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5 Signal pernuting is used to change the routing paths of signals to
“connect two interfaces whose sets of signal lines have different

orderings. For exanple, as ShﬁthNALFPE ’TIN an |nte l‘lml wmm "Mr nput
as

circuitry 11 has lines Lo to hat carry ntro

Gound signals, and a second interface 12 to out put CI I‘CUI l i nes
Lo to L3 that carry Datal, Data ZEGHNIGALFEEEDControl si gnal s.'*4fe i nput

and output 1o interfaces are coupled by a 4-by-4 pernuting netvvork 14 that

maps [Lo, L1, L2Thibgjventionfrel@es tolsegnalipeymutitie, A pernuting n

i npl emented using switches. In Fig. 1B, the output of mmmmm‘“mﬂwwrm
can reflect any one of its n inputs. By using a nunber of 1i: t ches
which receive the same set of n sigRehéGRbUNIEI I i nputs, n si gna s can be
pernuted to any 15 order at their output termnals. Fig. 1C shows a 2-by-2

per muti ng netw%ﬂ@kﬁﬁgp@%&% | b} Rithag Pt PG Enaklo oGneliiph PermLt es

the ordering of t So an An n: svmtc can be 1 nplenented

using an n: r}t?r%la%\!vlpésg ?ﬁ% of s?gng ﬁ'xe}{v{e\l@gg{?dﬁmrﬁgﬁgﬁr'? S 156'%%%1\{%15 n%%h%ﬂfm' ts

contents wri ore ect a ress n | ookup-
(201 2112 ok g UTRALS 1, AR ks RS TR Y o o0,
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per muting nﬁ%é’s\o 1[0 to L that carry Datal, Data 2, Ground, and Control signals, the input and output
10 interfaces are coupled by a 4-by-4 permuting network 14 that maps [Lg, L;, L2, L3] to [Ls,
Lo, L1, Lo].
A permuting network can be implemented using switches. In Fig. 1B, the output of
an 12:1 switch 16 can reflect any one of its # inputs. By using a number of n:1 switches
which receive the same set of » signals at their inputs, » signals can be permuted to any
15 order at their output terminals. Fig. 1C shows a 2-by-2 permuting network implemented
using two 2:1 switches 20, 22 that permutes the ordering of two signals Sg and S,.
An n:1 switch can be implemented using an n:1 multiplexer, a 2"x1 random access
memory that has its contents written to reflect a single address input, or an n-input lookup-
table in a field programmable gate array that is programmed to reflect any one of its inputs

20  at its output. For each type of technology, the types of switches that can be most

economically implemented may be different.

DESCRIPTION OF DRAWINGS

FIGs 1A-1C are schematic diagrams of switches and permuting networks.
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| 2 5 AUG 2006 WD 03/ 059004 PCT/ US02/ 41311 FI Gs 2-3A alnd 3B are schematic

di agrans of pernuting networks. FIG 4A is a diagram of a mappi n@

i nput ansv@od/qgraeodt ermnals. FIG 4B is a di agram show ngLPCWﬂm/hén of

posi tion coordinates of signals. FIG5A is a schenmatic diagramof a
conputer having a pernuting network. 5 FIG 5B is a diagram of a mappi ng
bet ween t he i npIGa2aAcut pBtard &hematl dagedmd dfgernpaingueiwegksnet wor k of FI G 5A.
FIG6 is a schematic diagram of a pernuting network. DETAILED DESCRI PTI ON

The invention i FIGi4ACE b dihgiagneladfappiipHetweeh inpat 4id odtppetefiinbleg net wor k usi ng
a io predeterm ned set of building blocks. The building blocks are

programmabl e sWHIGh®BSs @ UiagRREsHRWiHERF8sitidPEE poSHeH cdrBifatBEbMenalbl € to sel ect
one signal from am)ng several si gnals. The permnuting network is configured

as a mul tidi WE”SI*IGFS% is §‘§éﬁeﬁx*ﬂt1@ﬂxa§r¥m%%%ﬁﬁter &V@@E)pglé@@tg%@ﬁ/oﬂgr mute the

ordering of signals by programm ng the sw tches signal s

according to a RYETEH kA% 1a9,95f ,n{ptpprf%%emem% {,wuﬁoean m&ﬁm@gr er has

input termnals at 1ts Iet and t term na RS ef erring

to Fig. 2, &r%ﬁéﬁ@ﬂ%ﬁ%ﬂ“mh array permuter (MSAP) 200 that can

per mut e AT signals is inplemented using 2D- | |ayers of
swi tches, |ayer .. throu 2D- 1. .The nunbers W2, M D are integers.
Each | ayer cont Jlslﬁls-ﬁlfﬁécm gﬁ‘é READSL 2 PPRAUIEE NERiO hes of the sane type, but
the types of switches may differ anong 20 different |ayers. For A =1 to D,
| ayer LA includes wA: | switches, each of which can select one signal from
among WA signals. For exanpl e, DETAELED DESCRIPTIONM : | switches, |ayer L,
contains w2:1 switches, and layer LD contains IVD: | switches. For A = D+1

to 2D-1, layer T ipeniti@i 9diréciéd tbvards canbtri@iondf a bermutingngtiverk usiagar LD+

‘contains wD.l: | switches, and |ayer

10  predetermined set of building blocks. The building blocks are programmable switches of
one or more type, each type being able to select one signal from among several signals.
The permuting network:is configured as a multidimensional switch array permuter
(MSAP) that can bermute the ordering of signals by programming the switches to select
signals according to a permuting algorithm.

15 In the figures, each permuter has input terminals at its left and output terminals at
its right. Referring to Fig. 2, a multidimensional switch array permuter (MSAP) 200 that
can permute N = wixwsx...xwp signals is implemented using 2D-1 layers of switches,
layers Ly through Lap.;. The numbers w;, wo, ..., wp are integers. Each layer contains the
same number (V) of switches of the same type, but the types of switches may differ among

20 different layers. For A = 1 to D, layer L, includes w,:1 switches, each of which can select
one signal from among w; signals. For example, layer L; contains wi:1 switches, layer L,
contains w»:1 switches, and layer Ly contains wp:1 switches. For 4 = D+1 to 2D-1, layer
L, contains (2D-4):1 switches, For example, layer Lp; contains wp.:1 switches, and layer

L,p+; contains wy:1 switches. By appropriately connecting the output terminals of switches
2
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L2D+J contains w : |1 switches. By appropriately connecting the OUtiJ_)‘BI't‘hG ?1(86

term nal S"k’ﬁfgﬁ%{‘, hes 2 2 5 AUG 2006 WD 03/0' 59004 PCT/ E§8%/U%é§}] 11 U
| an

| ayer to termnals of switches in the next |ayer,
“appropriately programmng the switches to select input Signals, MSAP 200

can permut eint Qg la&éﬁg?ﬂ{kﬁgﬁf‘[?‘m a’c‘l?sgotf g‘?ftclzl%ls glntﬂ% ﬁex??ay%.r%%nd; %g}éﬁ)riét?lgo any

arbi.trary orderi sign S out pu nal s of the

switches in_layer .L re. i Si I e NMBAP. .5 The co

awi tohes. | nprpRERmm SIS liele PRl SigHRE ig e 280 Mol o oo,
pernmuters; 202, .th nmber being N.w . Each - by- ernuter 202

i ncl udes a qﬁﬂgﬂéﬁjgrgfs a?’&f Inpjit ‘“E’Vﬁ“?é‘,l?ét ,yf’rﬁgr'.‘?‘ﬁj%léerS‘%@Ygﬁbﬁiﬂ‘ftﬁu.t' Each
mj-by-w, pernuter 202 receiyves 14,1 signals fromithe  input t i nal s 204,
and outputs a s ed@‘%‘é‘%ﬁél%%ﬁ%lswﬁgw eétbﬁeflﬁgo’ 'BH‘EtﬁL&“altSQ%WPWNG.
The output signals 20 6 of pernuters 202 are sent to the input termnals of
pernut ers i hhgw:] s¥igghes n therigyer 14 are-coniigyred-indarn ynympee pf wibyyepemHEryur ed t o
forma nunmber OF 1'V2-bY-W2 pernuters 208, the nunber being NIVW2. Each

M 2- by- W pdiZnthe apmbersbeingd¥ip diachp-b g Rermaites 202 inglydesraymbessinninal s 210,
and outputs a set of re-ordered W2 signals at its output termnals 212.
The out put Sitshes, thegrumber baing er Eachos-tare: peamuter Y2trepsiviep pusignady emtlies of
pernmuters in layer L3, and so forth. 15 In general, the switches in |ayer
LA (A = | tinpD)terariealgy?Gy pedioutputon sev of ioyprdered pietignalson the et teprinala £266.
receiving w2 signals fromthe previous |ayer and generating a set of
re-ordered The qupwisignalk 80@of petrsutea p2usre sdrh o thwiitpottesninals bfpeenuterdig 2 = D+1
to 21D-1) are grouped into M 2D A-bY-W2D. A permuters, each pernuter

recei vi ng VakkrA,sTignad: Bswitahes ihleer Dy 8 t@ifiguled yefora adugbaaifabibpg,a set of
re-ordered m2D. A signals at its output. The switch 20 outputs in the |ast

layer, L2D- dermafefs 108ethe WiRbdrdeb ML EMBAR by} fdimuter 20858deiwk WF sippsigigred N
signals. The connections between the output term nals of one layer and the
i nput term AahBut terminals 210, and outputs a set of re-ordered ws signals at its output terminals
212. The output signals of permuters 208 are sent to the input terminals of permuters in
layer L3, and so forth.
15 In general, the switches in layer L, (1 = 1 to D) are grouped into w;-by-w;
permuters, each permuter receiving w; signals from the previous layer and generating a set
of re-ordered w;, signals at its output. The switches in layer L) (1 = D+1 to 2D-1) are
grouped into wop.1-by-wa2p.) permuters, each permuter receiving wop.; signals from the
previous layer and generating a set of re-ordered wyp.; signals at its output. The switch
20  outputs in the last layer, L,p.;, are the outputs of the MSAP, which is a set of re-ordered N
signals.
The connections between the output terminals of one layer and the input terminals

of the next layer are fixed (e.g., hardwired). The connections are represented by the

regions 214 enclosed in dashed lines. The connections between each layer are configured



of the next |ayer are fixed (e.g., hardwired). The Tonnections ahe AUG 2006
represented by the regions 2114 enclosed in dashed-ines. The connections

bet ween ?ngb/dsgy(gr are configured 3 2 5 AUG 2006 WO OXWb9O9A4IS02/41311
PCT/ US02/ 41311 so that each of the output signals of a pernmuter is sent to
a different pernmuter in the next |ayer. Thus, each m A-by-m A pernuter

recei ves WAy iHaP&ch D eedutpuf $i@ialswk aGeinh @668 benpRr-différerterrhitertif thefifefli OUS
| ayer, permutes the order of the wA signals, and sends the re-ordered wa

si gnal s t o 18y dinh @8I -BERPENRLES rebdlvdshe iffRXSighad/@om wB diRreatyaiivage of the
invention is that the MSAP can be designed and constructed using various

types of sw i SRR YAt QIS DG S ARRE, Y 3¢ d8 BleSre-ofRfedskanpl €, to
desi gn an \ls/ﬁs%gb'?ﬁg?&c%% ’%elr mgte N si gnal s,/1 E%e factors H, ieoof eN(-Ayf'filre first

determ ”ed'sis%&ﬁ@'f %if%gﬁﬁlﬂp@{s iﬁg%@ﬂ@}eﬂf actored in many ways, each of

whi ch correspon erent desigm. For exanple, suppose the factors
ot S0, 30 Oy B e iR et g o ©
ater descrPpeNaess s oL sl deffiins S VERE Oy 3 ahpieB® BRRRHIRE Pons | na
Choout ng. Nt SRR gt co et grle J o M s iyt BEHRAD oo be
D12 Y et R oA B e co
be designed by choosing N=48, D=3, wl =3~1V2 =4, and WB = 4. The
48- by- 48 \elifferentriepian dior xample, sunipase the factost wiae ¢hagearsodat3: 1 swi t ches,
second, third, and fourth layers of 4:1 switches, and a fifth layer of 3:1
SW t cheg. N =w;xwqx...xwp, then a MSAP having D dimensions, with w; being the width of the 1-
th dimension can be designed. The meaning of “width” and “dimension” will be apparent
from later descriptions. |
For example, there are several MSAP configurations that can permute 48 signals:
e A two-dimensional MSAP can be designed by choosing N =48, D=2, w,
15 - =6, and w, = 8. The 48-by-48 MSAP can be built by using a first layer of
6:1 switches, a second layer of 8:1 switches, and a third layer of 6:1
switches.
o A three-dimensional MSAP can be designed by choosing N =48, D =3, w;
=3, w, =4, and w3 = 4. The 48-by-48 MSAP can be built by using a first
20 layer of 3:1 switches, second, third, and fourth layers of 4:1 switches, and a
fifth layer of 3:1 switches.
e A five-dimensional MSAP can be designed by choosing N=48, D=5, w,

