- 1o~ ) 2062411 DI G TAL TELECOMWNI CATI OS SW TCHI NG NETWORK
VVf;??hLBUILT FAULT DENTI FI CATI ON The present invention relates to
_te\i/c/om'runi cati ons exchange switching networks for use in Iﬁaﬂcﬁg % gital
5\ traffic such as that produced_by tJjnme division nultiplex puls ode
nmodul ati on transm ssion systens. The so-called digital sw tching networks
provi ded i n such exchanges consi st of conbinations of tinme and space .
switching el enents. The tine switches are used to switch 10 the order of
the time division nultipl BXGERALNFEIECOMMERRE CATIONS SWINUHING NETWORKGed to
switch specific channel s WéTHedN-BUEETd FATETO IDENMTIFIICAMITON Typi cally a

di gital exchange uses random access storage to provide the tinme switching
function and integrated- 15 circuiit multiplexors to provide the space

swi t chi ng functi ont2ExBREAGRECIAVRRELAD s8dabasy thutedssommunidatiionsit o
two categorie lch can. defined as_tine-space-ti Qr. .space-ti nme-space
netmnrksg Eaé%z¥$ﬁ€s§msviﬁghﬁﬁsaFﬁ WPﬁgssggébﬁs§t6Pe andding, | digkal es and

associ ateed | gy 2 I h ents_of .one .of .its i t ti.me slots
to be t:5§1nsfgl?'ﬂr'£efdf ?% %%?/ho%% pﬁ#la%i ﬁﬁggp%?a E C L85, & VEFO%, mfo”é‘téﬂﬂaﬁ’? ay of
sel ector devi'ﬁ@s I ' %&P& C QR ' Lfferent links or

hi ghways wit hin té&f?&ﬁ&g? trtﬁt?ngggﬁg##ﬁglgﬁ %&%g@ Vi sion nul tiplex

mode the 25 Cr aBsPOs it SDNEA 08 @i taN SHABERENE! nbRGoRise prbRRREANANCE
“of the time slots. Accordingly the various paths of the exchiange network

are used for slidi esxchangemectnebstabfdebiibiantibhaes £t Bipegked! spdeed M
framg. Such %%itching elements. 'Tﬁe time switches are used to switch

10 the order of the time division multiplex channels whereas

the space switches are used to switch specific channels
- between time division multiplexes. |
Typically a-digitallexchange'usés random access

storage to provide the time switching function and integrated-

15 circuit multiplexors to'provide the spacé switching function.
Exchange configurétions vary but basicallj fall into two
categories which can_bé defined as time-space-yime or
space-time-space networks. Each time switch contains the .
speech storeé, control memories and associated logic to

20 allow the contents of one 6f its input time slots to be
transferred to any out?ut time slot. ZXach space switch is
an array of selector devices ailowing spatial connection .
of two different links or highways withih the network
trunking. Acting in time division multiplex mode the

25 crosspoint configuration changes at the rate of appearance
of the time slots. Accordingly thguvarioﬁs paths of the
exchange network are used for different connections at

different times throughou# a t.d.m. frame. Such an



-2- arrangenent creates severe difficulties for fault detection and fault ~
finding arrangenents. It is an aimof the present invention to incorporate
into a digital exchrange switching network fault 5 i dentification

ieg-;;jmpﬁent whi ch ¥ibhngapenthe riatiise i i rd & f£{OcPE1 08 £4FCRRdRY tO the

tion there is provided a digital teleconmmunications exchange sw tching

network incl udi ngetéfeidnd anBAGRAWW KGHdhet AESndEmahtsh each 10 time
and space sw tching stage includes connection control stores arranged to be

cyclically read in crogsisf&BhCcaifl @f QAHiCIpresdiOVineehbEohPEECAnRAPorate
connection information for each cross-office slot and each control store

i ncl udes nmeans fbntohackiggtafle ekzhangrutdwitdlviny nétwdbekcdandeti on
specified by the control store at each cross-office slot and in the event
of an error5bei njdeptéficdtinneegudipmerdan wiereh aeill a¢aset bhenpeobliemso afhe
speech path of the defined connection a pattern which is a bad parity
speech sanpl e anfiault 20catipmdi cative of the switching stage in which the
error is detected. In one enbodi nent of the invention the sw tching network
is a duplicated pl aneRerasddpacds ithe dmvanfcirmttherqhiehpeaehdefng switch
stage and each space switch stage i.s controlled by control store. .25

Each control st b9§§aér5§§9GPWN&§%9%i1Qﬂ§kﬁ%ﬁP 1e | SWakFRRBedneSveEk

| oaded by the central _.control with the identjt f the connection required
f os the.yelevantPanudgng tIme ang space swité%fhg stages fn which®dach

10 time and space switching stage includes connection
control stores arranged to be cyclically read in
cross-office slot order to provide the speech path
connection information for each cross-office slot and
each control store includes means for checkihg the

15 authénticity_of the conﬁection'specified by the control
store at each cross-office slot and in the éveht 6f.an
error being detected injection means are activated to
inject into the speech paéh.of the éefined connection a
pattern which is a bad parity speech sample aﬁd ié

20 indicative of the switching stage in which the error is
detected. 1In one embodiment of the invention-the'
switching network is a duplicated plane time-space-time
arrangement in which each time switch stage and each
space switch stage'is controlled-by contfol store.

