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’ FOR PACKET LABELI NG QUEU NG SCHEDULI NG AND _
VEGHPRSUIGAT] ON - BACKGROUND 5 1. Technical Fi el deCT/US2004/018418
Enbodi ments of the invention relate to the field of
networ ki ng, and nore specifically to a network node
_ for attachnent- to switch fabrics. | 2. Background
I nformati on and Description of Related Art 10 Many
moder n. communi cati ons appl i cations have demandi ng
METHOBSBIUY GESTEMEERH PRt Sakmatc aneedintf | cebul mies cale ENéKPSULATION
effective way to scale such applications is to -
distribute individual algorithns onto different
BACKGROUNP el ements and i nterconnect those processing
- elenents on a switch fabric. This arrangenent may :

5 supagga EFgugh-bandmﬁdth data flows that nust exist
"bet al gorithnms. A high perfornmance switch
fabrjc arrange be achi eved by use of various
pr ofFTBPGMe ﬂ%@gf thesw%@'%we{asﬁ o e e b nehreiking, gnd more

' the performance is achieved at a high cost in dollars
- spgaificelly feeaneiveyk nodetionstiaaiunentdit iswgtch fabricsder to
achi eve high performance at a reasonabl e cost, current

approaches include the 20 use of network technoIOgies
such as Ethernet, InfiniBand, PCl-Express/Advanced

o 2.3Wi (e H:ur@flﬂfd??r%iﬁen lRd ENEHEEN o ngnd are |

10 per #‘%?efﬂswﬁggﬂg”ﬁ%fﬂ?%@‘fﬁeg gobliihopt Sl déending sesausre

cantrol . MD 2 /006679 PCT/ US2004/ 018418 BRI EF
reqEEREs|t fgegeale. An effective way 1o scale such appllcatlons

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
varioqs propriefary multi-stage switching technologies, but the performanée is
achieved at a high cost in doliars and in features, such as scalability. inorder to
achieve high performance at a reasonable cost, current apbroaches include the

| 20 - 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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The invention may best be understood by referring to

the foll ow ng description and acconpanying drawings . .
W 24054P¥7Ysed to illustrate enbodi ments of thePCT/US2004/018418
invention. 5 In the dranings: FIG 1 is a block . -
diagramillustrating one generalized enbodi ment of a .
system i ncorporating the invention. FIG 2 is a block .

diagram il lustrating one generalized enbodi nent of a
Bg\}é?ﬁ#%héﬂ?mg':néwl @Sention in greater detail. -

10 FIG 3 illustrates a hardware architecture of a

Tieimeinkion @@ﬁ(ﬁ&hmrﬁ@'@d%g%fémﬁﬁ el fdanﬁHi@ﬁég?ﬁpﬁon and

invention. FIG 4a illustratés an | nterconnecti

QR 5k S D B0 B 1 o

IanFhG 4b. il |l ustrates an interconnection of nodes in a
fatqrgwggis. configuration 15 using a mesh according to
one enbodj ment of the invention. FIG 5 is a flow
di agF W1 is1aBloekdiasiam ilstretioganeqyetierglized embodiment of a
enbodi ment. of the invention. DETAI LED DESCRI PTION

. syEidrodnceposatiofy the sywentionand net hod for a network node

10

oneEmbegiort

15

20

for attachment 20 to switch fabrics are described. In
the Fig, lowiaslosle aighathii Bl Jd SmpagiAidiSra
are set fort-h.0 m\gﬁ@\/ﬁ?}ﬁlﬁtr&@ﬁ%&@g sﬁ%getdhépbg&%[{t%fa _
i : ' ' be practiced w thout
S@%@?%@%’%ﬁ“é t%é(;ﬁ’ édeﬁgf_%]wa%@ﬁ%?a/qtﬂ@t ances, well-known
Ci rgyit .. Struyctures and techni ques have not been
: shombl'ﬁ iieaies piogdaie Fshitegureplsa npbvarkeode according to
underst andi ng of this description. 2 WD 2005/ 006679
@%mfglvention. o :

FIG. 4a illustrates an inte_rconnection of nodes in a multishelf configuration

usiljg an external switch according to one embodiment of the invention. -
FIG. 4b illustrates an interConnection of nbdes in a multishelf cohﬁguration '
using a mesh according to one embodiment of the inventibn. |
FIG.5isa f.Iow 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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Ref erence throughout this specification to "one

enbodi nent" or "an enbodi nent" neans that a |
WARHSEM6a? feature, structure, or characteri stPCI/US2004/018418
descri bed in connection with the enbodiment is
included in at |east one enbodi ment of the invention.

