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1 the smaller o m or n were used, the ﬁbtwork would still be functional, 2imt 3t reduced 2

4 2 efficiency. Finally, eachlelgnenmi switch must include ayabhng gates fogsigpl wpflection 3
12 3wh1chlscntic_a1 for a four network. connection/reflection gates lgtgm Figure

60 3 in simplified form, bu of these gates oomspon to the logical atmn§ 69
6 3) describ ith reference in to Figure TA.
5 29  A'space switchi wBich can swigh m x n is al@Prequired. A coricentration capablhty is 3 40
40 16 lmplemented if g is greater than nand an expansion capability if n is greater thanm. Further,

in the concentration case, when a Symmetrical (n xn) switch 1s desired, only r of them inlets
65 need be used, since the non-utilization of the remammg infets would result inonlyasmall 65



32 192 6 5 45 The swi tching bl ocks
added to the network in stages 2, 3 and 4 are identified by nunerals 45
corresponding to the addition of the primary switching bl ock, the addition
- -0f—whi ch -requires ‘the addi ti on of the correspondl ng hi gher Tevel swtching.
Thus the addition of prinary switch 158, the fifth primry smﬁtch,?éfzglts

i'n the. addition of second stage switches 166 and 168, third stage hes
170 and 172, and fourth stage switches, 174 and 176. 50 Figure 3 i

preferred formfor t he el enment al S} 6tO a nunber of which formthg overaII
50 swi tch must function as a spafe switch
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Referrl ng e;;tens ure 4 §£‘i§£ l,ockin erEtis nber of. tch| ng
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net wor asmt &fifs lafb iHfYeh FE Providdgse 's at all
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abi ity ofintk: nms m irﬂSDS)ﬂ the Q‘DWpHde@@lt&hir@ ffect

of an inc Be@.sadecmﬁrlob@huscﬁata@tt ageéthomtcmeg medulgingut |batelen etyhaup@adt er| stics.
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net wor K, eaodhnigamaﬂgmamnmdamhnataﬁ thei@upﬂzeatd tola diffenanit | nmn c| amnapﬂt}teer svm tch

in the swopiphi sy wgfch EiaPCCF Fl ne 4 nuousl y

i ncrease Q{Eﬁ‘ % }f‘ ?f)blﬁlmts 4 %]‘g g%jﬁgg ‘:ﬁ.’gs dependr ng
upon siy t GohveiedtodRshnblr At dataCon szgy e termtr |c I nt ensi tys@s used
herein ma ’neahhmhelmdcm,gddms maya:bﬁxpnseqraﬂtMMynmsrsuthaearedesmheémtlr &ffic paths

pes unit Ptet“ IN% i E’@; - 8¢ ‘lm% f tlarryg@' "“th;h}’gthe present
system t EGHEE ﬁﬁﬁ. it ﬁ;fafteus"mﬁa Songad Dol shke dgunber 20
of ssw §5Chk:61@eéttt@.ﬂte$n 3mrof mﬂnelmi& E308 dutlgl324 asill ﬁsu@te . €Rt2 | cBaningl sggh t hat
a rel ati oimére nmst:aslsdaétrmwlet dtﬁho klp%w{f%fmpb@tldﬂilytbmmde#\to where Nis

t he nunbe he : F “t Eﬁ fg[ﬁ‘ﬁ sSpinty o ached,
the net wogkap ‘°§'§%n§% % t’ﬁ Fouriwie m?%??;%’f%“téﬁ%ﬂ oﬁ‘k bl ocki ng

ver susgoN desbml&dbscfam D&y tm;tut 315 bf iillelmx4 auchah:berbmhne 1s|soit d vih'hl eo is 25

shown in F© Plgt 31:2 tg Pé% '@mlrt Zt“en tllﬂsilfdts of ehannal E‘tgf %s't G g c
repr esent gﬁd lg sgmcﬁfc SSP eﬁ ;ngﬁhilf ﬁltglﬁ t 112: rgb?ggg tI Ve of Iow
to nedi umss:r ihleC3 1201 RS Gohirl is Sudll dhGt derpexpre sk pioRided from @hdarde te hi gh
traffigs i mns:hsnatly!; madide inlets\3 04312 ptie sentocths chanipt intirgllangeriple®s) dl inat e6s | ty. As
the switch size in each stage is increased, the blocking probability
beconmes |l ower for a given traffic inten-sity E. 30 Referring now to

