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SWITCBIHG IN A TELECOMMUHICATIOKS SERVICE NOnE 
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The presen't. !.nvention relates to a service node 
ccnnectable to a ~elephony network, in which a plurality 

5 of ?eripheral devices are provided, along with switching 
means for connecting said peripheral devices to external 
communication means under the control of control 
processing means. 

over recent years, telephony Il.etworks have become 
10 more sophisticated and it has become possible for an 

increasing number of services to be J;FOVided, in addition 
to ~he fundamental provision of allo~ng a first customer 
to be connected to a second custom~. 

Telephony systems of this type .. ;µ-e often referred to 
15 as :ntelligent networks, and provide such services as 

au~omatic call distribution, store ,and forward, fax to ' , 

speech, call queuing, voice menu systems, call diversion, 
. -· . 

fellow-on and voice prompts, etc. 
service nodes are uni ts wi t.b.i;i, the network where 

20 in~elligent services are concentrat~ and made available 
tc customers connected to the n~twork via swi tchinq 
mec.ioianisms provided within the ne;~)lork. At the node 
itself, a large switching device is provided which allows 
cust;omer calls to be connected to peJ:'.ipheral devices under 

25 the control of central control processing means, such as 
a ::tini or mainframe computer. In ,~own systems, it is 
necessary for the control computer to analyse signals 
generated by call!ng customers, in order that peripheral 
devices may be connected and, as ~~c~ssary, disconnected 

30 et.c. Thus, once a part"icular servic~Thas been established, 
this is generally driven under the control of a particular 
peripheral device. However, it i!! necessary for the 
cen-cral control computer to observ, the operation of a 
connection between peripheral devi9es and external lines, 

35 in order to ensure that the integrity of the overall 
ne'Cwork is maintained. 
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A problem with known service nodes is that it is 
desirable to have large switches at the nodes, so that 
maximum benefit may be gained from a large number of 
shared services. However, as the number .· of ·Shared 

5 ser-:ices increases, with a· resulting increase in the size 
of -:he connecting switch, the size and power of the 
control computer must also increase, along with the 
bandwidth of the communicating ·link between the computer 
and the switch. 

10 According to a first aspect of the present invention, 
there is provided a s'ervice node switching apParatus for 
rou'ting channels. within: a service node·,- comprising a 
swi'tching matrix and a plurality of line interface means, 
characterised in that each of said line interface means 

. 15 includes: a cross~point switch, a plurality of a first 
tyPe of processing means and a second type of processing 
means, wherein; said firs~ type of processlng means is 
connected to ·.said cross-point switch by a first type of 
interface means, said second type.of processing means is 

20 connected to said cross-point switch by a second type of 
interface means, and said cross-point switch includes 
means for facilita'ting a communication between said first 
type of interface means and said second type of interf~ce 
means. 

25 In a preferred embodiment, the cross'.;..point switch is 
configurable by one of said distributed processing means, 
which may be said second type of processing me·ans, with 
s·aid configuration being achieved via said second 
interface means. Preferably, said first type of 

30 processing means is programmable by said second type of 
processing means. In a preferred embodiment, the first 

type of processing means is arranged to receive a program 
directly from said second type of processing means, 
thereby avoiding said cross-point switch. 

35 According to a second aspect of ·the present 
invention, there is provided a method of processing 
signals in a line interface card for a service node 

iiiflil1i11ilr 
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swi~ch, characterised by supplying program instructions to 
a =irst type of processing means from a second type of 
processing means ·1ia a first type of interface; and 
communica~ing data between said first type of processing 

5 means and said second type of processing means via a 
cross-point. switch, wherein said first processing means 
communicates with said cross-point switch over a second 
interface and said second processing means communicates 
wit.'l said cross-point switch via said first interface. 

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

Figure 1 shows a public switche,d telephony network, 
including a plurality of customer terminal equipment, 

15 local exchanges, ~=unk exchanges an~ a service node; 
Figure 2 shows the service nod~.identified in Figure 

l, including a cont.rel comp,,uter, peripheral devices and a 
switch for connec~inq external lines to said peripheral 
devi.:es; 

20 Figure 3 det.ails the switch .. shown in Figure 2, 
inc.:.ua.1nq a swi-cc!linq .matrix and a plurality of line 
in-cerface cards; 

Figure 4 -de't.ails a line interface card shown . in 

Figure 3, incl\l~ing line interface circuits, digital 
25 siqnal processors, a microprocessa.r and a cross-point 

swi't.ch for connec't.~ng line interface circuits to digital 
signal processors; 

Figure S details operations P'1trf armed on the line 
interface card shoWn in Figure 4; 

30 Figure 6 details control operations for the service 
node~ and 

Figure 7 details the connections between the digital 

signal processors and the microproqessor shown in Figure 
4. 

35 A telephony :ietwork is illU$trated in Figure 1, 

including a plurality of customer ~~rminal equipment 11, 

including telephones and fax machines etc. Each customer 
-------·--
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terminal equipment :.1 is connected vi'a ·a local ·line 12 to 
a local exchange !.4, thereby providing by~directional 
communication between the eerminal equipment and the local 
exchanges. 

5 Local exc;:hanges 14 are conneeeed to trunk exchanges 
15 and· bi-directional communication between said exchanges 
:.s effected over trunk cables 16. S±niilarly, trunk 
exchanges are b~-directionally connected· by ·trunk lines 
17, again arranged t.o convey multiplexed si·gnals. 

10 In the preferred network, conversion between analogue 
signals and digital signals occurs at the local exchanges 
14 and communication throughout the trunk network is 
performed in the digital domain~ Thus,· each trunk line 16 
includes physical communication links each arranged to 

15 convey 30 speech channels over a 2 megabit per second 
multiplex. In ·addition, higher levels of multiplexing ·may 

·be achieved using optical. l.inks, which ~re particularly 
suitable for connecting t%'.Wlk exchanges·lS. 

In addition to allowing conventional telephone 
20 connections to be made, the network shown in Figure 1 also 

includes a plurali:.y of added value· services which allow 
customers to interace via voice menus, receive recorded 
information from a central source, record messages and 
receive recorded messages, and establish sophis~icated 

25 call diversion procedures, wherein, over a day, calls may 
be diverted to a plurality of nunlbers·, reflecting the 
location of an actual customer, rather than the terminal 
equipment. These added value services ·are located at a 
central position, in the form of a service node 18. The 

30 service node 18 is connected to the rest of the network 
via a plurality of 2 megabit per second digital links, 
such that any customer connected to the network may obtain 
services via the central service node by establishing an 
appropriate connection through the network of exchanges. 

