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10 BACKGROUND ART

A multiport network switch in a packet switching network is coupled to stations on the
network through its multiple ports. Data sent by one station on the network to one or more other
stations on the network are sent through the network switch. The data is provided to the network
switch over a shared access medium according to, for example, an Ethernet protocol (IEEE Std.

15  802.3). The network switch, which receives a data frame at one of its multiple ports, determines a
destination network station for the data frame from information contained in the data frame header.
Subsequently, the network switch transmits the data from the port or ports connected to the destination
network station or stations. _

A single Ethernet network switch may have a number of 10/100 Mb/s ports, equaling, for

20 -example, 12 ports. The number of end stations connected to the single network switch is limited by the
number of ports (i.e., port density) of the network switch. However, users of networking devices
demand flexibility and scalability in their networks. To address this need, modular architectures have
been developed that enable cascading of identical networking devices or network switch modules. By
cascading these devices (or components) in a loop, port density can be readily increased without

25  redesign or development of costly interfaces.

Unfortunately, as the number of cascaded switches increases, so does the system latency (i.e.,
the aggregate processing delay of the switches). System latency is attributable, in part, to the manner in
which the switches store and retrieve the data frames in memory. One traditional memory architecture
employs individual, local memories for each cascaded switch, as shown in Figure 1. In this example,

30 three multiport switches 12a12b, 12c, are cascaded together to permit the exchange of data frames
received by any one of the switches and subsequent forwarding of the data frames out of a different
multiport switch. Each of these switches 12a12b, and 12¢ has a memory interface, 44a, 44b, and 44c,
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17 SUN 2<P Qéback with this common memory implementation is that the increase in memory bandwidth also

results in a proportionate increase in the pin count. An increase in the number of pins

disadvantageously requires more area on the circuit board, resulting in greater package cost.

SUMMARY OF THE INVENTION

30 There js a need for an arrangement to connect two or more multiport network switches
together to increase port density, without increasing the memory bandwidth and a corresponding
proportionate increase in pin count.

This and other needs are met by embodiments of the present invention which provides a
multiport network switch arrangement having a plurality of multiport network switches each having a

35 corresponding local buffer memory. The network switches in the arrangement are configured to
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35 sequence (i.e., "daisy chained") via a single ring architecture. This architecture advantageously permits




Figure 4 is a block diagramof the switching systemof Figure 3 in further
detail according to 5 an enbodi nent of the present invention. As Shiznj h%m
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i ndi cat eite sharinfeofamemasiesl Gero®t fuBiplee sWilched @EREARhiMimitiRe thirbuiRe t ARGy
dat a bu%e@.é@ﬁ?ggiged of Bﬁlﬁt dat a bus rqneg;)gg at 100 . .Each” of
t he swi teHed T3 ‘6‘8%%8%8}% eqryge &) thay it regyir raysimgde mempryqgeassifaror
st ori ng wriliag athl B thémeroi§ahda bihAERRmoLREE fbr falifk 8RS Froffthd EmdRy! t i port

is configured for recelving frane

swi tch rmdul%s. For agéa .€, SSE@M 36a . ] .

data as dat a thif% & 0@{‘%8’#1? ghis syikhinesxsiern pf Eigure Hin fagher deotpil agsoming to

nodulSes ad 2fbodirBnt ¢fNHe prGent inveAkdd, BB ¥REWN i Fighdeal f‘caé}g?ﬁ;tipgtjlgrgug& fholifie 12
S

configured for hol di,ntg and transferring data uni ata erther to

the cor MENISHYPRGOD jRtFdace 44 fordividing a frme inteeayehiesments opfata uits, andrAvtpptting
i nt er f agi@Sseddhentd of thBQedéiVed idhd FrahBNR|dafdalnfts Bititer rohﬂgahéﬁ? i)f?{]ﬁt {PhE f16dar bitter
y, each of the menory

anot her | ocal buffer_ nenory 36. Additional .
i nt er f ad¥Tom(ien SSRANS 36) & neidirestionairdasa biasies i  for g@nsfof ghmdata hutstthe