Thus Reiferena@ freaugnmetsthist spebificplisiriePnel dmbddiment” or “an
enbodi ment” or "in an 5 enbodi ment” in various places

eribodiaBet mddtsthaPe pht e RirireMups, %t@e&]rg e&e&%ébﬁﬁisﬂb Wescribed

referring to the same enbodi nent’ urt hernore

o A o bt 8B i BaSY 1 Bt of the

1 bl ock di agram

| '"F’Eﬁﬁ‘g'lﬁﬁﬁ&é% tﬁ%@?’%“fﬁ%ﬁ%ﬁ)ﬁ%@”@ée%dem Figbodiem or “in-an

odi nent of the invention. Those of- ordinary. skill
Otjlﬁ%e'?ir tn vagiqus pipgassbireisghou tis specificatioor drermateet@gsarily all -
may i ncl ude nore conponents than those shown in Fig.
referrirgiieiee saine érmbodiment.c Eagtheyndreatheapartiofilal I‘ﬁares structures,
generally conventional conponents be shown in order

© ot chantastetistics may ibel dowhibiabi Wa@?@@i@ﬁﬁ@m i bﬁétdr%ﬁ%

the invention. 15 Network no 100 |nc es a svmltc
erg,gg, uple to a switch fabric 102 andapluralty_.
of g‘l}%srggtens such as 106, 108, and 110. The :

b t t i ch exter.nal
© 1 oA RS 1, & iR %’%r%ﬁ“kﬂvs“"l%s rER Pl 100
d ts th t wor kK node e :
acGBI0E & A0S GETHUIBRS! @R Ivasieny dWos it RINaRASkILh s art

| dent ify an associ.ated flow, and cl assifies each 20

will gppreridtefhatdae naﬂﬂorkdmtaa‘m(anmyunemde ynare cprepesents than
based on the packet's destination, priority, and path

those shaoyan irEigs vi. tiidwéad it ¢ ﬁ&%ecﬁb@a@lthévs?ﬂ @mhb%@ generally
receives |abeled and classified packets, naps t

copgehidal chinpohBAtsaRPEIRIN f Srdgh %‘Hi’sdo%rﬁpﬂh@ﬁaﬁ\;@e

packets from each queue for transm ssion,

nfsdine o formfranes of unlform
© si ze bgtgﬁl?ﬁt&ﬁj mt;étqhﬁé'ﬁﬂbe packets to 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 transmitting thé packets to the |

switch fabric 102 through switch 104.




. 25 switch fabric 102 through switch 104. 3 WO
2005/ 006679 PCT/ US2004/ 018318 I n one enbodi nent, the _
wiztmeneserode 100 al so i ncl udes one or nore adj BOLAUS2004/018418
subsystens that performvarious high-touch processing
" functions, such as deep packet inspection and signal

procﬁ&ﬁ@&nbﬁdﬂ?&hefhe@é‘m% ﬁSél‘é 9@0%@5@1ﬂclddﬁged r lore

external adjunct subsystem processi ng unct

oSSR B el D A B o

t hrea f an t, cessor, such as a digita
%‘FF{;H%((P]L? %P@@ﬁ@% %@@) m@%mmrﬁpagk%%%mwﬁd Ehan
a local node or an external node. Although the
intsreatorangennal agiukchehsyston for prooessing An@djmnqrmoee@s may be
: 2 as 10 including a switch 104 to connect the -
5 ativbayof enwtaork ploeesyortaief akiiread of & r@t@orl@pﬁ&ésﬁﬁlﬂt
the switch 104 could be split into two sw tches.