Fi gures 5A and SB, the network expansion by the reflection/connection 30
output term naI | S il ust rat ed Speech connect | ons | n. swr tchr ng bI ock 300

- ———n A NN N o o




inlet (of which 310, 312, 314 are exanples) and each outlet (of which 322,
324, 326 are exanples) has input and output connections which carry the

i nput and output paths of the 35 four wire connection. As used herein, the
t er M5 channel T nterchange units and tinme-slot- 35 i1 nterchange uni-ts-are

i nt erchangeabl e. Each switching matrix nodule 300 will provide for ’

thirty-twa channels on each of eight inlets of which three are illustrat ed
at 310, 3, and 314 (inlets 0, 2 and 7, respectively) for si an|C|ty of
descri pt . Data on inlets 310, 312 and 314 at the inputs 311,' 313 and 315
t her eof ,~fespectively, 40 shown as imnjes,$20, 2 and 7 of eight inletseémay

be sw tCWWWMﬁWMand
308 vi at he TD\M SBRESns&INoi&hi Ng matrix 302 at 316,318 and 320, respecti vely.
Thus, data a Mymﬁg ndivhﬁ)ﬁg\dréﬁmth exmnﬂtklewitah Figuree@Aiséilwﬁdtabwmvehqw coupl ed
plenare foterh e

to any of théra “ﬁ g;n%:o Ef FY’%CW% rathic p t@%
channel ti Fiy bjo ﬂ%n ¢ f Ok ./:_;_ -
each of thgehrotﬂﬂ% w8 °e§hew a&'ﬁuaag mimn& d to @mtmf@ ig) S0k 322, ,

324 and 326, chamhelmdwcmlaz e,fdmﬂdeﬂﬂm’ed comiecty toechitmntbianaél Ooﬂsutkmﬂbthl ng

data f ) ps,dwn@ éO? 10 P‘B’t‘ 09 h |-
on the o Tt LIERAIt STED e ﬁif‘ﬂé‘i on

each channel 30@Aﬁconne Quidib aﬂhodu nop,mim 6hne ﬁhﬁumnmmmfoaﬁawf inlet
312 is sw tcheqbumhammrmb mmm&ﬁﬂeﬁ@wﬂ‘ ig fllustiesdlie cohuagtian of inputchetnghge 306

i R FTT R R

channel 2 ;5 dg
channel int er ﬂ: selBdtéBthitayh LEEPSICS & dm:hbe deaoNigurel mbsfomisanmn offthe
descri bed i n nejw@rk lquelinPONd’le for switch 3@ aftey Flgu@f - Ehpcheices number

of wel I know®f fedlf “.ﬁﬂlﬁéfﬂr Eﬁ%ﬁ’g b%?f'@ e%ct %%ggﬁéﬁe ‘é‘ﬁ’f;?gﬁ% t he

out put 328 ofpddihy ﬁla;mn IS a.ﬁgara il t6 el 4y 1

control | ably idpm tm&ehonﬁﬁcﬁorawlﬁl singgh ﬂlesdfhtt@nbmpﬁﬁvaltabln foz ditrtheo t he

i nput 330 of ycpmeestp H%ﬁ%%ﬁﬂd&g? &thwﬂtcaegrnpﬂwﬁ%@ S80D gms&f channel
55 i nt er Chan %’ﬁé&&&h Fobton, 20 A Bt i BBl 21
to be Con!frt dvitch NRist aluhxﬂltitivémx BEthe Presunt inkhiéntionll@flEburse)4h sttual Nl28t

