-1- HI GH SPEED PACKET SW TCH Field of the Invention
The “i hvention concerns packet sw tching generall ym&d,sgaﬁlﬁpbsmnhsh@il n
'very hi gh-speed networks in particular. Description of the Prior Art

I ncreasi ngly, devices conmuni cate with each other by sending packets of
digital data As shown in FIG 1, a packet (P 113) Baen Qqﬁgﬂ Bbf bits

whi ch one devi ce sends .anot her. Packgts general | y have tvvo parts: a nessage
(M5G 115), which is the sequence of "Bits which nmake up the actual nessage
which is being sent, and a header (HDR 117), which contains control

i nf ormation which the COMMIG HSPEED FBAYCKET SWAT(MIi ch t he packet is sent
uses in traqsferr ni] t he message. At a mninum header 117 will contain
destinati o@f_'ﬂ_o.fibﬁ-,—‘ﬁ-&gﬂue whi ch indicates the destination to which the
nessage is 'merxﬁednadn cblaxedsrpa&nét sWit¢hilgsenémlly ahd phelepswhERiIAG WGy as the
| engt h of P%%‘331:‘115 °<§}FF’H(:P of message 115, or the source of nessage

115. The Ion 119 indicates the destination wl|
depend on tDnschpndloftlm&nmmmtlons system over which the nmessage is sent.
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a mnimum an ouaplbg'[gl qvgtﬁé%ﬁ s&%“ﬂ‘iwfj@rﬁ&gg&g@ Sggg‘i%g@ﬂpﬁ%’@&% %h fabric
103 does tm@ﬁmmwmcaypnpsmwgvuasmcbm:ssagwuseet;l For exampleput port 107
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packet s 1%&1&égfﬁhbliﬁcmmlgfdc§ﬁlﬁmt put queues 111 and provides themto

out put ports 109 coLr Ing. to t ueues ,111.
P P (5:1 sending pac ets getwecn dcwccs is by means of a switched

network. A swuched network is made up of nodes connected by incoming and
outgoing links. A packet switch at each node of the network receives packets on its
incoming links, determines from destination 119 where each packet is going, and
switches the packet to the outgoing link which will take it to its destination.

FIG. 1 shows a prior-art packet switch 101. Packet switch 101 receives
packets from a number of input links at input ports (IP) 107(0..n), switches the
packets in switch fabric (SF) 103, and outputs them to output links at output ports.
(OP) 109(0..n). In most common kinds of prior-art packet switches, switching fabric
103 includes memory 105. Memory 105 contains at a minimum an output queune
(OQ) 111 for each output port 109. Switch fabric 103 does the switching by placing
each packet received on an input port 107 onto the tail of output queue 111 for
output port 109 for the output link which will take the packet to its destination. As
switch fabric 103 adds incoming packcﬁs 113 to the tails of the output queues, it

takes outgoing packets 113 from the heads of the output queues 111 and provides
them to output ports 109 corresponding to the queues 111.



-2- -2- A probl emvmth packet sw tches in nodern networks is
the switch is often unable to keep up with the speeq- @%|smbqbpmemnhﬂheﬂan
operate. For exanple, a glass fiber link can operate a speeds of 1

G gabyt e/ second. |f the switch cannot keep up with that spee 19%

unl ess the switch can handl e sinmultaneous inputs frdbata:ny i nks
operating at that speed, the network will not be able to use the full
capacity offered by the links, but Wrll instead be limted by the rate at
whi ch the switches can transfer packets fromone link to another. A survey
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appl i cat i cintegeatal/cironitsnushbe provided soghgumodrhenysl 05risiwidensrioagh enstorefanpr i or - ar t
packet sw én?ipgﬁacket in a single row of the memory, so that the entire packet can be written

to or read from memory 105 in a single operation. Further, the packet must be

-

carried to and from the memory by a bus which is as wide as the memory. However,
as a bus becomes wider, it also becomes slower. The large number of parallel lines
‘increases distortion and skew in the data signals, and the bus cycle time must be
increased to counteract these effects. Further, crosstalk between the many data lines
increases the noise level, so that larger bus drivers and more sensitive receivers are
required. As a result of all of these factbrs, the speed advantages gained by a wide
memory 105 are limited by the slowness of the bus which connects the memory
integrated circuits making up memory 105 to the remaining integrated circuits
making up switch fabric 103 and switch 101 cannot provide provide the
gigabytes/second transfer rate which is needed. -

Itis an object of the high-speed packet switch disclosed in this patent
application to overcome the foregomg problems and limitations of prior-art packet
switches.



-3 - Summary of the Invention A switch fabric according to the inventjon

i ncl udes . packet receiving means coupled to a pl/Ti¥is the repiacament sheets
for serially receiving t he packets fromthe input ports; . packet
out putting nmeans coupled to a plurality of output p Lfar ' y
outputting the packets to the output ports; . rrecrrﬁogrté n&a’niﬁ&% oring

t he packets; and . transfer neans _for transferring the packets in

paral | el between the packet recePvi ng nmeans, the packet .outputting
means, and the menory mneans, the switch fabric being fabricated in one
or nore i nggairAh”/%the IHbdntionich that the transfer means remains within
t he boundartd d.circuits. Enbodi nents of the invention

i ncl ude t hé switahsfiabrgaccording i the davenkop arrlvgasch enpl oys the above switch
fabric. * A VLSl integrated circuit which inplenents a slice of the above
swi t ch f abr iecpacket receiving eneansiooupded to aplucdlity bbinpui ports fpt serially recedfingacket

receiving ne 15861 the inpBf : packet receiving neans receives packets
at arate vvh?t?: plﬁésléll ndepencdlenRt %‘?&e the rates at which the other packet -

.receiving neans,I | e N L 0 switch.fabri there is
al so a plur 5IR$§°I§'?¢)"§§%{%%&%%§§{°?&8 a;@lgﬁbfy %fr?d'%@ﬂﬁ%for semﬂf}hem out put s
packets at a ouwpustingthetpackets tkhpontpapons; t he rates at which the ot her
packet outputting neans output the packets. * A switch fabric in which
there are packemoty meafsdor siodng tHeqrackay;iang packets in paral | el between
t he packet receiving neans, the packet outputting neans, and t he packet

MeNDry neang @fertdaRefortansteiiig aengha&@ ﬂ%ﬁ&?ﬁé@&ﬂuﬁ%@k&te' bet ween

the locations in the packet nory ans. or egol ng "and ot her objects

and advant agdScAYing mmeans, he,packat QRIPRILNG means, @t the MEERRTY MeaBR.di nary ski | |
in the art. whie pwittls fibric beingFabrivitdtlinldne \br fbre Mtegreted icireit ROR tHaPtHeon,

wher ei n: . eors . . ..
transfer means remains within the boundaries of the integrated circuits.

Embodiments of the invention include the following;
o A packet switch which employs the above switch fabric.
o A VLSI integrated circuit which implements a slice of the above switch fabric.

» a switch fabric in which there is a plurality of packet receiving means and each
of the packet receiving means receives packets at a rate which is independent of
the rates at which the other packet receiving means receive the packets. In this
switch fabric, there is also a plurality of packet outputting means, and each of
them outputs packets at a rate which is independent of the rates at which the
other packet outputting means output the packets.

« A switch fabric in which there are packet transfer means for moving packets in
parallel between the packet receiving means, the packet outputting means, and
 the packet memory means and moving means for moving the packets in parallel

between the locations in the packet memory means.

The foregoing and other objects and advantages of the invention will be apparent to
one of ordinary skill in the art who peruses the following Drawing and Detailed
Description, wherein:



-4 - Brief Description of the Draw ng FIG 1 is a block
di,agram of a prior-art packet switch which enpl oys r.y. _

FIG 2 is a block diagramof a packet switch which ﬁﬁgd#qe MW?@ ghget
the principles of the invention; FIG 3 i-s a block diagram of
the switch nenory conponent of the packet sw tch of bafe: 1 APR 199

FIG 4 is a block diagramof the data paths of a switch nmenory VLSI 303;
FIG 5 is a block diagram of the functhi-onal conponents of switch nenory
VLSI 303; FIG 6 is a diagram of the division of nybble nenory

