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7 EPf 0 386 958 BL links of another dual rail switch; and third,
conbining pairs of output |leads at the |ast stage of the network to form
single output |eads. Brief Description of the Drawing 5 FIG 1 illustrates
a crossbar switch design using 2x2 sveresseassdd G 2 presents our dual rail
2x2 swtch; FIG 3°presents a slight variation on the dual rail switch of
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switch 31 32 33 34 _ type 30 40 1 0
1 0 - pass-thru  pass-thru pass-thru 1 0 1 0
crossover crossover  crossover 1 EPo886958B1 0 1 pass-thru
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4 EPO0 38 958 Blis a circular left shift. The dil ated onega network of
our invention has twice as nmany |inks between the swtching stages as there
are in the undilated omega network. Accordingly, the link |abels require an
additional bit, [err] The connecti vi t yep@ddeesgeof the dilated network is
therefore, 5 [err] Wth respect to the
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such situa- ltherdse irhjlemeatet eftihiathe utingswikchas. (r at her than the distri buted
control i#tellitgdseddn some lapplicationstit neapibe eveh advantageopsto séparafeciersuting yontrolfarictig from
signal s. It ithe aglualgoytiogefisighats. Farrexaniple, ip waeguidd elesiroaptic #ppljcatians themguting doatrol is elec-
routing al gofronitiwherdaathe signaistane thaswitshingisreentanm eptic. v entthaygh the bandwidth @he information
swi t ches. 25 signal moquintadaigon the optig gerriey injterychighi thepacket ratgmayhe quifeiea er-lpstoonis
to separ at e t%’ﬁeﬂﬁt‘ng- f°§i?ﬁt‘qn8¥ itf ed?l"’P?‘b?ﬁ Q'??Emﬂ“c‘t"ﬁ'ﬁqthq‘ B‘H‘E"F’H eﬂ? °"‘V with t:;
signal s.

control i s eF 1‘ wg
?Et ic. Even tn ent ?Iie oon :(:IIBCI igvffyn 2ﬁ n ?}tha %ovp ?étvbor a‘@)@b
e optic carg% € Loch asona r

el ectroni 1 rrp %&fﬁdth@ m&%gi élude§ gl%?df maﬁlplkoa ﬁﬁ%r%té&nnqction
el ectroni C Cipktehth o sduPRput &%ls §th Yo Wi inpltd A®, 8Uind DAPHPUE SortsROL, I, S
of each pac k@t S0t R\BHNLAEAS olth pAHRTRSGADY ald bl eSiBetv AN ThEHgurd 1 daRbts B8 statbBbs
el ectronic cmeqyévtam@aﬁbhae centralized, or it can be distributed. Indeed, it
can befdistribuied pmdntampeaﬂatbdmtnecaaéted Strubtln®s bitiettisRmNd ark®.ah the Bilabdd vbtbﬁn the
di stributed aputsaelapmied to theidta rap switcheaititat dr@situbted #t ¢Heipiidet didgaal; kd wit, switetred §1,620and
control . W 63alThesehwitches are tige@witahvesoin thefdiagdne! imweriately beipmwragdifotheyight .e!, switaltks @4 and
net wor k" . W ©f) can bettbatightofesthedtolstage. With gechremarrangapent, the inpuyt ngme@!msmétheétymny array
acconpl i shed In thssirst stage (R@)dan basgiditabes t he above contr ol princi {gl es,
i ncl udes, by \Naz'"e'tts'@??éﬁ?fﬂ igjected inseinpyt linfss O and 21f elpge it iveadenutsyin ¢ilg d awifgh 6‘9 "fPBU'f"‘s
input si gffal s a’ﬁét"t“f%ﬁﬂ;&(‘“@d’t"ﬂ'ﬁﬂ“ difpipq switch §2). fpq input 'H‘bmssa')ﬂ! 188““9@3 O4twg inppts fn

I nput ports [er 5%\7”@" 68); ?nn ed to o
) byt ke £33 (i % % l!;g cc febrmi Lot %f ﬁ\%@
E‘*‘ﬁ i e e

di amond a ra¥)u nlffbe 1§| nIB aI‘u conn i Eo Qts?a%Pléeﬁg'aﬁzR tu‘iL con-
dual rail d
S\l;matcngls 61\,\%5§ %nrhg EY_‘ d%r@.&h{ﬁ% “noajp, a, niséyggtc es on the di agonal

i 'medi ately beI 2 0(sas fOJQ4 h,e,( aa e., swtches 64 and 65) can be
thought of as t 3y @Bnkji; rpéagﬂ(anl@fi) 'such an arrangenent, the input