midroéMné YWor a Stk BEaN ‘Hélglsys??o&sls %hcﬁ ‘Hstég\gﬁtg%tggai |

~ ¢connects the various su ems of 'the net

‘ prgﬁg?éﬂrgﬁrs f THeead éi’l‘ﬁctsd%ﬁégéeﬁgﬁslélt 3 nrg fochl %ﬁgé q?%ﬁt@hal -

cts on nore su
_fabric. 15 Fig. 2|IIustratesthe subsyst ens of
‘work node 100 -in greater detail according to one -

“enmbodi ment of the invention. As shown, subsystem 106

- | ncl Afeuighine gysmAlEinetAeTeReS i othQumt) Figod andiFig. 2 as "

an output MAC 204 to interface with external :
10 incledingrk syitslud 04 ds camindatithe Babsmtemalaml th&€@MHTh fabrc, in one
' Et hernet. The subsystem 106 converts inconing data to.

embetiaiens] theawsichartd Guld persplisintd Bvd BalEReL UDRRWTdhe two.
packet streans for the network interface. The

| svﬁ%t@félé%cﬁmj H8% loksl sk At oK ctdie GaousPllistysRiths Whthe

network node. The other of the two switches would be a fabric swﬁch that
connects one or more subsystems to the sw:tch fabric. |
15 Fig. 2 illustrates the subéystems of network node 100 in greater detail
| according to one embodiment of the invention. As srhown, subsystem 106
) ' includes an input Media Access Conrol (MAC) 202 and an output MAC 204 to
B interface with external networks, such as ATM vir_tual circuits, _SONE'_I'; ér;d
Ethernet. The subsystem 106 converts ir;coming data to packet streams, and. o
20 formats and frames outbound packet streams for thé network interface.
The subsystem 108 indludes an input MAC 212, an output MAC 2086, a
classification function 208, and a decapsulation function 210. If an en(:'apsﬁlated
frame is received at subsystem 108 from the switch fabric, it is sent to the -

decapsulatioh function 210, where the frame is decapsulated into the original
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classification function 208, and a decapsul ati on

function 210. If an encapsulated frame is received at
woubsyaitee™ 108 fromthe switch fabric, it is seQm/iis004/018418
the decapsulation function 210, where the frane is
decapsul ated into the original 4 WO 2005/ 006679

. a%@—{susi?—gﬁ%%?ﬁéﬂ@ack@?%‘ﬁ%béwebfat 3bSystEmnnals, mﬁfe é)&ernal

recei ved at subsystem 108, then the external packet

_ pqcﬁgﬁ?%&n& t {I'E:I clﬁgﬁﬁ(?éélgh‘%%ét SAHGL O aﬂ:}b%%d %Rd% ssified.

and ass c assification func

208 ext er acket a t hers

ot I GBI U PRTh Ak eAes SH ST P Pesket g gatrer

‘classification function 208 may 5 examine a packet'
infornatien abaviche pavketites clasaify pattpradlih@@@%pfmtl@a dungtion 208 may

associ ated with the packet (such as UDP, TCP, RTP,

- exHiflihe aHbEOREt's sodiceradavessarad desfiratiod addréss, tpretopalskatsociated

Fromthis information, the classification function 208

o Wilhethe PECRES (sLRhRAY EJD‘PUWJP Ry WISMQCHN'PJ dhd/Br Fbﬂs associated

packet and | abels thé packet with a flow identifier

i AP DA el R RAEHShe lermines

assi one of a p ur
cl asses,

c
3 ﬁ?%rﬁwlﬁaﬂow B3 5eHe i W Rerf priebels Papﬁﬁawahaﬂﬂw
tch fabric is determ ned. Load bal ancin
idaﬂiﬁ@r 0By delidandify the: asseriatenflowe TpamRekahay %GWUBI classified
take through the swtch fabric. Load bal ancing refers
into ®neatfe plungjityl of traffiertlagsashsudhoas dwoite cemail, o1 Gdso trefiic. A
bal ance the |l oad on the paths and to mnim ze the

