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=== (57) Abstract: Multiple network switches are configured having memory interfaces that transfer segmented packet data to each
other via a unidirectional data bus ring connecting the network switches in a single ring or "daisy chain" arrangement. The memory
interfaces are also configured for transferring the segmented packet data to respective local buffer memories for temporary storage.
The memory interfaces transfer the data units according to a prescribed sequence, optimizing memory bandwidth by requiring only

3 one read and one write operation to and from the local buffer memory for each segmented packet data being received and transmitted
through the switches.
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AND METHOD FOR SHARI NSINEWRNGLESING BABANSSTHMECHON BUS CONNECTI ON
CONFI GURATION 5 FI ELD OF THE | N¢ENRIGRAMONT esent invention relates to
conputer network interfacing and switching, and nore particularly, to an
apparatus and nethod for efficiently storing and forwarding data franes
within a "daisy chain" configuration of nultiple nultiport network

swi tches. 10 BACKGROUND ART A multiport network switch in a packet

swi t cHIRGD €8t THHE ENVENTION| ed to stations on the network through its
multiple ports. Data sent by one station on the network to one or nore

other st atThenpresnt iniventivet telarek tar@nfpent nbfoAUkrabify R8E WaitkhisgV 4n8 hmor NE
dat a 'p%nﬁﬁﬁM&,qg%tagpz}rznues zpn%tr\rlz\gfngd for efficiently storing and forwarding data frames within a

“daisy chain" configuration of multiple multiport network switches.

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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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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Additional advantages and novel features of the invention will be set forth in part in the

30  description which follows and in part will become apparent to those skilled in the art upon examination
of the following or may be learned by practice of the invention. The advantages of the present
invention may be realized and attained by means of instrumentalities and combinations particularly

pointed in the appended claims.
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network stations having different configurations, for example twelve (12) 10 megabit per second
(Mb/s) or 100 Mb/s network stations 14 (hereinafter 10/100 Mb/s) that send and receive data at a
network data rate of 10 Mb/s or 100 Mb/s,, and a 1000 Mb/s (i.e., 1 Gb/s) network node 22 that sends

25 and receives data packets at a network speed of 1 Gb/s. The gigabit node 22 may be a server, or a

d

gateway to a high-speed backbone network. Hence, the multiport switches 12 selectively forward data
packets received from the network nodes 14 or 22 to the appropriate destination based upon Ethernet
protocol. |
Each multiport switch 12 includes a media access control (MAC) module 20 that transmits and
30  receives data packets to and from 10/100 Mb/s physical layer (PHY) transceivers 16 via respective
reduced media independent interfaces (RMII) 18 according to IEEE 802.3u protocol. Each multiport
switch 12 also includes a gigabit MAC 24 for sending and receiving data packets to and from a gigabit
PHY 26 for transmission to the gigabit node 22 via a high speed network medium 28.
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Mo/ s physical_layer (PHY) transceivers 16 via respective reduced nedia
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multiport switch 12 also includes a gigabit MAC 24 for sending and
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30 enablpesynul t pfhg nmu Sﬂlag%??% gwgéfﬁ‘gscog%g?n@“%emg“é@é 5‘(5%8”? gégﬁ'ﬂlﬁ' nges a

separ KM 38 ortraiaeatrredaigorate. suffirigne to &rable sBiulgheouRirmgmiksiohiahd rception of data
packets by each of the network stations 14 to the corresponding PHY transceiver 16.

Each multiport switch 12 also includes an expansion port 30 for transferring data between
30  other switches according to a prescribed protocol. Each expansion port 30 enables multiple multiport

switches 12 to be cascaded together as a separate backbone network.

Shared Memory Single Ring Architecture
The present invention is directed to a network switch arrangement that has the capability to

minimize the required memory bandwidth. Multiple network switches are connected in a concatenated

35 sequence (i.e., "daisy chained") via a single ring architecture. This architecture advantageously permits




The present invention is directed to a network switch arrangenent that has
the capability to mnimze the required nenory bandw dth. Miltiple thﬂrzm
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| engt h. ny °Fi4‘bnally, t he nunber of data units correspondl ng to each
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correspondi Rg}to the three network switches 36 a, b
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equal segmEdks. buk M9as Ecaied Hefide BRAGHIIRIY intdrPRe 38 UE Rhet SEHAMS36RLLtha: the
memory interface may communicate the buffer address location of data frame segments when they are

either being written in or retrieved from the local buffer memory 36. Preferably, the address bus is an
30  18-bit address bus running at 100 MHz.

