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30 A supercomputer design generally has a smaller maximum size than a LAN/ Internet network,
although the size of a network is highly variable. A supercomp{ner design typically has a size in the range from
hundreds to a few thousand ports while a network has a size in the range from hundreds to many thousands of
ports or higher. A supercomputer system uses a switch design with a high degree of parallelism through usage
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FIGURESs 2A, 2B and 2C are schematic diagrams illustrating the layout of messages that are

transported through the switch shown in FIGURE 1A. FIGURE 2A relates to a message that has a row
header. FIGURE 2B relates to a message having both a row and column header. FIGURE 2C relates to a

message for multicasting.

FIGURE 3 is a schematic interconnection diagram showing interconnections of switch arrays

20

including detailed interconnections of a switch array such as data and busy signal connections.

12A i s

nt
messages

FIGURE 4 is a schematic timing diagram showing Input Signal timing and Output Signal timing to
depict the timing and control of messages entering and leaving a switch in a simplified embodiment of a

communication technique.
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subs Vi eggultiﬂg%ﬁl%erconneqﬁons described by the 8-row table shown in FIGURE 6B in attaining a very low
probability of one message being blocked by the same message in a subsequent excursion through the
interconnection structure.

FIGURE 10 is a schematic diagram illustrating a message header passing through the switch and the
contraction in length of the message header as the message passes through the switch with the result that the
25  entire header is removed by the time the message reached the bottom of the switch, advantageously causing
lower latency and simpler logical processing.

FIGURE 11A is a series of delay elements constituting a first-in first-out (FIFO) buffer, FIGURE
11B is a dynamic FIFO structure composed of delay elements, and FIGURE 11C is an optical FIFO structure.

FIGURE 12A is a chart that shows the relative timings of control logic at different levels at the same
30  column of the interconnect.



- 11 - FIGURE 19 is a diagramillustrating the conplete
I nterconnections and | ayout of a 16 row by 4 col umm, 64-port

flat-late i.tch, that forma conpl ete enbodi nent of a f -~

Swi-t ch. T&ggfg%gzg{)‘fons and interconnections of all conk’g&f&s@%ﬁ}?i n-
all swtch arrays are shown, and the di scussion describes how the i
| ayout is perforned. 5 HoQUREs 20A, 20B and 20C are di agrans
of alternate enbodinents of the top | evel of single-path and a fl at

| at ency swit cnmimlznﬁkmhama@wsmrxamﬁmmb@fmﬂﬁgid differpii bturu® at e

swi tch reI a o t he maxi mum possi bl e nunber of inputs, thereby

| ower i n dntﬁrmWand reduci ng congestion within the swi t ch.
FI GUREs 21A, 21B and 21C show various right-to-left interconnections at a

| evel or at | EGURE 13Adsangbswact depictien efiagonstol ot state fon & message thatunayes downpard cFhent s.
FI GURE 2gAe dfthe@Bfis Rbrodih aitdhODé4y eRinedts tsed\nl16hicBItrobesais Bb showh hfddhd  that for- a
message described in %L m% I s intended for the | owest .
possibl e‘“?"'?f”éﬁ‘ff&?“s‘%ﬂ‘ﬁﬁwﬁéd %‘“H’é‘%u’é% efLare bR conput er . Fl GURE
22B is a detailed diagramof an elenment in diagramshown in Fl GURE 22A.

FI GURE 23A i sFEGUREISE ighinabstrachdepictipinef agontpliell sthte for 3 wessagh thatwadvesright Thdstate ow
and col ugy adgdiessinghg described in FIGURE 2B, and is i ntended for a

| arge capacity swtch, such as an ATM or tel ephonic switch with very
many ports. FI GQJREs 23B and 23C show detail of elenments of FlI GURE 23A

FI GURE 24A i sFICHEMisnfiatdiasrm of dissenveah elemegis oblogi regyired ocontighmesgge o | ¢ hat
uses t hemrsagisa@htrol cell. Thedamsnic i et ittt stateGE ifoni?éT cdlinsichi thee it Jendgtesagé dowanstiog a

ness r ut one. out put, or for br oadcasti ng
(rul ?‘gcast c‘f}wgs‘}crgg‘gsasla ?so mt;iny outputs, or to all output ports. 20

FI GUREs 24B, 24C and 24D taken together formis a depiction of the states
of a multi casFIGHHRR 154\ is a detailed depirtion gElogic gatesiof Qng smbogimentpfiaconpsel sall at Jeyaly abayeong

a row. level 0. Thls:sac rxenonlif%ﬁu&ﬁ{x\m@@a«:mﬂ anPIBUAA pédoRss thd\oddRmg age

header hes forned in a mul ti di mensi onal
t opol ogygégm%edm o low diagrark }QP%ESZGA is a schematic pictorial that

illustrates how to interconnect nmultiple chips to generate a 25 switch
with a large mISOfisulﬁpilcddspidtic@mﬂssit:nglof@eembodimentofacontrolcellatlév@JREaZGB

S a1§yrrp,ggs§ggﬁ{aﬁggogpggggaﬁm&%@&o@mnﬁmnt erconnected switch system
referred to as a "tw sted cube' FIGURE 27 is a

schematic pic that i)l strat howtomtercne e chips in
a three- w@ﬁ#&m‘ﬁﬁtﬂmﬁ & ﬂﬁ?d Epdat ﬂ?azfe M%W’?ﬁ? even
| ar ger nealthall pogessingfartall fomels takes plode ipthe same clock period thereby reducing latency.

FIGURE 16B is a detailed diagram. of two high-speed control cell that are connected in the same
column. The high-speed "ripple-up” logic is discussed.

20 FIGURE 17 is a diagram of an 8 row by 4 column, 32-port switch showing the layout and
interconnections of all control cells in all switch arrays that constitute a complete embodiment of a switch.

FIGURE 18A is a diagram showing the 7 states of a flat-latency control cell, that is, the
interconnections within the cell of the 2-row inputs and the two upward-downward inputs and outputs.

FIGURE 18B is a table describing how the many combinations of input values to a flat-latency
25 control cell determine what state it is in. The state is used to control the flow of the 0, 1, 2, 3 or 4 messages
entering the cell.

FIGURE 18C is a detailed schematic diagram of a flat-latency control cell that uses the state
determined by the table of FIGURE 18B to set the logic gates and thereby route the message through the cell.

FIGURE 18D is a concise symbolic representation of a flat-latency control cell that is used in
30  subsequent figures.



- 12 - FIGURE 28 is a schematic pictorial that illustrates
how to int t multiple chips in a four- di nensi onal
configuratggﬁgggﬁ’gr ate a switch with a very |arge nunber of ?ﬁ%@”ﬁ%”

out put ports ("4D switeh"). FIGURE 29A il lustrates how a
message is divided into two nessages of ;half the initial size, for entry
into a |low | atency sw tch. 5 FI GURE 29B is a bl ock di agram of

a split- heademsumcmahamamh@mswmplam&aaﬂ&umsaﬂ 2% Yowbys 1N 2

swtch w ster ve. el ationshi reduce Iatenc a roxwrately
by a facf‘g Fﬂgm il ateny it e P’Eﬁﬁﬁe’%%ﬂf“?ﬂd‘g\%ﬁﬁ ”F%&%‘ %g‘f locationst i cal
nessage tikifteiconngatiorsafdlewntiy) cellninall seitcharraystateciwnsan teldiscussion describes how the )

FI GURE 3Rk % pafh@gr am of an el ectro-optical control cell that processes

t he message described in FI GURE 30A. 10 FIGURE 30Cis.a
di agram of the top-nost_ or ut control cell for optical nessage described
in 3  FlI GURESHYWES 204, 208 and 24 C are diagramsof glggrpate 3pbydiments of thetep level of single-path

r epr esentmid mmaeﬁcyamwnmat SFhntaRequbly fedfie the AL bihrts 18 MedwikR reldBRdo in t he
processi ng._.of ti 30E IS at_legnl agram

of a confifapam Jgern Bmop?ﬂ%agagﬁfw&mw&?‘ﬂﬂwé#‘&
i nt er consmtshi ons of control cells described in FI GUREs 30B and 30C, and
fi ber interconnections of the cells. FIGQURE 31 is a

di agram of an FW@REQIK,OﬂUth 21C0RSW %oﬁﬁnéﬂi—toﬁ& 1%:%&{1156&9:\5%1 Joelatydol} IE&F"J fora

connected to | I fied opt I cal control mast er ave

rel atf ong?ﬂeﬁ"‘??ﬁ'm’t‘aﬁ&"“ 6‘%5 BPeM-eat | y reduci ng | atency and

achi eving very high bandw dt h. FIGURE 32 is a diagramof a
portion of a MM2M3mmmmbfﬂw«mc¢da@mmahatkwahwag‘eu&em@fn 20

control g n connecti ons

The uoe SRR R34 s ihold hofhthhde pktac o). 5o I SRR S b R,
simi|ar SICYRERIR i adetgiled diggram of an element/BDErAORoGNREVGURE S2A4 THE | NVENTI ON
A scal able, lowlatency switch for high-bandw dth conmuni cati ons and

conput er net WRIGURE 23A is a plotk W&eh&mmm@h RS tHe Y& A REhAN Sdatebsigs f OF

perform f functio wi. de r of 25 capacities and
per f ggr naﬁ%‘én[{;gﬂé'r%éper |2§ﬁn85 "f“f“?&%ﬁﬁ'@&ﬁ‘%ﬂﬁ? dg"g‘d’? fyaEM gr telgphonip swigch; | g
derived withmerpwenyports. FIGUREs23R a3 Cghow delail of clanepte of IGURER23Age wor mhol i ng,
handl es only a single nessage | ength, point-to-point nessage

transm ssi on, FRGERB 244 & § Aiafreil lBthe p{)&ﬂéopaelﬁul&@é(%nﬁplacgﬂih?ﬁlsﬁe Tnlfégsg%em zed

for a fl lae distribution. The escrlptlono

enbodi nreﬁ"r“‘z}‘r’é ‘&%%HHEES dPrhsPHPose Esepding mesege Gam oI ipRISP PREQUIRRIAT Mo al

f unct i onbroadeasting (multicisting) 4 nesagetemityichtbutddeho kil autguk pdridnct i ons and f eat ures
general ly include multicast (one-to-many) transm ssion 30 capability,
vazi gpl e- | engipfciRe dssz%ﬂ%%&ﬂii t2kbn dg%rlf%qpf%ngéo%ra;&aa% QP2 miasd coithy P

i mpl enent ati on,
cellasamultxcast message moves right along a row.

FIGURES 25A, 25B and 25C describe the message header layout for multi-chip switches formed in a
multi dimensional topology.

FIGURE 26A is a schematic pictorial that illustrates how to interconnect multiple chips to generate a
25  switch with a large number of input and output ports.

FIGURE 26B is a symbolic representation of the Figure 2D mterconnected swnch system referred to
as a "twisted cube"

FIGURE 27 is a schematic pictorial that illustrates how to interconnect multiple chips in a three-
dimensional configuration to generate a switch with an even larger number of input and output ports.



- 13 - control of an optical switching fabric. Various enbodi nents

of the interconnect structure are discussed in detail In Reed, U S
Pat ent Aprléoghizey serial number 08/505, 513. (ﬁﬁj@ghﬁﬁg to
FI GURE 1A, an enbodi nent of the Scal eabl e Low Lat ency Swi tch 100 i ncl udes
mul tiple rows of serial data transnson devices arranged in nultiple ~

colums 160, 162 and 164, and at nultipixe-levels 5 130, 132, 134 and
136. The levels are interconnected at. each colum by a structure of data
busses 122 anEIIGURE28xcamhmtxct;m&atmtmmmwoamdcmmmmmﬁpmgﬂmas | evel

0 130, I I I
nunber rows lal'fgﬁgm?u ;g%“\/\g&ger‘{%rwﬁﬁh S(Jaé? zfrgtgg?{a&%‘ﬁa& gﬁdé’g‘?ﬂtk&?é%eswac e

i nterconnectin a se uence of switch arrays 120 and an opti onal
first-in, fir Ierliyseytesday p esspgeisAfvided istqtpro mpssages ofibalfthe initial Stegforameh 1 ow
of each inﬁ)\uibw-latei@swnch. Serial data in the form of a nmessage enter
into Swtch 100 through data i nput busses 102 at aII or many

col unps. The MI% !ijagg I of se
Input ports 18?@ rna Q&Pi XI't oF'aCJPH{j}?é Jc#‘]ﬁ'gt tﬂﬁﬁa% Hﬂ"%ﬁput
l i nes 153:aamt@mmammﬂwemmmwmmmmmmmu of seri al
data out put ports 154. Referring also to FIGURE 2A, a nessage 200 entering
at any input PRIURESWA shows the %dmm aﬂwuﬁdsﬁm i ﬁma-,t:seat}em%&d%%napmcﬂ54

e

specified in the nessage he In one odlnent con3|st|ng of

sem conduct or _ghin nt at f Swijch rt 104 in des an
i nput pin conhSe 1}150#]0'3) %‘!’3 ofan e ‘Qm'c?ﬂ'f if"’?‘ ‘ﬂ’?’ pi n

connect i BFGUREI0Ae chip. | n another enbodi ment desi gned for hi gh speed
operation a plural nunber of pins service a single input port or output

port lﬁonnECt | SIGURERIC iPh @iagrdth BGhABRMAE 6 input control b HipAdal flssdsOaddtrBditae a
| ar ge, g sgeed very |l owlatency swtch. In yet another enbodi nent

deS|gned very large nunber of I/O ports a plural nunber of
specially interconnected chips constitute a single 20 I npl ement ati on of
Swi tch 100. FIGURE 30D is a symboliclrépresenaatiendianl bptiedl amplifiefispdnertatortBil is uéeddn thd S
enuner at %fm: Kidessg@ch containing R 170 seri al dat a

transm sSi on 15 nesr are connected to yield up-to Rtinmes K input ports 104,
and up to Rtinmes K output ports 154. The nunber R of the data lines

i s preferabl y FERE 3QEs 3 diagram of acpmpleto plectrp-pptigplsyvischishopvingthe sy@ngemepesn of

| evells Ointerconnectio¥\éflcaultrollddfi dedctibed REFICTURME BOB A 30€, amiilet hteddfhectiBnslof theicBlise qual
to 2[err], and Kis preferably an even nunber to 25 achi eve advant ageous

m ni mal rressa qne enbadi ch 100
t he gﬁﬁf%gs&%§ﬁﬁi§sﬁ3%e%r£ 'és\'/séﬁ © anelfﬁrga e?‘gél lPc"’f“h%éw"'&nurrber '
of rows ampleﬁeﬂemCj’nﬂd%Wﬁmrﬂmp@mpforﬁemﬁmmz@tmms to

t he nunb@d}ueqilg{.@yﬁgﬂanmbottom | evel. Table 1 has exanples of sizes of

Swi tch 100 for a wide range of preferred values of K and L. In sone
enbodi nents o t he. nunber addr ess Qrts is the sane
as the nunber}%%%%fag'ﬂ%’%?ﬁﬂm gﬁﬁ?ﬂ%&é‘&%ﬂ“@ﬁ?ﬁ@&d@“&%@%? al

i ncr @&s e ca@@ol celisidesorbed in KIGTRE 31.tané theip interconnections.