pattatopige takemt by the shdket thooegH the switdir 2baibns detarmined. Load

partial network failure. Each packet is classified

bald?fc%fﬁeco?l%m%r@&i \With défer‘?ﬁmﬁl%%@%aﬁibsﬁé’cl@is WTPtake through the

pack s destination, path through the switch fabric,

,Sv‘@gﬁ fé%l’l rl'_g)gd bg{éﬁc{ﬁg%f’érﬁ t({» ge@cttr?qjﬁ*f'@]r abr;f‘atﬁs ?&gﬂﬁé}en’[ flows

rou
acket be | abel,ed with

Stln 1 on,

{t’o Bgialnggh%? cg;a(f the, B4 sta(g) inAipinige the damag.;eathg{J Sould Ibe 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 1o switch 104 o be routed to subsystem 110.
The subsystem 110 includes an output MAC 214, an input MAC 222, a

mapping element 216, a scheduter 218, and an encapsulation element 220. The
5
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20 packet has been classified. In one enbodi nent,

packets may be further edited by renoving headers and _

WQ3r0Re¢hpsul ati ons that are not needed duri nBCT/US2004/018418

transm ssion through the system After a packet is

| abel'ed and classified, it is sent back to switch 104
ne of a

i ncludes an out put MAC 214, an input MAC 222, a 25 .

PRGOS REARE satRel By ARESHRE of FRosBRtleRRLisyers. The
PSRk IRt aisLedn o B8 S iR Buare 10 SyRlAENSyS5P fo a next

ueues t he packet bel ongs based on packet's | abel : ]
dq%a'@ﬁtfﬁ)rﬁ thrpyah the swielh fakiria. sTheveehegiwersdl§ sehedules the packets in
appropriate queue to await transm ssion to a next . '
thd epteura fontnandmisaiph. (The sohidduferf248 uses vEhpusdhfatmiation to
218 schedul es the packets in 5 the queues for
schedorRpacketnfrothBesiRees! ami2itformaftonAbl Mude occupancy -
information to schedul e packets fromthe queues. This"

'- St%ﬁt%%%W%momin%nﬁﬁgt%ﬂﬁ3én adrfn rtdti%é’interftalct\a/,eand |

_I'owspec ornmation con via an adm ni'strat|
fepMha Aol pSHLG fbl Aed R Al e b8 e ™
schBARIE, soehariasst RElaGharsics shnizs Aow SoKIHIeT (SG8k Simple

t he &ac_kets have been dequeued and schedul ed for -
ReynghBabiss iaod WeightedsBhend IRabirR18 sends. t he packets to
t he encapsul ati on el enent 220. The encapsul.ation

el enfdtdr tAE Patkaisfaveteenhdeqeived WneidsghrelkiRidsfor tapismission, the
uniformsize frames by aggregating small packets and

schegueRbt BGehak U5e Paskes o tlﬂ‘@nédp%ﬁla‘ii%n]éeﬁlﬁ(ﬁ%%?ﬂgpﬁay

be determ ned by the Message Transfer Unit

en%?rgfﬁlﬁfgéﬁ Rierh@R 95 SeR00he ﬂi’eogcgﬁ‘gjgkéﬁ bE&ety 76 Thiform size

ackets nmay be nerged
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 enca_psulation 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 fo input MAC 222, which translates each
frame into a format consistent with the switch fabric technology, and tﬁen seﬁds

each frame to a switch fabric port consistent with the path selected for the frame.
6




using nul tiplexing, while | arge packets may be divi ded

up using segnentation and reassenbly (SAR). The

VO 2Wp80A6ER | on al so i ncl udes conveyance header sp¢TYe$2004/018418
contain information required to decode the frame back

into the original packets. 20 The headers may al so

DifferdntdevilehSalitie tsshnologsy aed uﬂﬂél‘f@h@a%ﬁsr}hﬁ pef =208 tife

aid in error detection and a color field to i-ndi cat e

IR R T AR, PCTEhE M Panccy SRR AN fpjpana

'te%@]é%‘%&es each frame into a forrmt consistent with

th fabric technol ogy, and then sends 25 each
frane tp .a switch fabric port consistent with the path
sel err&eeg) lipwing iseart exareple of amsth dosugbabe eetwork node 100 taken
PCT/ US2004/ 018418 Different switch fabric