318. Switch Poaetidey laramcms lrUh@gsl oif fx 8346 1§vﬁ2txc33eﬁ$¢ eordd brensed, ﬂﬂm#lwt put

d 9

534 1o outpup R R e T T SN LA I
cor respondi ndud ity s o hirR&ls bulls TKss b k the
dat a pat h3os thffic idesz Etlmgdinadhdfb@ Itho),ws 9 6lmlaagsqmr L990lirte cadipr. of trunk|textfic3d 4 3at
channel tmeoge-wsym@@ree@ ? ggilﬂ %’Eglge?gwmid{*‘ﬁ@f BEﬁPabz t‘bf inlet.
318 of chann&f™. fﬂe‘iﬁ&@?@ﬁ? Be fopquing jabls tfers 1 BpUra i S

1
transposes in tiie & on channel 9 to channel 15 on out put 33_4 of
inlet 318 and couples same to crosspoint 350 which couples the data in

channel 15 to output 352 of inlet 312. The control is such that independent
access is provided fromeach of the 65 switch matrix nodul e inl ets 310,

312, 314, etc.“tO'the channel interchange inlets, all ina 65 46
1, 560, 192 6 predeterm ned format.
Referring now to Figure 5B, the expanded switch of Fi gure 5A is illustrated

with a newtraffic path and connections therefore when a plurality of |ike
swi tching nodul es are inter- connected in a nultistage sw tching network.
Thus it may be seen.that a traffic path is 5 established frominput

channel 15 of inlet 2 of nodule 300 to output channel 21 of outlet 6 of 5
nmodul e 300. Qutlet 6 of nodule 300 is connected to inlet zero of mpdul e
300A. Input channel 21 of inlet zero of nodul e 300A is connected to output
channel 30 of outlet 7 of. nmodule 300A. Thus, channel 30 of outlet 7 of
modul e 300A becones the reflection point for the described,connection, i
which is conpleted via input channel 30 of outlet 7 of mpbdule 10 = 300A,
which is coupled to output channel 17 at inlet 7 .of nodul e 300A. Inlet:. il ofs_
modul e 10 300A-is connected to outlet 6 of nodul e 300B, which connects R
i nput. channel 17 of "outlet .6 to output - channel -9 of inlet 7 of nodule, SOOB
This illustrates the connection.of input channel 15 of inlet 2 of modul e
300 to output channel 9 of inlet 7 of nodul e 300B by reflection at. channel
30 of outlet 7 of nodule 300A. The return half of the four wire connection
is the 15 conplenent of this sequence

15 The path sel ected through swi t'ch 300, as descri bed for Figure-SA bef ore
expansi on of the network is equally possible for switch 300 after the -
expansi on shown in Figure 5B. The choice of reflection or through
transnmission at outlet 6 of nodule 300 will depend upon the path required.
Thus, it has been shown that the switching nodule of Figure SA is expanded
20 nDduIarIy |n a nultlstage configuration by the reflection technique to

o M.



i nput interconnection while sinultaneously |eaving the reflection output
avai l abl e for further expansion by connection to a higher order stage.
CIher swi t chi ng nodules 300C, 300D are of Ilke conflguratron as the
ak 1Tg- TTOW 1 0 , distribution
net works wherein each smntchrng block is a 25 2 x 2 switch illustrate
quantitative exanples of the priesent invention. OF course, in actualéjéézﬁ_
practice, larger switches in the order of 8 x 8, 16 x 16,32 x 32, et
coul d be used, dependi ng upon packa?r&g cabling and ot her econonic
consi derdtions,. For -192 l'ines on_a 1 %-two _channel carrier at a-fraffic
density of .1 Erlang/{ine, a traffic densrty of .6 Erlang for each of the
thiyty-two . channel s resul:ts.  Assum ng that 50@6of the traffic is ]
|ntraoff|ce “then trunk 30 traffic’i's’ 19.2 Erlang di.vided by two, or 9.6
Erl angs per . 192'Lrne;carr|er JfItEunk traffic i-s. -30 one-way.over one
group in. eachw.; get i.on; -each : tr ek ;group - wout.d requrre t'he capability to
carry 4. 8. Erlangs-per: 192 I'i nes: ~The" fol I'ow ng’ tabIe refers to.Figures 6A
to 6E~of t he:conbined time. and sgace ‘network’. “Terr].[err . 8.
1,560,192 o L '8 A-swi tch enbodyi ng t he
|nvent|on May-:-be.-i-n

