NEsis?_age;Routi ng This invention relates to nethods and apparat us fd#”ﬁ%%’é’ége
routing. Particul arly, ‘but not exclusively, this invention relates to

packet communication;it is particularly 5 wuseful in packer networks, such
as’ Asynchronous Transfer Mde (ATM where t Be packet header may be- changed

en route. The ATM packer transm ssion protocol is described in
" Asynchr onous ¥85$299-R8MBeAZ0| ution for broadband 1 SDN', by Martin de

Prycker, ‘published by Ellis Horwood, incorporated 10 herein by reference.

. General ly, a packer_(termed a "cell" jn_ATM parlapge) is dressed . to a
dost nat | on whicn | TS edHTRFiaR Fel Btk th RSy A cebPaZALuS for
. conprising a liedsdge/i rouklingat h  Padtratubar{¥P| bundneat 1éxbilusYvellyal this

Channell I ndi Ca:'.tr%e:{%.%ﬁ 'reléfés QeonsgébtetteEgEmuh%aygbni- nijf Clag %Sa_rttir},%larly
53 useful in packet networks, such as Asynchronous Transfer Mode
(ATM) where the packet header may be changed en route.
- The ATM packet transmission” peotocol is described in
"Asynchronous Transfer Mode-Solution for broadband ISDN", by
Martin de Prycker, published by Ellis Horwood, incorporated
10 herein by reference. Generally, a packet (termed a “cell" in
ATM parlance) is addressed to a destination which is specified
in the packet header by address data comprising a 12 bit
Virtual Path Indicator (VPI) and a 16 bit Virtual Channel
Indicator (VCI). 1Im general terms, the VCI indicates- the
15 entire "Virtual Channel" _cc;nnection route_ from the source to
the deéti_:}ation through the network, via g_witching nodes or
exchanqés, whereas the VPI indicates a' path through the
network. between nodes or switching centres of the network,
which may be taken by packets forming part of several
20 different virtual circuits. At each node, the packet arrives
on an-inward channel (e.g. fibre optic cable), its header is
examined, and it is routed out on an outward channel in
dependence upon its address data.
It is possible for each node to act in a completely
25 p.‘redetermin_ed manner in routing a packet on an outward channel
which depends o¢énly on the address data in the packet.
However, it is also possible for each node to vary the address
data of a packet in péssage, so as to redirect the packet on
an alternative route to its destination. This is advantageoué
30 in traffic management, for example to avoid an overloaded or
damaged node.-
At each node, a lookup table (held, for example, in
Random Access Memory (RAM)) is generally provided, the address
: data (i. e. VCI and VPI) in a packet being used to access the
35 lookup table to derive the identity of the output line from
the node on which the packet is to be directed towards its
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15z=entjre "Virtual Channel" connection route- fromthe source to the
destination through the network, via sw tching nodes or exchanges, whereas
the VPl indicates a path through the network between nodes or switching
céntres of the network, which nay be taken by packets form ng part of
several 20 different virtual circuits. At each node, the packet arrives on
an i nward chadesitigatdort.i bl dpe nads| i al3e FRa¥RFY| shexaddneas datdit

i's. routed out- @y ilaﬁﬁuia\/\eaﬂlshmh% 'd&l":%%ﬂqf}CQoUEQﬁthlﬁ el e wiat and t

i's possible for _each node to act in a conpletely 25 predeterm ned manner_
in routing a PEEkEALE¥S%n GHAnar d channel mhlch depends only on the
address data in the patkeATMHewstem, idacis phsRepodncdiiudesoraddwdssiodeatao

vary the address data of 22 RAGKE kD BA3°39%2 39c29rE® TRIERSEEN'LE RRELY
be possible to operate by merely changing the VPI, for full
flexibility a node would be capable of changing both the VCI
and the VPI. If the node has N input-or output lines, and if
the ‘table is arranged as a ‘flat’ lookup table with a direct
10 one-to-one correspondence between input addresses and output
addresses, the size of the table to be held at the node is
N. 26, 2!2, ‘and each enctry in the table needs to be (16+12+log,N)
bits long. Thus, for a node to which 256 lines are connected
(N = 256 requiring 8 bits to encode N), each entry in the
15 table is (28+8 = 36 = 4.5 bytes) long, and the table “must
i : contain 23 bits = 64 Gigabits so that the total size of the
table needs to be 288 Gigabytes. This is a very substantial
volume'ofwﬁemory. ' '
One possibility is to arrange such a table as a single
20 contiguous memory address space, with an input (address) bus
to which all N input channels are'connected, and an output
(data) bus connected to all the outlet channels. In this
case, to avoid bus contention, it would be necessary to
allocate time on the input bus between the N available
25 channels. Thus, the access time which each_ channel must, on
average, wait to access the lookup table -increases
proportiona%ely-to the number of channels N, since the time
available to each channel decreases in proportidn to N.
'As messages may be arriving through optical fibre
30 channels at a rate of hundreds of Megabits per second, in the
form of a large number of relatively short packets, it will
be seen that this method very rapidly becomes unusable if it
is desired to provide a large number of input and outlet
channels to a node, no matter how fast individual accesses to
3s the.memory can be made.
' Rather than use a single, "flat* lookup table, it may be
possible to use a multiple step access, "folded" memory
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an o ternative route to its destination. This is advantageous 30 in
traffic nmanagenent, for exanple to avoid an overl oaded or damaged node. At
each node, a | ookup table (held, for exanple, in Random Access Menory
(RAM) is generally provided, the address data (i. e. VO and VPI) -in a
packet being used to access the 35 | ookup tgbl e to derive the identity of

the output i . e AR 1, €8s Par&ES o ki hast oMb els
its  desti n%?%%&%‘lg% t he n(ﬁg'}l\ghgﬁ%mgo var%tfk%éaggrgggghggx?aeg{{%e ¢

| ookup tabl e rRRds Wi AFSRATEPeNS Jht HaFa hBaKeP&/CLegTd FRPRVERHPBEs fOrX

data. - alteration or rewrsting.
An alternative would ke to provide each input channel

with a separate lookup table. 1In this case, there is no bus
contention for access to the lookup table; so that the access
time'is fast regardless of the number of the input channels.
Where there are N input channels, éacﬁ-input channel requires
- a table of 1/N times the same size as that above, so that the

10 total amount of memory required over all nodes is the same as
that above. In an ATM system, with 28 bits of VPI and VCI
address déta, each memory thus needs to be of size 28x (28 +
logN) bits, which is [0.9 GBytes + 33 MBytes * logN]. This
is around the size of mainframe memories, and could require,
for each input.chapnél, of_the order of 477 16Mbit memory

kan

- chips. . _
In fact, input cﬂannels will not actually receive packets
carrying the whole range of VCI and VPI addresses; the total
range ih each case will be smaller and it would consequently
20 be possible to use a-smaller address range (and hence a
smaller table requiring a smaller volume of memory) for each
input channel memory device. However, to allow for the
possibility that any channel may become busy it would be
necessary to provide, in each memory, an additional " overhead"
25 volume of memory space (over and above the volume likely to
be requested which is not normally used but which could
occasionally be réq’uired. This overhead memory is thus needed
in each input channel memory device, and hence the total
memory required rises quit_e sharply with the number of input
30 channels.

The present invention provides a node (e.g. exchange-
__statiori) for a message tranSmissiox} system (e.g. a packet
systemn, | for example an ATM system) in which the lookup table
is provided as several &iscrete memories, and there are

35 provided interconnection means for selectively linking one of
a plurality (for example all) of the memories to each of the
input channels. In this manner, the average access time is

e



In ;the ATM system each packet includes address data conprising a 16 bit
VCI and a 12 bit VPI. Although it would be possible to operate by nerely
changing the VPI, for full flexibility a node would be capabl e of changi ng
both the VO and the VPI. [If the node has M input or output lines, and if
the table is arranged as a 'flat' | ookup table with a direct 10 one-to-one
correspondence BeaveeelyrfRAt {adpeogcsingdthat mA separasedy, Prh'eié'edermite

“the table to be a e,ged Lo r
tabl e needs to B‘Qﬁ% 16+tar{d1 A etbletss%lgégj SJ'aueg m‘gr a no e to &%ﬁ%%%? |

lines are connettadse I\Fh'QS%““P%’E]E"‘PT rR_:;V%’-"bﬁ% BRI dfe FgAucadih iantead (pE

“the 15 table igvd 23+ THevild diybeskrleaagofassittienénble tobte v} didput
2[ err] blts:64G bits gothat the total SlZedOf thetatgearl,eedsto bel
288 G gabyt es. i sS4 {TPYSRRLEPARTYapvernead s provided ror severa

: ,,put channels, and is utilised by whichever channels are busy
om time to time.

Another advantage of the prese—nt invention is that it may
% easier to update the contents of the memory since the
-amory devices may be co-located rather than dispersed at the

. put channel receiver circuits. -

Viewed in another way, the present invention provides a
+fe for a transmission system in which the routing table
smprises an emulation of a single flat multiport memory table
:ared between-the input channels. | B

Preferably, the separate memories d© not contain data

: -Esﬂ.ﬁatin_g. to contiguous header addresses, but instead the data
#; distributed between the memory devices in a predetermined
-3 g. pseudorandom) fashion, and addresses corresponding to
axch packet header are decoded and distributed to the relevant
smory device. This reduces congestion for particular memory:
svices where a number of packets are destined for the same
msimilar destinations, and thus reduces the access time to
32 memory devices.
_ Other- preferred features and embodiments- are as described.
', claimed hereafter ' )

The invention will now be illustrated, by way of example
31y, with reference to the accompanying drawings in which:

Figure 1 shows sehematically a message transmission

- »stem including a node with which the present invention is
eable; o

Figure 2a shows schematically the structure of a known
- -fe; and )

Figure 2b shows in greater detail parts of the node of
- gure 2a; '

Figure 3a shows schematically the structure of an ATM
.eket comprising a message to which the present invention is
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voliire of nenory. One possibility is to arrange such a table as a single 20
contiguous nmenory address space, with an input (address) bus to which all N
i nput channels are connected, and an output (data) bus connected to all the
out et channel s. In this case, to avoid bdis contention, it would be
necessary to allocate tine on the input bus between the N avail able 25
channels. Tha®plégabdecednd ine whi ch each channel nust, on awverage,

wait to access ?E%urtegolwpsgtahbﬁ cwﬁé@aé@&iﬁmﬁwmé@law bRit® in
nunber of channels N, i.me avail abl.e to each channel decreases in

proportion to°Rerﬂ§°H§s§ g&?enffhﬁgw&PFi@Fﬁ@dﬁﬁﬁ8ﬁﬁh optical fibre 30
channel s at a rat eFogulrendr eowsfs degmdti sapkey semmd,aaabtdimé womaofidst

large “””bir bogL%E£¥eh¥ ¥ %rtr%a%k%tihven on,
Figure 5 shows schematically a routing network forming
part'of the node of Figure 4;
Figure 6 shows schematically in greater detail a lookup
- means forming part of the node of Figure 4;
10 Figure 7 shows in greéter detail the lookup means of part

of Figure 6;
Figure 8 shows an address allocation means forming part

of Figure 7;
Figure 9 shows in greater detail forward and backward
7 13 routing networks forming part of the embodiment of Figure 6;
) _ Figure 10 shows schematically the structure of a memory
device in.the embodiment of Figure 6; _
Figure 11 shows schematically the structure of a node
according to a second emhbdiment of the invention; and
20 Figure 12 corresponds to Figure 10 and illustrates the
structure of a memory device in the second embodiment.
Referring to Figure 1, a message transmission system
comprises at least one node la, 1b, 1lc¢ connected to a
plurality of outlet channels 2a-2d and a plurality of inlet
25 channels 3a-3d. Typically, as shown, the inlet and outlet
channels are paired. At least one node lc is connected to a
destination 1d. A message to be transmitted is received at
a node 1b on an inlet channel (for example 3b), and routed
through the node 1b to one of a plurality of possible output
30 channels (for example 24). Each node therefore acts as a
switch device or routing station, and may typically be a local
exchange. Each channel may comprise a physically separate
communications link (for example an o;tical fibre cable, radio
path or twisted pair cable), or may be one of a plurality of
35 1logical channels carried by such a physical channel (for
example, it may be a time slot in a TDMA frame).
Referring to Figure 2a, a node 1 comprises a receiver
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be %eenxthat this method very rapidly beconmes unusable if it is desired to
provide a | arge nunber of input and outlet channels to-a node, no matter
how fast individual accesses to 35 the nenory can be nmade. Rather than use
a single, "flat" lookup table, it may bé pdssible to use a nultiple step
access, "folded" nenory 3 technique. However, nultiple menory read
operations taNaiti fe “o% earh eha meTii &t IRPIFAESS benfesvatbonefirones
fﬁr' al Iterat | 0BKQEi b8 chaRte1AR nRbt @1 8RLEYE MBELHGES; 8 RPbA¥LHE RatHokRPE!
channe connected to each -receiver unit 4 and arranged to direct a”
message from the receiver unit to a selected one of the outlet

channeis 2a-24; and a contxol unit- -6, connected to each

kn

receiver unit 4 and responsive to the address data in a
received message to control the routing network 5. The
control circuit 6 generates a code which specifies, for the
routing network 5, the output channel to which the message is
10 to be directed. - '
| Referring to Figure 2b, each of the receiver units 4
comprises -a demultiplexer 41, a frame receiver 42, and a
packet receiver 43. For clarity, only the devices for the
receiver 44 are labelled. An incoming bit stream on the
1l5 ‘channel 34 is- demul_tiplex_ed by a demultiplexer 41 "and
g assembled into frar;les by the frame receiwver 42, each frame
being split into ATM packets or cells by the ATM receiver 43.
Likewise; transmitter units 10 are provided for each
output channel 2, each transmitter unit 10 comprising an ATM
20 cell combiner 11, a frame assembler 12 which assembles a
plurality of ATM messages or cells into a frame; and a
multiplexer 13 which multiplexes frames on to the output
channel 2.
In practice, input channels 3 and output channels 2 are
25 provided as pairs and the channel receivers 4 are typically
cé—located_yith the channel transmitters 10, for éxample on
a single printed-circuit board carrying the above described
hardware. - ' '
Referring to Figure 3, a packet message in the ATM
30 transmission system comprises a data portion 8 and a header
portion 7. The data portion 8 comprises 48 bytes (e.g. 384
bits). The header portion comprises 5 bytes (40 bits),
including a 16 bit virtual channel indicator -(VCI) 7a and a
12 bit virtual path indicator (VPI) 7b.
35 Thus far, the description corresponds generally to a
known message transmission system, as well as to one embodying
‘the invention. The present invention differs in the structure

This Sheet Has Been Replaced

A




with-a separate |l ookup table. |In this case, there is no bus contention for
access to the |l ookup table, so that the access tine is fast regardl ess of
t he nunber of the input channels. Were there are N input channels, each
i iput channel requires a table of 1/N timeslthe sane size as that above, so

that the 10 tat ?_.l anount of r_rermr,% required over all nodes is the sane as
that above. PH ARCAFRPEFSLefiTRMER 58 bitsl8f YPIXDATR VERCAEH c8¥iBGRANT

each nmenory tRuanseedsiva 5¢seemsi 2ite 4entidl (A cuilt@NeohiprdseshaChensry
eror i oo, - and"BRG Bor SHOFFET LR BTeRAcH PAOCEE LR aAGr 681 PR bPREFaE 77

16Moi t nenoryashppsletnchaoneli fipat sehanngl shei rounboganetwbry fecande in

packets cagryppdsbhecuhghBoh2neaes! ¥&A; 98¢ ¥Rk ¢PEre33fessihg 42E4! to be

written into the header 7 of the packet by a combiner unit 6b.

The look-up table is addressed by an address comprising the

VCI, the VPI and a code indicating the identity of the inlet

channel on which the message arrived (this being needed since,

10 in prinéiple, the same 7PI .& VCI address could occur on

several different input channels needing different routing).

-Referring now to Figure 4, in a first embodiment, a

routing station acting as a node (exchange) in an ATM message

transmission system comprises a plurality (N) of input channel

15 receivers 4_a-4_'_c {({e.g. optical receivers) connected- to

respective input ch'annels-3;?3<:, a routing table device 6, a

mana—gement_unit 9 (e.g. a computer), a plurality of combiners

11a-11c;‘ a routing network 5; and a plural.—ity (N) of output

channel transmitters 10a-i0c connected to respective 6utput

20 channels 2a-2c. In practice there may be, for example, N=4096

input and output channels. The management unit 9 is arranged

to amend the routing table held in the device 6, to take

account of traffic management demands on the

telecommunications network. The input channel receivers are

25 arrénged on receipt of a message packet ("cell"), to examine

the header and to supply an address signal to the device 6.