25 -.Each control store is éross-office slot opéefed éhd is

U.éfrgnged tb be lqaded by the central control withlﬁhe
identity of the connection required for the.relevant
'c;oss;office slot. At.éach bus éfosé;offiée.slot in a
time'switch control store a 12 bit address word is

30  retrieved. Ten bits are used to define the

{



groxs-office slot. At each bus cross-office slot in atinme swtch control
dFI0re a 12 bit address word is 30 retrieved. Ten bits are used to
.gefine the connection while the two remaining bits act as a busy bit and
a parity bit. Each space switch ¢onrol store contains in cross-office slot
order eight bit address words (6 address bits plus busy and parity bits).‘d
The busy bits 5 are used when interrogating the trunking for free paths
and they are also used to control the application of idle codes to free
sl ots .i n t heonmeediormtWis lel bhepehwd yrdmdinimg Hibs hect s ral buspriestar e
used to initiate pattern insertion on the speech hi ghways. The detection of
"bad 10 padi ey 'pagddye didhar Back ispaces mwikehcantrab| stererconbalnsy
accessed sanples at the tjnme _or space switch _and the replaced sample w ||
be i nt er copild CHO A8 Tk IOt IGRARH A36RE (it SALTENE (RIGS Wh( whi ch

wi |l be bias to chagse the sanple fromthe qther, plane qf the swtch 15

bl ock_© The SRASSREBL TR BE FUST 1andh il (b ) D e, TSR AL P8 o whi oh

t he err.oneous address.has .been appl.ed sq that t.he DLJ is,able tg indicate
Lhe oty B HRe0 MR ST bt e st o b et ohtfant o
the inventi Wi | - 0 Tyl ' [ Fo) . i th ;
Its vari ous%gat%eiwgéges%ﬁﬁtq%ﬁcés%ﬂfd% r%hf%&%%% ugngt:}'%"'ﬁgmvm th

155 TRaRMs 4R i 19, Ay T, ST ftlfplothaor e
incorporati at®in the control stores are used to initiate pattern
insertion on the speech highways. The detection of "bad
10 _parity“ causes characteristic patterns to replace
erroneously accessed sampiés at the time or space switch
and the replaced sample will be intercepted at the transmit
. digital line termination (DLT) unit which will be biased
to choose the éample_from the other plane of the switch
15 block. The inserted pattern also identifies the trunking
element to which the erroneous address has been applied
so that the DLT is gble %o indicate the faulty control store.
w ~ The following descéiﬁtion of one embodiment of the
invention will be used to describe the invention together
20 with its various features. The description should be read - -
in conjunction with the accompanying drawings. Of the
drawings:- - |
| Fig. 1 shbws a block_diagram of a telecommunications
digital switching sub-system suitable for incorporation of
25 one embodiment of the invention,
Fig. 2 shows a block diagram of the switching
_eQuipment_uséd_in the digital switching sub—systeﬁ,
- Fig. 3 shows é_block_diagram.ofﬁthe equipment used



25 one .enbodi nent of the invention,. Fig. 2 shdms a bl ock diagran1of:the
swi tching equipnent used in the digital switching sub-system Fig. 3 shows

a bIock di agram of ‘the equi prent used -4- in the tine switches and the
spgce switch, Fig. 4 shows the format @f _a conmon control unit nessage,
Fi g5 shows a.block diagramof the equipment 5 - required to be

anorporated into a receive time swtch to inplenent one enbodi nent of the
invention.” In nodern tel ecommyni cations sw tching exchanges it is customary
to provide a nudhethef time- syiteheswandh thee spategsatiddhi,oget her -usi ng
stored programcontrol to 10  provide the overall exchange system The
particul ar sub- syst effiige W#hisblwish&henfemrmadn ofeRarenmon goadrodl nadt
"digital switching sub-system or (DSS). Typical of such a system
arrangenent is BP§8P8Sed in outline on page 221 of Vol. 71 part 4 (January

égg el st om Xt Fie 15 ghoREns. b %arﬁg%neerin B SapEReRt vt ohi ng
- . DSS ]
S e ek, aehuline, 00 bE e i BedAEEd &eﬁﬁe%t“ﬁa%@&‘?ffo ee%@"*%@hange

h h dard
;hg4§p§gftnggcgﬁgiggi%ﬁgh%aBEQ,%Bbbﬁ&m@ﬁ% 3% hieidkRhEi0R.a standar

_ In modern telecommunications switching exchanges it
‘ is customary to provide a nmumber of sub-systems which
are integrated together using stored program control to
10 provide the overall exchange system. The particular
sub-system to Which the invention relates is a so-called
"digital switching sub-system" or (DSS). Typical of such
a system arrangegent ig disclosed in outline on pagé 221
of Vol. 71 part 4 (January 1979) in the Post Office
15  Electrical Engineers Journal in an article entitled
"System X" by J. Martin.
The maln functlon of a dlgltal SW1tch1ng sub-system
" (DS8) in a System X exchange is to SW1tch p.c.l. encoded
duplex speech paths between any two routes connected o
20 the exchange. The speech paths are terminated on the
' DSS as time slots on a standard 2.048 Mbits/second 30
channel pulse-code modulated system. A basic block diagram
- of the DSS is shown in Fig. l,
The range of functional entities from which the DSS
25 is constructed are listed below with a simplified -
- description of each. | '