np.enented on E?rngLe uSlochup conbi ni hg both space and

time sw tchi:ng.and may :be" cascad% and . i nterconfected to.forma cont i nu-
ously expandable ‘et work "of ;” for exanple two thousand to one hundred.
t housand Irnesh,FunctronaIIy, the channel rnterchange portron of - this
switch can be- operative .as a- dqé 2 li-ne 5 which, mhether |nplenEnted by
charge coupted-devi‘ces ('CCD) ‘Org aa- l\;@Scﬁly@mgc shift .05 register
performs thée" fementary . delay requrred to produce a four wire path as
shown by Fi gufe. 7A i.n which two srgnal i.nputs are-illustrated by SI and S2
on |ines:700. apd- 702.xrespect|vely ‘whereby- St and’ S2 ‘have vari'abte del ays
illustrated for=S2:-at 706 and’ B typically. froms. to 125 m cr oseconds,
while the delay’of ‘signal” Sl. lﬁE IFustrat éd at 709 The 10 total .delay 706
plus 708 pl us.709.i;s typtcally: & ntcroseconds - © ¢ .10 l.ogi c
for inplementi:ng:-this delay is: E3 gstrat ed By Fi gure 7B Each si‘gnal ‘entry
and exit point*has” the capabrlriy: f—enﬁrwv extf’ctlon of coupling a
currently existing srgnal through the.switeh.- A tine- sIot-rnterchange

control srgnal_ .on-kine 710 is.-goupl ed to AND gates 712:and* 714 and .to AND
gate 716-vi a-ancinverter: 718. A @égltlzed voi ce: signal SlI"is. AND' ‘ed wi th

the 15 contiol~ signal "at ;AND ga 8 “’\/\hﬁl €lSRis-AND ed wi'th the control
signal at AND, gate 714, 715 .The SR ti zed VOVCe‘ErgnaI S2 is coupled froma
shift register.-720 to AND gates 714 and 716, :and s AND ed at gate 716 with
the inverted contfol signal. The’ out put of - AND gate 716 (signal S2) is

OR ed with the. output of . AND gat l%,SI naI.4 Si) at.- CPgate 722. Thus
either S1 of. S2.is. coupl ed- throué'gte.s t«to Te8giggter -724. -The sinplified

| ogi c of Figure 7C.i{-ustrates 2 shif regrsters 720 "and 724 and the

af or edesct i bed- l'ogic: 726" and unll be". used her.ei pafter. 20 When . the
described contral.. loglc i§.for-an.gnlet, - the. .contrql: srgnal in line 710 is
a sel ected stored- control- srgnal ouever,wmhen.ihe deseri-bed control |ogic
is for an outlet, the contiol” ' s -Gefed®ion control . Figure 8
illustrates a’ tlne switch and. |ts assocrated control . gating Ioglc as

descri bed mnth 25. _reference to: Frgure 7B for a: mul tiple channel’ four wire
configuration:: ‘The' i-nput srgnal S1 s 25" coupled to the switeh |nIet 800
input line 802 whrle the .2 outplg_g t.heqretourda mgth of the four wire-
connection, i’s extract ed fromth&-swf—'i cB. iml-ef Rut-put: - line. 804.: OJtIet 806
|ncludes an . outlet i nput-:| ine 816 :and--an=out | et output ine- 818. The si gnal
delay for sigmal Sl between -inl'ét" 800" |nput 802 "and ‘out | ‘et 806 output 818
is selectably’ varrable by selectrng the desired 30 : srgnal i nput- poi nt 802,
808, B10, 812, etc. - or. ot her .i nput potngf % g?omn) in-the detay line 30
time switch,. “uhder- the progranned oﬁtr 3on F-ol store 814, . :whi ch

