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HI GH AVAI LABI LI TY, DI RECT, FILE 2ND SCALABLE SW TCHI NG OF DATA PACKETS I N
BROADBAND WRRM/HRISES BACKGROUND OF TEE | NVENTI ON The fiel d ofCT/usoo/3sesnti on
is that of communi cation over a broadband network of data processing
systenms, for- exanple, a network using p SONET backbone and W@r#ﬂ]

Fi ber-Coaxial cable) ("HFC') access network to connect usersZ ¥ 5
backbone. A packet comrunications standard for the HFC environnent is
DOCSI S (Data Over Cable Service Interface Specification, Docunent No.

SP- RFI - 105-991105) of CableLabs. Fig. 1 shows a typical configuration of
W de-area delivery of data to HFC systens (each connected to 200-2000 10

househol dsS‘pﬁ'SEHdAI@iBiHF!}QCESST [FOR ENGE-AVATEABITA2TY O NDIKBES] PLESTISNR NYeH ed

to a SONET ri 0 ring. 6. The head-end 2 is
connected to ati ﬁer oge Eb:%iﬁ ?%Bﬁ%{grﬁ% RAND NETHWORES o i ber

upstream connection 8. The _f| ber node 9 has coax connectors 10 out to
cabl e nodem 15 subscribers (i.e. homes 11). These mnultiplexers currently
cost some $50,000 in addition to the head-end term nation system and
scaling up of service to a memm mul ti pl exers and

servers. The faheUfeedfl 8fCORPONANOIL fiﬁ%@ ?‘ h&‘nﬁ?ﬂ&%‘t %SyStem
ea

can take an_enti "do strea fromthe h e en User
sub- net woPk P IQFGE’F'@ ?ﬂéf n% iRZRGeES NG By stemsat €achedanpleor &s.
Attenpts hamohkensmng‘eatsomaﬁcaﬂﬁﬁgm i #9hekQcohgdyge costs and
20 15 Shoyir el dnBFCoRareo R L HeSipEy Putbcl. Gsechoe Kosystem 20
ystem 20
havi ng a begkbone.pakhpacket m@uuglmunn&,smdhf‘dsmtrcl&h%ﬂﬁ‘@ router 26,
ol 2401 SmoReOTY bt S LIRS IO SAUSE 30y beLephony par
type of s??ﬁ@ihftl?ﬁ ¢an yDegument No. SP-RFI-I05-991105) of Cablelabs.
Fig. 1 shows a typical configuration of wide-area
delivery of data to HFC systems (each comnected to 200-2000
10 households passed (HHP)). The head-end termination system 2
is connected to a SONET ring 4 via a multiplexer drop on the
ring 6. The head-end 2 is connected to a fiber node 9 by a
fiber downstream connection 7 and a fiber upstream comnection
8. The fiber node 9 has coax connectors 10 out to cable modem
15 subscribers {(i.e. homes 11). These miltiplexers cu:creutly‘
cost some $50,000 in addition to the head-end termination
system, and scaling up of service to a community may require
-new multiplexers and servers.
The failure of a component on the heac‘_i-eﬁd termination
20 system can take an entire “downstream" (from the head-end to
the end-user) sub-network (Figure 7) out of communication with
the attached networks.
Attempts have been made to integrate systems in order to
reduce costs and to ease system management. A current
25 rintegrated" data delivery system 20 is shown as functional
blocks in Fig. 2. Fig. 2 shows a system 20 having a reverse
path monitoring system 22, an IP switch 24, a router 26,
modulators and up-converters 28, a provisioning system 30,
telephony parts 32, and a plurality of CMTS's 34 {(cable modem
30 termination systems). This type of system typically is
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systens fromnultiple vendors, has different nanagenent systens, a |arge

f oot pri ntwohigespower requirenents and hi gh operati ng coRGL/URNO3giocal
current network broadband cable network for 5 delivery of voice and data
is shown in Fig. 3. Two OC-12 packet oger SONET (POS) |inks74Qgp4fare
each connected to one of'two backbone routers 44, 46 which are in turn
networked to two switches 48, 50. The .switches 48, 50 are networked to
CMTS head-@ik foek &l Swbeh dl t e GvESdigadrendmudtiiple 6enddls 54has e

connected_fo_a plurality of optical nodes 56 thr - Il The
swi t ches ,f%’ﬁf%é'? emadﬁli%erﬁ%‘ﬁlf‘ueﬂsg%e"?gd & i&?@reafll‘f’tg)ggg%ﬁ%éf%lp %ﬁ%&g«?‘ﬁnk
gat eways ré&fuitémdntas eand high ommratdcigedostst.he public sw tched tel ephone
network ( PST 60. . L1 h g?":eﬁ StE ShQUBwh B FE 2, this
type of 15 nel\%\oﬁ’%macf%% %%F%%?%e%@%ﬁo%p € %/aeng%!rlshﬁor dl)ts rr%fti pl e
syst efs, dakivety eofnvoieesyedetatsyist ehowna inaFde -f dot pFvat -k gh power
requi remég&(?@d @ég%aﬁﬁ&agﬁw) CPShG: dof, “OMRHRS ealBSEEARbEEed OrhaY e @
truly int®egra ed”%or ution to reduce the size of the systené its power
needs, ancfitwo dozrkbong yentens £b (4P &hdGhe agiCeaPeFUEB MR Y’%ﬁ]&?gaﬁﬂ
i ncreasedc gl iabilhty k8, data dedivugroctds 43,am00brechetlotkedptesent
i nvention to provide an integrated. systemand a pra\c;esa for _bro and
del i very G¥fTHigeadyeRdi FPuveree 2 datty, é'ﬁ’t? S PEBATFRASTCYRSYE P47 anot her
obj egig of 54 herr eseRbct8dctd | @plwrdliow dE optdyslenvdad Péotessudlraa
cabl e-access_pl at f orm havi hi g wor k reliahi i ] he ability to
reliably %'B%o?f' i @-SV}E&‘?ﬁlg%hm &S \?ilggs%g’ﬁkd‘e%ﬁgwa IQ|_I£'[ y to supply
ti ered voplerabhtydefatekephons. tBink tgdateveayst (56 wbirbcaref 1pheupresent
invention to provid y. n S Yo alefofRd (BERTRDES.
net vor k. <iPReRc CERREE BB ? R L1 pHor Bt R0 2R (FSRNF
As with the "integrated® system shown in Fig. 2, this type of
15 network also typically has multiple vendors for its multiple
systems, has different management systems, a large footprint,
high power reguirements and high operating costs. It remains
desirable to have a truly integrated solution to reduce the
size of the system, its power needs, and its costs, as well as
20 to ensure greater consistency and incregsed reliability in
data delivery .

Tt is an object of the present invention to provide an
integrated system and a process for broadband delivery of high
quality wvoice, data, and video services.

25 It is another object of the present invention to provide
a system and process for a cable-access platform having high
network reliability with the ability to reliably support life-
line telephony services and the ability to supply tiered voice
and data services.

30 It is another object of the present invention to provide

a system and process for a secure and scalable network switch.

SUMMARY OF THE INVENTION
The problems of providing an integrated network solution
35 for data processing in a broadband network environment are
solved by the present invention of a highly integrated



The problens of providing an integrated network solution 35 for data
processing in a broadband network environnment are solved by the present
i nvent i on Vo0 048983 hl y i nt egrated WO 01/ 48983 PGI/ USO O 3549 12050/85480E P
2004 carrier-class broadband access system for delivering hi gh quali ty
voi ce, data and video services. In the ppesent invention, pﬂ)s: ﬁlP
systemare provided in which switching to the HFC condw ts %s r med
5inthe IP (Internet Protocol) or Network Layer (OSI Layer 3) using
conbi nat i mnﬁeﬂc{ﬂm:ﬁs éardd&ihmrd( a(db@d)s isyseehagercdelitver Hf hivter f ace
Cabl e M i on) r nter- cha55|s link (ICL) cards in a
1£ul |y mesh r#%%%‘éldssdlas% aé%dntvr éel eg €8I ust er manager. The | CLs may
stretch over 1(11’56!:\1'@ Hrafdms 1rb{ﬂnttllme1,claupreces{3 ahdssysean awostrol | ed by

the clus h
I nt erfacetggvl{t h ot er br oa ('31) é'?éle %O hgm&é%ﬁm?gaﬁ%egafgxéeffbenﬁdgl t al
Subscr? berdin jthe (ILT?SL()InHﬁr%@i: \ﬂﬁfl@O@@é)L%‘aNetmrkl Lapent (B$Bthayan iln

Servi ce dd!]%%% @&%M&ﬂlafdﬂw%d@pwat NePQbBk Phgf] | Dt $OfRCE R
(IMDS), as_well as "flber to he curb™ (FTTC). The invention offers the
flexibili SFOIHSHIRR S GRP Oéiei}“ FermdparigRy Reds arand TS at i ons,

meki ng it chagdiablie dior(wml |c%ﬁ:d§=pdhab.0|f&11§%é§h@a SorficrsYcaddid ,or 20

scal i ng up. ff medi rds may be used for different nodes of

br oadband C@é’%‘ﬁﬂﬁt‘aﬁ]&@( FRESFEY - cabPe HHbH MRE| FRRRR REEm

ret urho TI’EEUGI\EEHT]IU.@IESBJ dmt aﬂieo\mﬂuse\eer af ch&yeisegf ém&mru‘d/ Byolthe

avai | ab | (LT AR 2P dinaateyo0r bar sYEbTar| I | Heaiit Flfon s.

The i nventllrttrerﬁaﬂﬁpa\rlttél tqté'xee:d broiadbaaddadaess sysfleasas 'H&él.]l,n\fmu i on

provi des . pldiablrfigiteaAl RSB MLED (BgEiTR! %&%&’t tdiesd ‘i"" power

requirenents. _The present 1 nvention together Wt e ove an
Multi-point Distribution Serv1ce (IMDS) - and Multl—channel

15 Multi-point Distribution Service (MMDS), as well as “fiber to
the curb" (FTTC).

The invention offers the flexibility of deployiﬁg a
variety of local and wide-area configurations, making it
suitable for smaller operators requiring a ready path for

20 scaling up. Different media cards may be used for different
modes of broadband communication, such as one-way cable with
telephone modem return. The invention also allows several
levels of redundancy for different network elements, allowing
an operator to provide higher availability by baving.