connecti og3s of i dapiatmdnaﬁafeaynd the difatd Structifes St 1@ Banarrie)vad Thecomiclility patiom:
a) input si goahéurlated nejwdek £ dny stig®i is OJip. 4 .1 BlsBie: Q, p1AMSIE RE .. TPy e pidy(iIDIs ba-
i nputs in di kiailigdseapiofuits pfdn pi.qi I thetdildted tayad. (P 1 .. PB2PkANCPYORE1PR L.PGR1 OpkPINO
i nputs in di lredtedwerds. eeWarc® bits paad! paput | i nks 16, and 18 of stage O (two
Inputs In dilated switch 63); b) output I'ﬁ_nks 2-3 (swtch 61) and 8-9
(swtch 62) are connected to input links 4, 5, 6, and 7 of stage O (switch
64), and output |inks 10-11 (switch 62) and 16-17 of stage O (switch 63)

e connected to input links 12, 13, 14 and 15 of stage 0. 50 Qutput |inks

, -4, 5, 6, 7, 12, 13 14 15 18 and 19 are. connected to the next

oy ~ e B Y '




1) [e'rr] for all non-negative [err] 2) [err] and 3) (err) 55 FIG 6
depicts the undilated and the dilated structures of the banyan network. The
connectivity pattern of the undilated network at any stage i is [err] It is
ba- sically a.swap of bits po and [ e&proassbssgihe dil ated banyan, [err] In
other words, a swap of bits [err] 5 EP O 386 958 B1 FIG 7 illustrates

the undi | ated nea%uétaesmel.ﬂa.e@dsﬁm&&,meegtreémrsmtmgﬁ.e&n&ee%ﬁ,ésbsmmam
Net.nor K. The, eiNif srite e cothedidd@roiba gﬁ&@&%&t& findd inQ& b BFrows and Bfinn€ Badhldiated -
defined in duRkHas@he peit¥BIinR1EbnRcdled s nelgson indhd s3ind Fbws Bid Al pdivauh irfRS EonRdtted tifs

| i nks conne,ggagortnqhégaﬁ,emamgmmr in the sane row, and one pair of |inks

connect ed t 0 Theabol fgieoNustrate Flllg diktddetworks| ibtta skilled artisan Wduil clalrtprecofnizpuitiat s par-
i 1l ustrate taly dirted inbtavbk damis aasitylablained by simsti inhpiegr@nting ohlg aportionudf @ giverematwork with
recogni ze tduatraibswitlres. The ailriplgstoliay totcessteragiavtialiyidilatadinedbeorieia 4a divjdediist giiem eetwérlginto a
si nply i npl diieted pértiy poaskded &y provnditated poftion Itds sireplestizecause Ro additionatiemponents jare neces-
Swi t ches. THaey. Hownyererstersiggyhetarangementais pot muehmasg difficulf; It merelyreqniresie inclysion pg com-
di vi de tthe titingestpon efterdheidiiated rortien and hefasithp BidilstePaicBceded by an undil at ed
portion. It is sinplest because no additional conponents are neces- sary.
However, reversing the arrangenents is not much nore difficult It nerely
requires th‘é'ai"ﬁ‘cl u5| on of a com 10 bining stage after the dilated portion

and before ,}he Ork ;trgum Q na\scom ims 15 1. A network for routing
Si gnal S corrprl s' n hin g ﬁ réha él H:ﬂtufb @dﬁélycommstnﬂ'a‘i’ﬂ's% Iropéﬁtphpg
el ements, each,LODMNd R leQd'%JzEfu inpatibddiebn afthlt o tvﬁbﬁk bndof

out put | eads, e nﬁﬂput'lém%nn & QWBB& o&&sﬁ@nét%ﬂ.’t port of said
netmdgrk, and a seGRRGtphtRRYE bRy aGRikNEor RFmikd? roafiglelfients, Hath coprising@fpa afifbut
netor Kizo an  Ouddas hndsdndgiPutiieaa oHibdél t8 apbutgubpdriof sdf netvasiigi nal routing

el ements, each complirdityedintermiiate rOdting BipMénts, @ach comprisiag @ Sirsiipedr ofiinpd b1 sédcomdd
connect ed t 0 aair ofiipotibads cx first@éir faltput hetiswdle; seng bairafibutpuy leads; andt er medi at e
routi ng el enents, aeintdncoomasiiomi apamggmantfwhersin pai r of i nput | eads, a second :
pair of input |eads, aauﬂfms@prr?fa\puﬂqaﬂsqsmlptemeﬂetadnytiw"antéseemereﬂaﬁ pairgf output
out put Reads: ‘eadeiofsither areef seitintiairousng dlementa e atef sajpteanediate slements, st a| r of
input | eads ‘of an i nt &RiEERFPad RAIr OByt je s(ﬂfé?’f%'ﬂfle"‘ieg‘aﬁé?ﬁﬁ'é% Iergent i copn Fpa"
out put 25 of putpyleadsrof eitherpap ofFaid ink ‘?‘éﬂ“& e'ieﬁf‘ft? ofjone of spid %d"i d@‘% l d
of said internediate SHSRHEY nputissdyolateming g sighent i SoRnereBa P f°f§‘éP‘5 eats.
i nt er nedj at e r%mﬁ%ﬁa"e‘l“@m?tee?mc??fﬁnect ed to a pair of output |eads of