407 of swit Gri¢MD@edipibpof BDEsWvimgdueues; and ~ FG 7is a

di agr am of € arranlgl%{nin | ef components of switch nmenory VLS
303 in the VLSL -lisa diggramof apripmapcpackes spish achichernployor awi ng
and the Det atdntstypPescription have three or nore digits. The two | east
significant digits ma.nug?er ithin a figure, the remaining digits are
the figure number. <15 R %ﬁké)%ﬂ?"\,ﬂfﬂpaﬁ‘ spaich whichels bypbascondifigsto s
first showntherpriiciplesSof theinveation; ndi vi dual ones of repeated el enments are
represented by nean _ tters i.n,parent heses foll.ow ng the
ref erence nunber of t é3gygtr8r’g6r‘l:?( .‘ﬁ‘gr#d@,°tf§'3fsvt“6§]°“rf8‘émg‘7ﬁ?€‘m"F%&°fé#Fe of

el ement 303pachet pwitboof FIG. 2ans any one of the el enents 303. Detail ed

Description The "Detgd. 29s PSfscki diidraR of W i - ah- acket
swi tch which _has been irrpferrgﬁ:tkecgé cc&fg}éngat??%%e&grs%ﬁ%hp é’i"?'gf Sﬁe
i nvention. & descri ption will begin with an overview of the packet

switch, will then deEQ@G, 53¢a biRkMral e ﬁ‘@.{ﬁp -acket
switch, and wi Iqlgﬁ&il@l I ¥ descri be %' novel vg(r:y a?ge Snggf.seéfit}n tggr at ed
circuit (VLB YLMNSI35 n the switch nemory component. In the fol |l owing,
the terms serial andFIGa6as h dlagedn of BRHiviSioh OF hy¥Bie nitnfdty 407 oPSAdPNS Of a

packet is process hally when the portions” belonging to the set are
sequenti al | cho&gggﬁ‘éb?hmpﬁgelﬁsd@&]i n which the portions occur in the

packet; the set of [FIG 7dssdiagram of deweengememioftHeathisfleompohéntoéf t he
Portiors ookl I SBRERLASETS, e
The reference numbers employed in the Drawing and the Detailed

Description have three or more digits. The two least significant digits are a number
within a figure; the remaining digits are the figure number. Thus, the element with
the reference number "305" is first shown in FIG. 3. Further, individual ones of
repeated elements are represented by means of numbers or letters in parentheses
following the reference number of the element. Thus, 303(0) means the first one of
element 303, while 303(j) means any one of the elements 303.

Detailed Desc'ription |

The "Detailed Description” will describe a high-speed packet switch which has been
implemented according to the principles of the invention. The description will begin
with an overview of the packet switch, will then describe the switch memory
component of the packet switch, and will finally describe a novel very large scale
integrated circuit (VLSI) employed in the switch memory component. In the
following, the terms serial and parallel are used as follows: a set of portions of a
packet is processed serially when the portions belonging to the set are sequentially
processed in the order in which the portions occur in the packet; the set of portions is
processed in parallel when all of the portions in the set are processed at once.




FI'G 2 provides an overview of a high-speed packet swtch 201 which is

\rrpl enent ed according to the principles of the inventihiis theF8pRBEASnPaIdR!
swi tch 201 receives packets sinultaneously from 14 serial input |inks (I L)
203 (0..13) and provides them sinultaneously to 14 serl al out ] jnks (QL)
221 (0..13). The packets travel in the input links 2 t%rn@ @)UERRH‘ISQS nks 221
~as a seri al sequence of single bits,_as indicated by the "I" notation on
the links. Because packets are proc‘e%sed si mul t aneousl y, there S
consequently an input portion (IP) 202(i) of packet switch 201

correspondicfi@eti Jtchhfi@nz out put portion (OP) 210(i)
correspondrmg | nput portjons 202 are
coupl ed to the outgiG. smvlmmnﬂyw@éaﬁsglbspeMaMeawM Ipghichiig oadcast
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i nterac |on en an orti.ons us enabl es
switch 201P Es\m ]n“;fﬁ gi’%%%gzq@firoé’ép%gi Hizﬁlp e@@ﬁ’fq tion 109.
As is appasmgle bilsommdmalbdrbgghehtj'nmmcdn tBé)hnhsindsmuserp:bhﬂenteed with nore
I th e | f

Cnput 11 nkBRehied SRl il id doRiBiiy b ol SRR UPT REANRE D °F o1 Tons
202 and oupmhet puiteh éQiscozmepmshwtb@dnmpat ligk 208(Htand an output pertion{OP3, t he

r emai nder 9iodf iR @reaaioagam&zm 488 pbng 2008 coiped porti on

202(h) and a_single output_ portion 210(1). Recel ve I n_1 nput portion
202( h) reca%gugzme@n%%} by mpans ofrhraadcagdrus 2875 kroadcast tus 209 Gassies s each

pac kﬁt :Mt1 f)ﬁ&%ts\&@@eﬁ&i By éaéh'o?kheﬁﬁﬁmmrﬁfmgfio a1l of YHeS lﬁ@oﬁlo'ﬁg‘zlm't bus
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gzgl(}/er ts betpeelinic2Zi(j)onbpicceps p zﬂl\f;;wahxcﬁ el @ h aheir d’éitiﬁ:mtﬁ@ vid Gutp utDe?/l ces’
recei copver | eria

i nput st reéﬁ# ?ﬁf@o ﬁ@’ér’?tﬁl gb? é%f?ﬁcfﬂ g&dﬁspb'ﬁo#(@sm fR“ég é@g h)lawatches

f or header thut eZablesiswisahi2ft1 toswitch Plicketsras weqrired46(the patﬂ:eéedssmahmader 117,

t t

dest i nat o0 18° myapRarehd fioh BTG 395ch 20 o ke R BBie 1

out put | i nkelessthan 44 énput apd putput Jinks and theromnyieyen be moreorpfgweeinpulrhen, when

it detectsj mgﬁgu% ¢ filg, packet, it appends an output |ink specifier (CLS)

e

223 to the end of t packe Routing, functions are descrjbed in detail in
J. D. Bertsekas ancﬁlwee@ﬁhpégwéﬂputmwnm@%amgumwmpwm , 1987.

;6- 29 b tsubstannallylldehﬁcm&ﬁférdtmls Qh@féﬂiaﬁﬂﬁ&l-ofﬂié%&sdxbﬂffﬁﬂpﬁzlﬁuer 223 is
wo 32- bi

S .28 S ecify the
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205(h) in input portion 202(h) receives packets serially from a fiber optic link and

outputs each packet it receives as a serial sequence of 32 bit words on a 32-bit bus
206(h) which is connected to router 208¢h) and to broadcast bus 207. Receiver
205(h) is made of two standard devices: AT&T's ODL200 part converts between
electrical and optical signals and Advanced Micro Devices’ TAXI receiver chip (part
number AM7969) converts the single-bit serial input stream into a serial stream of
32-bit words. Router 208(h) watches for headers 117 and packet ends. When router
208(h) detects a header 117, it copies destination 119 from the header 117 and
determines from destination 119 and a table in router 208(h) whicﬁ relates
destinations to output links what the proper output link 221 is for the packet. Then,
when it detects the end of the packet, it appends an output link specifier (OLS) 223
to the end of the packet. Routing functions are described in detail in J. D. Bertsckas
and R. Gallagher, Data Networks, Prentice Hall, 1987.



Qutput to a single output link 221(j): bits 28-31 of the first 32-bit

_ wor & have t he val ue 8, expressed hexadeci mal | y; biméﬁﬂglrgﬁkckgﬁnfgﬁgé}d

32-bit word have the nunber "j" (i.e., a nunbér be

expressed hexadecimally. . Qutput to all output Iinks 221({;. Ph:’;ﬁn%bl ts
28-31 of both words have the hexadeci mal val ue 0. pats: Bt M “® group

of output links 221: bit 28 of the first word has the value 0 (in t he
hexadeci mal value 8, this bit has tRe value 1); bits 29-31 of the first
-word and 28-31 of the second word have a seven-bit group code specifying
a group of out PRt hk | . 0 = bhq ; whi ch contain
t he packet are oyfmut{léP%@Fgaemagﬁisg(gg{ﬁ'?%g;fc%r%{ﬁ?jeg%e %d stored in
each of t hvwordsi Bsh2$r3hof cach of the two 32-bis wordespecife theeeiputdink; Ihewtaser | nput
portions 2fReindsstilitiedd 201 nay be receiving packets and outputting 32-bit

words to broadcast bus 207, and each switch nenory 211 stores the 32-bit

ds whi ch Do f . . L5
10795 W1 T, 65 45 AT RP 20 P B MERAP IR AR e e oo
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packets to bhexadeqiomal value Gut put 1ink 221(i). Swi tch nenory

211(i) services the queues in output queues 213(i) in a programed order.
The packet «aQutphetdegdup bf bitpurfiviks22d tibit 28 of shelfirsigorsldtay itlecehlues0 (nt put as a
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they are tra283iof gt seconduword hage x sevwahebit groap cadd spegifying agrovpeof

transmtted, &E S, 217(i) signals the end of the packet to switch nenory
ahsmite

"211(i) and t? r 219(i). As transmitter 219(i) receives the 32-bit.

words on bus 215(i), it transmts the bits in the words sequentially onto
out put |1 gdlﬁ& £ 2256} ARSHEddthiRGhd -- ' | from
chopper Zé%;%tlgi n%éc% ne mﬁ??rdfl 1 ? [ 6 rthelg g%éngasdktg ?)81? @ﬁ)su gfrbe&jsa?%c%gl y
-7 - pl a@Ohghenarerpeedyedandisiared i eachof theawilsharemonies Hd. htahesama ed on bus
215(i) . Dein@d, eact ofahSviheLinphEptitions’20R(in)switch @01 nay be receiving patilets 3 is a
detai |l ed bl 8Ck dlgﬁ‘%r of gﬁl ngl e .sw b‘g%kb(g}em)é 1%@6}1 In a %gferred
enbod] ren@nd SRIVIHE Ty, wereh (9 Prasdeast b 207 and fach S\itch metory

stores the 32-bit words which it receives from those input portions 202 as well.