35 The service node 18 is detailed in Figure 2 and 
comprises a plurality of peripheral· devices; three of 
which are identified by references 21, 22 and 23. Each 
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peripheral device is configured to ·:·perform a specific 
task. Thus, voic.e menu services may be provided by a 
speech applica'Cicns platform, ·allowing two-way 
communication using recorded voice messages, voice 

5 recognition and DTMF tone recognition. 
Another peripheral device may be arranged to supply 

recorded information to calling customers. A message is 
recorded centrally on the peripheral and written to 
randomly accessible memory storage devices. 

10 Thus, the same message may be played to a plurality 
of calling customers and by addressirtg the memory devices 
individually for each call, the message may be played to 
each calling customer from the beginning of the message, 
crea'Cing the impression that a dedicated message has been 

15 recorded for that call. 
A third peripheral device may be arranged to record 

messages left by customers so that they may then be 
collected by a .speci:Eic _customer for "Whom the service has 
been created, effeceively providing the customer with the 

20 services of a virtual call answerin9·machine. Thus, on 
recei vinq inst:.ruct:.ions from the customer, all of said 
customers will be directed to the se:tvice node such that, 
under the control of a control computer 24, voice da.ta 
will be supplied to, say, peripheral 23, whereafter, in 

25 response to a call :nade by the cus'lomer, said recorded 
information mar be replayed. 

Another service provided by ser9ice nodes is that of 
redirecting calls. Thus, all calls to a particular 
customer may be directed to the service node and, under 

30 the control of the control computllir 24, the call is 
redirected out to a ·pre-programmed de1stination. Thus, for 
each day, a customer may issue programming commands, such 
that, at predefined points during ''"the day, calls are 
directed to different numbers, Uhereby following a 

35 customer from location to location. ·· 
A switch 25 is provided with 256 multiplex lines. 

Thus, each of said lines includes twe coaxial cables, for 
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bi-directional communication, an4 each of said coaxial 
cables is capable of conveying 32 c~annels_, transmitted C!lt 
2 megabit per second. Thus, -a plurality cf coaxial 
communications are provided to the publi(: switch telephone 

5 net:wcrk, identified generally by reference 26 and other ? 
megabit links are supplied to each of the respective 
peripherals. Thus, in the example shown. in Figure 2, 2 
megabit links 27 are connected to peripher,al 21, similar 
links 28 connect: peripherc:t.l 22, wh~le _links 29 connect 

10 peripheral 23. Thus, each peripheral 21 to 23 etc. is 
arranged to receive _ voice channels in the form of 2 
megabit multiplex connections. In addition, the 
peripherals are arranged to receive _cqntrol commands from 
the control computer 24. 

15 Preferably,- common channel signalling is used, such 
as signalling which conforms to the CCITT C7 
recommendation and an interface for identifying and 
generating C7 signalling information is identified in 
Figure 2 by reference 30. 

20 The C7 inter£ ace 30, the central switch 25, the 
peripheral devices 21, 22 and 23 communicate with the 
cont:rol computer 24 via an et:hernet connection, capable of 
conveying a data at a burst: rate of up to ten meqabit11. a 
second. 

25 Calls are initiated in response to DTMF tones 
generated by a cuseomer. In order t~ es_.tabl.ish a call to 
the service node, signalling commands are tx:ansmitted over 
the common channel, by means of one of the - channels 
forming part of those generally identified by reference 

30 26, which, at switch 25, are directed to the signal~ing 
interface 30. Th,e.signalling interface 30 instructs the 
coni::.rol computer 24, over the ethernet 20, to the effect 
that a calling customer require~ se-ryice. The signalling 
information will identify to the control computer 24 an 

35 identification of the actual calling customer and, to some 
extend, an identification of the number called by said 
customer. Thus, on the basis of this information, -the 
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control computer 24 instructs the switch 25 to connect the 
call to a specified channel connected to the required 
peripheral device. In addition, the control computer 24 

also instructs the relevant peripherE'1. as to the na~ure of 
5 the service required. 

While a customer is making use 'of a service, it is 
common practice for the customer to generate signals in a 
form which is recognisable by the system. These signals 
may be interpreted by peripheral d~ices as part of the 

10 normal operation of the service. Howaver, in addition, it 
may also be necessary for customer geil-erated signals to be 
recognised by the control computer 24, particularly if 
these relate to customer instructions which effectively 
terminate a service, such that thEi "'control computer is 

15 required to instruct switch 25 and the relevant peripheral 
to t:he effect that the service has now been terminated 
and, if required, to allow,the cus1!0mer to make f~rther 
use of the services available at the·node. 

In the telephony network illustrated in Figures 1 and 
20 2, ~he service node includes a plurality of peripheral 

devices in addition to switch 2s·· for connecting the 
peripheral devices to external commuhicating channels 26. 
In order to establish calls and to monitor signalling 
while calls are in process, a sl.gnif icant level of 

25 processing capacity is required within the node. The 
service node is therefore provided with a control computer 

·I .. 
24 which provides overall control ·-of the system in an 
hierarchical manner. However, in -·iddi tion to this, the 
switch 25 itself includes distributed processing devices 

30 which are themselves responsive to ·•ternally or.iginating 
signals, such as D'?MF signals genererted by customers while 
calls are in process. Thus, the distributed processing 
devices· are arranged to supply information derived from 
said signals to the control computir 24. Thus, in this 

35 way, it is not necessary for the control computer 24 to 
scan incoming calls in order to detect customer generated 
signalling. The detection an! identification of 

iiiili1iiDIT 
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signalling commands is made locally at the switch 25 and 
data is only supplied to the cont.rel computer 24 over the 
ethernet 20, when a c~stomer originatirig.signal has been 
detected. Thus, the switch 25 includes local processing 

5 devices responsive to external signals, such that 
information derived from said signals_~ay be supplied to 
the coritrol .computer 24, in preference to the signals 
themselves. Thus, the computer 24 is relieved of. the 
activity of scanning cust.omer . originated calls, which 

10 provides two significant ):)enefits.. Firstly, for a given 
switch size, .less process.ing capaci ~y is required on the 
part of the control computer 24. Alternatively, for a 
given processing capacity presen~ on the control computer 
24 a much larger switch.may be used. The advantage of 

f5 that is, for _a given size of control computer 24, more 
cent.ral added value se~ices may ~e in~luded at the node, 
thereby effectively providing a greater economy of scale. 

