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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 den51ty can be readily increased without

25 redesxgn or development of costly interfaces. .. -

- Unfortunately, as the number of cascaded swntches increases, so does thc system latency (ie.,
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 cach cascaded switch, as shown in Figure 1. In this example,

30 three multiport switches 12al2b, 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 12c has a memory interface, 44a, 44b, and 44c,
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25 width of the memory interfaces 44a, 44b, and 44c may need to increase to 128 bits. The main

drawback 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 is 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 comesponding
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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25 time slot. At the end of the third time slot, each of the first, second and third segments is then stored in

r!

a respective memory corresponding to each of the plurality of switches at an end of the third time slot.
The above method serves to distribute the segments of a data frame between the memories of

the switches. Hence, the method affords lower bandwidth requirerments {or each the switch memories.
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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Switch Architecture Overview

Figure 3 is a block diagram of an exemplary system in which the present invention may be
advantageously employed. The exemplary system 10 is a packet switched network, such as an Ethernet
20 (IEEE 802.3) network. The packet switched network includes integrated multiport switches (IMS) 12
that enable communication of data packets between network stations. The network may include
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
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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25 12 and up to four (4) network stations 14 via the RMII 18. A magnetic transformer 19 provides AC

coupling between the PHY transceiver 16 and the corresponding network medium 17. Hence, the
RMII 18 operates at a data rate sufficient to enable simultaneous transmission and reception 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
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25 In order to communicate the buffer address locations within the arrangement, an address bus
ring 48 allows the memory inter faces 44 to communicate memory locations to each other. In addition,
an address bus 49 is located between each memory interface 44 and each SSRAM 36 so that the
memory intcrface 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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25  transference of the segments to the local buffer memories for a data frame received at switch 12a.

When a data frame is retrieved from the local buffer memories 36, each of the memory

interfaces 44 retrieves the corresponding data segment from its corresponding local buffer memory 36.

The location of the segments is delineated by an address location transmitted by one of the memory
interfaces 44 to the other interfaces. Using the example 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 Ax; to memory
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for a data franme received at switch 12a. Wen a data frane is retrieved
fromthe |l ocal buffer nenories 36, each of the nmenory interfaces 44
retrieves the correspondi ng data segnent fromits correspondi ng | ocal

buffer nenory 36. The location of the segnents is delineated by an address
| ocation transmitted by one of the nenory interfaces 44 to the other
interfaces. Using the exanple discussed above, if switch 12a is going to 30
transmt Frame A over one of its ports 24, an address location for a frane
is transmtted by nenory interface 44a to the other nenory interfaces 44b
and 44c over the address bus 48. According to the prescribed protocol,
each of the nenory interfaces accesses the addressed nenory |ocation wthin
its respective |ocal buffer nmenory 36 and reads the data contained therein
into the nenory interface 44 during a tinme slot 7 as shown in Figure 6.
Since the transmtting switch 12a already contains the first 35 data
segnent All, this segnent is held by its nenory interface 44a during
subsequent tinme slots 8 and 9. During the next tine slot 8, the nenory
interface 44b transmits the data segnent A, to nmenory "Il WD 01/ 54355
PCTI USOCQ' 20033 8 interface 44a over data bus ring 47 where it is held for
re-assenbly of the franme. Sinultaneously,




menory interface 44c transmts data segnment A31 to nenory interface 44b. At
time slot 9, the data segnent A31 is transferred by rrermr interface 44b
to memory | ROMPRB44a. Finally, at the end of tinme sl ot PGNP ane A s
re-assenbled and transmtted to the ports 24 for transm ssmn over the
network. 5 The foregoing arrangenent ofgthe present invention affords the
systemwi th only one read and one wrlte access requi renent per data frane.
Thus, the nenory bandwi dth of the SSRAM and the data bus ring can be

maxi rri zed,wiph i lostheq@f | NCcrease in bandw dth. For exanple, a preferred
enbodi nent of the present systemonly requires a 64-bit w de SSRAM and
data bus. Wiile this invention has been described with what is presently
considered to be thé& nerwek swildh apargeténcedmppisiag: er r ed enbodi ment, it is to be
under st ood that the, ‘g}xﬁy&imn S Q%rks{wgghged to the disclosed enmbodi ment s,
but, on the contrarylg 1s"1n 3 d 1o Cover various nodifications and
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configured for connecting each corresponding network sw'tch e menory
data bus FXFFE BERORY m@sﬁceraﬁa@%wm s ‘F*ﬁ‘taé? EESeBPAY ‘EG?PF‘llEfﬁ]r@’ge’t BMEAd and
wite segnibtiged withaaohespandial ndrudrk ewitcienory associated with a correspondi ng
network switch. 3. The network switch arrangenent of claim1, further

