-1 - 2074815 | MPROVED
| CATI ONS SW TCHI NG NETWORK USI NG DI G TAL SW TCHI NG MODULES The
_ifvention relates to tel econmuncati ons systens enpl oying digital
Swi t CR techni ques. 5 It has been proposed to cozﬂgvﬂg%h 5'pligi.ta
swi tchi ng network handling pul se.code nodul ated digital |i ﬁ
so-called digital swtching nodul es. Each digital sw tching nodul e :
conprises serial -t o- par al |IJMPROVELR 'EELECOMMONSCAR TONG SWITCGHBINGol store
and parallel -to-serial coXNBIWOREK USING DIGETAL SWINCHINGMOPRRESt i on of a
digital switching nodule is disclosed in a paper entitled "Devel opnent of a
time division switching network usable in a_very |large range of capacities"
gi ven by P. Charraffbel presemturdigventioncnelates o Relecoumunicabiens
I nternational Sem nar of Digital_ 15 Commruni cati on convened by the
| .E. E.E. in t8Estemsecenmlayansd digital sswikebdng tachniiquesag nodule is
shown in Fig. 14 of the above paper and it is inplenmented using twp stores, -
one for Bpeech sanplbehasndeaar prIRgsed teonepstructe a Gigl swhtehing
swi tching) purposes_w th serial-to- arall el canverters on the |nput

20 ,

pat hs and parEFFUPrkbhﬂﬂéhiﬂs(ﬂﬂ%ﬁ#tQﬁ@eoﬁogﬁéaSG@péﬁﬁii%%;#%P%ﬁd?ﬁﬁ@gan
8 x 8 digital switching nmodule. AlJ. the i ncom chappel.s (s 3 on, each
of the_ffght $ﬂfﬁﬁiﬁgdgg%§%ﬁﬁ?rﬁﬁ??ﬁhﬁﬁ? B??%Egsdig' f séﬁé% _éZHBH?h g
are witten cyclica i nt.,o the 25, ata store.every frane period. e
Speech store HORPLEs CPEPRABSR EFTIALTFORRREAkLED CORVGRAIOMN AP RERDer

Readi ng of the, speech store i.s ynder the control _of the’control store. The
contr ol storespggﬁea& epaiTed | Qﬁ?kﬁng paraiiel-to—serléi converslion.

10 One particular implementation of a digital switching module

is disclosed in a paper entitled "Development of a time
division switching network usablejin a very large range
of capacities“ given by P. Charransol, J. Hauri, C. Atheénes
and D. Hardy at the 1978 Internafional.Seminar of Digital
15 Communication convened bj the I.E.E.E. in the Uhitéd States
of America. The digital switching module is shown in
Fig. 14 of the above paper and it is impiementediusing two
stores, one for spéech samples aﬁd the other for control
(i.e. time and space switching) purposes with.serial-to-
20 - parallel converters on the input paths and parallel-to-
| serial converters onighe output paths to provide_an 8x8
digital switching module. All the incoming channels (sa& |
32) on each of the eight incoming p.c.m. links served by
the digital switching module are written cyclically into the
25 data store every frame period;_ The speeéh store address
.is arranged to.correspond #o_the input dhannel npmber.
Reading of the speech store is under the control of the

control store. The conérol store is read cyclically with .



- 27 its address corresponding to the output channel nunber. The contents éﬁ
of the control store are used to address the speech store.for each channel.
Accordingly the di gital switching npdsl e controls the switching of input

chagnel s 5 t o out put channels by tTe val ues placed in_the control store.

Each nodul e serves 256 i nput and output channel's necessi tat i ng an ei. ght bi t
control word for each switching operation. The actual interconnections are

speci fied by $1§8 auardlls SHrrdiEhdBI@OEs GRE! 6&‘!:1:%365&%&10%%&?5 10
t he necessary control. store location to be progranred with the required

speech store rRgatoRtedtd ¥F tHd dILLFIDVELHPE! hoBCUsRA Yo dddreéss ENe
how digital switching oodules (D.S.Ms) inplenented in |arge scale

i ntegrated cigpebthf etoreartde exl ¢lafweIn coaptordingly evaigt tul
arranging the DDS.Ms in a matrix using a nunber of stages in series. For

exanpl e, 2048swhtchibg module conbitolls bthe switehihgye fmimput wharnels
twenty-four (three stages of eight D.S. Ms'- each) digital sw tching nodules,
Larger shzes t6 output clhammed srivy ttheprwlmed placedt dnhdbd eontrahsed
traffic, for exanple by extension of the princi ple to further stages of
smLtching sucatares, Each)maduldimerves 256 ispubf andr outpmt channelsges
of digital swtching nodules inports conplexities into the path-set-up

arrangenment s nacessitating enieights bit peontgali vordefor ieach tanitshing

network. It is an aimof the present invention to provide a rrultl-stage
swi t chi ng net QBeratipngse The tastamininvereonnectipnshayg mﬁsl

digital sw tchl ng nodules and -
S | the overall switching network control system wh:.ch causes _

10 the necessary control store location to be programmed
. with the required speech store: location. addxjesé.. -
- In the above mentioned paper, ‘it is shown how digital
_sw_itchins-'modul_es (D.S.M's) implemeﬁfed in large scale
_ integrated circuit form can be used td-_fom'.complex. |
15 '. networks by arranging the D.S.M's in.a-matrix using a |
number of stages in sei'ies.' For -exa.mbl.e, 2048 chénnels- |
- may be hé.ndled by a three stage ﬁatrix usins tﬁenty—four
(three stases of eight D.S.M's each) dis:.tal switching
" modules. Iarger sizes of switch network may ‘be produced -
. 20 to handle increased. trafﬁ.c, for example by extens:.on '
B of the pr:.nc:.ple to further stases of swa.tch:l.ng such as
Sy, 7, 9 etc. However, the use of more than three . stages
of digital _sﬁ:.tch:.ng modules imports comple_x:.t:.e_s- into
the péth- set-up ari-ang'ements while the _inéfeasing
25 ' propagation delay imparted by the ﬁetwork._ '
‘It is an aim of 'l:he present :.nvent:.on to provide a:
' mn1t1-stage sw1tch1ns network for use in telecommunzcations

: sw:.tch:.ng systems using digital switching modules-, and



L d

T /ZJ8 .- conprising-nmore than three stages of switching in which the -
. gbgadvant ages outlined above are minimsed. According to the invention
\there is provided a device having_n input paths and n output paths for _
cg?nection 5 in n interstage M S of a mul ti -stage tel ecommuni cation ~
S

. tching network using digital swtching nodul es, wherein the device ' . et
conprises a nultiplexors each having one output and n inputs and each . '

'S‘f‘:'t 3 P:se_g?mlr ciaisg 80500 h50 Rels RHedtd b éxsﬁé&%ﬁ%@ﬁ et SN
+Serectea M O asdverfaBPd prRSY Mo ' Saf iRt Bs A c W ih adar ess
ror et fon ety g heagubl! BhEX9ute il GNER: C8 GRS ANAS Heiadg e

device 15 @ a I'C réss generator 1S pre granme a fixed

~ channel a L Qn. L £5 t rﬁ%&%%h t , on each
" input pat #%?%E)}?ea e‘gugf‘ﬁ%o?ehra t?'{le out put” pat %?t??f‘eﬁ%g?a\%éhout '
changi-ng ts 4 t apyel qt45 dal|l £hPLé 3 3 -The
ohang "9 e B30 o0y ks | DEnReEcls LY Fadh tobbEXmilication
00“5'defa@%qﬁaﬁfﬁéhﬁwwﬁakaﬁbiaE A8 AYIO dwitERing o2 ed,Ovhdrdin .
~traffic handling capacity of the network, w thout incorporati'ng correspond-
ing cost papRlddvice | éompLYEE8S nd Ml HiiplSdAes "GAYR Ka¥ing owe! butasiig ed
in-built delay fromthat which is found with a corresponding nunber of - -
stages eaghd®!inpwes DuddMegch Bl tipliarprevidescodecdiserigt@r porate
alignment elenents on all input paths allowing a large swtching : )
' output path for the device and esch input path is connected