The Digital ILine Termination Unit (DIT) provides the

intérface between the four-wire, 32 timeslot, 2048 kb/s



figynel pul se-code nodul ated system A basic bl ock diagramof the DSS is

in Fig. 1. The range of functional entities fromwhich the DSS 25
onstructed are listed-below with a sinplified. description of each. The
DI gi t al L|ne Term nation Unit (DLTH provides the interface bet ween t he o
four-wire, 32 timeslot, 2048 kb/s mul ti pl exes PCMJ and t he swi-t chbl ock™*
consisting of the tine switch TS and the space switch SS. As descri,bed

| ater the DLT plays a wide range of roles, sone associated with the |ine
systens, somslyiphexee BCNdrang, thausmschblpckdcngsasmm&gﬁoﬁhs of the
trunking. The Time Swtch (TS contalns t he speech stores, caqntrol nenories
and aSSOC|a?%@eh%VHﬁ%heTﬁnﬂnﬂlFhﬁaﬁBaFﬁgﬁUl§ﬁng§ng fge deseTdbed of one of

Space v { CHATES %ﬁ%f@ﬂepi%%ifaﬁ%i §¢) SrEF’ 02 Fbuesen0RengospataEes
[ A
."E”{‘?ﬁé' SPvﬁv%%%d% Bhctbraelns: Abndofe iR Bnd boly bFnargils Egt e rate
- the
ar al o1, orontiag ot dFedonte O2ThuE! E2ARAL, ° O7 o "ontrol Lnit
(CY) is a @ﬂ@ﬁnﬂﬂé'swl%hhg%sgareoﬁeaﬁsr%@rg ebahe%%@&'b%Q Wolnftrdie

trunki ng t o perl ons as interrogation for free paths and
establ i shrepémeri §8ChnRab8S0€D6Eed Ry rawarbound. flitmddre lbgliceves the main
processi ng system of |oad which is

engbling the contents of one of its input timeslots %o

be transferred to any output timeslot.
10 The Space Switch (8S) 1is the array of selector devices

ensbling spatial comnection of two different links or

’highways within the trunking. Acting in time-division
mode the crosspoint.configﬁration can change at the rate
of appearance of the timeslots. ©Each crosspoint is

15 nine bits in parallel, eight spegch bits plus a parity bit.

The Central Control Unit (CCU) is a combination of

hardware and firmware, interacting with the trunking to
pérform such functions as interrogation for free paths
and establishment of such paths once they are found. It

20 relieves the main processing system of load which is -
especially impbrtant in ;arge exchanges where high demands
are'made.én that main processing system by the maﬁy |
subsystems which it serves..

The Alarm Monitor Unit (AMU) in a similar mesnner to the

25  CCU, is a_cpmbipationfof hardware and firmware included
to relieve main processing of load, - in this instance by
préprocessing alarm data. It is a more ac¢tive device than

its néme.implies,uinitiating maintenance related commands

L]



espeC|aIIy i nportant in large exchanges mhere hi gh demands are nmade on that
mai n processing systemby the many subsystens which it serves. The ‘Al ar’®n i?
Monitor Unit (AMJ) 'in a simlar manner to the 25 CCU, is a conbination
of .hardware and firmwvare included to rq%leve fmai n processing of load, - in
th|§*|nstance by preprocessing al arm da It is a nore active device than
its nane inplies, initiating maintenance rel ated conmands: in addition to
nmoni toring, persistence checking and "filtering" alarmoutputs. It is an

i nportant part ofntA&direichepensendbotiny, f perssutétdet ohstkingr aaassor,

i ndependent of the CCU route, which in Iarge exchanges 5 . can be fully
occupied with coﬁleternﬁg?nalanm odtputsi nely dvahoimpeebentt part PVEG

is the tinebase or clock on which all the digital logic of the DSS is
dependent. It su’p*m|mallstemaa%rnaﬁhﬁmrfr@mgmi‘sc]an’aoznaxnmocbssor,
streans, the latter of which may be nultiplied 10 y_ phase | ocked | oop
and vol t age cont#Q#eE@Q¢$¢El%is he @ggr%®¥?%tewbk?ht%nl%a?ﬁé HRFRERSHBer e

hi gher frequencies ired for direct a icatjion to | pgic devices or
for divisi bac?a¥gb% 1 ?S Bk %ﬁg %Hg%rma *98pace ratio.
: , he .

I n, mai n network &Sw t hxno #EzugbéytééaiEf%ﬁsg%ﬁgrby

the Timng Unit

| nputQutput Buf £ #'SE)wﬁf ﬂhafagﬁ&%fﬁeﬁrfégat £126E MishyLhe

exehange contr ol | processor sys provid orage
queuei ng of ”Esﬁﬁgﬁénééﬁin It supplies 8 KHz frame start signals and

2048 KHz, bit streams, the latter of which may be multiplied

Lae Fram

10 by phase locked loop and voltage control oscillators at
appropriate points in the switch where higher frequencies
- are required for direct application to logic devices or
for division back to 2048 KHz signals of high tolerance
mark-space fatio. In main network switching centres the -

15 PWFG frequency is influenced by the Timing Unit of a

National Synchronisation Utility over lead NSS.
ihe Input Output Buffer (TOB) is the hardware control

interface with the exchange control multiprocessor system.
It pro#ides storage for the queueing of messages from
. 20 control software to CCU and vice versa. |

' The Switch Handler Software (DSS CS) is the DSS applications

process.whiCh receives control tasks from DSS user-
subsystems such as the Call Processing Subsystem. - The
handler validates COmmands,:checking that the user'subsystem
25 has a right of access to the switch terminations it is
addressing. It instructs the DSS hardware to perform such
© operations aé connection set-up using Network Termination