- byta Bht@lrmfyir@@kahtedeiv@dmmubaystemm 0ty The extezdal padkeeis received

system including Ethernet, PCl-Express/Advanced

frdBniancditengal astivdrkiat thempdt MARS bop irpgissystdiel dep! Tﬁéfvgél&et is

is an exanple of a path through the network node

| --sehﬁkﬁé\mté'l by, G\Nhréhtfs Hs E}?éb&ékét?&@%%&#&t% Pd&’ﬂ%la%ggilcaﬁon.

06. The external pac IS recelve Fom an exter

T”%isc{@’{elfaP"“EQ@‘%“@@%W%&’%%MGM%W'SE3@%«8@%he pacet o

acke bsys 1 ssification, The
@ BSHo8 ot HiretEh S Theedlnssiisaion uasorads aramines the
forvvards t he packet to the classification function
Pagly, detsminessa ifipncaasosieted with itom padistelebelsibe paket @ith a flow
packet, determines a flow associated with the packet,

 ID] délermsinese paitidetbariakn dyfthewackd thetigh Miersviton faBAd and

to be taken by the packet through the switch fabric,
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gueues. The | abel ed and cl assi f

‘packet is then sent to MAC 212, which forwards the packet back to switch 104.
‘The switch 104 sends the packet fo subsystem 110. The packet arrives at MAC

214in 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 fransmission to a next destination through the
switch fabric. The scheduler 218 schedules the packet in the queue for

transmission. When the paéket is scheduled for fransmission and dequeued, the

packet is encapsulated by the éncapsulation 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 fo 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
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packet is then sent to MAC 212, which forwards the

packet back to switch 104. The switch 104 sends the 7
Wia2008006589 subsystem 110. The packet arrives atpd#xQszhbi/018418
214 in subsystem 110, which forwards the packet to the
mappi ng el enent 216. The mappi ng el ement 216 exam nes

pathesalesisatiosthealfhe dRBtHkBT ma@r’[ﬁeﬁ%ﬂé‘?atnéﬁfothépqsﬁtulork node

one of a plurality of gueues thé packet bel on

SIHﬂfélf%tHesoﬁ@ﬁ'BrrﬂWﬁ qt wbgttl‘?:}ntsgﬁtﬁtfpmp” ate queue to

It transm ssion oan natlonthroughthe

t The sche 8. sch | es the packet
isvn“ tﬁﬁ SRR i3 A5 6K MalR o &SRB Geiantherfeetyaik Bode 400 taken
schedul ed for transm ssion and dequeued, the packet.
by & fespa pecrived fromytherwitohdapsa18Ri et fraoeiis recaieed attbe

a uniformsize frame by aggregating the packet with

- switdtef Opadketfeamné ig bentpadk&C 206 iarmibsystem $68eiNich fgrwards the

the packet if the packet is large. The franme i's then

packdt td the BecdRtlatidAdundfirtM b.r In8 'd%bgﬁsﬁlﬁﬁ‘oﬁ ﬁ.ﬁﬂi%oh 19

a format consistent with the switch fabriec

apmRiehe S YT g 69 @%@%ﬁ%‘otﬁ%ackets

el ek ERE o e lror T e Rieod ol et Regranl. For

imlar to the one fromwhich it was transmtted. The
GWP'GJ’WgSW@%Wa&ﬁ&ﬁﬁﬁBe pecketdaran adinpeigbsystentfardiigh touch
node 100 taken by a frame received fromthe switch
Progessing vo i sabbeyster @b te heekcansmiftedtto tamesxiemnal hetwdkR4 .
The frame is sent to MAC 206 in subsystem 108, which .