=2 wy=2, w3=2, ws= 2, and ws= 3. The 48-by-48 MSAP can be built
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A five-di nensi onal MSAR-can be designed by choosing N = 48, D = 52 SWAUG\2006
= 2, WB wdo3¥¥ogs 2. and wh 3. The 48-by-48 MSAP can bepgtigkdzs112 5 AUG
2006 WD 03/ 0"59004 PCT/ U802/41311 using first through fpurth |ayers of 2:1
switches, a fifth layer of 3:1 swtches, and sixth through ninth |ayers of

2:1 sw tches. The advﬁﬂ&ﬂﬁﬁthtoﬁgﬁm&h%%rs\/&ﬂﬁﬂ sttt hea! £fifh I%S)Wdfgrlﬁents (e.g.,
different technologies for inplenmenting the swtches, di fferent brands

of products of the sapRohes faﬁ&amltmughxﬁﬁtﬁ\rayéﬁo@lzflfs,\%ﬁ&eg types of switches,
or allow different types of swtches to be  |nplenmented nost economicallly.

For exanpl e, '”ﬂ@‘id\%'ﬂiﬁ'oé% ?ﬁﬂém wWhi dRRRIFerHbhmi (e éb'd@ff&eﬂmy be 2:1

SwW t ches, and al |l ot her sW tches are construct fromthe 2:1

switches. | BaRBRkRe o3 m&mggﬁe] slifdfies@%iferbl il fllal e REARISor WKaLEC! Ul

both 2:1 an svmtc arger sw s are fromthese two
ted

types of V. Nstd usin i 1.di ng

bl boks. that EaaREna s bl s NPV ughey REp R ke f‘EtJV%CrS Trifedihek 0
Fol | owi ng the Drevi.ous, exa te 48 SI l,.so p055| bl e
to select WG e&mosi?%ﬂ%ﬁwskﬁ %Dxam%a BnneeOpRuRunt bt SutEger t han
48, so that s uts re |left unus This structure
uses nore |9 ?‘c‘“?:yl\g?ﬁ ‘glt B%f‘“ e"t ?rI’P ?r?%se%"i&%ﬁ"mﬁe Hei‘gy ratlons to
be avail abl e. For exa y choosjng N = 64, the follow ng

confi gur at | DYitehesaly apet Géwrfﬂan%ﬁéq bqﬁ&buadlsablsgfkseaampde och 21 and 55

N=64, D=2, W =8, W=8. N=64, D=3, W =4, M 2=4, \8=4. _

N=64, D=6, | i switehes; anrilarpenpeitphes pyefaplt from-these pyetypes aigwitehegeeNBy-N f or a
particul ar environnent, if |larger switches have to be built from smaller
swi t chesg . tM@APtlmyrb@rcnnﬁtwcneﬂ] usisgbrsldimgriiesks tharo thegnagheropomizalforghasr

di nmensi onal
particular environment.
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Following the previous example, to permute 48 signals, it is also possible to select -
a configuration of MSAP in which N is chosen to be larger than 48, so that some MSAP
inputs and outputs are left unused. This structure uses more logic circuits, but may allow

15 certain MSAP configurations to be available. For example, by choosing N = 64, the
following three configurations can be us.ed to construct a 64-by-64 MSAP:

o N=64,D=2,w;=8 wy=38.
o N=64,D=3 w;=4, wy=4, wys=4,
o N=64,D=6,w=2,wr,=2, w3=2, Wwg=2, ws=2, wg=2,

20 In general, for a particular environment, if larger switches have to be built from
smaller switches, then to permute the same number (V) of signals, a higher dimensional
MSAP using smaller switches will use less logic circuitry. In the above example, if the 8:1
and 4:1 switches have to be built from 2:1 switches, then among the three configurations,

the six-dimensional MSAP using 2:1 switches is more economical (i.e., will use the



MBAP ‘using snal |l er sw tches will use less logic circuitry. In the ngOﬁ@eG 2006
exanple, if the 8:1 and 4:1 switches have to be buiTt from2:1 swtches,

t hen amoMP PHEMr ee configurations, the six-di mensi onal PEEASOHUEHY 2: 1
switches is nore economcal (i.e., will use the 5 2 5 AUG 20M WO 03/ 059004
PCT/ US02/ 41311 smal | est number of swi tches overall). Because the

di mensi onal sydllgstimupgbes of spiteliss overathaBecanse thydimensieral width wi. isprapertionaleb| er
switches and less logic circuitry can be used by choosing w, D M2, W as
cl ose t ogetthepizes of swarhes, smallposdichesand s logicaninhitry cavhlesnushtl by ehopsibger,nost
econom cal configuration is to choose w, = W2 WD= n. For exanple, if larger
5 swi t ches Wave wmasksdose thestheviotvehie fis pyssiblel Fawixaroplesyhenién nf e most ,
efficient design for MSAP is to choose n = 2 and use 2:1 switches as the
basi ¢ bui | decogorbicalcdosfigiratidnds td®hABose wear,;Fabl © wh=beFovexbmpleaif gggpar i son of
the efficiency of MSAP' s constructed using switches of various sizes. In
the exanpl esvatvhvehave tdbetonSiicted fibdr DY sdRcHYBAIRNINOMOS eERVEmt ddsigheek from t wo
lo layers of 3:1 switches and one |ayer of 4:1 switches. MSAP 300 incl udes
layers L, tRISWD.is tdchpbde ri= 2 hitbhsd deiSswdtchesidiieThasie blil@hg BIbSksGPME MsKEd to
form 3-by-3 pernuters 302, 304, 306, and 308. Layer %_2 includes 4:1

swi t ches t hade TabR CUMW B4 RBmpAYishR bMhéd ek iefic PO AP s Sonstrhibled ke _and 314.
Layer L3 includes 3:1 switches that are configured to form 3-by-3

pernmut ers 3dfichesldvaddRsizafid 322. Wthin each pernuter, different swtches
select 15 different input signals so that there is no overlap in their

sel eotions. 1 e b ailedsn IS, 0929 10SAPRYG s30A08L S, ARRSALT 19 2

the output termnals of the perinuter. . Each ayer L,

o gnal o1° andvaLft: Btk add BB B one L RS T inig e dRBRT WLt o s
icgnln?éf ; dLZLayEP i, ﬁ])éﬁgpsl 1 svgipc%eg ’ghgtsz;[re c(:)olle 1 1lJthed %oe{omn r3?b|y-3of;:r S’crepsl&tl)ir% ,0 2 s
306, and 308. Layer L includes 4:1 switches that are configured to form 4-by-4 permuters
310, 312, and 314. Layer L3 includes 3:1 switches that are configured to form 3-by-3
permuters 316, 318, 320, and 322. Within each permuter, different switches select
15  different input signals so that there is no overlap in their selections, resulting in a re-
ordering of the input signals appearing at the output terminals of the permuter.
- Each 3-by-3 permuter in layer L, receives 3 signals at its input terminals, permutes
the ordering of the 3 signals, and sends the re-ordered 3 signals to three different
permuters in layer L,. For example, the first output terminal of permuter 302 is connected
20  to the first input terminal of permuter 310. The second output of permuter 302 is
connected to the first input of permuter 312. The third output of permuter 302 is connected

to the first input of permuter 314, and so forth. In this way, each of the three output signals

of a permuter in the layer L; will be re-ordered by a different permuter in the layer L.
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20 to the first input terminal of pernmuter 3 10. The second out putzor‘f"\UG 2006

per nut er waPezéseoqaonnected to the first input of pernuter pdguscehgsiihird
out put of perrmuter 302 is connected to the first input of permuter 314,

and so forth. In this way, each of the three output signals of a pernuter

in the layer L, LitewiseDeach @uiptidfa@ermititerdn eelliyer BNis cOtieblod & aniifput BEa | ayer L2
6 2 5 AUG 2008 WD 03/059004 PCT/US02/ 41311 Li kewi se, each output of a

per nut er i Ryiffdientlpaditerlin 1dyér IGOTNRC 6K of Be Fhr biPitsigahisdf a Bhrlrufr GNkydper nut er
in layer. L3. Thus, each of the four output signals of a pernuter 1n |ayer

L2 wi |l be 11,qqiphees-8delRY b a ditfet it E‘é?ﬁmfé?'irm'd&e?%éj%& Zérg%e‘?firzrb-%rdcﬁﬂg &%%er ly

re-ordering signals using each permuters, MSAP Tah re-order

12 input sigpalscy ;syrﬁau@ﬂytheﬁ@tﬁyim%d@céﬁfm-fo- r i-fiﬁlgﬁtts;&éutaﬂs%tgw oﬁ"delﬁ‘%san

illustration of how pernuters re-order signals sh i nes "are stiown

i nside LeachiRemHBLisik si esenting routing of signals frominput termnals
2'[1’6;9.& %ff . . . . .
to outpljr)t teg%ﬁna S. St V\E/g{ve i nput signals with the ordering [SI, S2, ...'