The routing table device 6 is arranged, in response, to

generate a new header . 7' comprising new VCI and VPI data, and

to generate routing data 12 for controlling the routing

_3& network 5 (as shown in Fi.gure 3e). In this embodiment, the

routing network 5 is a self-routing network, for example a so-

called "butterfly" networkx of 2x2 selector switches arranged

in layers 51,52,53, of Figure 5§ each switch being connected

to switches .in the next layer spaced laterally at intervals

35 which increase as powers of 2. This is one example of the

class of multistage interconnection networks which have the

property that the output port of the network depends only upon
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rarige in each case will be smaller and it would consequently 20 be
possible to use a snaller address range (and hence a snmaller table
requiring a smaller volunme of menory) for each input channel menory device.
However, to allow for the possibility that gany channel may becone "busy it
woul d be necessary to provide, in each nmenory, an additional "overhead" 25
vol une of nmemebyg am&eetﬁomeﬁnammﬂﬂuﬂéhddubﬁﬂﬁhﬂnsﬁﬂﬁﬁﬂqstﬁsbeetEQSﬁﬁtﬁdt

which is not nar used but h co Qceasi o he re

over head menofy | % S Pl o\ﬁtg‘gcﬂegﬁﬁﬁ g’za?mreﬁ%erre F g 1§nghg
hence the tot aZbukenthrowgiui e raewgoxia] t € oshthapt y awi @hntnelnmw which
input 30 chappglkseibD 2f ora.g@r&celg\gn b2 & fdfitlePdad SPCLRECPEPLrs of

i nventi on, there 'S provi

the network will uniquely specify one output port of the

network, to which a message may be routed through the network

irrespective o¢of its starting point. The control data is
therefore a prefix 12 of log,N b;tef which in turn switch
successively encountered switch stages of the network 5, as

10 illustrated in Figure 5. At each switch stage, the leading
bit is used and then discarded. -

The combiners lla-1ilc substitute the new header 7 from
the -routing table device 6 for the existing header 7; and

_ combine it with the existing data 8 to form a new packet,

15 prefixed with the control-data 12 (as shown in Figure 3d).

Thus, on leaving the routing netwofk 5 at the output
thefeoﬁ-far the destination output channel, the leading bits
12 have been removed to leave the new header 7' and the old
data 8 (as shown in Figure 3e).

20 Referring to Figure 6, the look-up table device 6 in this
embodiment comprises a forward routing network 61, a backward
routing network 62, and a plurality of discrete memory devices
63a-63c.

Each of the N channel receivers 4a-44d is connected to an

25 input of the forward .rouéing network 61, and the input
(address port) qf'each of the N memory devices 63a-63c is
connected to an output thereof, so that any input channel 4
can be routed to any memory device 63. Likewise,'each output
(data port) of the N memory devices is connected to an input

.30 of the backward routing network 62, and each combiner 1la-1iid
associated with a respective channel receiver 4a-44 is
connected to an output thereof, so that the data 7' from any
memory device 63 can be routed to any combiner 1lla-114.

The- forward network 61 and the backward network 62 are

35 each, in this embodiment, so-called "butterfly” networks of
the same general structure as the routing network 5

4
3
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a ecomunpi cations routing device for routing nmessages between a plurality of
I nput channel s and plurality of output channels, conprising: routing neans
for selectively routing a received nmessage froma first input channel to a
first output channel in dependence upon ro@ing data; 3a a plurality of
menory devi ces, each containing stored routing data stored at corresponding
addr esses t heiklosteaebdnenoFygderi 8eandnpes srilgednabolvie esanposécdrdingly

receiving an address 2i 993l (GOLHESRALY NP9 A" 3 Urkes Se AL £y ARL A Slk P
routes the following data 72a through the network 61 to one”
of the memory modules 63a-63c. The paths connecting nodes of

5 the forward and backward networks are preferably arranged to
be p;ral-lel bit paths, so that the header 72 or 7 can be
transmitted as one or more parallel words; this makes for
rapid propagation through the networks 61, 62.

- Referring to Figures 7 and 8, the destination memory

10 device 63a-63c, and the address within the memory device, for
a given message received at a given input receiver unit 4a-44,
is determined by an address decoder circuit 64a-64d provided
at the relevant input receiver unit 4a-4d. The address
decoder circuit 64 receives the message header 7, together

15 with the output of a register 71 containing a nudber

) indicating the idenﬁity of the incoming channel 3 (and decoder
circuit 64), and genérates an output word. 72 comprising a
least significant (address) portion or word 72a and a most
significdant (routing) portion or word 72b. It may also

20 generate a control portion or word 72c¢c, for reasons discussed
below. '

The purpose of the address decoder 64 is to spread the
addresses to be accessed hy each receiver unit 4 over a
plurality of memory devices 63. One simple way of doing this

25 is to distribute successive values of the header 7 over
successive memory modules 63a-63¢, as schematically indicated
in Figure 7. In other words, for the first receiver unit 4a,
‘the lowest encountered value of VCI and VPI, taken together
as a single binary word 7, is distributed to the first memory

30 module 63a; the next higher value to the next memory device
63b; and so on, in a circular fashion.

This can be achieved by use of a linear, modulo N,
function, and accordingly the address decoder circuit 64
comprises a logic circuit for executing such a function.

35 Referring once more to Figure 7, the most significant
word 72b comprises a prefix of log,N bits, which is applied to
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port <for. outputting the stored routing data stored at the address
corresponding to said address signal, said menory devices being separately
accessible in parallel; and an access circuit connected to the address
ports of said plurality of menory devices aH connected to said first input
channel , said access circuit being operable, in response to the content of

sai d recei ved T sd@FVars sQoMGing sPRGFOTEe| Bkt ed nEMOr SWHelite QF JMaSE
plurality of nEMedifidee eord az&emeraﬁepmaanebetWCHasﬁeﬁ Muﬁrbewm

6 The. addr co Y SRANS, EE R IoHTEE ot ASFORIRET, 83 Lroide SEBTHH o 22 4
stored rout|n@nﬁﬂ&rdaxumngmxidhﬂermnngnntn@raun@utawdréebenbedtaénbyythe
device to s§_ai qnéuﬂﬁt*} RS 3.
The path of the output word through the backwards network
62 to a combiner 11 is simply the reverse of the path taken
forwards through the forward network 61.
In fact, in this embodiment, the backwards network 62 is
10 physically combined with the forward network 61, so that
switching a node 6la of the forwards network 61 switches the
corresponding node 62a of the backwards network 62. Thus, the
new_header word generated by the memory device 63 is routed
to the combiner 11 which corresponds to the channel receiver
15 4 from which the message originated, as shown schematically
in Figure 9. ) _ —
Figure 10 illustrates the structure of each memory device
63 of this embodiment. It comprises a random access memory
(RAM) 65, having an address input, a data input and a data
20 output. Signals from the fdrward network 61 are connected to
an internal bus 66, to which are connected an address register
67, a data register 68 and a control circuit 69. The control
word 72c is supplied to the control circuit 69 to set the
memory 65 to Read or Write mode. The address word 72a is
25 received into the address register 67. i
~ The management unit 9 (Figure 4) is preferably connected
to an inpuf of the forward routing network 61 and an output
of the backwards routing network 62, so that it can access the
memory devices 63 in the same manner as is performed by the
30 receiver units 4. When it is desired to rewrite the contents
of the memory 65, the management unit 9 supplies a routing
word 72b, address word 72a and a control woxd 72¢ which in
this case specifies that data is to be written to the memory
65. The address word 72a and control word 72c are routed to
35 the desired memory. 65, and the control word'72c is supplied
to the control circuit 69 which is operable in response to
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In*hccordance with a second aspect of the invention, there is provided a
nmet hod of operating a conmunications routing device, said device conprising
arouting circuit for selectively routing a received nessage between one of

a plurality of

i nput channel s and one of alplurality of output channels and

a plurality of nenory devices storing routing data for routing said
messages depeseleect upoite hedde cofit tive , memddy néd hiak culprothen times: epeadf

receiving a rgsgived ”?éfé‘SEed? One'rﬂé %?rfk deiede Cbﬁi‘ﬁe'é; a28beGhi :’k’es

accessing one of said menory devices In

recei ved nes

3

endence upon the content sai d
itional data, which is loaded into the data regzster 68,

to éeplace the exlstlng VCI, VPI and routing data held at the
address specified by the address word 72a. Thus, it is not
necessary to provide separate wiring from the management unit
9 to each of the memory units 63.

In operation, when a packet message is received on a
channel 3, the respective channel receiver 4 separates the
data portion 8 and supplies_it—to the respective combiner unit
11. The header portion 7 is converted, by the address decocder
circuit 64, into a routing word (prefix) 72b, an addressing
word (suffix) 72a, and a control word 72c. The addressing
word 72a and control word 72¢ (shown in Figure 3b) are routed
through the forward routing network 61 to the selected one of
the memory devices 63 which corresponds to the routing word
72b. The_control word 72c is applied to the control circuit
69, whlch sets the memory 65 to Read mode, and applies the
addressing word 72a to the address inputs of the memory 65.
The memory 65 correspondingly supplies a new header 7',
comprising a new VCI and VPI address, together with a routing
prefix 12 (as shown in Figure 3c). These are supplied to the
combiner 11, where the data portion 8 is appended (as shown
in Figure 3d), and the reassembled message is thereafter
routed through the self-routing network 5 in accordance with
the prefix 12 to one of the output transmitters 10..

From the foregoing, it will be apparent that on
occasions, two different receiver units 4 may attempt to
access the same memorf device 63, leading to memory device
contention. Depending on the structure of the forward and
backwards routing network 61, 62, it is also possible for the
passage of one message through one of the networks to block
the passage of another message ("edge contention"). In order
to provide for both of these possibilities, each receiver unit
4 is provided with a buffer so that, if contention occurs due
to an earlier message from another receiver unit 4, a further
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reading routing data fromsaid one of said nenory devices; routing said
recei ved nessage through said routing nmeans; and emtting said received
nmessage on one of said output channels. 3b In accordance with a third
aspect of the present invention, there is pgovided a conmunications routing
device for routing nessages between a plurality of input channels and
plurality of atttpmptr to access the memory is subsequently made. 1In this

hay; a variable delay in the passage of messages through the

routing circuit 6 tan arise. Accordingly, each combiner 11

is likewise provided with a buffer, so as to allow successive
5 data portions 8 to be queued. A delay corresponding to an

average or minimum time through the routing networks 61, 62

may be provided between the channel receiver 4 and the

combiner 11; the delay may be digiEaIZ or it may comprise an
_ analog delay such as a length of optical fibre.

10 The management unit 9 i5 connected to the input bus 66
of each memory device 63 and, as discussed above, is_capable
of supplying new data to selected addresses in each memory
device to overwrite the existing data. Thus, when it is
desired to change the route taken by messages through the

15 telecommunications_ne%workh_the VCI and VPI substitute data
7' and the routing data 12 can be re-written by the management

unit. - -
It_ will be clear from the foregoing that, by one
particular selection of hashing functibn to be executed by the

20 address decoder circuit 64, the forward and backward networks
61,62 could be made entirely “transparent“, in other words,
all the data relating to one input channel could be held in
a single corresponding memory device 63. In this case, there
will by definition be no contention at the memory devices 63

23 and (depending upon the structure of the networks 61, 62) there
is the posgibilg‘.ty of no edge contention in the routing
networks either. This situation thus corresponds to the
possihility of providing a separate memory device for each
input channel 3.

30 However, it will now be understood that adherence to this
allocation would require each memory device 63 to be as large
as the largest expected number of VCI/VPI combinations for any
input channel 3. The present invention, on the other hand,
allows the size of each memory device 63 to be decreased

- 35 towards the average number of addresses likely to be required
for each input channel, since it is possible to reallocate

\
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channel s, conprising: routing nmeans for selectively routing a received
nmessage froma first input channel to a first output channel in dependence
upon routing data; a plurality of menory deyices, each containing stored
routing data stored at correspondlng addresses therein, each nenory device

conprising an address port for_rece ng .ap address sjgnal corresponding to
anngdhr;sg anfeqogdt 8P SFtwﬁthoprh¥%F%8 PﬁeogFo}ﬁau#gﬁﬁ?ﬁﬂeéasﬁgs?ﬁéegyat

t he address canveapendnpgtt chaandladdress signal, said nenory devices being
separately accessible in parallel; and an access circuit connected to the_
address ports of said plurality of menory devi ces and connected to said

first input cfeganf Zmhodizeasss

In the above desdribed embodiment, a physically separate
backwards routing network 62 is provided, for routing the new
header 7' to the combiner 11, from whence the .reassembled
message is routed through the self-routing neﬁwork 5 to an

o

output channel 2.

In this embo_diment, however, the backwards routing
10 network 62 and the self-routing network 5 are combined in a

single self-routing network 50, as shown in Figure 11.
Referring to Figure 12, which corresponds in this
<. embodiment to Figure “10 of the first embodiment, in this
i embodiment,‘not only the.adaress word 72a_but also the data
15 pofEioﬁ 8_of a received message (as shown in Figure 3f) is
transmitted through the forward network 6—1 to the memory
device 63. As before, the address word 72a is supplied to the
address inputs of the memory 65. The following data portion
o is buffered in a buffer 51 provided within the memory device
.;Q_ 65, and the concrol circuit 69 first enables the read-out of
the data output 12, 77 of the memory 65 on to an output bus 52,
and then enables the read-out of the data portion 8 from the
buffer 51 so as to recombine header and data (as shown in
Figure 3g). The output bus 52 of each mémory_ device is
25 connected to an input of the self~-routing network 50, through
which it is directed to a channel transmitter 10 selected by
the value of the routing prefix 12 generated by the memory 65.
In the second embodiment, the hardware redundancy in
providing two self-routing networks 62, 5 is eliminated. It
30 may correspondingly be possible for the second embodiment to
operate faster than the first embodiment, since messages pass
through fewer stages. On the other hand, since the data
portion.d'is transmitted through the forward routing network
61, the possibility of contention therein may be higher than
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civ.cuit. being operable, in response to the content of said received
nmessage, to select a single selected nenory device of said plurality of
menory devices, to generate an address signhal dependent upon said content

of said nessage, to supply said address sidhal to the address port-of said
sel ected nmenory devige and to su Ig said stored routing data fromthe data
port of said %BIEE?edlﬁ%ﬁD?Vbﬂg%ggﬁ to said routing means in which said
access circuit conpréssecafidi amwbbdimadti hashanwadditaviad! evaivRn svet

P channel Engnth S AR RSO S L8R 10 A A RS drllod s
di stributing 2iisupartocujemtyabusy, sairiscordn ol eatht hodepagesittionpdm sthel
g )‘22}12 2560“; sal gh FES530Fng THEWS 88 &' lo 4 MED 419k P 'R ndh 1091 dfevek, in
the second embodiment, act:vity on one input channel is spread
between a number of memory modules 63 and consequently
messages enter the routing network 50 at a number of different
points, thus spreading the activity and reducing the
10 possibility of contention. In this embodiment, the choice of
the hashing function perfcrmed by the address decoder circuit
64 may likewise be controliled by the management unit 9 in

response to congestion of the‘routing;nétwork 50.

Berformance of the Invention | -

13 - The maximum number of possible addresses (and hence the
maximum number of entries in all of the memory devices 63
taken together) is N.2%. Thus, the maximum size required of
each memory device is 2% entries. In practice, however, only
a fraction of the possible numbers will actually be connected

20 to subscribers. The fraction will vary from channel to
channel and over time.