Preferably, each data frame received by a network switch 12 is segmented into data units of
equal length. Additionally, the number of data units corresponding to each received data frame is equal
to the number of network switches in the arrangement (e.g., three in the arrangement shown in Figure
4 corresponding to the three network switches 36 a, b & c). As an illustration, Figure 5 shows a data

35 frame that is divided into three equal segments. In a preferred embodiment, the segment lengths are a
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reads the dgig, qUMa2hARE id RELSLD fﬂo@t fBe id ?‘hm ¥en] opi%f : naga%h & éli;'ed %rﬁrléxn

time slot 7 as shown in Figure 6 i nce ransm 'g SWi ’gl r eady
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17 J UNn@gf@qpsV@tg Ihmtyggntp@qeyswgz@@:g&mple discussed above, if switch 12a is going to

30  transmit Frame A over one of its ports 24, an address location for a frame is transmitted by memory

interface 44a to the other memory interfaces 44b and 44c over the address bus 48. According to the

prescribed protocol, each of the memory interfaces accesses the addressed memory location within its
respective local buffer memory 36 and reads the data contained therein into the memory interface 44
during a time slot 7 as shown in Figure 6. Since the transmitting switch 12a already contains the first
35 data segment A,;, this segment is held by its memory interface 44a during subsequent time slots 8 and

9. During the next time slot 8, the memory interface 44b transmits the data segment Az to memory



8 interface 44a over data bus ring 47 where it is held for re-assenbly of
the frame. Sinultaneously, nenory interface 44c transnmts data segrria%tJUW?ﬂﬂlp
to menory interface 44b. At tine slot 9, the data segnent A3l is ‘
transferr 3@ BP4Enory interface 44b to nenory interface44aPCEUSANINPI3 at t he
end of tine slot 9, the frane Ais re-assenbled and transmtted to the
ports 24 for transm ssion over the network. 5 The foregoing arrangenent of
the present invention affords the systethwith only one read and one wite
access requirenment per data frame. Thus, the nenory bandw dth of the SSRAM
and t he infgrfage 44y overidatp uarringed Tnubarenitzs dueldvfior roasseraly oh thedrase. Simubarrguslait h.
For exa badi onl Y. heguihes a
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scope of j D . tvor k
swi tch a?rn% g’ﬁé%n%ﬁggg%ﬁ%}e?{s ng?t}ﬁaégﬁhég%cyﬁglaﬁi E I pcg%ﬁh%?sv\or ﬁ @\(}mﬂﬁgﬁgs
(12); 5 bas phgraalbe maxipfizddowishoubarf ihereaseimipand wisith(. F6) xample ha péfetrdtcemhiodinghi afy of

| ocal b i i kgﬂi j orrespondi ng mul ti port
net wor kqé%/\ﬁsgﬂﬂ?%?gﬁa{%@ﬁlsapﬁin?gw@g??l ona%lﬁdcfgfagwg'us ring (47) connecting
t he plural it yWhile thist inverition $ws beshelesqribgd with what o peteatipicekidered uerveahe easgth
mul t ypor.t i 2) . Qnf.i gur f.or. segnenting . orrespandi ng
Focel§ oo BRIheR Yk Blmrt i 1P o Bt la s W RREOT S bR b SPERREL
one of tdmbodigests, bunghhths epneary.sist ntentled easbvaxnwrioes modifieatinhs tahéd eyuivelemar t

k j . _ .uni di [ | . [ 47) f
ct or age ‘THMeRRES phaly Rk i Bl B ARSaruR VBher B, "ot her one o the

mul ti port network switches (12). 15 2. A network switch arrangenent as
claimed in claim1, wherein: each of the plurality of network switches (12)
has a corresponding external menory interface (44) configured for
connecting each corresponding network swtch (12) to the unidirectional
data bus ring (47), each external nenory interface (44) also 20 configured
to read and wite segnents to each |ocal buffer nenory (36) associated
with a corresponding 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 network switches (12), the
address bus (48, 49) configured for transmtting a nmenory. address | ocation
poi nter that points to a particular nmenory |ocation wthin each of the
plurality of local buffer nmenories (36).




30 4. A network switch arrangenent as clainmed in claim3, wherein: 17 JUN
2004 10 the address bus (48, 49) is configured to transmt the nenory
address location pointer for at |east one of the purpose of retri eyi Bg ﬂ]@d
storing the equal length segnments within the |ocal buffer nenori e$ (J )2 5
5. A network switch arrangenent as clainmed in claim3 or claim4, wherein
the address bus (48, 49) is an 18-bit data bus. 6_ A network switch
arrangenent as clainmed in any one of clainms 1 to 5, wherein the network
switches (12) are configured to each hold and transmt a segnent of the 10
data frane @ROFOSEDTIECINISVe tine slots, wherein transm ssion of a segnent
is made. 7. "A network switch arrangenent as clainmed in any preceding claim
wherein the wunidirectional data bus ring (47) is a 64-bit data bus. 15 8.
A network swi t chaglehastd SWRIA ardebhal @Bfpkidn@ny preceding claim wherein the
uni di rectional data bus ring (4%) opera?es at a clock speed of 100 MHz. 9.
A networ k swi t cha phwaiiyefenlipas newarkavdtches @Phi m 1, wherein: each of the
plurality of net 16 : ; fid 20 for
Cont rol17ng the. § PRy oL e I R A S G it 2
plurality ofmeneiesvi3®) tenig chuph:d(Wif) a ceaespohding mudtiposc adtwaned swigdha(1Bhs ri ng
(47) according to a prescribed protocol and al so configured for
controlling af‘%e‘ reading and witing of data segnents in the respective

