHGRE e LMs s Ry P
oy B padeaditine fotiaBadient The bagkeme) it bg Sassified
_ fabric is determ ned. Load bal ancing is considered
intanpiee: ofja tiuralityi af draffie claases syabiest\wied, [amaikies vidaooiiaffic. A
the switch fabric. Load bal ancing refers to selecting

pattitd foertaken patties phoketdhfdughdhe siitohdalbric isadetamainede Load
| oad on the paths and to m nimze the damage that

bal@Rsihg idEorkeretionhién as@hmiting thep@akipazkedahiiaake through the
failure. Each packet is classified into one of a

SRRl i MRS ol R o
to tpaqgrll(ceet f?lei 18ad on the paths and to minimize the damage that could be done
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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queue have a common destination, path through the
swtch fabric, and priority. Each packet may be
wo aivehed7avi th a queue ID to identify the queueP@DUSHICNMS418
t he packet has been classified. In one enbodi nent,
packets may be further edited by renoving headers and

mak)?bglgreléﬁl%ﬁpﬁ% %&éﬁﬁ}ﬁesi ﬁ@ééhseé&e‘ﬂ BhdRREERMNES WHGh one of a

sm ssion throug stem After a packet iIs
_ I = 2 ¢ . 0
oL S S350 LBt ooEed S pBREES e e
v b 1 e o o P U8 1 s ion 0. e
encapsul ati on el erent 220._Thermappi ng_el enent 216 _
desdingiipn &roggb ihe switeh faliic. dEreseh fdil & schatiiles the packets in
plurality of queues the packet bel ongs based on

theppeues 'for framshissibent THe scheduldre? {8aunsest varoushinforqationdo
into the appropriate queue to await transm ssion to a

scheeXle ggsdts abhPmet duclegh THISirfoinatior @by iiscludéeccupancy
schedul er 218 schedul es the packets in the queues for

<ol TR A IR IV ORI gy, ano

oo REGH TR0 SR bG5S RS b 58 La 1 eepee

schgdiylig sk ApOMBLERY BrSh BEruRR @AY Sghodien (308, Simple
Longest Delay First, Stepw se QS Schedul er (SQS),

Rowh%obim@md Righted Rewsd\Rohjnt ed Round Robin. After

t he packets have been dequeued and schedul ed for

t r afivften thei patketsieavecheshidequelisd smhsshddube farkedrsntission, the
t he encapsul ation el ement 220. The encapsul ati on

scHRldarE M1 82 dstAB Peka® th ke eRbSsUIStbrPaekfirt 220t Orhe
uni form si ze frames by aggregating small packets and

enciRURAbh WerhBhE820 B5KSoPms thE shéful8d packets into uniform size

frames by aggregating small packets and segmenting large packets. The size of
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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the frame may be determ ned by the Message Transfer
Unit (MIU) of the switch fabric technol ogy used in the
wayaseme7smal | packets may be merged toget her PGI/N§2004/018418
mul ti pl exi ng, while | arge packets may be divided up
usi ng segnentation and reassenbly (SAR). The
Dif@?@rﬁ@\mcﬁtfb@ﬂc @écﬁmoldg@ésiéﬁﬁ iriplerRyRaEchs@ag ®esuddtibh the
contain information required to decode the frame back
i 0O: . i i T . a . s
systéthPirchiin Efeiier, PRl Res I AGvaRARS it "afd InfiniBand
t ahd] in error detection and a color field to indicate
CCORPHES a f1ow conforns with its fl owspec. The
encapsul ated franes are sent to input, MAC 222, which
t r ahiag Bllowingisan examrieria Bathdhrrughctbrdieivent node 400 taken
the switch fabric technol ogy, and then sends each
by &an &xternal packet redeivedbat subsystent d06i Jheraxteinahpatket istaceived
selected for the frane.Different switch fabric

fromesrhaxtengi eeteod atrthé tnpun\WbAC @02 insybbgstesetDé.nThegacket is
system including Ethernet, PCl-Express/Advanced

senp'b SRR 904208idnohwh RN He haekebadin§stert 08 @by (Qé_j[\%sfoiﬁbation.