According to the invention, if 1000 input channels are
provided (N=1000) and the total size of the memory devices 63
are taken together as 100m (where m = 228 = the maximum number

23 of possible addresses), the memories can be arranged such that
each input channel uses 0. lm addresses each (i.e. 26 million
addresses each), or 900 links use 0.0lm addresses (e.g. 2.6
million addresses each) and 100 links use 0. 91m addresses each
(approximately 244 million addresses each). Thus, in this

30 example, it will be seen that suffic{ent memory is available
for a significant number of channels to utilise a very high
number of possible addresses, provided not all channels are

'simultaneously busy (which is highly improbable).
By way of comparison, if a separate look-up table were

[T
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stati.on). for a nessage transm ssion System (e.g. a packet system for

exanpl e an ATM systen) in which the | ookup table is provided as several

di screte nenories, and there are provided interconnection neans for

selectively linking one of a plurality (foriexanple all) of the menories to

.each of the input channels. In this manner, the average access tine is

"4 relatively RERVIGESHrIRERIYP tIRRUSTCRAPARYL o} ) PFBSFJER PILOY eySmeone

and yet the naf¥ut didhddly H8 kfPtoconat baapeds beravsewbligaamalfectlssary

over head nenory is.reduced; instead of. havin tho BL gvi de.an %ver.hea% %f _
channel to be of size 0. 9%91m,

extra menory o GRS PeMQRy device for ever

and so the total amount of memory required would be 910m (91
S times as high as in the above example according to the
invention).

‘Thus, given a typical pattern of channel usage, the
present invention provides a ffExible solution offering
relatively fast access and relatively low volume of memory,

10 even where the number of input channels is very high. This
may make it possible to provide telecommunication networks
consisting of fewer, higher capacity exchanges that at
present, interconnected by optical fibre cables.

Another advantage of the invention is that the management

1S unit 9 need not be physically connected to multiple separate
tables; insfead, it can acc;ss each memory device 63 via the
forward routing network 61 to amend the data therein.

Thé-requi:ed arrival times to be mané;ed by the memory
devices- 65 are given by (total number of bits in a

20 packet)/(incoming serial transmission rate) (probability of
arrival at a given input).

Thus, for example, with a serial data rate of 155
Megabits per second, and a probability of 1.0, the time
between arrivals is 2.7 milliseconds. Higher transmission

25 rates reduce this available time, whereas lower probabilities
of arrival of a packet on a given input reduée it. . Existing
technology for the routing network 61,62 and memory devices

63 is well able to deal with a packet between arrival times

of this order.

30 ot} variati i Embods I

Although in the foregoing, the management unit 9 is
described as controlling the allocation of memory in
accordance with observed contention within the node device,
it is also or alternatively possible for the management units

35 9 of a plurality of different devices to communicate one with

This Sheet Has Been Repl

M.




5 channel, sufficient menory overhead is provided for several input
channels, and is utilised by whichever channels are busy fromtine to tine.
Anot her advantage of the present invention,is that it nmay be easier to
update the contents of the nenory since the®l0 nenory devices may- be

co-l ocated rather thag dlsgersed at .the i t channel receiyver circuitai1e

n
Viewed i n anofREFAREYIUFHBIF mqﬁeéﬁﬁﬁgﬁlaﬁﬂﬂ%ﬁ &P RJdeRge guit
transm ssi on sgsben i combents t aadr ohds hingalfuncdmmsi sés acardaiceonwhitha

single flat ”EL:E:EBQEE RRREY %9.' End° n3ldss between the input channels.
t Ies

Preferably, e'separate menor i 0 not confain data relating to
conti guous header addveklezs siumplimcheagimgethatidentifies iafitde benwenss

the nmenorysdeykCessdn) shatdadPt 8e¥LP8d 53, the balance of the addresses
allocated | between the different input channels 3 and
associated receiver units 4 might also be altered, although
this could require the entire déviee to be taken out of
service whilst the memories 63 are rewritten. | For example,

10 if the number of -VCI and VPI active addresses received on one
input channel increases and the number on another channel
decreases,_ the share of address space across the memory
devices 63 allocated to the  first ca;.z correspondingly be
increased and that corresponding to the second can

15 correspondingly be detreased. -

i Particular traffic conditions could, _in principle, lead
to significant contention at particular memory devices 63, or
at parﬁic&lar nodes of the forward and backwards routing
networks 61, 62. If this is found to be occurring (e.g. by

20 monitoring, by the management unit 9, of the occupancy of the
buffers at the combiners 11) the problem may be addressed by
changing the "hashing” function executed by the address
decoder circuits 64 (and, as a consequence, re-writing the
memory devices 63 to correspondingly reallocate the contents

25 thereof between different -memory units 63). = Thus, if
contention is found to be occurring at a particular memory
device 63a,- the contents of that device are distributed
amongst the other devices 63b-63d in an even fashion so as to
reduce the contention at that device.

30 Although the management unit 9 of the above embodiments
is part of the node (exchange), it could be provided at
another point in the network, communicating with the node
either via a special line or over one of the.input channels
3. o

35 Further information on possible hashing functions which
might be useful in the invention is to be found in Proc. PARLE

—_—
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(e-.-g. pseudorandon) fashion, and addresses corresponding to 20 each packet
header are decoded and distributed to the relevant., nenory device. This
reduces congestion for particular nmenory devices where a nunber of packets
are ‘destined for the sane or sinmil ar desti A&t i ons, and thus reduces the
access tine tgét he nenpry devi ces. Clher- referred features and

enbodi ments aPd’a828aitrt pRACRY "%‘F%‘l”ﬁ%ﬁ L& gefL EUTAPENt PYRLKSREANBY
be illustratedpriygeay velrlayansios, opagesn 141 refC.Emyalmann t Ard a0CREPDBY} ng

st ngs L S LOUGe. dasheCoRelet Ll ool ke EERSR0SLA! SRSTLAL 20od?

system i ncl udi ng-a " no present “rnvention Is usg
2a shows schefheiredl Mgm@n'e" stimeganparayed Herewn by reference, and in Proc.

S of the Fifth Symposium on Parallel and Distributed Processing,
Dallas, Texas (USA), December 1-4 1993; J.Keller;"Fast
Rehashing in PRAM emulations“.

Although in the above déscribed embodiments the numbers
of memory. devices 63 are equal to the number.of input and

10 output -channels 2,3, this is not essential, nor is it
essential that every input channel is connected to every
memory device; some of the benefits of the invention can be
achieved without these constraints. Protection is sought for
any and all new and useful matter described above, singularly

.13 or in combination. - ' -

) It will be clear that various modifications and changes
to “the above described embodiments can be made without
changing the nature of the invention.  Accordingly, the
invention is not limited to the particular details described

20 above, but includes al% obvious variants and modifications

thereto.
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node; and Fi} ! “ greater detail parts of the node of 35 Figure
2a; Figure &ﬂ“mmlnwm I‘cal |y the structure of an ATM packet conpri sing
a nessage to*whfFchtthe predent invention is appl i cabl e; and Figures

3b-3g show corresponding structures at pointls in operation of the foll ow ng

enbodi nents; Figure 4 shows schenmatically a node according to a first 5
embodi ment of the presdnt | A eompynicRitdons Toukdng deNéeat £oxl kpuginguting

network formng ‘pegsages between a plurality of input channels and
plurality of output channels, comprising:

routing means for selectively routing a received

5 méssage from a first input channel to a first output

channel in dependence upon routiag data;

a plurality of memory devices, each containing
stored routing data stored at Eorfesponding.addresses
therein, each memory device comprising an address port

10 for receiving an address signal corresponding to an
address and a data port for outputting the stored
routiﬁé data stored at the address corresponding to

.said address signal, said memory devices being
separately accessible in parallel; and

15 an access circuit gconnected to the address input
ports of said. plurality of memory devices and

'connggted to said first input channel, said access
circuit being operable, in response to the content of
said received.message, to select a selected memory

20 device of said plurality of memory devices, to
generate an address signal depen&ent upon said content
of said message, and to supply said address signal to
the address port of said selected memory device.

2. A communications routing device as claimed

25 " in claim 1, in which each said memory device further
comprises a aata input port, and further comprising
altering means, connected to the address ports and the

data input ports of said plurality of memory devices,

for selectively altering the stored routing data

30 stored in said memory devices.

3. A communications routing device as claimed
in claim 2 in which the altering means is connected to
said access circuit, wvia which it is connected to the

-
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par.t- of Rigure 4; Figure 6 shows schematically in greater
detai |l ,J'MHM"QH!ﬂJﬂFrm ng part of the node of Figure 4; 10 Fi gure
7 shows 1 n cgr eat er | the | ookup neans of part of Figure 6; Figure 8
shows an address allocation means forming pdrt of Figure 7; Figure 9 shows
in greater detail forward and backward 15 routing networks form ng part of

the enbodi nent of 2RREEEE BOIFSgQfes2bdsAGNOTYCRENAFPBal |y the structure of
a nenory device i'n the enbodi ment of Figure 6; Figure 11 shows

schematically the strugturerL a nodeagccordin t.o a QPOQQ enboﬂingg of _
the invention; and 20 Fi é’&imémi'f &5 Es @g“(%%go g‘lﬁ'e 3% Gndt
illustrates the in any one of claims 1 to 3, in which the received
message comprises a header portion and a data portion,
5 and in which the access circuit is responsive to the
header portion to select said memory device and to

generate said address signal. =~ -

5. A communications routing device as claimed
in any one of claims 1 to 4, in which said data ports
10 -are connected to said routing means, to supply said

-stored routing data to said routing means, and said
stored routing data specifies said first output

B channel. _
- 6. A communications routing device as claimed
15 in "claim 4, in which said stored routing data
comprises substitute header data, and further

comprising combining means, connected to the data
ports of said memory devices, for combining said
substiture header data with the data portion of said

20 received message..

7. A communications routing device as claimed
in claim 6, in which said access circuit comprises an
inward routing network connected between said input
channels and said- address input pérts, for routing at

25 least said headef portion to said selected memory

device.

- - 8. A communications routing device as claimed
in claim 7, in which said inward_routing network also
routes said data portion, and said combining means

30 compfise a plurality of combining circuits, each

-
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srructure of in the second enbodi nent. Referring to Figure
1, a nes mﬂlul mi Jm system conprises at |east one node la, 1b, 1c
connecte f outlet channels 2a-2d and a plurality of inlet

.channel s 3a 3d. Typlcally, as shown, fshe inlet and outlet channels
are paired. At |east one node 1c is connected to a destination 1d. A

nmessage to be traasgociateds witheavedid memdage delviee.an inlet channel (for
exanpl e 3b), and routed through the- node 1b to one of a plurality of :
possi bl e output 30 channels (fror exanple 2d). Each node therefore acts_
as a switch device or Bouti Ag comaundicatdmhsrasoutipic devide a8 | otaimed

exchange. | Fach HANDEL: 2 COMR 138 & PULSCALdde P PR HLR1A0TEHRLRBL 0N

link (for exanple an optlcal or tw sted
cable), or may becomperdfeg paarapueyaau routlng ‘network, and said

5 combining means comprises a plurality of combining
circuits, and said cutward routing network connects
said data ports with said combining circuits:

10. A communications routing device as claimed
in claim 9, in which said inward routing network
10 comprises a plurality of inward paths, and said
-outward routing network comprisee' a plurality of
outward paths, and further comprising a'plurality of
routing nodes for selectively interconnecting a
plurality of said inward paths, said nodes also

15 ‘selectively interconnecting said outward paths.

11, A communications routiﬁg device as claimed
in claim 9, in which said inward routing network
comprises a plurality of inward paths, and said
outward routing network comprises a plurality of

20 outward paths, and in which said access circuit
further comprises a plurality of inward routing nodes
for selectively intercéhnecting a plurality of said
inward paths, a plurality of outward routing nodes for

- selectively interconnecting said outward paths, and a

25 control circuit for jointly controlling said inward

nodes and said outward nodes, in dependence upon said

" header portion.

12. A communications routing device as claimed
in claim 6, in which said routing means is connected

30 between said combining means and said output channels.
_________________%____
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35 .1 qouan rried by such a physical channel (for exanple, it may
be a?ﬂmlmamﬂﬁa%mﬁm frame). Referring to Figure 2a, a node 1 conprises
a receiver L or each channel, which separates infornmation froma
physi cal channel into discrete nessages; a Fouting network 5 connected to

each -receiver unit 4 and arranged to direct a nessaé%§r0n1the receiver
unit to a sel ected oneldf tﬁeCG%PPQEcétQQE%ﬂﬁQQ?lgﬁf 71Ce, 38 JClaiped

unit 6, connectefnt@laaehl]echi vRichnsaid acdesspDPSUIE tomphesagdanss
SOl & ome veLoVRRES B B o 2GR O S nasd "EnfOE!
channels and said address input ports for routing said
5 address signal to said selected memory device in
accordance with contxol data, and a control circuit
for generating said control data dependent upon said

content of said message. -

14, A communications circuit as claimed in claim

10 13, in which said access circuit comprises means for
.prefixing said control data as a prefix to said
_address signal, and said inward routing network is
responsive to said prefix to - route said address

signal.

15 - - 15, A communications routing device as claimed
in claim !3, in which said control circuit also

generates said address signal.

16. A communications routing device as claimed

in claim 13, in which said received meséage comprises

20 a routing portion, and said control device applies a
function to said routing portion to generate said

control data.

17. A ¢ommunication routing device as claimed in
claim 16 in which said function is such that, over
25 time, for messagés received from each said input
channel, said access circuit will access in sequence,
all of said memory devices.

18. A communications routing device as claimed
in claim 13, in which said function is a linear

30 | modulo~N function (where N is an integer).
-
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t he out put channel to which the nessage is 10 to be
d| recte r'z lﬂﬂl""il"t”ﬂlegure 2b, each of the receiver units 4 conpri ses a

denultl receiver 42, and 3 packet receiver 43. For
clarity, only the" deVi des for the receiver 4d are Iabelled An inconing
bit streamon the 15 2 annel .S denultég$exe éy demul ﬁer
41 and assenbl ed into frames P Wy %%&% % a a @F

sptit into ATM padheticd adm e, IsxbynﬁhﬂzAHAAdec@uufmq4§ortihnmboﬁprises

transmtter units_ 10 Vi or e e

transmtter unit fé d%%%r?%?ngQQ ATNPZ%ﬁbcgﬁpgg%ﬁbpﬁg£ﬁ%ﬁge %rghethe B
assenbl er 12 whi cfuncsiop &8 ueh (At yhéftrAWrt#eggagessewec@dtﬂsesnea a
frame; andsa nmult gl exgfg 13 dtierit MU hERPLEXEFel faBswtid OshR@ ONbRELyY

devices.

20. A communications routing device as claimed
in claim !3, further comprising means for changing

said function.

10 21. A communications routing device as claimed
in claim 1, further comprising a plurality of channel
receivers coupled to said input channels and to said

access circuit. . -

22, A communications routing dev1ce as claimed

15 in clalm 21, in which said channel receivers are ATM
receivers and said messages are ATM cells.

23. A communications routing device as claimed

in claim 21 or 22, in which said channel receivers are

optical receivers.

20 24. A method of- operating a communications
routing device, said device comprising a routing
circuit‘for‘selectively routing a received message
between one of a.plurality of input channels and one
of a plurality oftoutput channels and a plurality of

25 memory devices storing routing data for routing said
messages dependent upon their content, said method
comprising the steps of:

receiving a received message on one of said input

channels,
30 selectxvely accessxng one of said memory devices
N




channel I GLi I nput channels 3 and output channels 2 are 25
provi deuﬂm,,wm@jwjgmte channel receivers 4 are typically co-located with
the chanmnele 10, for exanple on a single printed circuit board
carryi ng the above descri bed hardware. Refer&fing to Figure 3, a packet
message in the ATM 30 transm ssion system conprises a data portion 8 and a
header portion 7. imhdegerdense: i spo8 cthprisertemt hyaks sEidy. regeilyeds) .
The header portioqne(‘s(yggé'.ses 5 bytes (40 bits), including a 16 bit virtual
channel indicator (VC)” 7a and a 12 bit virtual path indicator (VPI) 7b. _

Thus far, the descri ptiSRRictt FOY5SRGs A8ERe £APMYS 34 L16 Rin SRd&s Bg@ory
transm ssi on syst @sviaesyel | as to one enbodyi ng
S routing said received message through said
routing means; and
‘ emitting said received message on one of said

output channels.

25. A method as claimed in claim 24, further
10 comprising the step of controlling said routing device
-in accordance with said routing data.

26. A method as claimed in claim 24, further
' comprising the step of modifying said received message
in accordance with -said routing - data, to modify

15 subseguent routing of said received message.