compri Sing: ansaddrARs.Qus shRMRGIkAG S5 Plruliliopbilif |ty Of network

switches, the addr ess bus configured for transmtting a nenory address
| ocation that pbiaddress bys songentips ceahaf e pB¥ality efcBaIVerK sWitFhepi the @gdiess &8s t he

plurality ceffighted @r vakkhfithg MRidMbryQadress location that points to a particular memory location

within each of the plurality of local buffer memories.

4. bus in configured to transmit the memory address location pointer for at least one of

the purpose of retrieving and storing the equal length segments within the local buffer memories.

5. The network switch arrangement of claim 1, wherein the network switches are
configured to each hold and transmit a segment of the data frame during consecutive time slots,

wherein transmission of a segment is made.

6. The network switch arrangement of claim 1, wherein the unidirectional data bus ring is
a 64-bit data bus.
7. The network switch arrangement of claim 1, wherein the unidirectional data bus ring

operates at a clock speed of 100 MHz.

8. The network switch arrangement of claim 3, wherein the address bus is an 18-bit data

bus.



4. bus in.configured to transmt the nenory address |ocation pointer for at
| east one of the purpose of retrieving and storing the equal |ength
segnent s wwadisesshie | ocal buffer menories. 5. The net wor lecsusboriooss
arrangenment of claim1l1l, wherein the network switches are configured to
each hold and transmt a segment of the data frame during consecutive time
slots, wherein transm ssion of a segrﬂ@nt I's made. 6. The network swi tch
arrangenent of claiml1l, wherein the unidirectional data bus ring is a
64-bit data bys. 7. The network switch arrangenent of claim1l, wherein the
uni di rectionag dat Ehegavork sigich asm3ngemers of glpimel, kompisiag of 100 MHz. 8. The
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and transmittifg"” al“’f Faéff*?é'%a EEHTI A gl °§f"éf§§esof receiving a data
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second t ispgmest ipthe second switch during a second time slot;

+O

transferring the second data segment to a third switch of the plurality of switches via the bus
ring, transferring a third data segment to the second switch via the bus ring and holding the third data

segment in the first switch during the third time slot; and

storing the first, second and third data segments in memory devices coupled to the plurality of
switches, respectively, at an end of the third time slot.

11. The method of claim 8, further comprising the steps of:

retrieving the plurality of equal unitary segments out of the respective memory devices during
a fourth time slot;

transmitting all of the retrieved unitary segments which comprise the data frame to one or
more of the plurality of switches according to a prescribed protocol via the unidirectional bus during

subsequent consecutive time slots after the fourth time slot; and

transferring all of the segments within the one or more of the plurality of switches to ports

within the switches for transmission over a network.

12. A method for receiving and storing data frames comprising the steps of:

() receiving a data frame at a network switch connected to a data bus ring;
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transferring the second data segnent to a third switch of the plurality of
swtches via the bus ring, transferring a third data se men% }ZF he second
switch vi a™MM¥/5#88 ring and holding the third data segnEht’UPHW2PR2 i rst
switch during the third tinme slot; and storing the first, second and third
data segnments in menory devices coupleg to the plurality of swtches,
respectively, at an end of the third tinme slot. 11. The nethod of claimS8,

further conpriéﬁidtlrlﬁdeiﬁélge SlSR%he Yo Iﬁ%r%lwélje{%gaégig?ﬁ%%@ ity of equal unitary
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L] 110 d0drechdrkiink Yo eabh MhehdiwadkIReRET/ USO0/ 20033 11 (b) dividing the data
frame into a plurality of equal data segnents; (c) determ ning, according
to a prescribed protocol, for each of the plurality of data segnents

whet her the data segnent is to be held within the network switch or
transferred to one or nore other network swi tches connected to the data
bus ring; (d) transmitting data segnents that have been determ ned for
transfer in step (c) to the one or nore other network switches; and (e)
simul taneously storing all of the plurality data segnents in |ocal buffer
menories corresponding to each of the network switches. i*1111; 111111
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