25 redundancy of particularly stressed elements. .The invention
supports tiered voice and data systems. The invention
provides a reliable, scalable system with a small footprint
and low power requirements. ’ -

The present invention together with the above and other

30 advantages may best be understood from the following detailed
description of the embodiments of the invention illustrated in
the drawings, wherein:

DESCRTPTION OF THE DRAWINGS
35 Fig. 1 shows a prior art network having an HFC head-end
server connected to a SONET ring through a multiplexer drop;



30 advant ages may best be understood fromthe follow ng detail ed
description of the enbodinents of the invention illustrated in the

dr awi ngs, wbaenesses DESCRI PTI ON OF THE DRAWNGS 35 Fig. 1 siramuseopsdoor art
networ k havi ng an HFC head-end server connected to a SONET ring through a
nul tipl exer drop; WO 01148983 4 PCTIUSODL35 490 2 7 SEP 20047 Fisgp ;g Shows
a prior art HFC data over cable delivery system Fig. 3 shows a prior art
data delivery network; Fig. 4 is a block diagramof a chassis according to
5 principl es ofFidie 2 mteows an;prhicy: axtsHBGsdabai avegr aslebe cddl Every
infrastruc& AL e“p.avi ng the chassis of Fig. 4, Fig. 6 shows a.network using
a pl urality’l’l chassi ses, such as the onerof Fig. 4, in a ring topol ogy;
10 Fig. 7 showsFig{i¥ sthowsramshiczalanietabakdhdyveyy anetworlary chassi s and

a secondary chasg|s OP&s al IfgACAREa8 Ef,apéﬁ9§%9§e%c9éré#}?g gsent

i nvention; Fig., 8 shows a star network having a plurality o chassi ses
such ad tHeriHeindesiqf the fmvemgiomishows a second hierarchical network

having a pluraidy 9fsihes dsanteldehtad t8818anenpfafitBucturdihvilly shows a
meshed network having a plurality of chassises such as the one Fig. 4;

Fig. 11 jsthRe lﬂl%?c?t@’oetgafbﬁ dmbf %he application cards and 20 backpl ane
portions of theighassishsis H hethiork @sidg aSpBusshteptof shaggiarapf the
backpl ane i#erc nect i ons I)Ei.ncl din the.svvi%chi (? mesh; Fig. 13 is a

bl ock di agF%t &5 FASTHRAf *Hecorditiig®t 5 Pr ?B‘?g &7 of the present

i nveniQon; 25 Mig. I slwows @ diksti ddezarchiealG gebidrEtheeriveg a nt er -

primary chassis and a secondary chassis operating according to
principles of the present invéﬁtion;
Fig. 8 shows a star network having a plurality of
chassises such as the one of Fig. 4;
15 Fig. 9 shows a second hierarchical network having a
plurality of chassises such as the one of Fig. 4;
Fig. 10 shows a meshed network having a plurality of
chassises such as the one Fig. 4; '
Fig. 11 is a block diagram of the application cards and
20 Dbackplane portions of the chassis of Fig. 4;
Fig. 12 is a schematic diagram of the backplane
interconnections, including the switching mesh;
. Fig. 13 is a block diagram of a BAS header according to
principles of the present invention;
25 Fig. 14 is a block diagram of a Gigabit Ethernet inter-
chassis link or egress applicétion module;
Fig. 15 is a block diagram of an ARP table;
Fig. 16 is a block diagram of a two egress modules in a
chassis;
30 Fig. 17 is a block diagram of a route server;
Fig. 18 is a block diagram of a chassis controller
module;
Fig. 19 is a block diagram of the network management
architecture; _
35 Fig. 20 is a block diagram of the CMTS application
module;



chassis link or. egress application nodule; Fig. 15 is a block diagram of

an ARP table; Fig. 16 is a block diagramof a rwo egress nodules in a

chassis; ybiseesd7 IS a block diagramof a route server; pbirftised8s406 a

bl ock diagram of a chassis controller nodule; Fig. 19 is a bl ock diagram

of the networ nmanagenent architecture; 35 Fig. 20 is a bIogngp§g am of
OO / 3549

the CMIS application nodul e; WO 01/ 48983 PCT/ US 7 S5EP
2904 Figure 21 is a block diagram of the backplane nmesh interface; and

Figure 22 is aghlpek $1AQkAR o obRe VR rator SIRE HIAER DESGRIET! ON Fig. 4

shows a chassis 200 operating according to principles of the present
i nvent i ondioferf@esssi 2900 integrates a plurality of network interfaces

and appl i catiorﬁgdrré @2 i BobRoeW Behgsystem cHbeqmhasgt s of 'the
invention is a 10 fully-nmeshed IP-switch w th. high perfornmance packet

forwarding, filtering and QoS/ CoS (Quality of Service/C ass of Service)

capabifities using |owlevel grwxresps oot EpTTON rolled by a cluster
manager in a chassis controller. The Backet forwarding,_ filtering and

QS/ CoS i s di sfiligbutedbapisods ch9sapE| LA PRATHERT SCHEEL A ed "cards”)
i nsi de the,/GhRSY1®s of the present invention. The chassis 200

integrates a plurality of network interfaces and applications‘
into a single switch system. The chassis of the invention is a

10 fully-meshed IP-switch with.high performance packet
forwarding, filtering and QoS/CoS (Quality of Service/Class of
Service) capabilities using low-level embedded software
controlled by a cluster manager in a chassis controller. The
packet forwarding, f£iltering and'QoS/Cés is distributed across

15 application modules (also called "cards") inside the chassis.
The operations are performed in each of the modules by a fast
IP processor. The chassis controller and cluster manager
control the operation and configure each of the modules.

- Higher-level software resides in the cluster manager,

20 including router server functions {RIPvl, RIPv2, OSPF, etc.),
network management (SNMP V1/V2), security, DHCP, LDAP, and
remote access software {VPNs, PPTP, L2TP, and PPP), and can be
readily modified or upgraded.

- In the present embodimént of the invention, the chassis

25 200 has fourteen (14) slots for modules. Twelve of those
fourteen slots hold application modules 205, and two slots
hold chassis controller modules 210. Each application module
has an on-board DC-DC converter 202 and is "hot-pluggable"
into the chassis. The chassis controller modules 210 are for

30 redundant system clock/bus arbitration. The chassis also has
redundant power supply modules. The power supply modules and
the DC-DC converters comprise a fully distributed power supply
in the chassis. Examples of applications that may be
integrated in the chassis are a CMTS module 215, an Ethernet

35 module 220, a SONET module 225, and a telephony application
230. Another application may be an inter-chassis link (ICL)
port 235 through which the chassis may be linked to another



The operations are performed in each of the nodules by a fast |IP
processor. The chassis controller and cluster nanager control the

oper at i onwanoi/4398% i gure each of the nodul es. Higher-| evel PEEIUSHBHI esi des
in the cluster manager, 20 including router server functions (RIPvl, RIPv2
, OSPF, etc.),. network managenment (SNsP V1/V2), security,?7 BHCR) LDAP,
and renote access software (VPNs, PPTP, L2TP , and PPP), and can be
readily nodified or upgraded. In the present enbodi nent of the invention,

t he chassicmas%iSZOO‘Ihas Ifbupbeen iEl4hesbols é@rem@dlﬂs. mmmfpd:dﬂtose

fourteen t e I cha55|s
controll e?ﬂa ] es }%%gh %gg'giog%%i %ﬁg%gsdutﬁg&u%as al ]bd(;/‘1

convert er E2B2ramd i G Béherngkuggal Eackeht@V¢heSQmﬁEs(®STFhe ChaSSI s
controller nod s 21 s}(ﬁ:ﬁ g}_ch/ tration.
The chassi s al g‘loshaé gh@ unéﬁn%ﬁgg\%grgeggg% yf e% O\A/erévsupplt)s/
nodul 65 ab@vinge the B@aééﬁrﬁe?f)@r ofcBigri $e aThel $RawR i AUl ted RegwerrSuppl y

in the Ch@ﬁ%‘e&loﬁéﬁ”ﬂlﬁsng gpp! %@Eboaﬁataaéar@alp@e ! egfit eghy B dohe
chassis are a CMIS nodul e 215, an_Et her net ¢J| e 220 a SONET nodul e

225, and ADCAMESRoAy VaRSP EqRER11850PR ﬁb‘?%@‘o pptécdt (PSP T em

i nter-chassies Webltchllle) sepoblts2358t handghn Wivehat teh chagsirt mpstem | i nked
to anot her, WD.0 8983 . PCT/ USO hassi S. T | CL

| 5490, . 6 7 SEP
port is tHESEAI ¢ 8qr BSFYmr%ﬁé t@LtB%r%ha b?e&? t daﬁ%i g any
egr eskd erfildic:@:,ssEsng.tchO/ 1m'ne Ehhesnst 201)G1Et¢mme¢t;e¢nnb RacMET aniexy SONET

E:ESE)SI s 2%82 El%\gid%n erzglgé ggggng ??A&fkﬂa regl oncf!i Izﬁiub 6t2h1?or

voi ce and adek @ d’@lbil\l@r ﬁwlthbeﬁuﬁ‘ezszhonﬁcmmrla (PIIRD csmnesitiien 276.
applicati ahe?8hasai\¥ 990 i@%ﬁ)&o %@Qne&‘é@écﬁf%slﬁd@fﬁ:l@@&a R @ble

operation support system networ ked, to the chassis 200
acting as A¥Homers 26¢ePIO¥RAEEN IPThéseﬂa§§¥‘§l‘2%S RSHEREMEEFR0 a SONET

ring 15 data, video and fax services. Each HFC application module can
handle up to 2000 cable modem service subscribers. The
logical limit to the number of subscribers is 8192. The
chassis can sﬁpport a plurality of HFC links and also a
plurality of chassises may be networked together (as described
20 Dbelow) to support over one million cable modem subscribers.

By convention today, there is one wide-band channel (27
~ 40 Mbps) for transmission (downloading) to users (which may
be desktop computers, facsimile machines or telephone sets)
and a plurality of narrower chanmels (320 EKbps - 10 Mbps) for

25 uploading. This is processed by the HFC cards with duplexing
at an O/E node. The local HFC cable system or loop is a
coaxial cable distribution network with a drop to a cable
modem. _‘

Fig. 6 shows a ring network 300 using a plurality of

30 chassises of Figure 4. The plurality of chassises 302, 304,
306, 308 are connected as a ring over full-duplex inter-
chassis links 310, 312, 314, 316. The ring configuration
allows chassis 302 and its associated cable networks to
communicate with chassis 306 and its associated cable networks

35 through chassis 308 should chassis 304 or the ICLs 310, 312
between them fail.



