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of { LRE“s ik é ] conpacted 40 network as follows: 45 * Suppose that
for a present state of the art network, some [err], for-T [err]. i [err]
-1, is increased 50 to, say, 2. In other words, in the.original design
[err]=1, but in the new design,. [err]=2. This
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» Suppose that for a present state of the art network, some f;, for 1 <i s I, is increased

50 to, say, 2. In other words, in the original design, f;=1, but in the new design, fi=2. This
means that in the new network §’j+1=[K #2] and N’;+1=2N j.1. Hence the ‘(i+1)-th module-
group in the new network consists of approximately one-half of the number of modules
of the original network, where each of these modules M(i+1,kzks,....k sKis1), is itself a
fully available subnetwork of size (2N j+1x2N ;.+1) to which each LRE X, Kay....k ) has ;=2
links and from which each LRE p{Xka...k ;) receives f;=2 links. Because of the fuii avail-

55 ability of the original network and because each of the modules of th_e (i+1)-th module-
group is also a fully available subnetwork, the new network is fully available. Extending
the above argument - to the more general case where more than  one fi> 1 is straightfor-
ward. -Hence, compacted networks  satisfying Equations (3) through (6) are fully avail-
able. :




neans that in the new network [err]=[[err]/2] and [err]=[err]. Hence
the (i+1)-th nodule- group in the n&RO0 1¥dt280B4 consists of

approxi mately one-half of the nunber of nodul es of the original
network, where each of these nodules MI+1,[err]), is itself a fully
avai | abl e subnetwork of size-\rr] to V\/mch each [err] has [err]=2

i pks and from whic ch [eﬁ recei errh=2 | nnks Becaﬁ’ of
the—full avail Rp¥52* Ebﬂ yt 2f +g+i vrb.r.q am} .hecause cﬂ(j
of the nodyles “of t il+1)-th iv® Kalso a R4 |y avaid=dbl e
subnet wor k, the new network 1is fully avai I abI e. Extending the above
argument to the nore general case where nore than one [err] >11is
straightfor- ward. _Hence compact ed networ ks seI+kJying Equat i ons
(3) through (6)- i_[;ul,ly a\lﬂqr |] 1ab] e..6] 1 EE’ @17;11{3 BL[ERR si ze(8lch
that, for @ | valu f Ky i Kl.efr] | g=pnd” K and NT have

val ues such that 15 [ERR] . and 20 § Subj ect fo these conditions, the size
of Equation (9) is directly proportional to the nunber of stages and to the
nunber of i nput incaiprfeired eMbdtimant 3f the drsedny invdntidifthe HE'VIh ansthdeRDY thé Rwoneireer dqual
reaches its ngeeisnehtha,faeill rale8 bl Vi $ DK=& snd K a8 tl; havé kdluedmathitiat i S said to be
saturated.sl n this 40 regard,. Equation (13) defines the point of
saturation. TMEPMak“'Yraw ogur ves for networks derived fromthe principles
of the present invention and subject to the constraints of Equations (10)"
and (11) are @Hown in Figure-2; these curves are for [err] =3, 5 and 7 and
for K=8, 16 and 32. The characteristics and advantages of the network of.
the presen® invention will beq apparent froma 45 perusal of the

detai |l ed descri ptiquref )t ﬂrie preferred enbodi ments taken RI
comrfection with the*acc ﬁ i mgs. DESCRI PTION OF THE DRAWABS so
Figure 1 shows a general conpaeted network illustrating the desi gnatr ons of
modyl es an LRE's; Figure 2 shows the growth curves described by Equation
(12); Fi gure n t -
network usin fnbf @‘thgge%’c%rugt aaf es?g :i ugt'i’oﬁgé)ﬁ}qd rgétlg%rog%rg(?ngllsts ?%ﬁrgﬁg%?‘&;@?gfw to
control for networ resent |nvent| on; Figure 5 is a general
schematic of @=62a%&6) LEE 55 Figure 6 is one specific circuit diagram
for a PCB joor a (16x16) LRE; Figure 7 is a general schematic of -a (16x16)
PCB which is towhén conbined with others to make a (32x32) LRE; Figure 8 is
one specific circuit diagramfor the (16x16) PCB of Figure 7; 7 EP 0 171.
231 Bl Figure 9.is a gene&al schematic of a (16x16) LRE conprised of a

t hree stage. rearrw;ge?ibf netfvork of 13)
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the network reaches its maximum size relative to 8,Kf fz...., and fy.y) and it is said to be saturated. In this
. 40 regard, Equation (13) defines the point of saturation.
u Typical growth curves for networks derived from the principles of the present invention and subject to
- the constraints of Equations (1 0) and (11) are shown in Figure 2; these curves are for #=3, 5 and 7 and for
; K=8, 16 and 32.
' : The characteristics and advantages of the network of the present invention’ will become apparent from a
45 perusal of the detailed descrrptron ‘of the presently preferred embodiments taken in connection with the -
: accompanying drawings.
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DESCRIPTION OF THE DRAWINGS