ei ther &he ‘Pf Theh&wbrR b defth 1 rf%*&ﬂlpﬁéﬂ%%ﬂkﬁnﬁns BFRcdptingdd mbst ortf R1iVaRGhdl biach
el enents, and o gdifpdi@iof infth ehdbUf bin InfRflsiaRS rodt ngefeﬁﬂ;rﬁéund kdbtilg df BhoktloRéTBHRbid Isnals
connect ed to ahc&%teﬁ aPdaidQtbritiliiath Pokthty SimeRiE efbh of tiidbalrslbfiipitleads 6f saili MbeRmddiate
30 2. The netromingeldthent! @i m 1, further conprising control neans for
accepting at nobst one active signal at each of said pairs of input |eads of
an i nt er medd atTée neworkatelaimn & wiberein ezahf said jotermgdiate roviing elemeats GpMRASPSH si gnal s
accepted at said iafrd2nerigh eompeging sRpiref e%mﬂ%cem@afe%méﬁ'dé'ef Bp‘ﬁa?"i' §“"cﬁ‘pa"°f
output | eads CMPYEHCHS| nt er nedi at e rout| n eI e

claimi1 Merelorélrﬁeédggﬁ°g:’f$%‘??i‘tq;‘%? 5 t ﬁ:B %g E d the
first 2%@ swi todHr °0f pald first sy ’ O b
i In|r03t pai . and cpr é ;ﬁeég%t’pp p"s'“g[a Pl ‘H" 'fo §"s°§?3§p ou "gﬁ 'gg k %édta
ot &

said first swtc &ﬁxEQfJaldrsééonPQMch an&%%nd'f#@ﬁ’a%o@&ﬂpu& 1B&1s 44
rto6H!

other of said Uil sgﬂrotjtﬁutq) d bdcbrd switt¥ doftbofe @128/ s63nd Shir SPduEbubiB4&dONd
pair of output |eads; and a second 2x2 switch conprising a pair of input

ports cdhnest exlmbthodsier dleatifyCandtero Parsiorpetiargiveanetwark trat emaldys singlp il 2gbswitchenjatch
one of said oubqudbs ghafeirail ioput Signats ape¢ singheirait ontput sigralsncvenptising thestapaipll first pair
of output |eads arethpiofing aduakrail seftchomsaitl aiereprersiqneof a given hetwerk i piaeah A single il vitch
connected to Sapald gheanowtivopkasaid Gl rel syilsh corensieing)Bvo inpyt pairpofisadnang tve puleyt gaftsichg
an al tergd verleddsn of a given network that enploys single rail 2x2 sw tches
and includes si nglemplexing aPq*fphid"kﬂ"gﬁ'ﬂla%e’%ﬁ’s?ﬂﬁbﬁ%"eF a?trm&&%f °f§ﬁ WEI"Q" in said

conpri sing t hegivep agfworkiand np| oyi ng a dual rail sw tc in q ! dkt
version of a q”verF"}?lé’VWﬁ??mPﬁ % tgﬁultgnaéqugfs? Iiereg lgrho aglvenne work to com-

ne pairs of output signals i a penu tlmate stage of said altere versuon a given network to form single
rail output signals or said altered version of a given network that parallel said single rail output signals of
said glven network.
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5. The method of claim 4 further comprising a step of developing a set of control signals, said set comprising



. Y . 1 . N ¢ . . . . . .._/
in said given network, said dual rail switch conprising two input pairs of

|'eads and two out put pairs of |eads; enploying a pair m“ﬂ“/
altered version of a given network in place of a sing| “ ‘w Mme“ en
net work; and enpl oyi ng a conbi ner st agpeo 385 966w ul ti mat e st agetof ®*saf d
altered version of *a given network to com bine pairs of output signals in

a penul L1 Mate ShoRuRlsithtudlhss slmmna%&&u& m&fm mhﬂmw%lemmammk The
si ngle 55 conne&ﬁftJoﬂ‘ﬂU EEILcoﬁeg rosstf is has tgrﬁvgﬁflr&ﬁa cofdmBs. E&d dilated
netwoTk that opgindas e paiPfHini8IchtBbded 18 it neﬁﬁ%&?ﬁ#tb&éaﬂn@?&mﬁ arftf on8 Pairchf GHicY Sdhnected to its
network. 5. pligfbofiRtHa@snédaimihnai m 4 further conprising a step of devel oping
a set of @ont r OtheSbdye Adures ilfustiate fGiRdilemBtwoRds bt dbkilled drtBawobiiGle@hdeddgnize that a par-

