
'>" .... . . 
, 

..:.. 

Message 

This inventiQn relates to methods and apparatus for 

message routing. ·Particularly, but not exclusively, this 

invention relates ~o packet communication; it is particularly 

2 useful in packe~ ~etworks, 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 

Mar~in de Prycker, published by Ellis Horwood, incorporated 

.lQ herein by reference. Generally, a packet (termed a 11·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). In- general terms, the VCI indicates- the 

ll entire "Virtual Channel" . connection route_ from the source to 

the destination ~hrough the network, via switching nodes or 

exchanges, whereas the VPI indicates a path through the 

network_between nodes or switching centres of the network, 

which may be taken gy packets forming part of several 

l.Q. 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. 

!t is_ possible for each node to act in a completely 

ll predetermi:z:ed manner in routing a packet on an outward chann~l 

which depends only on the address data in the packet. 

However, it is also possible for each node to vary the· address 
-

data of a packet ~n passage, so as to redirect the packet on 
-

an alternative rout:e to its destination. This is advantageous 

lQ. in traffic management, for example to avoid an overloaded or 

~amaqed 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 beinq used to access the 

~ lookup table to derive the identity of the output line from 

the node on towards its 
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dest:ina~ion. If the node is also to vary the address data, 

·the lookup table needs additionally to contain the new VCI and 

VPI address data. _ 

rn the ATM sys'tem, each packet includes address data 

i compr~sing a 16 bit VCI and a 12 bit VPI. Although it would 

be possible to operate by merely chanqinq the VPI, for full 

flexibility a node would be capable of changing both the VCI 

and the VPI. I f the node has N input- or output lines, and if 

the table is arranged as a 'flat' lookup table with a direct 

.lQ one-to-one correspondence be-t:ween input addresses and output 

addresses, the size of the table to be held at the· node is 

N. 216• 2i 2, -and each ent:ry in the table needs to be (16+12+loq2N) 

bit~ long. Thus, for a node to which 256 lines are connected 

(N = 256 requiring 8 bits to encode N), each entry in the 

ll table is ( 28+S_ = 36 -= 4 .. 5_ bytes) long, and the table -must 

con'tain 236 bits = -64 Gigabits so that the total size of the 

table n~eds to be 288-Gigabytes. This is~ very substantial 

volume-of memory. 

On~ possibility is to arrange such a table as a single 

l.Q. contiguous memory addr.ess space, with an input (address) bus 

to which all N input channels are connected, and an output 

(data) bus connec~ed 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 

~ channels. Thus, the access· time which each_ channel must, on 

average, wait to access the lookup table - increases 
-

proportionately to the number of channels N, since the time 

available to each cha~nel decreases in proportion to N. 

As messages may be arriving through optical fibre 

.J.Q. 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 lar9e number of input and outlet 

channels_ to-a node, no matter how fast individual accesses to 

~ the memory can be made. 

Rather than use a single, " flat" lookup table, it may be 

possible to use a multiple step access, 11 folded• memory 
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technique. However, :nul tiple memory read operations t;ake t:ime 

and ~he· arrangement: of data may be less convenient for 

al terat:ion or rewr:;--:ing. 

An alternai::ive would be to provide each input channel 

with a separate lookup table. In this case, there is no bus 

conteni::ion for access to t:he lookup table, so that the access 

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

Where there are N input channels, eacfi· input channel requires 

a table.of 1/N times the same size as that above, so that the 

.1.Q. 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 data, each memory thus needs to be of size 228 * (28 + 

loqN) bits, which is [O. 9 GBytes + 33 MBytes * loqN). This 

is around the size of mainframe memories, and could require, 

ll for each input. channel, of_ the order of 4 77 l 6Mbi t memory 

chi_ps. 

In_~act, 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 and it would consequently 

l.Q. be possible to use a -smaller address ranqe (and hence a 

smaller table requiring a smaller volume of memory) for each 

input channel memory device. However, to allow for the 

possi.bili ty that any channel may become busy it would be 

necessary to provide, in each memory, an additional 11 overhead11 

~ volume of memory space (over and above the volume likely to 

be requested which is not normally used but which could 

oc·casionally be required. This overhead memory is thus needed 

in each input channel memory device, and henc·e the total 

memory required rises quite sharply with the number of input . 