50 Figure 1 shows a general compacted network illustrating the designations of modules and LRE's;
Figure 2 shows the growth curves described by Equation (12);
Figure 3 is a general schematic drawing of a five stage compacted network using redundant conductors;
Figure 4 is a general schematic of the control for networks of the present invention;
Figure 5 is a general schematic of a (16x16) LRE;
55 Figure 6 is one specific circuit diagram for a PCB for a {(16x16) LRE;
Figure 7 is a general schematic of a (16x16) PCB which is to be combined with others to make a (32x32)
LRE;
Figure 8 is one specific circuit diagram for the (16x16) PCB of Figure 7,




(4x4)" svmtch el ements; Fi gure 10 i ) jfic circuit diagramfor the
(4x4) switch el enent of the LRE sh%\/\ﬁ'q?héﬂ‘@%tre 9; Figure 11 a and b

illustrate the cross-coupling in two inplenentations of a (32x32) six stage
net work. 5 rigyre FlislgeRerdiZRndmatié bis {1 5:A6AREL IR phsP b R dabdd balRingttibR! nefb&RNT S
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1024 i npuPBESENTHY) BRERFARED EMBOPIMENTom t he network (i.e., [err]=1024), five
stages (i . e. err]=5); each stage A through E consists of a series of
i denti cal A S_‘tﬂfaﬂum s 11. According to the invention, each LRE 11 wi thin
the network 10 is either a single printed circuit board 20 PCB) or a
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(2,1),..., [err](8 1). This nethod of designating LRE' s continues in a
| ogi cal fashl on’'so that the second st EBB® WZR23sB11b i n nodul e 15(8) are
i ndividual ly designated as [err](1,8),[err](2,8),..., LRER( 8, 8) and the
fourth stage LRE's lid in rmdule 15(8) are individually designated as [err]
(1,8), [err](ZF'%‘g“ 5 1"(" EP 0 171 231 Bl Figure 1. Each
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The, ICC met hodol ogy rearranges ‘paths starting fromthe outer stages of the
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of [RE 25 #4.EX prradibedbieullycavdiiisle midsidge Gitching imedwsrk as eetrferthain vieich 1\2, B § @lierein
el erent 17' ateatheswitchiag eleniebGp sddbipiwoticebmprisgs ist?ictu)nor( BYcking beiching éemEnhal s "ar e
nent« of the LRE overall control input 110 off Figure 9. The control

si ghal s aretbbh weprrRegeable (il eYriabipoaH iSO Bviiehingl retwork g set drrth i Qim d- 247 op@ wherRhMr
igure 12, T heartihe ol nusiogifi of pritchinglaments is edtithal 164 is i npressed on
buf fer 159(0) and 30 passes to D-type.flip-flops '158(a)-(j). D-type

i p-flops 158 control the two-input NAND gt e 2160(a) (h) and the :
thrje i nfit NAND gates 161(a) - (. p). ,The dont zq Si'gnal received at term naI

155]is inpressed on buffer 159(a) and passes to D-type flip-flops
158(a)-(e); simlarly, the control signal received at term nal 156 | oads

buf fier s 159(b) and passes to type flip-flops 158(f The control
signral regeived at termnal 164, ||oa fi rs 5 (C % passes to all
D-type flip-flops 158. 35 i ‘out|dux, [F,ghal Wr'o P gat es 160(a) (d)

areidirected to tri-state driver parrs 1 3(2a) an (g)7"1163 (b) and (u),
163(jc) and (y) and 163(d) and (cc), respectrvely The output signals from
NAND gates 160(e)-(h) are direct |(v1e.rl)pa| rs 163(m and
(t).,§ 163(@En) and (x), 163(0) ang [I;b)EfEMILS'SE ; }w f)g. The signals from
sucdessive pairs of three-input -1(e , 161(a), (b);
161(ic), (d); etc.) are directed-to two-input AND gates 162(a)-( h),