- 14 - ‘Level s Col ums Rows
(P%r t 5* K) The use of the same reference syml{oisﬂ different drawings indidal) similar or identical items.  2L)
OWS

MODES FOR CARRYING OUT THE INVENTION

A scalable, low-latency switch for high-bandwidth communications and computer network
applications has many alternative configurations for performing many types of functions and a wide range of
25  capacities and performance characteristics. A first embodiment describes a switch that is derived from power-
of-2 design rules, supports message wormholing, handles only a single message length, point-to-point message
transmission, has a fixed number of rows per level, and is not optimized for a flat latency distribution. The
description of the first embodiment of Switch 100 forms the base upon which desired additional functions and
features are built. Additional functions and features generally include multicast (one-to-many) transmission
30  capability, variable-length message switching, low-latency transmission, multi-chip implementation, and
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Table 1 ™ °fs°mlda‘a"a“s‘ml§?é e‘\’??ﬁ&”ﬁ“ﬁ“dﬁ‘l‘ﬁﬂﬁg"i‘)&“‘““é ‘fﬂ En‘i’aal“ﬂV Hd appitiphp levels
ti m nf- c 30 132 1a4|mmsmmevammmmuammﬁyammmmdmm&62 and

164, sig t (SRe]S ¥E G ve

exter nal gSnggEs IZPGLJX %%na &n%re]?'d o?“%gg’tg‘y‘axix%r Ei‘ "ggg%wé each
col unm,  ngludepluralopmbss ragis RA7€. alhamswmmkmmmmnmammnasgm
that a cefRSPRRA 190k bftiondl BRtin, ALt Fib) & lfil?xw
one enbodxlseén&‘rlt ﬂs’ovvn in A st rnl’Jcture 118 gﬁaélﬁt%lgmnﬁtlhbg{aég?oﬁf? ers 112
accept a° B message and store it for subsequent injection into a
swtch array 120 at top level L 136. Optional input structure 116 in

conj @hct i on wiSerial datgin thelforfnfoba mmemunnw&m:moommugmmpmmgemz bl ofatt ry

o TSl el 610 ket L BRI L 03,°

i nj ection of message I nto

| evel 13&omtheSiiteh-190 bndnta quiputlings 158 at cachramasThe dats btswcm a plyral mmgr of serial
St ruct ur @atd duput for® W4 R&&nﬁé’ﬂsodﬁmm ammgyzm a&eﬁng 4t QY ihguPpdrt 1bg4 1O

switch array 120 yr nu out pu control Ilnes
156t caAa T s at ey pon It e led e e et gt debodinen, cppisien o
devi 8. Ydmdcosduglondhin imglemeritation ofi SnvitcH 100, ieput p:rmmh indlinilds alinpw pincastigction, afd&ept a

message &Qﬂnh&f’{&%mdes an oftft %&a&%{ﬂ%@@&ﬁf k"l lrﬂ:%%\bnﬂ cht ,ﬂ;}m ko7 hlsﬂ'fﬁeedut

enbodi ment” shown i n out put; s?ructure
buf f er s IBssatien ppluraknumber ofpjas sgfvice sipgle inpn mte@ﬁuwmrémm@uwnwmmwm I'n

azgt ger amaﬁait ememt dﬁl@éa 1dge, mlgﬁwpereo f;her%mgatsﬁcp bﬁfcwlﬂ &Qudeﬁenmd B?fn&ﬁdmgh&i finhi s
enbodi nep SWi t.C a e m. | ev irec

connect ew &%‘m"“'f°‘§{)";ﬁ°§‘i§5‘?‘a'ﬂa‘§ft°f i w’%?ﬁ?ﬁgﬁ‘iﬁlgﬁﬁ?ﬂﬂﬂﬂe%flﬂ@g 156 are
si nmi Rér | jmplemenationefiSwitshil®e swi t ch array 120 at the bottom | evel.

A nessage in the formof serial data enters the uppernost |evel 136 from

i nput 104 lnt@n&iefemn@amswmnmo Kleéfimnt SGmfBGted 670! SR eadh! Bainih, ﬁﬁﬂ?séﬁﬁge
subsequeaﬁ moyes . t (ge next switch array. ‘The next_sw tch

array de YVW'W@@ “‘Fﬂ%é""f‘?ﬁ%eg'ﬁ @W&‘HN}RB’@“MWW%P@‘{P&FH@%WMr

| evel 13454. The riuinbériR of e ditallidee ispestiirably equal tofok Bibithan 2tlweps Tw11is taé miniber of @ drev el
136. A ev ma ave a portun to
rove donsiiado. i e hEelCr Shadyi TEYHE s eFlo o R R Ry B R it

swi t 8h apghigye @Z@%@Oﬂ{ minimed sessegsblopidng, discussed latmagdmdﬂnant ofi$witsh 10fthewar d t o

the next y ﬁr@é?éfr&v%\d%at%%e?ﬁ%@fﬁgﬁh&tﬂﬂ'tﬁe%m@&ﬁﬁ&?ﬁtafcbﬁ}ﬂ above e gy € 1t
i mredi atel%f’_rmves rlr%# the next _switch arra e sane level 134.

Messages “B ment R 179 tocthy Wﬁff’ffﬂa‘%bm%ﬁi Takle } has arappleeef sizesof SisiFl exi t
t hat swi #e0ford wis/rahge of préfertdd@hlbes Ibbnaﬁges:l ﬁﬂfe ehbodEheits 6/9witc1100 iliedlimBeg @r f r om

h | h ) L _.
"9 audibie Rl ie b P onkBr oo i RPN Ao e

ri ghB nointbandyidthte thedpert. or i f a nmessage from the left reaches the
ri ght-nost columm, the nessage enters optional serial FIFO delay device
114. After exiting the FI FO, the nmessage is conveyed to row exit

point 172. In one enbodi nent, exit point 172 connects to input port
104, in another enbodi nent, the point connects internally to row entry

point 174 on the same row at the sane 5 ' evel, or is connected
externally to point 174 at the sane | evel on another chip. A nessage
remai ning at a particul ar | evel may have an opportunity to drop

downward to the next |lower |evel each tine it noves right and



enters the switch array 120 at the next columm. In one enbodi nent, FlIFO 144
Is fixed in length; in another enbodi nent, the FIFO is variable

| ength t OJa fficient variable-length nessage processing. 3%, et
anot her gW% ﬁ%’ the FIFOis omtted altogether. The stpﬂa’ﬁ
function of the FIFOis discussed in 10 detail later. The
timng of a nmessage 200 entering Switch, 100 is regul ated by the
col um-ready signal 108 in conjunction with port-busy signal
such that the firqUPLhEs O MR ollhns 20 i me
determ ned by timjngagqpt rjol stedct ur tr UCRbsRK) S cont rol | ed
external ly by cl odR—STOmg 120 and 3 FETgTIT CoMt i signal 144.
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Switch 100,
| evel is

e "wormnol 1 ng™ . Thg |1 nt er 2gRi4in (1 m ng3ggeoeegul at ed by

Imnp J s discusgd Tat [ 9]048.576 I'n agneienbddi ment of
the timng of a nessage entering a swich array 120 at a given

different fromthe ti nT‘Wﬁlof a rressage ent eri ng anot her
switch array

amboa mont 1 REeTRY EAEORELS 4G plobn b mreeni i on a3 1,

anot her celwhwdiinaéR and § fesigriatybatithe respectiveshlowh istréady wagectiv: datadromanextéroal devimayA or
all lev iu?al ﬁvﬂﬂ; E@H‘a\ﬁﬁa%ﬁ?iﬂés 1064 eﬁcﬁ oﬁmﬂ, tu%a?)nncaén w1th column tmnn 'c?Lnérol line 108,
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the left r i,nput jnt 174.at ey.e.

embodi rré""tlté)l ‘gév?‘m 5"?%'2%61 i lvad ntsé ot '3"“}@!’"5%%5& W ng
at the thetimingdf the entiyafiaimessage200dntp Switah 04, en@ontrdsftwsebsmmhmnamm@ﬁqn dfiand
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GENERALI ZED EMBODI MENT FIGURE 1C is a general diagram of

Switch 100. ImlMimmﬁleﬁmmmmmmameﬂymgnﬂﬁomm | s and

(1"t SApe A%, BERYEFRaEABRlne Gl Sl 0¥ flrelB APREE © 0111

an I nput path

and an ¢emresRAndipgserial optpw pert 154 4 oge en&eﬁw@ésl@unwww lqomlmmpw )
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tt I 184.
U T oo o RSt o e e R 15
first. connectmﬁmtmtsa)mﬂmthdlnmhsmmymmtmmm( 1)

I ndi cat group at that level. Cell B 186, within group
g1, 1], ellisﬁgze%ne(k:'{b% to other cells that, taken together, forma continuous
dat a Ioop 184. Data in the formof a nessage circul at| ng through | oop
184 noves thrbmgrrs%@|¢e§°rm of ggrial dataontens the yppgrmppshleyial )36 frpm input 104 inta pyitch array

enbodi ManRé, In YR ShfterkehRtichEhe MEkSage SubSHqhentiPm t B telnEPswitch aisyl TRLGExtisRitdAat a

o @0 oA G0 e SRy A R O s ver g gpidbe s> Dy

as fr omrightand feniain aﬁ\&s’hnﬁ]evﬂ 136 AGhedshgethat renfainS auike semidievtl mgmm anfopg@rtgiyaps ar e
connect I o ti el y
tree" t?/’%é’pconnec onDMI?vherg(eX&?rﬁegg‘%gnsé %&nrtl%&rtl"%ﬁ ce Img{fg%t segtacﬁ A
oppor t urmessage that ammoummmm neg dowenleyeb 134 entérs the switph aurgy@f that|igvel where it

Aes s ag qanb AR bveStight ﬁehém &twar}a? 180 at the sameQXRIBA RtesdABS eiing B BAikch dihyt mt 0

dr op to anot her qgroup ch connects the nessage to a dlfferﬂe1
et 251 tomthe e vl i o R HER AT G i Vesase SR IR 20 R
nove thrlm@hﬂms/tbthaﬁgmmdms i n one group bef ore having an
opportunity to drop to either group at the | ower |evel.



A nessage entering cell 186 B nmay preferentially nove downward on

i nt er connegi, ds0 cell J to at 15 the | ower |evel becaus ﬁgﬁ
| ocat ed on a%%t% that connects cell B with the nessage targe‘f'vE %@]ﬁCeII

L (at the lower level) is also connected to cell J. If a nessage
moves fromcell L to cell J, then cell .hsat the | ower | evel has
priority. Priority is signaled by cell L sending busy signal 190 to the

cel | " B-above, umafagam.mehﬂwaa1eve1emersmtatﬁgn-§ﬂ§1d01&mms&m

fron\nSRAE
enbodi mant h 19 on the dovvnvvard tivated by
busy si gﬁ?f gbB ‘ggé?ﬂaf'ﬁ Ogiﬂ’rflﬁréeﬁgm er Xing i ng
with a mgnmagemmwopmmmI'ZOInonehﬂ)om,re:dtpuiﬂIl?zé‘mndctsltbxiﬁ;#pon '

d t
agvant ag S04 8l 2holBlrSHE ol 116 Bl el @@@&@ﬁ%@gg@h 19 iSamS H h BERd,
cel | s5havevelay @meamﬂn@%o paintd Abat thersamedivel ¢ncanothey chip.4 MeSfage remaininggroup . of

cel I's, apghighdr melxda;amameopaommym ?aaenﬁaam@he RAPIRGE VA tachUheliGnddts Hzht an

ceII(s) hat share a common path for any reason a cell does not “sen

message GUFREHch taﬂ'@' ’33?“‘“@’@1‘?6%‘“‘!‘!‘1@%§ FIFQy 144 is Sixerde {engthygn anothsr, ot her
c](cal L in Wmmﬁﬁﬂm&ﬁm%&m&h&uﬁmh&w&g&m&gﬁma@mm age
of busy S t va to.a nessage
enteri ng %%L‘a‘g?gﬁh m&?ﬂa &%t%:ﬁ%égﬁr Séucg“f“ées ét?e#nlg? i )

| evell0dodetaihlgter.| ose t he downwar d pr ogr ess ach| eved movi ng toward the
nmessage target. The nessage i medi ately encounters other cells in the

sane group tham.emgemﬂ@ﬁgmomerﬁglsmmmmamwe&ﬁﬁmqeadﬁsmi fostip the
nmessage tar.get ath of a sa entering at cell A and exiting at
cell Ni$° it} Part H&éwﬁﬁe‘“‘%@a&%@ﬁ&%‘émmwe enters the switch at §mei nat | on
of FlI GJRBet&nﬁnmuby\&nmgnmumm;cnmnmg'hemhnefﬁ @mrmag/emmny byt diocRsiynaDidpnd  154.
OVERVI EWQ%i ]EER a OW ng
a met hod %\éﬁu |ngxmr?llassl gle“é‘ rouﬁ%‘%{ﬁ%’%ﬂ m]?"ﬁ {hh ercél}mr]llgen o'to

FI GUREs F#e tipe. Masjagpyentering 2rolymnig the n@sgfag@sol@mwatmsbsmmgm 1s@@nbatﬁtehe
top Ievelneﬁacbnsofﬂlm@#@omﬂmre%l&edngx@dm@me% GikeediRAevRE GifiER AT €

routedtothe etar rowa‘éthe ottom | eve
[O17C " ommns. T sontn ?%W%faﬁf wans;at ﬁ&ﬁ&@alwthewa@%aﬂ&ﬂﬁﬁaw| n
preferred.® Mmmﬂmmp striahlunba'towﬂm&f Incheilluseridive exhbodiments of Switeh 108) @h3{one or

i I AR S

Mess@Jes mﬁmﬂ ingerrcobymn timing)is segnlatgd b dslay elereent 148, timeing is disqusspdlater.
anot her . Iibhﬁeﬁxbmﬁénwl lf@gﬁcfhlog thet@taﬁgt&h e'eﬁtex‘(ijd&ta%ml ghlyyfzﬁkiiﬁﬂni@el:ikow
rressages Ee con [0) e an I S ISCUS n et al el OWw. contro

Do & Pe” AR e B o s e eniEtis AP eI AN B STRASP R B AR RN W o)

t hus at ehAem}bOdlommlwlunwlcval)nmm%lkregulatedbydpnmmt 346 In snofher dntbbdiment,the dlobal t he
sinple C%L,gtgjm £ r 0 b S a[ﬁ‘?ﬁ Qg nmponent is

enpl oyed. con rlcl)t}e JIYP cont adlunés}g%) ﬁﬁggg{npﬂ\%o %g of storage in the
for m of Shl ft registers in the ill ustratlve enbodi nent .