When output link specifier 223 for a packet arrives in the switch

memories 21_ 1, each switch memory 211(i) determines from output link specifier

223 whether the packet is to be output on output link 221(i). If not, switch memory

211() simply discards the stored packet; if it is, switch memory 211() transfers the

stored packet (without the output link specifier) to output queues 213(i), a memory

which contains one or more output queues of packets to be output via output link

221(i).

-

Switch memory 211(i) services the queues in output queues 213(i) in a
programmed order. The packet at the head of the qucué currently being serviced is
output as a sequence of 32-bit words on bus 215(i). Chopper 217(i) reads header 117
1o determine the length of the packet and counts the bytes of the packet as they are
transmitted on bus 215(1)). When the last byte has been transmitted, chopper 217(i)
signals the end of the packet to switch memory 211(i) and transmitter 219(i). As
transmitter 219(i) receives the 32-bit words on bus 215(i), it transmits the bits in the
words sequentially onto output link 221(i). It ceases transmitting in response to the
signal from chopper 217(i). Switch memory 211(i) responds to the same signal by



circurts 8 switch nmenory VLSIs (SWW) 303 (0..7), a switch nenory CPU IC
307, ‘a boot ROMIC 309, a static RAM I C 311, and a_comm |cat|$ %«%&m
FC's 307, 309, 311, and 313 are connected to the 8TBi#isd 9@% %ﬁ SI's by
CPU bus 305. .CPU IC 307 is a MPS R3000-based m crocontroll er par nunber
| DT3052, manufactured by |ntegrated Device Technol 9] As w ||
be expl ai ned in nore detail bel ow, SW CPU 307 contro?s the operatlon of
switch mermory 211(i) by setting paraﬁeters in the 8 switch nenory VLSI'

and novi ng packets anong the queues in output queues 213(|) Additionally,

SWM CPU 3044 memktfaacbu%rue MR packBEoe PcHted oif Bise 56, out put queues
213(i). BoqQt \ ‘ tai ns u-mn I's executed by S CPU 307 to put
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Swi t ch nensremory LSI303(0 (71){ W%‘@%“’Bs thé 3 finllyaprrmits switch menory
VLSl 303( 1):oﬂmdmttaﬁob Ivﬁm de 807 by means of an RS 232 link 315, Using RS 232 link

o S U R g e S 2,
( SWWQ) 30 béfween /SIRIAMB 11 hﬂd Gmmme%tj VLSI§ 303103‘!)hmﬂ ﬂmbﬂsidﬁ vlwldput queues
tored in the queuck® THHTBEREY TS 3990, 7) b EE BHISTRRISIEST i 1T have
bits 0..3 eWwitclaoiemovy 1. qﬁmnanﬁma(ldx)tamm lof hmpomnmsammdemcbfsetsoﬁ. of
course, a RAGKEH iheg KRG Rit® ihiBiDperate in parallel. Each of the integrated circuits

processes a slice of the input to the component. In the case of switch memory VLSIs

303(0..7), the implementation is a nybble slice implementation: each VLSI 303() -

processes 4 bits (1 nybble) of the 32 bit inputs received from broadcast bus 207 and

the 32 bit outpdts made to bus 215(i). Beginning with the inputs, a switch memory

VLSI 303(j) receives 4 bits via broadcast bus 207 from each of the 14 input portions

202(0..13). As shown in FIG. 3, switch memory VLSI 303(0) receives bits 0..3 from

input portions 202(0) through 202(13), VLSI 303(1) receives bits 4..7 from those

input portions, and so on through VLSI 303(7), which receives bits 28-31 from those

input portions. Thus, the 8 switch memory VLSIs 303(0..7) together receive each

32-bit word output by output portions 202(0..13) on buses 206(0..13). Similarly,

each switch memory VLSI 303(j) outputs 4 bits to bus 215(i). Switch memory VLSI

303(0) outputs bits 0..3 of bus 215(i), switch memory VLSI 303(1) outputs bits 4..7,




*32-bit words; consequently, for a packet 113(k) in output queues 213, bits
0..3 of each word in packet 113(k) will be stored_j.n.queu !%&h,s@g{s
4..7 of each word in queues 301(1), and so forth.TWﬁi'ﬁ“ﬁaﬁe} aths in Switch
Menory VLSl 303(k) FIG 4 gives a schematic ovmr of the

mai n data paths in a single switch nenory VLS 3084le:. (]TheA tﬁ&bat hs
connect 14 input shift registers (ISR} 401 with nybble nmenory 407

cont ai ni ng queues 301(k) and two outBut shift registers (OSR) 405. In a
preferred enbodi nent, each of the input shift registers and output shift
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202. Each npBHnathPathe ifBwité Memndry LS fyto store slices of all of the
32-bit mr%‘ﬁ%ﬂp—rﬁeﬁmtger_ﬁm:f&&ackgt switch of the preferred
enbodi ment can handilE. fgivesaschamatig everviewpf ke mpindgtapashsin asingloor ds.
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eac -bit word. e . ouf put. t o. bus [ ese slices are
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bei ng ret aasBl? $K2-bit spalse Nybblamemoty 467, ftherinpuoshift registers 401, and the .
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bits w de, O‘é‘PFt s&ﬁ%ﬁgxﬁ?@éﬁ %ﬁl‘? It#ﬁyégxggﬁgiugggﬁa%%ﬂﬁlg%ﬁgwga single
oper ati on widea Basanssinybplethus 403 aipeomplerly @mmained ory VLA 303 Gdutipistvery nk 215(i)
associ at ed gy ] I g.;c]at [ &g&?; t PREK - the row
of nybbl e %ﬂ%@mﬁ?g?ﬁ@zﬁfiggﬁi}%g t gl)or?g/‘ﬁ%{e S ?‘%@é"?‘?‘o@&@ pac Zgivhll_c;sl read in
paral | el t€oR SGHFPWPW%%‘FI&{“F%Q out put shift register 405, which then
provides the sliceAsproyibhilg erplaied, diRh i pbiioR1202 réfeivdpadileéré 113 as

AL O Bkt Sh o 09 8o B et afEL Ty 407

stored in smitiiningrtherpacke4d bitg io)broadcast bus 207. Further, each VLSI 303(k)
receives sequences of four-bit slices m..n, one slice coming from each 32-bit word
of the sequences of words output by input portions 202(0..13). The sequences of
slices are received in the 14 input shift fcgisters (ISR) 401(0..13), one corresponding
to each of the input portions 202. Each input shift register is long enough to store
slices of all of the 32-bit words making up the packet. Thus, the packet switch of the
preferred embodiment can handle packets 113 with lengths up to 128 32-bit words.
Input shift registers 401 are further double-buffered, so that they can begin receiving
nybbles of another packet from their corresponding input portion 202 while waiting
to output a packet they have just received to nybble bus 403. Similarly, VLSI 303(k)
provides a four-bit slice m..n of each 32-bit word of each packet output to bus 215().
These slices are output from one of output shift registers (OSR) 405(0..1) with the
other being retained as a spare in case of malfunction. '




Continuing with details about input shift registers 401 and out put shift
regi'sters 405, each input shift regi ster 401 (k) is yﬁggt,gqﬁée@bmmﬁn@e&t

control signals: . ICLK 409(k) is a clock signal frominput portion 202(k)
correspondi ng to input shift register 401(k) which.tines R?B 18t of
ni bbles to shift register 401(k). . I PKT 411(k) i sDét%l él om router

207(k) indicating that router 207(k) has detected the end of the packet
fromwhich shift register 401(k) i57Currently recei vi ng ni bbl es.
| REQ 413(k) is a signal indicating that the nybbles in shift regi ster

401(k) are to bﬁn&’ﬁcﬂ%r&ﬂe%?hb?aﬁ’d’ )élﬁg?fneﬁlbfy Wﬁ%@l?%ﬂ%l s

generated wll be descr I n nore I nput sh regl ster
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t he out put "I i nk cor g n}a 3{ 211 containing switch
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switch _ne of,.eac nput from
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Che. pr of ATESIE piidly WBICTHR srBGhodt o ki 1 hi 1
regl 2{ gre;l' C(SE 3§‘@}'§6F%W§¥8‘@9@°&f UKB gigiet ggl \rllg sezt agnl lr)”rmcj)adiast bus
207(k) and also t & Il be
h@dminly g[\@ifﬁ détifls x\s&ﬂ A ingif smftqeﬁ%&t 4@%@%&& Ahity

output link _specifier, Sw consequent responds to

| PKT si gn&?@%&“i‘@ﬁ-)easg}1@9&@’%’!‘%@3@'5@1@2 1s sqntmlleémf th‘@ﬁ?ﬂ“\'iﬁi sighalds recei ved
on broadcast bus 207(k). If these bits indicate that switch

- 10- mermloyIClﬂ(WQ(kl s amlock]signaltfrﬂm inputpgrtioh 202(k) 8¢rryspbadiog ¢sinpus t o
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out put shi ftdatseg:dsthepndo the)packet from whicheshifbregistarr403 (Qnscurrenglyt s: . OCLK

415(1) is a da;”ﬁg received fromtransmtter 219(i) which is
recei ving wor om svmtc rrenor 1) to i ch output shift register
[ g h y 211 (i) whi ch p hi f gi

405(1) » IREQ 413(k) is a signal indicating that the nybbles in shift register 401(k) are to
be output to nybble bus 403. ~The manner in which it is generated will be
described in more detail below.