In S12] are re-qrder.gd.Lato r)%(ér' %7_ D a2 1 90, 3l . SI Q. S2,  S6,
S12, SH, S4] at Aot l@%%l%ﬁlﬁn o o i ers R orde e e aeied et e FHoxmatsts o how
signal S3 is re-ordered fromline #3 at the.input termnal at the left of
the figure %Y mrwgge#éepéeger{txﬁg r%’ﬂf’%ﬂfm%r@ﬁﬁ#%fnpﬁ{)te‘m%ﬁ? fotPuberIRRIS | qur e.
Permuter 3 re-orders si | S3 fr input #3 to output # 1, which is
connect ed %’V ql‘f?dﬁli?“tﬁ‘gpaléf“%gg?erﬂﬁ% ' ggé?i&.’ -Pe?l?mfeerlﬂ'og‘fei@qp@-or‘éﬁlﬁgf%s $$gnal S3
frominput #1 to outﬁut 42, which_ is connected to input #4 of pernuter
318. Per nutSrS935a §uthe A2 te-or dor ] 8| tha aWruPIMIAR 100piie fellovise inspales #6. The
i nputs and 15 out FUt'S of the pernuters in each |ayer are nunbered # 1 to #
12 fr onmi% opowcsiget Soisve-erdensé fromi ligg #3 at thia énpublermaing! atthd deficofi thesfigurdie line
connections between the output ternminals of switches in one layer and the
i nput t er mifeat heoitpyivierrginelst the righteofleediiguraPermutdri362 ec-odens sighal Ga fronr e

input #3 to output #1, which is connected to input #1 of permuter 310. Permuter 310 re-

orders signal S3 from input #1 to output #2, which is connected to input #4 of permuter

318. Permuter 318 then re-orders signal S3 from input #4 to output #6. The inputs and

15 outputs of the permuters in each layer are numbered #1 to #12 from top to bottom in the
figure.
The following describes the connections between the output terminals of switches
in one layer and the input terminals of switches in the next layer. These connections are
fixed (e.g., hardwired). For description purposes, the switches in each layer of the MSAP
20  are said to form a D-dimensional array. The switches in layer L, are denoted as S[A][x;, x»,
.ow, Xp), With 1 <x; < wy, k ranging from 1 to D. The number x; represents the 1%

dimension coordinate of the switch, the number x; represents the 2™ dimension

coordinate, and so forth. The inputs to these switches will be denoted by adding subscripts



fixed (e.g., hardw red): For description purposes, the switches in &acAUG 2006
l'ayer of the MSAP 20 are-said to forma D-dinensional array. The sw tches

i n | ayer woomomoaglenot ed as S[A][xI, x'), XD, with 1 :5] XTRM2/$131K
ranging froml to D. The nunberx, represents the Ist dinension coordinate
of the switch, the nunber x2 represents the 2 nd di nension coordinate, and
so forth. Tidhe andspEswitthmames Fangxamintes switdhl S[ 62,34 hass dnputs,S[AHB, AY, subscripts
7 2'5 AUG 2006 WD 03/0-59004 PCT/US02/41311 to the ends of sw tch nanes.
For exanpl eS[1H2i3t4dh e[ They Aitditshyilliesienotpdibysadding ajn 2st8rigk] (e.gSS[1][R,3]141%)2, 3, 412,
etc. The outputs will be denoted by adding an asterisk (e.g. S[I1][2, 3, 4]*).
The out put si gnéafie oaput bigndidSAfhealviS AlPhee thebpiplits odthe tdhelayadtp |, ayethelL 2D- 1,
i.e., the MSAP outputs are S[2D 1][xl, x2 xD] for the various conbinations
of Xj, X2, MSAP oubtputderd S[28-1pk ] £,V. . de§]¢rﬂnﬁh¢ Wiiotf camtigdtiofgof Qrx,t.nexswW t ches,
a fictional layer LOis used so that the MSAP inputs are the LO out put s.

Thus, the MARmphiBtdescrition of fdthtion féPthe switcheX RifictiofaPlayér 1§ is VRH s@Hht the

conbi nati ons of X1, x2, ..., xD AIthoughtherels no switch S Q 1, -
1], there igsa® ighddae tl%[ﬂofu{puts Thus, ﬂaL-MSAﬂi"'i ?{i‘ts b S[01B, MRAP., kYR Y&r-théOr A =
1, 2, D, the permuters in |ayer LA arbi rarily perrrutethe out put s of

the "lo permefoﬁgémmngtﬁﬁs B, 0US ) axmso uBh iR iShEERRIST0 v@wn' ipdie reans

that the swtches.in a pernuter 1h | aye yrecel sfrom
G monsi on. At HERABEANY 5y BHEn RECIGE AR S O of ¢ hé" TN
lsfﬁa ][ X:‘A 5(';‘ SXB)q ldgF ';F S(IDS tl&f]errglﬁels in %3/&5_{'2 arbltrarxlly pelgtj Vq(g(ti?qu%osfthei ' fa' '
St ch Sor BRAEESTRTBRPRGEGH P B el o R A T

SLA-3 T Xgelm:lliter in l-ayer L; only receive signals from switches in the previous layer having labels

that are different in dimension A, and only permute those signals. Each of the w1

switches in layer L; (4 < D), denoted S[A][x1, x3, ..., xp), has wy, inputs, i.e., S[A][x1, xa, ...,

xpl, S[AIx1, X2, +.. XpJ2, -+ s S[A][x1, X2, ..., xp]w2). These inputs map to all the outputs of

15 the previous layer with switch coordinates differing only in dimension A:

S[X][xl,xz, cees Xy ...,xD]1 = S[l-l][xl,X2, crey 1, caey xD]*

S[}.][.M, X2y ooy Xy ,xD]z = S[/l-l][xl,xz, ceey 2, veey xD]*

S[AIx1, X2, «vvs X0 <oy XDJWay = S[A-1][%1, X2, ..o, W, ..., XD]*
20 (1 <A £D;any x;,x2, ..., Xp)
For A = D+1, D+2, ..., 2D-1, layer L, arbitrarily permutes the outputs of the
previous layer along dimension 2D-) only. This means that the switches in a permuter in
layer Ly only receive signals from switches in the previous layer having labels that are

different in dimension 2D-A, and only permute those signals. Each of the wyp.:1 switches



S[AI[XI, X2, XX, XD12 = S[A-II[XI, X2, 2, ..., xD1 §[,Z][X |, X2, &% AUG 2006
XDl (WA) 8D AshIopog , x2, ..." W, XDl 20 (1 :5 A5 D; anl)YPXI/USOA13H -, XD)
For X = D+ 1, D+2, ..., 2D 1, layer L?, arbitrarily pernutes the outputs
of the previous |ayer.along dinmension 2D-%only. This neans that the
swi t ches i nindaysebnideP).idanot¢dsSidlixiL »2, onbyl, hasowipw énpyisgireal A Mn.0m swislches in
the 'previous | ayer having | abels that are different in dinension 2D-A and
only per nut 8Mhose . sixghal.s S[ac2.0f., Xdk@20h4  ThEseXnputs map tociiale @titsofAUG 2006
WO 03/0' 59004 PCT/US02/ 41311 in layer Lx (X > D), denoted S[A[XI, X2, ...°
XDl , hasW2Dhk pravppus gyer wigh swiSRIcbbttinatd® differing ontinl dimeBSRINNDD-)L: X2, - XD12,
SPINXI, X2, xDJ(1i)2Dj). These inputs map to all the outputs of the
previ ous | ayer VB[Llxomi t.clo0r dbnatSEs- 11k £e0.1,19..qaby i n di mension 2D),:

S[KI[XI, X2, - X2D. X,. XDl | = S X-1I[XI, X-1, XDI* 5 SPII[Xl, X2, X2D X,
XD12 = SPI - 11[ XWS[XFx1, x2, .3 x2pa, X DhpSPISRA [x1368, .. X20D: XaxpXDl (VD-2,) =
S[X-11[ XI, X2, -~TVW% - XDI* (D+1 :5 %5 2D 1; any x I, X2, ..., XD
Referring to Fig., 3B, the switches in MSAP 300 have been | abel ed as
SIAA[xj, x2], lo Xranging froml to 3, x, ranging froml to 3, and X2

ranging from | tgpﬂ,g,;szg_r__’gmyggixg{(}gzgm=o§[mg[$\.g%qn,,w2 he MBAP input signals

are described as t out put” si gna of lay and aré | abel ed as

SIA[i,jl*, 1 ropghng £epm.Ldp 3, andy ranging froml to 4. Layer L,
pernmutes the sia(gnal"s éFon(j lt“%e" i 'r'§t9}di mensi on. Thi.s neans that the

switches in -| ayﬁfe#ﬁﬁ)%\t/déﬁg.}%é tl%LEW{lle% d?@AWB%%geegeeL ?agkllgg Féesggﬁ%’s%‘? fa

swtch.in |ayer I's wt erent coordrna e first

L menst 95 O gBRTRAE0Lc Sekin BobgSE A R RRED g f BT oL
in layer Lg% r%%atifor?,l tLg AP input signals are described as the output signals of layer Lo, and are
labeled as S[0][i, j]*, 7 ranging from 1 to 3, and j ranging from 1 to 4. Layer L,; permutes
the signals along the first dimension. This means that the switches in layer Ly, whose
outputs are connected to the inputs of a switch in layer L;, have labels with different
15  coordinates in the first dimension but same coordinates in the second dimension. For
example, the three inputs of switch S[1][2,3] are connected to outputs of switches in layer
Lo as follows:
S[1112,3}, = S[O][1,3]*
S[1][2,3]2 = S[0][2,3]*
20 S[1][2,3]5 = S[0][3,3]*
Layer L, permutes the signals along the second dimension. This means that the
switches in L;, whose outputs are connected to the inputs of a switch in L,, have labels

with different coordinates in the second dimension but same coordinates in the first

dimension. For example, switch S[2][2,3] has its four inputs connected as follows:



S[1]1[2,3], =9S[q[1,3]* S[ I ] [2312 =S[0] [2,31* 20 S[I][22§JA%G-2005
S [3,3]* Layer L2 perm,lt es the signals along the second di nension. This
means t hgo tdesoomwi t ches in LI, whose out puts are connect edTiusot/nB1i nput s
of a switchinL,,, have |abels with different coordinates in the second
di mensi on but same coordinates in the first dinension. For exanple, switch
S[ 2] [2,3] has i S§2]}{hsis =P, E5*connected as follows: 9 2 5 AU G 2006 WO
03/ 059004 PCT/ US02/ 41311 S[2][2,3], = 9[1][2,1]1* S [2] [2,312 =S [ 11
[2,2] S[2][2, 3RS E9R[BI* 9 2] [2,314 = S[I][2,41* 5 Layer L3 pernutes
the signals along the first dinension. For exanple, swtch S[ 3][2,3] has
its three |nput s[zgpzm]@etggq[zig*fol lows: S[3][2,31, = §2][1,3]* 9[3][2, 312

= 9[2][2,3]* 9[3][2,313 = 9[2][3,3]* 10 The output signal s of MSAP 300 are :

the 12 switch ow{mpyt, Lrgm‘{jwer L3, i.e., S[3][I,I]* through S[3][3,4]*
An MBAP switch topoli]éy has a recursive structure. If the first and | ast

layers of SWt@Ja%ﬁ3lﬂe.rﬁnskth3§g&9tsa&fgtﬁ@mv&qwttg@waﬁeﬂx%ﬁf dlcqlll mension D

> 1, the remaining portion is a nunb S0 I mension D1,

t he nunber S@%}é@%l‘@sﬂs%ecﬁﬁp&?@&ﬂn@&ed %:frf\?v%gvsAP with dimension D> 1, for

each fixed nate c ween In the first dinension, the
subset of svx,itclytaﬂ[ Selﬁﬁilﬁz X3, - - -, XD} (k ranging from2 to

S[31[2,3]> = S[2][2,3]*

S[3112.3]s = S[2][3.3]*

10 The output signals of MSAP 300 are the 12 switch outputs from layer L3, i.e., -
S[3][1,1]* through S[3][3,4]*.

An MSAP switch topology has a recursive structure. If the first and last layers of
switches (L; and Lp.;) are removed from an MSAP of dimension D > 1, the remaining
portion is a number of smaller MSAP’s of dimension D-1, the number being w;. In