I's an exanple of a path through the network node

Thd BEERAL SARI3h0 BRSHRY SR ADYCHnth AURSHRLAEHRet o

é exter pac Isre roman extern

network at _the. i C 202..i n.subsyste 06. The
theljSesdicaiah il 1t oss reRist AEIRR0bExamaines the
packet to subsystem 108 for classification. The packet
packet.daderninesrdion gsseriated With de pasket, abels the pagikefvith a flow
the packet to the classification function 208. The
ID, detarsiinés atpadim td badakembR e packet toughdhe avikel fabric, and
determines a flow associated with the packet, |abels
cladifeP BRI Sicket iflo anklafw pllkalidesfquausss Fheribelddame classified

taken by the packet through the switch fabric, and
packet is then sent to MAC 212, which forwards the packet back to switch 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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classifies the packet into one of a plurality of
gueues. The | abel ed and cl assified packet is then sent

W 20060656292, whi ch forwards the packet back toPGIUSIN4/018418
104. The switch 104 sends the packet to subsystem 110.
The packet arrives at MAC 214 in subsystem 110, which

pafrosaiesda fohdelpskiel The gdiRe 1tA6n kreat an”é‘tﬁer A&%vork node

mappi ng el enent 216 exam nes the packet's |a

snrﬁlf%\?%'tﬁ% ﬁﬁéfr%ﬂﬁw@ﬁ{tﬁ RaBSranditdy one of a pl Ura' ity of

eues ongs e packet is then queued

noxd MGITRBETER" EXRBRUR L AE3Lt Forah IRrHaweH 85as 408 taken

schedul er 218 schedul es the packet_in the queue for
by @rfsa8Rireceiyed fwettletwt%@ta@s 102. sTch@eftﬂ@!m@dS feseived at the
transm ssi on and dequeued, the packet is encapsul ated
swhigh tflAé. dedpmue it semi thMBCI 206 2bisystena 108, Wbichhfeiwards the
frame by aggregating the packet with other packets if

patius to ek ecasutatidn fuattiGegmentThegidcapslatise fundtionle! 0
packet is large. The frane is then sent to the MAC

deBi B o [EFRO B 08 S R Roduamng okt r
o R R, S8 R AOAT S50 TR o

o6, ﬁlﬁ” ¥t mislcaneherhackeLto AhaaBE! sHigHara grnioh fouch

exanpl e of a path through the netvvork node 100 taken
praggsainprafiie subexstoed! 4G tnbe fransmitiachtor aexternal netwak.
frane is received at the switch 104. The franme is sent
t o FRC32DGstraies abimydivare Ep8esentiatidn 6ba wetvasrktriivelepdk et
to the decapsul ation function 210. The decapsul ation

actararly rordlémesainrsitloitiesinvBatidn.amReicehfertdieh® hble Mk switch
one or nore packets. The packets are then sent back to

30%@%@%%%&531% HoRelts thFeQ At hofrk Xidthe S hitdH Bbli%-304,

and to various processing elements located on a baseboard and mezzanine
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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exanple, the switch may send the packet to an adjunct

subsystem for high touch processing or to subsystem
wag®sveere transmtted to an external network. PEI/YS2084/018418

illustrates a hardware representation of a network

node 300 according to one enbodi nent of the invention.

ver:f Banys %ﬂHQﬁhéﬁ meBg ane#gehfends AilytsuSEPd Edindc® e BbArds in
he 'node to the rest of the netvvork via the switch

oth ?QH dﬁﬂénts qhé \)é%bﬁus processi ng el enents | ocat ed
Ooh a base rrezzanl ne boards. A

PCl —Expr. /Advanc tch Node is used jn .this .
exerioh Sl T AT HoR GRCORUE b oe SrhahEe( ) ke ifvention.
t echnol ogi es, such as Ethernet, and |nfiniBand
At b arsihggreledwmptwark pagket is Inheledevitibintormmtion ideatifiing an
enbodi nents. I n one enbodi nent, subsystem 106 and an
asmdaiedﬂbwaaﬂdjaquesamsy\ewmmmadket wilcawait transmissiemi neone
boards whil e subsystens 108 and 110 and an internal

embaiim@it, ek besodaed witatrrdhauket Reddtepninearishsed gn the
4a illustrates how a network node nay be