27. A communications routing device for routing
messages between a_ plurality of input channels and
plurality of output channels, comprising:

routing means for seleétively routing a received

20 message from a first input channel to a first output
channel in dependence upon routing data; ‘

a- plurality of memory devices, .each containing
stored routing data stored at corresponding addresses
therein, each memory device comprising an address port

25 for receiving an-address signal corresponding to an
address and a data port for outputting the stored
routing data stored at the address corresponding to
said address signal, said memory devices being
separately accessible in parallel; and

30 an access circuit connected_to the address input
ports of said plurality of memory devices and
connected to said first input channel, said access
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the -i nventi | nvention differs in the structure of the
control ci rmm’ﬂgﬂllmgﬂﬂﬂ packet swi tching transm ssion system the
control circuilc bLCOAprsses a nenory unit 6a storing a plurality of table
entri es each indicating- an outlet channel for setting the routing-network
5, and, in 5 preferred enbodi nents, new VCI and VPl addressing data to be

witten into the Ré&GR#t7DEENEHEPRARREE b} NarBBRBRAE CANFResEONERBL| B8K- up
tabl e i s addressedaby aredsidiabSmeosmgesi RS td€l bl , at e l\ddtadidndmeege

indicating the identity of _.the_inlet.channel on_which the gessage aryived
(this being needed®¥tfte, °fo sFﬁHpr?ﬁﬁfﬁﬁégythgfsaﬂ%m9f¥ &g%fic'ﬁdregg -

coul d occur on generate an address signal dependent upon said content
5 of said message, and to supply said address signal to
the address port of said selected memory device in
which said access circﬁit comprises an inward routing
network connected between said input channels.and said
address input ports for routing said address signal to
10 said selected. memofy device in accordance with control
' data, and an address distribhuting circuit ~ for
generai:ing said control data dependent upon said

_content of said message.

28. A _communications circuit as claimed in claim

15 27, in which said access circuit comprises means for
- prefixing said control data as a prefix to said
address signal, ahd said inward routing network is
responsive to said prefix to route said address

signal. -

20 29. A communications routing device as claimed
in claim 27, in which said address distributing
circuit also generates said address signal.

30. A communications routing device as claimed
in claim 27, in which said received message comprises
25 a routing portior_x, and said address distributing
circuit applies a function to said routing portion to
generate said control data.

31. A communication routing device as claimed in

claim 30, in which said function is such that, over

30 time, for messages received from each said input
channel, said access circuit will access in sequence,
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seVeral dlfferent I nput channel s needing different routing). Referring now
to Fi gurﬁ mlu“mr“lm mbodi ment, a routing station acting as a node
(&exchang i age transm ssi on sysstem conprises a plurality (N)
of input chahnel receivers 4a-4c (e.qg.” optical receivers) -
connected- to res ive in annels 3a-3c, a routing table device 6, a

nmanagenen_unit 9 ( %% %%%LR%’PS”Y Pty of conbiners 1la-1lc; a
routi ng network 5; and a plurality (N) of output channel transmitters

10a- 10c connected to r ec}\éﬁ%@m,&gagﬂ h@Qﬂ€i§g2&e3§Fe s} Wl%&tn{ecde -

there may be, for exarrp nput an out put
managenent unit 9 4% &A@aﬁgeaozo Wmﬁﬂthe ﬁﬂﬁl r@ncHiaR héBd intlm@ad-'ew ce

6, to take aCCOU“'f-xodulQ; N fﬁriéif:.fdrp (whe B8 296 Hn 1nﬁ1§j€9&nﬂ5 on t he

t el ecommuni cati ons netvvork The |nput channel receivers are

5 ’ 33. A communications routing device as claimed
in claim 30, in which said routiag portion comprises
an address lying in an address sequence, and the
function is such as to distribute successive addresses
of said sequence successively between said memory

10 . devices. '

34. A communications routing device as claimed
in claim 16, further comprising means for changing

said function.
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'25..'..ar ranged on, receipt of a nmessage packet ("cell™), to exam ne the
header and to supply an address signal to'the device 6. The routing table

device 6 is arranged, in AGSTRACT OF DHECDIBCLOSUWRE header 7' conprising
new-VCl and VPl data, and to generate routing data 12 for controliing the

routing 30 rK. JLFgur
Lout 1 g neA BT A RS PR B CEo i el FoPERARG o
"butterfly" network of 2x2 selector switches arranged in | ayers 51,52, 53,
of Fi GiiAENSISE0A 7 m}l'ﬂ@hf"%éi‘%sqg@ﬁnec:tr@jofé%%aﬂ'%@smﬂtﬁui Raannsls. WB?@'“
spaced laterally at intervals 32 which increase as powers of 2. This is
one exasgpteund stherweassiuaksraibiirsitagsd dangiei coement devices starmigsioakuph have
the property that the output port of the network-depends only upon :
:=5les and interscnnection SirCUits Sor ssiectiveiy anking messages from one input

=~anrei to one i the piuraity cf memery cevices aeoencmg on the content of the

“zceived message

-
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tﬁ@ edh each of the switches is set, and not on the input
port k (i.e. the first switch in the route t hrouch the
net control word which specifies the settings of a switch of
éach of the | ayers of the network will uniquely specify one output port of
- the network, to which a nessage may be routed through the network
~irrespective of its stFE§t£g1Joint. The control data is therefore a
prefix 12 of log[err]N whi ch i tugnasmﬁtch successi vel y encountered
switch stages of the net wor k 5, as I"llustrated in Figure 5. At each -
smntch stage, the |eading bit en di scarded. The conbi ners

1d

vd

1c
Fig.3a. | DATA [vCl & VP ]
87 _ - 7/
72a
i 72b
Fig.3b. — _
: ) | Fig.3c. = 1
Fig.s.d. — - 1
Fig.3e. - —

Fig.3f. | |

Fig.3g.

8 L71 L12



the.-routing table device 6 for the existing header 7; andhiéSheethiasBee ced’
t.he existing data 8 to forma new packet, 15 prefixed with
control-data 12 (as shown in Figure 3d). Thus, on leaving th

hetwork 5 at the output thereof for the destination output channel, the

| eading bits 12 have been renoved to | eave th%anew header 7' and the old
data 8 (as showaed N Egure 3e). 20 Referriing to Figure 6,- the | ook-up
t abl e devi ce 6“?H hE; nbodi ment conpr ey [ Okt twr,k 61, a-
backward routing nétwork 62, and a plurghi f rdigg erfet e menor yg de es
63a-63c. Each of the N channef‘rece*ver@t&gyug nggg : b

i nput of the forward routing n& wor kaediN and the inpyt (jaddres

each of the N nenory devices §3a-63f if

pori% of

AN o
! 2 ouT 2a
e i " CONTROL v | l
?b// L | v - >/
Lyl > . -
H ’4b ' 2C
] ~ / _ X >/
Lt )1 -
4c .l
| swiTcH z,
(/ - 4d I Y 2d
” _ - 5 -
3c\
3d
Fig.2b.
3a 2a
/ <! | soH] fatm ATM SDH | ’ >l .
rev [lRev ] - TxMT ] XmT
DEMUX _ MUX
/Sb 2b
SDH ATM | | | |ATM SDH
"< " rev [ Rev xMT [ ] XxMT "> : _
DEMUX >< | MUX
3c 2c
SDH ATM ATM SDH
l’<_!‘"ﬂcv"acv" 1 XMT {] XMmT '{>'
DEMUX MUX
ad 2d
SDH ATM | | | |AT™ SDH
‘L< ’ ™ acv 1 acv it 1 Xt " }13'
Ux T ), MUX
DEMUX 44 42J 13/ SJ no1 ,



connect.ed to an output thereof, so that any input channel 4 can be routed

te any nmenory device 63. Likew se, each output (data port) of The N-rersry—
devices is connected to an input 30 of the backward rourmaghagpggék 62, )
and *each conbi ner 1la-11d associated with a respective cha eplaced
4a-4d is connected to an output thereof, so that the data J
menory device 63 can be routed to any conbiner 1la-11d. The"

61 and t he backward network 62 are 35 each, in this enbodinent, so-called
"butterfly"” networks of the sane general structure as the routing network_5
illustrated in Figure 5 and desCri bed above, and accordingly

Fig.4.

3a-~ 3b 3 _ '
N L4a } 4b c'\+ . 4c
v ! [

rk

—
[¢)]

(10a { (10c
/i_ 10 Zbﬁ 100 zcﬂ 10

2a



a;péwhisSHe&EiasQéeﬁ:bﬁé@&a applied to the routing network 61 routes the

fol |l ow rough the network 61 to one of the nenory nodul es
63a- 63 QHHHMH onnecting nodes of 5 the forward and backward

net wor Ks |y arranged to be parallel bit paths, so that-the
header 72 or 7' can be transmtted as one or nore parallel words; this
makes for rapid propagation through the networks 61, 62. Referring to
Figures 7 and-8, -the destination nmenory 10 _device 63a-63c, and the address

within the menory device, for a given e received at a given input
receiver unit 4a-4d, is determ red by anddddress decoder circuit 68a-64d ~
provi ded at the relevant ,i g4t receiver unit 4a-4gd. The addrﬁsjﬂecoder
circuit 64 receivesthe age—-hsader—r— toget herr 15 —Wit-he tht

. (S : T-IIOUt
of a registerf 71! con®§ayning a nuyber
' l

121. > | . (1) 0) ‘ (1) () .

(0) i (1) . {0) (1)

|
|
) S2a .4 |
122 | () Cyn o () () |
) ‘ M |
N e :
123 > | 53a ‘ - . . |

) R I N —_

_ 2a - vP\—Zb 2¢ | 2d

f’ ————————————— —'ll/e
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|ndr0ﬁﬁ e |dent|ty of- the incom ng channel
and gen
portlon d a nost significant

It sy te a contro

3 (and decoder circuit 64),

portion or word 72c,

?ahnrd_ 72 conprising a | east significant (address)
(routing) portion or word 72b.
for reasons

gli scussed be|OM/ The purpose of the address decoder 64 is to spread the

addresses to be accessed by each rec
devi ces 63. One sinple way of doing t
val ues of the hggder 7 oygr successive
schematical ly indi‘cated in: Figure 7.

unit 4a, the | oWest ernjcountered val ue of
single binary rd 7, iq distrjbuted to
| |
A 4 \ 4
64a |000000t | 0000004 { 64b
'\\.ooooooz_ 0000005 4~
- 0000003 \\\V

.GI’

i't 4 over a plurality of nenory

2% s to distribute successive
dul es 63a-63c,

ITDI‘y

| n ot her/ words,

\Y®
t he fif

|

0000007

for the fI/S?
d VPI t aker
st menor
"HAS
FUNCTION ‘

—— —— — ————————————— — ey w— p—

receiver

ngeEllel’ as a

64d

1]

r 0000008
- 0000010
r0000011
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0000014
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36 &qﬁ I Hebifis HebB® RBGAdedhi gher val ue to the next menory device 63b and so

hi on. This can be achi eved by use of a |inear, nodulo
N, funcy [Mg‘lﬂﬂ&dl ngly the address decoder circuit 64 conprises a
[ ogic CI cuting such a function. Referring once nore to Figure
7, the nDst significant word 72b conprises a prefix of log[err]N bits,
which is applied to the forward routing network 61. The suffix
-or least si-gnificant word 72a is sup@t&gf the address inputs of the

h

menory device 63 sel ected in accordanc t*he prefix 72b, and
accorddi ngly determ nes the output word generated by the

:J/l
:/wéw

Fig.10. N

) - m|
' IR
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Lﬂ - 67 fL»—sa 169
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e

EMnEnDry device 63. The path of the output word through the bag

metwork 62 to a conbi ner

f Gt war ds t hrough the forward network 61.

so th

frighdal

danode

In fact,

11 is sinply the reverse of the path ta
in this enbodl

backmards network 62 is 10 physically conbined Mdth the fo

eEig:E:the f or wae
ar ds net wor

s Been Reple

il

etwork3§l V\ntches t he

correspon f th kol NUS, / header
wor.d genera;ed b ) noryldevice %é S Jouted to Jhe cq %% whi ch
corresponds’ e _channel receiverids 4 t%#armwhi ch | he mgssage I"gi nat ed,
as shown schematicalfy In Figure 9. Figure 10 rTTustrates t Structure of
each nenory device @ of this_e®bodinent. It cofbrises a raidon1access
menory ! !
3da | i | 64b  ddc__| 64d
{ ' .
v v v v
Xk
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| |
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Si gnaIs 'fromthe forward network 61 are connected | Q/a
whi ¢ch are connected an address register 67, :a dat aLrgg
control circuit 69. The control word 72c is suppl |er 7t Q :

69 to, set thelesgauey HHetHoRead or Wite node. He “addfeé o
a’gement unit 9 (F| gure 4)

25 received into the address register 67. The man
is preferably connected to an input of the forward ri8itiing nétwork 68 [dH......

an output of the batisardavesutigny neiavek 62X sethbds | énd adpperessisi hEsE
memory devi Ce%e@éah@ thguRaug, ”a”9§¥-~a §rp M Yyedy P% t%.%@:.&r%&g;e%%;s

units 4. When it IS desi reatorewrlte htentso t he nmenory
managenent uni-n"a--sgpm inesl at e (RY @gc\}v&ltdCCF@BUP-aQQFéSPS!:V\Bn-d’$ma¥md='~a-ar’

control wokd 338-.._.' €l b@tc_ket networks, such as Asynchronous Transfer Mode
(ATM) where the racket header may be changed en route.

The ATM packer transmission® protocol is described in

" Asynchronous Transfer Mode-Solution for hroadband ISDN", by

Mart.n de Prycker, published by Ellis Horwood, incorporated

10 herein by reference. Generally, a packet (termed a "cell" in’

ATM parlance) is addressed to a destination which is specified

in the packet header by address data comprising a 12 bit

Virtual Path Indicator (VPI) and a 16 bit Virtual Channel

Indicator (VCI). Imr general terms, the VCI indicate_s— the

15 entize "Virtual Channel® _cc;nnection route from the source to

the éeéti_gation through the network, via switching nodes or

exchangés, whereas the VPI indicates a path through the

network_ between nodes or switchilng centres of the network,

which may be taken Dby packets forming part of several

20 different wirtual circuits. At each nodé, the packet arrives

on an'inward channel (e.g. fibre bptic cable), its header is

examined, and it is routed out on an outward channel in

dependence upon its address data.
it is possible for each node to act in a completely
25 predetermined manner in routing a packet on an outward channel
which depe;‘xds énly on ‘the address data in the packet.
However, it is also possible for each node to vary the address

data of a packet in pés.sage, so as to redirect the packet on
an alternative route to its destination. This is advantageoué
30 in traffic management, for éxample to avoid an overloaded or
- damaged node. | _ '
_ At each node, a lookup table (held, for example, in
handom Access Memory (RAM)) is generally provided, the address
~data (i.e. VCI and VPI) in a packet being used to access the
35 lookup table to derive the identity of the output line from
the node on which the packet is to be directed towards its
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this. case specifies that data is to be witten to the nenory 65. The
address word 72a and control word 72c are routed to 35 the desired nenory
65, and the ‘control word 72c is supplied to the control circuit 69 which is
operabl e in response to select wite node2of the nenory 65 (at all other
times, read node is selected). -The nmanagenent unit 9 also supplies

addi ti onal datdesuwhrekzion.| oddedkintmpdda siatls o eypsvaryo8het addeplbacdatx
LG ok HEE B8k dRe AR Sad e Jli 1 %@dES:‘a%aiPxeCﬁL'x?é’w Vet e
address word 72 not necessary to provide separate W ring

t he nanagenentvﬁﬁl#ﬂérﬁéseééﬁaoﬁ-the menpry units 63.
I the ATM system, e=ach packet includes address data

comprising a 16 »bit VCI and a2 12 bit VPI. Although it would
be possible to operate by'merely changing the VPI, for full
flex:bility a node would be capable of changing both the VCI
and the VPI. If the node has N input-or output lines, and if
the table is arranced as a ' flat’ lookup table with a direct

-
-
L -

';Q one-to-one correspondence between input-addressea and output
addresses, the size of the table to be held at the node is
N. 2%, 2%, ‘and each entry in the table needs to be (16+12+log,N)
bits long. Thus, for a node to which 256 lines are connected
(N =. 256 requiring 8 bits to encode:-N), each entry in the
15 table is (28+8 = 36 = 4.5 bytes) long, and the table ~must
‘contain 2% bits = 64 Gigabits so that the total size of the
table needs to be 288 Gigabytes. This is a very substantial
volume of memory.
One possibility is to arrange such a table as a 51ngle
20 contiguous memory address space, with an input (address) bus
to which all N inpﬁt channels are connected, and an output
(data) bus connected to all the outlet channels. In this
case, to avoid bus contention, it would be necessary to
allocate time- on the input bus between the N available
25 channels. Thus, the access time which each channel must, on
average, wait to access the lookup table -increases
proportiona%ely'fo the number of channels N, since the time
available to each channel decreases in proportion to N.
As messages may be arriving through optical fibra
30 <c¢hannels at a rate of hundreds of Megabits per second, in the
form of a large number qf'relatively short packets, it will
" be seen that this method very rapidly becomes unusable if it
is desired to provide a large number of input and outlet
channels to'a node, no matter how fast individual accesses to
35 the memory can be made.
Rather than use a single, "flat“ lookup table, it may be
possible to use a multiple step access, "folded" memory

This is the replacement sheet
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I n operation, when a packet nessage is received on a channel 3, the
respecti:ve channel receiver -4 separates the 10 data portion 8 and supplies
it to the respective conbiner unit 11. The header portion 7 is converted,

- by t'he address decoder circuit 54, into a routing word (prefix) 72b, an-
addressing word (suffix) 72a, and a control “word 72c. ‘The addressing word

72a and controledWid-72C (:dvW¥ei N Fo134%A SRbmaE faaa%é:%é.mlﬁaxkh@-me
forward routin netvvork 61 to the sel ect ed one o Ofem)ry devi ces
whi ch corresp 0% h@FRRISRE or 827247 T2 TR Yo Fr %rd’W@“i’@néppFPed

to the controlaldigxratioforwreet=3ehs. the menory 65 to Read node, and

appl i es the addressj 29 word _72a . 10.1 he addre of_the menory
The nenory 65 corr €8p oﬁﬁll"ﬁd"l’f §Jﬁp| 18E< a"?‘ne'\?véhegg &7. eaJL J'f'f%‘fth réarh’é

VCl and VPLZ addiidss sematrhce dobkup rableng in th*s case, uhere is no bus
contention for access to the lookup table, so that the access

time is fast regardless of the number of the input channels.