272, outside the hub 262, having an Internet connection-274 and a Public
Swit ched Tel ephone Network (PSTN) connection 276. The chassis 200 is al so
connect ed W9 oaiasddBC | i nk 278 to cable custoners and provi dag/sesssed
services including voice, 15 data, video and fax services. Each HFC
application nodule. can handle up to 2060 cabl e nodem servi k7 Skm et i bers.
The logical Iimt to the nunber of subscribers is 8192. The chassis can
support a plurality of HFC links and also a plurality of chassises nay be

net wor ked t ogethig. ('aSS]dcﬁgrabﬂﬂhﬁ@ MMCHlQ:aSLUw&%rRVQEBOHEVBh I40on
cabl e rmdem subscrl ber s. #3_;{ entlon t t her.e § one w de-band
A0 532

channel (2 23Ty Chge§is rﬁ‘s%ercéfﬁl \Aﬁﬂh@i’c‘ﬁlﬁg oCHEEREIHhi ch may
be deskt opamxﬂlim sto frcinoipbesrachitites [.!II'esteeitG}‘ilﬂQr&ﬁtiehs) 'Ih@rlﬁlr;anary

plurality 0 oad This

i s process&ga%ﬂ% I—&%ﬁg%?%é %2@1&%[) °>Ptnlg]:;c af“%g%‘ ﬁBd &gc??ﬂ HFC
cabl e §yst333140r3$60p 0S-82 Tiees alreailerdiist thieutivewingt V\hokewt ho@-3ir op
to. a cablgqnmsee @Yi?p g ::lﬁ ggg, r ty of

30 chassi sesdof F{‘%u%&ffsi éép of chassrs §8§%§_,91§0%& , 308
are connectERP ARe £onnRFeRdrte Lﬂhe ¥ 38 effhecpadnasy| 33Rsamsdo, 312,

314, 316. Jheomddgy 33U i HhESEisuE ald awskehess & 20212860148 ffrﬁedwd ed

cabl e net communi cate with chassis 306 and |ts assocl at ed cabl e

IKS
net wor ks 3 kqﬂr%tp%tﬁs%?% C FSmnh dEfas §19288k BEhereet clor 0, 312
bet wedfl t hpanKet+ovedd SONEBIGH NCTHWPR0 @ondedtioh. 2THEPREESndIG, 7 shows a

secondary SRSETS M5 HD ety R O AR Pd S5V R, PELCHF R e
i nvent i on. IiTheepworks Wwhetmddiard sis enmpedivedyt ohasbes apd | ene aammusAt i on
ines (OO ficohddy difssiXed? #ﬁ{é‘gﬁ:ﬁ{a&f*&ﬁ‘é@sig hRfadlaAg chignRer O° 3
and OC-48 are al so supporte assi's y
with its cluster manager.
15 Other configurations are possible, including a "star®
configuration 350, as shown in Filg. 8 with a primary chassis
352 and secondary chassises 354, 356, 358, 360, 362, or a
tiered arrangement 380, as shown in Fig. 9, with primary
chassis 382 and secondary chassises 384 and 386 at the
20 secondary layer and secondary chassises 388; 390, 392, 354 at
the tertiary layer. A mesh configuration 400 is shown in
Figure 10 with chassises 402, 404, 406, 408, 410 where each
chassis has in inter-chassis link to every other chassis.
Primary and secondary chassises are determined by system
25 configuration. Each chassis is substantially the same as
every other chassis.

The above-~described configurations can extend over tens
of miles using long-haul fiber optic links, or may be
collocated in a single rack at the same master head end site.

30 Fig. 11 shows application modules cohnected to a
backplane 420 of the chassis 200 of Fig. 4. Each application
module 422 interfaces with the backplane 420 through a Mesh
Communication Chip (MCC) 424 that will be described more fully
below. Each MCC 424 has twelve (12) serial link interfaces

35 426, eleven that run to the backplane 420. The eleven serial
links that run to the backplane on each application module are
for connecting the application module to every other



al so be connected to the PSTN 338. The primary 330 and secondary 332
chassises are linked by a full-duplex link 340 that may be a Fast Ethernet
(FE), G gavdoi/#9Bernet, or a 10 Packet-over-SONET (PoS) typreTaIsnmes4on.
The secondary chassis 332 is connected to a plurality of optical nodes
342. In networks where there is a prinmagy chassis and one or P®ISEP 20p4
secondary chassi ses, the primary chassis nmanages the cluster wth |ts
cluster manager. 15 O her conflguratlons are possible, including a "star"
conf i gur atampd. 350;i.cas nefindre iim fhe chawkib. a @merrmmccimﬁsms cobrectithg

secondary 8,. 360, _3 ed arran enent 380
as shown |‘£1:D§|6:1 é‘g‘% %h ﬁ%‘?&% cﬁ%‘aém sﬁﬂ%aob‘?fgks i%es 384

and 386 aunctdliel@ 49&c ekargerinepdiedafie sheaﬁdartyonhaekla&s 4@3 BQIOOM

\?mgtdfhaf:hasm ses 401%r %ag% ?S%h 43? e%gééeg&ﬁéo asgssll S r;l"l |Igure 10

i nt er -2hadsi® is wptdenaildsy usese forhasdisdaney | mryrdan tsemw&lechasm ses

are det er rdyaQhnh Yoo i 143160 NT w%%ébhénchf@&quﬁ-ﬁa? sty al ly
the sane a every other, chassis. The above-descri be co ur atlons can
extend ov slsoPrrﬂVPé}éan%nn& PEREcREeT PRt @l ﬁch T or may be

col | ocat ed:ednuﬁiasjdgg'lx@]rleilan;yt ba_r@agag[raster head end site. 30 Fig. 11
of Fio. 4. EachiBAARER MoGtiaYS3eRet Lt hiAF (VS Backpl ane 420
t hr oub® a avipdhi caCdomu mceiatlieo tiaGhiep A4 WEC): Id&éhtt-lf\tah-m:ldt bﬁ_rﬂes;esr iefeg-or e
L2, P A A e il S
;BSI cat Plawﬂ?qifuo%st %@t\/ c‘?ltaﬂﬁél{/ﬁ\ggg 12&?@@4?%2@5@2?&2 =P

2004 applicatiqn nmodulee in the chassis. connecti ng
modul e wi tH ilt-sel9LgFPIES PeT §65°BCRT 9?@&%&351 i c%}”tlrlbﬁ portion of the

15 connections 200 are shown in Fig. 11 as an example. The
backplane mesh is shown in Fig. 12. '

The 12 chamnels with serial links of the MCC are
numbered 0 to 11. The number is referred to as the channel ID
or CID. Channels will be described more fully below. The

20 slots on the backplane are also numbered from 0 to 11 ({slot
ID, or SID). The chassis system does not require, however,
that a channel 0 be wired to a slot 0 on the backplane. 2
serial link may be connected to any slot. The slot IDs are
dynamically configured depending on system topology. This

25 allows for freedom in backplane wiring which reduces routing
complexity. .

Returning to Fig. 11, each application module is also
connected to a chassis management bus 432 that ﬁrovides the
modules a connection to the chassis controllers.

30 For sw1tch1ng packets between chassises over the inter-
chassis links (ICLs) and for switching packets inside the
chassises over the MCC links, the chassis has a inter-chassis
switching layer. The inter-chassis switching layer lies below
the IP layer 3 (L3, the network layer}. Packet processing in

35 the chassis is broken down into two types of traffic: unicast
and broadcast/multicast. Switching through the inter-chassis



Pt nodul es 422 are connected to chassis controllers 428, 430 over a
chassi s managenent bus 432. The second chassis controller 5 430 is

opti onal | ywis@mdisdgar redundancy in order to nake the systemnpdRisuiRideabl e.
A second chassis managenent bus (not shown) is provided in a preferred
enbodi ment al so for redundancy/reliabiligy purposes. The bac@m Ums
fully meshed neani ng that every. 10 application nodule has 'a direct
point-to-point link to every other application nodule in the chassis

through thgyseehahg hapks. i $hacaBmh {dHeRdS ing the Ezﬁéarbéﬁggéf‘é'ehééﬁ&

channel for communication of data at a rate
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Fig. 12. The, 12 channels vm%h seri al ks qQf .t he are _nunbered O

11. The nu?‘rﬁié? TSDPRPAP BEdGT a’éy}??\e ‘§|1e,l§ ey dlsgﬂaﬁﬁ’ie?'%d%\ﬁ#e be:
descri Bed tbae fheél fabeiowinfbef2e idiresen (Ff1a)bhakplagical epats9, npwber ed

f 0 d

novever . TRIHEREE whBkndh ShElaadlif, SRS HEPRIREED, £8 Salast hikSE:
serial i nﬁm@a?obenébﬂﬂbetle@l%ﬁalamﬁmlﬁs ifihghel BASIDsader. dimani cally
cont I gur edpgleneyge e At Y63 o1 ARl Rba Al $reSpik! QUBalPladd seglom in

backpl ane w ri ng whi ch reduces routing cofplexity. urning to Fig. 11,
each appl i @88ish HBdarekes touwardidithected to a chassis management bus 432

that poovi des tihge KBEY| 5Bl COIMGEd & Hiest RR3CHaESHE1 KOS MRS 113D For
sw t chi ng chas% es over the inter- chassis links. (ICLs)

ﬁ &Is bet wee

and for chrhmPa ket AroPReYAUH O G9R985Ed8over the MCC |inks, the
chassi s _has a i Therpehasbty f£ield Hisx bdyer (naheshmrmm sw )t chi ng

| ayer lies I L | L3, .the. net Packe roce55| ng
'in 35 the %ﬁasglg\%e}lmf%rsok%tgg ?A%“‘l(tnijrlto\f&t?'yﬁg ‘Eﬁlef%/ %I%u Ui and

br oadcast / patketadne towrendesiiarhr ough the inter-chassis

15 The fragment field 506 has x bits and indicates the
packet fragmentation and whether the packet consists of two
frames.

A next Hop field 508 has a plurality of bits and is used

for next hop information for intra-chassis packet transfer.
20 This field is inactive unless the Bas_Type field indicates
otherwise. ,

The Encap_Type field 510 is a one-bit field that
indicates whether the packet needs further Layer 2 (data
layer, belowrthe inter-chassis switching layer) processing or

25 whether the packet can be forwarded without further
processing. ,

The Mcast Type field 512 is a one-bit field that
indicates whether the packet is broadcast or multicast.

The Dest_FIA_ Type field 514 is a one-bit field that

30 indicates whether the destination FIA is provided in short
form (<chassis/slot/port>) or long form
{<chassis/slot/port/logical port>).