15 general, in an MSAP with dimension D > 1, for each fixed coordinate ¢ between 1 and w,
in the first dimension, the subset of switches {S[A][c, x2, X3, ..., xp]} (A ranging from 2 to
2D-2 and each x; ranging from 1 to wy) forms a sub-MSAP of dimension D-1 with
dimensional widths w,, ws, ..., wp. Each sub-MSAP has its own sub-MSAP’s, and so
forth, down to the level of one-dimensional MSAP’s. This recursive structure of the

20 MSAP is reflected in the MSAP switching algorithm described below.

The switches in an MSAP are configured according to a switching algorithm so
that the MSAP can permute signals in any chosen order. To facilitate description of the
algorithm, each input signal to the MSAP is described as having a starting position and a

target position. The position of a signal in a particular layer is written as [x1, x2, ..., xp],

10



"2D-2'and each xk ranging froml to wk) fornms a sub- IVBAP of d| rren§|3)

with di RegSseRBhs Wi dths 1412, W8, - - -, MD. Each sub- ﬁﬁ 53\ own
sub- MSAP's, and so forth, dovvn to the | evel of one-di mansmna Hé

“Thi s recursive structure of the 20 MSAP is reflected in the VBAP SV\IItChI ng

al gori t hm dgficdoirb@@ndneth W 1abED 6f thVeviEdNGRat isBleddl B ccording
to a switching aI@?grlthm so that t1 he I\?B,E\Pecan pg}grfﬁ'?gmg l& lg.’ny

chosen ordep.rid anf aeistdnbiak & q@g’g% FPIE%}QE’C&I?Bg g&zt%ogfc{f?%g]' éet‘ms? ﬁ)%%pgg'ﬁlgg ut

signal to the A Pis descri avi ng posi

R g c L o T AN

d witch th el t t h I t put.
cOr ESPOnS, bl A5y B DR RO Pt B e BB P
posi ti on, of 0[]?1':‘»)Ee L becau e

t t tch 3 I d
reflected a 5T o onﬁag%egt(gﬁgiawﬁf‘@\}ﬁ%ﬁgﬁ/‘s SF%(@;%g\f’l%"”Fg[s ]C][I gzal
| d h |
oy pagat es BiEn e oS BREERIGR By, Bhriirulaet bt ?e@s@eghééggr{‘aﬁ@ si gnal

is selected tch, S VWen the si _grial propagates to |ayer L2,
its positi o‘???‘)éf?avrt\?ﬂéég"ti’}bgll[ﬂ[& 2&]1]*’5%6161@?(5]*@ e Rosigin of the s1g§zgl|cgmggﬂtot{9 2kwitch S
[2] [1,2]. Then in | ayer he position of the signal changes to [3, 2]
because t heP&SP¥Rie wakmseeqt%dobywltgm%ﬁ%[s] [3,2]. In a three dimensional
(D=3) MSAP, suppose an input signal has a starting lo position of [2,5,3]
and a target podngityse gimehsonal @)=3) MIAP, sernose arhiaputsigeal MB\Pstsmingches  nust
be set in a mann er so that the input signal S[0][2,5,3]* is routed to the
out put 41 gneasitiogo$]7,%3 gne ja*targ@ipositisni agfr{éjl,é@.r’mmgemleﬂlatﬂhemmM&hMSAP, t he
signal's position is adjusted in each switch |ayer, reflecting the

swi t ches t hatsttbhectsi grmahndnas thet thpmpat sighat ${0{RGI3]* Beaastso theqggut kigitgr onl y
pernmutes the signals in one dinmension, only one coordinate of the signal’

15 posi ti onS[5H4Ad] S serkignal gropagytes thrdugh tRMSRP She §ifhal’b Bodiich iVEd)FstefinS| gnal
may follow the

each switch layer, reflecting the switches that the signal has propagated through. Because

each layer only permutes the signals in one dimension, only one coordinate of the signal’s

15 position is adjusted in a layer. For example, in the D=3 MSAP, a signal may follow the

position path:

Lo:  [2,5,3]
Li:  [8,5,3]
L: [8,7,3]
20 Ly [8,7.,6]
Lyt [8,1,6]
Ls:  [4.1,6]

This position path determines how one switch in each layer must be set. In order
that the signal propagates from Lo position [2,5,3] to L, position [8,5,3], switch S[1][8,5,3]
25 must be set to position 2. In order that the signal propagates from L; position [8,5,3] to L,

position [8,7,3], switch S[2][8,7,3] must be set to position 5, and so forth. When all of the

11



position path: LO [2,5;/3] LI: [8,5/3] L2: [8,7,3] 20 L3: [ 8,7, @]5 AUG:2006
[(8,1,6] L5: [4..1,6] This position path determ nes-how one switch in each
| ayer nusto o™eads. I n order that the signal propagates fPORUSO2/HI3$] tion
[2,5,3] to L, position [8,5,3], switch §1][8,5,3] 25 nust be set to
position 2. In order that the signal propagates fromL, position [8,5,31 to
L2 positi omokifion p&hs fos ietMBAB]s 23 1{ul signa3§ have btenlletesmined, allpd shetswatoheds,in and so
forth. Wien all of the 2 5 AUG 2006 WD 03/059004 PCT/ US02/ 41311 position

pat hs for ttheM¥B3ARas bk B titt ghmpst g dbeented ef e piopedbutglt kerminatshe
switches in the MSAP can be set so that all input signals are routed to

the proper @eMIMP. TRESR Balleatiof of ¥ PesithdpARths Téttenal Ratteptdnaktisaitoof AT
position paths (or si gnal pat hs) can be used to deternmine a switch-setting

confi gur at i Rierfnffe a0 itMBAE ing SonfiBRraliGiWor @WMsalPl ng Al gori thm The MSAP -
switching algorithmprovides a way of configuring an MSA P to route i nput

signal s 4o achieve every possible signal permutation at the output
termnal s. ng\\yfgxprswngﬁﬁg%pﬁmgyr ation provided by the sw tching al gorithm
i's not the 0 an AP can be configured to permute si gnal S.
L P O RN 16 oL O, DB IR
mRNner 10 ThAd SindSe ke e p0ERR S | a0 95 ST bales A gori ¢hm
However, the configuration provided by the switching algorithm is not the only way that
10 an MSAP can be configured to permute signals. It is possible to use a “brute-force”
method by looking through all possible switching combinations in some intelligent (e.g.,
recursive) manner to find a solution. |
The MSAP switching algorithm includes Algorithm 1, which calls Algorithm 2. In
the description of Algorithm 1 below, the MSAP switching procedures are described in
15  terms of signal position paths rather than in terms of MSAP switch settings. There are N
signals, each of which has a D-dimensional starting position and a D-dimensional target
position. Algorithm 1 determines the position paths for all the signals, giving each signal’s
position coordinates in each layer from Lo to Lop.; in a manner that is allowed by the
MSAP topology. No two signals can occupy the same position in any layer. The Lo

20  position of each signal is its starting position. The Lap. position of each signal generated

by Algorithm 1 will match the signal’s target position.

Algorithm 1

Algorithm 1 calls itself recursively. Each time Algorithm 1 is called, a parameter 2

25  that represents a subset of the input signals is passed on to Algorithm 1. When Algorithm

12



. the description of Algorithm! below, the MSAP sw téhi ng procedur eg %I,AéJG 2006
descri be rms of si gnal position paths rather tha of MSAP

swi tch sce{?’hrbﬁés B"fl‘]'here are signals, each of which has QCBRISP%{E}OMI

starting position and a D-dl nmensi onal target position. Al gorithml

det er m nes L i hy] [ 'S

posi t1 on coaﬁﬁ?@gﬁ"é@la‘fﬂ B Al %?1’? 19, 8PRR p Aty EA SRR 2

al l owed by th same position

in any | ayefecmlS hve i ? 4] amStg’lg%f i cor\& a"ésuc &&%‘elﬁgﬁ%ﬁer Cslétpéf %’P‘f { hg posi tion.
The L-1D-1 d h th
si Snal s ta %‘irtﬂlﬂﬁ kteF ’adgf’ '{}h}gp ]Mgf{}’% CS’%ﬁ??'} Wn‘?l alssuagq {e¥el |p?r§15'FtFr * e\xg%ts ::velt ye

Each tine Algorith i.s.called, ar,anp ter 25 t hat ents a
Subset of ¢ AT sy Eaed rdaBENT b Hvahgn e ot SRR ATRRRR ¢ i
12 2 5 AUG 200? V\ﬁ 03/ 059004 P %U802/413 1 g:hs called initially,

par anet ep | l(call§ it é‘gglpd?ﬁ‘éﬂ"?}ell passerl. a8 ?—9%’ ithm 1. In subsequent
recursive calls, paraneter wi |l contain successively smaller subsets of
signal's. Al gorit Feranyeiepd), Pr&’@k"zof » B pig|eh habV 5 wisx Wet ur SivonAlggritiassing a
| evel parameter X. When Algorithm1l is initially called, paraneter k = |
i's given to Itpefomisgbe steperhelowhesmngAhgparimdien t6 répresantitise et sib depthednd 2 to
parameter X = 2 is passed, and so forth. For any given N, D, Ifl, W2, ...
andl VDsuch tépéseit the subseX of Mgnaks to.operdte bd. IitiAllgaei 2=hm | perforns t he steps
bel ow using the paraneter ~ to represent the recursion depth and.E to

represent the subset of signals to operate on. Initially, set A=l. 10 Step
1: 1f Ag D jumepq: &Q@Déunﬁ&@&c& Copy the.L;,-, position of each signal
in T- to its Lx position tep 3. Call Algorithm2 to pernute the L),

positions of sigRghs: CBp;StheQE {)’tﬂhﬂﬁ oP&cH mghglem)iffo itPPSpdsitief. coor di nate of
each signal, in such a way t no two signals

Step 3: Call Algorithm 2 to permute the L, positions of signals in Z, changing only
the A™ position coordinate of each signal, in such a way that no two signals
in T with the same A" position coordinate have identical (\+1)"to D" target

15 coordinates.