.ll channels. 

The present invention provides a node (e. q. exchanqe 

__ station) for a message transmissio~ system (e.g. a packet 

system, for example an ATM system) in which the lookup table 

is provi~ed as several discrete memories, and there are 

ll provided interconnection means for selectively linkinq one of 

a plurality (for example all) of the memories to each of the 

In this manner, the average access time is 
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:~U.ai:i•1ely fast (approaching thai: of separately proviQ.ed route 

· . .,..,bles) - and yet _the :nemory size may be kept constrained 

··'~Pause the amount-of overhead memory is reduced; instead o[ 

't411ing 't:O provide an over!'lead of extra memory for every input 

· ~nnel, sufficient ::iemory overhead is provided for several 

. ~pui: channels, and is ut:..lised by whichever channels are busy 

.::.Pm time to time. 

Another advani:age of the present invention.is that it may 

·~1 easier to update the conteni:s of the memory since the 

· '!Jlmory devices may be co-locat:ed rather than dispersed at the 

~put cha~nel receiver circuits. 

Viewed in another way, the present invention provides a 

·ctie for a transmission system in which the routinq table 

""mprises an emulation of a single flat mul tiport memory table 

:~red between--the _inpui: channels. 

Preferably, the separate memories d-o· not contain data 

itil.ating_ to contiguous header addresses, but instead the data 

~•i distributed between the memory devices in a predetermined 

· ~i g. pseudorandom) fashion, and addresses correspondinq to 

;!tah packet header are decoded and distributed to the relevant 

~mory device. This reduces congestion for particular memory· 

,~·!'l'ices where a number of packets are destined for the same 

:'."~similar destinations, and thus reduces the access time to 

;I! memory devices. 

Other-preferred features and embodiments- are as described_ 

.'.'!': claimed )lereafter. 

The invention will now be illustrated, by way of example 

:~y, with reference to the accompanying drawinqs in which: 

Figure 1 shows schematically a message transmission 

·stem including a node with which the present invention is 

eable; 

Figure 2a shows schematically the structure· of a known 

·:-de; and 

Figure 2b shows in greater detail parts of the node of 

qure 2a; 

Figure 3a shows schematically the structure of an ATM 

.. Pket comprising a message to which the present invention is 
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applica.ble; and 
Figures 3b-3g show corresponding structures at points in 

opera~ion of the f~llowing embodimen~s; 

Figure 4 shows schema~ically a node according to a first 

~ embodiment of the present invention; 

Figure 5 shows schema~ically a routing network forming 

part of the node of Figure 4; 
Figure 6 shows schema~ically in ~reater detail a lookup 

means f9rming part of the node of Figure 4; 
ll Figure 7 shows in greater 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 

~ routing net~orks forming pa~ of the embodiment of Figure 6; 
Figure 10 shows schematically the stJ:.Ucture of a memory 

device ~~-the embodiment of Figure 6; 
Figure 11 shows schematically the structure of a node 

according to a second embodiment of the invention; and 
~ 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, lb, le connected to a 
plurality of outlet channels 2a-2d and a plurality of inlet 

~ channels 3a-3d. Typically, as shown, the ~nlet and outlet 

channels ara paired. At least one node le is conneoted to a 
destination ld. A message to be transmitted is received at 
a node lb on an inlet_ channel (for example 3b), and routed 
through the node lb to one of a plurality of possible output 

.lQ. channels (for example 2d). Each node therefore acts as a 
switch device or routing station, and may typically be a local 
~xchange. Each channel may comprise a physically separate 

communications link (for example an optical fibre cable, radio 

path or ~wisted pair cable), or may be one of a plurality of 
.ll logical channels carried by such a physical channel C for 

example, it may be a time slot in a TDMA frame). 
Referring to Figure 2a, a node 1 comprises a receiver 



unit 4 :or each channel, which separates informat-ion from a 

physical- channel ~nto discrete messages; a routing network 5 

conneci:ed to each -receiver unit 4 and arranged to direct a 

message from the recei •1er unit to a selected one of the outlet 

channels 2a-2d; and a control unit · 6, connected to each 

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 wnich specifies, for the 

routing network ~, the output channel to which the message is 

1.Q. 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 4d are labelled. An incoming bit stream on the 

ll ·channel 3d is-- demul tipleJ:t...ed by a demultiplexer 41 - and 

assembled into frames by the frame receiver 42, each frame 

being sp.!.~ .. t into ATM packets or cells by th~ ATM receiver 43. 