sourBe %H@Péb%e %§ﬁjnétf<bnaacfcﬁ§§§kﬂo?'t§ )ﬁﬁ&/@?”p?é’toégﬂ' 4dsebatted with the

sw t chi ng nod es In a network accor ding to one

pafr i BFq snbodiient, BE bR Hia Bunfiln the LRk & iotges”

stemw th indjvidual boa ds connected direct
detRlBhed doraer i PEUBH AR RTBHoR ABdio ke iehisabs dations
Every board need not be connectedvertically, and other
arenrestovedrieary dhe pesketaAtf02, sagh packelis mca%at%@m gt ajpiurality
ot her enbodi nents of the invention. Fig. 5 illustrates
of quesshocveaitivamsmigsion asedarbihel paaket’ sfalidhédentifiers. | AhS504,
At 500, each received network packet is |labeled with
thel pHcRefEhi tR8 queaBs iafy sBlfledle @ fSrardrdh@8sibh Wi BB, thelsEhiRiuled

in which the packet will await transm ssion. I'n one

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

determ ned based on the source address, destination
w@dwsees79 ports, and/ or protocols associ ated wWeTUS1964/018418

packet. In one enbodinent, the traffic class to which

t he packet belongs is determ ned. In one enbodi nent,
witRiRaHe rsgirlfifa‘hﬂr%'p@rbf@l'?é’éﬁberh&étﬁélaﬁﬁé?.a%é'o@sbﬁﬁﬁorﬁfsethus to be

renove romthe packet. At 502, each packet 1s placed

red@ﬂ%%%%?gg@&ﬁﬁggggﬁg%%aﬁﬁﬁﬁg gﬁgs§stﬁagg?i}dentifiers.

At 504, the packets in the queues are schedul ed for
transm ssion. At 506, the schedul ed packets are
encapsul ated—toformframesof —unrformrstze by
groupi ng smal | packets and segnenting | arge packets.
In one enbodi nent, headers are added that contain
information to decode each frane back into the
original packets. In one enbodinent, small packets are
merged to formone frame using nmultiplexing. In one
enbodi nent, | arge packets are divided up and pl aced
into nultiple frames using segnmentation and
reassenbly. At 508, the uniformfranes are transmtted
through a switch fabric to a next destination. In one
enbodi nent, when the frames 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 enbodi ments descri bed,
but can be practiced with nodification and
alterationwithin the spirit and scope of the appended
clains. The description is thus to be regarded as
illustrative instead of limting. CLAIMS What is
clained is:

10
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1. A nethod conprising: |abeling each received network
packet with information identifying an associated fl ow
war@saogaeue i n which the packet will await PCT/US2004/018418
transm ssi on; mappi ng each packet into one of a
plurality of queues to await transm ssion based on the
packet's | abel identifiers; scheduling the packets in
t he queues for transm ssion; encapsul ating the packets
rmframes of uniformsize; and transmtting the
uniformfranmes through a swtch fabric to a next
destination. 2. The nmethod of claim1, further
rji.sing.decapsul ating a received frane of
Vwﬁﬁgggkwpgﬁga packets. 3. The nethod of claim]1,
wherein | abeling each packet to identify an associ at ed
flow and a queue in which the packet will await
tra ses determning a fl ow associ at ed
1. ﬁ t he d&%ﬁﬁ@ﬂﬁﬁ%ed on the packet's source address
andla(béﬁh%; RAEh 98cAEl REGvorik palRét Wl IS RaticH .@bm@m an
wherei n Tabeling each packet to identify an assocCi at ed

as$dadatedfidvaand aufieue imviich tHeepdekek @lill Bivhit tiawahiission;
transmi ssi on conprises determining a flow associ at ed

Wi t mapipingreastepadtied éto@mepsfat plucdlity af queued dawait trahbmission

packet.5. The nmethod of claim1l, wherein |abeling each
ba@%&tneﬁhe patiwdistlabgl identifiessici at ed flow and a queue in

whi ch the packet will await transm ssion conprises

det eehgduling the ppekets dn theagdeues fan trenseigsigiicket

bel o
gapsulatlng 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.