Step 4: For each ¢, ranging from 1to wy, recursively call Algorithm 1, passing
parameters:
T = the subset of signals in £ which have A" position coordinates equal to ¢
in layer L,; and

20 A=At1
Step 5: Permute the signals in Z from their positions in Lyp,.; to new positions in
Lapa, by changing the A™ position coordinate of each signal to its A™ target
coordinate.
25 The permutations performed in Steps 3 and 5 of Algorithm 1 permutes signals only
along a particular dimension allowable for that layer. For example, the switches in layer Ly

permute signals only along dimension £. Algorithm 1 also follows the rule that no two

signals occupy the same position in a given layer. This rule can be ensured because
13



in 7- with the sanme )? position coordinate have identical (X+)"p& BUG 2006
target 15 coordinates. Step 4: For each c, ranging-fromlto w¥

recursi VveyyoFdbbosAl gorithm 1, passing paraneters: Z the| pelpagbyei1si gnal s
in | which have )~" position coordinates equal toc in 'ayer L7,; and 20 %
~'+l. Step 5: Pernute the signals in | fromtheir.positions in L2D-X-1 to

new posi ti %?onﬁtﬂm A 2PdScrity be e slohes s'iéii@ls _:stamﬁg paiire Bf gl tiRAe of each
sighal toi ts X h target coor di nat e. he permnutations perforned in

Steps 3 anqygefin om%ﬁsfm?n@@@ @vaﬁ)ss@daMir% ekt b REm&swiadhs.i cul ar

di nrension allowable for tha Iayer For exanple, the switches in | ayer Lk
pernute signals only along dinension k. Algorithml! also follows the rule
that no tV‘DAlgom 13J s occupy the same position in a given layer. This rule
can be ensured cause 13 2 5 AUG 2W WD 03/ 059004 PCT/ USO02/ 41311
Algorithm 2, as id e o | a

si gnal sr}’ therebﬁggge\‘/&gﬁgw% dleg) fgfﬁlg&éﬁmaf caHg%f%@'?Q ofd %%D{hml al% bei ng
sel ected by

of A gori (VS Ed %eﬂan“feg?)*pgogﬁl'&a% FEnfl 1St *%Q%”wr’ﬂ'évs@aaf?%?%' Prien

nat ure of Alggor in l dhe naI ve, t he sane
1"t to (X—Aﬂtq Bbiftpoﬁ)lﬁc"&?)%qr%ﬁ%%sr i.gélrﬁ! té’ll? Rest '035’0?5 Pﬁtefnﬁ’g\,\fﬁ Aher d ?SBq’dl nat es,

on the other, han throu | e conbj natiopns. .Thus,

ot hough et nsheligostle FeR GRS Thpbathcug F%ﬁhr?é&“é Lo Bt ver y

a (b),+l)-dinensional array of 5|%e%lals accordi ng p05|t|ons ioin layer

Lx. The ), Iroptskinatisoh 1&%&@@\(@?{»3% ot Dedivgnsipnghanray qf slelalaéqcerdmgﬁe@owﬂ@w' slice"
f thi

° ' 10  inlayer L,. The A position coordinate of each signal in £ determines the “slice” of this

array that signal is in. The (\+1)™ to D™ position coordinates of each signal determine the
“column” of the array that the signal is in. The definitions of “slice” and “column® are
given later. Two signals with the same Al position coordinates are in the same slice, and
two signals with identical (A+1)™ to D™ position coordinates are in the same column. Thus,

15 the array of signals in T is divided into w, different slices, numbered 1 through ws. The
array is also divided into wyxwyax...xwp different columns, not numbered. Step 3 of
Algorithm 1 only changes the A™ position coordinate of each signal so that a signal only
moves within its column.

The following is a description of the terms “slice” and “column.” A slice is a

20  subset of the available position coordinates containing subsets of Z of signals that are
processed by Algorithm 2. For example, consider an MSAP with D=5, w; =6, w2 =35, ws
=4, wyq = 3, and ws= 2. In this case, a total of 6x5x4x3x2=720 signals are permuted, each
of which has 5-dimensional starting position coordinates and S-dimensional target position
coordinates. For example, the signal starting in one position [1,1,1,1,1] may have a target

25 position [6,5,4,3,2]. Suppose Algorithm 2 is called when = 3, representing the 3 level of
14



array that signal is in,_ The (), +1)s'to D' position coordl nat es of 5 eREh2006

si gnal LRy t he 44co| um " of the array that the sigalydisds; The
deflnltlons@ ﬁ)sllce and "colum" are given later. wisu’;na?s W th the
sanme ), "' p05|t|on coor di nat es arelnthe sanme slice, an two signals with

i dentical (% )sdn 15%#%1’&1“11 ROR kit e@@ gut g%g% l@\)\jitﬂ cé&%nz g&isﬁ%}\l ces,

Thus, 15 the arra nal’s in

nunber ed | %k2X - -
WD di ff er etﬁp&ﬁfﬁ sYdemH!s‘?ons"i‘ @?.’ I*é)? e%nip(?e gil\(l#eds‘ie%&lafsor tnha\lylh\)l'nfivellrﬁp)?s ) nges
the X'" p05|t| n coo f each Si so .t hat al_ onl moves
withinits &BPT Wﬁtes f]tg 1? —ﬁg——1—s] 3° g@@?‘?“&t‘i’%‘ﬂ‘a‘&g’ ‘F’ﬁggt Cef ﬁ%ﬁ“mé‘l i ce" and
"colum." A slice.is a 20 subset of the avail abl e position coordinates
cont ai ni ng dhBdede Y of [42:8624i ghal s that are pr ocessed by Al gorithm 2. For
exanpl e, consi der anIVBAPvmthD— Mj = M2 =5, WB =4,14'4 = 3, and
wWs = 2. Bn this &nstep2af plgerthmok, tmlamxgsz@:ofzi@ Mng}sawam@ppémmcleus each
of which has 5-dinensional starting position coordinates and 5-di nensi onal
‘target posi pegitionscgsoihelLnpasiions ¢ighe 24 sigplsare aleofthefoan [42arfing.i n one
position [ 1, 1, 1, 1, 1 ] may have a target 25 position [6,5,4,3,2].
Suppose Al gaylgarfinm2 if salled kd reatranige the 24 sigdals ircpwitbmrigyen L i.ef, Almofthhed e | of

ID 14 2 5 AUG 2M6 WD 03/ 059004 PCT/ US02/ 41311 recursion in Algorithm1l. In
this case, Thargss thedypssitionaboslingteabstheit kigaainmta migdrizhnp @ dlividesthe 2d00r di nat es
in dinensions | and 2. For exanple, all the signals in | may have L2

position caiphals L @go Of'slicks® ahd6 Nediulnd! based of thei@otifiét cdordiMdsaE4dh ogxact | y.
4x3x2 = 24 signals: [4,2,1,1,1], ..., [4,2,4,3,2]. 51In Step 2 of

Al gori t hin 1,thetm:cb@h@e@stghg@%nwéaom@ﬂﬁ@dmlnﬁlslhlvem sigha@s, copied to their L3
p05|t|ons so the L3 positions of the 24 signals are also of the form

[4.2,-,_, AlgoritTheylides cGidin Bsd SadafAW HIPNGGerd $1€(sfe 308 Fostdnl Wi thin
| ayer L3 Le, Algorithm 2
coordinate. There are 4 slices because A =3 and ws = 4. The slices are called "slice 1"
through "slice 4." Slice k contains those signals in £ whose 3™ L; position coordinate is .
For example, slice 3 contains 6 signals whose L position coordinates are [4,2,3,1,1],
15 [4,2,3,1,2], [4,2,3,2,1], [4,2,3,2,2], [4,2,3,3,1], and [4,2,3,3,2]. During this call to
Algorithm 2, the signals in slice 3 have these six L; positions, although the particular
signals occupying those positions may change.
When A_lgorithm 2 swaps two signals, those two signals will exchange slices,
meaning that they will swap their 31 Ls-position coordinates. The 6 columns, meanwhile,
20  contain those signals with a given combination of 4" and 5" L5 position coordinates (the
coordinates above A = 3). Thus, there is a column whose signals have L3 position
coordinates [4,2,1,1,1}, [4,2,2,1,1], [4,2,3,1,1] and [4,2,4,1,1]. There is another column
whose signals have L, position coordinates [4,2,1,3,2], [4,2,2,3,2], [4,2,3,3,2] and

[4,2,4,3,2]. The term “column," as used in this example, describes a set of L3 position

15



changes the L3 position coordinates of the 24 signals in 1. Algor%ShQ%?ZMB
divides the 24 signals in 7- into 4 "slices" and 6 "col ums" bas

t heir poswo byesvewor di nat es. Each of o the 4 slices have BCTIUSNHISIT and
each of the 6 columms have 4 signals. The 4 slices contain those signals
with a given P (since X = 3) L3 position coordinate, There are 4 slices
because X =codrdimutesWhtirthdir 4'Thed 31 dimessiar @ontiatesdixtd I Thas sighals with@sigh “slice
4." Slice k contains those signals in F, whose P L3 position coordinate is
k-. For expsdfiog cosldina®s Bi,Z,0,011 Rhmb[4R,43, 0 @t saidvvaen thd "pasd doluddh"coor di nat es
are [4,2,3,1,1], 15 [4,2,3),1,2], [4,2,3,2,1], [4,2,3,2,2], [4,2,3,3, 1],
and [ 4, 2, 3, sbedlse tHr4™n@d 5hicorgbles [391] nft@0 i ARRBHEAM 3, BRowAABVays tdlaifd | ce 3
have these six L3 positions, although the particular signals occupying
those posi tihpBsmdRY oLigAg eV PeRuilisiPbdchidetie WPtz Aokon ShERRERngdshtRse two
signals wll exchange slices, neaning that they wll swap their P

L3- PGS t§ ong; &0 idiahfs colhiig, 6 col ums, neanwhile, 20 contain those
signal s mﬁt%”a gl ven conbination of 4"' and 5,h L3 position coordinates

L5 st on oo ililSorlbed eeguifbh St b REDE e Tufl Sbf i MARTBUGHEPR © Nave
4.2 4 1, 1], .There i her ~col i . whose.si ornal s have L3 positi
E:oordi nat e]s"‘l f%crggtﬁe?n{’ﬁﬂ]%%%%gsémg%y%AI%B@E ,S{’B?rZ]naafld a\[/z, 2, 4|,Og,S|2] I 0'rll'he

term"colum," as used in this exanple, describes a set of L3 position 15 2
5 AUG 2006 WD 0134:8E,S9=010f1(?5C_'I'{H§(_)2/41311 coordinates with their 4 1h and 5
1h di nensi on coordinates tiXed.  Thus, signals with L3 position coordinates
[4,2,2,301) and 74, 2, MHB Eslicest centsias af leas 2lsignalswitthidenticsh tier1 ) ol Rlttarget because
their 4 th and 5" CQQQQEQ%Q§? [3, 1] match. In Algorithm2, a colum

al ways retains the sane set of signals after pernutati on because the

swappi ng acti on dnly exchdR§ds=parftiBsesigasial s in the sane colum. ID

4, FOR X=0,1,2,...DO:
S. Look for a signal Z in slices S+1 through w, and in the same
15 | column as X (selected in Step 3 or 6) with the following

property: Z's (A+1)* to D" target coordinates are not
identical to the (\+1)* to D™ target coordinates of any
signal in slice §. IF found THEN BREAK from the “FOR
K loop.
20 6. Select a pair of signals signal Y., and Xy with the following
properties:
Yy, 1s in slices S+1 through wy, and in the same column as
Xo, Xy, .ve, OF X
Xy 18 in slice S, and is different from X;, X1, ..., and Xy;
25 Y and Xg+, have identical (A+1)" to D™ target
coordinates.

There will always be such a pair of signals.