Where there are N input chanrels, each input channel requires

- a tabi_e of 1/N times the same size as that above, so that the
10 total amount of memory required over all nodes is the same as

that ahove. In an ATM system, with 28 bits of VPI and VCI
address data, each nmemory thus needs to be of size 28+ (28 +
logN) bits, which is [0.9 GBytes + 33 MBytes * logN]. This
is around the size of mai.ri-fra‘me-memories, and could require,
for each input. channel, of_ +he order of 477 16Mbit memory

- chips. -
' Ia £fact, inpuc ci;annels- will not actually receive packets
carrying the whole range of VCI and VPI addresses; the total
range ifAi each case will be smaller and it would consequently
20 be possible to use a-smaller address range (and hence a
smaller table requiring a smaller volume of memory) for each
input channel nemory device. However, to allow for the
possikility that any channel may become busy it would be
necessary to provide, in each memory, an additional " ovérhéad"
25 volume of memory space (over and above the volume likely to
be requested which is nof: normally used but which could
occasionally be required. This overhead memory is thus needed
in each input channel memory device, and hence the total
memory required rises quite sharply with the number of input
30 channels.

‘The present invention provides a node (e.g. exchange
‘'station) for a message transmission system (e.g. a packet
system, 'f'or example an ATM system) in which the lookup table
is provided as several discrete mémories, and there are

35 provided interconnection means for selectively linking one of
a2 plurality (for example all) of the memories to each of the
input channels. In this manner, the average access time is

/_'—-————-
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prefix 12 (as shown i-n Figure 3c). These are supplied to the conmbiner 11,
where the data portion 8 is appended (as shown in Figure 3d), and the
reassenbl ed message is thereafter 25 routed through the self-routing '
network 5 in accordance with the prefix 12 40 one of the output
transmtters 10. Fromthe foregoing, it will be apparent that on occasions,
two differentr-ebpgeivelyufiek: 4apbycathenpttia accsasparheemrmrmmw ratiece

63, |eadi d

of the o war B2 ERBEBAckAr deet eGP BV ED, kBT, ey M SOk o onsedagted
for the passagecaﬁsenehleesasugmt rnnug#e:draeacohemheynétsmmd@qeﬂ.blmketalﬁe of
passage of a”RL@f&gB‘éﬁS?%v& eagﬁx 8%&%@5&0& ééh}&é’xﬁ&r# £&L }‘é}&& f:.(}{éout

bot h of these poSS recei ver ovid
buffer so ﬁ.hachanneéomserﬁfmentunsmqun overhead is prov1ded for several

input channels, and is utilised by whichever channels are busy
from time to time. | )

Another advaﬁtage of the present invention is that it may

- be easier to update the contents of the memory since the
10 memory devices may be co-iocated rather than dispersed at the
input channel receiver circuits. .

Viewed in another way, the present invention provides a
node for a transmission system in which the routing table
comprises an emulation of a single flat n'lultiport memory table

- 15 shared between the input channels.

Preferably, the separate memories do not contain data
refating to contiguous header addresses, but instead the data
is distz.f:ibuted between the memory devices in a predetermined’
(e.g. pseudorandom) fashion, and addresses corresponding to

20 each packet header are decoded and distributed to the relevant,
memory device. This reduces -congestibn for particular memory
devices where. a number of packets are destined for the same
or similar destinations, and thus reduces the access time to
the memory devices.

25 Other-preferred features and embodiments are as descrn.bed
or claimed hereafter

The invention will now be illustrated, by way of example
only, with reference to the accompanying drawings in which:

E‘igure 1 shows séhematically a message transmission

30 system including a node with which the present invention is
useablé; |

' Figure 2a shows schematically the structure of a known
'* node; and | _

Fi'gure 2b shows in greater detail parts of the node of

35 Figure 2a; | ' '

Figure 3a shows schematlcally the structure of an ATM
packet comprising a message to which the present invention is
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to an earlier message from another receiver unit 4, a further attenpt to
access the nenory is subsequently made. In this way, a variable delay in

t he passage of nessages through the routisn <circuit 6 -can arise.

Accordi ngly, each conbiner 11 is |likew se pfovided with a buffer, so as to
al l ow successive 5 data portions 8 to be queued. A delay corresponding
to an aver age2BELiFAPKSM B30 through the routing networks 61, 62 may be
provi ded between tbhegaharnehIRCEhE cd-2BEhbNeL NP LAREELest A€ L8 AYs MBY
be digital, or it may co r‘_lhsef,flﬁr}1 anal o del qy such as a length of optical_
fibre. 10 OPeFAL: RlinQfeteit IHiMO™E 7% PRS0 the i nput bus 66

Figure 4 shows schematically a node according to a first

empodiment of the present invention;

2
Tiqure 5 shows schematically a routing network forming
part of the node of Figure 4;
Figure 6 shows schematica;ly in greater detail a lookup
- mea_ns' forming part of the node of Figure 4;
10 Figure 7 shows in greater detail the lookup means of part

of Figure 6; _
Figuré 8 shows an addéress allocation means forming part
of Figure 7; .
Figure 9 shows in greater detail forward and backward
1% routing rietworks forming pagt of the embodiment of Figure §;
i Figure 10 shows schematically the stxructure of a memory
device in_the embodiment of Figure 6; _
Figure 11 shows schematically the structure of a node
according to a second embodiment of the invention; and
20 Figure 12 corresponds to Figure 10 and illustrates the
structure of a memory device in the second embodiment.
Referring to Figure 1, a message transmission system
comprises at least one node la, 1b, 1lc connected to a
plurality of outlet channels 2a-2d and a plurality of inlet
25 channels 3a-3d. Typically, as shown, the inlet and 6utlet
channels are paired. At least one node lc is connected to a
destination 1ld. A message to be transmitted is received at
a node lb on an inlet channei (for example 3b), and routed
through the- node ib to one of a plurality of possible output
3@ channels (for example 24). - Each node therefore acts as a
switch device or routing station, and may typically be a local
- exchange. Each channel may comprise a physically separate
communications link (for example an o;;tical fibre cable, radio
path or twisted pair cable), or may be one of a plurality of
35 logical channels carried by such a physical channel (for
-example, it may be a time-slot in a TDMA frame).
Referring to Figure 2a, a node 1 comprises a receiver
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‘of each nenory device 63 and, as di scussed above, is capable of supplying
new data to sel ected addresses in each nmenory device to overwite the

exi sting data. Thus, when it is desired tg change the route taken by
messages through the 15 tel ecommunications network. the VC and VPI
substitute datmi# fngoiheakauichigndal avhicaagebaratew iildMrWildi from a

managenent- uni-t At will _be clear fromthe foregoing _that, by -one
particul ar selpé‘é' i"(ﬁ‘?“df‘:!}ﬁ;&ﬂ?‘ﬁg’-?ﬁ?lc%‘r%‘frﬂ)e B'}eese?%ﬁﬁ'ecﬁ PR D PetHRF e s
decoder circuichnn@ttddietd oramhd-=meeLivackwant retamd karfdngedcaol dikecwmde
entirely "tra et s, J.0Qther, words,..all 4 lsat.1.ng one input
channel coul dﬁ%ggﬁg_éd “l"r?lﬂgté‘lehngl'g%@(grg'r'e'é%%ﬁdi&]ng grrgir'ng)ﬂ%% eélhtg:eog%hﬁ r?"ﬁr}ne?
case, theré& wehenpeligef 2ar2idon #Rdnd corneyrl odnit the womectEd/i tes e3kh

receiver unit 4 andé responsive to the address data in a

received message to contzol the routing network 5. The

control circuit 6 generates a code which specifies, for the

routing network 5, the_butput channel to which the message is
10 to be directed. '

Referring to Figure 2b, each of the receiver units 4
comprises -a demultiplexer 41, a frame receiver 42, and a
packet .-:’éceiver 43. For clarity, only the devices for the
receiver 44 are labelled. An incoming bit stream on the

1S channei 34 is. demul-tiplé:g_ed by a demultiplexer 41 “and
' assembled into frax;tes by the frame receiwver 42, each frame
being split into ATM packets or cells by the ATM receiver 43.
Lil:cewise', ransmitter units 10 are provided for each
output channel 2, each transmitter unit 10 comprising an ATM
20 cell combiner 11, a frame assembler 12 which assembles a
plurality of ATM messages or cells into a frame; and a
multiplexer 13 which .mui'tiplexes frames on to the output
channel 2. .
In practice, input channels 3 and output channels 2 are
25 provided as pairs and the channel receivers 4 are typically
co--located with the channel transmitters 10, for example on
a single printed-circuit board carrying the above described
hardware. ' .
Referring to Figure 3, a packet message in the ATM
‘30 transmission system comprises a data portion 8 and a header
portion 7. The data portion 8 comprises 48 bytes (e.g. 384
- bits). The header portion compriges 5 bytes (40 bits),
includianag a 16 bit virtual channel indicator (VCI) 7a and a
12 bhit virtual path indicator (VPI) 7b. '
35 - Thus far, the description corresponds generally to a
known message transmission system, as well as to ons embodying
the invention. The present invention differs in the structure
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25 and (dependi ng upon the structure of the networks 61, 62) there is the
possibility of no edge contention in the routing networks either. Thi s
situation thus corfesponds to the possibility of providing a separate
menory device for each input channel 3. 30 - However, it will now be
under st ood that adherence to this allocation would require each nenory

devi ce 63 t0 bgragnd asgerast! Beskaigest expesheda nugipin OfodlddPevi tening

conbi nations for angjesl%]?ut channel 3. The j{g;eqt_'i nvention, on the other
hand, allows tHe23§ OR ¥ Wefor - UEAR LT P et (SORRF 1P FoNeTPEY

t he average numiner &4 sxtisirisses blkeil:itp b2 taigleredckoescaakn Qpdicating-

channel, si n(_:eaxjx tc&fcleotoscsﬂgz_!ugef Ofégagé&?ﬂt.r,e_:he routing network S, and, in

kan

preferred embodiments, new VCI and VPI addressing data to be
written into the header 7 cf the packet by a combiner unit 6b.
The look-up table is addressed by an address comprising the
VCI, the VPI and a code izdicating the identity of the inlet
channel on which the messace arzived (this being needed since,
in principle, the same 7VPI .& VCI address could occur on
several different input channeis needing different routing).

Referring now to Figure 4, in a £first embodiment, -a
routing station acting as a node (exchange) in an ATM message
transmission system compris es a plurality (N) of input channel
receivers 4a-4c- (e.y. optical receivers) connected- to
respective i.nput channels 3;-3c, a routing table device 6, a
manatqemem:_unit 9 (e.g. a computer), a plurality of combiners
lla-1llc; ‘a rout-ing_netizork 5; and a plural;'..ty (N} of output
channel transmitters 10a-:0c¢c connected to respective output
chanrels 2a-2¢. In prac_:_t:‘.é:e there may be, for example, N=4096
input and output channeis. The inanagement unit 9 is arranged
to amend the routing table held in the device -6, to take
account of traffic | management demands on the
telecommunications network. 'The input channel receivers are
arranged on receipt of a message packet ("cell"), to examine
the header and to supply an address signal to the device 6.

The routing table device 6 is arranged, in response, to
generate a new header 7 comprising new VCI and VPI data, and
to generate routing data 12 for controlling the routing

network 5 (as shown in Figure 3c¢). In this embodiment, the
routing network 5 is a self-routing network, for example a so-
called "butterfly" network of 2x2 selector switches arranged
in iaye.fs 51,52,53, of Figure 5 each switch being connected
to switches in the next layer spaced laterally at intervals
which increase as powers of 2. This is one example of the

class of multistage interconnection networks which have the

property that the output port of the network depends only upon
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menory space which is unused by one input channel for use by another input
channel . - Second Enbodi nent |In the above described enbodi ment, a physically
separate 5 backwards routing network 62 is provided, for routing the new
header 7' to the conbiner 11, from whence thg reassenbl ed nessage i-s routed
t hrough the self-routing network 5 to an output channel 2. In this

enbodi ment,  houeVES rectBn RACKABIAS edIdNERE) stk £2 206, thRS not
self-routing network 5 are conmbined in a single self-routing network 50, as
shown in Fi gur@?18le Rl (RRET O FiHer BEFO=hnl iotfc drt Spidiids S tel 4n the
enbodi nent to fH@té e cHrdigh hehfe sécvesdiori gBntthd &hiSontrol word which

specrfies the sectings of a switch of each of the layers of

the network wilil uniquely specify one output port of the

kn

network, to which a message may be routed through the network
irrespective of its sta::;ng ooint. The control data is
therefore a prefix 12 of loggl!ﬁts? which in turn switch

_ 'successively encountered switch stages of the network 5, as

10 illustrated in Figure 5. At each switch stage, the leaaing
bit is used and then discarded. ' ' .

The .combiners lla-llc sukstitute the new header 7' from
the -routing table device & for the existing header 7; and
combine it with the existing data 8 to form a new packet,

15 prefixed with the qontrol'data 12 (as shown in Fiqure 3d).

Thus, on leaving the routing netwofk 5 at the output .
thereof far the destination oucput channel, the leading bits
12 have been removed to leave the new header 7' and the old
data 8 (as shown in Figure 3e).

20 Referring to Figure 6, the look~up table device 6 in this
embodiment comprises a forward routing network 61, a backward
routing network 62, and a plurality of discrete memory devices
63a-63c.

, Each of the N channei receivers 4a-4d is connected to an

25 input of the forward roufing network 61, and the input
(address port) of each éf_the N memory devices 63a-63c is
connected to an output thereof, so that any input channel 4
can be routed'tp any-ﬁemdry-device 63. Likewise, each output
(data port) of the N memory devices is connected to an input

30 of the backward routing network 62, and each combiner 1la-11d
_associated' with a respective channel redeiver 4a~-4d is

connected to an output thereof, so that the data 7' from any
memory device 63 can be routed to any combiner 1la-114.