resgectlvely 40 The signals fromtwo-input AND gates 162(a)-(h) are
dirdcted to tri-state driver pairs 163(e) and (r), 163-
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(f) and (v), 163(g) and (z), 163(gpg Fpdaditshy . 163(i) and (s), 163(j) and
(w), 163(k) and (aa) and 163(1) and ?ee§ respectively. Tri-state drivers
163(a)-(d) are connected to output termnal 154(a), drivers 163(e)-(h) to
.154(b), drivers 16x@d¢dule-gtdup contpriteionbwiahes 1bstdge) o @H+ Mg &1163( M) -(p) to -~
term nal 154(d), i segesin h6Iétadrk gich tHabi £ @ienal 154(e), 45 drivers
163(u) - (x) t @ ter nhaaimbdod fwilchesaomprising thb6-81( stdge (critdinet! withine earh mabuiekgrddpgyi:and
.driwver 163(cc) to termnal 154- (h). Input signals received on termnals
153(a)s (d) are passed to &ny 6P Hulpde.twhennfl ¢s16d4da)and) and the input
signals received on term naksg}23(ghehNp 2&Cepaased to any of output
termnal 154(e)-(h). TheE‘But put termnals _154?a§-(h) of switch elenent 17’
are conponents of the LREFoVelarllouthep 8s5isfoffyuardo. Four of 50 the
eight output termnals (e.g=,1194éR)e (ds) eqeR;part of LRE 11A/ E(1) of

Fi gurd®11(c) while the otper Ilour output termnals (e.g., 154(e)-(h)) are
part of LRE A/E(5) of Figbre 1(‘8'?‘?“V§i t8 pdd: pRRdent Iy preferred |
enbodi nents of the inventi on GaverHerer® siwwvertd giRscri bed in
particularity, the invention nay be otherw se enbodied within the scope of

t he appended ,cl ai _ LClalns rearrangeable fully avail abl e
mul ti Q%age sv'fA tchgﬁzaoﬁ%ft%?hhg?Té&ag laving [err] inputs and [err] outputs

conpri si f SV i . i ol r
oy of 8 RroBdidabi ol eyl hiklghils GARFR ol & o BALRRAR L b, KB
defining at | east one nested nodul e (15) where each of said sw tching
el emens s ( Moowk-®R@ Sstage is connected to an associated switching el enent
in the next adjacent stage of an inner nodul e such that at | east one set,
[err], of saéd connections between stages is redundant, such that [err]>1,
t hgrreby reducing the need for or .extent of the rearrangenents when
establ i shing connections through 5 said switching network. 2. A .
r@r angeabl e fully available nultistagersw tching network as set forth in
claml1 for the realization ok'Y#hns sﬁ!!iassfjggrmn,ts wherein [err] = [err]
and [err] is even and the switching ele S (11 ) within the I-th and (I +
1 )-th stages, where | = 0/2, are cross-coupled such that transposed
assignnents are to symretrically realized. 3. A rearrangeable fully
avai | &bl e ipein dhey@beRf tREH WEPHne Ree Retadk isgireqtly proporiial &9 Ny ﬁ‘r‘f_"lthﬁr 2,
wher ei n eag{;_swi ‘%chi ng element, LRE, is conprised of one or nore identical
circuit boara&™s 4. A rearrangeabl e fully avail able nultistage sw tching
network as Gigh LoTAd R iGkhdlhibi Sam@y BShegldh cach swi tehing elenent wi thin
every_stage TS & Sane orzes 5o eR rearrangeabl e fully available nultistage
switchin k.as set forth in claim3, wherein each of said printed
circuit gag%ﬁ;di@fulgh%r ovided with a bypass loop to facilitate testing
ther eof . 4 2QnfbitrafigssMivbisahdid) vébids Kmartsiilgsd BERireRwerk 310 mbe NS BihghnG&t MR f;
having a cm&gapdeﬁ,exumayda%emaﬁ vbrPSchbi@lembhtéN@ M &ib inhe shfsiiormigBArtay oM
the i gput teegmdmaigedddiel sill, REJeVOE I8, WebeBinoRLSHRISh zGrRiRdBEt bRl verschlbntSies WRE (18P t he
term nal s tdefin@@wébai jBddl afeSdhbitefemibile (185in selStafe nhieiaV uGEdrdngteh SErRItIGEENt ( C)
conkect i Ng id def adbitertisenadhbarte 8fufd einbs infietert M&iuls SloGN Bbrbingen iStCaAB zarbibdagt direSad ved
and recor difirigr Véraindiibgen zwischentSitdfen redundamt @, fsadhi > 1p abdurchatie Neheesndigksitritir oder
testing; anmes Agnad derigmisitutgen gedazidreedrdedi werm| Vechingnnge durttaddst Sehaitagtiwerkaginjeone
by ones shumtlitetgendbre t est - si gnal via each LRE' s bypass |oop, to isolate and
identify the defective LRE. 7. A rearrangeable fully available nmultistage
swi t chi ndy Yevepighigegsvolistndip yertipbares. mehsstyfiogs Jchaitnetrwery pagh Apsprurhy h iy flie Tgalisie-
t r ansposed "H9IPYHRgasetEten Auordnpngary wopel Myf TNy aRd el P geradzehligdistiung digcSehatteles | | y
avai | abl e Mmertei(Ey pgerhalk, der Hanyad der (i fHen Rlufe; wobei ir PR, Jerprickreuzgpkopppitfind, fas
real i ¥at i oyMBTSRI AMLPWOWY SHBOPHHALARNEC K9 o] ded form using dual LRE's. 35
9. Areasr eabl.e ful ly avail abl e |tistage sw tching, network as set.
forth iﬁic?’”?%g%'ﬁegv;%}_%gggewﬁvg A .egh&ﬁgﬁﬁzwngﬁé‘r‘*%ﬁgggcﬁ {é St