C L tially dildéd netwark can’be EdsiBy obfainekd by Sinpig irisientehting onigl ia [partiarChf agiteri detwork with
d| | at ed st r uciual raiswitdhed. Mg sirgsdst way@etedpattiahsdibiad natedriis tddividbhie ghen naedrk intotay
of the mesh- ddsterigottionprecedettiyan undiatadysitiondids $implektbacase no miditierah®wmpdnents e naced-
col umms. Eac lsanti Howeed reyersitgthe dreaggements jsaptmudi mdre dif{isultciomerely tequires the in¢hgsion of a com-
nei ghbor #n tbining stagrcafierthe dilgied pertien and before the jupdilRted pastianect ed to i ts nei ghbor
in the sane colum. 5 The above figures illustrate fully dil ated
networ ks, but a skilled artisan would clearly recognize that a par- tially
di | at ed net vvc?ﬂ%“‘&an be easi I y obtai ned by sinply inplenenting only a
portion of a nn dual rail svvltches The sinplest way to
create a b"’artra f/‘w&;c‘

6t e port o g eaﬁﬁf, séf"@gﬁa"‘t :ﬂ:@teaé e

addi tional conpQ ngt 8a g.%&ed t%%ﬁéfher gr%f arr angerre

s not mich fore: diagh InclBhded MurkiBPHH terfial &E\ﬁng h{§'eQEh Rbnprbing A Fkir Jf%put
bi ni ng st agge af k@&saﬁm@@n&ﬂt uﬁ&&%ﬂﬁ&t&d@'&naﬂ tP&i&EﬁdﬁeﬁWoﬂHnd' ated portion.
Caims 15 1. A nej ity f)fqﬂterﬁ\@d!été RGKng Ie@MBALS, e&ENBBIbrizing 8 FirsBhirl NiALL 1eB8ds28 Second
including a pl upaddf input @ads, Afidst palr of atplt idt@s SldNBEUNS pairhEltputieadddnal Ng a f irst
pai r of output | eadaistadorhediecanatdgdi@htwhedinout put | eads, a first input |ead
connected to an input peaidffirstfairstinpdtieads ofan iterngdicte soutiraeiamentistpanictbdiaalpair of output
connect ed?t o antsadsaf eifheqmue ofsaid initigfrowding elements/w pike of said intempditte slemends,i ncl udi ng
a plurality of term nalsaidsecons pairef inpt ipads of eaid interpdigieirasitingyelemaptis conpéctddripe pair
20 | eads apfutnyf lesds §Faither enaf seisHpilist routing elgments o PP efisaip intermegifateceigments, and
network; a plurality ofsaidieisiieylleads ohajerminaouting plemans’s cermerieddd Apall o Pyieyt lgads
first pair of iffpneofisaidintermediatesianeftspair of i nput | eads, a first pair of

out put | e¥ds jang, 3,560 Pg};m'fgm%im% egf&gtmm e gﬁ&%ﬁpnﬂ e ygeanateach
tm

arrangenent Vmefafesh iR of inpliteabis S3h fnt tidg signals
routing el ement aéc§pt§ioé?9§§ fefmedBteFoutify é!e nt 84k airs of outptﬂ §s<9 i@lnte diate
one of said ini jouigeleRAt! NJ €l ements or one of sal i ntermedi ate el ements,

said secogd pair of input |leads of said internediate routing elenent is
connect ed to3a P netvofk afcléiputwherncachaf sald ibtarerediata eouthig efemieoks compribe®l r out i ng
el enents or one of stisitlxP pwitsh pemfirisiogea pdirefriopit gortseoachected o spid First inut pairpand al paindfs
of a.term nal renutpritsel enent is connected to a pair of output |eads of one
of sard internmedi atWthoneehspd qutpubpprts of saiffigst sytclygopnecigd tospid first ppir ofqyiputigeds and the
conpri si ng cont PBEr il puPptpErisef saitfinst yltety coppgetpd 1§ said spepndpair of Sfyﬁﬁl'eﬁﬁf; apthch of
said pairs of i nﬁ ‘%a P szxﬁf‘“’“&'h"‘? elpe R eairef @p‘!tBﬂfsicﬁ@f‘eE‘F%Wéﬁ'f’ ecoprinpub pRiG ?fﬂa

at npbst one of agce ted a sai errre
san;ou ut ports

eoon S onne: Ot el rllsy l’Oﬂ‘)U? Qea S a
to each of said, E%ehgmfg.do%w oy it om; g&mﬁaiﬁ"” 7L aﬁrmn"