. . . ' 
secondly, given .that i.t is not necess~~ for scanning to 
be effected by the control computer. 24, communication 

20 between the switch 2.5 and the control computer 24 is 
signi.f-i.cant.ly reduced. consequent.ly, far less band width 
is required on the _part. of communication ~hannels 

connecting control computer 24 .and the swi:tch 25 which, .. ~n 
this example, is effected by means c;>f an ethernet. Thus, 

25 as can readily be appreciated, the level of band width 
available on the ethernet is signif :!.cantly less than the 
level of band width employed to effect communication 
between the PSTN and the peripheral devices, via the 
switch 25. 

30 Switch 25 is housed within an EMC 19" shielded rack, 
which stands 2 metres high and contains a total of seven 
shelves. One of these shelves is used to house power 
supply unit.s for the ethernet t.ransceivers, while the 
remaining six shelves are provided for component cards of 

35 the switch itself. 
Within the switch 25 two types of shelf are provided 

which are identified as line interface shelves and 

.. 

-. 
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swieching matrix shelves. !n the preferred em.bodiment, 
swi~ching matrix shelves and interface line shelves are 
duplicated so as to enhance reliab·ility and a robust 
cont~ol computer, itself having duplicated shelves, 

5 preferably c~nnec~ed to the system, again enhancing 
overall reliability such that operation of the system is 

not dependent on a single card. Any of said cards may be 

removed while allowing the system to remain fully 

func-eional. 
10 At the heart of the switch 25 is a non-blocking 

digi ~al switching matrix configured from commercially 
available MITEL SMX/PAC chip sets. switching matrix 32 
receives 256 2 megabit per seaend coaxial pairs, 
conforming to the ST-BUS recommendation. Thus, each pair 

15 consists of a 32 channel multiplex for supplying 
information to the switching matri.X ·32 and a similar 32 
channel multiplex for receiving information from said 
switching matrix 32. The switching matrix 32 is arranged 
such that any channel on any of said multiplexed lines may 

20 be switched to any other channel on any other of said 

multiplexed lines. Generally, said communications are bi­
directional, such that first of said pair is arranged to 
transmit data from location A to location B while the 
other pair provides communication in the opposite 

25 direction, from location B to location A. Furthermore, of 
the ~hirty-two channel 2 Mbit/s multiplex, thirty of the 
channels are used to convey audio- data, and of the 

remaining two channels, one is used;.to convey signalling 

data relating to· the thirty audio ·:channels, while the 

30 remaining channel is used to provide ~rame synchronisation 
so that the position of each of th• channels within the 

time mul tipiex may be determined ·by channel switching 

circuitry. 
switching matrix 32 is controlled by an Intel 80286 

35 microprocessor based system identified generally by 
reference 33. This microprocessa;' based system 33 is 

.. ~ .. 

ii1i1iinr 
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configured to con't.rol the switching matrix 3-2 in response 
to commands received over the ethernet line 20 .. 

Signals transmitted through the sw'itching matrix 33 
conform to the ST-EOS recommendation and may be considered 

5 ·as 5 volt TTL compa~ible signals. Signals transmitted 

over lines 26 to the PSTN and other lines connected to the 

peripheral devices, do not conform to thi~ recommendation 
and may eff ec't.ively be considered as analogue-like 
signals, given the requirement for, in many situations, 

10 transmission over significant distances. Thus, before 

signals may be supplied . to the switching matrix 32 and 

before signals emanating from said switching matrix may be 
supplied to the outside ·network, it is necessary to 
perform a conversion procedure, which is effected via line 

15 interface circuits. 
The rack contains· four line interface shelves 

-identified in Figure 3 · by reference. 34. Each line 

interface shelf may have a total of .. 16 line interface 
cards 37 and on each line interface card there is provided 

20 a· resident .Intel 80286 microprocessor system 38 and four 

bi-directional line interface circuits. Thus,_ w~thin the 
four line interface shelves there is capacity for 256bi­
directional interface ·circuits. 

In this example, customer originating signalling 
25 effected while calls are connected take the form of DTMF 

codes. Each DTMF code . (dual tone • multi-frequency) 
consists of two simultaneous tones, each selected from a 
different set of four possible tones. Thus, there are 4 

x 4 permu't.ations. of two tones, providing a total of 16 

30 different codes which the system may recognise. However, 

other modes of signalling may be employed consisting of 

audible signals of some form which may be detected by the 

system. 
DTMF detection occurs on each line interface card 

35 under the control of the resident 286. computer system 38. 
The nature of a particular DTMF detection will depend 

on the actual application being made during a particular 

y 
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call connect:.ion. The na""'Lure of DW codes required for 
particular applications are held by;the control computer 

24 and are accessible by systems ORerators. In addition 

to specific DTMF codes, it is possible to program the 

5 cont:.rol ccmput:.er 24 to deteci: simply logical combinations, 
such as ## followed by any of the nU.Cers 1, 2 or 3 etc., 
as will be detailed subsequently. When a detection 

sequence of this type is required for a particular 
connection, it is necessary fer the detection commands to 

10 be down-loaded to the respective line interface card. 

This is achieved over the ethernet 20 and, initially, high 

level detection codes are suppli•d from the control 
computer 24 ·to the 286 microprocessor system 33 resident 
within the switch shelf. switch shelf microprocessor 

15 system 33 is responsible for identifying a particular line 

interface circuit and after receiving such information 
from the control computer, 24 over. ;_the ethernet 20, the 

information is relayed to t;he respective 286 
microprocessor system 38 resident QJl the respective line 

20 interface card. Thus, the trans;er of DTMF detection 

programminq from the concrol computer 24 to a line 

interface c~rd 37 occurs in two steps, firstly from the 
con"trol computer 24 to the switch shelf microprocessor 

system 33 and secondly from the shelf cell processor 33 to 
25 the respective line interface card~microprccessor system 

38. Thus, although it is poss.ible for the control 
computer 24 to communicate di.Jitctly with the line 
interface shelves, this is not qpne in practice as a 

hierarchical software struct:.ure exifllts whereby the control 
30 computer 24 communicates with_ the switch shelf 

microprocessor system 33, and. the switch shelf 

microprocessor system 33 communica;es with line interface 

card microprocessor system 38. ThafS. as far as the control 

computer 24 is concerned all t~aJl.'ffers to the switch 25 
35 may be c~sidered as transfers :i to the switch shelf 

microprocessor ·system 33, thereby~implifying the way in 
which control computer 24 communi~es with the switch 25 • 

ii1ilif 



PCT/GB9S.101822 

12 
...... 