Advar??ageousl y, no nore than t F 1 ge are contained within a

control cell, 10 reduci ng | ogic requirenents and speeding a nessage's
transit throudi®ring REGUREAB in gaajynction with FEGIFRE 1A, theeprnections of rowg 8§2cfrom sightto

wher et 0 1656 BncleveRisshhh. Riphthati®ddt p&ii 12 ks%ﬁ{ea@dba&% e 1eRRch Mllﬂpﬁtspoinhﬁ4 at
nmessage e€jther dvmvvard toward the t ? or to the rig to a cell
e s S 1) A e AR 66 Pt e Bk  Brose ina othe

bits of trightlmn¢sdegeroﬁterﬂmeh:ﬂheﬁtlmvbgnlmaéﬂhahmmu,bghxetsmlévﬂt e:ranaaamuneﬁsahe
procegs terned, I s.has an
avai I%gbl e exit ﬁe{wﬁé@ apiglsmlscoﬁ?widégmel nsurPlerAlig&tﬁ#Ef (rz\rgﬁsag‘g% ‘f%‘?l ng a 15
cont r ol @BW“WW&CP@%!the&ﬁmhhh@damfaval | abl e exit. Desi rabl Y, .

message i s never buffered or held at a control cell, advantageously

reducing the time of transit (|ctxrayizephmmoringygontrol cell. The cell
desirably exanines only. a few header bits and a busy signal 190 from

one or nore nNeAGBREGeH 4 élher:ﬁﬁiaérﬁmtops\ﬂﬁil%dnlﬂﬁg Fxgtuemm%’\&?r{p&e5€ Egc%nt}the
message. The determ nation is easil erformed I'n period. If
t he cont Cells apdinjerconnections between control cells are ommed for the sake of clanly n this ﬁgure the terms

35  “left” and “right” refer to an input path and an output path, respectively, connected to cells at the same level.)




has a connection downward 188 to a group on a path that connects to the
nessage' s target and the connection 20 I s avail able, the nessage is sent
downwar d sydgisssddre nessage closer to the target. O herw sepciiigodi®assage i s
sent on the al ways-available path to the right 196 to another control cell,
where the process is repeated. When a nessage i s sent
downward the nost-significant address-Bft is stripped, advantageously
shortening the | ength of the header and reducing the nunber of bits the
next celContrphgells iB6rageppmbers pfoneprimporrosTeun@of cells at the e leyeli & group 192icentsisonaere. The

next celﬂ«aﬂm&p&m%:sﬂzmhnaomvwﬂmﬁmm@%@ BA7, OBk Ak irsheader bi t

25 because 2@ !éq%mer agéess bi ts arrive ngiuentlall ahead of the
appr opr PERBeH AL judicalss the PRERMEISE (1) indicates a specifit grown at thpt lgyel. CrILB
advant agmmlngmapjsla ln,hsacomtequpeﬁierbemm:, tdkerttogwﬁr firih @ ashyindpaedatallscpdsd. O

det egm pg.t g age' s ,.path_through .t.h
I nt e?co%ec &eﬁ’ |°s no onger gh&%’gghgglé“ ug CCHSA’pﬁ'\fgghE’ g‘ls
sent to Wmmmm%wmﬂmm AEEOdgjociudsd in datatloop 384 A hessage ogr ess

achi evednelﬁm maaa& KR Rds Sptortiticl W?ndv@&ﬁﬁﬁv&lﬂ RChs iR by Lodadit& tglowgﬁevel
nessage tar he next_cell to |ght attenpts to send

nessage S‘E’*‘B\R)gfrﬂ“ BRe] foGlLd} or ol §%\Ej’§‘°t entss BYHETOURS W“‘?‘F‘&’rﬁehi’@a“&es irably
del ayed gﬁmb,y:oﬂﬁﬁnﬂgrsetﬁ ofamuttipteCkinary tree” typeéonfisdGon pAthiTES magdze trliéting CAIB 188 had dne

h f th back the left
the 10" "Wuiilrs G orionte BIERAT il iRt HE A opiig A e Bt pmsele s ' o1 "
A contr @kanlpé,ﬂ, hasmmpmmsy toldtoy toganpthey ghoup, $5[12], which quarestsithe mewapd 6ra chﬁ‘nbnasesdfg nal
f rom anqihes1s¢ Olsbimd enﬁﬁ&hmm message ao&%{oaraow obfh ol b GulhSaegep The

det erm na lon_is perfornmed within a sin cl ock period. Messages
- efore hayingan opROPaNify 4R AioR-P Eithsr szovgiat EWIWnnect ed to the cell below,
bypaSS|ng the internal shift registers of the sendi ng cell. The

pﬁy I oad i S ded myssage ingering calldB&B tdamreﬁnman& max:e dwv&aﬁrbn intércoRRdIOTEB K0l $to(an Ot
showy 18%14: %el becaqse cell 3 ?sﬁ%t'éc%n Ihalt;'%gmer%é cct.ﬂ IQHEIE ﬁgnm%aég %rg;e]m ligl (?? L I(at

uan ocke rressegg way's owar
I n the rthelewesieuel)inalsp cennisered taresiil. If@msesemmmmmﬂtmnmﬂmmbmeof a

nmessage ivel lﬁ%}bﬂon@\/l’ﬁ&hy ﬁQQnalea bycell an@n? b\ Kigh® igoqslma &l B 6Ve YinfoRmAiEden Bi t

pl us one orwgo tinme ﬁ‘r q’% | ections that have occurred in
transit "0 B2 PESEY %“’“f Noiiio)i ‘H@ﬂ}%f@%&?—ﬁfé&e °W§%%%W‘Wough
Swi t ch 1b0g siguad N94, pratentinpany messdge frord the sxgnaled cﬂfcolhhﬁg pitly 4 messhgel exsthe shiafey pakatt

readhos Mokl Sl AR R Pl S i S e T BRR AR il

The fi r 4p4, /il todponer fresy signal $8d advant ageously exits a 1000- port switch
in less than 15 or 20 cl ock peri ods. Referring to FlI GURE

2|A a seri al mmmgeemheﬁmsamnamca tbasmglﬁ.&h@grwpaféengmmaucaﬁzaoeﬁalch
al ways

e ot (BRIe80 st ion FA v iy S GHANEE o onon i e S 9t s o S o)

dat a bi m@ﬁeiowfﬁrgd, ti\eelhsendd éhe nmaigelos imgerdvnmeat 196 exancthli o)l mﬂnesdne goop 192 thev el
tar 88t  same level, ONijrfificant TRVARGS o0 s aaﬁ,smig&@m{vggmu@ea 208

of the target row address ars I rst and st si I cant bit
(LSB) 2forerngfonyagothergell m&w%gﬂwzo & megAgeIPpRining 8 a dexel doos Aot jase the wprsl desi r ed
t Ot bet prog;esstd’cﬁa&@ﬂlbﬁmt}iﬂeﬂesﬁght ta€gat. gﬂgmé{s&a irkhadiatejiRdouiers Bthékgéhts lilﬂh@-ny

out pu ou orts s of

Swi Fon Tt od e e st 9 Bl 4505 o e e e B ACHH L UPRRRE by

dynani c entesifigagcell A and exiting at ¢ell Ndis $hd@n in a heavy line in FIGURE 1C.Ref erring to Fl GURE
2B, in another enbodi nent of Switch 100, the bottoml|evel target rowis 20

det gprmi ned bmﬂ%&ﬁ%ﬂﬁbu%%A%ﬁoﬂ%?M%}/ mﬁﬁ‘?‘g’h ar&'%{n?gtlstpm um is

determ ned by col um header 212 ins a binary
encodi ng of the col um nunber. B Ehls enbodi nent, the first header 204
determ nes the target rowin th O d for FIGQURE 2A, and the
second header_ 212 sgecifies t he '
FIGURE 1D is an overview diagram showing a method of routing messages through Switch 100.
Referring also to FIGURES 14, 1C and 2A, in general, messages enter interconnect 100 at the top level and

move downward and to the right where the messages are routed to the message target row at the bottom level.



target colum. In this enbodi nent the nmessage can circulate at the bottom

| evel until it reaches the target colum In an alternate enbodi nent

t he messagWOofs@Edd4downward i mediately to the first avail abl BRCBUSHE00225 ..
152, discussed |ater. The total |ength 214 of message 200 includes the -
traffic bit 202, the header or headers 204- and 212, and the payl oad
206. Referring to FIGURE 2C, in anot her enbodi nent of

Switch-1 & I :0t-t o= Ul t 1 .Doi ' by oadcasting, . .

mul t i cast?peb%é%ﬁ%i%egﬁg% %E‘%ﬁ%n@%ﬁé@ rﬁ%ﬁcd’lexsnb?d(;)m%‘g” glﬂi‘W‘@B‘ bitef one
out put pte targetagdressappears first and thednasy signifiesnt bitdast. t Bhe payload follows theaheadsuifdispussed for
Wien nul figyaats 2Riaha 2830 is set to ZERO, the nessage is targeted to 30
exactly one output port, and the successive bits in the nessage are treated

as row header 204, optional .co . Jheader 212, and payload 206, that
is, the same NePreis BV Hoorh St P rwparisg PR et amaics wlLin sk T et

nul t | £asSwilch{10@i2 Buimstely eflatddco kowEmestapes areemitrolleiDaridiid digo@Sddtin @Bl baloR. W e6idroRS
"upper hglksf . Mt lecton athat is, they are
utili zeolé"gsls ‘3‘%%3?'?987 lr‘g?’&ﬁ_g e bit T g‘ﬁ?”% é?"é‘ﬁﬁ“mla?{'{?’hﬂ‘ Qg”ﬁ‘!s?%“é‘é’g“ﬁ%a@zr)
denot i ngPTPFeEsing is perforpedwithin the simple coniralcslife Negdditionatmessagerawting gdmptohvat Wi t ch.
The r enmaémyisyed. b éositrél @fiEdonthibié hlyoné 6 thETBitsRE StoFRS n B2H Iﬁﬁm%%]- istersia i liltuser i
mul ti castrim rocessi.ng are, di scuy?gglclj I %t gr. {fﬁg%anot hrenr‘ -enbadi nent rﬂ%fl Sw E’%h
100, rrulf %ggiemhég?gtééegusly,mmore two bits of the message are contained within a control cell,

- 1910  reducing logirequirenients andyipteding a inespgesinhish: tirough tiacelR NS sbo\aethe temitrdigell OW
entry pojdidmih 'émpﬁgggag | LS4 . ts of
bottom | evel rzsi)k'ml/lseém . g,tﬂe%‘eli %%g&ﬂﬁ%ﬁﬁﬁtﬁﬁ%ﬁmﬁ% aéét he
nessage 1O%3Fd the taggetof togherightdto agsllin the sams xpup.i Mpssasessnerally gppn ayultiple control gelisas

entry pobistof the sessaft @aveRSE-BH 1 MRYugh CheGREE AR in fhelpfId@E fmd hoinkhoBigher
characteristics as it progresses 5 through the switch. It is the -

responsibilit rlgg! L,ce.connect e an input port 104.to
properly Xo&fgg@é&%&%ﬁa rresaggééelg%t §°cr?%é‘ai#h’"ﬂ"&ﬁgsag‘ﬁfag’ig“%&azc
SW TEH Armeaet celjfam she left always has an available exfte Pesinbly g ntegsageliWIRE biffered ockmbj asact i on

Wi th Fl Gdnrol kell, hdvanugdbust§ FedididgAetidedd it fatbriey)tbulh R c6rddf dofd The cell desirafif! | S
300. A switch %E%%é &ﬁ%%' h‘?f I{gcglt ed at_the intersection of each colunn and

| evel of “SRHFEIYAIDY "PPFT BRamd busy BemsbiPP fFemene s meignearhy cppipl colls o dstenmipe ¢y
array 128haoitrouiertse messgd. | The detemingtivniodasily perforioddl ia n yingletlbck padod AR chrtidEcell

316 and ; ! ZR . I W tch
arra%/s t_ﬁ%gg%dﬁ%(crng}?&ggﬁ?gEgrtggsﬂobp&%.%@r‘%aggore |?1&tﬁ+'3en f'? gpggtoaﬁgf%%ﬁ%%", '
t hat 20 s, isayaiiaRle, the metspards sent dpvyrvaps raqying themesage cifiserdpoheitarget, thenvise be message isal