R estptofpn; LEE s elfiorodsr ot enlisthen Schetumpianen uigethut

stage are & assocC 5. 10. A

ol ot e SR B B <
a strictly non- bfocki ng swtching el enent. '

5. Umlenkfihiges, vollsténdig verfiigbares, mehrstufiges Schaltnetzwerk nach Anspruch 3, wobesi jede der
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40 ]§1 A rearrangeable fully avail able multi stage sw tching network as set

forth in claim1, 2, 7 or 8 wherein EBG 1712318 ] and the total nunber
[err,] of switching el enents is equal to: 45 [ERR] EPO 171 231 Bl

im) (ELEI ea%;ogfag rLékfeﬁ%ct?a nwanse%bnelts%r!egl %\%}%sa%%htLlT vgrsé r? rsr Lg\l)dr:én 1é§tt;r]ozz_er oegll‘u({hﬁré
Rll;dngle/; 8]; Oa\[l)\b} @aﬁaﬁnjgzwgmrﬂa& Rrgprhghes woBQ d§st lqu%ve(ﬂ\(oeimr;[eaéteugfmnc ung iuf'ﬁléizmlt EW"F@H"'

[err] is qdd; an@) Boertiigéd dires ['I'E‘ﬁr?ér?gf\al_g %nr dom éng?er é}jschnuﬁr &Jr ein r‘lelg]zwer Ty e;)é\él# Rusgangs-

[err] is odd; -  anghschis; When IS even err

and = 0, when (b Vérbindeh SerAiSdRiussdiBer dan Prad, wend &5 Frbstsignal koRekEsmtngdyibd Ch i n

the i-th stage. . EkRVerbinder @bdraingeaabren Prad, u&n@&éﬁ'ﬁﬁéﬂn@l iithle h%ﬁaﬁdlﬁ lscva'l(y ﬁlm&ﬂnen

network as set f asridentitn ded fallgthaltdn Prades KR iditalfilbénkes Tes@R@nd €7 1], for 1[errji<i

~have val ues such(d) Bibdrtréen eines F4st(gh®s Lber den Geh@ritdn Bk ur%oemzelneél\/ﬂeﬁeﬁéoﬂhe?s&edes

nunber of LRE' s Ee;tspnalsﬁiuegjemnﬁ-mpmM{enfe urmOdas eléréﬂteyLF{Erzmmréremahdehtmzu{areﬁ rl

such that [ERR] where said LRE is the | east reducible elenent in the

net wor k. 35 Patevenkiiihiges.i volistiindig veriigares rdhrsgpéiges Seimithesdwerkchach AnspridBphitir @6 Realisie-

mehr st uf i ges S&faMTHEIGRSGAER ZUn@isungentin mﬂaltﬂbrrvgbmeafaltatatd:ow Ausgi ngen,

auf wei sentf ei ne Viel zahl von Schaltel enenten die in einem '

si ul’enf or ni dfen Yyepidihiggs, yollstindig verf@%t%f@%fﬁg@@pmwwﬁk mech Apsibrugh fUndigRealisie-

wobei i nnere SMMI9 & UNgRTOHIPE Lporgnupgep it asfaifetenfiomn yrias VRMEI’EH""G( von dugest YRFiser en,

wobei | edes de ltel e nt e in e| ner St ufe mt einem zugeor dneten
¢ D 93" Bis et o