The Src_FIA Type field 516 is a one-bit field that

indicates whether the source FIA field is provided in short
35 form or long form.
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det er m nes et her_ih acket gﬂge ]Qﬁ qu ..o, The

priority Pf\éladlc a%n§l§9{‘§ Fﬁ%tt %V\‘Aggig{ |guérje g}%an ga?tsé'rnm%r?gs t he

packet prpeylosdand where to queue the packet due to congestion. 15 The

fragment fiel drp0ooias ex D! $paRdahbghs ahes 4 NonnRAGKS) dif aARBNER 9B and
t wo rames. A Hop

whet her the packet consists, next - field 508 has a
pl ur alj t yaofabltrsafpdupshandan torprexenhdnekate fatam @ teyinonifa tiRassi s

packet transteh ind@tdbhsnhtehd. | sThoast, Ves WM ssnditeBaschy Randd qkd
i ndi cates ~otherwi se. The Encap Tyge field .510 is_a one-bit field that

i ndi cat es ifh&eRELVeAe 2paBReICHeBREL f ur FheFisyitelsd Ad 2879 AFEET bel ow t he

i nt er - chaggics emwht ¢hNOthayparket 0Lessisgde®5 whet her the packet can be
one-bi ¢ 11 el d T FOrHaTairdeThRe: PR el bt et B SR Cast.
The Det _[KoAtalvipe thieefdradddingatabbebrévisidm, tited 30 indi cates whet her
e ootk ahaL A BREH S5ty Rasath plerdile s takilehenl ) o
The Destination FIA field 522 has a plurality of bits
and indicates the final destination of the packet. This field
coﬁtains the chassis/slot/port and logical port information.
15 A chassis value of zero has a special meaning, denoting the
chassis with a Master Agent (to be described below). A port
value of zero alsc has a special meaning, denoting that the
receiver of the packet is an applicationgmodule. The logical
port may be used to indicate which stack/entity in the module
20 is to receive the packet. All edge ports and ICL ports are
therefore l-based, i.e. the port numbers are greater than
zZero. ' :
The Src FIA field 524 has a plurality of bits and
indicates the source of the packet. This field is used by a
25 route server to identify the source of the inéoming packets.
According to the system architecture, all application
cards that plug into the chassis share common featp;es. The
application cards are also called data processors, data
processing application module, and data chmunication module,
30 Fig. 14 ié a block diagram of an Ethernet‘application module
550 in the chassis. The application module is comnnected to
both the mesﬁ backplane 552 and to the management busses A 554
and B 556. In the Ethernet application module 550, a fast IP
processor (FIPP) 558 is comnected to both a PCI bus 560 and an
35 F-bus 562. The FIPP 558 has an Advanced RISC Machines (ARM)
processor core 564 and six micro-engines 566. The FIPP 558 is
connected to a DRAM 568 for storing packets and an SRAM 570
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the incom ng packets. Accord system architecture, appl | cat I on

cards t ha@ogsubtrrLeh: ﬁbecﬁaggu §5§h§¥‘é PR dtyithe DRAYM 5 §p| i &Bei o
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and data %n?.grrr%me%%tlh%g g%g ELook at the IP address in the packet and

then look up the destination address in the forwarding table

15  stored in the SRAM 570. The forwarding table provides the
chassis, slot and port that the packet will go out on. When
the packet comes in over the Ethernet device, the packet has
an Etherniet header. If the packet goes out the same slot
through which it came, a inter-chassis header is not applied.

20 The FIPP determines the sending port and sends the packet out
that port. If the packet is to exit by a different slot, the
Ethernet header is removed and a BAS header is added to the
data packet. The minimm information in the BAS header is
destination data, chassis, slot, and port information. The

25 packet further includes an IP header and a payload. The FIPP
has transmit queues where the packets are gueued before
transmission. The packets are sent over the F-bus 562 to the
MCC 574 which sends data out in 64-byte chunks.

When'a packet comes in through the MCC 574 of the

30 Ethernet module 550, the application module 550 puts the
packet, or pointers to the packet, into a queue in DRAM 570.
If the packet is to go ocut one of the serial ports, the FIPP
558 looks up the destination in an ARP table in the SRAM 570.
The ARP table is shown in Fig. 15. The FIPP finds the

35 chassis, slot and port. The chassis address does not change
unless the destination is an ICL. In the case of the same
chassis, the application module finds the MCC address for the



30 Fig. 14 is a block diagram of an Ethernet application nodule 550 in the
chassis. The application nodule is connected to both the nesh backpl ane
552 and twWahasysnagenent busses A 554 and B 556. | n the ECH&SAHYES490

application nodule 550, a fast IP processor (FIPP) 558 is C?RS&EH@@
both a PCI bus 560 and an 35 F--bus 562.12The FI PP 558 has an d RI SC

Machi nes (ARM processor core 564 and six m cro-engines 566. The FI PP 558
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560 and the managenent - buses. MAC A 576_is connected between the PCl bus
560 ad managBhent 2BushawssiheVRETS spplicatipmesard FdemedefarasdCito pus

560 and naaaseﬁ@@tnéegxﬁ $Rfertlc¥hen-a. dagle Packatr auBRo1R¥gy ke Et hernet
device 572, it 2§es t hrough the EIPP 558 and i s, stored in the DRAM 568.
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t he destipatjon.address jn e _forwarding table 15 stored in the SRAM 570.
The forwal& 0}83¥emﬁ¥bbﬁd8§eﬁ chassis, slot and port that the packet
will Idb out onFighemhé shewpaticot apphiasatiman@iulém atheci®t igew ce, the
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through caie, a er-chassr s | S not
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a BAS header Is a data packet. The m ninmuminformation in the
BAS headei©j §he PCI bus 612. The route server for a chassis can reside

15 on any application module. In the present embodiment of the
invention, the route server is a Pentium® processor. Each’
chassis in a network of chassises has a route server. Only
one route server in the network, however, may be active at any
one time. The route server broadcasts over the management bus

20 and also over the ICLs that it is a route server.

In a network of a plurality of chassiSes, one route
server is designated to be the primary route server. Aall
other route servers are secondary. The router servers in the
network send out routing information every 30 seconds. The

25  primary route server broadcasts its chassis, slot and port to
all other route servers. -

Fig. 17 shows conceptually the updating of the route
servers by the "control" or primary route server.

A1l forwafding tables know where the route server on

30 their chaésis is. The primary route server has logical ports
equivalent toc Ethernmet ports.

When a packet is sent to a route server in one of the
chassises networked together, the primary router receives the
packet information as though the primary router was receiving

35 the packet itself. The primary router builds a routing table
and a forwarding table and broadcasts them out to all

application modules and all other chassises on the network.



destination data, chassis, slot, and port information. The 25 packet
further includes an I P header and a payload. The FIPP has transmt queues
wher e t he weokedoss are queued before transm ssion. The paclpeirfusessssopent
over the F-bus 562 to the MCC 574 which sends data out in 64-byte chunks.
Wen a packet comes in through the MCC 544 of the 30 Etherngf Sgpdgje 550,
t he application nodul e 550 puts the packet, or pointers to the packet
into a queue in DRAM 570. if the packet is to go out one of the serial
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of the invention, the processor is a Pentium® processor. . The
15 craft interface is a network management interface using 10/100
based Ethernet. , _

Logically, the clusters shown in Figs. Bwio.collectively
function as a .single router, that is, an IP~Layer-3 switch,
with a number of external ports. Physically these external

20 ports would be distributed across multiple chassises, which
may be distributed across remote locations. The ICLs
"virtualize"™ the physical distribution of the externmal points.

Logically the cluster is managed as a single entity‘
(Figure 19). From the view of IP, each card in every chassis

25 would have a management subagent. The subagent local to each -
card would represent the card for management purposes. The
cluster manager's management server (master agent) would
communicate with the sub agents, again "virtualizing" the
physical distribution of the subagents.

30 Both the primary and secondary chassises are capable of
supporting various transmission media, focusing initially on
HFC interfaces to support the connection of cable modems to
provide Internet access and IP telephony. The chassises can
support Telco-based return paths for some cable modem

35 infrastructures, as well as regular (PSTN) modem-based

Internet access.



one tinme. The route server broadcasts over the managenent bus 20 and al so
over the ICLs that it is a route server. .In a network of a Iurallt of
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send out routing information every 30 sddonds. The 2.5 primary rou server
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15 dial-in modems. A RADIUS client on the cluster manager
communicates with a RADIUS server provided by the network:
administrator. '

General purpose functions like Web Server and Mail Server
can be run on the cluster manager. FTP and Telnet allows the

20 administrator to access the cluster manéger remotely.

The invention allows resource sharing. For example, IP
traffic coming into an HFC interface on a secondary chassis
pbtentially has voice as its payload. This IP packet would be
. switched to a VOIP/PSTN card, which may be on a different

25 -chassis in a different location. The IP packet with the voice
payload is routed to the appropriate VOIP/PSTN card by the
distributed IP switch fabric. The originating chassis tags
the packet with the highest “"class of service" priority;
allowing the route/switch decision to be performed with

30 minimal létency. The cluster manager keeps a centralized
resource map of all the resources (including the location of
DSOs available) in the clustered system.

The chassis controller communicates with the application
modules in the chassis over the management busses. The

35 chassis controller and the application modules each have an
agent for communication purposes. The chassis controller has

a master agent and the application modules have subagents



15 craft interface is a network nmanagenent interface using 10/100 based
Et hernet. Logically, the clusters shown in Figs. 8-10. collectively
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The master-master agent distributes its chassis ID over

15 the management bus. The chassis ID of the primary chassis
shifts to one after the primary chassis is designated as the
primary chassis. When a second chassis is brought up on the
network, link detection protocol (LDP) is used to determine
its presence. An LDP message is sent out every link of the

20 current chassis. If the send chassis receives a return
signal, the chassis controller identifies that as an ICL. The
LDP enables each chassis to identify its ICL links. The
primary chassis broadcasts over its ICL links that it has the
master master agent. '

25 _ Fig. 21 is a block diagram of the Mesh Communication Chip
{MCC). The MCC ASIC provides connectivity to all other caxrds
in the chassis via high speed differential pairs shown as
fully duplexed serial links 215. Each differential pair
operates at greater than one gigabit per second data

30 throughpuﬁ- An P-bus interface 805 comnnects the MCC 300 to
the FIFO bus (F-bus). Twelve transmit FIFOs 810 and 12
receive FIFOs 815 are connected to the F-bus interface 805.
Each transmit FIFO has a parallel to serial data compressor