POSi t i ONsehtonitibailvv-dvailibR pitA 16 thérighN D6 ISUBthe TodtibPcel GHeZht pldcess REIRAL €. The
I dentity configuration is shown as switch array 340. In other switch

array | ayouts re arranged j.n a.different configuration,
cuen 15 s Wbl EmBL L Qo femi e 81 TR sttty g Mg o

cont rol #ereningithe lengthof thp headdr andredncing the inumber ofibitsthé nextrell has to read t detgrminpdire

oper at i Ofireetion2¥dht Mmbssak OTIRREt &1 ME&E&W PnrhkQfaitlaboeds3S B l’oﬁﬁm&?{m

enbogi ment of i tC 1(%9 there | I'S_one contro cef?ppf_ot every two
v PR o Bt e s e seauenialty ahead o e hpEoPEHE e Bl SEPGBRAR 100,
each | evsignific3@ bit ksradeagtagebBhecaose tiwisttippdd header bitlhackaiesly benRsed Bfiletermine the duaredaer ed
bottom . .colum 1 t hrough 164 contai ns
R seri alu& a({naﬂh?ﬁ%g%%m&%gﬂ@%}% ﬁ%‘é“"ﬁ%ﬁm‘g’rsa”*” eé?eege d R control (busy
signal) lines_124 fromthe |ower |evel. The nunbering 318 of an

i nput port 10¥hfnsa messags isseatia 2155/ ip the spreromsqup Jhe messaghdoesrat fopashe pregréss Bbigvadin t he

Swi t ch afraveryal bfthointetcbnnStstnfbtiretbwand/the message tatgel) Tk n&Ple W thOright tsko send the

cont gj ns contral, cell 300 |ocated on row 1. The locatiqn of the cell

(1 o szl ined thetaiger. J messad it 5 sent g the ighe i rafrabl e b e two clock

r espect i Regibds, A gessagachatwarhesdhe right-band Siteonf e dit@conheayisifouedback BhGel & tizuerariwd

1, to nngaﬁ,glgv%e‘s Mrd%&ggn@&%qccell that it is connected to.
Im

25 arly, outp por 'S nunbered 2 because the port is
connected on row 2 to control cell 322 at | ocation [2,0,0]. Input

port 330 is nioEPLAl monjiopsonty @ fowhits plthe messazehepdes andeacigny) fiomanothar contrpl celbp] ot

| ocat i ondetermine how to route the message. The determination is performed within a single clock period. Messages




[0,K-1,L]. Qutput port 344 is nunbered 1 because the port is connected to
control cell 328 at location [1, K- 1,0]. Path 316

is serial ication line for transmtting a nessage do r ol
cel-l vvithivﬁggx%og switch array at the next |ower |evel. T‘ﬁ@cﬁﬁfﬁ*ﬂs@é -
menber of data bus 120. Path 360 is a serial conmunication line for-
transmtting a nmessage right to the nexg.colum at the sanme level, and is a
menber - of data bus 126. Path 330 is a busy signal fromthe | ower

I e\2/ gl anght mSvealowiiaiabdre aflecttyus:ui&’iéa r:% the cell beltow, bypassing the irjn-temal_shiﬁ regis%e_rs of the g o

- - . In.sone enbodj nen SW tc .i s _configur.ed. as e
nt or nal =g} Fop ppiond & BoRET o8 HoR haone ceck Bl epRodishhis s o g wnidd * "
super corgvuntet cell has niitéplepotis deymwan; awnbloded m@sag&dways has a eonpéctivrtewsyd te eBsages .

I n-anot hﬁﬁet. In the mﬁﬁﬁ@ﬁ%ﬂsﬁﬂ&t,% tﬁ&tlla}g&) f]olr %‘g ﬁiﬁ@?t Vo\g?B\eéﬁg toexft gﬁigﬁlfloo is

connection fromaone input port of a swtc as W t-hin

ATM Swi toapclogkgeripd fos gvegyzheadet bitplns opzRTitwRtimes fhe smben pflefiestions bathayerosryrading abr i c
for the tAhddof the mesiadeiftbugh the interconnect. Messages whinhbik (Heligh Switch 200CEN 84 illeTist Bits

o b e i o i e

connect euie efta thpugiind fows with fewer|thama do=@H deflections. Theifilst bit ofdhe payload adkafithgepuslytexits a

col umM- r RE¢lYorShAGRh tessthaii 15 8 201 joshown) , external device 350 connects to
out put port 372, the ports busy signal 374, and to colum

out put -ready signal 168. The output_address of external device 10 350 is
r ow ’Q, colum 0, which is the san@-&ﬁ%t address. The input ports
104 of Switch 100 are |ocated at level L 136, and the output ports
154 are | ocatRdmng @ BRLREPA 8 grislspesgrenieRbSTich APl 3 FrB-HRAPENRIF an

€boa efayefas kil ONE) i D P0tientiig b Qe e e WRGR RO oAREHNTE anda
coO ete r,ansi rQa C . NO | er I N C I 0ON O
PaP et st P o e iR e Eot sacer 204 i abimely epantig e b ot iicret il ' (|

use of row in a iBwn¢rehrhiR0the post signifient bit(aMSB) 1298 dfihn targe revdaldessppelre fisvanditiebl e t o

the {sar ggly 5{.@&& &iiLsef 418 Qpﬁﬁ‘gﬁ?}*ﬁ?ﬁ zasiwnmggw&cm a8 ekifels Glel ON 1S

i ncl uded w thin the payl oa ] e nmessage. FI GURE 3
shows t HEERSRedthinSetel108 fom apy igpRt Perk104 taagy puiput past 1§ prreup|of eutAubRogs. In some

connect i éxbodiméritsf Bevitch 16} payload 206! cay Sl vatiable 13bEIK) Shich @ cSitldRdBy lyhamictigmingsed to
simplify sHbsg&pent descriptions. In an inplenentation on an :
integrated crrcuit chip the control cells are arranged on the silicon in
such a way as to pack the Iogicmgates nor e tightly than is shown in
t he fi gur es. Refigring to FIGURE 2B, in ancther embodiment of Switch 100, the bottom-level tagget@owigD

CON |ﬁ0|— _ &E{ﬁMgh% by rowl header %0_4 as describMoJeﬂ{iH h\le 'tdi‘ée?éofu?ﬁ@st Jﬁﬁnﬁﬂt 3 BoidrdPhehder %12.
acconpl-i she colum tim ng and caontrol signals that govern e
entry to ﬁ%‘“lﬂ%ﬁ‘eﬁ&ﬁcwa%ﬁ@“%ﬁ&ﬁ? bz, fpghis, pmbo %‘s‘&b@‘%%ﬁg
402 and deeaninesghedfet fHwiih the manner described foFIGURECAC d RieGtcomi idaden2 13 Rpecifiesibly
signal s R ' , :
nmessage %g%gﬁ@@?g&%ﬁlgﬁ%ﬁ?ﬁﬁ%ﬁ%@n %&K%@ lélvﬁﬁ’ﬁ%%ptgﬁéﬁ?&ﬁgﬁd t he
nessage @ppsingpaltemglermbpdimentiiie pessage Bloves deympvard gnmediptely te thafirspavaiiablepuffeant r y
of the nisISiesddTatézOrie iodl leBth B4 of Rleddspd 20008 e ShIRRc bi 382, thEMBadbrl o Bitadkis 204202
of tg nessa eliaggagrs port 104 preferably one period after
col umn- r84 &’%’fdéﬁﬁgy oes active. |If port-busy signal 304,
associated with the input port 104, goes high, then nessage 200 is .
prohi bi t ed f rReferdog te FIGIIRE 2, tin dnothert embodiment gfSwitch 100 thaCsoprornspoint-fchpultipogmal 108
control ' et .

sbr@d&sﬁ@%ul@%ft%% 6%@9@&%@ wﬁé&e@nﬁ&f‘ﬁg %d i£1008 L#g&n&pt% ’onm&?&%giﬂ, or

port - busy si gn pertains to omy a single Input port
Ext er nal o #a @puteods, 6119 all eutpptports- Whanymulticast bin?20 is setite ZERO, He messagedntareetd® and

'FI)"Ort[mbuf h taﬁd%@&%e@iﬁﬁiééﬁm{et b geml.{%04 ' I _FﬂﬂP&ptif@n I o
imng of the _colum-r an rt-busy : signals is preferably one
cl ock pe‘fef‘i‘}ﬂflﬁsﬁ‘d Riyieat g@f '.X‘a‘ 1s, the S??Félo"{?"?‘m% degoriyed fpr RI%W? 24 pndi 2B, W%ET?‘B? 0
ent er t heuldaktibit 220 ik set SIONE] thanext Bvodit phiivchedie dseas Mippér halfCa24 R Riwer Halfh2d6
bufferi Ur 16,... relative.timng 410 of the firs e bit
202 may ba g{, éﬂg{lg rﬂf‘t{ %l’é gnlbztrelcgﬁ é.lpglé EilsmgFe-bxt regxsg:% (wil]un t(l)\e message Leader} dexr{ﬁi%g aa

status of the message as it moves through the switch. The remaining bits constitute a column bitmask 228. The

35 _' details of multicast processing are discussed later. In another embodiment of Switch 100, multicast messages



period after timng signal 408. This enbodi nent advant ageously eases the
.timng requirenents.

- 21 - WO 98/33304 The first bit 202 of nessage 420 | eaRGCFYSWBNG2290i t ch
arrives at output port 154 at tinme 428, which is one cl ock period
after colum ready 156. At the earlier tinme 426, which is signaled

external ly by col um- out put read>’9§i gnal 156, the switch can accept

an out put _devic %6 froman exter evi ce whi ch

i ndi cat eS*Fhe e%h#%gi Ad,g{,)“ 2 gy level us acceﬁmént%széﬁge“gﬁfw&%%?s@wq%e
ext er nal subests of bottomylevlrows. buf fer that is 5 full. Wen the a nessage
attenpting to exit is blocked externally it remains in the switch and

attenpts to exyéuREs 24, 2B, and §C HdBE thk idRage layout as it enters Switch 100/ jodRpt s of
Switch 100 that _incorporate outglﬁut cont rgol ygtructurewll80, t gﬁgP%png of

col um- Tow entry pointd i, The messpge mayfig changegdn lepgth 4nddn ofher phamcteristios 45 & PFagesses bi t of
message dizfhgh the eheitchyieid theraponkibility of dkrmblaMvitetonnected to ad itz 14 1d se’
enbodi nments...the tine bet 6 and 428 is increased with the
advant ag%ss?fﬁbl a%?ssaéeassldﬁsg %’Pﬁg% & &rents of externally connected
devices. In another enbodi nent of Swtch 100 external busy signal
376 is omtted and the nessage alSHMEIGHARRAYIAY@ET switch when it reaches its

target port. . TRI - STATE 1/ 0O
AND TI M NG  Referring to FIGURE 3%6@jﬂﬂdﬁﬂgwﬂbﬂ§llﬂﬁ£ﬂﬁswﬁcﬂaﬂﬁ}@ 1HreackCboiBiA R coritrol

Switch 10 aeh g“%gﬁ%? ?9{5}?8&&9& :P?%m?séc?i?&g%éﬁ%oma& Dha tevel of swilch 16, a0,

i nput connecti on om ext er nal devlce port - 'lsousy SI'g
to t i@ esmbadiment of Syitchd 00, every switgh ariay ym&mmwmowleanGhMmons

or pins, mmeﬁw dh@&imfrélrcelﬁﬁﬁhy hd?ﬁéﬂtal R 360 CRRBRCSit | 1 dofikdi Yells are in
t he sane enbod g'ﬁ'f““t' extg:r a?onr'}R tlons 372 and 374 are required to

suppor t Wﬁd feR tprpesmightdiagenal, yhere e vamyical 1o
em ssi onpqriuopmme wetah:lgnas usghahm&%ﬂhﬂmmo&aﬁammufmn@uﬁﬁ&x ipshotvias 430

SR TR TH MR LRSI T T LRI TN W SN

Because 0 non over appe a Sl
conndét i avshovingwiteharratfdR che pytitplas puppa¢ment of mhdxﬂbnmaglvmm BBt s 20

control | a«iphapeﬁobmxﬁ;hatmtcmmtanﬁs Hidirsdddl B deRiZ 1ateh SO EiBbirRenP G Swiek oW utednal
at tinme 408é anq %*th entl Sg’t"% message 200 for input. That
is, at tiYRESHIEOCHTO ‘%Su"? 8¥®r e 502 receives col urm ready signal
404 from timng- SI gnal line 108. At tine 404 external connection 504
i's connect ed tlwonsembodiucatof SivigehcaPo, leachdev8130 throughoh36 contains R sertdl Gnkropera60od 512.

At tine ﬂaﬂwédfaammpq;oﬂpd 306 Gﬂ&ﬁﬁk'x%s %Mq@@&go%g}glé?%o@%%# sefisl hta @Qeé‘

until timn IS again recelved e 1 npu

L onnZ8L | 377 P hg v Iegshnd BeGpateok Gusy ety apaz iy the beeeleve. 3he rpanbering 318 of an
advant ag a@ueﬂoﬁ 1oﬁphaﬁ-tnngd by\he 1604tic of fle c&ﬁemmfcuome Wnicfi arfay DL bt SSwitcKlarray

Slmlarl tr| t s provi des a single
external ﬁ?%m 5‘%‘?‘6 "if&lr‘:%ﬁ%ﬁ“ ‘g"f'z""é?rahé Jorgtiom of ﬁfﬁlll[m&déiﬁ‘?f’gnal
374. Thebyﬂlsmm; mmmmlmmmmmtmm@mmmmpmmumma@ ns
by 1o biafEh 8 s miuberloFen BerblcBl] G colBRRloMENt Of Swi tch 100, al |

ext er nal |nput and out put connections use tri-state 1/0. Tri-state
contr 504 is_ not referred to in any subsequent discussions; instead ports

|
104 gﬂ d 174 arimilggy, oupgpat &0 ixmumbered 7 bscass thepopis qqnnepted aivyene? Srcanenl ¢rl 3l
tri- st at docitio[3,6010 Riputpon B30/is Mntbede@ b bRause the poxt is connected to control oell 324 at location

f | | |
i s AR PP e 1 Bpcause s ot - opesed Aponioi it oot

(to be dildbussed Iater) whi ch is highly advantageous in achieving
successful operation and performance of Switch 100. Referring to

::l GulRE 3;:1 t he ph ¥PgAL sepiht commbdiQtioifile kst u%%guth& aaméé%é obn & f B¥eroR LenFidin'4e"
evel an
30  switch array at the next lower level. The path is a member of data bus 120. Path 360 is a serial communication

line for transmitting a message right to the next column at the same level, and is a member of data bus 126.
Path 330 is a busy signal from the lower level and is a member of bus 124.