Tdentities supplied by the requésting subsystem: and responds



NVO "~  control software to CCU and vice versa. The Switch Handl er. Software
'DSS CS) -is the DSS applications process which receives control tasks from
"DSS user- subsystens such as the Call Processing Subsystem' The handl er
val i dat es commands, checki ng that the. user subsystem 25 has a right ofz
access to the switch termnations it is addressing. It instructs the DSS
hardware to perform such operations as connection- set-up using Network
Termi nation ldentities supplied by the requesting subsystem and responds
to that sub%pstbatwisubsysten witlt isosopdimatdion dor stherviart cabithe
execution of the operation. . There is a degree of inplenentation de endence
in DSS sof t§#Feed eFRSUtdoR: of ha RPSFaTAOTyoi HEGTE & PfRERSS O T

Commna s oy e gneftarion asbedfesid 160N g0 #@%ﬁ i csﬁ s
Fout i ming_ ak dgydesel poird i Mtarth a4, PR Seitn 6 AT
the Ma n_ten_ eQQBE'r %n%rycétlem Tre is S RIH t use%i%thez hor e

detail &d co eratlon W gl ven e EQUIann

- swi tchbl Ockmel mm%eméeugoqfcvfa&@el . silm alid i DEIN BT EHUAS
RDLT 1-128, ce switches SSA and SSB,
transmt ti ﬁ@o&Wsts(b@$ Hiﬁi:eén@ﬂd wwwwmg £:5 ] J@noﬂ@ﬂt&f@ﬂts on
units TDLT 1-128 to provide a switchblock with a speech traffic switching -
capabi l ity off. &s@ectilngugudinings sady ddegrasiiics . Thatt iinberat tpadksth

swi tching functions are duplicated and only one plane is shown in Fig. 2

but the . the handler software and with the Maintenance Control System.

L]

10 . Referring now to Fisﬁ 2 mo:e_detailed consideration
will be given to. the equipment used in the switchblock which
~ is made up of receive digital ling'termination-units'RDLT
'1-128, receive time switches.RTSIFAW space switches SSA and

SSB, transmit time switches TTS1-4 and transmit digital line

15 . .teimination-units TDLT 1-128 to provide a switchblock with

a speech traffic switching capability of 1,000 through erlangs
approx;mately. The time and_spape.switc?ing funptions a:e.
:duplicatéd and only one plane is.shown in Pig. 2 but the
leads referenced TP2 indicate the abcess points to the

20 second plane (i.e. plane 2);

Digital line termlnatlon units

The :anom:r.ng P.C.m. line systems RPS1-128 are each
termlnated upon an individual receive digital line-termina-
~ tion units RDIT 1 to 128. Each receive digital line
_?5-__ termination unit provides (i) the interface to .the incoming
PCM line System (ii) error detection and alarm indications
- both internal for the DSS and external. for the transmission

line'systems_for.passage po the aiarm monitor unit AMﬁ,



(i.e. plane 2). Digital line termnation units The incomng p.c.m |ine
systens RPS1-128 are each term nated upon an individual receive digital

lime ternmina- tion units BDLT 1 to 1284 _Each receive digital line 25

tetwi nation .unit provides (i) the inferface to the incomng PCM1ine system
(i) error detection and alarmindications both internal for the DSS and
external for the transm ssion |line systens for passage to the alarm nonitor
uni t AMU, - - 8(18k01 haR¥ell AniseeesbhoTokOpaRal khekaskinandnd dogabeick
facilities for fault location and diagnostics and (iv) frame alignnment
using an el asti gak4fifieiest Foe Houdlsi Jocation agd diegmesiticst andhd isxchange

]eads,referenced TP2 indicate the access poihts to the 20 . second pl ane (i::)

clock. 5 The outgoing p.c.m line systens TPS1-128 are fed fromthe
transnit  di gi t affrisinee sflégmimeatt wsing e hedtict duffer shemre: gnohien
digital line termnation unit provides (i) the_interface_to the outgoing

PCM | i ne syst emincoming gaformegion &6t i & 9t r the 10

outgoing line systens_and (iii) accepts the two sanpl m t he dupld cat-ed

pl a%es, gcoﬁpar e>s/ t he TB&nP 50&1)@@5 %Pg@t's' @Wéﬁ??%sﬁéi%é ?%r?pllﬁedng\?i ﬁg
aod parity. The outgoing digital J.in ransm ssi.on i<t . '

gr*r angen{en%/s al ﬁm%%gr#ﬁ%o%ﬁ%sg&n&%éé '(#mf‘@% %g%eé g{ﬂf{lﬂg

planes to the exclyshop of gig Ylifleni® SRApAL A9 P IRERSAAAIRS Sl

t r@ansm ssi on.