Input shift register 401(k) outputs its contents to nybble bus 403 when IPKT 411(k)
indicates that the end of a packet has been reached and IREQ 413(k) indicates that '
the output link 221 corresponding to switch memory 211(i) containing switch
memory VLSI 303(k) is to receive the packet.

IREQ 413(k) is generated by switch memory VLSI 303(7) as follows: -
As is apparent from FIG. 3, switch memory VLSI 303(7) receives bits 28..31 of each
word input from broadcast bus 207. At the end of each packet is the two-word output
link specifier 223; as previously described, in output link specifier 223, bits 28..31 of
each word together specify a set of one or more output links. In the preferred
embodiment, IPKT signal 411 (k) received in an input shift register 401(k) signals
the end of the packet being sent on broadcast bus 207(k) and also that the next two
words on broadcast bus 207(k) will be output link specifier Switch memory VLSI
303(7) consequently responds to IPKT signal 411(k) by examining bits 28..31 of the
next two words received on broadcast bus 207(k). If these bits indicate that switch



bel ongs; it controls the rate at which output shift register 405 outputs
nybbl es. * OPKT 417(1) is an end-of - packet si gnalrh@nghyesb;&cmmmr

217(i) which indicates that the entire packet has been out put by swi tch
menory 211(i). [err] RDY 419(1) is a ready signal provi %;LPR(S)‘ ansmtter
219(i) which indicates that output shift regi stDate108 ( ady to
provi de dat a. . OREQ 421(1) is a signal provided to output shift register
405(1) indicating that it is telload the data presently on nybbl e bus
403. As can be seen fromthe foregoing list of control signal s out put

hi ft t
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recei ves a seg arate | CLK signal 409 and each output shift regl ster 405

receives a s Et4é5®13|@ iningpignal repived frpm rapsmitters2196) eldgh isor i nput

portions 202t W&&E&ﬂ's%@hﬁdeﬂbr?ﬂ?{xﬁﬁﬁ@ﬁbu QFs}ﬁftn‘!txétErﬁﬁm ot her
and 5|mlarI¥) no need for ransmtfer” 219 t o be Sérﬁggom zed { h nybbl e

memory 407 omelangs ibeonrols the ratpat whick opgpnt shififegis PUtPRS YOS s bl e for
di fferent input _Fortlons 202 and different transmtters 219 to operate at

di fferent ratQRKT 417(1) is an.end-of-packst sighal receiwd frem chepper 2 1Uisvhigb3 (k) : FI Gs.
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| enbodi nent
of switch rrer‘r‘t‘)c%“):/ %hﬁ%%%%qﬁ%%%%%%%ﬁ%\ﬁ Hfsbvﬂfcg%ﬁdéﬁm ;?rléﬂlgg I nput shift

bbi o oot oAb A 108 hibadlikn 5503’@49%%?%8%“%?&5@f¥'9{°ﬁaneéﬁ%o‘%"d' o

The first bi tougfut shifi registen$0i(l)ds ready tepeayidet dasa.posi ti on i n pl ane 407(0) and
- the second, third, and fourth bits are stored at the correspondi ng

posi tions i QREQeR1AYHalsigr) provided/to outpun shifthegistee ¢@5 (Yeindidadmg thanien and

out puts data.to ast. C I b i hS made up of four 128 x 1 bit
pl anes. Fast ‘%g’p\?a‘?Qlec(%P%@‘g&%‘gyﬂﬁﬁgbpig@d’%%gf romone 512-bit word of nybble
menory 407 and witing to another such word in a single read cycle foll owed

by @ Singl g i becdhGhein i TBrepBAY 16V 6F ot stk oty shirPegicter g5 @St 2 an

atoni c oper
outputs a ‘serial seqience of nybbles until it receives OPKT 417(1); at that point it

indicates via RDY 419(1) that it is no longer ready to transmit nybbles; when shift
register 405(1) receives OREQ 421(1), the 512-bit word of nybble memory 407 which
is next to be output from shift register 405(1) is on nybble bus 403 and shift register .
405(1) responds by loading that word from nybble bus 403. Once the word is loaded,
- shift register 405(1) sets RDY 419(]) to indicate that it is ready and begins
transmitting nybbles in response to output clock 415(1).
A particular advantage of the fact that each input shift register 401
receives a separate ICLK signal 409 and each output shift register 405 receives a
separate OCLK signal 415 is that there is no need for input portions 202 to be
synchronized with nybble memory 407 or with each other and similarly no need for
transmitter 219 to be synchronized with nybble memory 407 or with other
transmitters 219. Indeed, it is even possible for different input portions 202 and
different transmitters 219 to operate at different rates.



-BIG 5 shows only one input shift register 401, namely I SR 401(0), and only

one output shift register 405, nanely OSR 405(1). mo%manegheeter
401 and output shift register 405 is inplenented asaﬁ{%ﬂ@q\%m;p 1 bit

planes, with the bits of a given nybble stored in the shift $§a§gﬁr bei ng
|l ocated at corresponding positions in the four pl aneBatel:nﬂt A I nput
shift registers 401, each plane is cgnnected to one of the four |ines of
broadcast bus 207 which provides ny Fes to the input shift-registers and
in the case of output shift registers 405, each plane is connected to one

IC:)f tﬂe f OUethil§8ESWitch MemdSy VILSE B0BAIY FIGS. 'S%’E' efs to tlransm' t;e{ h219§1i 12t
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further shﬁu»ﬁox?Fﬂa.smaa(k)aomeﬁmngfwxm ftrﬁ@rﬁ@fﬂ4M§lpu3§lﬁflKigxst@RU interface

501 \VAM 07 t CPU b
305. Iisl'hg v@u@%‘l% bﬁ{f"é" ’égf-}?’r‘@d‘ﬁpl’rg ?Tbg;a"ége"%ﬂ’f ¥ %‘FS’P& per at :Jzn

of t SW ]Ech mimplzmeﬁtbm(as lfourdZ&hu 512 bihplanes 4070. (B hy fivdt Bit cFQYiven :iybblvt”lgﬁ The
sets o i SW,t C
menory 211 ?k‘?’%ﬂie &Sﬁghéﬁh‘#g‘agzwﬁw# ég?éxyr’?hﬁogné ﬁoémé')n‘sraée §Wch
menory 21latjhe cmppndingmxtmmwptms @%gIBhNNbb&gm}emmI@Hr&exvt)s demant ai ns 1
nybbl e of f bearin
the rof or AT nunﬂ?ﬁ‘*%‘mfﬁ“ °°5%‘%°“75ffa“5“é&fﬁe"%¥ o“fmfﬂﬁ'e?’&ﬁ"c?."%ns SR
EN 505 spdianesebasheppy:latgh 93 @m@ns&gmﬂnerﬁ Zt%‘{’@fﬁ ybple) is to be
enabl ed f GherRéry407-and writidgH Sli’ﬁoﬁfé? smrw;uriﬁ alshiple/Rbd BFdle T&Rwiﬁddrb?yta i ndi cat es

the point in_input i f |ste which the first, ni bbl.e of the
packet belwqygjéq%gc ’thet@agg (};}p %éamte cycseamtreated as an atomic operation.

— >D_

-1t2- t hlp i nput tFIGszlfo&glaﬂ)emﬁﬁimt $Hift regtared0l], ?dnelgtlsnttdlg))?mdnt IE t
out put shi re € i C n 0 acke
i's ![Do begl tl cq '%R‘K g@f’&éﬁd@?gg% E‘?Fh lﬂé'l’t(,shfefgm[gﬁée %&Pus of

switch rrerand;ouﬁ)m sififtregister 401Ni§ lﬁl}b_anExﬂtéd aefolat 828 s \Witicplamespwith thd thtss 303 to
Bontains. REGEHHYohih storeltth oid e ey IR of £ e G0 posions ™, 0
nunber of inthefiour planes. dathe easaiof inpus shiftabgistersstQl, each(planeieconngstedto. GP 515
contains &Ridk e Tkt fikesti? rbfcas BuR 269 Uhidn b Giakd AbbidiGo WePHPBuhifut Put
registers and in the case of output shift registers 405, each plane is connected to one
of the four lines of bus 215 which provide nybbles to transmitter 219(i). Further,
nybble bus 403 is connected between the four planes of the shift registers and the
four planes of fast copy latch 535.
FIG. 5 further shows CPU interface 501 of switch memory VLSI 303(k).
CPU interface 501 is a set of registers which SWM CPU 307 may read and write via
CPU bus 305. The values written to these registers by CPU 307 control the
operation of switch memory 211(i) to which the switch memory VLSI 303(k)
belongs. The sets of registers in all of the switch memory VLSIs (0..7) in a switch
memory 211(i) make up a single set of registers for the entire switch memory 211(j).
Each of the individual switch memory VLSIs (0..7) contains 1 nybbie of each
register.
_ The first group of registers, bearing the reference numbers 505 through
517, have the following functions: '