Likewise·, transmitter uni ts 10 are provided for each 

output channel 2, each transmitter unit 10 comprising an ATM 

.lQ. cell com.Diner 11, a uame 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 

~ 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 

.lQ. transmission system comprises a data portion 8 and a header 

portion 7. The data portion 8 comprises 48 bytes (e.g. 384 

pi ts). The header portion compri~es 5 bytes . ( 40 bi ts), 

including a 16 bit virtual channel indicator-(VCI) 7a and a 

12 bit v~rttial path indicator (VPI) 7b. 

ll Thus far, the description corresponds 9enerally to a 

known message transmission system, as well as to one embodyinCJ 

the invention. The present invention differs in the structure 



_. 

~ ._ 
' 

1. 

of the con~rol circuit 5. In a known packet switching 

transmission system, the control circuit 6 comprises a memory 
unit 6a storing a ulurali~y of table entries each indicating­
an outlet channel for set~~ng the routing network 5, and, in 

2 preferred embodiments, new VCI and VPI addressing data 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, 

.1.Q. in principle, the same ''lPI . & 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 

~ receivers 4a-4c {e.g. optical receivers) connected- to 
respective input channels-3a-3c, a routing: table device 6, a 

management_unit 9 (e.g: a computer), a plurality of combiners 
. 

lla-llc; a routing network 5; and a plurality (N) of output 

channel transmitters lOa-lOc connected to respective output 

ll channels 2a-2c. In pra~tice 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 

ll arranged on- receipt of a message packet ("cell"), to examine 

t~e header ~nd 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 

.lQ. network 5 (as shown in Figure Jc). In this embodiment, the 

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

_ _palled "butterfly" network 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 intervais 

~ 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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the direci:ion in which each of the switches is set,_ and not 

on the input port .of the network ( i. e. the first switch in the 
route through the- network) so that a control word which 

specifies the settings of a switch of each of the layers of 

5 the network will uniquely specify one output port of the 

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

irrespective of its star-ci.ng point. The control data is 

therefore a prefix 12 of logzN :bits:- which in -turn switch 
successively encountered switch staqes of the network 5, as 

1.Q. illustrated in Figure 5. At each switch staqe, the leadinq 

bit is used and then discarded. 

The combiners lla-llc substitute the new header 7' from 

the -routinq table device 6 for the existinq header 7; and 

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

_.12. prefixed with the qontrol-data 12 (as shown in Figure 3d). 

Thus, on leaving the routing network 5 at the output 

thereo~~or the destination output channel, the leadinq bits 

12 have been removed to leave the new header 7' and the old 

data 8 ~as shown in Figure 3e). 

lQ. Referring to Figure 6, the look-up table device 6 in this 

embodiment comprises a forward routinq network 61, a backward 

routing network 62, and a plurality of discrete memory devices 

63a-63c. 

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

.ll input of the forward . routing network 61,- and the input. 

(address po~t) ~£ each of the N memory devices 6~a-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 

. .lQ. of the backWard routing network 62, and each combiner 11a-11d 

associated with a respective channel receiver 4a-4d is 

connected to an output thereof, so that the data 7' from any 

memory device 63 can be routed to any combiner 11a-11d. 
-

The-forward network 61 and the :backward network 62 are 

.ll each, in this embodiment, so-called "butterflyH networks of 
the same general structure as the routinq network 5 
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illust:ated in Figure 5 and described above, and acc~rdinqly 

a portion 72b of the data applied to the routinq network 61 

routes the followin:g data 72a ~hrouqh the network 61 to one­

Of the memory modules 63a-63c. The paths connecting nodes of 

2 the forward and backward networks are·preferably arranged to 

be parallel 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 

..lJL device 63a-63c, and the address within the memory device, for 

a given messaqe received at a given input receiver unit 4a-4d, 

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 mes.saqe header 7, together 

il with the 0..utput of a register 71 containinq a number 

ind_;cating the identity of the incoming channel 3 (and decoder 

circuit _ ~4-), and generates an output word_ 72 comprising a 

least significant (address) portion or word 72a and a most 

s.ignificant {routing) portion or word 72b. It may also 

l.Q. generate a control portion or word 72c, for reasons discussed 

below. 