. (12 data compressors in all, 820), and each receiverFIFO has a

35 data expander (12 data expanders in all, 825). Twelve
serializers 830 serve the data compressors 820 and data

expanders 825, one compressor and one expander for each



The System Managenent Server on the cluster manager also represents the
clustered chassis as a single virtual entity. The cluster manager can al so
function gy dagséy Server for 15 dial-in nodenms. A RADI US glLirgizho/esiod he
cluster manager comruni cates with a RADI US server provided by the network
adm nistrator. General purpose functionsdike Wb Server and NafEP ggpver
can be run on the cluster manager. FTP and Telnet allows the 2 0

adm nistrator to access the cluster nanager renotely. The invention allows

resourcg szé%f:ﬂﬁ'l&zé:ﬂr pﬁtwaﬁ:h@‘ o 1 HBhthéaﬁ_EbCiEOHéf'ihéd‘t% %nd sldiqm-_adlnflg.rrﬁ@ci f”
a secondar C SSI S, otentl a y,.nas vol ce as_I1ls pa oad., IS packe
woul d be ectil}‘f‘éij W Weﬁmngéérati?geﬁgchomv PP i GuEtee 0D 5
chassi s i reredhld efigiie.| bRt iserialh@ihBspackeingv fiod they diieeindglayl oad is
t he IP switch

routed d to _the apprqpriate,VO P/ PSTN car y di stri but ed.

fabric. THREHRSS %31 %??f gﬁl’g@ 80P, 985 hegf)gc‘%té‘? R %%&?Pm&tass of
servi c®" p@atar iatty thealdams mgrtshe route/ switch decision to be perforned with
30 minimal |ategngy. ' r ke rali r ce. map
of all the res%u%ggﬁﬁn%% ngengﬁgggocggi gﬁéo&&%ﬁa\}%@aﬁ %%%?{l t he

cl ust er ed Goymruahcattion (s $ocantestbanecbnmumnt @ atieir iarh Rtpaisgspliincat i on
modul es I i yRe Lhassy Yorlig E.Fgﬁg'@ﬂﬁﬂ?ﬁ%\i?ssa&b%c@ HP90S F-bus

controller and the application np es_eac e_an agent for

conmuni catiderFaqess énd telyRassriadoninl| irbentaces mideMCigent and t he

appl i c@t i ARGl Y ¢eehdeanbaclE:81648088 FPNIKY 354 Y ogkambhalh1 USEP
2004 (Figure 19) . The subt_g%ent %T}c?om"runl cate their c_ﬁ{hasm S, g:p | ication
modul e, arfth%8 OSSR iT5R™ &% RECREsFer ®BEErt PITetRn dita a1gSy- 19

shows a pluwedhid wigftualasvaneniicnpaonessors. (VIPs b whioll tdakehpaskets
NV ONMe ot 15, 1/ 34, CUBRP Il BUIIN oHE Lile SES1N Ak 0 AT HABPT ™Y
twelve outgoing packets simultaneously. The VIPg read the MCC
15 tag on the front of the packet and dynamically bind themselves
to the destination slot(s) indicated in the header.

The.card/slot—specific processor, card/slot-specific
MAC/PHY pair (Ethernet, SONET, HF(C, etc.) and an MCC
commuﬁicéte on a bi-directional F-bus (or multiple

20 unidirectional F-busses). The packet transmit path is from
the PHY/MAC to the processor, then from the processor to the
MCC and out the mesh. The processor does Layer 3 and Layer 4
look~ups in the FIPP to determine the packet's destination and
Quality of Service (QoS), modifies the header as necessary,

25 and prepends the MCC tag to the packet before sending it to
the MCC.

The packet receive path is from the mesh to the MCC and
on to the précessor, then from the processor to the MAC/Phy
and out the channel. The processor strips off the MCC tag

30 Dbefore seﬁding the packet on to the MAC.

Fig. 22 shows a packet tag, also called the MCC tag. The
MCC tag 1s a 32-bit tag used to route a packet through the
backplane mesh. The tag is added to the front of the packet by
the slot processor before sending it to the MCC. The tag has

35 four fields: a destination mask fieid, a priority field, a
keep field, and a reserved field. The destination mask field
is the field holding the mask of slots in the current chassis



an additional master agent, referred to as the "master- master”. A-11 the
chassises in the network comrunicate with the nmaster-master agent. Each
applicati owomdedsgd i n every 10 chassis conmunicates its IPp LRB3440 10.
chassis. slot. port to both the master agent for its chassisZaiffPtig
master-master as shown in Fig. 19. The fpynber "10 Nin the |IP address
signifies a private network address. The master-nmaster agent distributes
its chassis I D over 15 the managenent bus. The chassis ID of the primry
chassis shbfyEith ene Bhtretthe @edirBiaa, CRASYLS nissy deSkaRaLed Bs Lhe
primary chassis. ‘Wien a second chassis is brought up on.,the "network, link
det ecti on ?%io‘éﬁsFl?iﬁFﬁni%nu % W enfidre @ i FdSeRggkenn the
message i sMeEntisest thw efigstimkt Dén tieskR Qo diat@timichasdish kthahbeigend -
chassis regejve urn | gnal , t.he c Si s ntroller.identifieges,{hat
i an’) o aieYETsT 8t ek Sk ORE detnihe T ° ) S8R, M perravPCParkRRothThe
pri maryb ch¥€€i wses otlieaprioniey and Ke@ip |fiiedslst hat dettelménehwhichst er

mast er age Hg. | + bl | -Qf sh | 20 N
G p (VECoEEs i dlreefati AF SR UMitead BINE ) FHETRUBLEGLA®, 1
chassi s vi A16ighispeegseds frrighe | Qrsal sresimend fofl thediprexetonseri al

links 215. Fachygfier epbd abwd e ae Rl $rahsai 2athe! RaleQPSrgi gabit per
second data_30 throughput. An F-b interface 805 connects the MCC. 300 to

- bus
the FI FO bBsCFFEBTSHInTharRping fA (Vintiueds tWedsaid Foder ecBvelatros
815 and) coapeschefnéd hdlSpifg pushd MET fiaee1spRYentEIC hapsapsnkt c&l Efhhas a
parallel to _seri dat a; conpr essor (12 datatco re gﬁs in_all 829%, and
each recei FBOFPROFALS 2028° dara WPardemER t4ark SpihGeMePPingt |, 1825) .
Twel ve sevimtuadrsranggit seode, tite Ml haoddiess soritigddt apdckiats semi-
expanders re e p farieac ¥@?191 48983
PCTlLlSOOlgé%éﬁﬁgﬁ%ﬁg%SE?g%Da seri aSil‘a)zé'eerylg1 lc?hg{]%ag? Fﬁ t he i s defined
as a seri afiregks it to multiple channels. The transmit ports in the

15 MCC address virtual transmit processors (VIPs) rather than

slots. The F-bus interface directs the packet to the selected
virtual transmit processor. The VTP saves the Destination
Mask field from the MCC tag and forwards the packet data
(including the MCC tag} to the:set of transmit queues

20 indicated in the Destination Mésk. All subsequent 64-byte
"chunks” of the packet are sent by the slot processor using
the same port ID, and so are directed to the same VTP. The
VTP forwards chunks of the packet to the set of transmit
gueues indicated in the Destination Mask field saved from the

25 MCC tag. Wwhen a chunk arrives with the EOP bit set, the VTP
clears its destination mask. If the next chunk addressed to
that port is not the start of a new packet (i.e:, with the S0P
bit set), the VTP does not forward the chunk to any queue.

The MCC maintains a set of "channel busy" bits which it

30 wuses to pfevent multiple VIPs from sending packets to the same
CID simultaneously. This conflict prevention mechanism is not
intended to assist the slot processor in management of busy
channels, but rather to prevent complets corruption of packets
in the event that the slot processor accidentally sends two

35 packets to the same slot simultaneously. When the VIPs get a
new packet, they compare the destination CID mask with the
channel busy bits. If any channel is busy, it is removed from



together with its encodi ng/decoding logic, transmt queue and receive
queue. The serial lines running fromthe channels connect to the backpl ane

mesh. All WB%E}&%Q”G' s can transmt 5 data at the sane ti /lﬁoﬁlégcb%nt
i mpl enentation of the invention uses a Mesh Conmuni cation |f)5fo

i nterconnect up to thirteen .F-buses in full mesh using ser7 &EP (Q0hk
technol ogy. Each MCC has two F--bus interfaces and twelve serial |ink
interfaces. The MCC 10 transmts and receives packets on the F-buses in

progranmabige §L2E€ihAELEHEM Sk M4 Lf SHes itsor‘éEE{EElgdpf erﬁﬁa? |&pgont ains
twelve virtual transmt processors (VIPs) which take packets fromfthe
F-bus and BeadVThetrdutsetr 3kt ithe Mums bigs éarngllt weradnbug goi ng packet s

si mul t aneodies tyindbory IBsamedls thel NaGnknitad +a8 bhekbEOntyRén tHige P@sket and
dynami cal | y_bi nlg?}éherrs Iv&s to heé_gge%ti ngti on,slot(s) indicated 1n the
header. TheSTar I%‘E‘-@b‘:é T]?Lbsp‘?t% Packeked/ dFof18pEs Fe chamehy cate
on a bb- dibesyilebas for hiiss (destmidatipe c@Bsuni di recti onal F-busses). The
packet transmt th.s_f he PHY / MAC t he_processor, .then fromthe
processor to th%ﬁgh’?:éasn qg]liéaf%eepr?g .m'?hkﬁﬁrgzgsi’d?cgb%%éL €% and
Layer 4 |dak-NEE amdtihe AfERIWdetoemniioe dtliethackpplicaiebon matdwine and
Quality of r VL CEs [+f 4 a e r d prepends
the MCC ta@oé{%%%éac et Dbe olrée%?edtn%%ng%i ﬁ?%oﬁégﬁgﬁl\% %ﬁ%(‘za;a €t receive
path is fr Wmnelr#reéw%e t4e NECeash dafat packetptocke soruteddindought he
procesgor ¢ thesiMAC/ Phy and out the channel. The processor strips off the
22 shows a packet

tag, also cal| cHiE HANDE RS vahe® (ESRSECFe3aoRobh (P I (@R ¢0 A o a
packet thrisisgh wite. bank plztne t@simiBsdohagthe Rdged imtdheadd aiafs the
Prour 11w Jo T TN i BB B ekeyr PRIt o hep Tiold,
and a reseseaeertt ol dThTR-hisstintarifiace dasksf thed68ikit hinta edegmiwaitdi ng t he
mask 9§ sl fliSo | thd NS AL LNASSIshit FIFO as determined from the
packet tag. The data from a transmit FIFO is transferred to
the associated data compressor where the 68-bit data segment
is reduced to 10-bit segments. The data is then passed to the
associated serializer where the data is further reauced to a
20 serial stream.. The serial stream is sent out the serial link
to the backplane.
' Data arriving from the backplane comes through a serial
link to the associated channel. The serializer for that
channel expands the data to a 10-bit data segment and the
25 associated data expander expands the data to a 68-bit data
segment which is passed on to the related FIFO and then from
the FIFO to the F-bus interface. .
A Fast IP Processor (FIPP) is provided with 32/64 Mbytes
of high-speed synchronous SDRAM, 8 Mbytes of high-speed
30 synchronoﬁs SRAM, and boot flash. The FIPP has a 32—bi£ PCI
bus and a 64-bit FIFO bus (F-bus). The FIPP transfers packet
data to and from all F-bus-connected devices. It provides IP
forwarding in both unicast and multicast mode. Routing tables
are received over the management bus from the chassis route
35 server. The FIPP also provides higher layer functions such as
filtering, and CoS/00S.