» SR EN 505 specifies which of output shift registers 405(0) and (1) is to be
enabled for output.

o OFFSET 507 contains two values; the first indicates the point in input shift
~ register 401 at which the first nibble of the packet being received is to be placed



1inks 221 to which switch menmory 211(j) belongs. In determ ning whether to
accept a packet swtch nenory 211(j) conpares the nte s of &g

‘t he packet's group code and accepts the packet |1%?‘ PthHGgwg 'T:’o
regi ster mat ches the corresponding bit in the group. code . FI FO 517
I ndi cat es whet her output queues 213(i) are organi Ze‘i)a?ﬁ gueue,
I n which case switch nenory CPU 307 plays no role in operatlon of
switch memory VLSl 303(i), or as 16l4ueues, in which case CPU 307 manages
the 16 queues. O the above registers, PORT 513, GP 515, and OFFSET 507
require norejflind 6ot %bstéemggterecm tachQ L ghi1f g?l_'j)u?}lﬁﬂ isaf evi ousl y

pointed out, In"a preferred In aswtch nenory
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I ndi cates that switch nmenory 211(i) is to retain the packet. The conparison
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only the conﬁ'&’? s&ﬁ g('& s in the generation of |REQ
413(k). In a b|t (not shown), in control_registers
503 is set % gﬁ @wr gE m#&l"sm@cemmmﬂdtgg "(IBC)Q&’Fé’Ff&se | REQ
413(k) . the number OFGSpt k72200 Whish Swittls e FRAPR Y1 loWgd, to "reserve
space" ahead of a packet. When the nybe es of the packet are received in
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nmenory

din o} ut,shift regi ster 401 ahead
of the posi tP ﬁ&T‘g’Q Q%W%pﬁsltﬁ ac&aqlg@.ny FIP@:@P“BG%.‘ &M tch nenory
CPU 307 can nfacshesuhetoorresgondingtbioin the grouplvetle.enpty portion. Further, by
setting the second value in OFFSET 507, sw tch menory CPU 307 can determ ne
- how much of the contents of the packet and the "enpty" portion are output
to transm’ttg&_ﬁﬁ mﬁcset“n values in %&ET 507, .,swjtch rrermry CPU 307
can perfor [ rw&n%guexqs b AFFprEanized Basingle deleting a
header that igeuspin wmeeaseeedeﬁ,maﬁoxﬁf@bmgm piags ﬁatcblethtrﬁ@eﬁﬁehef which is

ded only whi| h K h Th
of OFFSET éofhwittfwtsmte ST oIyt e K aliiendh AR, R A mmaes T
e 16 queues.

Of the above registers, PORT 513, GP 515, and OFFSET 507 require more
discussion. Beginning with PORT 513 and GP 515, as previously pointed out, in a
preferred embodiment, only VLSI 303(7) in a switch memory 211(i) receives the
relevant bits of output link specifier 223. VLSI 303(7) generates IREQ 413(k) to the
other VLSI 303(i)’s when a comparison between output link specifier 223 and the
values in PORT 513 and GROUP 515 indicates that switch memory 211(i) is 10
retain the packet. The comparison is made by address comparator 533, which is
connected to broadcast bus 207(28..32). Address comparator 533 is included in all
VLSI 303(i)’s, but only the comparison in VLSI 303(7) results in the generation of
IREQ 413(k). In a preferred embodiment, a bit (not shown) in control registers 503
is set to indicate which of the VLSIs 303(0..7) is to generate IREQ 413(k).

OFFSET 507 permits switch memory CPU 307 to "reserve space" ahead
of a packet. When the nybbles of the packet are received in input shift registers 401,
they are placed in the input shift registers 401 beginning at the location in the shift
registers specified by the value in OFFSET 507. The entire contents of input shift



sw tch of the present invention: that the nybbles belonging to the packets,
and fherefore the packets, are always noved in theif en | '

bet ween the shift registers and nybbl e nenory 407 of Nig Pﬁf‘ '%%g rrtesnhl?regl
407. Another feature of the packet switch which illustrat es th| rinciple
I's of course fast copy |atch 535. The r?'gyé \ggﬁrs I n
CPU interface 501 belong to address 3rray (ADDRA) 5 wh ch cont ai ns
address information about the 16 qué ds into which out put queues 213(i) in
switch nenory 211(i) may be organi zed. Address array 519 will be discussed

in detail
'Yg . teoa'be dﬂ@ﬁﬁé}ﬁfm%ﬁ theh %\@aqut&%us%eeén&wlh@mmm%ama Ay1407) -

ussed 1 s arhitratign an nmory contyol, 53 It .has two
functions: nEhsking °tPF€PE¥3é’GBL°“|9f'W{St§h’gEW§éF 8’48&"‘ d\)ﬁ% é"hpﬁ)ﬁ“i“?“ be
di SCU33287| ihdfdawﬂﬂfyttheﬁrwltvhhehﬂﬂ%?SEUESms,S“&mﬁ nRdrRorly[CRU BO7aExit3)e|;éﬁ to nybble
menory ar en om a ybbl e menory
407 and anyw&rcxp?mg%ﬁpeé@ éf’ﬂi P?f&f’f"oﬂgnﬁ’trhéy §eAtng, g’ﬁts"%%ﬁf Y4B st er s
and the twoOFFSBU509hswitchrragmetyeCBU\30Z cay déteanine howlBucnaf thecomentsrefror y CPU
307 via CPU " g these
sour ces and gﬁfﬁeﬁ{‘d?&’s cg{ l&p&%%ga&%&;’{ﬁ&ﬁgg &H&l G
dest i nat i onin QBRSET 683, switchymemeryiRJ 303 can pesfoxmt dperations pmh a§hldﬂmgraeg| ster
405 has they &ﬂ@ﬁﬁh&ébg]xde@meaﬂ#Lﬂwmrg%:is%llaﬂ%emgmedsma gisters 401.

If nmore than one In put shift
regi sters 4@i01§‘r3é1°g|lQé@3‘él@éé'§é°htlén?W§dl§’ub’ Vhile %mckeéﬂﬁ i th%tB?ﬁkGh Meror y
accesses bygfe. 307 via CPU bus 305 have the |owest pri or| ty.

Cont i nui ng vvi th the ani Q ut queues 213 Fi hovvs
details of their or é‘gﬁ%i f@ﬁfbggﬂgpz liqs%amgnﬁgaggam@ %‘PFﬁ ‘PfGB"' B3ckeh

setti tng 01; 15»ﬁmdéfaﬂdt= pﬁeefms&%nubﬁrctﬁt atthe npblerbeldiping @ahe padketsanden FI FOI
register | es u angani ze a single
gueue. In t&‘ﬁ ? @ g F“‘qﬂgg& g‘i‘ﬁj ‘h‘f’ﬁﬁélf’)egngﬁétbg g‘ﬁ%a}Bftrcul ar
out put queumg(smncﬁﬂﬁabld\mpmory 407 or within nybble memory 407. Anmher feature of -
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- correspondi ng B o a par ar 1 nput i ned for
out put |ink 221(i) Eegcramwgavgrsm maGRquteriamQﬂOé belenguie addressarmy8, whi ch

d t t
ragi ster 400 PR &9 “ﬁkﬂtg?*é‘a%* dﬁﬁfﬂ}:&“&ﬁ*’? 520 16 uciich 9*5%3@‘3“%18
which is m@itaattqmuw 36 an pwiteh memepn 21143 "!Web%fE@IEECdaMD dress amayd r

poi nters 61gippsldicdissed @ &%pﬁgém&abhn/ ménﬂga:ﬁﬂada)i o‘itamwmmdiy Ut r ati on

W thout & sw toh menst o biisgissed S arbimaton and MEESSRIEhSHs FOW OB foh
menory CPU ﬁﬂananﬂh@ﬁg e quetxauh n§bible @terddry (407, whidh twillbeldischkwed Ry bbl e
The. quoties SRSk VBR sty AGpucs ot Saitache peossCln SR BeBD Arsigiscos T or
each of t heapparentfrom EIG. 4 date fows betsvedd hybbid memarydpliand Any of tEgpustesr queue
(OSRQ 615 fif¥ aesAfiflicAL: th 94 i OMEAULisRIY dobt hEBLS bbr 4R registers via

nybble bus 403 and switch memory CPU 307 via CPU bus 305. Arbitration and

memory control arbitrates among these sources and destinations as follows: as

regards the sources and destinations connected to nybble bus 403, the active output

shift register 405 has the highest priority, followed by the 14 input shift registers

401. If more than one input shift register 401 is contending, the input shift registers

401 are given access to the bus in round-robin fashion. Memory accesses by CPU
307 via CPU bus 305 have the lowest priority. .