" Wri ti ng addtBerbREH hdnd?y 36 & AsiHsle bifecRSt WL él&&w@e%r@étioﬁ%s g{(ahsc(%érg? gg gQiLbIIfO St ai |

rrermow es 36 according to a prescribed access protoco
bel oW wi? Fiepesp Seaferalyy pheyunidiregtionaldatatus ¢ isisomprised o€ b 64-bit daja bey ruaBng4ti 160t s a
prescri gl protocol that determ nes whether a given data unit should be

transferred to the corresponding nmenory 36, or should be transferred to
anot her nmemoEgeh Pibe syisches 42 hasycqrigspondiag lacal buffermement 36 canfigwred farrstaaigr ess

| ocat i ordsta\idnitdu I , : seatd I t nor
ta\ihit o Hata FPandds redBE0EGI ea&i%ﬁﬁ@fnﬁﬁngo@ %tcﬂxhgﬁﬂegglﬁgre_ ﬂﬁe y

i nter fgges 44 to communi cate nenory |ocations to eac addi t1 on,
an addr e8%1si5Qufigneed;fer reeriving amedafpasidamanits fop desn fraies reedived dy 4achaof dhessdteh
SSRAM 3ncagled 18, 195)8nd TOED! Macl RertdEyy ems;gw' SS
| ocation of ed,at a frarxrle segnearﬁttlsge\%?ﬁe)ﬁﬁt% ey 4aér:e I F@%@%&%{@@gﬁg?&%&m
ret ri ev&@yirEng datunits ebframe datasithersprthe gors@pordingf twffabingmory B6, oa twianetier tngsfi s
an 30 h& Rbhorpdsle@Rss B4 Sialth G Méﬁn-,, ) me
recei ved by am%et wor kS SW ltacdﬁm%&?ag%sngé%gant e |g§%§;°ga{m]géf %r%? ?‘Z& gl”f‘qgéégﬂ‘gffe
| engt h. MCROFY 3onal | y, the number of data units corresponding to each
recei ved dat saddfdfiRly Sach®fahe mefofy WeRHAD A iffludde B4 CFHE schdlulel B0
arr enment (e.g., three in the arrangenent shown in Figure
cor rek pSAMrdythe oviiting andy rseding pladatk unite batween 16 phurallty of ddcal Wgffeanmemories 36
il lustraktéddine B 9 . ' V] '

ng B3 8 precribed NRUSS BroiRbR gddribdefiPadkdiPbeld s }ggpggﬁ]{gnglg%&'ag@g I

equal segnents. | preferred enbodi nent, the segne
2004 \PAtitulay savh spictiniest) effeGInprescbasiotosatite determingshyhether & gpen data @nivf
the | enghbui®be LRRMEHEES HRE - et Bt
di viding the eFnaxi mum f rgﬁne °f’é‘%§?ﬁ‘@?ge’g‘;’? 3?’5‘%6%@?2% trg&%@erge%ﬁégﬂz&gﬂf éxﬂc ket
For mat ) W5 3cRd4. nunber of segnents (i.e., 3 in a preferred enbodinent).
Hence, if a data frane is received that is | ess than the maxi nrum frane
| eng2$, the meBREYo dRMbRGR tHiouERNid Wi s‘rgaﬁg !
accordin tgréﬁhe redet eur,m"ned | engt ﬁ%g}%&&t{r&gﬁm ni ﬁﬂfseg &{rlﬁ%é’ ag;}g ?slsquéd by
" dunmmy"” §é RV§ tpgmegmory ipfer f?\‘)es%‘Oc%’amupﬁétemloeﬁtlos%&gmqf,hqrdmddiéom he
sane f Oran@dadssiik A9TiE A6ated beiwebd éich%&g;r} thedrbRH 148 and ehth dﬁtké?i%@éoec/@’ ke