';Q.L to a corresponding input on each multiplexnr'and.thé .
| - multiplexors of the device are adapted to be contrdlled to
‘connect a seléqted”input to the cofrespbhdins output |
path in accofﬁance with address information fed to the .
multiplexors from a cyclic address generator_in the device
15 : and.the-cyclic address generator -is preprogrammed with a
fixed channel allocation address pattern arransed such
that the channels ongéach inpﬁt path are spread equally
a - over the output path mnltiplexes-'withput.changing the
. position of the channels within a mﬁltiplex.  |
20 The use gf'é device such as defined sbove has the f =
| $ubstgntial'advantage-of considerably extending the
~ switching network siie, and therefore the traffic héndling-
dapacity of the-network,_witﬁput'incorporating correspond-
.ing‘cht penalties. It'provideé a mulﬁi-stage-network
25 with redubed~infbuilt'ﬁelay from that which*is'foupd-'
with'a:correspondingfnumber of stages each employing n;s;m-s,n

qe

"'*;The de;icé’may'also be used'to-incorporate-aligpﬁent'
elements on all input paths allowing a large switching



elements on all input paths allowing a'l arge switching ~network to be -
split into manageabl e physical nodul es which may be subjected to a wide .
range .of physical separation wthoutyzany delay conmpensation. In provi di ng
the(aftgner function two clock signals for input and 5 “out put are used,

consisting-of a) a fine clock giving bi.t alignnent and a course clock-
giving frane alignnent. Only one tineslot (eight bit periods) per frang is -

requi red fornféwai']é"ﬁ&fﬁ@r%%ﬂt%ﬁe hbﬁﬁem@' hyditar Médupast he frame

start lead to be -used for other .purposes I f “required. Using these

spare timesl ¥hd ol nid}f e BEj6¢ 064 BONBERi AR PaRlgedUE Py RE4L Ci ent use .
to be made of internodule cabling and may be used for control signalling

pur poses. Acgeplration avitdut cany db!ajynbenbh@sdﬁi%mddrms?ﬁévidins

.generator is preprogramed w th a nunber of sel ectabl e channel .all ocation
patterns. Tyhealdldigder pPunetionatwo (clocknslignalay Admbinpuly &edween

i nput and output links, (ii) segregation of the input and output |links into
t wo .corBespootitpytyraneused censbstingaodi Bibial Pipenidlivek ivingabibtgroup °

only, (iii) segregation of the input and output. links into four '
cotr'espondi ngldgnmentiiand cwnpourse achotkbglivingiifiteme eldgnment. only and
so on in simlar manner until (iv) dedicated connection between
cor r espondi n@nlypomesrtinealot (eigbtobisnpexdods) pemframesis - In
one enbodi nent of the invention n is equal to eight and the preprogramed
channel al | o¥8QudFedatfiog Eramealicunentadlevwing ) dhe wanaining)time 4 x
4'$pace slots on the frame start lead to be used for other purpoées_
10 B * 4 required. Using thaée spare timeslots on the.course'
-elock cqnnectiohs allows very efficient use to be made of
intermodule cabling.and may be used for control sigﬁalling
puipoaes. .. | ::-' o o o
'Accoiding to a feature pf,the'invention thé.address
 15 generator is;preprogrammed ﬁiﬁh'a number of selectable
channel allocation patterns. Typicaliyfthe patterns are
(i) complete availability between input andfoutﬁut links,
- (ii) segregatibn of ﬁhe_input and output links into two
cbirespond;ng'groﬁps with complete aveilability within
-~ 20 each gﬁoﬁp-only, (iii)'ségregation-of'the input and output_.
| _Iinks into-four.correSponding'grpupé with complete |
availability within*ea¢h grdup only:and so on in.similar
manner until.(iv)'dedicatéi cohnectiop between co#responding
input énd.output patﬁs on an exclusive pasis. ;
25  In one embodiment of the invention n is equsl to .
_éiéhtgand”thé preprogrammed-channel'allocatién patterns
- provide (i) an 8 x 8 space switch (ii) two 4 x 4 space

‘switches (iii) four 2 x 2 space switches and (iﬁ)'eight



switches (iii) four 2 x 2 space switches and (iv) eight- .1 x 1 space
-swi tches. By providing for the adjustment of the degree of m xi ng between
' |nput and output paths it is possible to provide a very w de range of
SWktCh si zes and accordlngly tr&f 4 ¢ handl i ng capacities which 5 stem ;

. fr'om a conmon or gani sati on. This is particularly significant-when it is

real i sed that ~in say a five stage network, only the outer and centraI

anty thosd &bl epLlEhed”, ﬁ%oaa%c%iﬁé 0l pgdubeate o e
e o AL S n SRS 7
nmanner Wi t;_btfm{s rf&g%_{wg k8 §'°W%Fen$ qeﬁegfﬁén\/\géﬁ?iéf switen Wen the.

mxing is flecti vel'y sw tchi by se space smntches

then it i {0085 DAE ae?tif&%gngiyd%‘i‘m@'ﬁﬂdﬁ &4 E.EiﬁFb provi

propertles e use o i nput and out put & SR

mi Xi Omét OPféh Ya <Smmon or gﬁﬁﬂéﬁﬂioﬂi“fTHE%aiboﬁaQ%lbﬂidkl Ce

accofding to the I nventi on may defined In conjunction with mrror

| mgi ng- Cyigh 41 Qint UREEROR ! S sPredlds el cwetaninsueyca raqia delay for
dupl ex connections. The device is also ideally suited Tor inplementation 25

in |arge sfdge indtwokgdonlycthle buterd aindiscewtral bethgens willdche n _
~exchange smntchlng network using D.S.Ms The invention, together with its <

various fegiingsdigital switching modules (D.S.M's) and therefore

only those stages will reqnlre network path- connectzon
10. eontrol 1nformatlon extendlns ‘o them. |
" The feature of mak1ng the degree of mixzng selectable
allows a swltchlng network to be grown in s1mp1e and
orderly.manner without resorting to re-wiring of the
| i network. | _ |
15  When the mixing is'effectively switohed_off; by
selection of 1x l'space_switchesg-then if is possible
to use the_device-sdlelyffor its re-alignment prOperties.
whiie.use of oommon‘input and outﬁut-clocks will provide.
. a mixing only property. R
20 .  “"Further, the operation of the device . according to | _: R
' . the invention may be defined in conjunction with a mi:ror
imasins‘cOrrelatiOn function to provide a consfant switch
loop delay for duplex connections.
The device is also 1dea11y suited for 1mp1ementat10n
| 25 in large scale lntesrated circuit form for use as a _
'=bu11d1ng block in exchanse sw1tch1ng network u51ng D S. M Se
The 1nvent10n, together with its varlous features

'will be more readlly understood from the following -




wi'll :be nor'e readily understood fromthe follow ng - 6 - descriptions of .
one enbodi nent which should be read in conjunction with the acconpanyi ng
drawings. O the drawings:- Pig. le &hews a bl ock diagramof a switching 5
net yofk* usi ng dlgltal swi tching nodules,. Fig. 2 Shows how the sw tching
network of Fig. 1 can be expanded, Fig.. 3 Shows how network of Fig. 3, 1s
nodi fied 10 ' by the incorporation of devices accordlng to

t he' |nventlondasanmpnxnn$mnfomneoembeqmmeat wintileduitsheoulsd dre i eéa§ Lmduci ng
the availability of the network, Fig. 4 - Shows a bl ock di agram of the

devi ce 15 conjunction w:'ebrtihegaceompenamdmﬁmgs.t heQf nbbet i on,

Pig. 5 Shows one inplenentation of the device' according to the invention,
Fig. 6 Showsd®awiRgss—x 16 p.c.m switch can 20 . be
constructed using digital *switching nodules, Fig. 7 Shows hom1the 16 x 16
swi t ches can be us@d8« la r@mkaghéeﬁgoﬂ&ﬁﬁgmd&ﬁ @ SHEERMMBEg to the