11
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6. The method of claim1, wherein encapsul ating the
packets to formfranes of uniformsize conprises
wenmapedasrat i ng the packets to formframes of uPCT/O82004/018418
si ze and addi ng headers that contain information for
decodi ng each franme back into packets. 7. The net hod
of claim1, wherein encapsul ating packets to form
ses encapsul at i n(ge packet s

5. {12088 RLpIL LIS <5, COELSte, Shashell S, Back:
oA R B AR et b oo
R R

packet and placing the packet segnents into nultiple
frames using segnentation and reassenbly. 9. An

. appg |Hinng: i f ook |
6. APPSO Ry BHAS RSB E LBERR: %o ames o

unifelentizé \ongprisesasapsakefy f[lﬁ@?_e@m#s WIRIHR fram@EBRIFIURForm size
el ement coupled to the classification elenent to place

and lddraichesders tal coneaininfarrphtisrefdr decodiingueistsiriias e ckinto
t he packet's | abel identifiers; a scheduler coupled to

pachkeds.mappi ng el ement to schedul e the packets in the
gueues for transm ssion; andan encapsul ati on el enent
coupled to the schedul er to encapsul ate the schedul ed

7 B A L B meR BBk BS ETEe mos o
o538 ot DS bl it ool i

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
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classification elenent through a switch to provide

access to communications fromthe network. 11. The
wa@ppanetses of claim9, further conprising an aPfT/IE1004/018418

unit to performsignal processing functions. 12. The

apparatus of claim9, further conprising a swtch

coupled to the encapsul ation elenent to transmt the

schedul ed packets to the next destination through the

swi epercapsylagtion glementgaupladstoghe mghaduler tp encapsulate the

compri sing:, a machi ne accessi bl e _nmedi um i nc| udi _
sofgilien parfis o PRt foRpS et APakeSere Fansmitted
i_ne t0o:.label each recei.ved network packet with
thrﬁﬁ@ﬁ@nﬁ’i"ﬁ%ﬂ@bﬂ@ﬁ? ?f@ﬂ)ﬂaeﬁwaélggoci ated flow and a queue
in which the packet will await transm ssion; map each
packet into one of a plurality of queues to await

10t 1 agﬁg} taﬁéelug%?%%nﬂrg,tf%é}%ﬁ%nsﬁng# %p%{ccbgg Ohtt C!O@ﬁi?d to the

sch ackets I'n the queues ransm ss
claeBFieaten alefnditeniaghel switéh {Ppiovideta®es8io 'éBhfn%rﬁbatti%nhs from

size; and transmt the uniformfranmes through a sw
thd adiiotkt 0 a next destination.14. The article of
manuf acture of claim 13, wherein the
machi ne- accessi bl e nedi um further includes content
that causes the machine to decapsul ate a received
11§ r afrbe aipparaibp ofi claire @, furthartcomprising Be agjuriat luaitdd perform
_manufacture of claim13, wherein the
SigRakpiosessine d4retigns. medi um furt her incl udes cont ent
t hat causes the nmachine to renpve one or nore

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 transmission;

encapsulate the packets to form frames of uniform size; and

transmit the uniform frames through a switch fabric to a next destination.

13
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| ayer encapsul ations fromthe received packet. 16. The
article of manufacture of claim 13, wherein the
wore@hions7accessi bl e nmedi um i ncl udi ng cont ent tPEI/USIVEH018418
accessed by the nachi ne causes the machine to | abel
each received network packet to identify an associ ated
flow and a queue in which the packet will await
transm ssion conpri ses nmachi ne accessi bl e medi um
14 ncToRPRiFIR shineptfadige qliitaimatd cekerginipe; machinerageessible
caussth hine to, determne a flow associated with
ingl é%%cawenh&%gau%%s RaEh g P Glecaaem gt
ot 0co | s as t ed th the packet. 17. The
recgfvtedgf ﬁ‘ﬁﬁ%ﬁ%@ 5 V\tﬁ aim 16, wherein the
machi ne acceSS| bl e medi um i ncl udi ng content that when
accessed by the nmachi ne causes the machine to | abel

15 eachhé %gﬁlésﬂnﬁﬁh%&eﬁﬁ%ﬁw 18 wiolsBid f rﬁacﬁﬁa%’c@gasue

| ow an queue I n which t packet w

meﬁrm%'ﬁl’i?é?'|@<ﬂu§@§"§6ht§ﬁ5tﬁﬂ‘é%§@s ﬂfécrﬂééhlhb% '?éﬁ'io%“one or more
i ncl udi ng content that when accessed by the machine

layepenespsultions ffum ehd freaddicdl padketa fl ow associated with
t he packet based on ports associated with the packet.