A line interface card 37 is detailed in Figure 4. 
The card includes 4 interface circuits . 41,, 42, 43. and 44, 
each connected to an input 2 megabit ·per second trunk line 
45 and to an ou't.pU't. 2 megabit per second trunk line 46. 

5 The line interface circuits are responsible fer c~nverting 
between transmission· compatible signals and 32 channel 2 
megabit per second ST-BUS signals which are supplied to 
and received from a cress-point switch 47, via 2 megabit 
per second input lines 48 and 2 megabit per second output 

10 lines 49. 
The cross-point switch 47 consists .of a Mitel SMX/PAC 

switch, similar to switching chips employed· within the 
main switching ma't.rix 32. · However, it should be 
appreciated that the cross-point switch 47 does not effect 

15 switching on a call-by-call basis. The,cross-point switch 
47 is permanently configured during normal operation 
although said configuraticm may be modified to take 
account of upgrades and reconfigilrations etc. 

As shown in ::'igure 3, the ·line interface board 37 
20 includes a 286 microprocessor based system 38, connected 

to the ethernet l~nk 20. The address and data bus of the 
microprocessor system 38. is connected to the configuration 
interface 39 of tile cross-point switch, such that said 
cross-po1nt switch 47 is configured in res~onse ~o 

25 configuration data supplied from the microprocessor based 
system 38, as is known in the art. 'Thus, in response to 
this configuration, each sT-:aus output and .input line (48, 
49) is connected to similar lines 51 on the switch shelf 
side cf the c·ross-point switch 47. Thus, during normal 

30 operation, each channel supplied on an output line 48 from 
the line interface circuit from. the cross-point switch, 
will be switched to a particular channel on a particular 
multiplex of the ST-BUS on the switching matrix side of 
the cross_:point switch. :similarly, a parallel return path 

35 will be provided through the cross-point switch, thereby 
allow'ing all calls to be directed through line interface 
circuits, via cross-point switches resident on line 

-. 
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int.erface cards, out to the main 5'iritching matrix 32 and 

then back to any selected line interface card via a 
further cross-point. switch based on-- !said interface card 

and out of the main switch 25 via a predetermined line 
5 interface circuit. 

In addition ~o providing configuration codes for the 

cross-point switch 4 7, the 286 microprocessor based system 

38 is also capable of observing any communication channel 

being passed through the cross-point switch 4 7 by applying 

10 suitable address codes to the address bus connected to 

interface 50. 

In addition to connecting interface circuit side 

channels to switch shelf side channels, the cross-point 

switch 47 may also connect each input line 48 from the 
15 line interface circuits 41 to 44 to a respective digital 

signal processor 52, 53, 54 and 55.· Thus, the cross-point 

switch 47 may be cdnfigured,such that the input multiplex 

48 from line interface circuit 41 is connected to an 

output multiplex 56 supplied to a digital signal processor 

20 52, with similar connections being made to the other three 

signal processors. 

Each digital siqnal processor 51 to 55 is a TMS320C31 

device produced by Texas Instruments and is programmed..to 

be able to detect DTMF codes on each of the 30 audio 

25 channels present on the 32 channel input multiplex 56. 

It will be appreciated that signals conveyed through 
the cross-point switch 47, along with s±qnals conveyed 
through the main swi tchinq matrix 32, are conveyed in 
digital form. The 2 megabit per second ST-BUS is arranged 

30 to convey 32 time multiplexed channels. Thus, each 

channel has an identifiable time slbt within each frame 

and during this time slot 8 bits of data may be 

transmitted. Thus, when transmitting conventional speech 

signals, each of these 8 bit words convey a digital 

35 representation of an audio sample. 
The digital signal processors 52 to 55 receive 

information in the ST-BUS format and".produce an output in 

tt111rnrur 
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similar format. nowever'; the ou1:pu1: from each DSP does 
no1: represen1: an ~udio signal but repres.ents an i_ndication 
of !.nformation contain.ed within an audio signal; in 
particular, the presence and iden1:ific_~~.ion of DTMF tones. 

5 Thus, in the previously suggested configuration, DSP 52 . 
examines 30 speech channels received via. line interface 
circuit 41, while said channels are bein~_. 15upplied to the 
swi~ching matrix 32 via the switch ~i~e communication 
buses 51. The digital signal p:r:ocess~r 52 _,is .PrQgrammed 

10 to effectively convert signals received in .~e time domain 
in1:o frequency domain signals, and then to provide an 
indication when th~se frequency domain signals correspond 
to recognis.ed DTMF tones. Thus, . th.e q.igital signal 
processors produce outputs indicatin~ the presence of DTMF 

15 codes. 

A DTMF signal may take one of- sixt1aen states, 
therefore four ou1:put bits a~e produced by a DSP for each ' . .. ... . . . 

audio channel in order to identi~y . a part_icular Dm!' 
detec1:ed code .• In .addition to this, a further bit is used 

20 to provide a .. :alid code detected sign~l and the 
mic=oprocessor 38 is arranged to examine these five bits 
of data provided by each DSP .on each of the 30 channels 
examined by each DSP. 

Thus, during communication, a customer using a 
25 channel supplied to line interface circuit 41 may depress 

a key .resulting i:i a DTMF.signal being supplied over this 
channel. The audio signal may convey audio information in 
addition to the DTMF code, but by implementing a fourier 
transform on each of the thirty audio channels supplied to 

30 each of the DSPs, it is possible to detect the presence .of 
the recognisable DTMF tones and.successfully return this 
information to the microprocessor system 38. Thus, when 
the DTMF tone code is generated, the D.SP 52 detects· the 
presence of this DTMF tone and returns the relevant four 

35 bit representation to the cross-point switch 47 on a 
res-cective channel associated with the particular channel - . . . . . . . . 

being supplied via the line interface circuit 41. The DSP 
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generates the fiv~ bit DTMF recognition_ signal throughout:. 
the time that the D'?MF tone is being.~cognised. 

Generally a DTMF tone must be present over a period 
of time before it is considered valid by the system, so 
that: spurious noise signals or speech cannot wrongly 
trigger recognition of a D~F code. Thus the DSP 52 will 
pause after recognising a DTMF tone combination, for long 
enough to ensure that it has been deliberately intended. 
Thereafter the DSP 52 generates the five bit recognition 
code once for each corresponding audio sample, and 
supplies it to the cross-point switch 47. Thus, when a 
tone is correctly recognised by a DSP, there will be a 
period of time during which the recognition signal is 
continuously generated. Within this time period the 

15 microprocessor 38 must interrogate the cross-point switch 
to capture DTMF recognition signals as they occur in real 
time. 