35 3. The networ erern eac nterrre

el ement s Tomar i aasinodtof irbdiihg 2 atefdivérsibn &Qram ﬁdtwk ﬂta@e’iﬂploy@&ngld'\'ﬁﬂlhxz Mé’hb§ and
connect ed t o sSaindludek sifdle dailpplit sipkls'and sifidle il PAaduk sigbals WdinprisingftRfsteps & t h one of
sai d out put ports oOémpiingla dual raiséwitstvin s=id aiterodveesioh th given sedwdalk ih placstof gsingle ralf switch
out put | eads ani stiltgivéiOnetwork, said thel raid wisa canprsitgiwd inpatrpiss affeadsadnd tia output pairs of
swi tch cognect eadsp said second pair of output |eads; and a second 2x2
switch conprising aemmidying apaii df finks inseid ekeresiyaisioe efadivennetwerliinglaceefd singip lirk in said
pai r, and a pai givepfnetwgrk ports with one of said output ports of said
second sw tch conne¥MRaying gcomRingr siage setthqdmmate@faswﬁﬂnﬂeqeémonmp'\teneetmrh@mrarr
sai d out put porP'%eR?Fs%fa‘l'tEth%’@Br'ftF@W"!’E@'P%ﬁﬁ’é&‘f‘é‘&’ﬂdde@'a“?fa§ formygingle
out put | esd 4. RIAupYiganalsor sgdalisrpd ygionqf agivea pehyors tnagie! 51id el rolbovtasiangs f
that enpl oys si TRALPAFIOS%2 switches and

5. The method of claim 4 further comprising a step of developing a set of control signals, said set comprising
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incl udés si ngle rail input signals and single rail output—signals,
conprising the steps of: enploying a dual rail switch i

version of a given network i.n place of a single rail %ﬂﬁ“ﬁﬂ mj“
network, said dual rail swtch conpriEs®nipensoBi nput pai

out put pairs of 50: | eads; enploying a pair of links in said altered

version of agi ¥4 PESNBIsly i YoleBf & o 6 i rl SNk Wit kech PairdRlcterdl s dAGdiopld e
and ‘igp' oying asg r lQﬁifc:ﬁlaﬁﬂg'd t@aﬁtsﬁrz‘ﬁa%iiomaﬁ o%éﬁg&:«? ignaisla 3 84 fo 8418 6hid dual rail

versién of a gi ‘éﬁ@:h &%d&rtkeécﬁo&eﬁbuﬁitaﬁrslaﬁbid‘éopsfaudQuélFuﬂfswi&hgna| sina
penul timate stage of said altered version of a given network to formsingle

rail outpust $i ghakteordiforsaling signdleceyrisier si on of a gi ven network that

paral | el said singl ePpluelity ofsiyslsait roing elethentsy ach a¢rebrisjingacfirstrpair ofdnpit ledgls, a spénad pair
met hod of cl ai mPUnRutipadsea fire oAl iowtpyl lpads and a pecord rass/lowpitipgdsa set of control
si gnal s sal d set cBﬁﬁF'F‘S’PT'ge‘EW“a"aEP“BB‘a@%B Bl

C L r of S&dd] of inpyleadsof ppg of é%l@:?PaHF" @&‘P“@ °lsma'rts s gprinected t°9‘l”""

SW tches "’\NI th Bfoef’('!ﬁ“td%d? of spoth ﬁ'fer a'%‘i' 'f'? L %

switch arrangedéﬁaopraé “Eg%ﬁ ofs| (3 sal i"a ﬁ"{;’f‘f"@ﬁ F‘gﬂtﬁbﬁﬂngﬂed
to said said du

| eads of sai d d Sf éz H; su R Rg\flle?@ Jnﬁ or?e pair of
conpri si ng. E kécX eg%ﬁte.‘é&mhcﬁﬁﬁé nbehtd rei?.'ss“ Lﬁe d?@r%h 6388 singib R rébting
first pair Of i Qth'rwntA &8 Eohnected ISP mbfdl ent Shas!br shif Sifgie raftroutigSlemBms;fand® |
output |eads and a gesmdidr didentinterposali bétden e&‘él\dﬁbput%auf delicabis df Bl Faft QRS thiad BRmMU-
arrangement Whepigité thebutbut $ignaf of Bald butgdt pdirtPléhds!tea sliigiérail SARh, With S@d bnthined eldnibhd
routing el enent faving twiRguedna dnd datpat. pai r 10 of output |eads of another

one GLJsabod dual rail routing elenments, and said second pair of input |eads
of said one &f %be 'I!’tVGE!‘éHf°'F'mq whesein $W@P'mhm@tpyfwﬁe@qaé‘a%@ﬂm pair of