a data IS

operation of a preferred network swi tch ‘arrangenent, rame

assumed RERopeintegacs Hacogymynicate thehwlior address Ipeation afidats frame scemesowhen they @e, 24

and 30) either$¥in 3! i i f LYk rame
A te;be rrt§r y ?ﬁ}ltﬁg%{fg,cfgqﬁgﬂg i@?&giﬁ’%arllgh@anﬁrée I ? é} #fg%ﬁahlﬁ’gtgé Xe‘?q‘%%ﬁ ggstelgr?e nts
(i.eV EET",“aA@ES:Sb&SWB&‘}‘ga‘LWWYa first time slot 1. The schedul er 60a

desi gnat es t h@dferablpCeatth Hﬁlﬁ fidfab E’ebcélv#d & a hdiGok nh$ ?&e@rg@rﬁ% &at

all ocated for storage in |ocal buffer nenory 36a an ‘4§mts of

a .
uses e ftrrst unit

Al to (5894 ngthyfdditiopally. shenumberrof datp prits comesppnding o each reasived data frame fsaqeal 44a

at the te6#d nainbért nbiwoll sviiich® i® h{étartﬁ%eﬁmggg.%j?u@ig tHeSyran cmén%tirsggwr?insﬁ gad

consecutj ve tigf slot 2, the scheduler 6 rects the I nterface
1R

44a to t4_r°£H§sfP_8 §hie té"eg’&?‘?d‘elﬂﬂﬂf switchest 3613, b &ii_e)c- Asfap aliustrationshigere 9 shows 4 8ataver
the 38 dia@Ghdt M BVidRLST thRS efuhl seEREntTBITR bibsdrfal %fxéoarﬁﬁlerﬂ?@a ge}gn%em lE%Fhsi’%% an)

recei ves and holds the second unit A21 in a tenporary er (n
during time slot 2. Simultaneously, the schedul er 60




determ nes and transmts the nmenory address for frame A to the nenory
interface 44c. During a third consecutive tine slot 3, menory intenflags Aga
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2_ A network switch arrangenent as clained in claim1, wherein: each of the
plurality of network switches (12) has a correspondi ng external nemby yUN 2004
interface configured for connecting each correspondi ng network switch
(12) to tW q}(‘?'f‘%ﬁr ectional data bus ring (47), each exter ngcrwémw%
‘interface (44) also 20 configured to read and wite segnents to each | ocal
buffer nmenory (36) associated wth a cg)rrespondl ng network switch (12). 3.
A network switch arrangenent as clainmed®in claiml or claim2, further
conprising: 25 an address bus (48, 49) connecting each of the plurality of
net wor k iBtaface Héa overidaia busiringATdwesse ithis deldAfer retasperetiv f therfeaser Simultaneously,
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arr angerian tma@ndpb a;amdzqdnwamat siecredse ¢ bendwidth. For &amplegr mrefarred dmebodiatenoafk

swi t che lh@apsmt a segment of the 10
dat a frzlr]féﬂr &erﬁ%ﬂl Er?%eéf?lﬁeaﬁglsgm%ﬂg‘}aelbﬁgtransm ssion of a segnent
is nade. 7. NVhEt tlmsrinvsmon tihs beenalespribed twithswindt 48 pestntly camsiderpd e édithg mobtai m
wher C t ! 8.
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uni di r ecimbodiaientd.abut, lmsthelqmgtra(rﬁjs opended es caVeravarioux: modifieatibno fand OQuivkient 9.