- 22 - colum is determned by a placenent sequence. The pl acenent
sequence is generated follow ng the rule that consecutive cells al ong
a given royodgdssuec preferably positioned alternately over q“ﬁﬁﬁgﬁ%ﬂ¥ﬁ '
| ower - posi ti oned rows at the next |evel downward (not shown) at 7
I's, the layout follows the sequence: upper, |ower, upper, | ower, etc’
Further, the swtch array layout is always perfornmed in a manner such that
no control cell 300 is 5 | ocated on the same-row 360, or vertical path
316, as any oﬁhmmmaﬂhhmhn&vhshsuhemmﬂgmmhsmehﬂwmﬂﬂﬁmxnﬂﬂnmhﬁmﬁahgﬂm

al ways a P{ngegslurs v, tch arr

FI GURE Gf&gﬂ ustrates ace%‘eﬁ%%nﬁ ,?I on me plgcefs"r\ﬁlsﬁyaﬂgllﬁﬂ

zer o- or | ebedimentebwitch ! l°°s #elce 350 represenpf@spmem frp® onelmm@por@famyncsmg ﬁthoiy, 602
are divi sleniasuﬂm;mamerinmmm&ms&m&ém&onﬁas@esé%ngmn@fo}ﬁwﬁmha' f
seque cefé1 1, 2, 3) 606. The final placenent sequence 608 1s forned by
al ter and nmergi ng the upper 10 and | ower sequences. Referring to
FI GURE 6B the pl acenent sequence 608 is shown graphically in plot 632.-

Li ne 630 gr apmnﬁmmmmwh&mhnmemﬁasomﬁhnnﬁmw Fledécamvnef and
SNOUS ¢ N erkal e 8051 SR 560, el ol bOELE L PRAL D 181

f ashi ernut ations and T ower sequehces

respect i MIWV@&WWJ@G“'F@WF Siméarly (pot shoomb n:stemal deVlce 3%¥pomnedisto optputipert
advant agmme slb’ﬁ@ sindl $1ardG0 SRMMN oBiph-readp SEAR i 63! TEQ'ButpWAG’dr& & ekSrnbildgvi@unoer

g ?/g h‘H‘[S‘ h‘a‘dd N = R 4, select every Nth val ue, repeating as
nece Lar ’f:‘iﬂ‘v O whigh 35 the same as the pput address. Ih?“’g'ﬁp?‘ﬁé%?fosr‘wh 100 are l‘5“&!"§3ct
every 2nat levelLL136fandthe putput Borts 854 473 loGaRed acieddl 4 130, &,meaowe&)leva%m‘emeﬁtnaﬁn4 6, 5,

7) 610 a es ectlv The e ations are
rer ged | Ritahbeneit s o fit s vl 0. RS B APREA i B g e ot

2, 6, 1,109, nognhepnt ’B@!@uom@emw qotlmh&hnmgsazpmawhﬂlgz If the mpbd:atxﬁﬂ# use of
pnot her sum ToPspbciich i :ﬂae%e@damsnbemm%m@m%%&&m&em séi)rce@é&es@gp (3

2, ’1 62 These are nerged to form placenent sequence 624 own I n
pl ot %36’ tiop §s dnclpded vithin e paylead %@'ﬁ%ﬁ@%&q nsures that the final sequence
crosses the upper-and- Iomer dividing line 630 at each position. In

general, any [IGHRE &ishows the tontrhiceliyapread dutiniagpmse foim t&x;llus?m?):oxﬁ&ﬁomnerhe The
mer ged Wiawﬁt ﬁmﬁ Fygcﬁéule%sgﬂlseh lgbem&éﬁw&bs%&g&% scélgp@en{:gs’ In an lmpcla 5 8160nta9

gener ate an row acenent seque ences e selected
and usedmf‘-’érareay*f% fhle'hs Wntr?}ﬁensareéflewa%mhm@ nrm#tasvams tepick the logg@atesypore

pl acenentigifip Gus BeRAmGCMEfigkeed W th the "Nth value" rule just given. A
pl acenent seguence is taken to be of 25 unlimted |l ength by repeating the

sequgfice as needed. For exanpl e, be taken as (0, 4, 2, 6,
19(51 5370426,/0s dit ' FI GURE 6C

e N e Ry

anot her the astpitethé ShmegionFIGHBE '4\shdws e/ tingig of uinessage entering 462/2nd }eaﬁhguza Slviteh from

642 and # ts&”h%g
respectl\gléeblfl?/ﬁt%o T egoel&g]Pe mer to gene%%gééctgwnfe% se&ﬂg%‘g‘r}g§8
Thi s net REHAETEYP Biersons abgdigent of Sawyh WP arinpns nert 104 @ndsthe message exils the Pitch dicoutphie

sequescepef 158 OFlie B Of the entry of thd xﬂésﬁgé M@on&anbalby bdneready hi?&ifiosami frP¥ei02 oS
of each o hal ve

exerrpllf{hgd I n FIGU %A n
and al t erRatears “Ne ]t B"%E‘f‘ if’ﬁ"‘éeag’f FRPRIA0P goss antien I perkPise fignd!
4 row sequemlat;amtme input port ymn@eahgdubtymmgg 290Js prilbited fremn exftating Bat inpud | ower

E 8 , B S ﬁ(ﬂy ?ﬁkcéaﬁm;\ Qeaw &Mﬁs éanrolgall Jiput ggrts locQ(gd :9 ) sﬁ/em}i\’\@olurm%\%§ %vheteas %9}5' gu% eis

- 23 -  signal 304 pertains to only a single i 1nput port 104. External device 350 must examine both the column-ready
30  signal 108 and port-busy signal 304 to determine if input port 104 can accept a message.

Timing of the column-ready 408 and port-busy 304 signals is preferably one clock period 430 ahead of
the timing 410 of the first bit 202 to enter the switch. In embodiments of Switch 100 that incorporate input
buffering structure 116, the relative timing 410 of the first message bit 202 may be greater than one clock
period after timing signal 408, This embodiment advantageously eases the timing requirements.



In the case of odd-nunbered rows, divide the sequence of row nunbers into
upper and | ower sequences, wWith the mddle value arbitrarily assigned
to one of VWRM333Men pernute and merge the two sequencBST/USBQ0RN g -
with the pernmutation that has nore val ues. For exanple, given 7 rows (0, 1,-
2, 3, 4, 5, 6), di vide into upper {3 4, 5, 6) and | ower (0 1, 2)
portions. In this exanple, the upper sequence has nore val ues, so the

nmer ged Sequen@fefbﬁ%ﬁm%fﬁgssaggtﬂ(ﬂm&gléswgchaﬁ'he E‘H‘?Ean Og{ﬁ;ﬁl’)l POP%WS

Switch 10Q do_not contain row.
MESSAGE figcpgriod after column ready 156. At the easkics timo 836, whiehdip mgle@ ppeexmybmlmmes t he

t ar get rﬂ&ﬂyd@ﬁmmjme@m&ﬁadﬁkoemﬂohymfa%dem 8i@naR 376F4blrEan externat db@lwnlch ST M | ar
to.the r.o&g%sg#rect qk? set of blngrytr es. FlI GURE 7A|IIustrates
nmessage A ﬁ'ﬁmgt am?‘d‘d“?‘?%‘e rRSPlenthe extemal davice mabeabps thatisyy_ at
t he Dot t follh Whonghe adGSsageldttemptiohg tocesis isbiocked s:ergtly A réntair’s @heswitch @id attémpts to exit ag t he
nmessage fgagghe. 204 in (H, H2, H3) is (0,1,0), indicating (Ilower, upper,

|l ower). To sinplify the description of nmessage flow, a data path 316

is shown only_ between selected | evels, colums are not necessarily.
shown in ver t [fembodiments of Syifch 100 that dpcpiporate paipyt pasirplstrugtire 180 e Yiming ofplgmah own.

Message Ms&magsamameaﬁmromi%ﬁm%mas&wéa'ﬂm:sﬁ'x{ icf@finWhi Ch i's
row 720 |l ocated at | evel 2 762. Level 2 is

t
ogi cal 1R i Bef Pt M el e teds 46 apd 420 opepect G advaninge ¢ e
uppeto r osfessiig u?emnmﬂiméﬁe)msroommny tdneected devicest manciRér emfBodimeR{ YE SWigAITgMat i on

"upper" Ltiap of a rowin the
respective lev!\| %nut |§?F§§ andtpemes géﬁ‘f’t’(ég’%%g’? %ﬁwrh cfh?"sdﬁ/‘z’fﬁﬁ’t/\m’%etrd to
whi ch the row i s connected. In FI GUREs 7A and 7B, the rows 710 in the top
portion of level 2 connect to IRESTATBYQAND IMBIG op 716 of |evel 1, and

simlarly the bottomrows 712 of |level 2 connect to the bottomhalf 718 of
20 level 1. Rﬁemwmm&tlbwleequymtgfswmls&mhapgmpmmﬁasdssmm in

FI GURE lita m&@ﬁg&@@ﬁt oOnrlEBifdh 164 U] dxtefridievice 350, anlh éorﬂ 304 Bhe

tar r in e | ower row set, whereas cell I'S connecte to row 720
in ,? 2 this % mehons or pins, are required omépog opxg\qﬁnpﬁ@:gppﬂy,ow
702 and wmnshesame ¢nghodimenn, tweh:tterﬂal)&mﬂ:tcuctnb 872 374(21&1 reqiifred Mpbur? 6} oitput GennEEEL. ed

d . ' t t

Gownvar Rt PSR L) it Sy, s oM B koo oot S 1 e G B B Y
one or t¥erdbHeeuranceof 1113 ﬁﬁthﬁaﬂ% pfqesswagd 200 hfasneam quametotmntoyerlappedinmg
downvar dechditidr, & sihgdlé @iState chineétiof swae@amaatéi btk uafasdxﬂe%&teﬁ.m codiibRS04Ge! | 706

canngpf send sage. A downward continues ri ght on r ow

o B 1 R B e ha sRaEioe % Hpcusput gor B, SR 8 405, FNRBE=aE Al ST 12
zEn d iag ai meskags 20 fordmmo lrrllmm ityimie aoainemedw&ﬁ&e 502 rbdeRes coMBR nrgwgaﬂum from

eve i pairs o an row sets
et U Ruat 881188 b4 ¥t BBl B2t o 3B ey By g 6 st 81
at the tdpkpapdsi. ﬁéwﬂﬂ, wmakmﬂegwnﬁmMnmmmnmmuheummm

the bOt tmgak&n rﬁ%ﬂ@%&nﬁﬂ@hﬁﬁ&oﬂe&xmg}lﬁm !lﬂﬂhtt})gﬁqel[ an%%ﬂf &tﬁ?ﬁ? upper

r ow IeveI ssag . noves right on ro
whi ¢ |s 8°é‘f%ﬂ’p WW@EW‘%FS‘P@WM 1. Cell 724 routes the

message downward to row 734 at level 1 764. Level O 766 is logically :
di vi ded i nt o Simgardy strxasrtateromummrenmmbwropmmdesamgtseﬁaﬁattdnn&hordeﬁduipﬁﬁaohon

level _ang;gacbehlporhsy Hend S5 ThIG! lsag%&pﬁ%m%ousﬂwgeg the mimmber &F'Q ontpt?tr;]ne e

row. The
- 24 - afactorof 2. Ip the prefepredeesnbodiment pf Switeln 10y all2gtemalinput nd eutput cénpeationsugarisate.

Message rmmvm&h@tsonandi&wnz&éﬁ&g A §738 Seng, ommume,u,;%gnnect ed

cell,.736_ 1o |l o connec ed cell nmessage downward
to t¥e re{ﬁxgp&fmﬁfé) 5«: %euolsopuonanyavmtable In one |

enbodi nent of Switch 100 rressage A noves right on bottomlevel row 742.

until the nmessage 5 encounIdCEMANT SEQUENCEMETHGD t he coI um specified in
t he nessage col um header 212. Al that columm the

The layout of control cells 300 within switch array 120 accomplishes permutations of the message flow
(to be discussed later) which is highly advantageous in achieving successful operation and performance of
Switch 100. Referring to FIGURE 3, the layout of control cells 300 in a switch array at a given level and



nmessage i s sent downward to output port 154 or output structure 150. In
anot her enbodi nent that does not use col unmm addressing, the rressage
is sent d jmedi ately at the next cell 746. The head C'l‘?t‘i'%ﬁﬁ; -010"
i s -bi nary%\tﬂg’?%glh for "2" and therefore nessage A exits atq,:ow 74

A nmessage noving right on any row has multiple opportunities to nove
downward to the targeted row 10 set af2the next |ower |evel. A nessage
moving-right on a rowto rowexit point 172 is.routed |l eft (not shown) to
row ent reglumoiisietethidnkd bf a plademértt sequenite. Thejlacerhenteduende s geireateiFollowing the361¢ thatA

oot o0 ShbeAile iRl o kS o oo s tery postiorf YHRAN SR inke P TonfFHpkisbid
bit of rowsattheges @ovnmms@mmmhmf@;mnema unpeﬂ-lowmuntetterm ne
the dir geddrQit. BlrnbdRe SRRE m&ﬁmyﬁeasmuﬁutmamhma&o&m:&ﬁbmm level

a rressag Wit hout a coI urm eader inmediately exits the switch rressage
wi tha el thesame pw 60, or yorical path-A16,25 gipriother fefl fn the sampitch areay 120; aptser
speci f i eiwayoa totiol calF 300 bitevely GO in ¢Vely Gwitchalny 12&i t S t he bott om row to

a control structure 150 that processes the colum header.