The purpose of the address decoder 64 is to spread the 

addresses to be accessed by each receiver unit 4 over a 

plurality of memory devices 63. One simple way of doinq this 

ll is to disi:ribute successive values of the header 7 over 

successive memory modules 63a-63c, as schematically indicated 

in Figure 7. In other words, for the first receiver unit 4a, 

the lowest encountere~ value of VCI and VPI, taken toqether 

as a single binary word 7, is distributed to the first memory_ 

.,ll 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, 

function, and accordingly the address decoder 

modulo N, 

circuit 64 

comprises a logic circuit for executing such a function. 

~ Referring once more to Figure 7, the most siqnificant 

word 72b comprises a prefix of loq2N bits, which is applied to 
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the forward routing network 61. The suffix_ or least 

sigiiificant word 7~a is supplied to the address inputs of the 
memory device 63 selected ~n accordance with the prefix 72b, -

and accordingly determines the output word generated by the 

! memory device 63. 

The path of the ou"Cput ·,.,ord through the backwards network 

62 to a combiner 11 is simply "Che reverse of the path taken 
forwards through the forward network ~1. 

In fact, in this embodimen"C, the backwards network 62 is 

.1.Q. 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 

-~ 4 from which the message ol;jginated, as shown schematically 

in Figure 9. 

Fig1::1~e 10 illustrates the structure of f!_ach memory device 

63 of -this embodiment. It comprises a random access memory 

(RAM) 65, having an address input, a data input and a data 

l.Q. 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 72c is supplied to the control circuit 69 to set the 

memory 65 to Read or Write mode. The address word 72a is 

~ received into the address reqister 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 routi~g network 62, so that it can access the 

memory devices 63 in the same manner as is performed by the 

.J.Q. 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 case specifies that data is to be written to the memory 
65. The _address word 72a and control word 72c are routed· to 

.ll 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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selec~ ~rite mode of the memory· 65 (at all other times, read 
mode .:.s _ selected). The management unit 9 also . supplies 
addit!onal data, which is loaded into the data reqister 68,­

to replace the existing VCI, VP! and routing data held at the 

~ address specified by the address word· 72a. Thus, it is not 

necessary to provide separate wirinq from the manaqement unit 

9 to each of the memory units 63. 
In operation, when a packet mes-sage is received on a 

channel_3, the respective channel receiver 4 separates the 
10 data portion 8 and supplies it· to the respective combiner unit 

11. The header portion 7 is converted, by the address decoder 
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 72c (shown in Figure 3b) are routed 

~ throuqh the forward routing_network 61 to the selected one of 
the me~ory devices 63 which corresponds to the routing word 

72b. The_control word 72c is applied to th~ control circuit 
69, which sets the memory 65 to Read mode, and applies the 

addressing word 72a to the address inputs of the memory 65. 
l.Q. The memory 65 corresp~ndingly ·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 messaqe is thereafter 

~ routed through the self-routing network 5 in_ accordance with 

the prefix 12 to one of the output transmitters 10.-

From the !oreqoinq, 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 

1Q. contention. Depending on the structure of the forward and 
backwards routing network 61, 62, it is also possible for the 
passage of one message throuqh one of the networks to block· 

the passage of another messaqe ("edqe contention"). In order 

to provide for both of these possibilities, each receiver unit 
ll 4 is provided with a buffer so that, if contention occurs due 

to an earlier message from another receiver unit 4, a further 



attemp~ to access the memory is subsequently made. In this 

way: a variable d~lay in the passage of messages throuqh the 

routi!lq circuit 6 -ean arise. Accordingly, each combiner 11-

is likewise provided with a buffer, so as to allow successive 

~ 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 digital~ or it may-comprise an 

analog delay sue~ as a length of optical fibre . 