A successful _recognition of a D!.MF tone by a DSP will 
result in the five bit signal being generated for a 

20 minimum period of 32 milliseconds •.. Thus, in order to 
ensure successful capt:.ure of all rec:ognised DTMF codes, 
the microprocessor must sample a DSf output channel once 
every 16 milliseconds.· In order to successfully captiµ:e 
D~F recognition for any of· the thir.t:y channels connected 

25 to a DSP, all thirty must be sampled within· the 16 
millisecond time frame. Thus, in order to ensure reliable 
cap~ure of all DTMF recognitions within the line interface 
card, the microprocessor 38 must sample all 120 audio 
channels within each 16 millisecond-time frame; and this 

30 represents a substantial computational requirement of the 
microprocessor 38. 

In the preferred embodiment, each sample of an output 
channel from a DSP is placed intG a circular buffer 
according to the rules defined in tne flowchart shown in 

35 Figure 5. Thus, although the intensive task of sampling 
all the audio channels is performed at the required rate, 
the processing of the resulting data~111ay be performed over 
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a longer time period by more complex software. The 
flowchart in Figure 5 details the operations of an 
interrupt routine running on the.microprocessor 38 which 
is called at . sixteen millisecond intervals. Thus, 

5 regardless of what:ever functions the microprocessor is 
otherwise doing, -:!lis routine will be called every sixteen 
milliseconds . 

. Step 151 . signifies the generation of the sixteen 
millisecond periodic . interrupt, which will force·· the 

lo microprocessor 38 to suspend· other operations and execute 
the interrupt routine. At step 152 the channel i~dex N is 
reset: to zero. The channel index· will be used subsequently 
to define access to a particular channel within the cross­
point switch 47 which is. used to convey data from a 

15 channel output· from a DSP. The channel index is also used 
to access the circular bu£fer·and other:memory locations 
within the 286 micropro~essor system 38 which are 
associated with a particular. audio channe·l. 

At step 153 bit 5, the validation bit, of channel(N) 
20 is compared with !.ts previously recorded value to see if 

it has changed. :: bit five is unchanged, the other four 
bits of the DTMF recognition code are either valid or 
invalid. Either way, no actions.needs to be taken for 1;.tle 
current channel. However, if bit five has changed, step· 

25 154 decides whether bit five .. indicates a valid or an 
invalid signal. :: bit five indicates an invalid signal, 
a valid recognised DTMF tone has.just ended and step 155 
may place the previously valid four bit: DTMF recognition 
code into a circular buffer.for the. current channel .. In -

30 other words, valid DTMF tones are only recorded by the 
microprocessor 38 at the end of their duration. A circular 
buff er is one where a number of memory locations, for 

. example 64, is i~dexed by a counter which automatically 
increments every time a data item is written into the 

35 location which is indexed by it. The counter has the 
property that only a pre-defined number.of bits are used 
for the index, so that incrementing the counter beyond 63 

!!.' J :'.. '.' 
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is impossible. Thus, computational ove?:~ead and memory are 
saved. The disadvantage is that anoth~f counter must be 
used to read out values from data locations within the 
buffer before it :.s overtaken by the buffer input counter. 

5 A suitable size =or the circular buffer may be defined, 
such that, given a set of reasonable operating conditions, 
it is extremely unlikely for this to happen. 

In the even't that step 154 decides that bit five 
indicates the presence of a valid tone, no significant 

10 action need be taken. 
step 156 increments the channel index N, so that the 

steps 153, 154 and 155 may operate similarly on data 
associated with the next channel.- Before doing so, 
however, step 157 ensures that there are still audio 

15 channels to be processed. If there are some left (N is 
less than 120) control is returned to step 153. If all 120 
audio channels have been sampled, control is returned to 
the process which was being executed at the time the 
interrupt was called. 

20 The interrupt routine shown in Figure 5 represents a 
highly efficient way of sampling, interrogating and 
storing DTMF reccgni tion codes from a large number of 
channels in real ~ime using a microprocessor 38. 

Once DTMF codes have been stored in circular buffers, 
25 the microprocessor 38 may analyze the stored codes to see 

if the pattern of :odes meets conditions defined by a scan 
pattern. Thus the microprocessor 38 en the.line interface 
card is able to record and match D'?MF patterns against a 
scan pattern provided to it by the :microprocessor 33 in 

30 the switch shelf, which has received<the scan pattern and 
~ 

associated control instructions from··:the control computer 
24. Furthermore, ~he scan pattern miy specify a range of 
possible conditions, so that the microprocessor 38 may 
recognise a variety of incoming DTMF code patterns as 

35 meeting the required conditions, rather than simply 
searching for an identical match between a pattern and 
incoming DTMF codes. Thus a limited form of pattern 

iiinmr 
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recognition may be performed by the line interface card 
processor 38. 

The prccedu::e shown in Figure ·5 outlines the 
operations performed ~n different. _parts of the service 

5 node in order -:.c set:. up and respond · to a DTMF scan 
pattern. At step :51 ·.the control compu~er generates a 
command stream f o:: a particular customer call.. The command 
stream includes -:he scan pattern, which .. is an embedded 
string of charact:.ers. These characters define the set cf 

10 conditions which an incoming DTMF .·sequence from the 
customer must satisfy before said.sequenc:e is considered 
to match a particular pattern. The fct'lllat cf the scan 
pattern is described later. The cotml\8.nd stream is passed 
over the ethernet interface, to the switch shelf 

15 microprocessor 33. At step 162 the switch· shelf 
microprocessor 3 3 redirects thf! command st~eam, again over 
the ethernet, to a line interface.card. . . . ' . . . . . 

At step 163 the line interface cardmicroprocessor 38 
interprets the command, deriving si~alling information 

20 such as the channel number from the command stream. 
Also at step :53 the mic.i:oproces11or. 3$ translates the 

scan string into a different.format in order to provide 
maximum speed eff !.:iency during the process cf attempt;.ng 
to match a DTMF cede s.~quf!nce, whi~h occurs at step 164. 