out put | eads of still r.one Q enents; a -

plurality of %i H§" %twf’ﬁof] ?wﬁgfe%ﬁ%‘;@’f{%ge'egeg'fﬂtp@ %??%ﬁﬁb”%ﬁ'é‘t‘%‘a. r of | nput
| eads and on@, pPAiiiatédfonfetd ftkork &AfRsIngl S a second interconnection
arrangene#ft wher ei Na giadafily bm%odnamssmg&s Whde 8dch SBECLofmbidh R ZBklitchdaitat RElude 2
el ements are COmp&Siike anditWo SuitPuflivks da€tNl Beiritfan htegértheintbrcahinectioddt saiddtabo SonHBILIRY links
rail routing el ewardhritsaitdhesin Staged tord@itched if Saguli+1, Wileds [RGH @tkgbcih Wesdidak:a ith the pat-
out put pair of {eereQ®POb.6piabribAHI(PSIPA-1-®R-piphERko).¢ Oitiand 1 isiah drddgessutibatous2]) pf repre-
signal of said eantsghe kiaitin abmarly espctserttatiomof aidesjgnation af d link ofiatswitch, wiietetsuchedesignation
conbi ner ¥ enents ahintagerjn thawangn tet2d aad i twiprethe velyeief the depignation Bfbe syatchnendC@b:
claim 6, wherei nPsauRiPok desighafes ougutline (P- PerPoPRPAL $iRagi While ERPE2rRc P BrPoBles-
t he netvvork of @P%WW‘W@’P@M%:&N@P@W@W@N el ement performs a sel ect i on

function. ) ||Iat %td%gnor?cpe 3 n% s plu aPthntemongec?é stag re ea lsaé
of inter cggnnect (}% p h gﬁ gﬁ z smg
include 2 inputy tsmg& eQH g g‘p. ﬁes(?fgﬁﬁ Qﬁéré‘ﬂs wlth '

I nt erconnect i onth tage COITp I SI ng hat COI’II’IEC'[ SWI tC

stage i to sw tChﬁ&(dn%).ﬁFﬁaezbﬂl(Sn\ﬁmrf&an ndnSh %ﬁemh%aﬁ%éﬂé@ﬁ@.d@subh
the - tern [ errales Bl fnklgndj$h stige | SHIO@R-25 Béslgn t&aﬁp IRk Bd+j-b B¥Re ;; SENt S the
k+1 bit i# a bi nap@EhepRfeEssLateng)Qwhde uhaﬁ}maésmate@‘npm kigA¥-2Gi stage 4 dnah,
where such desi graatgnegnfoBes,7 — I(8n¥jE2)a her I(BGP2).| desigit@eslimpoyiak 8n+j+@ idhgand. | S
twice the value of the designation of the switch, and [err] [err]

desi gnat es od1-phdilatadbrnyap petyork pomprigiees | whil e err] des- | nat es input lin
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comut at eur connecte A | a seconde paire de conduct eur s de !m r“igllllﬂnllll :
Un procede pour. creer une version nodErfo3sesssmin reseau do L Ul I'1sSe'»
des comutateurs de 2 x 2 A un seul rail et qui conport. des signaux

d' entrbe A un sgilliga@de BhmbiRe, 3t GhSéhble SRpnt brfe pAird 3 siifbllx db BirimanBOPBRF SRAR!
les REapes sui vadicmmutabured e iafs, biidg lgRali d Kde o esteieBarBSpdalinlcBmmu-
versi on modi f | eget 2 #8ud rfs @ik B Sour fAird e sétledGEpad pllid 1 dnABIBnab kTS dbi 40Rt ab lidlés
rail dans |e reasemnfl@ROC: deu rdil6, Ma1sbibadhething vefoehicund désSpaR @y BRI cOtattursl @8 30t Giu
pares de eonductonnutatedr £dduk @@s.et deux paires de conducteurs de sortie; on

utilise une paire de maliles dans cette version nodifiee d un reseau donne,
A la place dSuntn&semeoyashemisergisngjonapx, pampmantdonne; et on utilise un etage
de conbi nai son A t i Yiyeasemblegislépprts d'ashamigerprat 4 deuy taiiss pospranail PHEPEING PTAT e gt
don- ne, pour cEAMdycheurE d(fé‘ééeg‘éﬂersé’?" ? %?G?("cfﬂérsé'ﬁf“ﬁe ung PRSI, RAlTe 9 eanpcieprs

etage de foa Vergﬁ%ﬁl"ﬁ"{fg"éfea de({’a\fﬁa gﬂ\ﬂour former des si gnaux de

sortie A un seul raf n
senbl abl es aux ésta%%e?”ﬁ"’ f’ i rg‘% g;gfr ittt des%%%ﬁg ﬁ% 'n":m n'l?d‘lu {';?i'ss

procede de la rgven

el aborer pn ensem)' e 1Qaseeond2rﬂa1réde oond &t&hlentréghélhh kds éJéJanéJ‘Jc?uJ:ﬂuhenEﬁ’taQe