Schal t el ege wo o EFF‘P f %) Pehainefzwerk inachoAnsprugiy by A & oder 8,
derart ver bundgh ]S erb e ngﬁ oYY rernsat’s "c“ka'l?&F”ﬂ?@i"ﬂ?‘?{ﬂ&ﬁ@@ﬂ°’?ﬁ9§dﬁ@ﬁ"
St uf en redundant 1 st, f1>11, wodurch die Notwendigkeit fOr oder das

AusvBBi der 1wnb.%|eamg@9 %&%ﬂ&? Qi m Gl éftu\ﬁ&e@rscw E’ig] f R%Q rucghl 333 oder
C

Schal t net zwer ky&jeliehz itel ih G 2k 516 L. |
ve( f Ugbargs, mv;hregt u1§| geseeS"(I:eHalltnet zs\eri naceﬂg nspru F%% u e!sgl e-

rung von ungesemiehiedhigés! QbIRBHAG e&HUgUﬂ%eheMufigeg\léchuﬁgtzwp ﬁécheArg&[n@\d?— Ey‘l l7'o(a?r' &t

und di e Schal t bR MENuRd 6dob)did GaEMARIR 8k SirafeRmentBflgiler (1+1)-ten Stu
vvobe} I 8/ 2, derart kreuzgekoppelt sind, .daBl 50 . ungesetzte
Zuo

verfi gbarees, mehrstufiges Schal t netzwef&2n nspruch 1 oder 2, wobei

j edeés Schal tel ement -LRE aus ei ner oder nti schen Schal tungskarten
auf gebaut ist. s5 "4. Unlenkfihiges, vollstindig verfQOgbares, nehrstufiges
Schal t net zwer k nach Anspruch 1 oder 2, wobei j edes Schal tel enent innerhalb
j edgr Stufe von dersel ben Grﬁ 1. U{d]enk désl vol'l standi g _
ver fiCgbar®®s, nehrstufiges Sc IL& z[ ??eh CK,*vvobel jede der 16
111311111 111 11111 11111 1f'?1 -’ '

EP Q171 231 Bl

VIR 5H...“%]Kiz]...]él;(;:)x:

dnungen symretrisch realisiert sind. S%Fﬂﬂ enkf ghi ges, vollstindig
e

i= .'Modulgruppe bestehend aus Schéltern in Stufe j i bls (6-j + 1) fiir j<1;
45 i= - jede Stufe in dem Netzwerk-derart, daB i = 1,2...,0;
R = _die Anzahl von Schaltern gle die |-te Stufe aufweisen, enthalten innerhalb jeder Modulgrup-
| -pe‘ ’ ' o {
I= (e + 1)/2, wenn 6 ungerade, und
50 = 6/2, wenn 6 gerade;
¥V=1I- 1, wenn © ungerade; und
| o = I, wenn € gerade;
55 ¢ = 1, wenn © ungerade; und

0, wenn 6 gerade; und
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gedruckten Schal tungskarten mt einer Bypass-Schleife versehen ist, um
deren Testen zu ernBglichen. 6. Sc ERIQ Wat280&1k nach Anspruch 5, wobei das
‘Net zwer k ei ne St euere| nri cht ung aufwei st, nmit Einrichtun- gen zum5

() Gaertragen ei nes, .Tests $tﬁnﬁa von dem Ei ngangsanschl uB uber ein Netzwerk
Zu’ ei nem Ausgafigs- -&neeRPLTT e 'B)der\}’é?"bﬁt‘ﬁ%len der Anschl!sse Ober den Pf ad,

e G DA L S

| dentitgt des fehl er ten r dar auf f ol gendes Testen; und 10

(d) Ubertragmpmrneg.@'estm gnal s Uber den fehlerhaften Pfad und ei nzel nes
Nebenschl i efien des. Testsignals Cber j ede LRE-Bypass-Schleife, um das

. defekte LRE gw i solieren.und identifizieren. 7. Unlenkf~higes, vollstandig
verfagbares, nehrstufiges Schal tnetzwerk nach Anspruch 2 far di-e Realisie-
rung vom ungeset zt en Zuwei sungen in gefalteter oder ungefalteter Form 15 &
~.Um enkf ahi ges, -vol | standi g verfl gbares, npp ft ufi ges Schal t net zwerk nach -
Anspruch 2 fur -die 'Realisie- * PR rung vop ungeset zten

Zuor dnungen i n-gefal teter Form unt ers\f'eTMeﬂu o Gual en LRE' s. 9.