I nvention, 25 "Fig. 8 _ Shows ip outline fornlthe qnflex pat h
correl at Pon function, - network using digital swit
'.modules,

Fig. 2 Shows how the sw1tch1ns network of

e

Fis. 1l can be expanded,
Fig. 3 Shows how network of Flg. 3 is modified
o . by the 1ncqrporat10n of devices according
e_ﬁo the invention to reduce the control
~ Tequired without suﬁstantialiyereducins'
 the availability of the network,
- Fig. 4 ‘Shows a block dlagram of the device
15 - .according to ome embodiment of the
._ 1nvent10n, | _ .
- Fig. 5 ‘Shows one implementation of the device'_-
| .according to the 1nventzon, | |
Fig. 6_.Shows how a 16 x 16 p.c.m. switch can
- 20 ;ﬁ- , o be constructed using’ d;gital sw1tch1ng
o __modules, o - o
| Fig. 7 Shows how the 16 > 4 16 swztches can be
used in a network 1ncorporat1ng devices
- ."accordlng to the invention, |
25 - . Fig. 8 BShows in outllne form the duplex path
| _ -correlatlon functlon, e
] Fig,_9 Shows the inner stages duplex path

correlat;on,. :



' . -7 -.Pig. 10
. : el ation, . I,
: i tages duplex path. correl at use with
. Shows FBF'I QInF(r)thign of device function sui tablneef Og
“paths, Pig. 11 Shows how a 512 KHz transfer P g 12 Shows- a retimng
t*ca’h be usgldgio produce a 2. 048/ Mz Intnteir];)f\lcei:i gl g,13 Shows a timng -y
gfpcﬁi.-t' for use in the devices of the |nvte_he Cetim ng circuit of Fig. 12,

di agram for use with 10 R -'.at.:cor-di ng to a further enbodiment of the

iy 9 fhestrunki na f.or 2. 048

Fig. 14 Shows an 131’.%.{ §.IQD ' %Pwm fge mogsiﬁﬂésmoéaﬁi?ﬁuﬁg‘ ﬁ%yfg.‘?,{q on, Fig.
| nvention. i ncorporatig e L{pes ‘usi.ng t he devices of. the.r ar form..

B P the equi pnegpngi:iﬁpgsu;i-&abﬂ.esem:g%@éedwi’ehodﬁﬁi%& devi ce and

16 Shows ho CCit Jethggramof the DR 20 =~ 0 T E swi t chi ng

ig. 17 Shows the ci _rCL” a g ¢ . ill be recalled that a \ .

E:O?i ons. Referring fi rStéy e lg ::)tSMWcan be -i npl emented by using two
181 .

T TR T 0 2B B sl TR el

stores allowing 8 e e
' : ment can be used to produce a.2.048

MHzZ . inte_rface-,

")

Fig.12 Shows g r'e't-iming' circuit for use in

| the devices of the invention,
Fig. 13 Shows a timing diagrem for use w:.th
100 g retiming circuit of Fig. 12,
Pig. 14 Shows an 8 x 8 D_.H,'R. according to a
o further :eﬁbodimeﬁt of the invention - |
| incbipérétizig retiﬁing, | o
Fig. 15 Shows the trunking for 2.048 pecCom.
15 | lines using the devices of the
- invention, - . _
_ Flg. 16 Shows how the eéuipﬁént of Fig; 15 is-
segrega;ltedl'.into m'pdl_zllar form, .. |
 Fig. 17 Shows the circuit "diagram "of__ the MR
20 . : dévice' 'an'd - P : . . . ;_,'
Fig.18 Shows the table for the DMR selection S .

'.'o_p'tions. | . o .

"R'e'fe.rring. "i‘i.rsﬂy to Fig. 1, it w::.ll bé récailed

that a _switchiz_lgm network can be cdnsti_izctéd usihg_

25 . digital "swi:ht'chins_'modﬁlés (Dsm) s_w_itc]:_xin_é.?BG_ éhani;gls._ - |
' , Eéch,DSM can Bé_ _J'..'mpl-.em'entéd-:b'y 'usi_'zig' two stofes 'aiio'ivins.-. B

8 binary data bits to be carried for each channel.
All the channels are cyclically. written into the .'d'ata_'



Al'l the channels are cyclically witten into the data. - 8 - store every
frame period. The data store address corresponds to the input channel
nunber . Reading of data is performedgby use.of the control store. The
conkLmT store is r ead cyclically, its address correspond- 5 ing to the -
out'ptt’ channel ‘nunber. The contents of ‘the control store is used to:
address the data during read operations. Thus it is possible to control the

swi't ching of ptpte @v@E!firdme opériddchalinel dalty gtoreladdresaced in the
control store. Since 256 different input 10 channel s can be sel ect ed,
the control storresminds t the impet channalhnhmbem@/kﬂaaﬁmngtaﬁlndlcate
t he absence of any connection to-an output channel. The serial switch can
be construct edatty fdlsapenformad i by -use pafathel cbmﬂy&hﬂmt@hen t he

i nput” of a 1% parallel switch and a Earallel-po serial converter on the
out put. .Each congnodt @kone die read cyelbeslily,cits addxess morpesppndxed
channel s. The serial swi tching nmodul e has used sone of its time swtching
to provi Be anisgeronithe oyt chaneed ayuber. afhenaantsnts el tecan be

interconnected to formlarger sizes of switch. This is illustrated_in

figure 1, whecontysd &kane| ks Meed Focaddrefsa the data é’g}gls‘isu?%?%@e sTs -
sTs - sTs using 24 switch dul es DSVAI to DSMB1 t o 8 _.and -DSMJ
arranged in a°PﬁF@§i§FEbe us 1 EPF?BSIGftﬁéFHHﬂ?ohiﬁ rS§$E%§168

smﬁtch ﬁay beogrg%&F g aﬁggf?s gqou%pugec rlncipl%yx%ﬁénégir st ages
- _placedtin the control store. Since 256 different input
10  channels can be gelected, the control store must be 8
bits wide. A4 ninth bit may be used to indicate the
absence of anj connection to an output chanﬁel..:-
The. seriéi switch can be-constrhcfed by piacing a
serlal—to-parallel hlghway converter on the input of a
15. : parallel swltch and a parallel-to-serlal converter on the
-output. Esch line 1nto and out from the D.S.M. carries
32 time multiplexed channels.
The serial sw1tch1ng module has used: some of its
time switching to provide an element of spacial switching
. .20- ‘and multible.modules can be interconnected to'form larsefi
| sizes of switeh. This is 111ustrated in flgure 1, where
2048 channels are switched 1n a three stage structure
-sTs - 575 - sTs using 24 switch modules DSMAL to 8, -
| DSMBL to 8 and DSMCL to 8 arranged in a three stage 4,
25 B, C type of netwo:k. Larger'szzes of switch may be N .
jéroducgd-by extension of the principle tp furthep Stages
of switching.(5, 7: 9 étc).. Above three:switbhing stages,

path set-up become more complex and‘thg'propagation_délay-

€



. the switch'has 5- ~ a choice of 1 DSMfor the 1st (DSMAL to 8) and 5th.