18. The article of manufacture of claim 13, wherein

t he machi ne accessi bl e nedi um i ncl udi ng content that
16.whehheedinis etimeputdotureeafitlainn tHugheretrhibermabiiine acsessible

| abel each received network packet to identify an
meamm%ca@g ppatﬁnaﬂwtavftﬁﬁe@@:asmﬁ.byﬁhe Reaghii& 6usg@y the machine

es machi ne accessi bl e nmedi um

to 15HEN GRATTGCE R0 SNONGRAHRLIP MEBLAIASRPaAIEd Haw PR dcue in

o es t chine to deternine a tra
whiEf 6 berk Il e S SsBhccttuteohie RBRSsbR medium
inc@@ﬁﬁ%%rﬁ%ﬁt;@é? Whgm\g?h%%d;&b g@@%bﬂfﬁebc%%%gs e H]achine to

determine a flow associated with the packet based on the packet’s destination

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 fransmission 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

14
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bel ongs. 19. The article of manufacture of claim13,

wherei n the machi ne accessi bl e nmedi um i ncl udi ng
w@onwsen674 hat when accessed by the machi ne cauBE€BUS1v04/018418

machi ne to encapsul ate the packets to formfranmes of

uni form si ze by grouping small packets and segnenti ng

| arge packets conpri ses nmachi ne accessi bl e nedi um

including content that when accessed by the machine
whigh e packet will vaildransnaifeiap somurisesdnaehise gecessipie medium
. frames of uniformsize by nmerging nultiple packets,
incluging eardent thabwhen agcassad by g ngh'@é.caﬁﬁgs g‘i’% chinr@to

LGRS —
on BTSSR s R RSB i pcre

beléﬁ'@%! packets and segnenting |arge packets conprises

nachi ne accessi bl e medi um i ncl udi ng content that when
accessed by the nmachi ne causes the nmachine to
encapsul ate packets to formfranes of uniformsize by

19.5egMR bk of PRAkRIctABGIRIAG 18] iteRRPkahasiiaERREEssIble
into nultiple frames using segnmentation and

metie@as Fiduing cddtenAtisyt sirem aspessed bpdhe amchdtessuses thetrmachine
provi de access to comunications froma network; a
to ensiapstlatethg packets thieradeanes ohuniferm sizediywgroapohg small
transmt packets;a classification element coupled to
packets andl seamestinghrrpe packelsconyisesdnachiomaceessibleedium
. wth information identifying an associated fl ow and
inclydingecorientetppt wher lasraste i fesmachiner@uses e machinento
el enent toglac?thF . . . .
encapsulate packets to form frames of uniform size by merging multiple packets

into one frame using multiplexing.

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;

15
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packets into one of a plurality of queues based on the

| abel identifiers; a scheduler coupled to the mappi ng
web@seods7d o schedul e the packets in the queuesP€DDS2004/018418

transm ssion to a next destination; an encapsul ation

el ement coupled to the scheduler to encapsul ate the

schedul ed packets into uniformsize franes; and a

switch fabric coupled to the switch via which

s che glassiicatien plamentaguplaskiottbe smdtchrta trhial pasketsdecaiwed from

next destination., 22. The system of claim?21, further
thecgiwerisig infarmaaiiemidentifying 2o agseciated fayeasdiquenet o

e AT o Bl B S AR oS0 2
vt U RS 1 ACBRER ot B e e it o
of EpoheTr EHART R FNRERIBRI R} foctibayI BEHIUER in the
U S coRSuTiS ISR el 21, wherei e suiton
an encapsulation element coupled to the scheduler to encapsulate the
scheduled packets into uniform size frames; and

a switch fabric coupled to the switch via which scheduled encapsulated

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.
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