Continuing with the organization of output queues 213(1) FIG. 6 shows
details of their organization. There are two modes, determined by the setting of
FIFO register 517. Mode 617 shows the organization when FIFO register 517
indicates that output queues 213(i) is organized as a single queue. In that case,
output queues 213(i) function as a single circular output queue (SOQ) 618. Any



Swtch nmenory CPU 307 enploys waiting area (WA) 613 to transfer packets
fromone of the input shift register queues to one ofhis isthmurepleceniaint isheet
regi ster queues. Wiile a packet is in waiting area 613, switch nenory CPU

307 may read or nodify the contents of the header oraihe S , wel |
as the contents of any "enpty space"” stored with theoé’ﬁ'tk&e.T Rﬂ?}g@é

Switch menory CPU 307 defines the |ocations and sizes of the 16 input shift
regi ster queues 603 and output shift” 1egi ster queues by neans of address
array 519. There is an address array entry 521 for each of the 16 queues;
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the address pmdrp€pPU 3@EXt |ocation at which a packet may be witten to the
gueue. 5- The read and
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space” stored with the packet. ,

Switch memory CPU 307 defines the locations and sizes of the 16 input
shift register queues 603 and output shift register queues by means of address array
519. There is an address array entry 521 for each of the 16 queues; each entry 521
contains four fields. Two of the fields define the boundaries of the queue’s area of

nybble memory 407:

« base field (B) 525 contains base pointer 605 for the queue. The base pointer
indicates the start of the queue’s area in nybble memory 407;

o limit field (L) 523 contains limit pointer 611 for the queue; the limit pointer
indicates the end of the queue's area in nybble memory 407.

These fields are set by switch memory CPU 307. The remaining two fields define
the current head and tail of the queue. '

o read field (R) 527 contains read pointer 609, which indicates the address of the
packet currently at the head of the queue.

o write field (R) 529 contains write pointer 607, which indicates the address of the
next location at which a packet may be written to the queue.



613; it then noves packets fromthe |ocations in waiting area 613 to the X
~tail 'of output shift register queue 615 for the active qu t shee
regi ster 405; these noves are done using fast copy I&h‘éHsg‘gék%&néﬁ]e
active output shift register 405 has finished outputting the keRwhi ch
It currently contains to bus 215, it signals control e U a‘t&ﬁ r eady
for the next packet, and control 531 places the pack at the head of

out put shift register queue 615 for-&ctive output shift register 405 on
nybbl e bus 403, fromwhence it is |loaded into active output shift register
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t he hi gh- prpiomtezt@man ﬂnernapmcshgfpragmgrtqu_eqméﬁbcomyomﬁﬁg teethe tispent shifve some

nunber of Qg@?@}s fromthe high priority queue in waiting queue 613 to the
t S

tail of ou hift register queue 615 before it noves any fromthe | ow
priority queue to t$witehhmemery CRH:307raones papkess frpmithe heads qtitlynmpm. ority

packet s acGRFSrebfite? 4huts 603 FidR4tkd by BaPhbifiRrd E) 16 m’caﬁ&'\’ﬂ' in Wdﬂﬁ’t’i irl‘.a

packets.

Swi t ch Mem$i§; iythsn meyes packets frpm the locations mwaltm&areaﬁk?n%emeo Qmmt of a
preferred qpBERbiERMquéic 614 fofthe WRHVE uu:yhtsdmtfwggmér 403; thede/ RroRkdlarE@onpackage

701. The preferred s Lnmplenme m.cron. 2-1 evel
metal  OMOS U &gww Whe b8 ek ot shit kst A0S Jad BBEShn ( ho
chip, w th ouputtingf the patkebwhied itaerently comaimite bus Y% stgmalcontrod§31 and t he

P el | st iS ready o AR et ek oA nlBIBS Y prachund BRAEE M eaiiord *1 70" ©

t he col umm odepmo shiftsegiSsr quete 615 f@mudeootput shift@sgister 405 enioybhisbesd0%el | s of
nybbl e ne |+ e two output shift
regi ster s%%Z?Cgﬁvpﬁwg%q%alﬂmcma%gﬁgsrhgﬁge@t%e%us 403 and the 14 input

shift registers 401Anpgaweeageof Omoode il tha ianaynbectsedto shi f t
registers ‘iﬂglegﬁnﬁ ﬁgﬁ’éﬁe%@twbﬂ@ 1§%M'Ba§két9m%¥'%b€dm%ﬁ)pnﬁﬁﬁes st
arbitration ry control eryorng he ar |trat| d nmenory

control fusamplgsths Pé%%ﬁ&“@i"%é‘hg circuits, and a V‘““@JAFATCB“ “f}H 75 pins in
the packag eoa:reeuug eshl-tinle dcbite.dﬁibh% 2 DV tlah@hitier hitEs TVARECinG ey Riveand
ground pi nixgher P (|>rrx]tsy tiré)nr a %?{‘u cxrc% th;[:}? 1stcr2)%nécn nlétno%brc;l-ume devices such
as the electronic mail programs in two computer systems. Such a system may be
implemented in non-FIFO mode 601 by employing switch memory processor CPU
307 to set up a high-priority and a low-priority queue in waiting area 613. These
queues are managed completely by CPU 307. CPU 307 then moves a packet from
an input shift register queue 603, examines the packet’s header to determine its
priority, then, depending on the priority, places the packet in either the high-priority
or the low-priority queue. CPU 307 may then move some number of packets from
the high priority queue in waiting queue 613 to the tail of output shift register queue
615 before it moves any from the low priority queue to the tail of that queue, thus
giving the high-priority packets access to output link 221 more often than the low-

priority packets.



regi sters 401, and 14 pins each for the ICLK, |PKT, and I REQ control inputs

.to the input shift registers. There are further 8 pi ns .fo ﬁg}%&ﬁrﬁeﬁt$heet.
fromthe output shift registers 405 and two pins each K, OPDT
RDY, and OREQ signals. The interface between swtch rrermry CPUOM% g@(.g
switch menmory VLSl 303(j) has 39 pins; four are for i ppawé: apdi J f
data, 21 are for addresses in output gueues 213, and the renmainder are for
the follow ng signals: * SYSCLK: theléystem clock for switch nenory 211,
RESET: reset the switch nenory VLSI 303(j); [err] CS: select the switch

ﬁerrbry VLSI bl SwitthMembry VIS F0¥(jR FIRRG Or a wite operation on
nybbl e nenor ata has been received by CPU

307 in a read operat je St[oé‘fsrq"cBURB‘lG aspretermed embedingnt pf switeh mgrone
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ordi nary skimémony melmplbmbnmdas patatie (RAMiI cell armawyis be theaester of FEG 7Wat c h

avoi ds the spA ﬁaﬂa o ﬁ&@m@%ﬁ@@dlﬂ{nﬁ%%&e@s ﬁ;ﬁ@a‘wr&wgﬁé&ﬁx%w the

el ectrical pro ens assocl cross ¢
boundari es. afdeesptheicells ofinytie mcmqme4%véh@vmlmme daenderssiQStase: thmmr y

VLSI's. Each M&%ﬂff@?ﬁf&s XﬁSs'bcwgﬂ mieRISRY 407 Rre Gy bbl‘é bits QG3 Fﬁ@ﬂ%

store 1 nybble frgm all data

L %\8 %(a acket %? [e
path whi ch i18P#s$ mw%@séﬂ e rs;earﬁ'a %tﬁn@aﬁw ﬁ@ftrrs&xsveys 4Q; shift
registers Insmmmhmtémmmwmmwpmmmnmm comfolmenory

are transferred rially.,.Because,the i.s very w de an he ,dat a
531 nse {

pat hs do not r@ﬂﬁ?%ﬁﬂﬁ??‘%@m"m@'g fupctions preyiqugly|discusdens of
the prior art are avbddd4lefithedds pinsiigthenpackage densbd for e devicepofithésepd, and

- the packet spLtGh 56@Pow®hRd SroGhd Bins, 56 pins for data iniputs to the input shift

. registers 401, and 14 pins each for the ICLK, IPKT, and IREQ control inputs to the
input shift registers. There are further 8 pins for data outputs from the output shift
registers 405 and two pins each for the OCLK, OPDT, RDY, and OREQ signals.

The interface between switch memory CPU 307 and switch memory VLSI 303(j) has
39 pins; four are for input and output of data, 21 are for addresses in output queues
213, and the remainder are for the following signals:

e SYSCLK: the systein clock for switch memory 211;
e RESET: reset the switch memory VLSI 303();
« CS: select the switch memory VLSI 303();
» RD: specify a read or a write operation on nybble memory 407,
» IACK: specify that data has been received by CPU 307 in a read operation;
o BURST: specify a burst read or write operation;
.« QE: enable outputs from the active output shift register 4053;
« DTACK: indicate that data has been recetved from CPU 307,

o INT: interrupt to CPU 307.
As is apparent from the foregoing set of signals, switch memory CPU 307 can read



hi gher rate than prior-art packet switches wth nmenory. ) As w | |
be apparent to those of ordinary skill in the art, @tﬁmfeuhw‘ré‘\‘?é
whi ch incorporate the principles of the packet switch disclosed herein are
possi bl e. The preferred enbodi nent is designed for packet. sw ”R syst ens
in which the packets may have varying | engths; howev&aietk& p @ﬁes of
the invention are equally advantageous I n systens in-which the packets have
a fixed length, such as systens usi nd tthe 53-byte ATM packets.