A net wor i . ) n .cl wherein: each of the
pl urali ta?ao%%gt?\‘/\%?l{ggg% C es%%i%ﬂﬁﬁ ozgthsec fnéO) configured 20 for

controlling the transniSS|on of equal length segnents to other of the
plurality of network switches (12) over the unidirectional data bus ring
(47) according to a prescribed protocol and al so configured for
controlling the reading and witing of data segnents in the respective

| ocal buffer nenories (36); wherein the scheduler (60) directs segnents to
be held within the respective 25 network switch (12) and directs segnents
to be transmtted over the unidirectional data bus ring (47) during
prescribed tine slots determ ned according to the prescribed protocol; and
wherein the scheduler (60) also directs the witing and readi ng of segnents
to and fromlocal buffer nenories (36) according to the prescribed
protocol. 30 17 JUN 2004 11 10. A nethod for receiving and storing data
frames conprising the steps of (a) receiving a data frame (A) at a network
switch (12a) connected to a data bus ring (47); (b) dividing the data
frame (A) into a plurality of equal data segnments (A1, 5 A?,, A3l); (c)
determ ning, according to a prescribed protocol, for each of the plurality
of data segnents whether the data segnent is to be held wthin the network
switch (12a) or transferred to one or nore other network switches (12b,
12c) connected to the data bus ring (47);

r-l




10 (d) transnmitting data segnents that have been deternmined for transfer in
step (e) to the one or nore other network swtches (12b, 12c); and (e)
simul taneously storing all of the plurality data segnents (All, A2} ﬁﬁ’]l@ﬂh
in local buffer nenories (36) corresponding to each of the networﬂ<7J
switches (12a, 12b, 12c). 15 11. A nethod as clained in claim210, wherein:
step (a) conprises receiving a data fgane (A) at a first switch (12a) of a
plurality of switches (12a, 12b, 12c); and step (b) conprises segnmenting
the data frame (A) as it is being received into a 20 plurality of equal
dat a segnentpRQFOSED IM81); step (d) conprises holding a first data
segnent (A,,) of the plurality of equal data segnents (All, A21, A3i) in
the first swtch (12a) of the plurality of switches (12a, 12b, 12c¢) during
a first ting, sl OkneEvl}&E%&zﬁU{hM\g@m&ﬁQ@iﬁgnﬁﬂéa segnent (A21) to a second
switch (12c) of the gwgra ity of swtches (12) via the data bus ring
(47) and hol di ngaphléalﬁlée ltmattaﬂ@ég%fﬁwﬁ(ﬁ”x he second switch (12c) during
a seco time sl gjﬁggé (A93doat bgreg third
switch (12b) of ?h‘e‘lw{t?&?gﬁa{bm{%%‘??ﬁgw(é%%af?‘g tg Vi a theédata bus
ring (47), amshorieag3f)dwridgncpuplaihvitida cdat:ammlagmdnp(mathdt swigchs@eébnd
swtch (12c) Xla the data bus ring (47) and holding 30 the third data
segment (A3#€in the third switch (12b) during a third time slot, and 17
JUN 2004 12 st epa(@idig@emidl S&s HudT fifdd (47{)ecdnnéfﬁihg(ﬁ&lﬂluraﬂsxegcmﬁd\e(\#&k) and
third (A31) data segnents in the local buffer rmrles %"Iie) cci)ler ed to the
plurality ofwighes ek i 1D roncapesassd SeAydrs: cash W “@ﬂﬁ HEWPH VR &' i ne

slot. ppyl2. c&ﬁ%ﬁ}é@ﬂy%gﬁkﬂ[@ﬁj chifespbAding IckeivEd ldhaiaefrafi® Mol &juAdichBa St eps

of, retrievin he plurality of equal data segments (Al, A21, A31) out of
the res pectstgmenlm@m@a&frm ainlsypiane oF feeyugd d?qgﬁigscamcaw@ At kepshanethdst -

transm ttl Ngaabt w@mlififod ﬁé:%&vgflwﬁ@ampmw GHAER B ¥6ralthS ad@ i) rame
(A) to one or more o l'urality of swtches (12) according to’a
prescribed potwes 1n\zhmlocam>uffnemmom (B@afitpatleaddnatisn ong dftge giitipotiur i ng
subsequent consec Cu““i\ﬁﬁ uge slots after the fourth tine slot; and
transferrln [a‘fﬁr o 1T ments (All, Ali. A31) within the one or nore of
the phksrality of switches (12a, 12b, 12c) to ports within the switches for
transm ssi on, over WOr 15 17 JU a i/au 1- tionai
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to the extent that such docunents are included in the el ds sear ched
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3. A network switch arrangement as claimed in claim 1 or claim 2, further
comprising:
25 an address bus (48, 49) connecting each of the plurality of network swirches

(12), the address bus (48, 49) configured for ransmitting a memory address location
pointer that points to a particular memory location within each of the plurality of local
buffer memories (36).