R mntchlng (5 .7, 9 etc). Above three sw tching stages, path set-up

bnme nore conpl ex and the propagation del ay - 9- is increased. An

anpl e of a 5 stage switch for 16,384 .channel s enploying. 320 sw tching
pdules is shown in Pig. 2. |IT €aR be seen that any particular path acrqﬁ%
(DSMO in each of the eight planes PAto PR) and. 64 DSMs for the 3rd stage
(any .one,qf. .t h ereialesg%#‘&icen'cre .DSMs i'n each of the eight. planes). The full
vari abi | and 4th 10 stages provides a degree of freedom

t ‘enti ly. t th '
: Egceggalr;efgr%%@*e;ﬁ%ﬁacg?l on sg#‘n%egﬂp%rrlgrf?%terlahﬁ C of ?Ee 2nd .
o d 4th g | 35d
swi t chi nghﬁ’%s’émis RO ibcRtE R Y 10 alfecclh Fgld Spe)
tral
o Zf};%tib%‘ut 1S9 UREE S PRk oularlindill ddudeg eRa ek chRonaR!
enbgdi megl oHoilcee dﬁwmmnrafrthaeﬁ%d (Ml o tgPesnd %ﬁsensmad

relatlon i p nodul es are i nplemented using either a speciall

configureg &V sﬁgésesmsnablsoswhehm Bl ey e €age S( 688 Dsna fixed
swi tching configuration. The fixed swtching stages performa "demul tipl ex-

. mx-remulin plath ofesid i @ghtrpidheg Pie tohFHE!land 6L aDEM2E fori thet

mul tiplex equally over the output nmultiplexes: In this exanple the 32 .
channel s 304 etage (dnyndne pbfxther eight centre DSMs in each of the

eight planes). The full variability of the 2nd and 4th
- 10 stages provides a degree 6f freedom not entirely-essential,".
resulting in a blocking probability lower thaﬁ'neceSsgry
- for practicai'applicatiOns;‘ The prime'charécteristic of
 the 2nd and 4th stages is in gzvlng access to all of the
central (Brd stage) switching modules. |
' 15‘   An identical-size switch shown 1n-Fig, %, has a'very 
. similar fi#e-stégezstrﬁctu:é, in giving this'acceSs to the
cen#ral elements, but uses fixed rela#iohéhips switching
modules éccordingfto'én'embodiment of the invention for '
| B the 2nd and 4th stages. Ehese rixed relationship modules
f:20' '-are 1mp1emented using either a specially conflgured devzce e
" ora varisble switching module which is set to a fixed |
switching configuration. '
| The fixed swztchlng stages perform a "demnltlplexh
| ‘mlxbremnltlplex" operatzon spreadlng ‘the channels on each
, ésﬁ_ input multiplex equally over_the outputfmnlt;plexes. In

.48

this example the 32}channels_on'one-inpﬁ£ multiplex,- are

[

split into 8 giOuiJs"of-“ 4 channels; one group appeéring at .'
each of the output multiplexes. Fig. 4 illustrates the




output multiplexes. Fig. 4 |IIustrates t he 8 input 8 output

denukt i'pl exer-m x-remul ti pl exer furc@i®r. A sinple pure space-sw tching DER
funQJ(()n can be i rrpl enmented using eight eight-input data nultiplexors MJXI
fo MUMB and a cyclic address generator -CAG as shown 5 in Fig. 5. Wth -
such a DWVR function propagation delay . in the 2nd and 4th stages of a five
stage sw t chiSiginmpatoB koukputi denaﬂekdpﬂexeaﬂ-dux-memm]:rbzplexerotmmn.s
only required for the 1st, 3rd and 5th stages, thereby sinplify- ing the
control interface AMsi:mpIhe pureospaces switching MR Lane g}fonecam bges in a
swi tching network also using DSM s, however, increases the probability of
bl ocki ng as iimplemented ’ésl;nsp?é@ftale}fﬂbé?‘d@mﬁ -data pultiplegorsal |
swi t ching nodul es ss-_ sTs -sTs -ss -sTs Bl ocking probability -

at an averag@'“;xhc cke t%dﬂd[ ar eyeféder ]add:eéagumena‘bosz ?éﬁr BS( BBPWE ve
t ag DVR { 2 4t h st Is -s -sTs - :

Bl ook B proidbiTiBy Be MLEBcPUGE & DR Moxﬁ FTIDRERHLOD Gedag das
1.2 Eqr ' 3, st t S-T st 25

corafp)a(tr gglr:a]si pﬂa%é‘gozgﬁﬁnﬁggggge ' ¢ & q@%c??\“{'ﬁ?g{‘gr nFﬁHRr%he 5
St_age DVR StrUCt elinfR '{:eé.l %1 addition control information is only

splitiinto 8 groups of 4 channels; one group appearing at each of the ' C

required for the lst, 3rd and 5th stages, thereby s:.mp_llfy-
ing the control :|.nterface with the network. .

10 . . Use of the :rlxed stages in a sw:.tch:.ng network also
using DSM's, however, increases the probab:.l:.ty of blocking
as -;'Lndicated by a simplé analysis below:-

(i ) Five stages all switching modules
| sTs -~ 8Ts -~ sTs ~ sTs - sTs _ __
15 . S Blocking probabn.l:.’cy at an average circuit 1oad T
| ~fi-a -v22n-a-qQ --1:52)2)8]}
R 0 .8 gives 4.0 x .‘LO"23
(11) Five stages with DMR for 2nd and 4th stases
| .s‘.l!s-s-s'l‘s-—s—sﬂ!s. |
N 20 Blocklns probabil:.ty at an average c:.rcult
| load ¥
,‘; [1 - '(1 _?4)2] 64
Y = 0.8 gives 1.2 x 10712_ |
- For comparison a 3 stage switch of T-S~T structure
.25 of compara'b—le size i.e. 256 channel i:ime switches-is‘ |
‘much inferior than the 5 stage DI‘IR structure as .follows:-
.. Blocking probab:.llty at an. average c:.rcu:.t
_load. Y



Bl ogking probability at an average circuirt load [err] [err] 0.8 yives
22@-k 1 Fromthe above it can be seen a basic 256 channel swi tching nodul e,
with 8 inputs and 8 outputs, nmay used in conjunctlon with a fixed
retationships ildenultiplexing- n1X|ng remul ti pl exi ng" device to provide the
- traffic-handling capacity of a 5 stage structure whilst retaining the -
control sinplicity and propaggrlon del ay associated with 3 stages. In
o]

achi evi ng these,[rl] S€here has been -sone decrease of
.availability wh conpared t he rat her academnm c val ues obtainable with

- the fully contToI,Leg 8 gives Plous q_ro‘r5 but retains a value such superior,
therefore, to that of aclassical T - S - T-architecture, using the sane -

channel capaci®yomSthe hbo¥WesWt umbemEber. a Thagits266s cheamialer y
specific exanple of a nore general approach in which the follow ng may be

varied t%vﬁlb@i% medule] withl 8singuts sand Bfoa w]ptebl ,nayodid e in terns
nu

of both 20 er of channels with full availabiTity switching and the -

nunBer ofugepuis comjuncpibn wiith) sifdsced FdEutonshipsii ') type of DWVR
function (iv) nunmber of sw tching stages. 25 In general a switch

structurédamultnpbaxnagdmmklngﬁwehdﬁtmp&Exxmg%edevmbestag@mcmxﬂenxes of

controlled
the traffic handllng capacity of a 5 stage structure.

whilst retaining the control simplicity and propagation
delay associated with 3 stages. In achieving these - |
10 advantages there.has been some decrease_of'availability '
when compared to thegrather'academic-values-obtaiﬁéble
with the fully controlled 5 etage-structure, but retains
a value_suchjsuperior, therefore, to thet of a classical
_' T-8~T archltecture, using the same channel capacity

- 15 time switching module. _

- This is just one very specific.example-ef a more
general approach in which the following may be varied to
give the desired results:- ' | '