Many additi onal enbodi-nents are possible. For exanple, the switch nenories
may be org n1hhey may be

organi zed ?%Hdﬁgxgtécl18%?vm§m0{a§§§€o#$§(}?’f@g¥%ﬁ§togdzlgS'E)%HutHhﬂ%gl%ﬁy be organi zed in
the same faEeNEIHSIBA i nterl eaved nenories. Further, indivi dual switch nenory
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SWi t ch menowjth \sﬂaﬁﬂadmn vrnsln awderelamﬂcﬂtdmslcﬂeuss@aateawubeerywaé porated-
into the s tch VL X é ref.erre nbodi ment .
L ol crrorbusSes 1RERR CiotipionndTiss, 0€ padkes SRS aLOE sVeRHER ekt on ar o
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requited foeﬁ{oﬁﬁﬁw%{t_gﬁe& P BOm gehFe WARR! o fof phckec MM BT ke 05 i i,
t he switch pathrhichtisiay ashememogmndmmnna;tsﬁemwfmmbm as is the
case with tﬁglsl:éerM?ch' d?xdtﬁ”tﬁn Wh@élﬂh&%?bﬁ@?%é‘ﬁ@&g éﬁ{hetxﬂémx?&fl be defined

by a process s cl ai med

is: 1. A wapsfesredrsgrally Begausehe memery s veayrwide and He datpathoiepets

conpr i si Ng: cross s Béurfd%ﬁes the'peile AP cleOiRhtoblema oP ke ldr 't zﬁéait/élaéﬁ ot
orts packe
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out put ti ng kipRerpaekkirbpticr-art padkbﬁswiwhﬁslmm%érﬁory packet menory means for
packets in ¢ par afsariihe RERAl wuhSd o SraRBS ol e af Baty P 0 vey
out putti ng embodiments whitteinperplorsdte therpmnplples ofrthap&;kct smmh d:sn‘rmedéntan bei ng
?r;; tn; | but ed, QYELiNBE TRE pHiRhifed embddimERY i3 UEHafdd fo bhcker WhicHine Ly stdhfs fuf anst er
which the packets may have varying lengths; however, the principles of the
invention are equally advantageous in systems in which the packets have a fixed
length, such as systems using the 53-byte ATM packets.
‘Many additional embodiments are possible. For example, the switch
memories may be organized to increase the number of input links, they may be
organized to receive words of different sizes, and they may be organized in the same
fashion as interleaved memories. Further, individual switch memory VLSIs may
receive or output slices which are larger or smaller than the nybbles employed in the
preferred embodiment, and as feature sizes in integrated circuits decrease, both the

data paths and the memories in the switch memory VLSIs may be made wider and
other devices may be incorporated into the switch memory VLSIs. Additionally,
while the preferred embodiment is implemented using CMOS technology, the
techniques of the invention are in no way dependent on that technology. Finally,
other embodiments may employ different organizations of the memory in the switch
memory, as required for the queueing discipline employed in the packet switch to
which the switch memory belongs. Such organizations may be predefined, as is the

*case with the FIFO mode in the preferred embodiment, or they may be defined by a
Processor.
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y of switch nmenory

the switch

el e ey

eans HBepacket

transfer means. 3. The shaeked ¢WF%“S@C$§rﬂndlﬁhecmﬂknt@M¥|n t he
packets received by the B@n&h nenories are

the components being distributed over one or more
integrated circuits such that the transfer means
remains within the boundaries of the integrated
circuits.

2. The switch fabric set forth in claim 1 wherein:

the switch fabric is subdivided into a plurality of
switch memories, each one of the switch memories
being coupled to at least one of the output ports
and a plurality of the input ports and each one of
the switch memories comprising:

a plurality of switch memory packet receiving means
for receiving packets from the input ports to which
the switch memory is coupled,

a switch memory packet outputting means for output-
ting packets to the output part to which the switch
memory is coupled,

switch memory packet accepting means coupled to
each one of the switch memory packet recewmg
means for accepting only those packets received in
the switch memory packet receiving means which
are to be output to the output port to which the
switch memory is coupled,

switch memory packet memory means for storing the
accepted packets, and

switch memory packet transfer means for transfer-
ring the accepted packets in parallel between the
plurality of switch memory packet receiving
means, the switch memory packet memory means,
and the switch memory packet outputting means,

and wherein
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recei ved as a sequence of words; each one of the switch nenories includes a
plurglity of switch nenory integrated circuits, eaclThid is thentepkcs)
a slice of the words; each switch nenory |ntegrated circuit includes a

pfurality of input shi ft regi ster neans for serially e_ce i h '$|ICES
fromthe plurality of input ports to which the switdh rr[é/;anggscggpl ed,

an output shift register nmeans for serially outputting slices of the
sequences of words of accepted pack- ~ 8% " to the out put port to which the
switch nmenory i's coupled, slice a_ccepti ng means coupl ed to the input

shift regis- ter ceived slices of accept ed
packets, slice menor %ﬂgnfﬂgﬁ émgﬁcg of the,ac- cept ed
packets, slice trans EHLYr 8? SW‘ F’é‘F‘F’PﬁZ} RQ‘F@CSI’FE%%’"& the accepted
packets in parall el bem@@ﬁ make uppthe pagiat receiving meangeans, the output -
shift register neanstheswitclt mensbrcpackstooytpuetimg meand make he plurality of
swi tch menory integrat@g thiergdtket outplfting fidansshi ft regi ster means make up

the switch menory g %cm%shi/d M%ncxﬁs QLAY A Tegister

means nmake up the swt "gct Ing nmeans, ‘the slice
accepting nmeans neke (‘E’I ket accepting neans, the
slice menory neans nﬁk%’%’ﬁ egg,@!iycna juslen, "h@‘ﬁo'? means, and the
slice transfer means l@écw tl’ﬁésﬂ'\nmeimﬁsmnory transfer nmeans. 4. The
switch fabric set fianhc switdhafabric sétefortin in chaim 2twheteinvhi ch any one of
the packet receivinthe paskdts feeebvad by hhemkehsmemoﬁ&emdent of the

- 20 - rate %Ecé!i’%@*hsad‘){e wid#@s;packet receiving means
recei ve the packet Scach o eo éi%;{ %gué&rg th_ghg aim1 wherein:
c out P

the rate at which an S outputs the

packets is independe ﬁttc emc bry “integrate c1rchts, each
which processes a slice of the words;

each switch memory integrated cxrcmt_mcludes

a plurality of input shift register means for serially
receiving the slices from the plurality of input ports
to which the switch memory is coupled,

an output shift register means for serially outputting
slices of the sequences of words of accepted pack-
ets to the output port to which the switch memory
is coupled,

slice accepting means coupled to the input shift regis-
ter means for accepting only received slices of
accepted packets,

slice memory means for storing the slices of the ac-
cepted packets,

slice transfer means for traasferring the slices of the
accepted packets in parallel between the input shift
register means, the output shift register means, and
the slice memory means, and

in the plurality of switch memory integrated circuits,
the input shift register means make up the switch
memory packet receiving means, the output shift
register means make up the switch memory packet
outputting means, the slice accepting means make
up the switch memory packet accepting means, the
slice memory means make up the switch memory
packet memory means, and the slice transfer means
make up the switch memory transfer means.

4. The switch fabric set forth in claim 1 wherein:

the rate at which any one of the packet receiving
means receives the packets is independent of the
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rate at which any other of the packet outputting nmeans out put the
packets. 6. The switch fabric set forth in clai nphls wh Blacemonfigheet
switch fabric further conprises packet accepting. means for accepting

recei ved packets for output to t he out put ports as q or the
packets' desti - nati ons. 7. The switch fabrates @ KUGE@?‘L claim®6
wher ei n: t he packet accepting neans %ccepts recei ved packets for
output to any set of the output ports. 8. The switch fabric set forth in
claiml1l further com prising: i nput offset nmeans for specifying that a
portion of the packet receiving nmeans not be occupied by the

packets and the trar@ﬁeratnwémhtarmetbmsoﬂthcupmdmxprm:mgtlon to
the packet nemory meanmehngeédutve thé pakRets. packets. The switch

fabric set forth in 5'%@151wftéﬂtf£l§‘ﬁc%8ﬂfoﬂh'1§'é1?r Wlepdih Offset means for

speci fying that a pojd 'E# Qut putting
nmeans not be out p%e%éoét glc e§§ a'ﬁ"u & 83%@&1

§k?t(§r’§ e@SHﬂF’P’sPﬁ swi t ch
fabric control neans @YI% the Pﬂﬂmo'ém@tmgrreans or the
out put of fset neans a,{geans oukpd dberpad packet nenory neans, whereby the
switch fabric contrdi. Thaswitch fahribket firthdnedainmnd wherdihe unoccupi ed
portion in the packetherswite fabric fagier con& Bris é&’!tta%cﬁﬁﬁ ic set forth
in claim1l further cofRgarss fof acce Sre g{ve@lﬁg ttéred in the

Terory means. 12 ”‘*ﬁg%‘“?“ﬂ% i a@gﬁ? Theie e

menory neans.
neans capable of controlling t he

conpri si ng: SWi tc%g_’é

ﬁe switch
fabric set forth in an

n
means for noving pa e sw1tc?1 abrxc set forth in claim 6 whereiny -
e packet accepting means accepts received packets

for output to any set of the outpnt ports.