| NCREASI NG Gt F RE?BLn tion
with FI GURESRW lns|u"r’1tesoa é“%%bﬁ“ﬁe@ﬁ% eﬁ‘%@mégh ?ngg m'ongm’f n& %r  of
rows at %positionsi(0, dedy3, Hes, @Lﬂﬁ@#@ﬂdﬂlﬂ@ﬁpeﬂm#@u@mmcqm&6;é’)(604an¢1c10e'asﬁalfg in
number fé@ﬁﬁ&'&?l ﬁﬁbc%@meh&Y?L ceinbnt sd4GenB60B mk@byaa%ﬁﬁp rﬁg?ﬁﬁgthékﬁetnu”ber

of rows R 170 pertaining to_the size of the Swtch 100 nunber

at tHe BB ﬂ‘@\?’é‘i"s Refrrripg o FIGURE 6B theipberment feaugrice &fiis %ﬁw’lﬂﬂ’h‘"ﬂﬁén H’t?h‘d‘éf of
rows, R, Lihe630 gaplhallpdivites the plot inkAupper ami6Wer séttidhs ihd shiowd 1AM SeqithcelilterimitésilikE. 7B

shows 3 levals of . 31? TTJQCO | pent of Switch 100 where the top | evel has
4 rows TFE ? evel has 8 rows 776, and the bottom | evel has
16 rows 778 The nunber . of rows are not necessarily different at each

| evel . For exAmjreeutagions oftherinper and lower sequeneespreepedtivilp ginvheieed g ggheratpgplacement o
[ OW COUNdeguefbe. 1Bis advan omi&w@ﬁlﬁ@éen@ﬁwaﬁérﬁ%ﬁdﬂewﬁ&@kkﬁﬂﬂmﬂ&%%&ﬂal&EIOt her

exe ar row counts 32, 64, 64, 8 and
128'@ dvndgrm,g,g St every Aty e, PR 25 DoAY §?r °éa“l‘pe°\'/éf8'f’7"8‘%§!?e Zfﬁé"

count i sselgeteetelnd ivilesfran@, 3, 6,V% 604cdnd (02 1, 273),60€ fogtt (4,6)5, 7) 610 and (@2, LA 6IH| cel | s
that are he
pwar d | Sy ahise o RIS e e S g QIS F fhrnl G ol Sict @, 4
has a co?a@rbls % & 14 Fhe geguenceripshowmeraphizalivin plot(§4 AAnstherale o use fysenpting 20A ZOB
and 20C, seaﬁn@moasrmmm@w 1 0Y523.Ciflesd B¢ nidfped 10 24A pRkdmeRMQSubnek 624, mawa in

conn ct| Ievel conpnecied to an external devjc I n such
R A IRE o S e i Ot g e oes dameadlepto ! To
advant ag@udlst Iine1630 dtieah pbditisndu gerieml) bty femgitatioeftie pm@nminibers (47 516, 7t G0¢ cinthe

evel's ahggdd Wi R facith bt ind 15 Sequence (0, £ 8,45 o6 BenbeBUR 8 4o oblchnon sequepee.
BLOCKI NGAny sequences can be selected\apdysed (day okaswijes praferablp srpkodigents ofSyErhs108 gspet e f or

t he sanepighedent Rdbdices perdRd Fll0Be Atth Ve hidRd glbe.vgh ent sequenclis ARk BbE &8 1 LY.

pr 1 oF 1y SHBET St deposing 2 o e Mosely. Bte= IS R W o1dh i ohger

tinme. A §8BrU6t4Res, brdd3,7eqhni que for inplenenting this priority 5 schene

is illustrated in FIGUREsS 8A and 8B. FI GUREs 8A and 8B
show a si npl i kicAfkE 6t SRS mipcIr 18frows388, gmm g?ngtﬁ‘!t{g[e)&%u as.dhaeveﬁﬁJREs 8A
and 8B are located different in swtch rra y are at | evel s

830 and BSPUNGFURTEHT0 sERsFAR R inaleeqHence b4t Inanather crample 5@ usine st Vf!éle" e, 3

and 7A, mmmuee&dl 6423Ad 643 akeQSAT 16 fenkréte Ehe Pt 652 aid 1owet 634 ddquRhced, eeéﬁucﬁxaly832 :
The ont cel | onnect ed t the right by row 360 to control cell

806 A naé&’f‘“5°8|‘%ﬁ?ﬁ°’%fﬁﬂ‘“§?“tﬁ°é“?é 8 evel . 10 Message A 802

W th header 812 enters control cell 804 fromthe upward | evel. The nessage
Atraffic This method may be extended to any even-numbered set of-rows. Divide the sequence of row numbers

into two equal halves: upper and lower, as exemplified in FIGURE 6A. Form a permutation of each of the
halves and alternately merge the permutations into a single placement sequence. A 4 row sequenée canbe

generated by merging the upper (2, 3) and lower (0, 1) sequences to produce (0, 2, 1, 3). The only two-row
35 sequence is (0, 1).



bit 202 is ONE indicating that a nmessage is present at cell 804. Wen a

message enters a control cell fromthe upward | evel, the nessage
remmi ns oiW@R#33384 360 and i medi ately noves right to the cHEWEI8OEP at--
t he next col um. Message A proceeds right on row 360 to cell 806. -

The message A header nost-significant bit -is ONE which indicates that the
nessage is targeted to an 15 upper ro%BSO at the next |ower |evel.

Control cell exa ant bit 208

and determ negqgeﬁmfe F?te nex e%rw;seﬁg&de?' é“'%‘er OW 0 neé%:g%%é;gprlh;ng an upper

row set. se@ntesatnh@lelmdcﬂao@lumbm“esemwoneofﬂlm\mlnmedmzteanémmewel| 820

whi ch hapReRSs @rinf withthk W%afﬂé’nﬁ?e&aﬁ%or%&éﬁ??wﬁﬂr&vs@%ﬁﬁqgdjOUt ed
oW

downward on seri al F3path to control, cell 820 he rule for a

message SHAMIOTEPT Fofnst B (Y 1. 2) portions lp this example, the upper § “"ln?ﬁﬂ?ﬂtn%ff Xlyes,
rout esl rgoghd mﬁgbd l‘sﬂ[dbrﬂa?ﬂcdnﬁs Ghe: 4ne 512, GEPiefeﬂ'&ﬂenﬂ)bddn&\tﬁif S®itch 10€db not contain row

I n Fl GURE, SA swade A 802 I s described. Message A enters.

| evel 3 fe%md??? \“H’%“Gﬁ i evel, noves right to the next colum and is

i mmedi ately rout ed dovvnvvard to a ceII in the desired upper row set

850. Message A is directed from celMESMGEFEOR| | 820 because the message A
nost-significant bit 208 indicates a drop to an upper row set and the’

nessage i s noW nEssag290l ersring tho switch reaches thg targdet owdbfledin healer20d bisfollawing agoute
i1 ustrahesg tlhﬁ Q@ﬁ?m\t@ aﬁeteawaesasag smél\haes%bm% m&w&t&e%ﬂ Le t O

t he next ower 1 evel message noving right at one | evel

passée OW#WQ}JMM%WF‘W‘% betiom levs! 7@59]“‘%"“““’??‘?@"“‘“533" AT échatns
al t er nat eeaRtsWRaEded 208 fn BD02003) id @VKD), xﬁﬁauﬁ@mueﬁh@eatmberowxryltw/er | evel .

col | 806 P Hashapeiov @8 pyl 'R biop oy booF e e o ey @S e R ity

i ndi cat i shipwhlxetertichlalignowataapd only a fewnrepatsendhtivorows irowi®wn.r ow set 852. Contr ol
cell 806 is connected to an upper row set 850, therefore the control

cel | 806 rout s menoﬁnghamntoamemaﬁ&scsﬁ&ovtmvwwﬁahko&%edwmm

Referring to Fl 2 ﬁ@’ﬁi %é;'ﬁ he sane nessage A 802 enters
cont t®| EpRefrogdal ‘PF'EFHP“W"” 5 pisde %%‘Ié‘f’edéﬁﬂmmt%"cfﬁl OFPvsiorated i ¢ ol
cell 806 ttﬁ:&p]ﬁbi‘ fowi et 736, undi@prows ib et lowdt rokvizer 7421 Mhe desigimatibd Aippeiema toveer” does not A

enters cq %e LLn&Q@gﬁM&E&%l@ﬁ%ﬁ%@&m‘?ev hm%gg Pﬁh%%%&?wgftﬁk' 820

fromt he ssa e ar ed 822
over a nwshgeﬂwlém@mdub\EWH@%WMMWMEl%@nt"lpmgqullﬂﬂ?We‘ﬁtﬂ/v

-26 - mwsméﬂ@?e b1 dmt«h x&aémnher@mnm Mvwmﬁe&ﬁe&ofm&a&m of

downwar d thr ou ceI I ht on _row 82 Because row 8 i S
oadP et 479 o SR 2 oK 9% Bipres Iy FICTBE 1Cores Acwsistendiear
nmessage bit BrﬁElRDemdlcanng a tamnmml inl tha/ledve,r réwisat, whereas £dl0% 3@orineadd te£iolv 78011“1 theT 0
pr event %E&‘ (? bet ween nessages A and B, cell 820 sends busy
signal 8 upvvarJ o cell 806 on signal path 330. Control cell 806 is

t her eby bl ocked by busy signal 842 5 from sendi ng nessage A downward,
Ther ef or e cel [MB#e A pmaiss oy J02Aad moyas gkt 19 esll 706 4t thg gex colyme Celb06 i

- Cel | 806 gswiehed 13 rdwRY nﬁhaaaér rowistt HDWdﬂ@foﬂ&ﬁﬁés&aEﬂAﬁ&ﬁﬁ@ﬂQkoﬁ&ﬂ Mhéefore, a
possi QI e collision t, occur on. th | evel

aboyd> ~ Message moving rig t%?‘ﬁ%ﬁmg %‘Qi W@?"ﬂ%&’ﬁ'@fm WpBLY age A
and d et e rdownvesd tb atrgetcl foryeasohs discussed Bytet) echtiobeeh 06 cannot setpessage Adowmiard3the at

| evel éé&g A3 Rintd {iém%ﬁ Sovl 02 m&%@g cliro8 “Jggﬂ\g %@A@é{@a 0 aﬁ%x@glg$ 713

conpel | e route nessage alnto
prevent |®%°§W§‘W@UW§SWIOWFQW%GB al so sends busy
signal 846 to the upward | evel . A nessage D that m ght be above cell 808 is

advant ageous | Vet €VE¥iE Bgically BiNided into twd aBPEPAkr b 16wk towdES 716Rhd1Pis| Bowe20 at
eII 810 at .t nexi columm. i s to .an 850.

Veosde e arnis tyesh itrog s ke o HRCEEr henek ey 1R i Shaete o

A downwatigk totong T8t TieInext eddres8RIGONE, in header 2D4spedifie? an upi;& row set. At level 2 medsigelARE 8B,
the flow s%ﬁfsoﬂg& ﬁzlu?ceg 9%&&3%% odin WERS W Set hfieyRl LEkPrhat

I medi at e novi n ownwar her~nessage B concurrently *rovi ng
ri ght di rnt,eewwlowwo r%?éa\g‘evew sk §°t7ﬁbls ingically divided into 4 pairs of row sets. Level 0

is the final destination level and each row set of rows includes exactly one upper row and one lower row. The




colums to the right before nessage A noves downward to an upper row set at
| evel 2. Whenever a nessage noves right through a control cell the

cel | al wawsodsssmsa busy signal upward to the cell above it pdyinGdysRbszond
the latter from dropping a nessage downward. 20

VESSAGE FLOW RELATI ONSHI PS FIGURE 8B illustrates the
situation where nessage B bl ocks nessage4A from novi ng downward .
Simlarly, nessage B m ght be bl ocked by a nessage or messages bel ow and
become f dastaddressbit indwader 204 spetifias@/lower row set. Méssage Amovss rigitabe tow)I3s amthassbandagye B

I s advani,3eRAkdqéd Ri19YER iher-LohdeP&h 788, Coi 738 Elg%g APGra @
second tine by the structure of the mterconﬁ%@%ﬁl&%o ?%@%I‘%é@%{a’qﬁevel
3 is conf@ei®E ¥ data path 316 to 25 cell 820 at level 2, and control
cell 810 on the same row as cell 806 is connected by data path 848 to cell

826, al mmmmt 028w1€5allbo ﬁa&geamwsngmﬁeamﬁqe&mwsm%aag@eﬂ

e, S ange iy osh B o SRRt IR pesryeirb jour hef i Ragsupe s -
bl ocki ngmﬁmlssentdowqﬂamemnﬂupts@qﬂm@msgmuu moemabgm&hﬂaoﬂﬁieinomddéem&sebed

for FI waﬁﬁn@ﬁdﬁm %ﬂ%&h@m Hn%st{regt esgﬁgftcell ﬁa le hedtier dHr%ésss‘e‘ﬁlg

30 rap I on
rel ati on%%%“?"é?ﬁe?sﬂng“@@m@@&%e’aﬁ&fwgw respectively.
Pl acenent sequence (0,4,2,6, 1,5,3,7,0,...) 614 at level 3, |ower sequence

(0,2, 1,3,0, .Ar)lesﬁgﬂn@minghtonanmtﬁis I mﬁs@oﬁavzdéwn“iardzt?&é&%g%{edkﬁ/el
, ang se at_.leve are sho; otted form

Messgge pa?ﬁg eé‘gfegﬁ e & H '?gé?fhﬁ’é‘@tr?%ﬁ TP pxif Pl h’s7lﬁ|‘sd Bedef@et shawmtos 3
and 2. vaeentmmtﬂhl!swg@sttdnml cell in the simg rdwsseD A niesspgeron\any rbwmme«amabee row 0,

remains Qivakdi@bus busky Bl mdRSBHS DA @rg%t b o imr 1 1&eiPhe &EH%FL otfrm

- 27 - which is connécted downwar row O

962. At Wﬁéﬁ“&&ﬂﬁﬁﬁ%ﬁ lfwwﬂ@%m@amnmonof@emwdomrwmhtel|
at row 4 A9fhd bottolndevelatmeSage vixthoﬂaﬁﬂgimg ?Zdei vhediaRfy CxitsWeEwiiéh; ﬁﬂe@&sﬂftﬁibw
sequgpce, at at .lev the s ence O
connect i o%éégl 3 e %v?ﬁﬂg © EAChey 1B ope 5@'8““’%‘8%’36&3“’ %’g}ﬁ’éfﬁtsléh%34
starts ohotiomgo@togicontighstiaiturs #50shdt prores@6e eohohni lsadennnect ed downward to a cel |
also on row 0 972. At 5 the next colum row O is connected dowmward to a
cell at row 2 974, then to a celgcRE4diaerdOWTTyNANd SO on accordi ng
to sequence 910. ssage connection paths A 634 and B 934

graphi cal'ly dm&{oﬁﬁmnhm%cﬁm“m %?W {nhﬁe% odxmelR {ZFOWEI‘

sequences F| rst ath A and path B alter y connect wnvar g
row set {IEYB’ a level may be differcnt; W‘WW%@WgM%W‘%UU ng

desced betbve,l it ﬂlhhbttdnﬂﬂhx@&ﬂbdﬂm?&\t, the Ghihtier dPAoWsCIT0 Gertafiitighio dhe bige of the Swikil100 is

connect e 405kd o B, Hbenfl Al PR 5 S Sy g
| ocat i onsach BzelméiRmowa’ 0§%; HIGYREFBghewsSdévelspian eﬂmdirﬁear df $witch 10®slengbe Op
path A jevel hadi3wsdi7a,ihiEneREHRPRveE Bls § Wlvs 756 a&ﬂﬂﬂ&ﬁ&rﬁfévélgaﬁn?@{s97p 'ﬁ? g%%ﬁom)

starti ngﬂ‘at 964 does not_.connect agal n to pat ms
have beeffPYSATeRE gessanyy diffpentas pach lekel \For exagiplen s mombersf ross in one e Rhpight 3
does2fiot have row commsuf 88, 16)i16,132 hdiks4 Steviietht @ Rivel doviafd. RabtEeRaflatytembifizhdnt hd3e

nmessage p‘ﬁﬁ: # s. That is, the 15 sel dom connecti on
rel ati onshi 9273%3?&2% (egmsg?hs for A 634 and B 934 holds for any path

starting at any row and colum at |evel 3. Irrportantly, t he nessage
starting at pmﬁnwoyé@a%atsme!l?@ﬂwwtserewnemtmngmmelevelabmvueth@ro@ and

concurrenislcymioh@nmaaﬂgﬁmﬁe?f&m&eﬁ7o&%&t&n&§£d*lﬁ t@i&ﬁ'ﬁﬁﬂemax%l&a 5 ot her
nmessages ock |ng situation at 920 can occur agal n.