_ (1) size of switching modnle in terms of both
2O - number of channels with full. avalldbilzty switching and
' the number of inputs and outputs.
. (ii) size of DMR device
n(iii) type of DMR fupction
(iv)'nhﬁbe#'of switching_Stages.
25 In general a'sﬁitch structure may be composed of
' many different nnmbers of stages and mlxes of controlled
sw1tch1ng modules and’ leBd relationsh;ps DMR.modules,

each prov1d1ng varylng charaqterlstlcs in terms of,

e

[

.y




switching’ nDduIes and fixed - relatlonshlps DMR nodul es, each prOV|d|ng :
varying characteristics in ternms of, - 12 - capacity of traffic.handl ed,
control conplexity, propagation del‘aylzg'rade of service and freedom of
trafffc-flow Of prinme inportance is the nore general series of switch

sti-ucCtures S|n1lar to the exanpl e 5 described above in which there are .
4n + 1 total sta sed of ernat t chi dul es and DVR

el enents. ThEeR Eé % &%F%ﬂf‘?év PP ?9@%88@%%"97 sfic flow with
only 2n + 1 controll d st desited to e e stage .
structure 10 P % SQﬁéﬁer SFHV ﬁ?ﬁlﬁpga ﬁéﬁplﬁpﬁpagatlon

ar o 'L&?t.-iﬁ%agﬁ% u?ig‘% %ﬂéﬁ%%%%ﬁﬁebﬁa PRROEPED MAHSE, .
Channar 15 e&iefB A I ey o%%tgﬁ%ﬂ%%f’yt?ﬁ B2 e | <
b obt 2{%23t[‘08%§%§?%da%8?é5§é‘ %ﬁ%l%%aﬁf% B 8 Uy FLAERE O

grade of serv { SF
bl gcki ng prob [ I i Pyhpgi’gl%\\?gn byr? e3’]@‘?"(’3” part?g&f)ar cI ass ofﬂ}%M
function is dgybmefithe! OwnHase A 1 féﬁé&'ﬁof 8116%€ £ erduadtii ority |

of * paths through the swtch will bé duplex as in a tel ecom 25
musi cat i ons a@ﬁ't?&EEEB flow with only 2n + 1 controlled stages.
When it is de51red to employ a flve stage structure
10 'fcr_31mp11c1ty of control and minimisation of propagation .
delay,'the switch traffic handling canacity can be
E increased by use of larger sthching modules or DMR
‘nelements, whlle the converse holds for a decrease 1n 31ze..

One method of doubling the capacity of a basic. 256 channel

| 15 “swztchlng module is shown in Pig. 6. _
~ If this technlque is used for both. central and outer
switchlns stages a fOur fold increase can be obtalned_to.
prov1de a 65,536 channel switch as shown in Fig. 7.
- The grade of serv1ce of thls swltch has also been 1mproved
20 and the blocklng probability is given byvv[l - 'r4) 21128
| = 0.8 gives 1.5 x 10"24 .

A partlcular class of DMR functlon is derlved below

(L I

. by means of a_n_exampl_e for_use-where the ma;jor:.t.y o.._‘;'
paths through the switch will be duplex as in a telecom-
25_.' munlcatzons appllcatlon. o
“l Call set-up and clear-down w1ll be 31mp11£1ed 1£
there is a correlation function between forward ‘and

return.patns. After searcnlns for a free path in one -



. @ set-up and cl ear-down wi.ll be sirrpiified"'if. there is a cd_rrel-‘ation
U

Ycti on ‘between forward and return paths. After searching for a free path.

“in one - 13 - direction only, the return path will also have been .
defined. Careful choice of the correlation function will al'low the swtct”

| gop del ay of a dupl ex connectioﬂato be a fixed value. Figure 8 shows hoWt"

.the overall' path 5  correl atTon”can be applied for -a forward path-AB .and
a return path BA for ‘a5 stage switch. The input and output stages can be
conposed of DSMs arranged in square arrays to provide the |arger sizes of .

switch. I 3, a0 ' h any %%E;ﬁ arrays for
t he Iargggggﬁ%?(%g%’. _ enlger er t‘ég@%&?ﬁe@g‘%&%%n . then all the
central 22 € (e ' i ey Pt ;qd LB
free. Thgrggq?r%éﬁBZcU ne s g%égﬁéegghegﬁygﬁggéﬂﬁrﬁnon 1£6nA‘%%ﬂand LB,

however, ghhgwe thie Wi tdl CP6GH ca618J0bEE a0lupl @k Wdtie PELERCEE HEO

- connections. A nore detailed picture of the i'nner stages is given in figure
9 which al rgwed W ddm tlv'i?‘@fets SBowgchow ti® overdle patkr stages the

i nput fromA containing 32 time slots is 20 equal ly distributed via a

DVRSt 0 8cbPirellatiom caihdbe sppliledi forskhoforvead princAB pydi gal routing.

~The time slots allocated on the output of the DMR is a function of the

posi t i onrefurine pathuBMA. fox nai Psstagel ewitehv.m The Gvipywt oamdesubputi ne

4y

switching, it acts purely as a fixed 25 space switch. Thus the tine >

slot x ustdges iclen briteoniposed of DSMs arranged in square arrays
| to provide the larger sizes ot.switch.-.Thé central stages
are really.B_stageé'internallj DMR-DSM-DMR, again with
10 thé DsM orgénised in square arrays for the larger switch
' sizes. In order to make the connection AB, then all the
Zcentral'Stages'areIinspected to find one'whiéh'hés'both
paths AL and LB free. o o
. ‘There sre 32 time slots on each physicsl connection
15 AL snd 1B, hoﬁévér; there is hotlindependent choice of - -
timg slots on these two connections. A more detailed
picture of the inner stagés is givenﬁin figure 9 which
allovs this limitation to be identified. In the.inner'

.sfagés'thelinput-rrOm A containing ialtime'slots is - s

20 . equally distributed via a DMR to 8 DSM"pj.anes_. - There -
© are 4 time slots used on each physical ro@ting:' The time
- slots allocated on the output of the DR is a funéfion of
the posj.tién of the input A. In ifs simplest :oi;m the
| DMR prbvid_es no time switching, if acts purely as a fi_xed
25 space switeh. - Thus the time 'si_ot x_uséd- on the route from
A wiil_'b,e' the timeslot used on the DMR 'oﬁ'ﬁpt_zt to the DEM
plane p. In a similgr'manner'time'slptjy will be ﬁsed 
‘on the route to B and rro;n-.-fhe- DSM on pla'.ﬁe"p fo the DMR

e



simlar manner tinme slot y will be used:-on the route to B and fromthe DSM
on plane p to the DVR. - 14 - inpwtld kit is sensible to confine the input
DNRsuaﬁd out put, DMRs to have the same swi tching function._ _In general the
time slot t used for passage.through the DMR can be expressed as:- [err]
where i is the physical input route and o is the physjcal output route.

For each conbidfiputon oftiiangessiblec$o confing rthe)cinputiob¥Bsoend tine
slots. To find a forward path through the inner 'stages it is necegssary to

| ocate 10 WDy a@f‘%l\;‘élhﬁgepthm Semes SwidichingefunetioR. andy free,
Thus the search'is restrlcted to 4 |nput sl ots and 4 associ at ed output tine .
slots for eaclBe3eXHe @@Sﬂ-ﬂ?aﬁeg thused Jon Passegr thpeuebqithe AR :
sim lar manner “for, all of the central sections corresponding to L through

whi ch 15 i ©8% DR KXPFeS88A#Réan AB connection. The return path BA

t hrough ¢central section M nust_now/beg.con |de2('&i§,e For ease of understandi ng
it is assunmed initially that Ltaﬁdth& oin nt. In this caseflgure

3‘52! Contrar sHTRE) 1"3s °t’é@ ﬁaiﬁgesﬁt Ll s WA R gﬁ

not reduse t e FHELG BT eﬁéﬁa%éﬂaihéa SE £ AP yhTReRCS hac

A and B have Rg{e iy %ﬂ-’%«x H€EHo%88%0¢ Z-hﬁm%or;il%tas. To find a forward
path through the"imter stages it is necessary to locate