(HO

provides (i) the interface to the outgoing FPCM line
system,'(ii) signalling injection arrangements for the

10 outgoing line systems and (iii) accepts the two samples
‘from the duplicated planes, compares the samples and
-gelects for tiansmiss;on the sample having good parity.
The outgoing digital line transmission units also include
arrangements allowing the unit to be biased to select'

15 - one of the planeé to the exclusion of the other to suppiy
‘the speech samples for transmission. |

Time Switch

‘There are_three flaneé of %iming through the trunking
and these are:- ' |
a 20 ) (i) time of reception of the sample from the incoming
line, | | | |
" (ii) time allocated by the control for transfer of |
‘-the:Sample-across the exchange and ' ' -
(iii) time of transmission of the sample to the outgoing
25 ‘line. . |
The receive and transmit speech stores are used to
‘provide the required buffering between these events. The

-time switch control store organisation is shown in



S Switch There are three planes of timng through the trunking and these
.- 20 (i) time of reception of the sanple fromthe i ncom ng
i/he, (ii). tine allocated by the control for transfer of t'he sanple across
the exchange and (iii) tinme of traBsw ssion-of the sanple to the outgoing::j
25 line. The receive and transmt speech stores are used to provide the
requi red buffering between these events. The tine switch control store
organi sation is shown in -9- simplified formin Fig. 3. Areceive tine

swi tch, suchimpliRRied fesmsis: §i& Jereceive-speech store RSSA and a
control store A. Each stqQre has 1024 | ocatio d each .i royi ded with
5 read and gfit€e§83W§s§1@8uﬁﬁ&F§%¢Tﬁ@5%e@§i3@3%99e€ﬁn§F6§§P A s
witten to cyclically under the co | of. the recei.ve_ spee ite address
cyclic coun?eFe§§%X€CsRﬁ98h'F§°59i§§#3b§néh@'gf@ﬁgﬁ&eq& Fk EER*  Thi s
causes the ﬁgéﬁ BtSr@‘h%Q?EB?hS1$an;§BE°Eth§§§£%gﬂégkgégggﬁbﬁﬁﬁﬁﬁd by the

recei ve digil TR term nati on uni pr eésen 0 be
witteg in Egaﬁhﬁnﬁpﬁﬁﬁﬂesﬁﬁﬁﬁeg Sfodgtera,t sanples plus a parity bit in
channel and nultrplier order.. That is in strict order of arrival tineg,
channel 0, systemm@ receive speech store RSSA is written to’

~eyclically under the control of the receive speech write
address cyclic counter RSWACC which is driven by the
. exchange clock ECK. This causes the 1024 ﬁ.c.m. channels
10 from the 32 multiplexes served by the receive digital
line termination units presented to on leads DI to. be
written in to the speech store RSSA as 8 bit samples
, plug.a parity bit in channel and multiplier ordgr.“ That
- 'ig in strict order of arrival time, channel O, system o
15 in. speech store location 6 etc. .The speech store RSSA
~.reading operation is controlled by the informstion.
produced by the control store for that receive time switch.
. Accor&iégly_for geceive‘time switch RXTSA the contrél .
store RCSA is cycliéally addressed, by CRACC, for read
20 operations at internal timeslot, or cross-office slot
. (X08) time which is in synchronism with the éddressing for
write operations of the receive speech. 'store RSSA under
. the cdntrol of the exchange clock ECK. The control store
. ROSA contains 1024 store locations each holding the address
25  of the receive speech store RSSA to be read in the . . .
cprrespondiné cross-office slot (X0S). The time of
reading of. the speech_étore-RSSA depends upon the internal

timeslot chosen by the control, which controls the action



15 ‘in.speech store location O etc. The speech store RSSA reading ' }
operation is controlled by the information produced by the control store (g
for that receive tiirne switch. Accordingly for receive tine switch RXTSA the
coptrol store RCSA is cyclically addrepged, by CRACC; for read 20
opéﬁatlons at Lnternal tinmeslot, or cross-office slot (XOS) time which is
in synchronismwth the addreSS|ng for wite operations of the receive
speecb. store RSSA under the control of the exchange clock ECK. The
control store Rﬁ&ﬂmmﬂimgnsmeZﬁhstmmrmesm@dems @qnhroblﬂtugetR@SAddress
25 of the receive speech store RSSA.to be read in the correspondi ng
cross-of fi ce sliRcakiam), tne addwess ofabthegreseive speech store RESA

depends upon the |nternal timesl ot chosen by the, control, which controls
the action - mcﬁﬁﬁithrﬁ?PQ%E?th?e%%@ﬁH¥ﬂ% %Eﬁ@¢%mgsPﬂ?émRCSA

LSﬁZfLS:; hte“?e;%?resi cAfeRrEERlT SRorih thikarotties SroBaiRe ehs d
he st or e samsrentidE %Jé%a?o%qsf?#%rf%%féﬁéc%%@%%% %@C‘# ShaFeds”
i nformation- helgla_d1 ggc&%}q@% o&ﬂ;n_.,_ﬁ.gg €9 %gécét%& congjsts of

twel ve bits, flve lne one out O I ne systens served

Dy L1 <5e1 e ddiesosppessratoron ity daun Bobion o, gt o
(indicating thatéFe RCBEScoidises tofetweveibits, five of which define
"one out of 32 p.c.m. line systems served by the receive
10 speech store RSSA and five of which dgfine one out of 32
channels in an incoming'p.c.m{ system, together with a
busy bit (indicating that the cross-office time slot is
- in use) and a parity bit relatlve to the rest of the data
_word.
15 . As mentioned above the cross-office data stream
read out of the receive speech stére RSSA under the control
of the control store RSSA is distributed to the relevant
transmlt time switches by the space switch SS. The space

switch similarly includes a control store, such as SSCS

20 in Fig. 3, which circulates under the control of the

[

exchange clock ECK - at the cross-office time slot rate. .
-”ﬂhe;space.QWitch control store SSCS contains -a 7 bit
address and parity bit to enable addressing of up to 96

crosspoints in the column it controls. ZFor simplicity of

25 interfacing to thejexchange-control the control stores are
provided in the time switches.. Control information is
- passed to the space switch in the form of a column address

~in parallel with the speech data, between the time  switch
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_.ip~use) and a parity bit relative to the rest of the data word. 15
‘(As Nentioned above the cross-office data streamread out of the receive

ch store RSSA under the control of the control store RSSA is
ributed to the relevant transnil Linme switches by the space switch SS: ..
The space switch simlarly includes a control store, such as SSCS 20 [
Fig. 3, which circul ates under the control of the exchange cl ock ECK at the
cross-office time slot rate. The space switch control store SSCS contains a
7 bit addr emd athe papacy switch. erdbeecadtired snagsageupst shownciosspoint s
in the colum it contro[s. For sinmplicity of 25 interfacing to the
exchange cdfitgeol4 tgRd (ohtt dhe seonsd 9¥%dp1%vS€§€tPﬁ fatail mda¥@it ches.