WO 01/48983 17 PSEP1DO~ to which the packet is destined, which may or may
not be the final destination in the system For a transmt packet, the
MCC uses the destination mask to determ ne which transmt ?%ﬁ)
packet is YRIMEY for. For a receive packet the 5 MCC uses&ﬁ‘gﬁ% ity
and keep fields to determ ne which packets to discard in angp‘SFpgﬁ] mmtted

slot. The reserved field is unused in the current enbodi nen
invention. The MCC has tvvo i ndependent transmt m)de sel ectors,

sl ot - -t o- channe] ppi and. vi rtual n sl ot - 10 t o- channel
mappi ng, the N&a{}ﬁ %Ib rePRyPER ‘é L@E}f PrAfucE8edlhot have
to keep trah& olothe meppssgry |for Veaicth.l&la_rtd ans‘msb_ts wada, lbbk &@Ochandl es

mul ti cast pagkets rans ent.| es,a_sizn F- bus, stream
T s o PRESEb3ed Tt ook I BPAPRAEH Iy el St BISRA" oBls finEabeRiR >
addr ess vi Busahrbiansinien ptaodssor s (VTPs) rat her than sI ots. The F-bus

interface dire G el essor.
The VTP saves t 2e &gﬁﬁaﬁ%nﬁmi ﬁe?d Hﬁ%g%[:&&% F{i)l?é%ards t he
packet dat &an{tmc'l‘mgfm@tm t aghlk caridls b@ﬁreofmt-beﬁsﬁ chb@ulé@ 20

i ndi cat ed !:Bmtr&_et%tté‘ d)ofh:é\ﬁsﬂ’%e Alésﬁ‘ﬂ&%@.qqﬁ”i:hﬁ‘lbak‘,kﬁlanéh{z'@ks of the

packet are sent b s processor using the sape port ID _and so are
directed tghﬁﬁ%vgﬁrfgoweq-@re AP knsdhdiogts t@ﬁuﬁﬁglé‘FaFﬁ@npacﬁ‘é‘f‘eto t he

set of trapsrds (SLEwEss i ik q@tes ddrd)he iRegti AalloRathskwbi ebsasaved from
: arrives wtht set e, VIP clears

the 2 . h EOP
1S a0 natdoieaheked | TR SR oS SRR LBeoBATEOTTRREE Brthes not the
start of aanelwgasketidmns eaf i h:at.ﬂ‘ﬂa. SOP bit set), the VIP does not

forward the ch W1 S usy
bits which it uses af{o pr eveth %%%ghg P?%?ngéenél %Igw%%gf%?s to
the sane €f D nimvereber(s) altmté:le:d?ﬁma of Fadiegti ohtnsbpahdsheiclasr
i ntended t pn26Sb&§hi Fhferst Rom HEEREP arld) FIRRRIBAB Thaff bAUSYbstituted

15 without departing from the substance of the invention(s).

Various mixes of hardware and software implementation are

possible while retaining the benefits of the invention(s).

Because the invention is intended to be highly flexible and

scalable, it is the cooperation of the modules here disclosed
20 that is important, rather than the number of modules and

ports.



channel s, but rather to prevent conplete corruption of packets in the
event that the slot processor accidentally sends two 35 packets to the sane
sl ot simultaneously. Wen the VIPs get a new packet, they conpare the
destination CID mask with the channel busy bits. [f any channell 7 $Polisy,
it is renmoved from WO 02/48983 18 PCT/US00/ 35490 27 SEP2004 t he
destination mask and an error is recor for that CID. The VIP then sets
all the busy bits for all remaining destination ,channels and transmts
the packé&tiLAMIEn the VTP sees EOP on the F-bus for the packet, it clears,
t he channel 5 busy bits for its destination CIDs. The F-bus interface
perfornms the I/O functions between. the > and hplRevPeEld@n of
the applilcation modul e- ThePEBBIHCAl F%hﬁw%ccﬁj%“g}cfgﬁmg%g%-gi? packet tag
(MCC tag), shown in Figure 22, to each data packet to be routed through
10 the nEPRY2HETa d Pecei ved or transnmitted on the F--bus is up to 64
bits wide. In data {fansalisskenassishe iFmbls!t nicenfadcecades 12 2 Bt PBits to
the transmt data to nake a 68-bit data segnent. Thch-onléqsfé_%g&{@gp. dr ops
the 68- bitedamesegmenting s contioroheTaFFTBPHT 8¢ M ARE M O"as det er m ned
fromthe packet tag. The data froma transmt FIFOis transferred to the
associ at etfcdaRH ¢ onpressdr=nhere the 68-bit data segment is reducged fo
10-bit segments. The, ({ﬁﬁéﬁi Snd 18N, PASS PG rhodi e ithas SO6T enedria e i R T%EY
where the data is fun)t er reduced to a 20 serj al stream . The-sexi al
stream i sieBbnauts théas eistabutianmkb-Tes i He BECRPLAAE 51822 %F Fi Ving from
the backpl ane comes through g serial,_,/lijk.t assaeciatiesrcohBrnebi The
seri al i zem¢ocet Hh{méﬁ 'hﬁ‘éﬂ”géfﬁgrﬁﬂs” {Oh]g' (ﬂlggft’ E)}?g 10-bit data seg nt and
the 25' a§38<s;,iggp@[proqﬁgﬁi@mamﬁlws@ecp@mw&fmé romshahuteod eroaBlish £2ddP e Segment
whi ch is pas ed on to the related FIFO and then from
inieriaced and
(c) a process controlier moduis logically connected to suid dzta processor

module.

] in s kE) fsaid datz) comined by a tz2g
2. The apparatus of Claim 1 whereln said reting of sad datz2 1s determia y af2g

i id @ indicat) ccination mierfoces sclected amongsad
appended 1o said gata indicating one or more desunaion NieTia o

jdentical interfaces.

3. The apperatus of Claim ] further compnIsIng;

(c) at leasi onc inicr-chassis gate ik

: s jdcanca » chassis reciied in Claim
(d) st lcast onc sccondary chassis 1dentical to the Chass)s Yeoise ;L .

1; and

izt 551 . with at least one data port adepied
(¢} et lcasi onc d2i2 processmg module with at least T

: B - : cxeim o e of said
for connccing to daiz Sistbuhon cuh-penwvorks, said mogduic cagEZng one of sai
101 L o Ulalll
) : - .. oo usg o
- terFaces of sa3d sceondary chess)s and TESpensive 10 information in data received 1ToM
Y STgR-1= i [ z PR

. - - L) 'T.'?. %2 Ny - ﬁ
~3d inter-chassis daia link to jouie sad dei2io 2 sclected deia Gisnbuhion pos

h

e i~ 3 wshere s Tmd e, '|-u-.c‘ VI':, daT_:] -“nj{ comjnsr_s'
4. Theapperates of Clam 2 wnerein sayd jnter-Cliass)s :



the FIFOto the F-bus interface. A Fast |IP Processor (FIPP) is provided
with 32/64 Miytes of high-speed synchronous SDRAM 8 Moytes of hi gh-speed
30 synchronous SRAM and boot flash. The FIPP has a 32-bit PCl bus and a
64-bit FIFO bus (F-bus). The FIPP transfers packet data to and f2dn§t 1))t
F- bus-connected devices. It provides IR, forwarding in both unicast and
mul ticast node. Routing tables are received over the managenent bus from
the chassis route 35 server. The FIPP al so provides higher |ayer functions

such as  f111QEi g, ansla0as OB M0.0/48983,PERL SROLIRA00, it g SEP
ar

2004 Each line has a cl ock subsystemthat produces all _the clocks
necessar Yo hatneachussanda liFkirsediinn| sddokdtls chpenng eferfsadantrsess pridwdi ded by
the System O ock and NManagement = Bus Arbitration (ﬁg{rd.‘-SoEﬁf{ch_ ard has
hot - pl ug,PriseE ChEH SIESEESRIPFIYE TG FYPTERA™ TSaHR 15 P FhEr et | SHE AT car ds
have on- boay d,0Gr 1 05 0G;» converters,f o, g0 fromthe -48V rail in the

backpl ane "t o ARhat ever- Vol tages are redquired for the application. Sone
cards (such ascbhenGMEScheakdhiallinkehytivk |chnirad st woc seblarsatdenkd-cangis

i sol ated supplies to maxi m ze the performance of the anal og portions of

t he card.d=Thegorsbsode di scussion describes the preferred enbodi nent of the

o) el oS 1 wldh Ul B Gl EAap EAAL, SAULaRLent

conmponents an spe substitu thout departing fromthe

subst ancgqof, ;hfae ch A RMat-0R(6) cdiv Yadridadsnatades tef othar ehdaifexdridicsohtswar e
i npl ementation are possible while retaini ng the benefits of the
n

i nvent i onds) link Bedauseatdwsolwe enzison: one qineidnaed2es oheHASHHNG 2 SR e and
scal able, it is the cogperation .of the ! e-dhscl-oged 2@ that is
i rrportant‘f”drTzii’c‘pr?éﬁr““t‘fH%lH&B’F\Té“ahrlotﬂH é]ftaéfgp%%ﬁﬁle%)gggﬁ{]ﬂrgdr t}%.giIZ 7" SEP 2004

route said date to one of said mesh channels to which said module is interfaced.

5. The apparatus of Claim 3 further comprising a process controller module logically

connecied to each duta processing module.

&  “The apparatus of Claim 5 wherein said process controller module is Jogically
connecied through said inter-chassis data link to a daia processing module engagng sa1d

secondzary chassis module.