7. END FOR X
8. LOOP:
30 9. Swap signal Z with signal Xy
10. I[F X =0 THEN BREAK from the LOOP

1L SETZ= 7Yy
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.Havi ng described the definition of the terns "slice" and " col um, 2 5t heG 2006

foIIovmng scription of the steps perforned by Alg ,5%? . FOR S
= | W()S(P/(ﬁs)&glo 2. WHILE slice S contains at | east SI gnal’s al%}t h

‘i_dentlcal (%1)" to Y" target coordinates DO 3. SET XO = one of these
signals 4. FOR ko= 0, %1lsr%w1nthesaggcol§mn!r§§gllﬁej( gEﬁKEthlggl Zin slices S+l

throughwxandlnthe sane colum as XK ( fected in Step 3 or 6) with
the fol l owing prdperty: ZE@%@/Q-?)" to D' target coordi nates are not
identical. to theif), +ENb wiLF11l target coordi nates of any signal in slice
S. IF found THEN E%ﬁ,ﬂé mthe "FOR 1C, loop. 20 6. Select a pair of

si gnal s signal k +j with the followng properties: YK, | is in
slices S8l through wx and in the same colum as Xo, X1, ..., or XK, XK+ is
in slice S, and iAdgdditlivh @rvenlts HyrGiink0 one slice at a time, aBJonsKa slictSs fiked, itand XK+ |
have identical (X+ 1)" to V' target coordinates. There will always be such

a pair of sisgnalsare nof chanpdd ifGRckssi¥e chlSEE theIMoPithnSVIRD WSHHIJE&Jon&UWa bistsy gnal
XK 10. IF K =0 THEN BREAK fromthe LOOP 11. SET Z =
2 checks the current slice for precisely the property that Algorithm 2 is trymg to eliminate.
When this property is no longer found, that slice is fixed. A fairly small number of times
10 through Steps 3-13 always fixes a slice.
The goal of Steps 3-13 is to move a signal with “duplicate” (A+1)" to D' target
coordinates out of layer S, replacing it with some other signal from above layer S whose
(A+1)™ to D™ target coordinates are missing from layer S. In the ideal case where these two
signals are in the same column, Algorithm 2 just swaps the two signals. However, such a
15 pair of signals may not be in the same column, so a chain of swaps are performed, each of
| which operates within a different column. The first swap operation moves a signal with
missing (\+1)* to D™ target coordinates into layer S, and the last swap operation moves a
signal with duplicate (A+1)™ to D™ target coordinates out of layer S.
Fig. 4A shows an example of a mapping between the input and output terminals of
20  MSAP 300. Fig. 4B shows an example of how the position coordinates of the input signals
of a 12-by-12 MSAP are changed from their starting position coordinates to their target
position coordinates. The changes in position coordinates were determined using
Algorithm 1 and Algorithm 2 above. Layer L; only changes the coordinates of the first
dimension, layer L, only changes the coordinates of the second dimension, and layer L;

25  only changes the coordinates of the first dimension.
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16 2°5 AUG 2006 WD 03/ 059004 PCT/US02/ 4131t 12. Z is now in the S215EAUG 2006
colum as sone Xj, SET Kto this J. 13. END LOOP 14. END WHI LE 15. END
FOR S Al gpobs/eyds wor ks by "fixing" one slice at a tine, |i i
is fixed, its signals are not changed in successive calls to the
algorithm The WHI LE condition of step 2 checks the current slice for
preci sely the prapedvaytaphetanNGAP istthaniPefliSiedtimisedpre-Qeledtédriviathes as bi¥ien thi s
property is no longer found, that slice is fixed. Afairly small nunber of
times io0 thiiligbl&ke PEhe3inlmesh by Sstlefficimt RISHP' Cigse onlyar: DOMkched (nHeaips 3- 13
is to nove a signal with "duplicate” (X+1)" to D 1h target coordi nates out

of layer S, ad @flga kgerintitei £ ° sigies. O Aeh aSh@NlerelkOTMANHNEs, bayer S whose
(X+l)" to D'' target coordinates are missing fromlayer S. In the ideal

case where { Me=i st
swaps t he tmﬁ?ﬁlﬁg%g%g lﬂl‘-%v\ng%/célrlélgué "gh@%é%;ﬁc’&gwmg lﬁé"ﬂop'a{}p%\ugt?c hﬁéé in the
sane col ynn

within a d| Iﬁergfg %]m % Sim%re erf éﬁ%&?‘f%ﬁn P@v@suséngﬁr‘bﬁg %t

m ssing (), 1lh ta et coor es | ayer S, and the | ast swap
oper ati on nf)v\V/' cé’esawngfﬁﬁdaﬁm lsﬁesdﬁﬁpgtﬁ er ‘M?%N to D 1h target coordinates

out of layer 4A sh exa bet en the i nput and
out put ter mi nal skﬁgmﬁﬁls%ﬂ 36 C“’P%W@gr c?\RBSt%.‘ %?‘@1 Ao
position coordinates of the input signals of a 12 by-12 MSAP are changed
from their &gt iNgn PAQY in Bablch bl itds assuiped &hﬁtelﬁlrge&saw@b%s 350 Ryiltifrom
coordi nates. The changes in EOSI tion coordi nates were determ ned using
Al aori t hm | srealigr swvisehes.tliablg 1zhewothet anM§GAP uping dangey swiiehntizes requisecmotedi nat es'
of the first t~ tD

10 logic circuitry. For example, if 2:1 switches are available, then building an N=64 MSAP is

the most efficient using eleven 6-dimensional layers of 2:1 switches. Using five 3-
dimensional layers of 4:1 switches requires 36% more logic circuitry. Using three 2-
dimensional layers of 8:1 switches requires 91% more logic circuitry. Using one one-
dimensional layer of 64:1 switches (effectively a set of paralle]l multiplexers) requires

15 473% more logic circuitry.

Table 1
2:1 switches Equivalent | Ratio
n:1 switches Total n:1 comprising each total 2:1 Vs, Difference

n per layer Layers | switches | n:l switch (= n-1) switches n=2 Vs, =2

64 11 704 1 704 100% 0%
4 64 5 320 3 960 136% 36%
8 64 3 192 7 1344 191% 91%
64 64 1 64 63 4032 S73% 473%

An application of an MSAP is to permute signals between a motherboard and a
20  daughter board in a computer. Referring to Fig. SA, a computer 500 includes a daughter
board 506 coupled to a motherboard 502 through an interface 504 that has signals lines #1

to #12. The daughter board 506 includes a memory 512 that can be accessed by

18



: : l
di mension, layer L2 only changes the coordinates of the second di pggnai®ns

and | aye only changes the coordinates of the firspciQNakpn. 17 2
5 AUG 206%&3%%8%'/ 059004 PCT/ US02/ 41311 An advant age of nCl\/BAP fls that it

“efficiently uses pre-selected switches as basic building blocks. The

si npl est - angd D% bar sbb %@@Ltgl-\/gol%gé}] SndRe [n%@ﬂe)‘b&id 30250 ﬁq&?ﬁ&t&r& W&ig%eata”

integer) to pernmute N = such a case, ere are

| ayers, each ¢ i nj i S e = . i . t otal of
LS g AT Bh0 R MBI 305 c BRI DS ABIN IR RS ol ©
required to_gonstr.uct. an AP using pre-sel ect ed itches with fixed

switch si ze%r%Frgﬁ%tﬁs 51 Sregt udp ﬂbeforf{f]?%cg)grl\lfe ycn%?‘r]qp%r?'{jgio,}nn of the efficiency of

MBAP' s constructed usi i tch of various si i iven bel ow in Tabl e
1 Here, it i s deiRnbndros BRGR wartiestayds i e ey i emirtar
swi tches. Table | shows t an MSAP usi | arger switch sjzes requires
ot e 10§ ogremEstiLaITFyo=Rlp ABLaB el o et fo fetekpes MDY ¢ hen
bui l ding an N=64 MSAP is the st efficient using el even 6-di nensional
| ayers of 2tuin isgernesied to memay Flevkermuting nebyark ghgiroutes thersigngls iythg sighplt ches
requires 36% nore logic circuit r¥._ Using three 2- dinensional |ayers of 8:1
swi t ches r ebirgsoéintariars apt 10 theygjgnal lingsef interface S with vrey endetingthatdhsi onal
|l ayer of 64:1 switches (effectively a set of parallel nultiplexers)
requi res 15act¥@ebletr memoryisd2 cTheaudpping betweamsignal lipesiof dngrfach 884 agusignal ent
Ratio m swtches Total n:1 conprising each total 2:1 VS. Difference n
perl ayer LalmssofsugrfachE$0 is:shdwsini RigI3B( As an djampld, thelsizpal)si-of lms#1 o2 2 64 11
704 1 704 100% 0, 4 64 5 320 3 960 136% - 36%
10  interface 504 is mapped to line #7 of interface 510, and signal s12 on line #12 of interface
504 is mapped to line #4 of interface 510. Similarly, the signals sent from memory 512 are
re-ordered by permuting network 508 and then passed on to motherboard 502.
Permuting network 508 is implemented using a field programmable logic array
(FPGA). The FPGA includes configurable logic components, each of which can be
15  programmed to receive a number of inputs and to pass any one of the inputs to its outputs,
just like an n:1 switch. When computer 500 is first booted, daughter board 506
communicates with motherboard 502 to determine the required permutation. A processor
(not shown) on daughter board 506 executes an MSAP switching algorithm to program the
configurable logic components to construct an MSAP that achieves the required
20  permutation.
In the example shown in Fig. 6, a 18-by-18 MSAP 600 is constructed from four
layers of 3:1 switches and one layer of 2:1 switches. In this example, N = 18 = 3x3x2,

D=3, w=3, w,=3, and ws=3. MSAP 600 includes layers L to Ls. Layers L, L, L4, and Ls

include 3:1 switches that are configured to form 3-by-3 permuters. Layer L; includes 2:1

15



8 64 31 192 7 1 1344 191%1 91% 1 6464 1 1 64 63 1 4032 573% 1 47§% An
application of an MSAP is to pernute signals between a not her boar & arib0,2006
20 daughwer o3iia9d in a conputer. Referring to Fig. 5A, a eommsoes13500

i ncl udes a daughter board 506 coupled to a notherboard 502 through an
interface 504 that has signals lines 41 to #12. The daughter board 506

i ncl udes a switpigasyhas ate dohfiguredite fhm 2:bp-@pseautlrg. Whid ebchMdmmaRe) diffev¥nt 03/ 059004
PCT/ US02/ 41311 not her board 502. Daughter board 506 and not herboard 502 are
manuf act ur ewitbhesdelbétatifforent igpnpigniles tha tidkais noovéiphe aret sBleGionsMiss si gnal s
on the signal lines of interface 504 in an order that is different from
the order rremitgin Zecorbyringifateyinfut igndloarpbiriiy 0@ 0dpaORrhinglk UE@S a pernuting
network 508 that has input termnals 5 connected to interface 504 and

out put ter rpefimitér. connected to an interface 5 10, which in turnis
connected to nenory 512. Pernmuting network 508 routes the signals in the
signal sl ines ofin Figt 6/the6RitcAAdbelsrd ﬁ%wﬁ'i&mlthézﬁéﬁ?ll_ﬁtem Th@fh?ée&%ﬁ&e?%a“ th a

new ordering that i's acceptable to nenory 512. e mappl ng between si gnal
l'ines of i nkghitace23Rbyvand BivoiRlsamd ™ i .1 ngerd {ss shown in Fig.
5B. As an gtarrpl e, theysi glnal S Isan_rcl)n Ilgr'r‘f;de?#fdoo . Ja"ﬁ‘ﬁ%’%free‘“‘af:’e 504 i s mapped

(011 ne 47 bl RS, A0 Ahe 0 Lol My AL, 20

is mapped to I'ine 4 I nter Y, from

512 : - b ' t k 508 th d t
ot her boar 4 Soa B EfERe MRG0 DR Bpuf betn e
bl e |.0q] . PG&A) .. The FPGA | des, fi bl e | ogi
Component s.-Su4BRS pF ibierelei A s Yiphtion HEGREE SPier e ReRbEH 101

inputs and to S any onegof fhe inputs tQ jts tputs, just like an n: |
swi t ch. Ovnd# CEE%FZPJW k t?“‘flér EQ0rdjripschyt dﬁ%ﬁ%ﬁf"’%@&?‘és- b6s, PEBRINI cat es

wi th not herhoard 502 to determ ne the required [ﬁerrmt ation. A processor
04 permutes the position coordinates of input signals in the second dimension. Likewise,

other permuters in layer L, also permute the position coordinates of input signals in the
second dimension,
In a similar manner, permuters in layer L; permute the position coordinates of

15 input signals in the third dimension. Permuters in layer L4 permute the position
coordinates of input signals in the second dimension. Permuters in layer Ls permute the
position coordinates of input signals in the first dimension. Each of the output signals of a
permuter in layer L; is sent to a different permuter in layer L,, each of the output signals of
a permuter in layer L is sent to a different permuter in layer Ls, and so forth.