25 At stet> 164, the . D'tMF codes stored in the circular buffer - . . . . 

associated with the customers cha,nr.el are compared with 
the speed-efficient:. scan patterri to determine whether the 
conditions are met:.. If _these conditions are no~ met, step 
164 loops back to its beginning again· .• 

30 When a DTMF sequence in the circular buffer matches 
a -scan pattern, con-crol is diverted to s.tep 165, where the 
line card microprocessor 38 generates a response stream, 
including the ma-cchinq DTMF sequence. ~he.response stream 
is sent over the e-chernet 20 to the switch shelf 

35 microprocessor 33, which ~t step 166 di~ects the response 
stream to the con~rol computer 24 over the ethernet. At 
step 167 the control computer uses the information 

• : :! .. 

.. 
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contained in the response stream to direct further actions 

that are requir~a to complete the cuse6~er service. 

The control ~omputer 24, having s~nt a command stream 

to the switch shelf, may return to other tasks until the 

5 remo~e processors send back a positive response stream. 

Thus, sophisticat.ed DTMF pattern matching is provided 

without the danger of computatio~al resources being 

overwhelmed by a coincidence of numbers of callers 

requiring a similar service at the same time. 

10 As described previously, the control computer sends 

a command stream containing a scan pattern defining the 

conditions for a positive match. This scan pattern is a 

string of characters in a relatively_~eqible format to aid 

service software writing and debugging. The format 

15 includes specifiers, and is defined in the following way: 

A constant specifier may be us~~ to define specific 

matching characters. A constant specifier may be O through 
' .. 

9 , A through D, ; or * . An example of this is "##22" , 

which requires a customer generatep. DTMF sequence of 

20 n##22" to achieve a positive match - ~t must be identical. 

An equal specifier defines tha~ the DTMF incoming 

character must be ~~e same as the one which preceded it. 

For example "#=2= 11 requires "##221t. 

A variable specifier follows 1:he form %{n. {m} }p. 

25 Where p is one of tta", "n", "m" or "[digits]". 

"a" specifies any DTMF digit. 
"n" specifies any numeric DTMF digit.0-9. 

"m" specifies any numeric diq~t~ terminated by #. 

"[digits)" specifies any DTMF ,digit in the string 

30 "digits", except when the first character is a "", in which 

case it specifies any DTMF digit except those in the rest 

of the string. 
The optional value n (as in %{n.{m}}p.) can be used 

to specify detec~ion of a fixed numb~r of digits. If only 

35 n is specif1ed as the template str~, a match is always 

made on entry of the nth DTMF digi; by the caller. The 

optional value m (as in %{n. {m} }p.) Clln .be used to specify 
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a maximum number of DTMF digits · to be input by the 
customer~ 

For example "%Sm" is matched if an input of 5 numeric 
digits terminated !::ly a "#" are detected. 

5 "%3. Sm" is ma'C.ched if an input of 3 to 5 n:\imeric DTMF 
digits terminated by a "#i' are· detected~ 

"%1(123]" is matched if a single DTMF digit "1", "2" 
or "3" is detected. 

"#=%1(123]=" is matched by the patterns "##11", 
10 "##22" or "##33''. 

In addition t.o the above methods of specification, a 
logical OR character C:) may be used to specify a 
plurality of matching conditions, such that only one of 
the conditions con'taihed within the string need be met to 

15 achieve a positive match. This character is represented on 
some computers as _a single ·horizontal line (without the 
usual embellishments assoaiated with.letter :I or numeral 
1), shown herein as·":", and has the ASCII value 124. 

Thus · using :he logical OR character· a· template 
20 definition may be constructed thus: 

"#=%1(123J=:*~l(12345J:110.2om:11[ .. 0]" 
which enables· the · cu$tomer to generate one of four 
different possible t.ypes of response. Whichever respoi:Ul_e 
the customer genera'tes will be passed back to the control 

25 computer in the · response stream, and thus the control 
computer 24 may initiate one of four different possible 
responses to the cus'tomer' s DTMF sequence •. In this way an 
intelligent dialogue may be built up with the caller, so 
that the caller :nay navigate through a menu · driven 

30 service. 
In the command string genera'ted by the control 

computer, variables and . flags are provided . to define 
various aspects of· the process of DTMF pattern 
recognition. Two variables, known as ''first_dig_to" and 

35 "inter_dig_t011 
I def~ne the maximum time before a first 

digit is received and the maximum time between subsequent 
. digits respectively. ·When inter_dig_to is exceeded, the 

.. 

" 
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DTMF codes ma:Y· be successfully matched against scan 
patterns defin'!W a "#" as the last:::.:~H:git, even if this 

has not been provided by the caller~:when first_dig_to is 

exceeded, the operat:.ion is defined by the CONTINUOUS_SCAN 

5 flag defined below. The flags included in the command 

string are: 

10 

CLEAR_BUFF!R - causes any previously detec"Ced but 
unchecked DT?d ·. digits to be discaded on initiation of 

ad.di tional pattern recognitions. :: 

FIRST_DIGIT_NOTIFY - Causes the line card interface 
microprocessor 38 to generate a response stream on receipt 

of the first DTMF digit code after a pattern recognition 

has been initiated. 

CONTINUOUS··· SCAN - causes the ·:t>peration to restart 

15 automatically either after a successful pattern match, or 

after the time out defined by the 0 first_dig_to" has been 
exceeded. ., 

Thus a command stream for initiating a DTMF pattern 

recoqni tion includes a template specification string, 

20 variables and flags, and associated';<Channel, and service 

ident:.ification " data. A response st.ream from the line 
interface card microprocessor 38 assigned the task will 

include the actual DTMF codes matcfting the scan string, 

and associated :channel and service identification data, so 

25 that the control processor may as'ecciate the response 

stream with the original cominand string and a particular 

service for a par-cicular connected·-t:aller. 

The design ·'of a line interfde card such as that 

shown in Figure 4requires that car~ful attention be paid 
30 to the amount of circuitry required to implement all the 

~ 

functions that are shown. In particular the number of 

separate integrated circuits reqiiired to connect the 

various - elements of the circuit tb each other must be 

minimised without sacrificing functi-cnality, in order that 
35 the line interface card may fit on a< single circuit board. 

Where elements of the circuit.re duplicated several 

times, for example line interfacer circuit 41, or the 

ili1iifr 
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circuitry associa~ed with each of the four digital signal 
processors 52-54, =-~ is p~rticular a~van,t,ageous to reduce 
the complexity as the savings are mul t;ip~;ed by the number 
of times such ci:-cuits are used on a line.interface card. 

5 As stated previously, each of _ th,e digital. signal 
processors 52-55 :.s a TMS320C31 manufactured by Texas 
Instruments, additionally it should be noted that the 
particular TMS320C31 chip that .i~ . \lSed . in the line 
inter£ ace card runs at a clock speed. of 33 . megahertz, 

1 o which is nec_essary to· ensure the1.t the £.unction of DmF 
recognition may be performed on 30.-channe].s simultaneously 
by each DSP. 