Unl enkf ahi ges, volistandig verffigbares, - nhy stufiges Schal t net zwer k nach

' -'Anspruc’lﬁ 1, 2,:.7 oder 8, 20 - wobei- d| e Schal-tel enente in einer duBeren
,'St ufe 'm-t alien zugeordneten, untergeordneten inheren Mdul en ver bunden '
sind. "10.  Untebsiieafnzan yon WRETs} die dasd¥etrwerk pefuejss adirekt propértianal zh iNg desart ist, das

Schal t net zwe k nach Anspruch 1, 2,7 7 oder 8, | wobei . Jedes
- Schal t el eman fem Net zwer k ei n, st reng ni cht bl ocki er'endes Schal t el enent
auf wei sf’ nkf ah vol | st andi g ver f agbar es,

e stuflgeswqgg' (47 f'?l%?avKEPEgﬁ%?ﬁﬂ b ?m'"femi"etz*f’e'&f r 8, wobei MI-= NT und
wob¥l di en%g%g%ahl RT an Schal t el enenten gl ei ch 30.

Rr=2-2 tjcC ‘Kibj (1
K G 25 "1 Unré reseau de comm atnon tcrtalement disponible susceptlble d'étre rearrg'ngg ?1T))~ LJS mt[Itlples
S IKI - . J Plbmprenant Ny ontré I\gg Bées oomprenant érie .d'él/éments de commu ) arr ges
' Modul gr Uppeen RN B Coidhhas & Bu brE E olbnnB4 ﬁ:téz&rés d‘gﬂ
=] ofeudlinbrué NsHIeR M@Jel%& ?d]t@@féme @de dommutatich (11) dff Sta

est re
‘Anzahl von Seheddiet 8o cornutilio sbeoti d§t|'§ltfa§é ifedReME ad/Bidht \@brl ﬁ.edmmsrnbé&ﬁf
j eder Ibdul ghanfsre 1o derais'moins uff endemble Y, te! de #>2, ded@ieSliaisBns ABE lod BiBges est 16l

/2, wenn engédusdtainsil i besolh, dedesarrargetsiis ba themesuldtd colix-ci, EH dé) I'éiabﬁ@énﬁém‘ de

55 - liaisons par I'intermédiaire dudit réseau de comwidfation. € ungerade; und = O wenn e
ger ade; und. - EP 0 171 231 BL - - Kl = G 60l e von Schal ter in

der. i -t en2-StUnfréseas dq cmtatlmmoehmbaMsgmle susteptitieadigtiegéarends GgitgeeSiltiples selon
mehr st §f i geda regergisation di dastinéid ha@ﬂhsmwsalgmqrﬁ trapapbedes dfs lekueh Migl= Nrletfa est im S|
Verte der ar t"oRBBEET ot 28 S MBI t7t10&(10) & Higten@r dy Lidme- et-du~+1)-idmelitaged ol

( l - 1} . 1=8e/2, sont couplés transversalement une maniére telle que des assignations transposées sont
. - réalisées symetnquement

B 4 3 Un reseau de commutatlon totalement disponible susceptlble d'étre rearrangé é étages. multlples selon -
_ \_, s _Ia revendication 1 .ou 2, dans lequel chaque élément de commutataon LRE, comprend une ou plusieurs
' . cartes de cnrcuut |dent|ques '

" 4. Un réseau de commutaﬂon totalement dnspomble susceptlble d‘étre réarrangé a étages multlples selon o
“s la revendlcatlon 1 ou 2,-dans lequel chaque élément de commutatlon 2 I'lntérleur de chaque étage est
- .de Ia méme dimension. . oo P

5. . Un reseau de commutatuon totalement dlspomble susceptlble d'étre rearrangé a etages multlples selon
) la: revendlcatlon 3, dans lequel’ chacune desdites cartes de’ cnrcunts |mpr|mes est pourvue d'une boucle
“50 - ... de dénvatuon pour faciliter son essai. : :

6. Un reseau de commutation selon Ia revendlcatlon 5, Iedut réseau comprenant un dispositif de
: commande incluant des moyens prévus pour -
_ _ {a) transmettre par I'mtermedlalre d'un réseau un signal d'essai depuis la borne d'entree vers une
56 borne de sortie; :
~ (b) relier les bornes par I'mterméduavre dudit trajet si ledut signal d'essal est regu correctement;
- (c) relier par un autre trajet si le signal d'essai n'est pas regu correctement ot enreglstrer Iidentité
'"'."dudut tra]et défectueux en vue d'un essai ultérieur; et .