Control information is_passed to S e switch.in the formof a colum
address in %#%w&nmﬁrm S EAaShat biPaLSNiERR PPRESEAPRE, and.

Cons ored I n grbarEradEt C"ﬁ“é%?%?ffﬁ?ﬁmgaiﬂs?ae#ﬁ-‘a FreCPRARER P2 o
2 e ¢ r%‘é%lﬁ%ﬂﬁ R, dhdFe ?%F&”%Qréﬁ%éiséﬁ TR P58 hae 1024

| t - d Th
ocat i ons hots a4 méati@ﬁg a4 webhosaddeessasauatens. The

transmt speec IS witten to cyclically unhder the control of

the exchanggegd ogkd B 88 addfésyedoiEebs. Wite address counter SWACC to
store the speech sanples issuing fromthe correspondlng col umn of ]

The transmit speech store TSSA is written to

-«

cyclically under the control of the exchange clock ECK
10 driven cyclic write address céunter SWACC to store the
speech samples issuing from the corresponding column of
the space switch cyclically into its location. The:
~ transmit sﬁeedh store.TSSA holds the speech samples from
the time of recéption from the space switch highway until
15  the time of tramsmission oﬁ the required transmit p.c.m.’
_line system. The acyclic read operation is controlled
by the trensmit control store TCSA using the read addréss;
.. _counter.iSRAC.. Thé transmit control store TCSA cycles
at the outgoing P.C.lN. line system channel rate under
. 20 the control of the exchange clock EKC driven read counter
TCRACC. The .control store locations are numbered
sequentially in order of p.c;m.-channel.andnsystem-and
the time of.reading'of:the speech store TSSA-depends_.
‘upon the address of the'required TSSA location being
25 ~ read from TCSA at the required p.c.m. channel and system .
time. .The address read from each location of TCSA
consists of 12 bits with 10 defining the TSSA location
together with a busy bit'gnd a parity bit..



swi tch hi ghway unti:l 15 the tine of transm ssion on the required
transmt p.c.m line system The acxc??c_read operation is controlled by
thé~transnit control store TCSA using

the'spabe.smLtcthycIicaIJy into its location. The transmt speech store T
TSBA hol ds the speech sanples fromthe tine of reception fromthe space cJ%f/

e read address counter TSRAC. The
transm't control store TCSA cycles at the outgoing p.c.m |ine system
channel rate under 20 the control of the exchange.clock EKC driven read

counter TCRACC. The Iﬁ”bb@bé%&@ﬁﬁth@ﬁﬁ%h@”§wﬂ%@hBﬂ6§Er990@2@%@”&5@'|y in
order of p.c.m channel and systemand the tinme of reading of the speech

store TSSA depepdsetipenpl Bemaddhannedf orierr aqubmplie TEGAbRORRE @Reei Ng 25
read from TCSA at the required p.c. m channel and systemtine. The address
read from each bndastomesfiTC8Atibnthet idehtifybofs thathchéndeli disng t he
TSSA | ocation together with a busy bit and a parity bit. I n operation
then the switch@8edénredcb®i bbe rmossceffdcp. slat zRadndrosr tbe zesgiWre to

be switched and stores it until_the identity of that channel is defined by
the cross-8ffi c8oBEBeLr 85ares onTRAcSpBBLPvESsthenc Sad, §P §h§r 8Pacthe sanpl e

Space swi fch cofebrBetB-aht 8% LhAb: Hbieats) GoRGLEHERRaREnPESsBEBER St or e

| SCRL o P §REYER S SR ABL-8 Y ERRTbhePshBl | 4B BAHEIBRRC! 50
speech store location which serves the channel and
transmit p.c.m. line system selected to handle the _

10 speech sample. The control stores are set up to handle
the required qonnection using the control message shown
in Fig. 5 This message is interpreted bjﬁa'microprocessor
-which controls the reading and writipg“of addresses” into
the contﬁol stores and checks that the data is written

15 = correctly. The message includes an instruction section
- IST, a reéeive control store message CCUMR, a transmit
control store message CCUMT and a space gwitch control
store‘message CCUMS. The feceive control store message
CCUMR consists of a receive multiplex address RXCSM

20 and a receive channel address RXCSC together with a busy
bit BER and a parity bit PR. The transmit control store
-message CCUMT coﬁsis£s~of a cross-office slot address XO0S
together with a busy bit BBT and a parity bit PT whereas
'the-space switch control store message CCUMS consists of

25 ‘a-crosspoint address and a parity bit. The information
is written into the relevant control stores atithé address