.1.Q. The management unit 9 is connected to the input bus 66 

of each m~mory device 63 and, as discussed above, is capable 

of supplying new data to selected addresses in each memory 

devi..ce to overwrite the existing data. Thus, when it is 

des ired to change the route taken by mess aqes through the 

ll telecommunicati-ons network,_ the VCI and VPI substitute aata 

7' and t:he routing data 12 can be re-written by the management 

unit. 
It will be clear from the foregoing that, by one 

particuJ.ar selection of hashing function to be executed by the 

ll address decoder circui1;- 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 
-. 

.ll and (depending upon the structure of the networks 61, 62) there 

is the pos~ibil~ ty of no edqe contention in the routing 

networks either. This situation thus corresponds to the 

possibility of providing a separate memory device for each 

input channel 3. 
~ However, it will now be understood that adherence to this 

allocation would require each memory device 63 to be as larqe 

as the largest expected number of VCILVPI combinations for any 

input channel 3. The present invention, on the other hand, 

allows the -size of each memory device 63 to be decreased 

~ towards the ayerage number of addresses likely to be required 

for each input channel, since it is possible to reallocate 



ll 

memory space which is unused by one input channel .for use by 
another input channel. 

Second Embodimen~ 

In the above described embodiment, a physically separate 

,i 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 network 5 to an 
output channel 2. 

In this embodiment, however, the backwards routing 

l.Q. network 62. and the self-routing network 5 are combined in a 

sinqle self-routing network 50, as shown in Figure 11. 

Referring to Figure 12, which corresponds in this 

embodiment to ~iqure -10 of the first embodiment, in "this 

embodiment, no~ only the -address word 72a_but also the data 

~ portion 8_of a received message (as shown in Figure 3f) is 

transmitted through the forward network 61 to the memory 

device 63. As before, the address word 72a is supplied to the 

address inputs of the m~mory 65. · The following data portion 
is buffered in a buffer 51 provided within the memory device 

~ 65, and the con~rol circuit 69 first enables the read-out of 

the data output 12, 7' 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 

Fi-9ure 3g). _ The output bus 52 of each memory device is 

ll connected to an input of the self-routing network SO, 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 

.J.Q .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 .8 is transmitted through the forward routing network 
61, the possibility of contention therein may be higher than 
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in the first embodiment. 

The-second embodiment has an additional advantaqe over 

the first embodiment:, si~ce where one or more input channels-

3 is particularly busy, ~~is can lead to conqestion in the 

2 self-routing network 5 of ~he firsi: embodiment. However, in 

the second embodiment, aci:.:. ·1i ty on one input channel is spread 

between a number of memory modules 63 and consequently 

messages enter the routing network SO at a number Gf different 

points, thus s~reading the aci:ivity and reducing the 
.l.Q. possibility of contention. In this embodiment, the choice of 

the hashing function perfcr~ed by the address decoder-circuit 

64 may likewise be contr~lled by the management unit 9 in 

response to congestion of the-routinq network 50. 

Performance of the Inient;on 

~ The maximum number of possible addresses (and hence the 

maximum number of entries in all of the memory devices 63 

taken toqether) is N. 228• 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 

lQ to subscribers. The fraction will vary from channel to 

channel and over time. 

According to the invention, if 1000 input channels are 

provided CN=lOOO) and the total size of the m~mory devices 63 

ar~ taken together ·as 100m (where m = 228 = the maximum number . 

ll of possible addresses), the memories can .be arranqed such that 

each input channel use~ O. lm addresses each (i.e. 26.million 

addresses each), or 900 links use a.Olm addresses (e.q. 2.6 

million addresses each) and 100 links use o. 91m addresses each 

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

J.Q. example, it will be seen that sufficient memory is available 

for a significant number of channels to utili-se a very hiqh 

number o~ possible addresses, provided not all channels are 

simultaneously busy (which is hi9hly improbable). 
By way of comparison, if a separate look-up table were 
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provided for each input channel, in order to allo_w even one 

input channel to use o. 91m addresses, it would be necessary 

for the memory devi.ce for every channel to be of size o. 91m,­

and so the total amount of memory required would be 910m (91 

,i times as high as in the above example according to the 

invention). 