A will be the tineslot used on the DVR output to the DSM pl ane p In a

10 a central DaM plane p which has both time slots x and y
o lfree.h_mhus'ohe search is restricted to &4 inpur_slots'and
4 associated output time slots for each of the 8.DSM planes. '
This process can be repeated in a 51m11ar manner for all
| - of the central sectlons oorrespondlns to L through which
: 15 dlt is possible to make an AB connection. The return path t d
BA through central sectlon:M must now be considered. For
~ ease of understandlng it is assumed inltially that I, and
M are o01nc1dent. In this case flgure-9 would aotually
show the forward and return conneotlons pass;ns through -
20 oné central seotlon. If the 1nput oonnectlons made ‘are
mirror imaged to the outputs and vice versa then x = xl
g .' and Y = yl. Thls ‘mirror lmagzng does not reduce the .
freedom of oholce 1n maklng a s1mplex path AB prov1ded '
that A and B have not previously been used. This correla-
25 "tlon functlon matohes the connectlons requlred of the system.
| The forward delay 4AB 1n tlme slots is glven by,

d_AB=x-a+16(l—lx 3

+y-x+16 0 -T2




25 -tion function matches the connections required of the system' The
ward delay dAB in time slots is given by, dAB= x - a + 16 ([err]) + vy -
16 [err] - 15 - + b -y + 16 ([err]) where a is the tinme slot of
‘mination A and b is the tinmesk®t=of termnation B. The return delay d8A

.intime slots is given by, 5 . dBA = y.- b + 16(ferr}) -+ x‘*.

y + 16 [errr] + a - x + 16 ([err] Thus the |oop.delay dAB + dBA = 96 tine
slots or 3 franes. 10 - practlc .each spage b al so have a real -
propagati on del ay whi ch nust b%q% gi (of on of this delay
does not occur the |oop dela 3 f ti,mes e propagati on

del ay ‘i n %% ﬁl Retfi %ﬁ‘e %rn}_é/ R/I%t# Wﬂ??%&ﬁp tﬁhéﬁ“{jﬁ?ff uﬁ? will be
15 expgr C Wh A-and re 4N the same DSM on the outer.stages. |If
X is chos' sg 3ap%g [%£§n+$MEver,it is not possible to.pass two

channel's gn X | ;Lo e | 'y for cases
‘where A aht® §Fé&ggp%b‘|%% t% é:fﬁrea"r&gﬁ% gf?)g‘k/l g&%ﬁ"%&e%ﬁh not inply
.that5 all 'own' DSM co.nmag& Q{l} ogé bec -an be chosen to be
-.different fromy. For a dupl & connec 2" ﬂuput nt 2 output tinme slots
~are required any way and provided they arf avaklab Shen it is of course
p055| ble to choose X and y tho Be ¥ f+el@ )

) %

Thus the loop delay dAB + dBA = 96 time slots or 3 frames.

+a-x+16(1-|a xl

10 In pract1ce each stage will also have a. real
propagatlon delay whlch must be added. Slnce cancellation
of this delay does not occur the loop delay is 3 frames
plus 2 times the propagatlon delay 1n one- dlrectlon.

If L and M are coincident then dlfflculty will be :

15  experienced when A and B are in the same DSM on the outer
stages. If x is chbseh tofequgl'y_then xl = y; - x.:l
However, it'is'pot possible to pass two channels in one

. time slot, so x cannot be allowed to equal y for cases
where A snd B are both in the same outer DEM. This does

20  not imply that all ‘own' DSM connections are blocked

B T

because x can be chosen to be different from y. For a
dupiexlconnectidn 2 input and 2 output time slots are
_ requlred any way and provzded they are available then it
| | is of course posszble to choose x and ¥ to be dlfferent.
25f - The net-effect then is to use up_the ‘time slots ;n-pglrs
| bﬁt.thisﬁinéreasés the blocking prdbability”for such |
cdseé. It is possible to avoid thls 51tuatzon by maklng-

L and M dlfferent, but havzng a flxed relatlonshlp

LX) .

...‘




25 :The net effect then is to use up the time slots in pairs but this -
i ncreases the bl ocking probability for such cases. It is possible to avoid
thiSysttuation by making-L and Mdiffggeat, but having a fixed relationship

- rQJ{’betmeen t hem such as odd even pairing. This has the effect of
applying a distorting function to the nirror imaging of |nputs and out put s.-
An .'own' DSM full duplex connection thus will only require one time slot

from each 5 bewswz Ahe heclangs noddeetenc bedriing.p! &eik dras hehehoi ce of

x and y. -Consideration nust now be given to the constraints applied by the
mrror imgi ngffectelof iapplyingea fstoztihg fumedtiiom. toA the uyirdoff er ent
sections 10 L and Mare used for forward and return paths

simlarly posimaging cchtinputbsiand coutputs.wi kn Bowns'eDSM Bakh. &'apbexThe

central

general tinme slot transfer equation 1 may now be applled to the two paths
15 Focannectidn -thue will e3ly reguiref ope tHmeraloth from: each
[err]=T (B, P) [err] =f (P, A The correlation functionh requires 20

X —[err]5Henc@h:s'snc(aA mute -and fng P~Feﬁ‘}=ri(>l§10nP)l-S placed qmp, tlg; pice
general Ly f (I’f o) =f (o |)

%)

25

10

15

20

Consideration must now be given to the constraints -
.-applied by the mirror imaging correlatioh to the DMR
transfer function. Although différent central sectiohs
L and M are used for forward and return paths szmllarly
-posztioned central DSM elements p will be used in each
case. - ' |
" The general time slot transfer equatzon l may now
':be applied to the two paths
7~Forward Path:- S .
x = £ (4, P) . ya=f(p B)
Return Path:- ST |
" y'= £ (B, ) xt= £ (P, 4)
The:correlaﬁiop'fnnction requires
x=xt
. vy |
Hence £ (4, P) =~ £ (P, A)
£(B,P) = £ (P, B)
More generally £ (i, o) = £ (0, 1)
. This function msy be represented by a matrix. The
-oniy.constraint applied by thg-equatibn.is that-i? must
" be an orthbgohai matiix-wﬁére elémént Xjo * Xpqe . An

oi
example of such a DMR function is shown in Fig. 10. In



'ég ' - This function may be represented.by.a matrix. The'énly‘ o
. straint applied by the equation is that it nust be an orthogonal matrix

~Where element [err] = [err] An_ex e of s_uchaDl\/RfunctiQn i's shown in
Frg. 10. In - 17 - Fig. 10 the referénces A-H are the tinme slot range’
* over which an input is connected to an out put One possi bl e al I’ocatlon o?"l1
- Ato His as follows:-- A = Channels 0, 8, “16 and 24 5
B = Chamgs 1o Qhelieﬁééeﬁéeﬁ A=H Gwenehe €imd0s18% aahgth dver
Channel s '3, 11; 19.and 27 = Channel s 4, 12, 20 and 28 = Channel S

5, 13, 23wlﬁk§h2&n1£’nput is connect@ %o &awebatﬁ Dhie DOSHILI® H =
Channel's 7, 15, 22 and 31 A specific size of DMR'with 8 inputs ‘and 8

out puts mm«;uedffm toxll dmtdonfoXlvwa e sanme principle can be :
“applied to other sizes of square DVR 15 - The inplenentation.of high

traffic capacity nultA-. st aGhasme‘l@er, Bplb§i agdcBArent |y avail able :

technology will require- subdivision of the switchbl ock into discrete

mod@ es with varyi ng Bhysi c@hannedsatl o1, ifZnanée2bnt er nodul e transni ssion
. delay is of simlar or greater 20 magni tude than a bit timng perlod of
 the PCM TDM | i.nks, gr@at =dj Chiapmeds @ 12, chBoandeP6d in the distribution |

of tim ng vvavef or . and | n the conpensation of the Bropagat I on del ays.