| ocal buffer menerigdirdabal dienes nvidghesBchrdediag 16 Opludhlite of snepegient s to
be held within the respective 25 network switch (12) and directs segnent s
to be transAMiEhEs Gobdn theonsicated cSeARRSS. c35h BulsRert fefyor ek (i Hg
prescriped thifmusdotc &gﬁﬁﬁtlﬂgnﬁ%ﬁé*ﬁ@ﬁdih@%c&ﬁe@ graPfr@ne ihbeshuapteag@col ; and
wherein the schedul er (60) al'so directs the witing and readi ng of segnents
to and fromesrennis angurapalerting ab iquaone 96 thepaudl densHyscgmeplsdo By eas apgsby
protocol - - 3Qnd At MGt ddwbli s\é}gcﬁat (9floledin iGN A8A pht el Rgrydat a
frames conprising the Steps of (a) receiving a data frame (A) al a network
swi t ch (12a)forcsmoragcinahl kocalbuffat membiyd36) afghe( at 19ust 4rioyhedpad off the mukiipotiat a
frame (A intooa%gl%lrgl,{ltﬂ of equal data segnents (A1, 5 A?,, A31l); (c)
determ ni ng,ue[a‘f"cé ki g's 0”a prescribed protocol, for each of the plurality
of dat® segnents whether the data segnent is to be held within the network

switch (12a), or trans e‘rr,elc)i to one or redl.ot_F%rl nefwork swi tches (12b,
12¢) connected t & TRECHSC Bﬁ%"*?‘ﬁ‘@}a(’ﬁ%}f‘c Beryy L VaHEW tti ng data
segnents that hayghbéereme QRirality dfe@ddok shirchies f(82) R St@fesphling exiérthe one or

nore ot her network switches (12b, 12c); and . .
memory interface (44) configured for connecting each corresponding network switch

(12) 1o the unidirectional data bus ring (47), each external memory interface (44) also
20 configured to read and write segments 10 each local buffer memory (36) associated

with a corresponding network switch (12).

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:



(e) simultaneously storing all of the plurality data segnents (All, A21,
A31) in |ocal buffer nenories (36) corresponding to each of the ne&m?@h
switches (12a, 12b, 12c). 15 11. A nethod as clainmed in claim 10}7 rn:
step (a) conprises receiving a data frame (A) at a first switch (12a) of a
plurality of switches (12a, 12b, 12c); and step (b) conprises segnenting
the data frame (A) as it is being re c5—:'ived into a 20 plurality of equal
data segnents (A1, A1, A3l); step fd) conprises holding a first data
segnent (A,,) of the plurality of equal data segnents (All, A21, A3i) in
the first sw tchyfeldajesObasiP 40) Weahfidiredio bt Mesméhadd, addkdocatidg) during
a first tinme slot; transferri nﬁqea second data segnent (A21) to la cond

S
switch (12cposfertfae at dgsipeng off fheypugposs gt trelsisuing 1oyt oRRg He RrlalBER i ng
(47) and hol.dj : SEREMe)I N the second switch (12c) during
a second ti rsrgng%lq'és{‘bﬁprﬁgﬁeg er??frﬁegntlhe se((:%sr)ld data segnent (A21) to a third
swtch (12b) of the plurality of switches (12a, 12b, 12c) via the data bus

ring (47), and transferrin thir ; 8 G o) nd

Gui foh TL2ch-vi a A Pava s Bh e isgpr St ABe A Flm o St by, WiErRERET
segnent ( A3Lidress Huhe48, BDyid us WB-birldaadbdh) during a third tine slot, and 17
JUN 2004 12 step (e) conprises storing the first (A 1), second (A21) and
third (A31) data segnents in the local buffer nmenories (36) coupled to the
plurality ofs sw tach®sodidlich afr@ERRGH Y Bladmedin 289 oBNEF @inishao Siwhdeihi me
slot. 5 12. A nmethod as clainmed in claim1l, further conprisi ng the steps
of , retrievithgnarwerkpiwiiches (19) o cepfiswredfarcach Bolduned drapsmpit 2 spement aBHe oyt of
the I §§PCC il alnBUbAREntVE ARIe/ss, Whneifhsfihsn/op U st dindot Wnatb Ol
transmtting AT of thE retrieve segnents which conprise the data frane
(A) to one or nore of the plurality of swtches (12) according to a

prescri bed otocol . via . ¢ i.dir i l, t uring
subsequent (I% nse éj e ﬁwﬁh é{}%fgsg ng?ﬂ[aé (rz&ﬁeﬁg&ﬂlf 0 g ?’%%c‘?’ﬁgrgfagﬁg?&éi% 83@
t ransf er r i ngmilidecidnat deda Besginer(4?) i§ A4-hitBhia.bud31l) within the one or nore of

the plurality of switches (12a, 12b, 12c) to ports within the switches for
transm ssion over a network. 15 17 JUN 2004 2 u 1 a i/au 1- tionai

Appl i casion go PGETASoRAIRR 3 arenEhiAS Bl dth €N ol pidce St I RGH, WIRTETERe
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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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, 12c); 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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a network.
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