- gselected by the write addresé-counters ﬁEWAC, TCWAC.and

SWAC respectively which is under the control of'infdrmation



:'reqU|red connection u5|ng the control nessage shomn in Fig. 5 This
epg3age is interpreted by a mcroprocessor which controls the readi ng and
fing of addresses into the control stores and checks that the data is

a receive control store nessage , a transmt control store nessage
CCUMI and a space switch control store nessage CCUMS. The receive contro
store nessage CCUWVR consists of a receive nmultiplex address RXCSM 20 and
a receive cpaerateddsysehéORbérooprobessorshsarbiing bhe BBRtaod a parity
bit PR The transmt control store nessage CCUMI consists of a cross-office
sl ot addressto¥fess ogether with a busy bit BBT and a parity bit PT whereas
the space switch control store nessage CCUMS consists of 25 a Ccrosspoint
address and a pdfhe yedmtrol Tetorefbuazmt botei srer isednbyntbet kxchangeant
control stores at_the address selected by the wite address counters RLWAC,
TOWAC and SWWEF?%%ﬁ@%@ﬂv%ﬂ?eﬂﬁ98ﬂtlgguﬁbértFHEkEGBtﬁ@F &reenpathari on -

13 - d h The .
contrat st ohe t%‘? B ST EAERg Rg ot RS ERERaRIETEBRERoFBRNERBFABY r 0gat i ng
the t k f fr As_we ld h st

e LUk ng gt g p?%?i?i b catblbraBiBhotel 1Rle BREER- T thBesues.
These are i gecig ewéaz £6, £hO% 2198 51 BubnEnoREEBpBELH Badnere used for

t he gui dance of ane se
: and are used for the guidance of plane selection and error

detection in the transmit digital line termination units
10 TLT 1 to 128 in Fig. 2. They are also passed on by the
transmit DIT's into the free outgoing p.c.m. channels
for line transmission reasons. In addition the conmtrol
stores contain parity bits and these are used to cdfrupt
the speech path and in turn to violate its parity. This
15 causes the transmit DILT to detect a control store fault
- immediately and to trigger the fault location process,
thus ensbling the transmit DLT to select speech samples
- . from the good plane until full reconfiguration takes place.
The operations of the busy bit and parity bit are
20. - shown in Fig. 5 for a receive time switch and it will be
reallsed that similar- arrangements can be provided for
- the space sw1tch control store and the transmit comtrol
- store. Referring now to Fig. 5 it will be seen that the
control store CS has its cyclic read address counter
25  CRACC and its write address counter CWAC which operate in-
~‘the manner defined in connection with Fig. 3. Further
the speech store SS has its cyclic write address counter

SWACC and its read address counter SRAC also opéerating in

tten 15 correctly. The negs;ge_lncludes an instruction section ISK;&

&



detéctTon.in_Ihe transmt digital line termnation units 10. TDLT 1 to

128 in Fig. 2. They are also passed on by the transmt DLT's into the free f..

outgoing p.c.m channels for line transm ssion reasons. In addition the
control stores ‘contain parity bits apdihese are used to corrupt the speech
patf“and in turn to violate its parity. This 15 causes the transmt DLT
to detect a control store fault imediately and to trigger the fault

| ocation process, thus enabl,ing the transnmit DLT to:sel ett speech sanples
fromthe good plthremannelr fefinedcdnf connatitiont atidd Figee 3.Th&noper ati ons
of the busy bit and parity bit are 20 shown in Fig. 5 for a receive tine
switch and it weaddifsdoneFhesowbpudt paithn fxomathenge d. skorise Ofr 3@ ded
for the space switch caontrol store_and the_transm.t caontrol_ store. )
Referring now t BrPvdded with B PEELléTepberl CLRSULINELH a8CorebESThRE G ts
cyclic read addre%s %ounﬁgb 25 CRACC and its wite address counter CWAC
whi ch operate | RPREVRENHEP «defined in connection with Fig. 3. Further the

2dr oss codnt or SRACTHR:BuBgLPAL! A eRt0s Bab T KEnat iR el thRRE on
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provided with a par eck circu and a
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however, when reset causes an idle goﬁe to be injected into the 1
. speech path DO using the idle path injection logic IPIL
10 and the code injection gate CIG by activating lead BB = O.
The parity check circuit PCC is used to check the
parity of the output of thé_control store CS and if it
. finds that the parity is bad, i.e. the information at the
- read CS locgtign has been corrubted.a gsignal on lead'Bf
15  will activate the fault pattern iﬁjection logic F?IL.
This logic FPIL is arranged to inject a code on to the
speech path using gate CIG which has bad parity and has
a patteQn indicafi%eiof the identity Sf the control store
which has been corrupted. Fach time switch is provided
20 with its own uniqpe code.which may be programmed into
'_the.faﬁlt pattern injection logic.for that time switch.
Typically a unique pattern of 1's and O's is 'strapped. on
. to.the FPIL logic. Similar arrangement can be provided
in the space switch and the transmit time switches and

25  .the table below summarises the situation. .




wen reset causes an idle code to be injected into the speech path DO using

the idle path injection logic IPIL 10 and the code injection gate Cl G by

Jactivating lead BB = 0. The parity check circuit PCCis used to check the
arity of the output of the cont+olSstore CS and-if it finds that the S

J
parity is bad, i.e. the information at the read CS | ocation has ‘been ~
corrupted a signal on |ead BP 15 wll activate the fault pattern
injection logic FPIL. This logic FPIL is arranged to inject a code on to
the speech¥Bat hZusi AFTEAHEF3AG whi ch has bad parity and has a pattern
indicative of the identity of the control store which has been corrupted.