f or weigds iltustratgzes katdvwaretreprateatiionl ¢itd Aetwork abHe 300
210. The decapsul ation function 210 decapsul ates the

acfdb?dm?'t@bﬁetéh%éﬁ“ inghtat th%ﬂﬁv@{'itf r'ﬁ'lé’é‘éﬁt%]" ?f TE}?OCL& is a switch
packets are then sent back to the swt
302 EER OB hY¥afto ﬁ‘?ét &IsPBH % nethiBfk via the switch fabric 304,
and to various processing elements located on a baseboard and mezzanine
boards. A PCl-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 accdrding o one embodiment
of the invention, Fig. 4b illustrates how a network node may bé 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 10 processing or to subsystem
wWifos/oode® transnmitted to an external networKk. pdaings2063/0181418
illustrates a hardware representation of a network

node 300 according to one enbodi ment of the

vérﬁ(}’a t N/E: Led otﬁ@?’%ﬁéﬁ‘éﬁ%n&ém&ﬁﬁ;erﬂrgg g{a' R feﬂ tﬁ‘@oﬁ’n‘ﬁ@ct &%Zooards in

onnects the node to t e net

oI . o, T

boarI% PCl - Expr ess/ Advanced Swi t chi ng Node is ed

in tHPs5d §tfat%r@mqwaﬁ@ram.t@@nemev@merﬁm@ae invention.
net wor k technol ogi es, such as Ethernet, and

Al 5010, siaBh meceieet netvag‘k gsckelyis habaled with rinfohmation vaberkifying an
"node in other enbodinents. [In one enbodi nent,

- assobiyed fow H08 nqde@nirewhiehibé mﬁadketrvﬁn SIS SSISERY. BE one

| ocat ed on nezzani ne boards ile subsystens 108 and

' erﬂé&jlﬁiéﬂt 3Re FBheASR)ciaA8d @\%:{ﬁf bhagkisy E!bﬁé?vh\;ﬁg&r!] Etgﬁxé}? EH the

on the baseboard. Fig. 4a ustrates

B L

i P A aBi 5 AR el oA

10

15

20

scal abl e systemw th individual boards connected

deggridned.y In aneembsdimenl hepder infsmation waddorieyenentapstilations
the invention. Every board need not be connected 8 WD

ar 0RO 006 63 PETpadR200AL BABAdah panket isablhged antd opetufa plurality
nmesh arrangenents nay be used to connect the boards in '

of qubees enbadit Fensmigdion basédusmid packdtisdabdl ilbhEfrs ARE504,

a met hod according to one enbodi nent of the invention.

th?Ab s .r?ﬁréhlgﬁgﬁet‘g q@%cﬂ%aw@agopﬁam.s%n' aRes G4 ﬂg@a tBheduled

orrratl on 1 assocl ated fl ow

.'pagggtgearé %n@gpgﬁ]afe%etoqgﬁ# ‘?llames tljf un“n‘%rrtn stuEea B? ?jré&p.ﬁ& smanl
_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 pa(ﬁkets 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 nodé, each frame is decapsulated info 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
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enbodi nent, the flow associated with the packet is

determ ned based on the source address, destination :
WIS ™ 0r t s, and/ or protocol s associ at ed wi PETAUS204/018418

packet. In one enbodinent, the traffic class to which

t he packet belongs is determined. In one enbodi nent ,
witleiadbe spint andeicope ofitle appérgest claimap ITheaidseriptidi® isathas to be

removed fromthe packet. At 502, each packet 'I's placed
regBfdeaSilRbiraiv Welldd of lirfitingueues to await

transm ssion based on the packet's |abel identifiers.