The- forward network 61 and the backward network 62 are

35 each, in this embodiment, so-called "butterfly" networks of
the same general structure as the routing network 35
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enbodi-nent, not only the address word 72a_but also the data 15 portion 8
of .a recei ved nessage (as shown in Figure 3f) is transmtted through the
forward network 61 to the nenory device 63. As before, the address word 72a

is supplied to the address inputs of the meyrory 65. The foll owi ng data
portion is buffered in a buffer 51 provided within the nmenory device 20
65, and the cillustzsteduih B9ghress andbtescrhbedecathond, &nd hecdbddingly’

Coutput 12, 7'_of the o an Qut : enabl es the
r ead- out of t?1e£ %i%l’féc’%g??ls%r?%g ‘f%%otr%%lt%e agntﬁlf%}d gyiésgggs%{&gm?% orﬁﬁq" i3 -eaéd{]e_r
and data (as stum@s | phéi Joldoggpg dathe @& mhrangh Sthef neaverkeddr caenee

T 15 direct of ro RdTh Hodll 4R B 430,"  aPapaT s (qitker O KRl
routing prfiste Zqermrdtandbyackeantnpeyvesks are preferably arranged to
he parallel bit paths, so that the header 72 or 7' can be
transmitted as one or more parallel words; this makes for
rapié propagation through the networks 61, 62.
- Referxing to Figures 7 and 8, the destination memory
10 device 63a-63c, and the address within the memory device, for
a given message received at a gxven inpﬁt receiver unit 4a-44,
is determined by an address decoder circuit 64a-64d provided
at the relevant input receiver unit 4a-4d. The address
decoder circuit 64 receives the message header 7, together .
15 with the output of a register 71 containing a nusdber
) indicating the identity of the incoming chaanel 3 (and decoder
circuit 64), and genérates an output word. 72 comprising a |
least significant (address) portion or word 72a and a most
significdant (routing) portion or woxd 72b. It may also
20 generate a control portion or word 72¢, for reasons discussed
below.

The purpose of the address decoder 64 is to spread the
addresses to0 be accessed by each receiver unit 4 over a
plurality of memory devices 63. One simple way of doing this

25 1is to distribute successive values of the header 7 over
successive memory modules 63a-~63c, as schematically indicated
in E‘igﬁre 7. In other words, Zor the first receiver unit 4a,
the lowest encountered value of VCI and VPI, taken together
as a single binary word 7, is distributed to the first memory

30 module 63a; the next higher value to the next memory device
63b; and so on, in a circular fashion.

This can be achieved by use of a linear, modulo N,
function', ‘and accordingly the address decoder circuit 64
comprises a logic circuit for executing such a function.

35 Referring once more to Figure 7, the most significant
word 72b comprises a prefix of log,N bits, which is applied to
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In the second enbodi nent, the hardware redundancy in providing two
sel-f-routing networks 62, 5 is elimnated. It 30 may correspondi ngly be
possi ble for the second embodi ment to oper at e faster than the first

enbodi ment, since massages pass through f ewdy st ages. On the ot her hand;
since the data gorglon Is transmtted through the forward routlng net wor k
61, the possiBF®i t3PBF2EBnt EALFORT h%?’é?’ﬂrﬁaflbe hi gt tSREELx - oF | deass
first enbodi nebgns Fheanecwoddenbadi srenipdbsedtqdiid iadthte S8lViadhage o She

the first embog] IEptaq 5l BE°eNELE 0840k iMRESOLARYE e AW ke presux 72,

memoxy
and accordingly determines the output word generated by the

memory device 63.
The path of the outgpuc wors thr ough the backwards network

b

62 to a combiner 1l is saimply cthe reverse of the path taken
forwards through the forward network 61.
In fact, in this embodimenz, the backwards netﬁcrk 62 is

10 ophysically combined with <he forward'network'ﬁl, eo that .

switching a node 6la of the forwards network 61 switches the

correspona;ng node 62a of the backwards network 62. Thus, the

new_header word genereted'by the memory device 63 is. routed

to the combiner 11 which corresponds to the chennel receiver
15 4 from which the message originated, as shown echematically

in Figure 9.
- Figure 10 illustrates the structure of each memory device

63 of this embodiment. It comprises a random access memory

(RAM) 65, having an address input, a data input and a data
20 output. Signals from the forward network 61 are connected to

an internal bus 66, to which are connected an address register

67, a data register 68 and a control circuit 69. The control

word 72¢ is supplied to the control circuit 69 to set the

memory 65 to Read or Write mode. The address word 72a is
25 received into the address régister 67.

) The management unit 9 (Figure 4) is preferably connected
to an input of the forward routing network 61 and an output
of the backwards routing network 62, so that it can access the
nemory devices 63 in the same manner as is performed by the

30 receiver units 4. When it is desired to rewrite the contents
of the memory 65, the management unit 9 supplies a routing
“word 72b, address word 72a and a control word 72c which in
this caee specifies that data is to be written to the memory

65. The address word 72a and control word 72c are routed to

35 the desired memory 65, and the control word 72c is supplied
to the control circuit 59 which is operable in response to
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3 is particularly busy, this can lead to congestion in the 5 self-routing
network-5 of the first enbodi nrent. However, in the second enbodi nent,
activity on one input channel is spread between a nunber of nenory nodul es

63 and consequently nessages enter the routtng network 50 at a nunber of
different points, thus spreading the activity and reducing the 10
possi bility ofelcsax entxoa. nddet bf straboenoent 65t hatchdilcotdiert el dmshirepd

functi on perfx?{%gd Ly é@feéﬁgézss d’f‘iQdQ{ar?Aée%‘é ¢ ShdBY Id k§ﬂ§et%%n1*es

controlled b fanagenent ponse t0 congestion O
routi ng net wc#d@-SU-"w-r f%ﬁhﬁncb’h@ﬁnt he ﬂ-mm dmtkp the daga mediswemnéGdcr

of possible adinesiged b ReNGR I-he vEaxi fem aﬂabe-rouc&f«;tawé RéL @ldr ¥he

the menory_ devicesS 63 taken together) i s N. he maxi num si ze
required o8 &ddress specilied by the add:ess word 72a.  Thus, it is not

necessary to provide separate wiring from the management unit
9 to each of the memory units &3.

In operation, when a packet message is received on a
- _ channel 3, the respective channel receiver 4 separates the
10 data roxtion 8 and supplies it to the respective combiner unit
11. The header portion 7 is converted, by the address deccder
circurt 54, into a routing woré (prefix) 72b, an addressing
word (suffix) 72a, and a control word 72c. The addressing
word 72a and control word 72c¢c (shown in Figure 3b) are routed
15 through the forward routing network 61 to the selected one of
the nemory devices 63 which corresponds to the routing word
72b. The_control word 72c is applied to the control circuit
69, which sets the memory 65 to Read mode, and appliés the
addressing woxrd 72a to the address inputs of the memory 6S.
20 The =memory 65 correspondingly supplies a new header 7/,
comprising a new VCI and VPI address, together with a routing
prefix 12 (as shown in Figure 3:;). These are supplied to the
combiner 11, where the data porxtion 8 is appended (as shown
in Figure 3d), and the reassembled message is thereafter
25 routed through the self-routing network 5 in accoxdance with

the prefix 12 to one of the output transmitters 10.

From the foregoing, it will be apparent that on
occasions, two different receiver units 4 may attempt to
access the same memory device 63, leading to memory device

30 contention. Depending on the structure of the forward and.
backwards routing network 61, 62, it is also possible for the
‘passage .of one message through one of the networks to block
the passage of another message ("edge. contention*). In order
to provide for both of these possibilities, each receiver unit

35 4 is provided with a buffer so that, if contention occurs due
to an earlier message f::om_ another receiver unit 4, a further
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each nmenory device is 2[err] entries. In practice, however, only a fraction
of .t he possible nunbers will actually be connected 20 to subscribers.

The fraction will vary fromchannel to channel and over tine. According to
the invention, if 1000 input channels are p*ovi ded (N=1000) and the total

f th d 63 k he whe = 2[er)
2 e i munERORHES 55 BYCPRL<H cRatar boctoy oF REORBRY BEeRa. ot LS

arr anged suchwapat aczelriagle deiamdia ugss tﬂ.sskmeaMr cesEagEaC thtough e
il coten ot e$?g§__eacg%_,..¢9{ % -éérgkézé'im ‘addr essggg{égiges e(‘%ngF%"b?é’I@;J 2i44

addr esses each S use
mllion addrebSebisaghfe ProNiged Withi 3 Be i exarfa &s ﬁo \mhhomem@sm

suf fici ent =m9&9{:¥ F%*%\*Qidsﬁbé erdObeacghbdddl | CANadIHPEEcLtesDORALHS +8 an
utilise a yer%/ve;:gce or minimum time through the routing networks 61, 62
may ke provided between the channel receiver 4 and the
combiner 11i; the delay mav be d..g*tal" or it may- comprise an
analog delay such as a length of optical fibre.

The management unit 9% is connected to the input bus 66
of each memory device 63 and, as discussed aboﬂ*e, is capable
of supplying new data to selected addresses in each memory
device to overwrite the existing data. Thus, when it is
desired to change the route taken by messages throug‘h the
,J,j_ telecommunications _ne;:wor_k,. the VCI and VPI substitute.data

7' ana the routing data 12 can be re~written by the management

(T
(-

unit. . -
It‘ will be clear from the foregoing that, by one
particular selection of hashing function to he executed by the
20 address decoder circuit- 64, the forward and backward networks
61, 62 could be made entirely "“transparent", in other words,
all the data relating to one input channel could be held in
a single corresponding memory device 63. In this case, there
will by defiiu‘._tion be no contention at the memory devices 63
25 and (depending upon the structure of the networks 61,62) there
is the possibility of no edge contention in the routing
networké either. This situation thus corresponds_ to the
possibility of providing a separate memory device for each

_ input channel 3. |
30 However, it will now be understoocd that adherence to this
allocation would i:equire each memory device 63 to be as large
. as the largest expected number of VCI/VPI combinations for any
input channel 3. The present invention, on the other hand,
allows the 'size of each memory device 63 to be decreased
35 towarés the gverage number of addresses likely to be required
for each input chénnel, since it is possible to reallocate
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nunber of possible addresses, provided not all channels are sinmultaneously
busy (which is highly inprobable). By way of conparison, if a separate

| ook-up table were provided for each input channel,in order to allow
even one input channel to use 0. 91m addresses, it would be necessary for
the nmenory device for every channel to be of size 0. 91m- and so the total
anount of nenBRPROFEQEPRES WHGHCH BS HTGHECO PY5 ORedSBRE HRANRRL | FOX MS il e
exanpl e accor ghpgnte theuchwenrtn~@l). Thus, given a typical pattern of
channel usage, the present invention provides a flexible solution offeri ng

T ma .
povk - 34

Iz the above descrited embodiment, a physically separate
backwards routing network §2 is provided, for routing the new

=
header 7' to the combiner 11, from whence the reassembled
- message is routed through the' self-routing netwo;:k S to an
output channel 2. | o
In this embodiment, however, the backwards routing
10 network 62 and the self-routing network 5 are combined in a

s_ingle self-routing network 50, as shown in Figure 11.
Referring to Figure 12, which corresponds in this
embodiment to Figure “10 of the first embodiment, in %his
i embodinent, .not only the adaress word 72a_but also the data
15 portion 8 of a received messagé (as shown in Figure 3£f) is
transmtted through the forwardé network 5—1 to the memory
device 63. As before, the address word 72a is supplied to the
address inputs of the memory 65. The following data portion
is buffared in a bufifer 51 provided within the memory device
20 65, and the control circuit 69 first enables the read-out of
the data output 12,7’ of the memdry'as on to an output bus 52,
and then enables the read-out of the data portion 8 from the
buffer 51 so as to recombine header and data (as shown in
Figqure 3g).. The output bus 52 of each memory device is
25 connected to an input of the self-routing network 50, through
which it is directed to a channel transmitter 10 selected by
the value of the routing prefix 12 gerierated by the memory 65.
In the second embodiment, the hardware redundancy in
providing two self-routing networks 62, 5 is eliminated. It
30 may correspondingly be possible for the seco_nd embodiment to
operate faster than the fizﬁst_ embodinfent, since messages pass
through fewer stages. On the other hand, since the data
portion 8 is transmitted through the forward routing network
61, the possibility of contention therein may be higher than
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relatively fast access and rel atively |ow volune of nmenory, 10 even where
t he. nunber of input channels is very high. This may nmake it possible to
provi de tel ecomruni cati on networks consi sting of fewer, higher capacity
exchanges that at present, interconnected by,optical fibre cables. Another
advantage of the invention is that the mana&nent 15 unit 9 need not be

physi cal |y coppeetgd staquldinl e s&parate tables; instead, it can access
each menory device 63 viatﬁmé%ormard routing network 61 to anmend the data

therein. The requi FE8-&99QR4 erhRedinernke 2ranagedddi tivnalemivankage Ve
are-given by ¢het al ~gematinddi s, 19k fc L0/PREk &ind (NCREEE L 2%t dhannels -
transm ssion fate) (prqbabjll; gf arrival at a given input). Thus, for

to corngestion in the

exanpl e, with?®a*SeftAcdHE2Tal ePYF Y1555 can -ea
£ self-rcuting network S of the first embodiment. However, in

the second embodiment, activity on one input channel is spread
between a number of menmory modules 63 and consequently
messages enter the routing network 50 at a number of different
points, thus spreading the activity and reducing the

10 possibility of contention. In this embodiment, the choice of
the hashing function perZcr-med by the address decoder circuit
64 may likewise be contrciled by the management unit 9 in
response to congestion of the “routing netwérk 50.

- -

P p g} v :

13 The maximum number of possible addresses (and hence the
maximum number of entries in all of the memory devices 63
taken together) is N.2%%, Thus, the maximum size required of
each memory device is 22 entries. In practice,'howeve:, only
a fraction of the possible numbers will actually be connected

20 to subscribers._ The £frzaction will wvary from channel to
channel and over time.

According to the invention, if 1000 input channels are
provided (N=1000) and the total size of the memory devices 63
are taken together as 100m (where m = 2% = the maximum number

23 of possible addresses), the memories can be arranged such that
each input channel uses 0. 1m addresses each (i.e. 26 million
addresses each), or 900 links use 0.01m addresses (e.g. 2.6
million addresses each) and 100 links use 0. 91m addresses each-

. (approximately 244 million addresses each). Thug, in this

30 'exampleh it will be seen that sufficient memory is available
for a significant number of channels to utilise a very high
number of possible addresses, provided not all channels are
simultaneously busy (which is highly improbable).

By way of comparison, if a separate look-up table were
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Megabits per second, "and a probability of 1.0, the time between arrivals
Is.2. 7-mlliseconds. H gher transm ssion 25 rates reduce this avail able
time, whereas |ower probabilities of arrival of a packet ‘on a given input
reduce it. Existing technology for the routigne network 61, 62 and nenory
devictes 63 is well able to deal with a pacR®& between arrival tinmes of this

order. 30 Other Variati. e%q% EVH?,%H Mxﬁ'#,t th égrt Fg fa?igqog@gn oie

nmanagement unftoo-F8< dé &Er | cont r ol oca
memory in actupuanchanneh msnsexsxﬁe@ cﬁimeafﬁdmsms.hm-tH@uhédéedeepsesam

's also or al ESL”‘E‘ﬁéVﬁhg gsabbLeef bt been?n@ﬂsaﬁai ¢di be 3 2i2k 9. 9im, -
plurality of different ces to comruni cate one wth
and so the total amount of nemory required would be 910m (91
5 <times as high as in the above example according to the
invention). _

Thus, given a typical pattern of channel usage, the
present invention provides a flexible solution offering
relatively fast access. and :elac:.":ely low volume of memory,

10 even where the number of iﬁput channels is very high. This
may make it possible to provide telecommunication networks
consisting' of fewer, higher capacity exchanges that at
present, interc'onnected'by'optical fibre cables.

_ Another advantage of the invention is that the management
15 unit 9 need not be physically connected to multiple separate

) tables; insﬁead, it can aCC;SS each_memorg device 63 via the
forward routing network 61 to amend the data therein.

The required arrival times to be mana;ed by the memory
devices- 65 are given by (total number of bits in a

20 packet)/(incoming serial transmission rate) (probability of
arrival at a given input).

| Thus, for example, with a serial data_ rate of 155
Megabits per second, and a probability of 1.0, the time
between arrivals is 2.7 milliseconds. - Higher transmission

25 rates reduce this available tz.'-le, whereas lower probabilities
of arrival of a packet on a given input reduce it. BExisting
technology for the routing network 61, 62 and memory devices
63 is well able to deal with a packet between arrival times

of this order.