Thus, “%I ?‘ﬁ’ﬁ%é‘%%“% Pf‘?"ﬁgé’“ﬁ'l 120 pipvays mirol cefl9n eagh W 360. Referringzalsp gner
| eveBo | | S mmmoamnammwmm&mwm 100 iy siot have hIOpURMIQinkR torR@Hond ai the B

ggéelsanot ncoun er B%W%?“%%our .=qu n t°‘f$‘§£/’é?e§sne§gs°%%§“@6“8%th °

FI GURE 9fle nfradeantagqeushy wtitizedhe dvailable m«gmaccrﬂ\emhfpahe topiBYelspe: inplememedsthgavepat h

A W th MR aae oRadiévels. B. A nessage on path B at 962 is initially in
position to bl ock nessage on path A at 952. However, | rrportant ly, in’
t he next eight subsequent noves of each neéssage, nessage B is not in
position to bl ock nessage A again FIGURE 9 also illustrates a nessage

on path C 936 at level 1 that bl ocks nessage on path B at 962. A nessage 25
on path Cis not in position to again block the nessage on path B until
bot h nessages transverse four col ums.



The rel ationship holds for nmessages entering on any row and at any col um

of the respective |evels. Furt hernore, each nessage at h
except |ev 0 %33 %ant ageously always alternate an upper row g@%& ﬁé@g’ o
| ower row set, at each and every colum transition. Q her -

enbodi ments of Switch 100 use other sequgnces such as those described in
t he di scussi on of 30 FI GUREs 6A, 6B an 6C. Any sequence may be used that

al lows a nessage 200 to conpsgick PLOWRED MRS GOBEICKING row sets at | east

once per period. The sequences do not necessarily have to be the sane for

all rows, nor iR RRRRSmPR 6r theksai€ / ed
Witn blfinessages o SRR bR e thikain BEAythd festheP e cqsivembais

to the IeveI er or desi gn ruIe Pro I ca

such seqé&preriorifyaThempsthod desarivgblers adymiag g the lewverievshmpssage Briasity hsamet%| e
message fidueihas fobbiBien'l M kHiEa Rigs time. A strubt@dardiéchilfit (6 SmPIBAGAnDIGR BicieP d -

usmgthe I,SCu d for FI GURE 6A
-8 - schemelsﬂi/ustrate%mﬁélﬁlﬂ i Eéﬁ HEADER LENGTH CO\ITRACTI ON

As the nmessage i s propagated between |levels, the header length is
contracted wi tFIGUREs $Aandh88Ishay a sithplified intercomreetion off cgmtiol ¢elig all cdllea(ﬁGUBEt 8&and

SﬁCh Vs arﬁg%{%g 1 S t“ﬁ“ﬁ% &rrlg}éggh ‘L"ﬁ‘ea %‘ggscont al n| n BH%&E falﬁf

H2 and H3 FRGURESJA; % 3498 TAxsantrod eell 804 &5 ipp letCBamYdFo atiievel 3833 A coarel oplb

1054 is txmmmammsigh@ywimmu@wxsomxﬁa%aeﬂ@ana@mérmmomwrd to
t he next ' | ower level, the nost significant bit H 208 is rermved from

Lo 1082t Rer aeREes MAC AN ot il 04 o e gy ot e mbpe B¥e

of heademitl2e2igONE indicatingthed A gessags istpnesent attvell $03Whdn aokessafrensasagel ¢el fmdhec e d

by one bi gg‘ﬁg ‘ﬁﬁ%%w | I
header 20: hw%ave advant geoalﬂ%a een rerm?ﬁzg&ﬁ&wgr@g ng?tg&g%c%ngo!tcﬁumq%%%

time of tcplaMa| Messasg Agrreseps W‘%%“‘“ﬂﬁﬂ%ﬁd bit through the switch.
Because the current-|evel MSB 208 always follows the traffic bit 202, the

desi gn of all TheRiesside AClthdeSmast-significant bitdd ONE GMEH ifidiéated tidCthé Musedge 13 karpeteditdvih

Snhi ch d f t |
o 15" bty einash i neRl e it o ik GRS e @ o el S 2
control oad detm@dshal theypext &vilis fafast row bfmdsiags A istangpper row set. Grintrel cejf 806/s corredrd ng
message. dé%v@al’z&‘t%fc@dd& cell Ezd&l&hﬁﬁ%dﬁ&ﬁ‘e xﬂ%uﬁ;ﬁ%&@& 850. Md3sabOX R ther@%Elouc®! | S

woul d have to wai t _unt entire header had entered before the
appr opr i a’e@n%w\ég%ﬂ Bith 3164, pagtre) celL820\ Follawing the rylefor-aungssage ppterigg from the upward -
di sadvantiagi mesags AliciiBnediately eoutd kightioh rdwes20 & thevekd cell $23Qtleveg2.t hat nine bits be
buffered in each cell each tine a nmessage entered it, consum ng nine

cl ockgperi ods peie H%A,éﬁéffo%fﬂl gz A ¥z }%rdi%%ﬁd %%a‘éeﬁ%m@?e%d%?&m@e%p&%t rol

cells of preferred e nents o
SYNCHRONGYS), DEYeANEibiotheext cplgmn and is immediatelyrented dpwnwgrd to a Fulldnrhe desired ypper row set

conj unct igaf Medsdpe KliSANRES frdth &1 80670 cdll 3B BSAREMIRYSAZ Alnd oS $:5208 indicates
row 360 encounters an optional FIFO.structure 114 "and wou d|ﬁﬁrc;ul at ed

back to rASEMRRER PPeriTLse Fddle megPefifnot blocked by'l"6°‘b°f5\9§?ﬁ°ﬁf’ﬂé’°lf"i"r
first nmeshagaesthamaseodikleiachessgged is hllovad fomioee withoutldelhy 10 theaex doverieveessage, a
single nmessage is made to fit on one row at any Ievel For this

reas I n add | ow,

addi gsonal delé‘lﬁe\i?‘@gggﬁgﬁ&o“ useﬁ égﬁasdo FO arra | ncI u@es fjral
nunber ofcorussHopealig@ale bezseen“@yfrm ARseNes 83Raow setschb te aext M@devalr Fnsmg% example
paral | el (@& dhcﬁﬁ\)'; B dffeRAGRkREE B eiteds coRtisl &fi@o6 E&h@m&;&ﬁqhésgugs)y &o@l@igﬁnmt bit is

device 1 |0 Jude?had%ﬁ% el ement% ]]02 connecte arrag enent. A
el ocked sage 5 HEHe 4 JPVST £ Ao Oe3 sompeciP thed e
or abD fIrb\psdtBsnpthersi‘otehhdchmtolallbb&romatmsaggEﬁgmmdmdmytoelhﬁmﬁuans one cl ock
period is presented at the output of the delay elenent at the next clock

TP YA PR o ey 4 o B e B

del ay device 1100 e cournt enent s Int

st r uct ur ahe3pwardjevelandyisrquied rightdo qeptrol prll 806 acsievisusly describetl. Atthewge time hatpaswgs
FI FO St 1 UC{nirconttdl QeIf 5063 theldigd F2840 aflleveS B ritcdd cohtfiD bHil 820 from the IchO Beast ookt s at

U U 1108 Rk 1Al St ek S B eI Y MEBSEEE it o5




shown) initializes all delay elenents and other |ogical elenments. FIGURE
11B shows a dynam c shift register 1112 that uses a dual phase cl ock

1116 to sRilogsmpa bits through the FIFO structure. The advaghagds@tzs
dynam ¢ shift register is the reduction in the nunber of transistors when

conpared to a flip flop or simlar 35 del ay el enent.

- 29 - FI GURE 11C showss-an optical enbodi nent 1114 of a
synchroenous del ay device. Adjustable fiber : delay is achieved by

usi ng pi 82200 el 824 mmbysmachngmmeAdroplmhg&&ﬁgﬂraﬂmeignheltdzeaﬂddgmonaﬁdsnhange

the fibe o1’ ed.|ight
Sour ce. TITESLRT 2 s immetinchbodih i b, el ol b Gl ieody B o
t er m nat Wovapijevalnthapis, ﬁetaFonﬁekﬂverqweweulsxwmqm A@decall 320isgmial to

a formt Eial 84D Spwakdl th BA'30P 6:0GEARAh 3BV, Conthol cell B0 is Bere
LEVEL AN%E}SI (540 Gpialt Rererring to Pl Ghes S5 aewiss, -

messay %Wgﬁﬂ‘mﬁ devgeapd, Thepsfre o<l §06 Topfesfposigec right inspll 8 @tthe next columnyyy,
attenpt cmmmﬁabummwmudpea&nﬁmdsegaﬁ&nWQﬁae&dmmam&ermms .
right on Fh'x ‘Pﬁ However, a concurrent nessage B 840 novi ng
ri ght at eve I has pri orlty over nessage A in the use of path 10 822.
To enforce the priority, control cell 820 sends busy signal 842 upward to
control cel | Gerolcsll 808 cxaminss header 812 of messagsrA and despraninss thatimessagesd isdargeted dpan
fﬁ”d' Ng dpp mwgzgw@mm&[amos @ﬁ&lﬁagga 6t£. b ﬁWextr?v]?k&lgell :ftos ?Qeﬁb{llhﬁtd rcfu% t hat
e busy sign rea c ce in sufficien i me tha e
e 0 LmEpele R peait o e SRy Fo povess et uon ook ooy, eRISURASORINER. of
Swi tch 1ﬁﬁm1816t¢thafphm1éyelt AXfiZsagd D tatimiglyde Bweerden masaﬁmmgéduslﬁﬁgvehedm:e t he
traffic m)ﬁpnéqgceﬁgos Fn}glxllyal,%%%taoglgsﬁ ail{hr ex?t?ol 1ch% §(? ‘rllppﬁ'l eigfn control

cells ina’given swt oeraes nchr onous t he
traffic Mesagsi ﬁcﬂe%’ag@b&ﬂ@ﬂ {rem b%l?w,tsh@ﬂ§wmndsmagedrdouh\lvar@tylwml el BPfecat
switch agey. Al cells in the same switch array 120 receive the
same timng signal. Referring to FIGURE 12A in

' CBhEr ol colHoTBE v ny ey weSie ke mvie st ba St e ey, o

cl ock 11m@wmmdmotb%messgelmmnenﬂymovmgdglsdu;:sWOWams)gemsvxmtwdm in
the cl Ocl‘ollﬂﬁiéiﬁﬁenghmforcmessageAmoves SvntVafd t& contr ﬁ@ t\flﬁgnev%ﬁz“nes?atge

| ower | evel receives a nessage 200 prlor to Int

same col BAYss deht thepueh a.cpptrol ﬂ’o‘g P%“&’?‘rﬁpﬂgd&m‘fﬁ}g%%?m’“"!m same
col um ameﬁnérffmhﬂmppﬂngymmageamward. shown in FIGURE 12A Level 0 | atch-set
signal 1204 occurs one cl ock period ahead of level 1 |atch-set si gnal

12064y Level 1 signal is one p@@ﬂ&ﬂa@&ﬁ%ﬁﬁgnal for level 2 1208,
and so on for higher |evels. |gnal Is used in the
timng and co l.gnals 11 1204 206
1208, for all E‘Bé @;e s andmco urmhgremgsrs% %é’ﬂ’ré“é‘t?ag" ﬁggd%ﬁmfmiﬂ in
conj unct Sigwasgy, mpssaxeﬁayslé belesheddy 2 4@ssagechr messages below and become forced to reR3iGaRvel) B
descri befor hdehdll périod CMbdsd¥e BSs dasiﬁﬁ%w&m Hnmeuaﬁmo&éxééage Aa

at col um

message 200 entersﬁﬁe cont ce % e sane cl ock
period 1FFRAEMEPY theRruptase ’§‘°f°3’f”8ﬂ" Centrokgell §0§ at Ieyed g is by datapath Jp§ to T
messaye cau\srzm lavélg)vind oontral celb 81030 Ehe3MASIO® at dall “@hcoﬁn&lediﬁﬂlaﬁlpﬁmsls 0 kellRbay

el enent s »t aches ext colu 232. In
some enbo S, E?qlhszs3e"f’tapﬂzgfenens?mggre”“ﬁ:82fmg F’gngeﬁem%mffers I n
other e rrﬂ@%ﬂm%ssge A woaeway ard adpantagepusly dmpratetﬂmcprossémlmmf theaépetitishi blocking The ne
period Ofia@msit Sfhehced @élﬁ%ted by the metﬁdnﬁ AR Hbed for ﬁ@ﬂll&h Bk ndR® dv&g mllﬁlgl% ’oloQEméWo

periods. The colum-to-colum tinme tc 1240, i1s the tinme a nessage

takes to?FREEHSEE next control cell at the next colum. The tinme tc is the
sum of the delays of all the del ay el enents between two col unms.
Ther8fore, t hﬂGIH!E:hgm;ﬁicaB)i itjuserhted the cell Behnévtivd relaidnships aflie@(3 31982, 21964, hid L$065 et