At 504, the packets in the queues are schedul ed for

transmi ssion. At 506, the schedul ed packets are

encapsulatea To TormTranes ol UNTormsrze by —

groupi ng small packets and segnenting | arge packets

I n one enbodi ment, headers are added 15 that contain

information to decode each frame back into the

original packets. In one enbodi nent, small packets

are nerged to formone frame using nmultiplexing. 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

enmbodi nent, when the 20 frames are recei ved at anot her
network node, each frame is decapsulated into the
ori.gi nal- packets. \Wile 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
alteratlon 9 WO 2005/ 006679 PCT/ US2004/ 018418 w thin
the spirit and scope of the appended clainms. The
description is thus to be regarded as illustrative
instead of limting. o
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S 10 CLAIMS Wiat is clainmed is: 1. A nethod
conprising: |abeling each received network packet with
information identifying an associated flow and a
queue in which the packet will await transm ssion;
mappi ng each packet into one of a plurality of queues
to await transm ssion based on the packet's | abe
identifiers; scheduling the packets in the queues for
GLAdMST ssi on; encapsul ating the packets to form
frames of uniformsize; and transmtting the uniform
frames through a switch fabric to a next destination,
wherein the labeling is perforned by a first subsystem
Vélnat is bl@imegfi:ng, scheduling, and encapsul ating are
performed by a second subsystem the first and second
subsystens i nterconnected via a switch coupled to a
SMAt§$ f rlc 2. The method of claim1, further
Tconp ﬁ@ ESIN%t i ng a received frame of

encapgul; ﬁigg?ﬁ)?g&?\} pac[m[? ;{E%E Il]/gﬂ ils ofrﬁ!agl#]md%ntlfymg an

wherein | i Ng eac

2885 9abaRW dlPW ABMe fh FHRHENE @axelaét%u fa%.tn@ems%.s%ﬁ |

awal t transm ssion conprises determning a flow

assoma@bﬁ’? andhipddret peskas obaphstamy of Bebes iehwsit

source address and destination address. 4. The net hod
trafisralssiom [Bsedtter therpdched iabgl identifigyacket to identify
an associated flow and a queue in which the packet
wi | | sehesiding thehpagkets Brihe 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, -

wherein the labeling is performed by a first subsystem and the mapping,
scheduling, and encapsulating are performed by a second subsystem, the first

and second subsystems interconnected via a switch coupled to a switch fabric.

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
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11 conprises determning a flow associated wth the
packet based on protocols associated wth the packet.
5. The nethod of claim1l, wherein | abeling each packet
to identify an associated flow and a queue in which
the packet will await transm ssion conprises
determning a traffic class to which the packet

bel ongs. 6. The nethod of claim1, wherein

encapsul ating the ckets to formframes of uniform
cempgisgd Atarawing ﬁJ@)ﬁ%@?@qa@d il the oreked haged enmrotocols

frang of upi form ., size and addi ng headers t hat
aéf&?ﬁ'ﬂfeﬂ W[m@\erﬂﬂquh for decoding each frame back into
packets. 7. The nethod of claim1, wherein

encapsul ating packets to formfranmes of uniform size

5CONPIThE$8etRBE JP SlthAtl, MheRaR kidi nb QA rd&bf(étatﬂ‘?éerﬂffy an

uniformsize by nerging nultipl@ packets into one

absaoiatedSioagama hiqueliexn WiichBthe Daekebill Gilvait traHsahissidn
wher ei n encapsul ati ng packets to formfranmes of
comipfisesrdsiermiringrp tisfiescless kpwhichtthapapkatbetangso f or m
frames of uniformsize by segnenting a packet and

pl aci ng t he packet segnents into nmultiple frames using

65 oon e figiR0d SE Falre l; PGS AncsRstiAg Beihas uEﬁSﬁﬁfé{R@% frames
SRR 035yt PGk, P g o Ll
si%@‘é‘h'deéﬁdu?]l% h@gdérkm'cfoh% t n?étgdrﬁ%F déeod?.h Jﬁ ﬂ%me back

packets into one of a plurality ueues
inopkiekets, | abel identifiers; 12 a schedul er coupl ed to
the mapping el enent to schedul e t he packets in