30 . Variation E j
Although in the foregoing, the management unit 9 is:
described as controlling the allocation of memory in
accordance with observed contention within the node device,

it is also or alternatively possible for the management units

35 9 of a plurality of different devices to communicate one with
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another during a network signalling phase to allocate suitable nenory
contents and hashing functions in accordance with expected traffic on
the network. As well as sinply changing the identities of.the contents 5 of
each nenory device 63, the balance of the:&ddresses allocated between the
different input channels 3 and associated receiver units 4 mght also be
altered, alth®DERLH SUEANTI 2r BAEVPEX St $29 RAASR Yabiéorakers wikanke
service whil shehBoyNBEBALEATES AME MAWH:HLLNEunELL of¥aANDh € ack@rahhckN&ritn
nunber of VCl and VPI actiyve addresses received on one input channel
i ncreases ande¥ﬂﬁcﬁﬁﬂbmF4ﬁ;%ﬁuﬁ¢mﬁh%H%ﬁhﬁ?rﬁecreases, t he share of

address space acroas #BElnesvsymply changing the rdentities of the contents
5 of each nemory device 353, cthe balance of the addresses

allocated between the g&ifferent input channels 3 and
associated receiver units ¢ might also be altered, although
this could require the entire dévice to be taken out of
service whilst the memor:es 53 are rewritten. For example,
10 if the number of .VCI and YPI active addresses received on one
input channel increases =and the num.be.f on another channel
decreases, the share of address space across the memory
devices 63 allocated to the- first can correspondingly be
increased and that corresponding to the second can
15 correspondingly be deéreasqg. _ -
i Particular traffic conditions could, _in principle, lead
to signi?icant contention at particular memgry'devices 63, or
at par‘éic&lar nodes of the fcrward- and backwards routing
networks 61, 62. If this is found té be occurring (e.g. by
20 monitoring, by the management unit 9, of the occupancy of the
buffers at the combiners 11) the problem may be addressed by
changing the "hashing® function executed by the address
decoder circuits 64 (and, as a consequence, re-writing the
memory devices 63 to correspondingly reallocate the contents
25 thereof between different memory units 63). Thus, if
contention is found to be occurring at a particular memory
device 63a, the contents of that device are distributed
amongst the other devices 63b-634 in an even fashion so as to
reduce the contention at that device. »
30 Although the management unit 9 of the above embodiments
is part of the node (exchange), it could be provided at'
- another point in the network, communicating with the node
either via a special line or over one of the input channels
3. )
33 Further information on possible hashing functions which
might be useful in the invention is to be found in Proc. PARLE
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devices 63 allocated to the first can correspondingly be increased and

that coerresponding to the second can 15 correspondingly be decreased.

Particular traffic conditions could, in principle, lead to significant

contention at particular nenory devices 63, or at particular nodes of the

forward and backwards routing networks 61,182. - If this is found to be

occurring (e.g.h by 20 nmonitoring, by the nanagenent unit 9, of the. -
e

occupancy of 26} 8l AL ERECRGTHF HBrand PROGRR GRS R APy Ditblddhad R
by changi ng ' $be:ngbaskerd'aql Wbats), Opaercut-ad ,byc.tigelfafasS ag@Cc M Heller;

EAEFASR AR T SN ST R R K

menory units Sk&red Mehnsy", |faaorpcsrates teseiauny teférenceurandd matPrac.

particul ari MEPlohe Fifth Symposium on Parallel and Distributed Processing,
Dallas, Texas (USA), December 1-4 1993; J.Keller;"Fast
Rehashing in PRAM emulations*.

Although in the above described embodiments the numbers

of memory devices 63 are equal to the number of input and
10 output:- channels 2,3, this is not essential, nor is it

essential that every input channel is connected to evéry

memory device; some of the benefits of the invention can be

achieved without these constraints. Protection is sought for

any and all new and useful natter described above, singularly
15 or in combination. - ' ' -

It will be clear that v-arious modifications and changes
to the above described =mbodiments can be made without
.changiné' the nature of the :invention. -iccordingly, the
invention is not limited to the particular details described

20 above, but includes all obvious variants and modifications

thereto.
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of that device are distributed anongst the

M
ot he g“ ﬂu“ in an even fashion so as to reduce the contention at

that deviccet 3 * * Although the managenent unit 9 of the above

enbodi ments is part of the node (exchangﬁ it could be provided at
anot her point in the network, connunlcat g wth the node either via-a

special line or over one, of tﬂe %%EﬁénBﬁhs ?ucfﬂ?tBEGLbeQBEHLEQEiQE

possi bl e hashi ng functlons mhlc be usefu he invention Is to
found in Proc. PAR/¥®Ssagegs betw een a plurality of input channels and

plurality of output channels, comprising:
routing means f£or selectiwveiy routing a received

message from a Iizst iaput channel to a first output

w

channel in dependence upon rout-“a data;

a pluxality of memory devices, each containing
stored routing data stored at Eorfesponding addresses
therein, each memory device comprising an address. port

10 for receiving an address’ signal corresponding to an
address and a data port for outputting the stored
routiﬁ§ data stored at the address corresponding to

.said address signal, said memory devices being
separately accessible in parallel; and

15 an access circuit connected to the address inpu€
ports of said plurality of memory devices and
connected to said first input channel, said access
circuit being operable, in response to the content of

_ said received message, to select a selected memory

20 device of said plurality of memory devices, to
generate an address signal dependent upon said content -
of said message, and to supply said address signal to
the address port of said selected memory device.

2. A communications routing device as claimed -

25 in claim 1, inmn which each said memory device further
comprises a data input'port, and further comprising
altering means, connected to the address ports and the

data input ports of said plurality of memory devices,

for selectively altering the stored routing data

30 -stored in said memory devices.

3. A communications routing device as claimed
in claim 2 in which the. altering means is connected to
said access circuit, via which it is connected to the

_—
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glw ﬂulmj &! ures and Languages Europe, published by Springer

VerI -11, C. Engelmann and J.Keller; "Sinulation - Based
Conpari son of Hash Functions for Enul ated-- Shared I\/Em)ry" ,. i ncorporated
herein by reference, and in Proc. 5 of e Fifth Synposiumon Parallel and
Di stributed Processing, Dallas, Texas SA), Decenber - 1-4 1993;
J.Keller;" Fast Rermﬁ:wmommémﬁ-aﬁ-lwrv AevotRf i n t he above

described enbodi ments the numbers of nenDry devices 63 are equal to the
nunber of input and 10 output channels 3, this not essenti al

nor is it essential that ev&yc?%%%ﬁ%ﬂ%? Foutt ﬁné@téd’ecc?”ev‘é#?’-%ry
device; sone of theideagfi b&eOfoﬂ hetdimeent i @8 Gan ire @arbecRvathed tdeeivédese -

constraints. Protection |s sou for gng and al |, new agld u&eful mat t er
)F -ses 1eader portion an ata portion,

descri bed above, siTMyiid#
3 and in whlc.. the access circuit is responsive to the

header portion to select said memory device and to

generate said address sigral. =~ -

5. A communications routing device as claimed
in any one of claims ! to 4, in which said data ports
10 are connected to said routing means, to supply said

-Stored routing data to said routing means, and said
stored routing data specifies said first output

channel. _
- 6. A commuhications routing device as claimed
15 in claim 4, in which said stored routing data

comprises substitute header data, and further
comprising combining means, connected to the data
ports of said memory devices, for combining said
substitute header data with the data portion of said

20 received message.

7- A communications routing device as claimed
in claim 6, in which said access circuit comprises an
inward routing network connected between said input
channeis and said address input ports, for routing at

25 least said headez.; portion to-said selected memory

device.

- 8. A communications routing device as claimed
in claim 7, in which said inward routing network also .
routes said data portion, and said combining means
30 comprise a plurality of combining c¢ircuits, each

_—
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It will be clear that various nodifications and
char{mnmammﬂam descri bed enbodi nents can be made wit hout changi ng the
nat ur+e tthewi nvent| on. Accordingly, the inventionis not limted to
the particul ar details described 20 above, but includes all obvious-

variants and nodifications thereto. 1801. A cormmunications routing
device for routing iPSs§e98EelCtMRAN ad sRh\d Mdniotryolddvid. channel s and
plurality of output channels, corrprl si ng:
9. A communications routing device as claimed
in claim 7, 3in whizh said access circuit fuxther
comprises an outwars routing networkX, and said

combining means cemprises a plurality of combining

w

circuits, and said cutward routing network connects

said data ports with said combining circuits:

10. A communmications routing device as claimed
in claim 9, in which said inward routing network
10 comprises a plurality of inward paths, and said
-outward routing network comprises a plurality of
outward paths, and further comprising a plurality of
routing nodes for -selecti’vely interconnecting a
plurality of séi'd inward paths, said nodes also

15 selectively interconnecting said outward paths.

11. A communications routing device as claimed
in claim 9, in which said inward routing network
comprises a plurality of inward paths, and said
outward routing network comprises a plurality of
20 outward paths, and in which said access circuit
further comprises a plurality of inward routing nodes
for selectively intercénnecting a plurality of said
inward paths, a plurality of outward routing nodes for
selectively interconnecting said outward paths, and a
25 control circuit for jointly controlling said inward

nodes and said outward nodes, in dependencs upon said

header porxrtion.

12. A communications routing device as claimed
in claim 6, in which said routing means is connected
30 between said combining means and said output channels.
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routi ngﬂ f |l ectively routing a received nessage froma first input
channel'"ﬂ'ﬂﬂ"“%d@ﬁﬂ@k channel in dependence upon routing data; a’
plurality ef me s ces, each containing stored routing data stor-ed at
correspondi ng addresses therein, each nenory device conprising an address

port for receiving an address signal co2tesponding to an address and a data

out put port for outputti the stored r.out data. sto t.he addres
corresponding to said address sﬁofr%nf%aaéioén%r%?%gﬂ%%i é%glgéi r?% scg‘dad}ﬂﬁcgl y
accessi bl e i n paralilrelcladnrd laniacvbishcsridi eBccenanectioduid Commudreas an

ports of said pl ura'pua&dof-@g%gggaggfé eeﬁneeeaactz?&a@eﬁahqi&i'& Jeput

channel , said acceSs circuit b _ abl e, 1n response to the contént_ of
sai d received nesssfannedssendcsané AdAFess input ports for routing said
5 address signal to said selected memory device in

accordance with contzol data, and a contxol circuit
for generatsng said control data dependent upon said

content of said message. -

14. A communications circuit as claimed in claim

10 13, in which said access circuit comprises means for
prefixing said control data as a prefix to said
_-address signal, and said inward routing network is
responsive to said prefix to route said address

signal. - -

15 - 15. A communications routing device as claimed
in claim !3, in which said control circuit alsc

generates said address signal.

16. A communications routing device as claimed

in claim 13, in which said received message comprises

20 a routing portion, and said control device applies a
function to said routing portion to generate said

control data.

17. A communication routing device as claimed in

claim 16 in which said function is such that, over

25 ' time, for messages- received from each said input
channel, said access circuit will access in sequexice.,

all of said memory devices.

18. A communications routing device as claimed
in claim 13, in which said function is a linear

30 modulo-N function (where N is an integer).
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sel ce of said pIurallty of menory devices, to generate a
SI % (ﬁyv dependent upon said content of sald_received nmessage
to supﬁly sak ss signal to'the address port of only said selected

menory device, and to supply said stored hbgouting data from sai d dat a out put

port of said selected nmenory device to sard routing nmeans.
communi cations routing de¥i ce® §°EPHrhﬁﬂ=+ﬁr§IaPHFi““|ﬁQM%Qﬁ14%uﬁi%%ﬂQﬂ

memory device furthey QUM% Ses andﬁhﬁcbnléla&dp&rohtz%@d dosdiival @dﬁ%ﬂs%é’g
nd the data input ports of

altering neans, connecteg to th addr ess gort

said plurality of A&mof§ §§Fcesx-‘r‘%r ~Sb| 8Bt i AP t EPIG e sPBRedRe -
routing data storedunecdain inesmcy: devicedistrifuromuotaati vnaddnddses
device as Cga'”Ed o% said sequence successively between said memory

‘devices.

20. A communications routing device as claimed
in claim !3, further comprising means for changing

said function.

10 , 21. A communicat:ions routing device as claimed
in claim 1, further comprising a nlurallty of channel
receivers coupled to said input channels and to said

access circuit.

22, A communications routing device as claimed-
15 in ‘claim 21, in which said channel receivers are ATM
receivers and said messages are ATM cells.

23. A comnunications routing device as claimed
in claim 21 or 22, in which said channel receivers are

optical receivers.

20 24, A method of operating a communications

" routing device, said device comprisiﬁg a routing

circuit for "selectively routing a received message

between one of a.plurality of input channels and one

of a plurality of-outnut channels and a plurality of

25 memory devices storing routlng data for routing said

messages dependent upon their content, said method
comprising the steps'of: |

receiving a received messaé& on one of said input

channels,
30 selectively accessing one of said memory devices
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cl'a’mm'” ] altering means is connected to said access ci rcuit,
vi-al g ” I ected to the 19 address ports of said nenory
devi ces® 4 A cenmmuni cations routing device as clained in any one of clains
1 to 3, in which the received nessage cgonpri ses a header portion and a data
portion, and in which the access circui£2is responsive to the header
portion to sel ect $ai dirprpcgndevi spoand-te gumeR® M d s&idl esecEigred .
5. A conmuni cation§e§%g%jeng device as clained in any one of clains 1 to 4,
in which said data outpudt’ports are ) )

' reading routing data frcm said one of said memory

devices;
routing said <recerved mnmessage through said

n

routing means; 3and
emitting said received nessage on one of said

s &b

output channels.

25. A method as claimed inm claim 24, further
10 comprising the step of controlling said routing device
in accordance with saié routing data.

-

26. A method as claimed in claim 24, further
comprising the step of modifying said received message
in accordance with said routing data, to modify

i5 subsequent routing of said received message.

27. A communications routing device for routing
messages between a_ plurality of input channels and
plurality of output channels, comprising:

routing means for selectively routing a received

20 message from a first input channel to a first output
channel in dependence upon routing data;

a- plurality of memory devices, each containing
stored routing data stored at corresponding addresses
therein, each memofy device comprising an address port

25 for receiving an address signal correéponding to an
address -and a data port for outputting the stored
routing data stored at the address corresponding to
said address signal, said memory devices being
separately accessible in parallel; and

30 " an access circuit connected-to the address input
ports of said plurality of memory devices and
connected to said first input channel, said access

\
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connected to said routing neans,'to supply said stored routing data to sai d

rout-r']m“mmﬂm mi d stored routing data specifies said first output
chan bRkl HaL BRE, M¥ications routing device as clainmed in clatm4, in which
sai d st ofed routi ng data conprises substitute header data, and further
conpri sing conbi ni ng neans, connected t 0 44he data ports of said nenory
devi ces, -for combingpgcgaid-3uhsf dpat-aph@aden dasaonkkhcbhendatanpehtl 82 of
‘'said received nessage. 7. A comiunications routing device as clained in
claim6, in which shR¥3ackqsat 9% cHPESE8hRpr it§e§%$F‘F‘Fmér FHREFHY REPRSHK
-connect ed between s@éditB8pubschaandl spaadagacg agddr emembeput dpetites,f oko

routing at |east said header porfhon fqSaid 38Leehed IR s9SY SSntenc
5 of said message, and to supply said address signal to

the address port 9f said selected memory device in

which said access circuit comprises an inward routing

network connected tetween said input channels.and said
address input porss for routing said address signal to .

i0 said selected memory device in accordance with control

data, and an address distributing circuit °~ for

generaiing . said contrxol data dependent upon said

_content of said message.

. 28. A_,'c‘ommun'icatiq_ns circuit as claimed in claim

i 15 27, in which said access circuit comprises means for
' prefixing said cofitrol data as a prefix to said

address signal, and said inward routing network is

responsive to saxd prefix to route said address

signal. - : -

20 29. A communications routing device as claimed
in claim 27, in which said address distributing

circuit also generates said address signal.

B 30. A communications routing device as claimed

in clai-m 27, in which said received message comprises

25 a routing pdrtioz}, and said -address distributing
circuit applies a function to said routing portion to

generate said control data.