Each TMS320C31 digital signal pro~~ssor includes a 
program memory and data memory on th~ . same chip die as the 

15 main digital signallipg processing compo~ents. Thiis it is 
po11sible to have a DSP which is capab_l~ of implementing 
useful functions such as DTMF recognition while the ~sual 
elements of a DSP circuit.such as add~t~o~al RAM and/or 
ROM integrated circuits may be omitt~d~ : .Thus, each ()f the 

20 DSPs used in the line interface card requires very little 
additional logic in order to perform useful processing 
operations. 

The serial !.nterface 56 for connectif1g a DSP to 1;~e 

cross-point switch 4 7 requires no a.ddit,ip:tJ.al interfacing 
25 logic. The parallel interface 57 . Cf?nnecting the 

micro'Drocessor 38 to the cross,..point switch 4 7 and to each . - . . . :··· .. 

of t;he DSPs 52-55 is a;lso used. for do~loading program 
data ·into each of t.~e DSPs. Unlike the serial interface 
the parallel interface to the DSPs requires a certain 

30 amount of. interface c_ircuitry. 
"' In Figure 7 interface circuitry is .shown for all four 

of the digital signal processors 52 to 55 so that· programs 
may be downloaded from the microprocessor 38 over the 
parallel interface 5 7. to the digital signal processors. 

35 The TMS320C31 digital signal pro.ce.ssor used in the 
line inter£ ace cards typic:ally load11., programs from an 
external read-only memcri after receivin~ a reset signal. 

; ... ,, 

.. 
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In this circui~, for each of the digital signal 

processors, a la~~h is provided in or!~~ to simulate the 

characteristics cf an external read-only memory supplying 

a program to the digital signal processor. Four latches 

5 272-275, are provided for supplying program data to each 

of the DSPs 52-55. In order to simulate the operation of 

an external read-only memory a state machine 271 

translates control signals provided by the microprocessor 

38 into control signals for each of· the digital signal 

10 processors, in order to ensure that the characteristics of 

a read-only memory, including time-critical control 

sequences, may be simulated correctly.. The state machine 

provides three control lines for each of the digital 

signal processors. The sequence of ev.ents for downloading 

15 a program to a digital signal processor 52 will now be 

described. 
Each of the ~hree cont~ol lines provided by the state 

machine 271 to t.~e digital signal processor 52 and its 

associated latch 272 are generated in response to 

20 accessing memory ~apped locations in the memory area of 

the microprocessor 3 8.. When a program. is to be downloaded 

to a DSP, the DSP must be reset by an application of a O 

volt logic level ~o the reset pin of the digital sigq~l 

processor 52. ~he reset signal is held at the O volt 

25 level for a period of several mill1seconds in order to 

ensure that a full chip reset has ceen achieved. After 

this period of time the reset signal will be allowed to 

return to its previous level of 5 vo~ts, resulting in the 

digital signal processor performing a.bootstrap operation. 

30 The bootstrap operation consists .of running a short 

section of bootsr.rap code which is,, stored as read-only 

memory on the digit.al signal processor's chip die. The 

bootstrap program contains instructions for the digital 

signal processor ~o fetch data from an external memory for 

35 storage on random access memory on. the digital signal 

processing chip. In this way a program for the digital 

signal processor is downloaded. 
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The bootstrap program operating on the digital signal 

processor performs operations of accessing sequential 

external memory locations and transferri~g data from these 
locations into the internal memory of. the DSP• Thus it is 

5 necessary for. the st:ate machine 271 and the microprocessor 

38 to coordinat:e downloading of ci,ata such that 
characteristics of an external read-only memory are 

simulated. 
The microprocessor 38 provides data over its parallel 

10 interface to the latch 272 while the latch's latch enable 

line (LE) is set at zero volts. Shortly thereafter the 
latch enable line will return to 5 vol ts .and the data 
originally p·resent at the latch's input will remain stable 
on the latch's out:put, thus providing a stable 8 data byte 

15 for the digital signal processor. Dqring. this time the 

ready input to the digital signal processor will· have been 
held at a level of +5 volts, indicating· to the digital 
signal processor that external memory i• no.t yet available 

for access, resulting in suspension of access by the 

20 boot:strap program to the current memory location it is 
looking at. Once the latch data has stabilised the state 
machine automatically releases·the ready line setting it 
to a volts, thus indicating to the digital sigDal 

processor that external memory is available for access, 
25 resulting in execution of the bootstrap. program being 

a~lowed to continue. Shortly thereafter the state machine 
will set the ready line to +5 vol ts once again so that the 
next data byte may be supplied to the latch 272. 

In this way communication between the microprocessor 

· 30 38 and· the digital signal processor 52 over the parallel 

interface 57 is coordinated in. order to simulate the 

characteristics of a ROM · which would be used . for 

bootstrapping digital signal processing software. 
The state machine 271 provides memory mapping of the 

35 coordinating signal lines for each of the digital signal 
processors so that . any of the digital signal processors 

. :~: '; . : . 
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52-55 may be individually reset and have new software 
downloaded at aiit:··time. 

Referring once again to Figure 4, it can be seen tha·t 
the arrangement of the four digital signal processors 52-

5 55 connected to the cross-point switch 47 and the 
microprocessor 38, provide an extremely flexible topology 
which may be used for implementing functions other than 
DTMF recoqni tion. In particular, because each of the 
digital signal processors may be reset and bootstrapped 

10 independently it is possible to configure one of the DSPs 

to perform a different task while the other three are 
still operating. One example of an alternative use for a 
digital signal processor is conference bridging. 

In conference bridging three or more callers are 
15 connected so tha~ all three may speak to each other as if 

in the same room. It should be noted that it is not 
possible to implement conference bridging without the use 
of some form of digital signal processing. 