7. The method of claim 1, wherein encapsulating packets fo form frames of

uniform size comprises encapsulating packets to form frames of uniform size by

- 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;
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t he queues for transm ssion; and an encapsul ation

el ement coupled to the scheduler to encapsul ate the

schedul ed packets into uniformsize franes before the

packets are transmtted through a switch fabric to a

next destination, wherein the classification el enment

is coupled to the mapping el enent, the schedul er, and

the encapsul ation elenment via a switch for coupling to

a swtch fabric. 10. The apparatus of claim?9

f ur t ReicheawsF FyRigd imthedparringralement igisshedyethe packets in
nent .t hrough the switch to provide

I
t@%g@é@ég{%r&_gon fﬁsfogt, F“Bﬂs fromthe net wor k. 11. The
appa[aﬁtelﬁ%a %ul&dlcﬂi éneﬁ'!enF HE)UHSEI t§ mgjéél‘%dﬂ r&g eﬁgﬁwzsllﬁ the

unit to orm processi ng unc I ons

sBREANSY Hﬁcl@-;fts mtalumf&m Merfﬁanﬁbé B&oﬂ%ﬁé@%ﬁﬂggtﬁgﬁﬁw

the encapsulation elenent to tran

thraogle tsswitehtfhlericexd ndeisddstiahiion) through the swtch
fabric. 13. A system conprising: an access unit to

pr ovirtereic desclassificatiomaiement isrupledinpdhe atappirlg element, the
switch coupled to the access unit to receive and

sehegiden ang ik eneapsyiaticagiempabyie gevdicarfencounlingite@ swtch
fthe switch to | abel packets received fromthe network
EX‘H'lch information identifying an associated fl ow and
gqueue; a nmappi ng el enent coupled to the classification

el enment via the switch to place the packets into one

10f aTRd 'ébﬁér‘ah}’s of CIQH? F@F‘&%B ?lﬁg%:tn'oa%? Ls un:t coupled to the

Identifiers; 13 a sc er co
claksiffestiort @eﬁl@hﬁtﬂwblﬁgﬁ ih% sﬂﬁfdh&b%)rbﬂde access to communtcatlons

from the network.

11.  The apparatus of claim 9, further comprising an adjunct unit to perform

signal processing functions.

12.  The apparatus of claim 9, wherein the switch is coupled to the
encapsulation element to transmit the scheduled packets to the next destination

- through the switch fabric.

13. 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;

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

a mapping element coupled to the classification element via the switch to

place the packets into one of a plurality of queues based on the label identifiers;
13




the queues for transm ssion to a next destination; an
encapsul ati on el enent coupled to the scheduler to
encapsul ate the schedul ed packets into uniform size
frames; and a switch fabric coupled to the switch via
whi ch schedul ed encapsul ated packets are transmtted
to the next destination. 14. The system of claim 13,
further conprising an adjunct unit coupled to the

switch to performdigital signal processi n% ( DSP) ]
f unctd gnedules cogpleddg dhe Mapping gpmentto sahedietheipackets in

W tch | PCl - Expr ss/Advéan ed. Swtching swtch.
tﬁ%.qu?H%S @'g@% S/' %Wf’ét ; Q?Hﬁ:’rh the switch fabric
' ; a A 'cagﬁlgl%ﬁnéri 5@#13(\,\%{1%%%}%@@ G E?r&%ﬁﬁ’%"gﬁle@%%gs@%% the

system o _ erern the sw 1 _
dohBedieghabR&E o unkBrm R ﬁé{rﬁég-rarg! claim 13, wherein
the swtch fabric is an InfiniBand fabric. 14

a switch fabric coupled to the swifch via which scheduled encapsulated

packets are transmitted to the next destination.

14.  The system of claim 13, further comprising an adjunct unit coupled to the

switch to perform digital signal processing (DSP) functions.

15.  The system of claim 13, wherein the switch is a PCI-Express/Advanced

Switching switch.

16.  The system of claim 13, wherein the switch fabric is a PCi-

Express/Advanced Switching fabric.
~17.  The system of claim 13, wherein the switch fabric is an Ethernet fabric.

18.  The system of claim 13, wherein the switch fabric is an InfiniBand fabric.
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