Thus, given a typical pattern of channel usage, the 

present invent:ion provides a fi-ex.H:>le solution offering 

relatively fas~ access and relatively low volume of memory, 
.lQ. 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 

~ unit 9 need no~ be physically connected to multiple separate 

tables; instead, it can access each memory device 63 via the 

forward rQuting network 61 to amend the data therein. 

The requi:ed arrival times to be managed by the memory 

devices- 65 are given by (total number of bits in a 

packet)/(incoming seri~l transmission rate) (probability of 

arrival at a given input). 

Thus, for example, with a serial data rate of 155 

Megabits per second, and a pro.babili ty of 1. O, the time 
between arrivals is 2. 7 milliseconds. Higher transmission 

~ rates reduce this available time, whereas lower probabilities 

of arrival 9£ a packet on a given input reduce 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. 

J.Q. Other Variations and Embodiments 

Although in the foreqoing, the manaqement 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 manaqement units 

~ 9 of a plurality of different devices to communicate one with 
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another during a network signalling phase to alloca!:e suitable 

~emery contents and hashing functions in accordance with 

expected traffic on the ne~work. 

As well as simply changing the identities of the contents 

~ of each memory device 63, 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 devie-e to be taken out of 

service whilst the memories 63 are rewritten. For example, 

1Q. if the number of VCI and TIPI active addresses received on one 

input channel increases and the number on another - channel 

decreases, the share of address space across the memory 

devi_ces 63 allocated to the- first can correspondingly be 

increased and that corresponding to the second can 

~ correspondingly be decrea~ed. 

Particular traffic conditions could,_in principle, lead 

to significant contention at particular memory.devices 63, or 
- -- -

at particular nodes of the forward and backwards routing 

network~ 61, 62. If this is found to be occurring {e.g. by 

,ll monitoring, by the man~ement unit 9, of the occupancy of the 

buffers at the combiners 11) the problem may be addressed by 

changing the "hashing11 function executed by the address 

decoder circuits 64 (and, as a consequence, re-writing the 

memory devices 63 to correspondingly reallocate the contents 

il thereof be.tween different -- memory uni ts ~3). 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. 

J.Q. Although the management unit 9 of the above embodiments 

is part of the node (exchange), it could be provided ~t 

another point in the network, communicating with the node 

either via a special line or over one of the-input channels 

3. 
,ll Further information on possible hashinq functions which 

might be useful in the invention is to be found in Proc. PARLE 



93, Parallel Architectures and Languages Europe, p~blished by 

Springer_ Verlag 1993, pages 1-11, C.Enqelmann and J:Keller; 

"Simulation - Based_Compar~son of Hash Functions for Emulated­

Shared Memory", incorporated herein by reference, and in Proc. 

2 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 described ~odiments _the numbers 

of memory devices 63 are equal to the number of input and 

.lQ. 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 

ach~eved without these constraints. Protection is sought for 

any and all new and useful matter described above, singularly 

_ 15. or in combination. 
-

It will be clear that various modificjltions 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 

l.Q. above, but includes all obvious variants and -modifications 

thereto. 
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1. A communications routinq device for~outing 

messages betw~en a plurality of input channels and 

plurality of output channels, comprisinq: 

routing means for selectively routing a received 

5 message from a first input channel to a first output 

channel in dependence upon routinq data; 

a plurality of memory devices, each containing 
-

stored routing data stored at corresponding addresses 

therein, eac~ memory device comprisinq an address port 

10 for receiving an address- signal corresponding to an 

15 

address and a data port for outputting the stored 

routinq data stored at the address corresponding to 

_said address signal, said memory devices being 

separately accessible in parallel; and 
-

an acc~ss circuit ~onnected to the address inpue 

ports of said plurality of memor~ devices and 

conn~qted to said first input channel_,_ said access 

ci-rcui t 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, in· which each said memory d-evice further 

comprises a data inpu~ port, and further comprising 

altering means, co~nected to the address ports and the 

data inpu~ 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 cl_aim- 2 in which the altering means is connected to 

said access circuit, via which it is connected to the 
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address ports of said memory devices. 