cont ai ns the addres- ses of the signal. iAput’ pornts i-n ‘a .predeterm ned and
vari abl e order; By accessi.ng t he address of -the desired srgnal I.nput =poi nt
fromthe control .store- 814, srgnal ‘S1-i'sentered. rnto and S2 ‘is-extracted
fromthe selected:access: point in the del'ay ’l i'ne. *The ‘control store 814 is
timed by a 35 trnlng Ci rcui-t 820t be .synchronous wicth the spéech deIay

| i ne such;that.the" ‘addr.ess .to .be- . 35 selected for each. St i nput<spoi nt:~
coupled fromthe control store 814 via line 822 to a




serial-to-parallel shift register 824. The output of register 824 is used
to select and operate one of the logic gating circuits provided for each of
the thirty-two channel s controlllng the selected input gates 802, 808, 810,

81Z,—etc. These contrTol—signal—togrc gatthg—eirecut-ts—are—q40—i ||l ustrated
for chanpgels, one, two, three, thirty and thirty-one at 826, 828, 830, 832
and 8 40 respectively. The parallel output fromregister 824 is coupled.
to gatfts 826 to 834 vialines 836 to 844. Line 846 serves as the delay Fine
retur ne fromreflection gate 848. A synchroniza- tion si.gnal supplled
to timndcircuit 820 matches the spb@@h”@anple rate ‘and the control 8code
rate of the control store 824 in tinme. The two rates need not be Dit

synchr onous sfnwitchidmbodying thé inversive mayrhy lmhlénieateﬂ oh a8ingle LSEctif) e6abinis@ P!

conpri se ei gt g},zné‘;gam A ‘f,otﬂq:gﬁ ffége hcage m ter%n ofqm afqonr@ubl ts.

Each si gnal "{%,fe % #. 856, and
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provi des théemnamr@mheeorwwmtﬂhéelmbwd unvn&@amlaeshb@xb acti omn
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del ay ofi1ot heotﬁleielay 70§ plu¥) 768)ﬁlu§7®ﬂﬁiypﬁaly l-f Qndr@& n é on rac

bypassi ng SOL%W forcimpk: %nmam delaysip ghsttatfrddiyl f@‘m T Bath snbfal amytaah eﬂut put
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S

folding of ¥ a

parti cullar cmm&gmMANmmtwde,suhﬂeszlsAN 1 td Mal i o of

contr ol Iea(Th '-K:g’ @sxg $?e?;€u9hd om Slsﬁsegaterﬂmom s|7a4md7|1me By way
T "

Lo GRS B 1

800 and 's 800

#verte t

a predet2r msmﬁdegismrse?zotamdﬁz4 sndcthe afsreumm 261 anmﬁn béised haBinkes, st@nal
S1 * at theV@% conraid fgl éfﬂ' aPI‘I‘éet g?gﬁr hyc GHQis aSdéctgdahi ch i s
a sanpl e of gEHg S 1s ﬁﬂ”{ﬁ;ﬁ ° fespie 3‘885 &P QRYGtahg comtrolent er ed

at i nput 802 mguren nmst&&@ aaiitd s@ﬂé}ﬂmﬂ it8 hss@fikded0ntrél|gRlingS6Mk B YektigadtithS2 at 30
channel é?FlnghE B Forjagnultipler channet fger wice cglflﬁ@@tlon l’ﬂhe input sigaalisil iU S2% wo

channel ti n P tholghefgrr j s 60
bei ng ent 9?& le@fnp%%% g@arﬁﬁﬁ%ﬁ%%?éﬁ q:xjt lﬁg‘ ‘gﬁuﬂgﬁlggl agélic‘ﬂﬁe ate 826

activates t et B(mupdt(suz outl 060 &&16 1s|sélﬁ&ilily ﬁi:atblét d ne and
reflectidn t pgipd802y,8(8e$] eflmp¢lst86t@tshvun)edtl@|delaﬂh&nn tinme