Channels 3, 11, 19 an
= ~.~Channels 4, 12, 20 and 2_8 '
= Channels 5, 13, 21 and 29 -
= Channels 6, 14, 22 and 30 |
"H. = Channels 7s 15, 22 and 31
A spec:.f:.c s:Lze of DMR with 8 :uzputs and - 8 outputs

@ =

10

has been used for explanatzon; but the-same'prlnclple
~can be' applied to other sizes of square DMR. o
15 The 1mplementat10n of high traffic capaclty multi-
| Stase swltches employlng currently available technology
will require subdivision of the-sﬁitchblbck'into discrete
- modules with_varying physicai sépaiation; When.the_
,intermodule_tiﬁnsmissioﬁ delay is.dr similar or greater
20  nmagnitude than a bit timing period of the PCM/TDM links,
great difficulty can be encountered in_the'disfributioﬁ.J
“of timing ﬁavefcrms and in the compensation of the -
propagatlon delays. | R
" Custom LSI aligner circuits can greatly simplify
25 1ntermodu1e commnnicatlons offerlng automatic compensatlon -
over a wide range of separatlon.  8911tt1ng a 2.048Mb/s
~ PCM/TDM link into four 512 Kb/é-transfer'interfacg lineg

TIl-4 would .ac-comquate 'a nominsl + 976 nano-second delay

LX) :



’

Cust ofn LSI ~ al

igner circuits can greatly sinplify 25 I nt er nodul e

communi cations of fering automatic conpensation over a w de range of
separation. Splitting a 2.048Md/s POCMIBDM I ink into four 512 Kb/s transfer

i nt & flace lines TII-4 would acconmodate a nominal + 976 nano-second del ay
- 18 - variation between input and output timng clock | TC and OIC as shown

in Fig. 11.

General ly other transm ssion rates nmay be used as required.

Di rect inpl enwardiationvhetweéeni inptitcandt outpute tisding ¢lokls. ITCt and

possible 5 -

the receive mSi@ aas pshownli iy Figi ndlinf Generiadly othemstransmiasbong with

to locate the demultiplexing and rmultiplexing circuitry at

the data link. A particular inple- nentation is shown in Pig.. 12. The

transnit bit aladee ey e suseddasoreguipedi.nt dimedtorinpkementatienni ng 10

pc.m system
governed by t

| CPCVB_.into the data binaries DBl to 4 ih a cyclic sequence

woulidrbaridneffhelentir inr hesuse odB links. | okkicksi poasibiel ar

cyclic sequence via 15 the nmu]tiplexer under the control of the_receive

frame re®ini ndkilaaate jthe Aemnl EilpbexXing and,mlitdplexing gizewlsry

integration f
benefit from
m x-renul tipl
An. exanpl e of
consi sting of
to the circui

10

orm, _.20- . Ltches whi ¢h.nmake ,use of, a. DVMR functji.on can
St 8 Gpcaive Bedulen PROTIAGE HTNRE derarneriqa 18" 7

U lhg SIS RGNS Sl S st
s " SHOPE, o S BTl BB ER onk”

TXCIK is used to strobe .information from the incoming

p.c.m. system ICECMS into the data binaries DBL to 4

in a cyclic'sequence'governed by the tfansmit.frame_start

_clock‘QXFs'acting upon the'incoming'time base IGTB.'-

~ While the receive bit clock RXCIK enables the_output  L

: :egisfer DOB to be loaded in é:simiiar;cyclic.sequence via

15

20

the multiplexer under the control of the receive frame

start clock EXFS acting upon the output time base OCTB.
The timing of the circuit is shown in PFig. 13. Such a
retiming ci:éuit_is suitable for implemenfatidn in large
scale integration form. - | |

| Switches which make use of a DMR function can benéfit

.. from the integration of both retiming end the demultiplexa

25

mix~remultiplex opérations into a single large scale
integration device. An example of an 8 x 8 DMR with
integral_retiming is shown in-Fis.'14'consisting'of eight

retimer circuits R&;—S-(eéch of which is similar to the

‘circuit of Fig. 12) and eight output_multiplexers_MUX1—8.'

~ The clbck.inpﬁté to the retiminngircuits RTl—S consist
of the transmit time base (TXFS and TXCIK) and the .



The ctock.. I nputs to the ret|n1ng circuits RT1-8 consist of the transn1t
" R base (TXFS and TXCLK) and the - 19- receive tine base (RXFX and
R -,K)_and t hey may be conwonedlygeﬁ;reqU|red I n such cases common L
#base generators can be used. I'n nost applications only one out put :;é :

" timng reference RXCLK wil.I be necessary and this 5 ~° can also drive the
cyclic address generator CAG for the DVR function. The_lnproved t ol erance _
on the outgnéive ntigecbasec (RUFS \exf [BXCLE) agdt bheyumagt Be nary of
retimng circuit after the DVR nultiplexor. The multistage switch

ar chi t.ectcommoedrupnali geqifirel) Invsuchusasesheodmyn Timebdsdi ng.
-nmodul e in conbination with a DVR function, can be considered as a three

st age swigernerabomsscangbef used..cenlin alost agpphidationsubmlytomes. . I n

fact the central stage actually consists of DVR - DSM - DVR 15 A

met hod ofoutpubetiningt ref exence REICTR wilhtbedheceesarypdndsshiks shown in
“ Fig. 16. Since the outer stage nodul e consists of 4 switching planes of 16

x 16 for canralse duivevthe syclicaidressgenegator PAG fier dthea2 outer
~ modul es can be equi pped. The central- nmodule 200 ~ consists of 4 super .

- planes ofDMRsfyngbonent The Jmppevadi foleraneepPncibecpudiput Prom Fig. 16
it can be seen that 16 pcm, TDM|inks (32 chan) at 2.048_ M/ s are connected"
from any %@t%@nﬁﬁuﬁ@hﬁé"% Whé’]c%h"éﬁﬁlt dapEputobinenys fEsi on
pur poses t he, PCNTTDNIIlnkSGE%% | exed, 25 up to 4.096 Md/s, thus 3.

nul
redu0|ng¥9ﬁ9m¥ﬁ$rﬁbﬁﬁgéﬁ he DM multiplexor.
The multistage switch archltecture shown in Flg. 15,

10 which uses the digital switching module in combination
with a DMR IUnctlon, can be consldered as a three stage
switch, cons1st1ng of one central stage and +two outer
stages. In_fact.the central.stage actually con31sts of

" DMR - DSM - DMR. -
- 15 . A method of fragmenting this sﬁrﬁcture-down into

| discrete modules is shown in Fig. 16. Since the outer
stage module cpnsists'0114'switthng planes of 16 x 16
Ior.both the receiving and transmitting sfage, a meximum
of 32 outer modules can be equipped. The central module

-26-- conszsts of 4 super planes of 128 x 128 central stage and

YA

thus 4 replicas exist. From Flg. 16 it can be seen'that.
16 pem/TDM links (32 chan) at'2.048 Mb/s are connected

- from any oneieutér'module to any one central module. For

o

transmission purposes the PCM/TDM llnks may be mnltlplexed
a5 "~ up to 4.096 Mb/s, thus reduclng the 1nterconnectlon
requirements to 8 data links plus 2 clocks ‘for. stroblng

,e

and retlmlng. Wherg.balanced l;ge communlcatlon 1s_use¢

a 10 pair cable will be sufficient.



requfrenenté to 8 data Iinks plus 2 clocks for strobing and retimn ng. '(iz;z\

Where bal anced |ine comunication is used a 10 pair cable will be
suff|C|ent - 20 - An exanpl e of _asgeyi ce which enbodies all the
fungLfons of DVR retining and contro? signalling is shown in Fig. 17. This

particul ar device has 8 data inputs | CPCMB subdivi ded into two groups:of 4,
each 5 . with their own input .tinming reference clocks I'CLKA and | CLKS and

8 data outputs OCPGMSTexhmplé! Gif CRIAEYLEETWRY cheleaitRmEed G Hesh i nput
frame synchronisation signals TXSFA and TXFSB are retined to aIIow

Fnformation t gubetdwierdet! BMR] heetEiithg BAdNeBnTHOAN 'sihialll Dilgtiges! ot s.