18
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K rg-r, s N nl - f2 SK, .1=1t5 wobei die Anzahl von LRE s, die das
Net:zwer k aufwei st, direkt proportionfelf 0271 B31 Berart ist, daB RT e.NT/KL., -
20 . wobei das LRE das vveni gst reduzi erbare El enment in dem Net zvverk i st.
Revendi cations 2(?'-'5 UaP e comrut atr n total nent di s

t

“a] r nier yn i
tible d ‘H‘ség %\F’% 8 a par
Shirees ot Sl ag%a%% B R R e e s
“nt6r i eur gs “ddg 5@%&3& Eﬂ%‘ﬁﬁéﬁ?ﬁ rse%engit Efgs ri. Bl o s @rg i 08 ggpn,ﬁ p.eshse.on

desdits slenents de commutation d un 6ta e est Irren

conmut at i on gaAsgPkéu 46 c&mrﬁﬁtﬁﬂﬁ to'tar%ﬁ't' :ﬁstp&ﬁﬁé]&uséééhﬁ&&’me r@arMHgé@éBb'e@ mhlﬁ&l&rééfén

d' une 30 B RévBrcRatioR |2l dsthl 20k rddNatth diH3siGHafME RhRpdskestBls MR didedn utilisant des
desdites |iai sgEsdotds’ € | es et ages est redondant. en reduisant ainsi le

besoi n deg rsarrangenents, ou-la mesure de ceux-ci, lors de |'etablissenent

de 1i ai sons gpaun tssdal e Esrralitaion Etalber@httdishErBRa sUSCHPHisIO Bk r8driatys. 2 Saged Mulfifeseakdn

de conmmut at i oniatr@eaicasant, 207 sp6riaid lequeLIBSItP Eislabes dé ednintutatiGad’ traétage eﬁte&énﬁgm;

mul ti pl es sel owli€d3 tous les Inpdulesiatirtbucatiboadonrds aghegiés. ns & | a rsalisation

d' assi gnations transpos6es dans | equel M- NT et B est un nonbre pair et

| es el enemt 90.dén Seaanwde aeniroytationl tjalement dispenitie suseeptitie ('étrerfasrangé aoflages multiplesi seioe

et ages ou | =0/2 revensivation Jul oeu 8 dansdeavel shequeréiment dg gemmugation ﬂed'ttreqeﬁtecqqm@n@ree

assi gnat i ons tﬂ%ﬁ@bﬁ@@@@UQHWﬁ"F§@PW§@e@mw?ﬁetr|quenent 40 3. Un reseau de

comut ati on- t ot al ement di sponi bl e susceptible d' stre r6arrange a staq

multi pl es sdl-ofn ©seay 8¢ evmpiation iotelemep); disponiblejsyscopyinie,¢idife reqiangsd roghHirigeselon

comut at i%®n, agﬁve’l?t??rﬁf’én%i 7\RYeP B0° [5PYss Met et iapombis tetel FirjdeiBmonts peyeammutpterest

4. Un reseau A% mut at i on t ot al ement drsponrble susceptible d Atre -

r6&rrangé a -tages nultiples selon 45 revendi cation ‘1 ou 2,- dans

| equel chaque sl ement de comutation Ig kzrd%§nqeur de chaque etage est de

Ia\ge i mension. 5. Un rdseau de comfu n total ement disponible '

usceptrb e d etre rearrange 6 etages nultiples selon |a revendication 3,

dans | equel chacune desdites cartes de circuits. inprines est pourvue d' une

boucl e s 50. de .derivation pour facrlr on essaql-Q Un reseau de
éau"j

comut ati on selon |a revendi c I r esgdl ghant un di sp03| t
ev { )] an ttr’e par

de commangle i ncluant des- m)yep.sz
“l'ijnternediaire d un rsseau un signal d' essai epurs | a borne d- entree v