8. The switch fabric set forth in claim 1 further com-
pnsmg
input offset means for specifying that a portion of the
packet receiving means not be occupied by the
packets and
the transfer means transfers the unoccupied portion
to the packet memory means together with the
packets.
9. The switch fabric set forth in claim 1 further com-
prising:
output offset means for specifying that a portion of
the contents of the packet outputting means not be
output when the packets are output.
10. The switch fabric set forth in any of claims 8 or 9
further comprising:
switch fabric control means capable of setting the
input offset means or the output offset means and
. accessing the packet memory means, whereby the
switch fabric control means is capable of accessing
the unoccupied portion in the packet memory
means.
11. The switch fabric set forth in claim 1 further
comprising:
means for moving packets stored in the packet mem-
ory means in parallel between locations in the
packet memory means.
12. The switch fabric set forth in claim 11 further
comprising:
switch fabric control means capable of controlling
the means for moving packets.
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13. The switch fabric set forth in claim 12 wherein: the sw t

contyol neans is further capable of accessi ng por'lthl % s they ! g’@?@t"g‘st‘ﬁ”‘
t he packet menory nmeans. 14. The switch fabric set fo étﬂtmg fdg im1l
wher ei n: the switch fabric operates in a first nod er e

packet nmenory neans is a single queue. 15. The switch fabric set forth in
claim 14 wherein: the switch fabric _f?r her operates in a second node
wherein the packet menory neans contain pI u- rality of queues. 16.

The switch fabric set forth in claim15 wherein the svvitch fabric further

conpri ses: node spec | on. for [ fy r st node and
t he second node; quea‘ &gﬁ%c ﬁﬁhf&%ﬁ 3?@1? pI urality
of queues; and switc ?&Wl‘q ﬁ’tcr?ﬁmﬁﬁ H&“ﬂér‘s Fﬁ 3P

speci fication means and 2¢Ressin8ROrtieasofipagketsin th em@kﬁ%memm The switch
fabric set forth in cl aimez8s.wherein: the switch fabric control neans
further noves pack- 14cThelmrivele fabtie squforeh inrclaime Ipivhexkinty of queues.
18. The switch fabric sl&tstizﬁchtfabﬁc@pirmeﬂnms@mndélwmwetrcthe‘ abric
further conprises: ?&K&I‘m@ﬁw rPnBAtKRL £ sinipglé gdlebd, t he packet mem

ory means in parallel Wﬁ‘é%&l‘?ﬂi‘t{?ﬂ‘?@ sk fé:‘iﬁmclaﬁ"i‘@ﬁe{v}ﬁ?éﬁ‘y means; and

the switch fabric cont ﬁ’ésWﬁ% AVRhiNE §mas pro packets to
nove the packets betwee hereth r{lg}nggﬂ for
|

swi t chi ng packets corrprl Qg rec IVI g Treans |
°

coupled to a pl ura % PiF ?rf{’oé ‘J}&%E Vtheg and

hol di ng substantlally éh
plurality of packet th SEWIBESt 0 a plurality of out put

ports for receiving sum%tspamﬁ,catton mmef%mgymﬁ ther {55y v
outputting the recei ved modemnskthesecondhmade;put ports, and rmeans for
transferring the packetuebs spedification natans for :peafymgghcqzinsaﬁtq t he packet
out putting nmeans, and wbfgeeuwes;ahd rate at which any of the plurality of
packet receiv- | ngswitehs fatadei omarol mamekfos setingdhpenrdsle of the
rate at which any other gachféaticit h¥any af@athe Oé;ueue speeiffationl i ty thereof
receives its packets.  jreans.
17. The switch fabric set forth in claim 16 wherein:
the switch fabric control means further moves pack-
ets between the queues in the plurality of queues.
18. The switch fabric set forth in claim 17 wherein the
switch fabric further comprises:
means for moving packets stored in the packet mem-
ory mesans in parallel between locations in the
packet memory means; and
the switch fabric control means employs the means
for moving packets to move the packets between
the queues.
19. A switch fabric for switching packets comprising
a plurality of packet receiving means coupled to a
plurality of input ports for serially receiving and
holding substantially entire packets from the input
ports,
a plurality of packet outputting means coupled to a
plurality of output ports for receiving substantially
entire packets and serially outputting the received
packets to the output ports, and

means for transferring the packets from the packet
receiving means to the packet outputting means,

and whercin

the rate at which any of the pluralxty of packet receiv-
ing means receives its packets is independent of the
rate at which any other packet receiving means of
the plurality thereof receives its packets.
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-22 - 20. The switch fabric set forth in claim19 further characterjzed
I n that: the rate at which any of the plurality ofThisiskihe repiacemont sheet
putting means outputs its packets is independent of the rate_at which
any ot her packet outputting means of the pluralit E@Behﬁﬁoﬂgbuts its
packets. 21. A switch fabric for sw tching packet npri si ng: packet s
recei ving nmeans coupled to a pl ural_ité/ of I nput ports for serially

recei ving and hol di ng sub- stanti a"l‘ ly entire packets fromthe input

ports; packet oubRutdin coupl.e a-pluratd f out put ports
for receiving su z%g.n?hé%ﬂv?ngtnﬁ)gcpgeékfiorm lge{’)’gﬂgn? tsfélr-t?'grl y outputting
the packets to t . ts; . ,pagket,. menpr a for storing the
packets:  packet H&FUEat whighary ofithg EE‘?‘lFfiynéPEé%g%aﬁﬁ'al ly entire
packets in parall el %me%;ﬁl{utsmp ets is igdependent 8fs  the packet
out putting neans, ankie rate @b Whiheranye Spgr t QwPuttigans for noving
substantial l'y entiremgaskef she plyrality theregfiQutpgis i PACkelSations in the
packet menory AbaAswitclp fabrihforswitehingpaoketoPOmPASIAZ L f urt her
character- ized bypacketsineckiviagrineans moupledrtons pbn{ahtmmfol ling the neans
for noving packets. inp28 poftspforkserially redeivingpand ihodding sbel ural ity of

recei ver neans for rstariially@npinelpatkets frofir tire inputtpdrits)ks; a plurality of
transmtter neans packdtr outplittigg’ means cm:;ildd:ctq)acﬁh!ra]it)ooﬁut put links; and
a switch fabric coupbespubpordor rbeeiping aibstantidlly entire packsi ver neans and
the plurality of trags@nkisetially ouipafiéng {ﬁtepmgtggtb fledbovtputavi ng conponent s

I n- cluding pa Jeceiving nmeans coupled to the plurality of

recei ver means for §S}Eét3;h5i!bd Cﬁbﬁﬁi‘ﬁn‘ﬁ% #ed Sackets;f rom the recei ver
means; ~packet out BhLgdiNgaHRRARSHEMPDIFSH tf i $hBltah¥aRy ~ transmitter
means: for serial |y oifauf baaaet?ﬁ's Pfalifel between the packet re-

ceiving means, the packet outputting means, and
the packet memory means; and
means for moving substantially entire packets in par-
allel between locations in the packet memory
means. '
22. The switch fabric of claim 21 further character-
ized by:
switch fabric control means for controlling the means
for moving packets.
23. A packet switch comprising:
a plurality of receiver means for receiving packets
from input links;
a plurality of transmitter means for providing re-
ceived packets to output links; and
a switch fabric coupled between the plurality of re-
ceiver means and the plurality of transmitter
o means, the switch fabric having components in-
cluding
packet receiving means coupled to the plurality of
receiver means for serially receiving the packets
from the receiver means;
packet outputting means coupled to the plurality of
transmitter means for serially outputting the pack-
ets to the transmitter means;
packet memory means for storing the packets; and
' packet transfer means for transferring the packets in
parallel between the packet receiving means, the
packet outputting means, and the packet memory
means.
the components being distributed over one or more
integrated circuits such that the packet transfer
means remains within the boundaries of the inte-
grated circuits,
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ets to the transmtter neans; packet nenory nmeans for storing the packets;
and packet transfer means for transferring the patkslisstherreplecementiBhes:

bet Wween t he packet receiving neans, the packet outputting nmeans, and
t he packet nenory means. the conponents bei nqqdi‘stziQ)W] er one or
nor e Integrated circuits such that the packet ehsfel” means
remains within the boundaries of the jpte- grated circuits.

- 23 - 24. The packet switch set f h in claim?23 wherein: the switch
fabric is subdivided into a plurality of switch nmenories, each switch
menory bei ng cou- pled to at | east one of the transmtters; the packet

switch further conprises broadcast bus neans,for, cqupl,ing the plurality
of receiver neans24. The packetwwitrhrsgh foBhsincplaimAS WASKEB the plurality
of switch nenori ether switche fahsric s tsubdivided| intof a tpluralityebi ver neans; and
each switch nenory switchaemores,deschsswitch memory beipg€REt accepting neans
for accepting only pledge at Ipastkene of ¢heitsamimittetsje switch nenory which are
to be output by tiie packenswitrch firaher comyprisds biruadcastabush nenory is
coupl ed. means for coupling the plurality of receiver means

to the switch fabric such that each of the plurality

of switch memories receives packets from all of the

receiver means; and

each switch memory further includes switch memory

packet accepting means for accepting only those

packets received in the switch memory which are

to be output by the transmitter means to which the

switch memory is coupled.
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