958 Bl est connectée@ une pai con ducteti® d8 sSHGNCHIE ut AUHERBSGemenla'a! ﬁé
conprenant une gk fafls;de si gnaux de conmmande pour chacun des commutateurs A

deux rails, chaque yadhéembR@eRingitadichBiRindniyitEAIAGEUI Al coMprbnafl chiKah G pad He cbiidiuc-
commu- tateura WasWertide eune baidide cenatitsurs e dbrtié;ai re en sorts que pas plus

d' un\dées &1 gnaux aaink secotlel stracitre dartgddoniExios davls la0sliEles abreludteufs didnthée dedliuh des &
soit achem nb veerds ddvhenimenedEsinpail ra sonti@neotésldi déseondgcteles deapitie de différdnts éléments
conmut at eur A drsomi lgs@léments @achelgineméht @euseplaeik etachem ner des si ghaux,
conprenant : un enseimisiément decermhingisan itemosecanire chaayet pajte decogrduptaurs de sortisrdivun ceramy-
chacun une pr enfieyré deu rpits qyiransiPRy I9Siopel de sqtiedetceitpairg gproadusisyrg de ealieddin ggmmu-
conduct ewds d' elterrdgin segh @"mete#'ﬁ"@ﬂ@eﬁamwsa@a!@MM&réﬁS§f ung sortie. ~ de sortie
et une seconds palled, ffis KAMNGIFY! dindiEedHabingi 0d Qe RAGITRIS &b G bk oigue ou

d' i nt erconnexi on dans 1 aque a pre ere palre de con teurs ee de
I*un des el 6gENleTeddandd|LrilNAIRDA 6) daRUIqUEIREIEMRenBRicoMBIRIIRA FeRBlitand ORttiGhde/sdlediBn.
conducteurs de sortie d un autre -des el enmentsd' achem nement A deux rails, et
15 % 9. Unrésdap ememinn distgempenabe conducteurs d' entr6e de |'un des

bl ement s d' acheni nesfentemble détagesintercannectssdapsieqvelchawe dlagp remprand hhcaqmutateurs de 2
conduct eurs de %%futqemprgnneni@mailies frpniree ot @“H@é"‘?&l"&?ﬂfzﬁ'ﬁ"ﬁa"ﬁm é‘@ﬁ‘é‘rﬁ’ Aiewtiqteronpexion
rails; un ensenffcetétpogdtanteanstivépacdes malilesauconnectentdes tateyrq dans!'flagn d fegqpmmu-
chacun ung pai rigt® ﬂéd%hﬂW'+1t%H§§'9W" ‘g ntef. 'E‘iﬁ'ﬂ?ﬂct eurs de

sortie; 20 @' 7@ ol da
: dags | e(i q i e le 'ﬁé aansun ?lon b"f‘gp une
l'es conduct eurs 8"“’ illl a: cet ?g?nat Epgﬁ |ap Qdesfp N et
rail ,sont conn a i S BLS. oh ésigne
par m\({ ea el € | |1 |.2 H@h opé" étﬂ&&l éﬂdiS%LEl |.15 283 1P9)|+1 déSigﬂe
conbi nai son i nt@@mmbdgmgg@FW}gq% rpgp1p;po)¢q-égga ycteurs c'ie sbrt
comu- tateur A deux rails qui transnet l'e signal de sortie de cette pa| rs
de conduct euf® Yraéseu ¢rilesadgediaté@mptenantdi ensembleiddtagesrintgkcannectie.dansieguél chagux étage
e6l ment de conbiomaienbérszgmmutatelaside 2n2 au canpottent A malies danirée &t 2 majlles derodia ghagun,
| a revendi cat i diintegcongrxien d¢ estétage comprprantdes mgilesayiaonneated des @@mﬂﬁtevfsd?félétage'a
fonct | on ¥ogi quies exymysteurs dang '@?@alﬂd’@ designpet pand 4R enyier, eonfognémentida popfigyeation :

| ' el d ) KET DU Efpl: 213 1 yleur e 8yyj;2, ayec les fotations
Seau en omboa g dan: ms%%aa'eaeﬁgaaydm el e e

réseau en onbga Y'Ya%tgé {58 ???ﬂ‘i%%
| equel chaque et g e y 0 |l es
d' entree gt deux ﬁ"i‘éﬁ’a’é ShPet BRAeuR °"i'\F f"" 'ti'r?g%'?l"[af’tqm')’ B2 oA ek
| ' i nt er connexi on

des commut at eur 53 5 %&Lﬁ/ﬂ l%%%'ffggé%%nﬁuﬂ 9&&%%@& té %%eﬂ?%%gﬁé@%?
desi gnant par | un’ ent i er, conf ormenment A la configuration:

O-~~~~~~~ (PIH.- Udi’é’ieauBnbemaP&datédBaE}bE&a)l -+ W-P IPWR... Pj... (P2PI PO | W
dans |aguel |l e | eatuntenseeﬂbidﬁragés&rbterqnnoeclésIdaas\fequalcha@pétegae:ommdne\l dimmulatelrsda s
une represent atx 2qui impeennept 2iinailtes ddetsdeph2unaitiss del 'sertieechasun] N étant 'ug entietolfintercantexion |

cetto dbsi gnat i dewetstagetomprenantddsenailleequirotngctpnt depsomiput@ieuss JuRs kstage i 4 des commutateurs
dans I’étage i+1, en désignant par i un entier, conformément & la configuration :

désigna

&*‘"mﬁ
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etantbgale au doubl e ‘de | a val eur de dbsignation du connutateur et O(PgPI.
AP2 ... Pi ... P2PPO1 designe une muille de sortie (P1P,.
P2P1PO) A |'etage i, tandis quo | (PK [P+2 ... PJ... P2P1P """I ulu"ﬂ

40 une maille d' entr6e “(PF1. Pl - Zp.0 336 B§3 B1. P2P1 PPo) "étage ¥ +1s  +
10. Un r6seau en | osange dil ate conprenant un ensenble d etages
interconnectes, dans |equel chggpie @t@gegﬁ amieRd tateurs de 2 x 2

1 #1511
qU' %ﬁpor tent gandBhlei®Sstin@hter éF"qu@N jrls@ﬁte d,-%ut ﬁf] d$a l Edhtation binaire d'une
| *i nterconnexi Oébsﬁﬁatﬁﬁ& urfRintilR d@ﬁmﬁm digHali n%&nﬂM'en&P&HﬁSﬁtpﬁaé dEES2N et
conmut at eur s dagignt bgeRfaa@uble ddiadBleur de la dEbRiation BIBSAHLBISUSet OB ... B, S8, 209 P fitdsigre
desig nant spar i udéinafdide Sdrtie (O PLIPRITEFN,) &y étage ; RRdid G IEP] ,Qn,.zpa.lp,é,(,m désjgne une
pour j =0, 1, Railledentréd (PP PPOAYR rétagelisl. val eur non nbgative de 8n+*2,
avec Iea notati ons suivantes: n est un entier, 0(8n+j), dbsigne la maille
de sortie 8n123 Haregeau metrisi @0!"30(‘3@" 1'%'8'& m@%ﬂ%ﬁgﬁﬁ@lelda cofpmytateurgidectx 2 [tercon-
(8n+j-2) dans | nqg{ég_qgcqmpo nt jd ]"éﬁ mﬂl"eS—dQﬁOI’tls chaq:uq. @gﬁ segy@.p@tﬂcp@ahgnes

n a3ii connectent chaque

ternie | (8n+ - tflg £O oy B
dbs; gnant | aeham?@ 'gﬁ‘?" : :]'inﬂz" E@a{ﬁgeﬁ%ﬁﬁz%ﬁwgﬁﬁ%@%ﬁ%J

dilate conprena"ec%"gpal de mailles un ensenbl e d' etages | nterconnectes, dans

| equel chaque etage conprend N comrutateurs de 2 x 2 qui conprennent 2
mai | | es d®entr6e et 2 nailles de sortie chacun, N etant un entier,

I.' i nt erconnexi on de cot etage conprenantdes nalllesqu

connect ent descomut at eursdans | ' etage i A-des commut ateurs dans | ' etage

i +1, en designant par i un entier, confornmenment A la configuration: 11 I
||||FL’||b|j 111111 1131 1f1 11111 EP 0 386 958 Bl c
L M -(PIPI1---PJ-2PJ+-p ---Pl-. I (PIPpl ... PJ2PO. ..PIPJ+1)i+1 .dans
| aquel | e I est un entier tel que Ns 2', Pk represente |le bit k+1 dans une
repr6sentation binaire d une designation d une maille d' un comut at eur,
cette designation 6tant un entier dans |la plage de 0 a 2N et 6tant egal e au
doubl e dessl a val eur de |a designation du comutateur, et QPIP- 1
...Pj+2P} +1. .. PPo)| designe 5 une naille de- sortle (PIP 1.

Pj +2P1+, ... P1PO) A l'etage i, tandis que I(PPj. 1...PlI+2Po. PPpI) 1,
designe une naille d entr6e (PIP,. 1...PJ+2P0...P1PJ+1)) Al etage 1+1. 12.

Un reseau matriciel connecte en treillis, conprenant un ensenbl e de
commutatelrs de 2 x 2 Intercon- nectes qui conportent 2 mailles d entr6e et
2 maill es de sortie chacun, disposes en une natrice de |ignes 10 et
de col onnes, |'interconnexion de ces comrutateurs conprenant des mailles

qgui connectent chaque comutateur dans la ligne | et |la colonne j, en
desi gnantgpar | et j des entlers, a un commutateur dans la ligne 1+1 et la
col onne J avec une pairo de nallles eta un commutateur dans la igns i et

| a colonne j+1 avec une pairs de mail | es. 15 20 25 30 ° 35 40 45 50 55
12 '
: "

40

45

50

56

12

I 3