une ss bor ne de sortre (b) relier. les bornes par |'internedia

dudit trajet si ledit signal or e en)ent -

relier par un autre trajet si 31; o] E lﬂ:E ] snpax‘ regu correc
et enregisstrer lidantit4 . * dudift t ]KG fet“'uuxenvuedur €3Ssa
ultsrieur; et 18 1 111111110 - S11 111 "EP 0 171 231 Bl (d) transmei

sighal d' essal par |e trajet d6fectueux, et shunter un a un 1€*signal i
d' essai par |'i hfer nftRUE? P‘emﬂ‘e'eéﬁ%fw@aﬁt&%%“%tﬂ'é?qe\}a‘ﬁedﬁ 'é’égq_(ﬂE LxAop =T

d'i kol t d t f‘i"éfag? Euelwua&r vt O
ot o enpifs i spahibl & gggm"ytaaeuwep%zn S

5 ?" | a revendi cat |9(5?’i‘p§ 7 W la ré6alisation @' assignation tran

sous forme pli6e ou deplige, ea al nt
di sponi bl e -susceptible d gxre§?6¥ }iggé §9§§ gggaﬁ%?#| gégéelggela
revendrcq;ron 2 destine a |&a 6¢2l lorsque @' estrnairuons transposees sous:
forme pliee en utilisant deg ¥RE goig#ggaelg 3stU§mgﬁ%§aueée comut ation .-

t ot al enment di sponi bl e susceptr ble d r6arrange tagef rruI ti pI es selon

= I lorsque © est pa ir;
= 1 lorsque 6 est impair; et
= 0 lorsque © est pair; et

K= 'dimension de comrnuteteur dans le i-8me étage.

55 12. Un réseau de commutation totalement dnspomble susceptible d'étre réarrangé a étages mult-ples selon
la revendrcatron 11 dans quuel les valeurs de N, K et f;, pour 1£i<l, sont telles que

MOD(NrK™ ") =0
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Ia revendi cation 1, 2 7 ou 8 dansEngg.He I§1sd|ts el ements de commut ati on
d"un et age exterleur sont reli6s a tous es nodul es i nt6rieurs subordonnes
associ 6s. 'i5 10. Un reseau de conmutation total ement disponible
susceptible d etre rearrange a etages nultiples selon |a revendication™1,
2, 7 ou 8 dags | equel chaque el enent de commutation dudit -reseau conprend
un el 6nment de commutation strictenment- non- bl oquant. 11. Un reseau de
comut at i on t ot al ement di sponi bl e susceptible d' 8tre rearrange a 6tages

mul ti ples selon 20 | a revendi cation XI-2) 7 ou 8 dans | equel MI= NT et

| e nombre total RT d'e6lnents de“c‘dnmﬂ,at iJdh eff seqdl a 25 |

Rw2.| K-1*2- 30 L , o 1snK2 1 1- - . L IQjJX 1 _
N B 2 N71l~~~~~ ~~~ l. j =
groupe de nodul es conprenant des comutateurs de | 4t age | a | Ata e (1&

+-1 poup ,:- pu le nombra dgLBEcomprisidetsrieflifac ey ?Ség'@&@mefélpfoawnne'a Nld'U2e maniere g-

40 - |telleque ¢ nonbre de.commutateurs conpris dans le i-ene etage
contenus i 1'int~rieur de cbaqueA groupe de nodul es | i;

coi* oo | =REBNE 1)/2, - Lorsque . e est inpair; et. 45

'oel2 Iorsque e est rS|

I orsquéde est Bl.a\eqlt LRE e%tlelé[ner_itzle mc]ﬁns__ré&uctitrlé est inpair; et - |

_ gforsque B est |npair; et 50
= 0 lorsque e est pair; et K= di mensi on de comut at eur- dans le i-ene
etage. 55 12. Un-reseau de -commut ati on t ot al enent di sponi bl e suscepti bl e
d' 4tre r6arrange A etages nultiples selon la revendi cation 11 dans quuel

| es val,gurs de N—T Ket fl, pour 15i<l; sont telles que MOD(NTKI >) 0 :
‘A19 - 1 11 EP 0171-231 Bl et (I-11! L K 5~ ~

C 10 00 | € nonbre de LRE conpris dans l.edit reseau est directement
proportionnel a NT d' une nmaniere telle que RT =e.NT/K, 15 00 [edit

LRE.est |I'Menent |e noins reductible du ré6seau. 20 25 30 35 40 45 50 55
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