4. A communicat:ions routinq device as claimed 
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. -

10 

15 

5. A communicat:ions routinq device as claimed 
in any one of claims 1 to 4, in which said data ports 

-are connected to said routinq means, to supply said 
-stored routing data to said routinq means, and said 
stored routing data specifies· said first output 
channel. 

§_. A communications routinq device as claimed 
in · claim 4, in which said stored routinq data 
comprises substitute header data, and further 
comprising com.bini.!lq means, connected to the data 
ports of said memory devices, for combining said 
su.bstitut:e header data with the data portion of said 

20 received message. 

7r A communications routing device as claimed 
in clai~ 6, in which said access circuit compr~ses an 
inward routing network connected between said input 
channels and said-address input ports, for routing at 

25 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 

30 comprise a plurality of combining circuits, each 

This Sheet Has Been Re I 

111111m1111m111111 aOOd 



111111111111111111111111111111 
* t L M S * 

3 

associated with a said memory device. 

9. A communications routing device as claimed 

in claim 7, in "..Thi ch said access circuit further 

comprises an ou~wa:d routing ·network, and said 

5 combining means comprises a plurality of combining 

circuits, and said outward routing network connects 

said data ports with said combini-nq 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 comprises a plurality of 

outward paths, and further comprising a plurality of 

routing nGdes for selectively interconnecting a 
plurality of said inward paths, said nodes also 

15 sele~tively 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 interconnecting 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 combininq means and said output ch.annals. 
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13. A communicat:ions -routinq device as claimed 

in claim 1, in which said access circuit comprises an 

inward rout:inq_ net:work connected between said input 

channels and said address input ports for routinq said 

5 address signal to said selected memory device in 

accordance with cont:=ol data, and a control circuit 

for genera~ing said control data dependent: upon said 

content of said message. 

14. A communicat:ions circuit as claimed in claim 

10 13, in which said acces·s circuit comprises means for 

. prefixing said cont:=ol 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 13, in which said control circuit also 

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 whic.h said function is such that, ·over 

25 time, for messages 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). 



.. 11111111111111 11111 11111 fl 1111 
* C L M S * 5 

19. A communicat:ions routing device as claimed 
·in qlaim 13, in which said routing portion comprises 
an address ltinq .:!.n an address sequence, and the 
function is such as to distribute successive addresses 

5 of said sequence successively })et:ween said memory 

devices. 

20. A communicat:ions routi-Ag device a_s claimed 
in claim 13, further comprising means for changing 
said function. 

10 21. A communicat:ions 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 device as claimed 
15 in ·claim 21, in which said channel receivers are ATM 

receivers and said messages are ATM cells. 

20 

23. A communications routing device as claimed 

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

optical receivers. 

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 of output 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 selectively accessing one of said memory devices 
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in dependence upon the content of said ~eceived 

message; 

reading routing da-ca from said one of said memory 

devices; 

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 

15 

-in accordance with said routing data. 

26. A method as claimed in claim 24, further 

compris~ng _the ste-p of ~edifying said received message 

in accordance with - said routing data, to modify 

subsequen't: routing of said received me~sage. 

27. A communi.cations 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, ,eac::h containing 

stored ~outing data stored at corresponding addz"esses 

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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circuit being operable, in response to the con~ent of 

said_ received message, to select a selected memory 

device of said plurality of memory devices, to 

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 circuit comprises an inward routing 

network connected between said Input channels -and said 

address input por~s for routing said address signal to 

10 said selected memory deviee in accordance with control 

data, and an address distributing circuit · for 

generating said cont:rol data dependent upon said 

content of said message. 

28. A_communl.cat;.ons circuit as claimed in claim 

15 27, in which said access circuit comp.rises 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. 

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, ln which said received message comprises 

25 a routing portio-~, and said address distriblltinq 

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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all of said memory devices .. 

32. A coromunicat~ons rou~inq device as claimed 

in claim 30, ·in which said function is a linear 

~odulo-N func~ion (where N is an inteqer). 

5 33. A communications routing device as claimed 

in claim 30, in which said routiaq 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 routinq device as claimed 

in claim 16, further comprisinq means for. chanqinq 

said function. 