5 Apparztus for connecting data distribution sub-networks, said apparatus comprising:

(2) at Jeast two chassises each contzining ai least one processor providing a Toute
scrver; and

(o) 2n inter-chassis link;

wherein said chassises provide ports 1o said data distnbution sub-networks and
ODC 531G TOutE Server acts as 2 Masier route server and communijcates with ezch other

route server such ibat said chassises act as a single Laysr 3 swiich.

g .The apparatus o7 Claim 7 wherein data received through one of said ports 1n any one
of said chassises is assizned a switch-internal tag te specify an appropnate one of said

poris for forwarding Lo a destingtion n s2id data distributon sub-TEtWOTK.



20 CLAIMS | Apparatus for connecting data distribution s'~ ncl Z~rorks:

sad apparatus conprising_ (a) ; t least or <chassis Wth nulti plofl c
identical interfaces i0 a nosh having nesh threads providing a c t § 80k
direct channel 'ior cornnunica_ion of data betwea each pair ofl 'suid
interfaces; {b) at lea_st one data praessing nodule wi sh at | east one
data pori adapted for connecL r to data distribution sub-n etwor:cs, said
modul e engagi ng one of said interfaces of said chassis and responsive to

i nfonnstg o Alicrupgat:assrecdive d tFRuGHS e BF VAT I pEr{'S T 0 rotte sai d data
to sCected ones of acid mesh threes i0 whic S said nodule is

interi: d0eERENBET(EPIC SF Wi ocess- controller modul e |ogically connected to S
d dataProcessor nodule"” 2. The apparatus of Claim1l wherein said routing
of said data is determi ned by a tag aPpended:to, said. i pdi_gat.i r_lgg‘gmle]_\or nor e
dest i natj on Tk glkaces Sehent/ehannnay essione of FEACPRRAIST MEBPFHCESTP3. The
apparatus of daim1 further conprising, (C) 1east:ane.dd ofeh@ssi s
dat a | i nirocgsyrsaech suseh e cReofd it ?‘%Mé%%ﬁ?é%éﬁ}e?a?éid%ﬂﬁqﬁ hassi s
recited in,Claiml;:and (: ea AcHENEBSIBI Ng nodul e with at

| east on¥'URLE HY %“nga‘%t%él@a%%nlfr ?g(gllt’ld;%?? ﬁg&t o data distribution

sub- net wor ks, . sai d nodul e engagi ng one of said interfaces of said
secondary chassis and responsive to information i I ' fgrom said
nt er - chissi Shdaprart k! CHPARESAIG A 3 155 sced@tétac’efé%gg%"g@g’ifst{ i buti on
port. 4. The apparatus ,of ] ai . YWhek8h N isadidisi Ntighechinssisss-gtaa] i nk
conpri seé?‘gén“f'%%éﬁﬁifgdﬁ’ ?‘%%E{Hpgﬂ r}(!:I\Agt@as‘gproces_si. ng %hodul e with at |east one
data port,adaptes, Lorpropnaebhagf sddpeans olnpesa ¢ FsFsYRPE 19 1R edi um

sai d nodul™e egg a n one of %ai:d iﬂn(lt'icr(faccs of said primary chassis and
responsi veeltipleigrb e raitahass s T 444" 18%ei ved through said interfacc to route
said data to said inter-chassis data port; (c2) an interr-chassis data

| i nk" Tedi um connected nt one end to said inter--chassis . L
12. A chassis having multiple identical slots Tor holding data processing applicanon
modules, each slot having identical interfaces 10 a back-plane mesh having mesh threads

each providing a continuous dircet channel for communication of data between each pair

of said interfaces, said mesh threads capable of throughput commensurate with
communication of digifa) data packets at a rate of 1.5 gigabits per second or greater.

hazssis of Cla i anagement cantrol signal bus and
The chessis of Clam 121uz‘r}_1e-r COMPTISINgG 2 TNanagement cont Py a

13
wherein said identical interiaces inierface with said bus.

14. The chassis of Claim 12 further cornpnsing a telecommunication bus.

;s of Clag Ad ] d data poris Tor s2id
15. The chassis of Claim 12 providing commechon 1o exiernal dala poTiS

modules at the back-plane side of said chasws,

16. The chassis of Claim 12 further comprising & fully diswributed DC power supply for

sz1d modules.

: Teaid g : te 3 3 ina
17. The chassis of Cilaim 12 whercin the numbet of said idcntical slets is grealer tnan

four.



data port; and (c3) a data processing nodals with at | east one data port
adapted for connecting to an inter-chassis data |ink nmedium and connected
to the other cod of said inter-chassis data link ni diurn, said nmpdul e
engagi ng one of said interfaces of said secondary chassis and respdrdP 8l
to information in data reccived through said intc:-chassis data port to
route said data to one of said mesh chaddnels to which said nodule is
into:faced. 5= The apparatus of Claim3 further conprising a process
controller nodule logically connected to ouch data processing nodule. 6
The apparatus of Caim5 wherein said process controller nodule is
l'ogi cal I,y cp Eﬁc—}r&‘,jesgl%%ggﬂcﬁgh%ddmc%rtﬁBﬂ%& $ndab@ pbiRkajied rdat a
processi ng rodule engag=ng” sai secondary chassi s nodul e. 7 Apparatus for
connect i igindat @it djbulbugon sulhn trebvios ksd reaild fapberedepied E6nprssing:  (a)
at least two chassises each containing at ]east one %ﬁqgessgrlgroviding a
route setvespt andchayisgnd ithe dry-EBagEE &n PRk COWA! LU o RSsi ses
provi de ports to,said dat i stri.buti h-_net wor DAk id route
server aﬁﬁgmﬁé“%dHﬁ?%ﬁ?’Pgﬁ § B gfhgﬁﬁ§%6ﬁﬁgslcé%ggﬁeﬁ?ﬁgea%ﬁ&gther
,route S@;L.r\/@lrdﬁyﬁu&e&a&t S@lethiqhAS SIS ReAticons cagehnrglaed bdipern Sidwi t ch. S
. The apparatus of Caim 7 wherein data received through one ofﬁsqi&d ports
in any omedulsfis sapdrohassindemalisn Hsdityreaival §W‘ﬂ%5-3i'41'%‘]“g? Pt '8y ¢ ¥ s peci fy
an appropriate one,of said. 6 ports for forwarding to a destination in said
data dis ?‘P%f‘f‘i’)ﬁtgﬁB‘ESncé[ts\f\‘bq'lﬁmr"Q?e?Ch%EE{%004 22 g The apparattis of Claim?7
+cTcin said master route server provides Tout n~z tables for each other
route server. 10 The apparatus of Caire 7 \Cloger_ei n at %‘eas.t ﬁne_gf sai d
chassi ses9coWpe isas! il Ciapr 48 st e 5o r e B SSRiPEHs ABFPVEEhALEIE to one
anot her and ca',,provi di ne.: F...L X 2l . ~each skiggi cal |y
cor uut ct 8@’?8“‘%35 mldnrf’%@g%ﬁ%g‘é?émﬁ?{i."%%’%.&'I@'Iﬁgmggﬁlgtrgﬁs of O aim 10.
wher ei n driaisrecaiviechit denughmonry iofo saicdtqostd mofdalapepadapEsqi¢iti@g 2B hassi s
liiLML to., said nultiple processar chassis is_assi d_an_chassi. sr.l.nt er nal
tag to sﬁéﬁmﬂvI@H“ﬁéﬁﬁ@ﬁﬂPﬁFémﬁﬁﬁgdﬁr?ﬁ?ﬁ”%%f?§0§§?gggwggfﬁgPﬂﬁékgg assi s
link to, 5&%&&}&%&59&% RbOfesReL BRagsh s oF sE@rwand ng. 12. A chassis

S

havi ng mil t'1pl'€ 1 dentica ots for holding data processing application
nodul es, each slot having idcntica) interfaces to a back-pl ane nesh having

mesh threads__each, proyvidingg continaous. dire h .4 g@amuni cat i on
Of dat a t ?F‘ Fg%%ﬁc B‘l‘at fikbps] lga'\&h(fff:lﬂ ._.J% I'.Hgﬂu(iié {C?Sénd‘cb @EQ@}ﬁC@:‘R’Cd %9

examined in parallel blocks and transmits said data semally on said channel.

21. Thcmodule ol Clajm\s wherein said module comprises a scparate wanscaver

dedicated 1o cach sz18 channel.

22 A deta processing application module with ai least onc data
port adapted for connecting to data distibution sub-networks, said module having 2 roule
server adapied for synchronization vath 8 mester TOBIC SCTVET such that szid module

combined with anothcr modulc can act as a single Layer 3 switch.

23, The module of Claim 22 wherein data reccived through onc of said data ports 1s
assipned a switch-internal 1ag to speeity an appropniatc port for forwarding to a

destination data distobudon sub-network.



of said interfaces, said nesh threads capabl e of throughput commensurate
A6Lb conmmunication of digitai data packets at a rate of 1.5 gabit per
second or greater. 13 The chassis 01 Claim12 Furth r conprising ajme 0l
nEnt control signal bus and wherein said identical interfaces interface
with said bus. 14. The chassis of Caim12 further conprising a

t el ecommuni cation bus. 15. The chassis ¢f Caim 12 provi di ng connection to
external data ports for Said nodules at the back-plana side of said
chassi s. . .the chassis. L al 2 FH B S8 GO NG i@ shskdnyially
et b %&%P“ 1ujf>]ﬁlr§£7f SHBUD IF it EL L SO aI oS syt ai m

12. wnebLiBtibg (et Qisanolidlet dastinchla skt sd isociter ofbad dToupertsas 7 SEP
2004 23 18. A data processing application nmodule with at | east one data
port adaptsshefiom cheennadtmagiagdo szecdy @R $PPiCBLE GRS (- ARTONRL® “sai d modul e
Further adapted for jnserti on. i nrgoba slot in a chassis and thereby

engagi ng C&HRAPE I PREESHELDE Ht%BEWth said slot, .herein said interface

i ncludes nultiple channel s each capabl e of comrunication of digital data
rackets at a rate of 1 .5 gigabits per second or g eater, and wherein said
modul e i s29 esponsi ve to i nfaempmeaddoforicondatag pEceryeH: (ST EqghSai d dat a
port to route said data to selected ones of said multinle chapnels. 19.
The nodulE™eTkE Gehtesarereitf &P gcroEiPRg O *Ldi 0 dala™ ' s det erm ned by
tss appended. hy..sai d: :3i-d data indicating one or nore slot-inter
aces in Sal Cng‘%sé%gisé‘“{%g%é%&gzi%”data ultimately is to be routed, said
nodul e capabl espfccsei-actdingn annodilt Esniedin pdtesigand (neiEd o PHEE fai | s
and of rerouting received data raving an appended tag indicating an

ul ti mat e BYEPUY At SIFAEYOHTher than that of said nodule. 20. The nodul e of
Cl ai m 18 wher ein ;said Al & H-e500REsm L Sidisd dreesiatetiidataherkan ned it
paral l el blocks” and t-ansmts said data se ially on said _channel., 21. The
modul e ofdc€liadnrle seithereied saids omadite dEampricsesb 2eBEk B EFER ETRi ver
dedi cated to _each said channcl .22.. : S S , ieatharsmodul e
with at 1783S¢¢ang! lahagocrl’f“é‘dé’ {@¢ eﬁ&gﬁ?%gﬁrﬁo;c?f:ﬁﬁgap gd g’g(% Igtthg?su_ utl on
sub- net WoLks oo Saicd chndylg naw RgAl dhatte or §0evenccadapt bd 1 fiomet or simular
sti,ac’'nrenizationv.iih a nasts; route se-ve such. ‘,h.a&,, sai\g-ﬂpolﬁ%%_

conmbi ned mitrhTanGEher e AbGusR 2 FT Ut S BSPAGI LAY S M 3 swi t ch.” 23, The
nodul e of h%%isW 22 rohenon dsz;:_\t;a received trough one of said data ports is
assi p-|cd°a gW tEhoT. . nt erna tag to spce y an appropriate port fo

forr' ardi ng t o) appending & header-tag to said Teceived data 1o route sa1d data within sar

chassis; and

D) transmitting said data without said header-tag from a module instelicd in sad

chassis.