later to reld ° ““dE: %}ﬁg‘ﬁ,“‘%g o2 %‘E‘ ?B‘g, ‘Pf‘égdlii%tlvat ed
oo B e e e
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: 82 wit delay li h that th 35
i nserti :%E’gﬁgéa %gi mpu?f;) g 1s Lo f:g:le elay 1ne such that the a:ddress to be
1,560,192  serial-to- -parallel shift register 824. The ou ut of regls Ig iﬁﬁ?l VEQI gtﬁ ra eegl St er
delay line &&th t ogtc gdnieg Dits‘lﬁbvldld’dl f eat: offthe/t Icﬂzﬂﬁ
sel ect i t‘tslso ei’isns 13/atCeTh eqntrgtm altlotlo tmg 85@13 areext ract
the sign I St‘@te epﬁ: d 834,

g ecti utfro v1a lme
Si mul taneou 4 Ml eh;4t; Q{tﬁ aalgygme n i;fﬁﬁtl i ne 802
is insert edtmnﬂg@als#pphed tpe mztcmmlt(seo aytcmai the sﬁae‘h sdﬁﬁle rat«bmd tliewbnt cdde thus.
transm tg aco A 3 gs oy §1 " The tpo mgtes P?Fd kropgus Pllittehlee two
requi r ement &niy sgyfh'@blts Ea % ﬁﬂfrﬂg gﬂaﬁ%ﬁﬁ tcﬂ%}f%ﬁ éw t‘ﬁe
control st omd 8 BQ&eenDhginpa ah{ o@tparQidReE 815[)@@ at’ée ith :
di rect the meghag tswllew the\splection aftheriskatien/ exttactiancnoing of the Sl qtmltszsxgmlsj c hannel

i nt er chgpger iR ft v outletdord apqd ha s
encoded ors‘?ﬁéc %& BRE 1gdal[l]}£%§ioﬁ ae%%gs%%%;%gmﬁmn e’%ﬁ ﬁwéﬁs ﬁ%ism F’{BC ally,

8k 10 framatlmg)end siledbswtisceibe reqtﬂuasﬂibtfctldadg ofnhé path lat thts}potn‘t\ﬁh hE AER6IKS per .
frame and ntm fe am:“ OCOFP 2 lmﬂb@egos%l@hettbyahe whivatioe| , for
exanpl 6550 re% h Ffﬁ ter fz@ PRoRg s e Qﬁﬂﬁ%‘%‘ﬂﬂﬁgﬁ ad
out put con mmst&so ema &(Iﬂit@prdd ﬁémitaem&egumt dsSwod ﬁ Sera@nt a ned
by each chaheneignal 81 hat theosame shinabl tyme, W&crsﬂle rcmeplemcntay clighdl 82 emhwhhaamnel

e R T

maxi mum of Yelmgrenter e{drm sob.armmdcorpﬁlrsh aitbSforelggihg, @hd $elationSgatel 82 th§
controll abl% % l;?['l}iﬁ la#§®e§W‘tmaMﬂe¥lgnmuol§§ omdﬂ jori o e| t her

channel int E‘g’;&hﬁ";& melagr‘ifﬁ grgaten ”gfet her the

out put gnd anaputeloisshh&:@te gtt pas ndne&ﬁry Ertidethe bk ot o g now
to Figure 9, a typical tinme division space crosspoint xy used wt e tine

20 switch hereinbefore described, is illustrated at 900 for- the crosspoint
of inlet x conprising 20 input line 902 and output line 904 and outlet y
conpr|5|ng |nput Iine 906 and output I|ne 908 frontand to the aSSOCIated

o - M. I o [T



switch select signal fromthe control store and the signal on the input
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15 plurality of switching stages, each said switch having two or nore
inlets and two and nore 15 outlets, wherein each said switch can

sel ectlvely reflect traffic enterlng any one of its inI ets via one of its
outtersand backto aiTy other—of—+ts—+ntets—and—<canr—e i
inlets to any one of its outlets, wherein the outlets of each switch of the
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conbi ned space division and tine division switches. 10. A network in
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