10 ~ The device also has two control inputs COand Cd for the functlon'
al1ow ng four shomt dar Riignsl7. (i This p8reidulazpdevive thds Bidata 4 x 4
spare switches (iii) 4 2 X 2 spare.sw tches 15 : ~(iv) 8 1 x

1 space sw inpatsTTCECHMSlBHtsubdivided idntoottwoligrmps of &, reachi ng
purposes only by effectively swtching off the DVR operation. Fig. 18

i | lustrabes twdthvitheim @wn pinputictiininghirefefercies clioekts nECEKbt andnge -
over. which an_i nput 20 i s connected to an output. The allocation of Ato
H Rei ng the s& andaS dEtamcutpate OGPENSI-Bowith B gomnpn 2Giming

reference OGTB. Both input frame synchronisation signals -

oy

TIFSA and TXFSB are retimed to allow information to be -
embedded on the remaining'ndn syndhronisation_timeslots.
10 The device_alsb has two'controi inputs CO and Cl for the
DMR. Punction alloﬁing.foﬁr_cohfigurétions:- |
(1)1 8 x8 space switch
S (i1) 2 4 X 4  spare switches
(iii) 4 2x2 spare switches
15 S (iv) 8 1x1 :Spaée switches
The last option allows use of the device for retlmlng
- purposes only by effectively sw1tch1ng off the DMR |
'-operatlon. Flg. 18 111ustrates the DMR options prov1ded
_ in whlch A-H is the time. slot range over which an input
  ; 20 is connected to an output.--The gllocatlon of A to H

being the ‘same as ﬁhat defined §bove in relation to Fig. 10.

25



M S *.1. Atine division multiplex channel redistribution
havi ng n I nput paths and n output paths for connection in n

interstage lin : mé 5 t el ecomunigatypn sw tching netWor_k
- handling tine gﬂM“M‘m‘|“"m}|* ed coBGfMmi™ion paths and using digital ~d
swi tching nodul e$ &5 Her & nBefore described, wherein the device conpri.ses™*

n. QenUItipIexors each h an input-and n outputs and n nultiplexors each .
having 10 ~ output and p, inppt §18803399/3 184 wudl €2Ple R’ SNAAAE1ORediiBtrdution
~output path for the device and each input.p. is connected to the input path

of a discrete demul tipl e3e¥i@@dhabengehlinpite pathsghdh t bokpuer palths for

- device are interconnected and are -adapted to be 15 - controlled to connect

- a selected input path tcednéttpenhinnnadatetstegeilinksidofsa nalleirstage
fed tot denultiplexors and nultiplexors froma cyclic addres generator in
- the device and the sycl i vebeldommaniecations spridminiiametworkhhanflliag time
channel allocation add: 20 pattern arranged such that the channels on
each inpu path are distrdinistorqualitipdexed commumicabion pathsphoadeusing
wi thout changing the position of the char within a multiplex. 2. A device .
according to claim1 indigitalnewigghdngsmodujesrag rereinbefrsgr dessribed,
w th a nunber of selectab channel allocation patterns. 3, A devi ce T
~according to claim?2 inwhezeinnthef deviscer compyisemin cdemulsinlexegsd edsh ke
# provide full availability between the input and output paths_to 30 %
‘produce an n x n space iptémput and n outputs and n multiplexors each havinc
10  output and n inputs and each multiplexor provides on:.
discrete output path for the device and each input p.
_is connected to the input path of a discrete
demﬁltiplexor and'the-démultiplexors and-multipleXOr{
the device are intérconnected and are adapted.tc be
15 controlled to connect a selected input'path'to an ou'
. path ihfaccordancévwith address'information_fed_to.ﬂ-
aemnltiplexors-ahd multiplexorS'frem a cyclic addres::
generatbr—in—the-deviceﬁand'the cyclic address gener:
is preprogrammed with-a'fixed'channel allocation add:
20 -'patterniarranged éuqh_that'the channéls on each inpu’
path are distributed equally over the output;pathfg
multipiexeS:without-changingfthe-poéition'of_the-char
within a multiplex.
2. A device according to claim 1 in which the addr¢
25 generatpr~is preprogrammed with a number of selectab;
chahnel'allocgtion_pattetns..- _ .
3. A device according to claim_z_ih which one of ¢t}
selectablg'patterns.is-ai?anged to_prévide.full
avéilability-between the inputiand qutput'paths to

30 : .produce{ah nxn space.switch.



- 22 - 4. A device accordingto clal n whi-ch anot her -one of - théfg}:i
" selectable patterns segregat es M““ n‘g&\m‘ﬁ\ ut paths.into two
correspondlng groups and is arr! ovt de ful | avahibblllty bet ween

t hé j-nput 5 . and out put paths of a- group to produce tmo separate n/2 X
n/ Z7space ‘swi tches. 5. A device accorgingdo claim2, 3 or 4 in which a-
further one of the selectable patterns segregates the |nput and out put
paths into four groups and is arranged 10 - to provide full availability .
between the input and output” paths of a group to produce four separate. n/4

X n/ 4 space & t chedevice adécdeding aocwldiing 2 or!Ri in 2whBch4anothern
which an alternative one of the selectable patterns segregates the 15

i nput .and ownmitoPative selebzablllecpatite mvlissyrayates cthe oinputwasd :
correspondi ng i nput and out put paths on an. excl usive basis to produce eight
1 x 1 space autpuwhepaths. intd H#woi corxespaiiding ggzeypsnandf ishe precedi ng
20 clains .in which the derultipl exors .include-tinme alignnment el enents on
al " input padmanged to/puevide £uddr aviad kiabidh iy betwean; shet Aputane; -
al i gnnment - el enents are arranged to align the incom ng data using both bit
and fréme clajsk euepet spaths ofga. gROYPy it REIDICR nEWe oSeParats A 2u¥ ch
the frame and bit clock signals are fed fromthe main exchange cl ock
-generatlon(ﬂﬁﬂ[ﬁﬁﬁﬁ% syitahess separate control inputs -

5. A device according to claim 2, 3 or 4 in which a
further one of the selectable patterns segregates the
input and-output.paths into four-groups and is arranged‘
10 | to provide full availability between the. input and output
paths of a group to produce four separate n/4 x n/4 spacej.
':switches..-_ _
6..- a device according to claim 2, 3, 4 or. 5 in- which an
falternative one of the selectable patterns segregates the
15 ;input and output paths 8o - that there is dedicated
| connection between corresponding input and output paths
on an exclusive basis to produce eight 1 x l space
tswitches. - | |
:7; A device-according to“any one of the preceding"
20_' 'claims in which the demultiplexors include time alignment
"elements on all input paths.. | |
-=8. A device according to claim 7 in which the frame.
alignment elements are arranged to align the 1ncom1ng
data using both bit and frame clock. signals.
25 . 9. A dev1ce-according.to_claim 8 in which‘the frame and -
‘bit clock signals-are'fed*from the main exchangefclock
generation.equipnents.by vay_of Separate control inputs .

- for both receive and transmit clocks.



recelve and transmt cl ocks. - 23- * € L M S * 10 A
ni cati ons swtching network corrpns*—-ng—-d-n'—-r-“l"tﬁ‘zﬂ’—s—VWtchi ng

st ages ere (n >o) arranged to have alternat “gm‘s usi ng =

di gi tal switching nodules and time 2B wi sion |\!I{“ n !
~redistribution devices according to any one of & precedi Ag tlains. "11. A"

t el ecomuni cati ons svm tching network substantially as described with

reference tQ Pigs. "3, -7, 8, 9,15 and 1 12. A time divisjop multiplex

channel rediler i Buth e(}r? L eathonsh vt REHNOTE FWRILFHAB ence t o

- photocopyi nd® wiﬂia%ael%%‘% t“ewﬁgﬁif'“f o h B B50ed B oe Y
- hese anend el et i 4 Yunesh G SRR o o ol T
switching modules and time division mult:.plex channel
red:.str:_.bu‘b:.on devices accord:x.ng to any one of ’che
preceding claims. |
_ 1l1. 4 telecommum.catlons switching network substantially
'._'as described with réference to F:.gs. 2, 3, 7, 8, 9, 15
and 16. : . . _
12, A t:l.me d:.v:.s:.on -multiplex chan.nel redistr:.butlon
. device substantially as described with reference to
 Pigs: 4, 5, 17 and 18. o |
ﬁutl:tctﬂulp-ctﬁuﬁ.m b.uh.um!odmd by phaotocopying the spplicants oxiginal

typescript. It may contain a fev smendments which are difficult to Tead, The original
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