20 MSAP 600 is designed to allow any of the 18 input signals to be routed to any of
the 18 output terminals. In operation, the MSAP switching algorithm is performed to
determine the transition paths for the 18 input signals. The transition paths go through the
five layers of switches in a way such that each signal is routed to the desired output

terminal and that no two signals occupy the same switch. The switches are then

20




|
25 AUG
(not ‘'shown) on daught er board 506 executes an MSAP switching al gorlthmtozm6

program tve ¢308bi gur abl e | ogi c conponents to construct apcifRb/ina
achieves the required 20 pernmutation. In the exanple sho in Fig. 6, a

" 18-by- 18 MSAP 600 is constructed fromfour layers of 3:1 switches and one
| ayer of 2 I\/é o‘gmlﬁlﬁétﬁt@ seleét it SigXHeBdr8ing R the 4i8naT p%h%@éﬁamme@f fché’ﬂiS)?lP W2=3,
and -\B=3. AP 600 includes layers L, to L5. Layers L1, L2, L[4, and L5

i nclude 3: 15@}%};1@41@%“&%'; are configured to forin 3-hy- 3 pernuters. Layer
L3 includes 2:1 5 AUG 2006 WD 03/0.59004 PCTIUS02/ 41311 sw tches that
are configured t@tﬁePErHBgdxllﬂE{ntgarQ%lﬂﬂtta{ &ogﬁz\;gfttﬁg ﬂllgﬁﬁl? cﬂﬁﬁﬁ&egxamgl of fuE" €nt

switches select different input sign € 1S N0 ove ap in

their sel ecg‘l,vg ?lbg impIESLtd sh{% g?v&ﬁseoqﬁegﬂ{ah'a? g?&At ’Pﬁer_évm@h% n?a{ heaI s

appearing at t e out put erm n perrru switch

502 i n | BycP L i BRb Fpbl@th S B BB

coor di nat es er mut er er on .coor di nat es of i nput
signals in P?\aégulfsr{ rcgllﬁ%ﬁr?}gﬁs(’?aw‘t&ﬁ‘gg Z‘@B S'&Pﬂ&seﬁf Pﬁﬁ‘f’@r‘? PR aider L, al so
per mut e the él otg coo di nF 55 of | BUt signals in the first di rren5|on
The three s fraat ﬁo‘étpb edyngeieaily programugable, prbepiogrammable gige and ¢ and P
coor di nat es but different 2 d coordi nates. Thus, pernuter 604 pernutes the
posi tion codieaifived BYmaprentiyhi MSAG Tt performs Ris peranizigneandAgsedes ali kew se,
other permuters in layer L2 also pernute the position coordinates of input
signals in PH@‘E@‘O%WGH%Hd%%P‘%ﬁmat encaypeydertyats npsssaess ThoMSriBtcen be i n

| ayer L3 permnute the position coordinates of 15 input signals in the third
di mensi 0A. Peadito penstpe telecommyumication neevorls © rodte signals froromodes at one location

to nodes at another location in a non-blocking manner. The MSAP can also be used in
massively parallel or supercomputing applications to route signals among different

processors.
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coordi nates of input signals in the second di nension. Perinuters if's' E%erzm
L5 pernute the position coordinates of input signals in the first 6
di mensi on. Each of the output signals of a pernuter in layer L, is sent to
a different pernmuter in layer L2, each of the output signals of a pernuter

in |ayer W 1REE (fferent pernmuter in layer L3, and so forth. 20
MSAP 600 %Hégm gnféé&?[(@i#'ow any of the 18 input signals to be routed to

any of the 18 output termnals. In operation, the MSAP switching al gorithm
is perforped t dtﬁtgrm' ne.the transition paths for the 18 input signals.
The trans'tiong‘dﬁ? QYT gh the five layers of switches in a way such

that each signal is routed to the sired tput teymn and. that pno two
si gnal s occupy etRENSNEINORPY ﬁtprﬁﬁﬁéW“g’é"r@g rg’r"%sepﬁé ° B rS)I%A’l%ahlﬁ\%geV\O
03/ 059004 PCT/ US02/ 41311 programmed to sel ect input signals according to

t he si gnabempati¢ss det ernmi ned by the MSAP switching, algorithm O her
enbodi nents are within the scope of the follow ng clains. For exanple, the
sw t ches nmay beelectigenmnfigdratien fig lalevs efesparmibting hétaorkabasb®@Athelinegemi t ches
may be 5 progranmed by a processor on the notherboard rather than by a

pr ocessor £Rkbrs BENGAHBARE or RRAE phe-sélRbted Gyifck GBEWRIEIRE; M switches (i.e.,
which signal is selected fromits inputs and reflected at the output) may

be dynamically I ]

por manent | y. - ASCHSRARTY e pErmting SR ah ATER husBRAfe Byr B shetled
bui | di ng bl ock.of. an encaqder/decoder that encrypts/decrypt ssages. The
MBAP can B@°s 8 {rlehes Easggﬁgtté%%e?ec?egl cé’ggﬁ%ﬁ?%é%{%)%or? S né%qb%lr glp?%mrgout e
signals fromnodes at one ] ocation nodes, at .anot her, | O.C‘%ti on in a

1
non- bl ocki ng mafsENng myli-figrensionsl coprdingtes tgdheswifphes gach afch haxme g o or

superconputing applications to route signals anmpng different rocessors.
21 10 coordinate that is the same as another switch in the next layer, each layer except the last layer

having at least two switches that have coordinates that are different from coordinates of

switches in corresponding positions in the next layer.

2. The method of claim 1 in which each of the types of switches is capable of selecting
one signal from among a number of signals, the number being different for different types of

15 switches.

3. The method of claim 2 in which each of the integer factors corresponds to the number

of signals that one type of switches can select from.

4. The method of claim 1, further comprising selecting the set of prime integer factors

w1, Wa, ..., wp (D being an integer) such that N = wxwpx...xwp.
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2 5 AUG 2006 WHAT IS CLAIMED IS: | A nethod conprising: determ ni g AUG 2006
irnteger factors of N, in which N represents the nunber of signals to be
pernut ed; selecting a configuration for |ayers of a permuting network based
on the integer factors of N and on one or nore pre-selected types of

swi t ches; sand %ﬂ@ﬁieg%:d;g&iﬁmnwgw He BRIl it Bl o Rl gL one

or nore pre-selecte es of swtc on the sel ect

configuration, .the congtruction conprisi.ng .,assignin l,ti-di nensi.onal

Coor di nat BYESTERTCHS teadehsdndtdBe vail: Ha i nghd Weo® SBGHE RESE ORISR ¢ ne
sanme as another switch in the next layer, each |ayer except the |l ast |ayer
havi ng at froeaes Lol swiidWed sSitEichave coordinates that are different from
coordi nates of switches in corresponding positions in the next |ayer. 2.
The nethod of claiml in which each of the types of switches is capable of

sel ectingg one s gngd dhpRigeong a nunber of signals, the nunber being
di fferent 6'f or é‘%‘%ereﬁt ?Ig%ggoof 15 switches. 3. The nethod of claim2 in

whi ch5 each of thg.vi. ntlgrgﬁlernalf actors corresponds to the nunber of signals
that “one type BFF°SWIRCREE?Ean select from 4. The method of claim 1,
further conprising sel ecting theosf ~of prime integer factors W, W, W
(D bei ng an i nf&GERING jRIg8EHEEtOR of XWX ... XWD 22 2 5 AU G 2006 5. The
met hod of claim4 in which the pernmuting network i s confjgured to have 2D-1
|l ayers of swit eprsiructinga pemuting seiwask using dpyars:of switges hayving a configuiation |
switches or are constructed fromw1: 1, W: 1, .., and wD: | switches. 6.
A net hod basepionshergteger factors of N and on one or more pre-selected types of switches, each

layer has N switches of the same type, the construction comprising

10 assigning multi-dimensional coordinates to the switches, each switch having a
coordinate that is the same as another switch in the next layer, each layer except the last layer
having at least two switches that have coordinates that are different from coordinates of

switches in corresponding positions in the next layer; and

re-ordering the N signals using the permuting network.

15 7. The method of claim 6 in which each type of switch has a predefined number of input

terminals and one output terminal.

8. The method of claim 7 in which each layer of the permuting network groups the N
signals into subsets of signals and permutes the ordering of the subsets of signals, the number
of signals in the subsets being equal to the number of input terminals that each switch in the

20 layer has.
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5 receiving N signals; determning integer factors of N constructéggmfaG 200
permuti ng network using layers of switches having a configuration ased og
the integer factors of N and on one or nore pre-selected types of swtches,
each layer has N switches of the sane type, the construction conprising 10
assi gni ngo Ml tirpd | 2im ORI ORLRR shitch iPa RYLT R G ERAMNDIRAD, iRV NI
a coordinate that 1s the same as another swtch in the next layer, ‘each

| ayer except the |ast |ayer aving at. | east. two swi tches that have .

conr di nat EnsiHeine P bami et SHmBtor PR Bl R LS sk 020 yIRKS signal
correspondi ng positions in the next |ayer; and re-ordering the N signals
usi ng t hePisprgales maditgiorichin one laygdopeserng ritchin fhe nsxt Byethibeh each type
of switch has a predefined nunber of input term nals and one out put

t er m nal . cérdifiates wéthedwoostvitches differ inrat miostomeskiwpnsictyer of the permuting
network groups the N signals into subsets of signals and permutes the
ordering of the subsets of signals, the nunber of signals in the subsets

bei ng. equ to.4he nu j . r.nj t ch sw {0 20
ayer has 023" She g o ¢ ARHich el apd iR are B0 Rl pd Bethiliy 20
in a layer has a different coordinate, and constructing the p rc{mti ng

net wor k ¢ Biggerseish g M G urrty- + eo-aRf therre-selscted Speqaesivitches Q‘Wg‘P ewi:l,
propagates froma first switch in one |layer to a second switch in the next

| ayer, the,dopardindatekswitciiehe two switches differ in at nost one di nension.
5 10. The nethod of claim6 in which the integer factors are w, W, ...,

wD (D being an integer) such that N~ WI X W X ... XW, and the
pre-sel eCtlﬁd t ypes ﬁ.{s switches include wi: 1, W: 1, ..., and WD 1
swi tches. 111, ABBAPREFSPERYE si ng:

N input terminals, in which N is an integer, N = wixwyX...Xxwp, w1, wa.... Wp are integer
10 factors of N, and at least two of wy wy, ..., wp are different from each other;
N output terminals; and
a permuting network configured to form non-blocking signal paths that connects the
input terminals to the output terminals in an arbitrary order, the permuting network
constructed from layers of switches that include wi:1, wy:l, ..., and wp:1 switches or are
15 constructed from wy:1, wy:1, ..., and wp:1 switches, each layer having the same number of
switches of the same type;
wherein the permuting network is constructed by assigning multi-dimensional
coordinates to the switches, each switch having a coordinate that is the same as another switch
in the next layer, each layer except the last layer having at least two switches that have
20 coordinates that are different from coordinates of switches in corresponding positions in the

next layer, and configuring the switches so that when a signal propagates from a first switch
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N input terminals, in which Nis an integer, N~ W XWX ... XWD, WS’AL\Q?'Z
S wD are integer 10 factors of N, and at least two O W, W: ¥ 75 e
are different fromeach other; N output tenninals; and a pernuting network
configured to form non-bl ocking signal paths that connects the i nput

termnals.to t ] ri 2  §
et vors BB o SHILAAL e oI bRt Pt U3 RERY
..., and wD: 1 switches or are 15 constructed fromw: 1, W: 1, ..., and
wh: | swi BldRed OnedERENSIfer having the same nunmber of switches of the sane
type; wherein the pernuting network is constructed by assigning

mul ti-di mensional coordinates to the switches, each switch having a

coor di nat ¢ t hatrpk gpdAuS8r@aifs1 PRRERRI eaNVWiéh hdsinptand Sifpul @¥AalseaRh
| ayer except the last l|ayer having at |east two switches that have 20

coor di nat %u{ Q%m%[seof%é gv@i'&ﬁ%% irf th@ @ﬁﬁ? efib(ﬂﬁ)tl o%he ﬁ'%-d;lﬁ If@ﬁllﬂzﬁs of the

correspondirng positions 1n next yer, "and confiduring the swtches so
t hat when a signal pro at.es froma.first swt 4 in one
| ayer’ to %ppé"&:tgﬁ’ighes t?‘@ﬁg‘?mn?sl%fﬁ‘&?fmf §7er ,thét/rﬁsetq&%%(&fpi% g 2t wo
switches differ in at nost one dinmension. 12, The a ratus of cl ai 1
wher ei n eBERINaL efdhe prRaratpg, g gfﬁd‘”éﬁ%‘?"“@@ﬁh’? st @ygrlto\%@ ou}%tgm{rg%ﬂr?ﬁé? s of
the switches in the first |ayer coupled to the Ninput termnals of the 5
appar at usswitttes aret ohedted to thainpubferminalsofithesvatchenin the nextdayer.ayer coupl ed
to the N output termnals of the apparatus, and for all |ayers except the
| ast | ayer, the output tenninals of the switches are connected to the

o L e T e RS R St e SRR

claim 12 er o e ¢co Ween sw tches
of successive |l ayers are based on set of .integer factors,of .N and t he
types of IWitehiEe ﬁ‘&eﬁévﬁd?yeﬁ?re%"rﬁe%a%lp"a egP E@t?gf?pgilc%ﬂr ?r?éljg apd, op Hhe P
permuting network is configured to have 2D |

10 switches used.

14. The apparatus of claim 13 in which the permuting network is configured to have 2D-1

layers of switches, each layer permuting the order of different subsets of signal paths.

15. The apparatus of claim 14 wherein for each p-th layer of switches, p ranging from 1 to

D, w,:1 switches are configured to form w,-by-w, permuters that are capable of permuting the
15 ordering of w, signal paths, and for each of the g-th layer of switches, ¢ ranging from D+1 to

2D-1, wap.4:1 switches are configured to form w;p.~-by-w;p.; permuters that are capable of

permuting the ordering of w;p., signal paths.
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| ayers of switches, each layer pernuting the order of different su?§pgﬁeghs
signal paths. 15. The apparatus of claim 14 wherein for each p-th

switches, p ranging froml to D, wp: | switches are configured to form
wp- by-wp permuters that are capable of pernmuting the 15 ordering of wp

5,57, BREE S88hAGEE it 106, eyl Ao R 6
e L s R Sy RRTH BB SRS LB SRR P

termnals of each pernuter in the 2 nd layer to the (2D | )th layer is
connect ed Pfyiqu§daxsiit put terminal of a different permuter in the previous

| ayer. 17. Apparatus conprising: a first active device pre-configured to
generate N signals having a first ordering, in which Nis an integer, N =

W, XW2X . g7 XWR, \% = \Q? are integer factors of N, and at |least two
17. atus rSHIg: ! ]
o W, W, \EB are |n}per nt fromeach other; a second active device

pre-configured to acce t.he N si s, arr ed | ordering: and
0 2 Ber mit 1 ng BT Lt byt BhERRed kRN ol RraFRE A e iGN (T,
ordering and_ re-order the N signals so that the N signals have the second
ordering 3¢ednY AHAEInEREer, Ne= ¥etdrd- X WaWic ¥2 -t HE> PEIMGETHACtAIIAAp Rnd at least
constructed fromlayers of switches that include w: 1, W2: 1, and ivD |
swi t ches owo af @ censt,mpciredifferantfioim eathoW®r; 1, ..., and wD: | switches,
each layer having the sanme nunber of switches of the same type. 15 18. The

appar at us of clagabénlActive ddviiedpreftenfigirbeto teptalyeN Siganld atfaggeionneetdmdn
bet ween switches of successive |layers are based on a set of integer

factors of, fN@pd,pn the types of swtches used. 19. The apparatus of claim
18 in mhicﬂ t h&’ second device is a nmenory.

10 a permuting network configured to receive the N signals having the first ordering and
re-order the N signals so that the N signals have the second ordering acceptable by the second
device, the permuting network constructed from layers of switches that include wi:1, wy:1, ...,
and wp:1 switches or are constructed from wy:1, wy:1, ..., and wp:1 switches, each layer

having the same number of switches of the same type.

15 18. The apparatus of claim 17 in which the number of layers and the connection between
switches of successive layers are based on a set of integer factors of N and on the types of

switches used.
19.  The apparatus of claim 18 in which the second device is a memory.

20. The apparatus of claim 19 in which the first device is a computer motherboard.
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20. The apparatus of claim 19 in which the first device is a conputer

not herboard. 26 2 5 AUG 2006 21. The apparatus of claim 18 in whiScAUG 13%6
permuting network is configured to have 2D- 1 |ayers of swi tches, each

| ayer having N switches of the sane type, each layer pernuting the order

f diff t i . .
o, 91 788, RSkl b0 A e USRI BLOBEBIRS SR 201
et o1 L1 B S AT Pl e M o SRyt

D-di nensi onal coordinate to each of a set of N signals; in successive
oper at i ongrde Rhdidgierrnt sehsels bl M sigvalsof the N signals for a particular 10
di mensi on during each operation, such that no two signals have the sane
coordi nates after each operation, so that after the successive operations,

the coor dipat e%]ébfmp%d?é’r ﬂ}%%idﬁ;kgt%:rﬁd B4 Chmpftef fladHle hﬁﬁﬂa%r Gﬁﬁfr%ina’@g?ﬁlger

wherein for each operati signal "prior to the operati

coor di nat e%ﬁttha& i S th&‘l za : ,as @anot her signal after the operation. 15 23.
The computEFPrOBF I LY UG9St h whi ch the nul ti - di nensi onal coor di nat es
are [xj, X2, ..., xD, xk ranging froml to VW _for each k, k ranging from
1 to D. 24. ThécEHRBIRGINIBELEERES B el ai> D% i of Mardhatd=cuser -natesNof
the N signals are changed by swapping the coordi nates of a pair of

si gnal s. 2bd DAmplabaihgntégars;r e- ordering N signals, conprising: 27 2 5 AUG M
(2D - 1) layers of switches, D being an integer, the n-th |ayer and (2D -
n)-th layer hayigighiN¥a By diviensiohilasiindle focsagh Ba bdt@MVisigmald), and w, to wD

bei ng i nteger factors of N such
in successive operations, changing the coordinates of the N signals for a particular
10 dimension during each operation, such that no two signals have the same coordinates after
each operation, so that after the successive operations, the coordinates of the N signals match
a set of target coordinates;

wherein for each operation, each signal prior to the operation has a coordinate that is

the same as another signal after the operation.

15 23.  The computer program of claim 22 in which the multi-dimensional coordinates are [x;,

X3, ..., Xp], X, ranging from 1 to wy for each k, k ranging from 1 to D.

24, The computer program of claim 23 in which the coordinates of the N signals are

changed by swapping the coordinates of a pair of signals.

25.  Apparatus for re-ordering N signals, comprising:
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that =W X W X ... x wD, the first layer of switches re-orderind a6 2006
order of N signals to generate a first set of re-ordered signals, the i-th
| ayer of switches re-ordering the (i-l)-th set 5 of re-ordered signals to
generate an i-th set of re-ordered signals, i ranging from2 to 2D 1, the
(2D 1)-th set r na|l @1 t H0

signal s; wher el(%lf)eé La%% f(gq”tﬂll& DR Clme %s?le na{c}fqﬁeé SI og%ifﬂ la%r

coor di nat the.n-th ordlnate r.a toV\h t

cvi tches BatiPk daraa v, "uPGhte GEREL% B Aol ‘gfn?%mﬁ%sp ol 8 such
coordinates wth the coordinates in other dinensions being the sarre p 10
rangi ng f tRAM= twr Div2 ¥ind °t ¥ie the fiFst laygee! swifcheseorderiig the P@hr pbNsignal sgpgnal s
that differ only in the (2D-g)-th coordinates with the coordinates in

ot her di ngaisdraes fiveti segof leeorderned sigaals,ah@i-thglaydriod swidehel ré-ordeiing the @4)-tH ket
conmput er program of claim 22, further conprising configuring switches in a

15 peg nut bpge- &%Mrslgnlaﬁ&s@eﬁmaﬁe RAR /.81 561 B€ fe- Hide A RIHARAL Rfgind fidAE2 SHIZOES BheV €
operati ons. The appar at us of claim18 in which the pernuti ng net wor k

conpri ses I Bhba & of reordering N
signal s ugé%gb?lﬁfi@o(??é ayers gdza%g[hgtc %Uéé%tg(gd ﬁ%g SW tgﬁgg N and D both
bei ng i ntegers 0 C I ,
..., and wD of geg%n?%ogﬁhﬁ\ﬁ@%ﬂaﬁ \Agass%‘ﬁ'éc?%ﬂieﬂgggéll gni nrbaft% h% t\r(ryenm onal
coordi nate to each of se rdi nat e, from
| to w,; S maff‘granﬁlélg é"]t‘fm{\lh g‘y@e’ersw% I}‘gf‘tfﬁé? §Wf‘1h§£n%l?ﬂ¥aéa TRy
in the p-th coordi nates vmth the coordinates in other dinmensions being the
same, p ranlyiinghd p-gnecordipates wathdhe eagagdipptagin atberdimensions-being thy eame i t ches,
signals that differ only in the (2D-q)-th coordinates with the coordi nates
in otder dingdigsiromns todd,ngd ttieq-tdalper syitchexcondightedno Bwdp signal® fhaf differ only in

the (2D-g)-th coordinates with the coordinates in other dimensions being the same, g ranging

from D+1 to 2D-1.

20. The computer program of claim 22, further comprising configuring switches in a
15 permuting network based on the changes of coordinates in the successive operations.
27. The apparatus of claim 18 in which the permuting network comprises field

programmable logic arrays.

20 28. A method of reordering N signals using (2D-1) layers
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10 27b 25 AUG 2006
of switches, N and D both being integers, the method comprising:
determining integer factors wy, wy, ..., and wp of N such that N = wixwyx...xwp ;
assigning a D-dimensional coordinate to each of a set of N signals, the n-th coordinate
ranging from 1 to wy;
5 swapping, using the p-th layer switches, signals that differ only in the p-th coordinates
with the coordinates in other dimensions being the same, p ranging from 1 to D; and
swapping, using the g-th layer switches, signals that differ only in the (2D-g)-th
coordinates with the coordinates in other dimensions being the same, ¢ ranging from D+1 to
2D-1.

10
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