In the minimal conference bri4ge configuration three 
20 callers require to speak to each other thus generating six 

signals which mus'C. be combined in some way. Caller A 

receives an incoming signal RXA, and generates an outgoing 
signal TXA; caller B receives incoming RXB, and generates 
outgoing signal TXB and caller c receives incoming signal 

25 RXC and generates outgoing signal TXC. In a digital 
exchange samples of audio signals are stored as 8 bit 
numbers. In order to achieve a high signal quality the 8 

bit samples are encoded using a non-linear function, known 

as A-law. Thus t!le digital audio samples passing through 
30 the cross-point switch 47 are stored in a non-linear 

format, and must be converted into a linear format before 
conference bridging can be performed. The first step in 
a conference bridge is conversion of each of the three 
outgoing signals TXA, TXB and TXC from A-law form into 

35 linear form. This is done by means of a look-up table 
algorithm operating as part of the DSP conference bridge 
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program. Once linearised the three incoming signals RXA, 
RXB and RXC may be calculated as follows: 

RXA = 
RXB = 

RXC = 

TXB + 

TXA 

TXA ~ 

TXC 
TXC 
TXB 

The final step in generating the conference bridge is 
to cranslate the chree incoming signals RXA, RXB and RXC 

inco a non-linear form as is st~dard on the network. 
Thus each of the ch·ree signals RXA, RXB, ·uc is translated 

10 by a look•up table algori thJil into th·e non-linear A-law 

form. A program to perform all· the above· operations 

described for conference · bridging may be executed on a 

digital signal processor 52 while the .other digital signal 

processors 53 to 55 are performing DTMF recognition or 
15 other different operations., 

As noted in the conference bridging example, digital 
telephone signals for audio are conveyed·in anon-linear 
format. Two different. non-linear formats exist: in Europe 

A-law is used, while in the United States Mu-law is used. 

20 Thus when communicating· between two · different 
telecommunication net.works where different non-linear 
formats are used, it is necessary to convert Mu-law to A­

law and vice versa when a two-way conversation is 

required. . This may be performed on a digital signal 

25 processor by using a look-up table which converts directly 
from A-law to Mu-law and another look-up table which 
converts directly f~om Mu-law·to A-law. This process may 
be done very quickly. However, a digital signal processor 
m~y be a convenient way of implementing this, especially 

30 when the digital signal processor forms part of a 

reconfigurable circuitwhere the digital signal processor 
is not dedicated t:o performing that task, and may be 
reconfigured to perform other operations when Mu-law to A-

·1aw conversion is not required. 

This· Sheet.Has Been Replaced 
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Since four digital signal processors are provided in 

the line interface card these may talt~ ·:account of dynamic 

customer requiremen~s so that at certain times of the day, 

for example during business hours,: two digital signal 

5 processors may be configured to pe~form Mu-law to A-law 

conversion while che other two are c;c>nfigured to perform 
Dn!F recognition, and reconfigurat;ion to a number of 
different tasks may be performed as:conditions 'dictate. 

:.:"' 

. ···.r. 
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1 . A service node switching apparatus ( 2 S) for 

rout:.ing channels within a service . node, comprising a 

swi-cching matrix (32) and a plurality of line interface 

5 means ( 34), charact:erised in that each of · said line 

interface means includes: 
a cross-point switch ( 4 7), a first type of processing 

means (52) and a second type of processing means (38), 

wherein; 
10 said first type of processing means (52) is connected 

to said cross-point: switch ( 4 7) by a first type of 

interface means (56), 
said second type of processing means (38) is 

connected to said cross-point switch (4.7) by a second type 

15 of i:lterface means (57), and 

20 

said cross-point sw~ tch includes means (SO) for 

facilitating a communication between said first type of 

interface means (56) and said second type of interface 

means (57). 

2. switching apparatus according to claim ~, 

wherein said cross-point switch includes means allowing 

said switch to be configured by one of said processing 

means. 

3. switching apparatus according to claim 2, 

25 wherein said cross~point switch is configurable by said 

second type of processing means (38) via said second 

interface means (57). 

4. switching apparatus according to any of claims 
1 to 3, wherein said first type of processing means (52) 

30 is arranged to be programmed by said second type of 

processing means (38). 
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s. Switching apparatus according to claim 4, 
wherein said first:. type of processing means ( 52) is 
arranged to receive a program directly from said second 
type of processing means { 38) , thereby avoiding said 

5 cross-point s~itch (47). 

6. Switching apparatus according to claim 5, 
wherein said seconQ. type of processing means (38) is 
arranged to download programs to said first type of 
processing means (52) directly·· by using first 

10 predetermined addressing signals. 

7. Switching apparatus according to claim 6, 
wherein said second type of processing means (38) 
downloads programs 't.O said first type of processing means 
(52) via respective latching means {272). 

15 8. switching apparatus according to claim 7, 
wherein said latching means (272) are enabled by decoding 
means (271) connected between said second type of 
interface means (57) and said latching means (272). 

9. Switching apparatus acconling to any of cla~~s 
20 1 to a, wherein said second type of processing means (38) 

communicates with said first type of ·processing means ( 52) 
via said cross-poin't. switch, by us inq second predetermined 
addressing signals. 

10. Switching apparatus according to any of claims 
25 1 to 9, wherein said first type of!processing means are 

digital signal_processors (52, 53,·54, 55). 

li. Switching apparatus according to any of claims 
1 to 10, wherein said first type of processing means is 
arranged to . detect signals present in external 

30 communication channels and said secend type of processing 

---··-··· 
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means is arranged to supply informat1on derived from said 
detected signals to a central control processing means. 

12. A method of processing signals in a line 
int.erface card for a service node switch,. characterised by 

5 supplying program instructions to a first type of 
processing means from a second type of processing means 
via a· first type of interface (57); and .· 

communicating data between said first type of 
processing means and said second· type of processing means 

10 via a cross-point switch wherein 
said first type of processing means communicates with 

said cross•point switch over a second interface and said 
second type of processing means communicates with said 
cross-point switch via said first interface. 

15 13. A method according to ciaim 12, wherein said· 
cross-point switch is configured by one of said processing 
means. 

14. A method according to claim 13, wherein said 
cross-point switch is configured by said second type of 

20 processing means via said second interface means. 

15. A method according to any of claims 12 to 14, 
wherein the first type of processing· means is programmed 
by said second type of processing means. 

16. A method according to claim 15, wherein the 
25 first type of processing means receives a program directly 

from the second type of processing means, thereby avoiding 
the cross-point switch. 

17. A method according to claim 16, wherein programs 
are downloaded to the first type of processing means 

30 directly by using first predetermined addressing signals. 
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18. A method according to claim 17, wherein the 

second type of processing means downloads programs to said 

first:. type of processing means via respective latching 

means. 

s 19. A method according to claim 18, wherein the 

latching means are enabled by decoding means connected 
between the second type of interface means and the 
latching means. 

20. A method according to any of claims 12 to 19, 
10 wherein the'second type of processing means communicates 

with the first type of processing means via the cross­

point switch, using second predetermined addressing 

signals. 
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