26. A process for switching date flow among data comununicatjon modulces
interconnacted within a chassis, s2id process comprising he steps cf

A) Teceiving said data at one said moduie;

B) applving said datza m bits at a ume to ap m-bit-wide parallel bus in sa:d
medule;

C) storing said data in m-bit parallel queves;

D) deiermining which madule is the appropnate destination module;

=~ to said datz 10 indicate to which destipation moc le said data

F) applying s2id data m bils at 2 nme o sz;d m-bit-wide parallel bus;



destination data vise] utior~ sub-network. 2 7 SEP 2004 24 24. the nodul e
of claim 22 adapted for nounting in a sin2ie chassis ~' ~ith substantially

i dentical data processing nodul es wherein data received through onf E Z@id
data ports is assigned an chassis-irtcrnal tag to specify an app-,ag ? é
ports for forwarding to a destination data distribution sub-network. 25. A
proccss for connecting users on data di28tri buti on sub- networks, each
connected to a data processing application nodule installed in one or nore

chassi ses, said process conprising A). receiving,d n.anpdul e installed
in a chassis Qhé%%??é@?bﬁ%%f%ﬁe]%dﬁ‘ NEG ST %t‘?ng:ﬁlg%ﬁb'f?\téltqgg? %%E 1538)
determ ning from heel er .information in said received data whether the
destinafPS%déﬁﬁgéggg}éé%ﬂVbd data is on a data distribution sub-network i)
connected to aPSE@QQQHiggdﬂﬁﬁ&hb@dmtn said chassis, ii) connected to a
?nodul e installed io another chassis with an iritcr, Chﬂﬁ?#s- ata.link to
sai d chassi s, owpiiing sodnweetsed mop 1t Weddthiosr HEL Seed SFi! |1k CeAieictydr k
accessi bl e, t hrough a-nodul.e on. sajd ch ssis or another chassis with an
inter- chissinghessofP \?§1§ﬁ?amhhassis; C) appending a heade--tz, g to
sai d recei Vedj)dﬁi&ﬁyﬂn@ HAULE Baid adatimenothighbsavide pahAddivs in smd D)
transmtting sai'd dafes w thout said header-tag froma nmodule installed in
sai d chassistio26cdhleprocess for s.hntchin® data flo'.v anong dal; co;
nmuni cati on ules interconnected wi.thin a chassis, said process

conpri si ng tﬂg;§¥%ﬁﬁ5%?#&ai¢”V%dé?ﬁ?ﬁ@cgﬁFﬁ’data at one said nodul e; B)
appl yi ng sai djgat,a1,i Dik$cab nfbikd fe: dre ansatdmidit-vid cesrybel &bs &l sddis i n said
nodul e; C) storing’said data in mbit parallel queues; D) deierrnining

whi ch nodedveeiisn theludpprépri ate destinati on nodul e; F) appending ¢ a tag to
Bald data to indicate to whjch destination. d.dgc.5aid data is to be
routed;: F) appfyIigF o5 Sd?d %3‘53 %?mbslaf(ga%?p}éﬁc} Sqrr%aLtﬁB said mbit-w de
paral l el bus; 2 7 SEP 2004 25 G gating said in bits of data into an

i ntro-chassis. channel associated with a

27, A process for conncc[infgrg]ata distribution sub-networks
peried to multiple chassiscs, said process comprnsing the-steps-oi:

=} synchronizing route scrvers for cach of said multiple chassises;

b) appending a tag 1o data reccived at 2 port of onc of said chassises designating 2
port for forwarding zccording to inforrmation in said data and the synchronized route
scrver for said chassis; and

¢) forwarding said data to said port designated by said tag.

28. Apparalus for connecting users on data distribution sub-nehvorks comprising a data
processing application module adapted for installation in a chassis and 10 be logically
connecled to one or more substantially similer modules installed in the same or other
chassis, said module comprising:

A) means for recenang daia;
B) means for determining from header information in said received data
whether the destination of szid received data is on a data dismbution sub-network
1) connceted to a module installed in sad chassis,
ii) cannected (o 2 module instalied in another chassis with an intez-

chassis data link to said chassis, or



to said destination nodule; '"H) serializing said in bits to data, ])
applying said serialized in bits of data to a 1 gJi-sp ced serial link
dedi cated to said channel associated with said path; J) applying Z(S)ﬂ%d dat a

mbits at a tinme to an n.-bit-wide parallel bus in said destinati EP 2004
nodul e; K) storing said data in rn-bit par allel quei es; L) applying said
datanm bits at a tinme to said rn-bit-v-dc parallel bus in said
destination ]Jnodule; and M transmtting said data from said destination
modul e. 27. A process for, connect Lng,datan dis tibdiRuh Ladris ubrepsblsahiossh poi
Led to nultiple chassises, sal d process conprising tloe-steps-'3r: a)
surichior~ zing route serNed§chekaashsororzavtienulatiipives 1ohRSETBES b)
appcndiig a ta.g to data received at a port of one of said chassises
designating a port for Gongkardergraétsrding to information in said data
and the synchroni ze route . scrvc,for .said.chassis... " g said
data to said port d@ﬁﬁﬁéﬁ%&%ﬁ@&?d*ﬁ%ﬁ"&g&sﬁ fdgﬁ%%?%s&%ﬁoo{co\gﬁ{]%cti ng
users On_dgt%t@j LStfic %sis‘?%:@‘Jb' networks conprising a data processing
application nodule ad :pted for installation in a chassis a_ﬁg to bedl e

| ogical ly ccnr, cotBdntosdnerarsmuing ssidbdiamithelt sy Al 7 drs ot B9
installed in the sane or other chassis, said nodule cornprising: A neans
for receilmtHifdda sgid CBE‘SSFfeans for determining fromnade.; information in
said received data whether the destination of said received data is on a
data distribution sub-network i) connected to a nodul e inst gl_l eg d §Nai d
chassis, ii) cennecimehitocanmixing edinstariueitan AR6tRdPT SHASETS “Hirt1T "an
inter- chassis data link to said chassis, ar 2.7 SEP .2Q04; kisfe) connect ed
on the | efEsUgFandy m TR EPAGFk ™ %E%nsnsef%fje\g?]h gﬁg‘ﬁgg";d}%ﬁﬂje' on said
chassis qr n@ﬂgﬁ&gﬂ chassis with an inter-chassis data link to said

chassi s; & ‘nce for appending a header-tag to said received data to route
said data within sajtheehabsisseianglsDf d@ans for transnitting said data

w t hout sai d header -BS ag f roma ,!%%Lga;ed data m bits ot a time to an m-bit-wide parallel

ans foT app
bus;
C) means for storing said data in m-bit parallel queues;
D) means for determining which madule is the appropraie destin2uion
rmodulie;

"E) means for appending a1ag 10 said data o irdicate to which desnazuon

module sajd data is 10 be routed,;

£) means for applying said data im bits at a time 10 said m-bit-widc parallel
bus;

G) means for gating said m bits of data into an intra-chassis channc]
sssocizted with a path o said desunation module;

i) means for serializing said m bits of data; and

1) means for opplying said serialized m bits of dzta to a high-speed senal
link dedicated to said chennel associzted with szid path.
30. Apparatus for conneciing data distibution sub-networks ported 1o muitipie
chassises, sald epparatis comprising,

e et Vi e foeal < .
a) at Veast one data processor installed 1n gach of said chassises;

b at least one route server 2t each of said chassises,;
7/



installed in said chassis. 29. App= tus conprising a data conmuni cati on
nodul e for switching data flow ariiong substantially sim/lar nodul us

i nterconnected within a chassis, said nodule comnsing: A) neans for
receiving said data; B) nmeans for applying said data in bits at a §iSEPti,
an rn-bit-wide parallel bus; C neans for storing said data in rn-bit naral
| el queues; D) neans for det erm ni ng whtch nodul e is the nppr opnat e
destination nodul ; F) neans for appendi ng a tag to said data to indicate

to which do nation nodule said data is Q F) means for applying
said data mbits af) BEUIET PP LT HFE c%ci}to mug%aﬁq’iegl bus: G means for
gating said m bi tsd fedalacl %dz;m, }_lﬁb@@dma&%l\&d(;hamaﬂlofoassnsmat ed with a
path to said destin tlon no 1Z=t) “means for serializing said mbits of
dam  andcrbkiRans &g ARPhyi ﬁ@r Dai ddsgracad»ndzr@do i foirpetiasfin daidd afoend tRE

- h-speed serial [int: dedicatcd to said channel associated with said path.
30. Aspanatchsarrﬁmo Temtme@ttrffg"bééjt‘é“éﬁ St4¥'Fbution sag networ; s ported to
multiple ci assise sai i SN ica@)oofide lea@rtedgmgmdab@. processor
installed in each 6W§a?ﬂtoéﬁ§§§?glggmdc§a gbdlge?g? o%le route server at each
of said chassises; 27SEP 2004 2 7 c) means for synchronizing each of said
route servers; d) neans for appending a tag to data received at a port of
one of said chassises designating an port for forwarding according to
information in said ¢ ata and t )c tiynchronized route server for said
chassis; and e) neans for forwarding said data to said port denigrated by
said to P