Each time switch is provided 20 with its own unique code which may be
Pr Ogr aniekeifig—t-tra—if-grtH-t “aiberﬁ—}PLCCtLSﬁ'lch" $rOfteR bt KRS iy
Typi cal ljy a uni que patt=rn a 3 strapped onto the FPIL_I ogijc.
Sinilar farra imgan| b Qf(on!t l b e ppdsB\i tch and PakbermnBpit |
ti me swijt chesledgles tt(@ (W) é mar B&bs |t he sit(kad @parity) 15-
. NB ( = irrel-evant [grr] The abo ern orYBtion ijs - extractabl e by the
control (ZO—EquUIPWENT [ TATErTogat TNy tNe T{ansm U [OCT 5 WnT Cih getect TN
bad parijtyrpgr idle patterns. The gove descti ptg on {hadx EDIE dPaBte€rn <
enbodi ngnt _onl y .an |t grnative aryangenent$ wiJl He seen.by those skilldd-
~in the art;ﬁmﬁoﬁ%ggﬁﬁpla al ternative trunki hg é%ulc té?eech_ :
- ' 1 Bx T.S. Parity 2
Error Pattern
1 1 Bx T.S. Parity
. Error Pattern
10— -
Tx 0 e Tx IDIE Pattern
Time Switch 0 1 Speech
1 0 | Tx T.S. Parity
Error Pattern
1 1T 1 Tx T.S. Parity
' Error Pattern
.15
Space Switch | - 0 X Speech
) 1 - X Space Switch Parity
Error Pattern
+ , 5 _
The sbove information is extractable by the control
20 equipment.interrogating the transmit DLT's which detect %
the bad parity or 'idle patterns.
The above descrlptlon has been of one embodiment only 4

and alternative;arrangements will be seen by those skilled
in the art. For example alternative trunking could be

25 uséd in the form of say a S—T—S_network with the fault
paﬁtern injection being made at the component switch

points.
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25 used in the formof say a S-T-S network-with the fault pattern - (E%}Z)
i njection being made at the conponent switch poin%§;_d~_;L__——Ard+g+fal ”.
t el ecommuni cati ons exchange switching network including tine ace
swi {thing stages in which each tine and space swit l‘“mu“‘“i a\ﬂ@ﬂm?es 5
connection control stores arranged to bg c}éIiCalla o Fa%s-01 fice
sl ot order to prow -speech path connection infbrnation for each

ot CaRBER Cont rol

cross-office slot control store includes neans for checking the

h I Ci f.th A KX ified.b h ol 10 . h
roseof {1ce oI bt anfh #ROLRBLoyBRECORN GG SaELAGeaREhRaes) mudsthdhGoans

(fice sibt and FASERETe ) |
pattorn whi ch i S°5UBER: thP1RaLHE ERRECAAATEDARE BT CAROTRIRORR "

swi t chi ng Stagewﬁfcﬂhéﬁghth?m@?ﬁﬂﬁi%gaéé swidehsnhe Fa e inRludes

t el econmuni cati ons exchange switc network according to claim21 in which

each contrgl st@pRné@ERbhOBohRBELYUISEoReBARYNGEl kBAbeALKE iRa10je reald ty
of the connection address stored at that |ocation and the neans 2 for
checking is arrgngedoke-66fRukesibe pedety tboproaidec @hecgbeerhagardss read
frogmthe control store-and to conpare the conputed parity with the stored
pakity and if tboemneotihoh énfiarmatbonnfert eabh pabss~ofifice sletsamdch
path. 25 3. A tel econmuni cati ons exchange sw tchi ng network

% each control store includes means for checking the

authenticity of the connection specified by the control

10 store at each cross-office slot and in the event of
detecting an error injection means are activated to
inject into the speech path of the defined connection a

- pattern which is a bad parity speech sample and is
indiéative of the switching staée in which the error is

15 detected; . |

| 2. A telecommunications exchange switching network

according to claim 1 in which each control store location
includes a parity bit indicative of thé périty of the

connection address stored at that location and the means

20 for checking is arranged to compute the parity for each
¢ : connection address read from the control store and to
é ' _ compare the computed parity with the stored parity and if

_ﬁhey do hot equate to inject the péttern.into.the speech
_ paﬁh. _ : . o o
25 | 3; A telecommunications exchange switching-netwdrk
Iaééording to any oné of‘the pfeceding claimé.in which
each time switch control store location includes a busy

bit and the control store includes idle pattern injection

means arranged to inject into the speech path an idle
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al;brdlng to any one of the precedlng clainms in which each tine switch

rol store location includes a busy bit and the control store .incl-udes

2 pattern injection means arranged to inject into the speech path an °

- 17 - pattern. 4. A teleco ni cations exchange anf£h|ng N
network substantially as described wt reference to the acco anyi ng b
drawi ngs. The text of the specification has bﬁ“l“fﬂllﬂl“ﬂﬂﬂﬁﬁpbot ocopyi ng
the applicants original typescript. It e dnments Wi ch
are diffi%ﬂk&e%ﬁ read. The orginal typescript c%ntalnlng t hese

amendnment’s may be i nspected a the praises of the Patent O fice

4. A telecommunications exchange switching network

substantially as described with reference to the
5. accompanying drawings.

The text of the specification has been . rcproducad by photoeom.ng the applieants original
typesczipt. It may contain a fow amendments which are difficult to read. The original
typescript containing these anendments may bte inspected on the premises of the Patent Office