30 4. A network switch arrangement as claimed in claim 3, wherein:
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unidirectional dara bus ring (47) operates ar a clock speed of 100 MHz.

9. A network switch wrrangement as claimed in claim 1, wherein:
each of the plurality of network switches (12) has a scheduler (60) configured
20 for conuolling the transmission of equal lengrh segments o other of the plurality of
network switches (12) over the wvnidirectional data bus ring (47) according 1o a
prescribed protocol and also configured for controlling the reading and writing of data
segments in the respective local buffer memories (36);
wherein the scheduler (60) directs segments to be held within the respective
25 network swirch (12) and directs segments to be wansmitted over the unidirectional
dara bus ring (47) during prescribed time slots determined according to the prescribed
protocol; and
wherein the scheduler (60) also directs the writing and reading of segments 0
and from local buffer memories (36) according to the prescribed protocol.
30
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bus ring (47);
(b) dividing the dara frame (A) into a plurality of equal dara segments (A,
5 A, Azik
. (c) determining, according 10 a prescribed protocol, for each of the plurality of
data segments whether the dara segment is 10 be held within the network switch (12a)
or transferred to one or more other network swiiches (12b, 12¢) connected to the data
bus ring (47);
10 (d) wansmiuing dara segments that have been determined for wransfer in siep
{c) 10 the one or more other network switches (12b, 12¢); and
(e) simultaneously storing all of the plurality duta segments (Ajy, Az, Ay) in
local buffer memories (36) corresponding 1o each of the nerwork switches (121, 12b,
12¢).
15
11. A merthod as claimed in claim 10, wherein:
step (a) comprises receiving a data frame (A) at « first switch (12a) of a
plurality of switches (124, 12b, 12¢); and
step (b) comprises segmenting the data frame (A) as 1t is being received into a
20 plurality of equal dara segments (Aq;, Az, Ayl
step (d) comprises holding a first dara segment (A,;) of the plurality of equid
data segments (Ay;, Az;, Asy) in the first switch (12a) of the plurality of switches (12a,
12b, 12c¢) during a first time slot;
wransferring a second data segment (Aay) to a second swiich (12¢) of the
25 plurality of switches (12) via the dara bos ring (47) and holding the second data
segment in the second switch (12¢) during a second ume slot;
wansferring the second data segment (Az;) 0 a third swiich (12b) of the
plurality of switches (12a, 12b, 12¢) via the data bus ning (47), and wansferring a third
data segment (As;) 1o the second switch (12¢) via the data bus ring (47) and holding
30 the third data segment (Asz;) in the third switch (12b) during a third time slot; and
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step (e) comprises storing the first (A,;), second (Ax) and third (A3;) data
segments in the local buffer memories (36) coupled to the plurality of switches (12),
respectively, at an end of the third time slot.

12. A method as claimed in claim 11, further comprising the steps of:

retrieving the plurality of equal data segments (A, Az, Azp) out of the

respective local buffer memories (36) during a fourth time slot;

transmitting all of the retrieved segments which comprise the dara frame (A)

to one or more of the plurality of swirches (12) according 10 a prescribed protocol via
the unidirectional data bus ning (47) during subsequent consecurive rimg slots after the
fourth rime slor; and

transferring all of the segments (A,;, Az, As) within the one or more of the

plurality of switches (12, 12b, 12¢) 10 poris within the switches for rransmission aver

a network.