31, A communication routing device as claimed in

claim 30, in which said functioz-a is such that, over

30 time, for messages received from each said input
channel, said access circuit will access in sequence,

.| This Sheet Has Been Rerlaced
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8. AWW device as clainmed in claim7, in which said
i nward routing network ﬁl so routes said data portion, and said conbining

means’ ¢ “ ty of conbining circuits, each .26 assocl at ed
with a gﬁﬂ sce. 9. A commruni cations routing device as clai ned
in claim+/, ¢intwhich said access circuit_further conprises an outward.
routing network, and said 5 co I ng nmeans conprises a plurality

of conbining circuidis, oRngasdi fempiyedevioes.i ng network connects

32. A communscations routing device as claimed
ta claim 30, in which said Zunction is a 1linear

modulo-N function (where N is an integer).

33. A communczcations routing device as claimed

5
in claim 30, in which said routing portion comprises
- an address lying in an address sequence, and the
Zunction is such as to distribute successive addresses
of said sequence successively between said memory
10 devices. ' |

34. A communications routing device as claimed
in claim 16, further comprising means for changing

. said function. _
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said data ports with said conbining circuits. 10. A comunications routing
devi.ce as clainmed in claim9, in which said inward routing network 10
conprises a plurality of inward paths, and said outward routing network
conprises a plurality of outward paths, and further conprising a plurality
of routing nodes, for selectively interazgonnecting a plurality of said

i nward paths, said nodes also 15 sel éctively interconnecting said
outward pat hs. 11. A conmuni cations ro vice as clainmed in claim9,
in which said. inward routing netmrMmﬁggﬂgg plurality of inward

pat hs, and sai d outward routi ng network conprises a plurality of 20
out vvard paths, and in which said access .circuit

A communications routing device for receiving messages from a plurglity of input
channels and routing the messages to one of a plurality of output channels, wherein
the routing structure includes a plurality of parallel memory devices storing lookup
tables and interconnection circuits for selectively linking messages from one input
channel to one of the plurality of memory devices depending on the content of the

received message.

ioure 4
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further conprises a plurality of inwarid routing nodes for selectively
interconnecting a plurality of said inward paths, a plurality of outward
routi ng nodes for selectively interconnecting said outward paths, and a 25
control circuit for jointly controlling said_inward nodes and sai d outward

nodes, in dependence upon said header p'o_rti1671. 12. A conmmuni cati ons

,conbi

connected 30 ‘bet vy

routing device as clai nﬁin.«ﬁl%aime lin whi ch said routing nmeans is
[

ng ngans and sai d out put channels.
21 'fla

@
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13. A conmunications routing device as clained in claim 1, in which said
access crrcuit conprises an inward routing network connected between said

i nput channels and said address input ports for routing said 5 addr ess
signal to said selected nmenory device in accordance with control data, and
a control circuit for generating said cont®dl?7 data dependent upon said
content of said ssage: 14. A communications &iwscuit as claimed in claim
10 . 13, in qu Ey access circuit_conprises neans for prefixing said
control data as a PpFETTX to said addres$_signal, and said Tﬁﬁﬁ?ﬂ;rousbng
network is responsive to sai .cl_pLeiJ_x_togﬁgﬁi@Ngai'dﬂfﬁl esq sigpaf_/ -
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15vﬁ; . 15.
in which*said contro

A communi cations routing device as clained in claim 13,
circuit also generates said address signal. 16. A

comuni cations routing device as clainmed in claim13, in which said

rec€i ved nessage conprises 20

device applies a function to said routing
data. 17. A conmunication routing device as/élaimed in claim16-in which

said function is such that, over 25

each said input channel,

a routing portion, and said control

ortion to generate said control

time, for nmessages received from

said access circuit will access in sequence, all .

of said menory devices. 18. A comrunications routing device as clai ned

Fig.4.
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in claim13, in which said function is a linear 30 nmodul o- N function
(where N’is an integer). 22 19. A communi cations routing device as
claimed in claim13, in which said routing portion conprises an address

| ying in an address sequence, and the function is such as to distribute
successi ve addresses 5 of said sequence successively between said
menoyy devices. 20. A conmunications routing gevice as claimed in claim 13,
further conprising nmeans for changing / :

5
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said function. 10 ' 21. A conmuni cations routing device as clained
in:claiml, further conprising a plurality of channel receivers coupled to
said input channels and to said access circuit. 22. A communi cati ons
routing device as clained 15 in claim?2l, in which said channel
receivers are ATMreceivers and said rressaQéZ are ATMcells. 23. A _
communi cations routing device as clainmed in claim?2l or 22 I n which said

channel receivers are optical recei veF 07 A method of-
operating a conmmunications routing \’g sai d devi ce conprising a
routing circuitsgor sel efbivel y_routing a recgn—lced message /4d -
' l HASH 7 '
! I ! £ :
v y .y TRoTON 4y o
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bet ween one of a plurality of input channels and one of a plurality of

out put channels and a plurality of 25 menory devices storing routing
data for routing said nessages dependent upon their content, said nethod
conprising the steps of: receiving a received nessage on one of said input

channel s; 30 sel ectively accessifg7one of said nenory devices
23 i n dependence upon the content of said received nessage; reading routing
data from said ene-of said nenory F'G 9 "
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devi ces; routing said received nessage through said routing neans; and

em ttingvsaid received nessage on one of said output channels. 25. A nethod
as claioed in claim?24, further conprising the step of controlling said
routing device in accordance with said routing data. 26. A nethod as
claimed in claim?24, further conprising the s} of nodifying said received
nmessageti n accordance mnth said routing data, o nodi fy subseqqent routing

of said recemiﬁ ~23. A co Iations EQHﬂjing devi dé routing
nmessages bet ﬂgget r of hngzzt%hannels a phal it y—ef nlfput
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chann | Siel1G egl OUL I Ng NMeEANs for selectlvely routing a r eceifBEF2 =
nmessa ﬂluﬁ !""]Iﬂil vaut channel to a‘fidrst output channel in dependence
upon r L urality of menory devi ces, each containing stored

routing data stored at correspondi ng addresses therein, each nmenory device
conprising an address port for receiving a8 address signal corresponding to

an address and a;dat & BORkLaCRL LEG 1P AR £LOULINR 0 e, &

t he address correspondlng 0 sal ress - srgna evices elng
. separ at el y hetweshnbie plurpdiiy off; inputashapneds @indcmlur@dmtarcpéd aus pute
address por §30heddl, do lslity .0f nmenory devices and connected to said

first input channel, said acceSs
routing means for selectively routing a received message

from a first 1npgt channel to a first output channel in
dependence upon routing data;

a plurality of memory devices, each containing stored
routing data stored at corresponding addresses therein, each
memory device comprising an address port for receiving an
address signal corresponding to an address and a data output
port for outputting the stored routing data stored at the
address corresponding to said address signal, said memory
devices being separately accessible in parallel; and

an access circuit connected to the address ports of said
plurality of memory devices and connected to said first input
channel, said access circuit being operable, in response to
the content of said received message, to select a single
gselected memory device of said plurality of memory devices,
to generate a single address signal dependent upon said
content of said received message, to supply said address
signal to the address port of only said selected memory
device, and to supply said stored routing data from said data
output port of said selected memory device to said routing
means.

2. A communications routing device as claimed in
claim 1, in which each said memory device further comprises a
data input port, and further comprising altering means,
connected to the address ports and the data input porté of
said plurality of memory devices, for selectively altering
the stored routing data stored in said memory devices.

3. A communications routing device as claimed in
claim 2 in which the altering means is connected to said
access circuit, wvia which it is connected to the
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24 circul ' e, in response to the content of said received
n9§sag¥uﬂ E ﬂﬂ Hﬂ &E ngl e sel ected nenory device of said plurality of
menory - n rate an address signal dependent upon said content

of said nessage, to supply said address signal to the address port of said
sel ected nenory device and to supply saidlStored routing data fromthe data

port of saidigelect ﬁ)g&%n%rfysgﬁ@ g‘%“;oﬁyis@'e@irc%%t_i ng neans in which said

access circult conprises an inward ro ng network connected between said
i nput channels and said address ports for routing said address signal to

said 4. A communications routing device as claimed in any
one of claims 1 to 3, in which the received message comprises
a header portion and a data portion, and in which the access
circuit is responsive to the header portion to select said
memory device and to generate said address signal.

5. A communications routing device as claimed in any
one of claims 1 to 4, in which said data output ports are
connected to said routing means, to supply said stored
routing data to said routing means, and said stored routing
data specifies said first output channel.

6. A communications routing device as claimed in
claim 4, in which said stored routing data comprises
substitute header data, and further comprising combining
means, connected to the data ports of said memory devices,
for combining said substitute header data with the data
portion of said received message.

7. A communications routing device as claimed in
claim 6, in which said access circuit comprises an inward
routing network connected between said input channels and
said address input ports, for routing at least said header
portion to said selected memory device.

8. A communications routing device as claimed in
claim 7, in which said inward routing network also routes
said data portion, and said combining means comprise a
plurality of combining circuits, each
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sel ected nenory device Tn accordance with control data, and an address

dj stri bu':)u,mmm ' enerating#sai d control data dependent upon said
cont ent - ofid m ”,&8 A commruni cations circuit as clained in claim

27, in which %aitd &ccess~circuit conprises means for prefixing said control
data as a prefix to said address signal,2and said inward routing network is

responsi ve,to i fi rout Ld.adgr ' ls 9 .
connunicatangégggpghgedéyk%étgé %F%?ﬁ%ﬁ g% %%%Fﬁ#%%%lWﬁ%wﬁFéﬁagﬁ’d addr ess
di stributing ci readingl sougdmer dage £xiom saddeonesiofnsidimemary

comuni cat i:l@'{}icfe%‘!ti ng device as clainmed in claim27, in which said

recei ved message conprises a routing portion, and said address distributing
circuit appliesrguting said received message through said routing

means; and
emitting said received message on one of said output
channels.

25. A method as claimed in claim 24, further comprising
the step of controlling said routing device in accordance
with said routing data.

26. A method as claimed in claim 24, further comprising
the step of modifying said received message in accordance
with said routing data, to modify subsequent routing of said
received message.

27. A communications routing device for routing messages
between a plurality of input channels and plurality of output
channels, comprising:

routing means for selectively routing a received message
from a first input channel to a first output channel in
dependence upon routing data;

a plurality of memory devices, each containing stored
routing data stored at corresponding addresses therein, each
memory device comprising an address port for receiving an
address signal corresponding to an address and a data port
for outputting the stored routing data stored at the address
corresponding to said address signal, said memory devices
being separately accessible in parallel; and

an access circuit connected to the address ports of said
plurality of memory devices and connected to said first input
channel, said access
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function it ortion to generate said control data. 31. A

C,Qmmnl caltmma"ﬁlc“ nml ﬁml ce as clainmed in claim30, in which said
function is suc at; over time, for nessages received fromeach said

I nput channel, said access circuit will access in sequence, 25 al |l of

said nmenory devices. 32. A communicati oB4 routing device as clained in

f'sa;rr? | ﬁ?é celr'})cu%' He 15 Spdrdifild, O Seddddiedo RIS it e Wni@here N
%ecelved message, to select a single selected memory device

of said plurality of memory devices, to generate an address
gignal dependent upon said content of said message, to supply
said address signal to the address port of said selected
memory device and to supply said stored routing data from the
data port of said selected memory device to said routing
means in which said access circuit comprises an inward
routing network connected between said input channels and
said address ports for routing said address signal to said
selected memory device in accordance with control data, and
an address distributing circuit for generating said control
data dependent upon said content of said message.

28. A communications circuit as claimed in claim 27, in
which said access circuit comprises means for prefixing said
control data as a prefix to said address signal, and said
inward routing network is responsive to said prefix to route
said address signal.

29. A communications routing device as claimed in
claim 27, in which said address distributing circuit also
generates said address signal.

30. A communications routing device as claimed in
claim 27, in which said received message comprises a routing
portion, and said address distributing circuit applies a
function to said routing portion to generate said control
data.

31. A communications routing device as claimed in
claim 30, in which said function is such that, over time, for
messages received from each said input channel, said access
circuit will access in sequence,
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2 - 33. A commini cations routlng deV|ce a
Whi ch. said routing portion conpri ses an address Fyt
sequence, -and the function is such as to dlstrlbuf'~
of said sequence successively between said nmenory 10~ ‘dev;
communi cations routing device as clalq?d I n cIa|n116.ﬂm~f"

means for changi ng said function.
technlque. Howevér, multiple memory read operatlcns‘take tlme FH%1?@
and the arrangement of data may be less convenight" fo grm——

ﬂmw6d2n5

alteration or rewriting.

An alternative would be to provicde each input channel
with a separate lookup table. In this case, there is no bus
contention for access to the lookup table, so that the access
time is fast regardless of the number of the input channels.

Where there are N input channels, each input channel requires

a table of 1/N times the same size as that above, so that the
10 total amount of memory required over all nodes is the sanme as
that above. 1In an ATM sy5tem[ with 28 bits of VPI and VCI
address data, each memory thus needs to be of size 28« (28 +
logN) bits, which is (0.9 GBytés + 33 MBytes * logN]. This
is around the size of mainframe memories, and could require,
for each input channel, of the order of 477 16Mbit memory

(o
n

chips.
In fact, input channels will not actually receive packets

carrying the whole range of VCI and VPI addresses; the total
range in each case will be smaller anéd it would consequently
20 be possible to use a smaller address range (and hence a
smaller table requiring a smaller volume of memory) for each
input channel memory device. However, to allow Zfor the
possibility that any channel may become busy it would be
necessary to provide, in-each memory, an additional "overhead"”
25 volume of memory space (over and above the volume likely to
be requested wn’ch is not normally used but which could
occasionally be reaulred This overhead memory is thiis needed
in each input channel memory device, and hence the total

memory reqguired rises quite sharply with the number of input

30 channels.
In accordance with a first aspect of the present

invention, there is provided
a communications routing device for routing messages

between a plurality of input channels and plurality of output

channels, comprising:
routing means for selectively routing a received message

from a first input channel to a first output channel in

dependence upon routing data;
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a plurality of memory devices, each containing stored
routing data stored at correspohding addresses therein, each
memory device comprising an address port for receiving an
address signal corresponding to an address and a data output
port for outputting the stored routing data stored at the
address corresponding to said address signal, said memory
.devices being separately accessible in parallel; and

an access circuit connected to the address ports of said
plurality of memory devices and connected to said first input
channel, said access circuit being operable, in response to
the content of said received message, to select a single
selected memory device of said plurality of memory devices,
to generate a single address signal dependent upon said
content of said received message, to supply said address
signal to the address port of only said selected memory
device, and to supply said stored routing data from said data
output port of said selected memory device to said routing

means. _
In accordance with a second aspect of the invention,

there is provided
a method of operating a communications

routing device, said device comprising a routing
circuit for selectively routing a received message
between one of a plurality of input channels and one
of a plurality of output channels and a plurality of
memory devices storing routing data for routing said
messages dependent upon their content, said method
comprising the steps of: _

receiving a received nessage on one of said input
channels;

selectively accessing one of said memory devices
in dependence upon the content of said received message;

reading routing data from said one of said memory
devices;

routing said received message through said routing
méans; and

emitting said received message on one of said output

channels. P
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In accordance with a third aspect of the present invention,
there is provided '
a communications routing device for routing messages

between a plurality of input channels and plurality of output
channels, comprising:

routing means for selectively routing a received message
from a firstlinput channel to a first output channel in
dependence upon routing data;

a plurality of memory devices, each containing stored
routing data stored at corresponding addresses therein, each
memory device comprising an address port for receiving an
address signal corresponding to an address and a data port
for outputting the stored routing data stored at the address
corresponding to said address signal, said memory devices
being separately accessible in parallel; and

an access circuit connected to the address ports of said
plurality of memory devices and connected to said first input
channel, said access
circuit being operable, in response to the content of said
received message, to select & single selected memory device
of said plurality of memory devices, to generate an address
signal dependent upon said content of said message, to supply
said address signal to the address port of said selected
memory device and to supply said stored routing data from the
data port of said selected memory device to said routing '
means in which said access circuit comprises an inward
routing network connected between said input channels and
said address ports for routing said address signal to said
selected memory device in accordance with control data, and
an address distributing circuit for generating said control
data dependent upon said content of said message.

The present invention provides a node (e.g. exchange
station) for a message transmission system (e.g. a packet
system, for example an ATM system) in which the lookup table
is provided as several .discrete memories, and there are
provided interconnection means for selectively linking one of
a plurality (for example all) of the memories to each of the
input channels. In this manner, the average access time is
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