STONal respectivet. Macknlifie et (G3024,6T3,3170.0) G AR, Rifer sbiferck 162, 15,025 %70 ana
upper sequence (4,6,5,7.4,...) 912 at level 2, and sequence (0, 1,0,...) 918 at level 1 are shown in plotted form.
Message path A 634 shows the interconnection relationship between levels 3 and 2. Note that a message that
starts on any row, for example row 0, remains on that row. Message path A starts on row 0 at the first column



- 30 - A message 200 has a predeterm ned nmaxi mum | ength

L., 214 and each bit takes one clock periodto nove past a given
point. TheVOi%8@304, a nmessage to pass through a control cel | PGIUSH9RY s

i ndi cat ed by interval 1222, and at the next columm by interval 1232..
The inter-nmessage tine t[err] 1242 S npt_ | ess than the tine for the
nmessage to pass through a control cell ;“that is, t[err] >= L[err] tD.

| mredi atgh v 2 |sQhnnBudd 8% i 565he r 0 965 s xt%oxg,q.@amg,%s%'cl,m%m

subsequent message i s a owe% to enter the cel
i nt er - medowawasd §34ipa eeflat oy 4 964, then at$§¢ orareelhat 0w 266, 20 80 oncageording to bequence &dgnal

1224 i's pi&Bige pdh B 83Wat Bl @ BholwSih8 bequdiBS? BB bélivich SvARlo04 ATevEN\o06. Message
t he right |n?£arallel fashion so that the traffic bit 202 and the foll ow ng

bits of Bgfh @tdhe firg} colump, 962 and is conngted dpymyyardp a cell pls on oW 728

vertiscal thé\ildxgmiiﬁﬁltrmeaﬁ Borinéotelt kdbvenwlatdito £ Bl fow 9G4 ikeh @ a &R bd ol 96d)ndsa6® ti e

as all otheg Is in the same switch array. Simlarly, nmessages

dr oppi n Fegu?mom ‘control cells in the same switch 10 array nove
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1100 multiplied by the clock period. A message 200 enters FIFO structure 1100 from the left at serial input

1106 and exits at output 1108. Clock 1110 is used to synchronize delay elements 1102. A reset signal (not

shown) initializes all delay elements and other logical elements. FIGURE 11B shows a dynamic shift register

1112 that uses a dual phase clock 1116 to shift data bits through the FIFO structure. The advantage of a

dynamic shift register is the reduction in the number of transistors when compared to a flip flop or similar
35  delay element.
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the cell at the lower level and the delay is | ess than one cl ock period.
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Referring Wé’?—sf%ﬁ%E 16B, two hi gh-speed control cells 1620 aR§T{{P8/0§239¢ he
sanme colum at adj acent | evels are shown connected. At the start of

the time period 1202 when latch set signgl 1604 goes high, 20 traffic bit
202 and MSB 208 of a message entering fromthe left 1302 are respectively

at |ine Wdl@gde cartel déﬂg #the same coluffh. Wﬁ-s F&gi‘-ﬁii is EfeddY 16 e P&Bgscilg% éﬂsr cuit

1612 process these bits along with at busy signa

and i mme&el¥ @FW?Q?@“PHE“F@@BW“WW&QGB Rhead ptsprcific mespage hejderibitsandyas
Circuit Hévicds oradfistingintessagtiflow timignar d " to the |l evel above. The circuit
1614 at the bottomnost |evel settles down, first sending the output upward

;?ggag atio nagg? ay o %f*}’ ggssﬂ% Eéﬁtﬁé ? °n%bpceﬁ %:io'ﬂ ﬁrtrj'lr#g rlgﬁo# Bﬁ%‘ﬁ?q g‘é‘? ’E‘D”?@" bitss 5
t han & oMEBR8B ptdre Woang traffif bit 202/incB], tand busysignal line B8 1306@re ckantindd by die cdrfidlcel) @S

hi gh and B
32- PORTS Vﬁ\%%&i&& nésnﬁtmemessaémg’%errgél ng %F@kﬁ%‘%n cop ) lﬁtﬁc‘?ll%o% i th
FI GURE 1Aomnegieddolings; advagcing the aycespagitwahits awda"éﬂ'mnmmg 13%30|Stncmmhcm has

f ogr 1|7 g\éabmwmne %??&coﬁ&tfxﬂﬁtmmmm%sé%@ﬁ%ﬁﬁ% el&n%aea é;ﬁé& hntégl84
an aC | NCl U e _nu er o orts I n
t he errbod3%8mf" PR ?ﬁf‘}r{{;‘gf‘aﬁpg‘?%@ ’%Eﬁcm“ gepresented b W"t“ﬁ%‘mﬁer

of cdPumiatch(1316, a Huﬂmg;gmtdneThe Ibhey signad séndea ZRAQG wplwaidneling BaE1388, AHRR isi coiiddtedor t S

104, and cription.of. swtch
1700, sonﬁgaﬁ%%%g%ﬁ%%wﬁfeﬁ% F%ték%%}& sugﬁésag"&wn%l"}f%

buf fers interconnesti3ady LathAP16iisalsorsediricontsel shetflow ofimubsoquens message dete ditsithiuglrthe B

- 35 - Aspreviously dxscusse;i, wheeh ﬁ&édﬁ%ﬁ&eﬁé%e&%ﬂn@m@,?ﬁbﬁ&%e&sgl ﬁ’forItHe l%:plwngE 3
a conven| of ~arrangin s.includes firs

sel ectin§ aéhnﬁtgb{ll(esg%'ﬁfﬁwt "B‘fﬁﬁw BFe s merspee ivaptpdrightat e E 13940t j ¢ v
configuration 340 at each | evel of the columm. The | eft-nost col um,
col udd 0 1780 In EIGURI 138, ingssagh Penters gontiokeell $300 fivin tierlefioay BAW 1302. Tiwhedder's most- 3

1702, co |sigmm9t vhtA88 and RS sRAI ok Bhe H?sedrdxémélg({vﬁ&%% ‘fevi:l'hiﬂ?ﬁ &%@P{dg&& contyol cell

confi gur at] on. The nuneric¢ notation in contr

is defin Hiepmesspas MR 208 indieates thas the message capnot drpm orpugysignalien hnee%m@,tsm has
a cont r olvalue ONE indicatinf u&ma;.mésfa@ais ®ldckied frbid Gclbw. rmhée@%l,LMf ileﬁfkn 3:); O bﬁmh of '
nuneric n C e l I m

i dentity 'ﬂ{(%%en%: gur at g%en and: tgrﬁggggﬂ' #?ﬁd‘rypé) °?'?§W’é*"§%¥3°ﬁ*ol um
0 1780. Latch 1316 is set to ONE. Bysy sxsml tmdmp Bt 130R)jis tdneectrd todlngherddhwvhicif is mignanvalee a
level isonel erdvag sighil 15038 R4S the tARbvE totlncﬁcaﬁy &Httcelf){llattlh?bloc or %ﬁép&%lé dAny

| evel is selected but, npbst convenien e top-nost [eve
first, t/MmsTagedovnvss Outpuyling$ 1312 ig g5t to Ztﬁﬁéswﬁﬁ*gﬁmmﬂemwo&mm&ﬁ mesgag dowmy o

arranged in identity configuration-across |evel 3. The numeric notation in

the control cells is deri CONTRODOAEEL DETMIESAND FEBRDRIGRAM Referring to
FI GUREs 6A and 9, an eight-row pl acenment sequence 614 is chosen for

swi tch 1700. maemughmowemgﬁﬁwemm:es §i!l&fiodfb$ @mg}ﬁﬁﬁ oug@\?e%onuox
are ui v I ue row 0 10 at Ievel has a
firs g]con P& cﬁejf;pggts‘ gﬁé L‘?{m&% d%'ggﬁi"? Rred implementation gfja contyo “Bé'@b“&?m"e‘i
rippl e- qu@eﬂ¢W4!mnnﬂ§IGﬂBEllsed in the switch arrays 120. In the
illustrative enbodi ment, 15 all cells in the switch above | evel 0 are the

sanme type of ME‘ to ﬁhmnggﬁd igﬂ o sﬁﬁé foP ool c&f’%godir?shto% Jéﬁ%@@uve block

sequence 6 ermnes t

14
connect i Bﬁg’ﬁ?}%\/ﬂﬁﬁ"&‘: B%WWE?%%WW%erﬁommemmldm@mmte&emm ow 0

(1712, 1¥td, FIGUBRE 1andholw2ﬁ8)mue&h&eaﬂ.ess2gem&1ef(ﬁ&%{ HelleXameBR1 FiGORE CE! |
r so that the cells on the row (1722,

1 | S at sition

1724%\,172%&3?1"&???@5“‘3?%” {ﬁﬁ*gﬂgﬁagffmgl thedeft i3 presets sane left-to-right
| ayout nethod is used to nunber the control cells on the remaining rows at
-l evel 3 1702. Ref2ging to FIGURE 14, iniﬁwncwnmmm‘mmsmh,elshamm @henIatH-@tsighdDO0 i S

t he pl ac t sehtfal Wor=)! onpl et ed
| evel tﬁ:g?%esq{glhg%tﬁp& 4#&1%§e%u§%4kwgh ngn ro eé%?fmec?mllé‘\)fe%S 1702
i ndi cat egva%ﬂéﬁ"émt‘ﬁ@‘Wb‘i?’éf d°Z’Y °1°m°m53”ééﬁtl%lm°c‘gll¥"zlagd Wocking signapline BS43p6. 30 1 ow
0 1710, particaan vwherlthefich@a Gigiiad koet Righ, medshgt thalficbii BB R if dUikY didhehi 1 334,884
that the cell on the relatively dowward | evel 1744 is pI aced on row 4.
Continuing left to right, cell 1716 is nunbered "2" which indicates
the level 2 cell on the relatively dowmward | evel is placed on row 2. The
r ow



25 | ocation of all control cells below the top-nost |evel is determ ned
by the nuneric value in the cell at the upward | evel .

The next syepssssoshe nunbering of the cells placed at |evel pepdébooRde
| evel 2 1704 includes two row sets 1750. The | ower row set sequence -
is (0, 2, 1, 3, 0O, ...) 910. The upper row set sequence is obtained by i
addi ng 4, resultlng |n a sequence (4, 6325, 7, 4, ...) 912. Using the
descri bed nethod for nunbering level 3, the 30- cells on row O 1730 at

| evel 2 header mostisigniSicinibit 208 is presentcit Biput Tine Wi 13022 i ‘Thirde gossibla@titcan@y\5408, 1810 WA e d
using th SPHTE deRHHAR ;@&PB h 4 174
nunt)eredﬁfj‘lglfrrtl)mmet ¢ 5 and 7ﬁ€faxﬁé§g§| m airllFflgl{‘]%Irn&?#Mﬁm&%r%Mt t3"‘:gﬁiper
row set 3@rﬂwzfd level, or the message header sperjfies that|theymessagd mustqnove nmsmab‘mﬂd Hew se

P]I ﬁggd gﬁessuge frhﬁtt@lbﬁbﬁﬁtsulgl hthg,nces e ARRILE 1 RN adaf(?gzlﬁ‘d:blbck&?ﬂr&m the ?ownw%rd
u | w_sequ ,
{ ﬁﬁyf‘%‘fmﬁﬁ)&%‘”eﬁg ‘EWWW%‘%S bottom nost | evel ,

SI mIarIy | aid out, that is, the control cells are placed on the
appropriate rﬁvmmm@ wltegnomessageﬁ'omtheleﬁ l4101spresentorwhenam$sage moves

- 36 - v ering or
a cont ro?ownwiuld E\A@/aa{ega%%g r ow nﬁﬁ%g%&%\ﬁhdﬁ; i B 0 I“(g)‘gu ?’h?’nﬁ'ﬁrs i he

nunber i n@“ﬁfw"t‘ﬂ%ﬂéﬂ R}F ‘sﬁﬁr“imdmﬂm‘l’m Ofihelatclﬂsseqtmmﬂxewllabm Tetist of
ports of contiol G BNTBHY is SvayDédnhetid 1402 td Frch £316! TH 1 Fihnaliing8e Wb  thedsll s1UNDET

of cgd unms 164 and t he, qqg@er g’f rows per level. The number of rows R is
pr ef rab?tflselflfn aveight 1908, th fatch is set i (INE. The fatgh s adyaaitageppsly ysed tp storg the camseol
conveni eswté of teicelbdnd keesubsbequesttly icontralthe ai'nlogit Yatesvidhirg@pecednk tdssipe cfclee | ef t - nDsSt
colum 1780, colum 0, and across the top-nost |evel 1702. The nunbering of

Cel 15 2L ©OF Ve PP B Aoy WSREN, DS A ol AR e L

remai nder of the cells In swtch arrays
t 0- bot t o SWHRS dpvEavard g L2, Hﬁﬁﬁ%ﬂswamefh@éﬁ jsstripped fromahe hegdemslehemmm 195¢ in he

pl acenenthe E@dﬁﬂ@dﬁe@s&@d‘beiohﬁimé BdBhignificant bit a&ﬂﬂoﬂr@&&”ﬁ'ﬂé mﬁnf:l \EﬁL bReh&etaw t he
top +5eve e nunbering at

S rni ned .b u n the c
ev e+ warg?{l% for & penie °d§}s/ N 8*?5’%5%%%8 fhat signal ﬁné‘“ﬂg?qlﬁéﬁe‘t‘%oﬂﬁ’ ﬁ"PFéa“B&t put
por t nunthetraffic bit 202 of the downward message. At the next clock period 1414 the dekifed nbuAThbNG

CELL STA%ESfoxmerl b1t 1054 is sent toat B@ t:éﬁ at #é%gl&&%ﬁegh% 1%131])85 the co; ng%tiB on olfRenod

control cel t'h t | nput s

front he we\mr ‘P%Wéf °°mmd dfmxare theopigh ing 1416 for the duration gfye mgetomxe map\dcrs
downwar dof i @ikssage through metce;mmén,ahai isatnni i ﬁf&ﬁ-yet Gipial £gain gsélhhgh 1404 T HMMSH Nes

fro he I|n 15 |ines from:
therr%}{)warﬂla; #m%ag‘%g‘g&ws Jl"a%?‘i ot g5 ?‘l‘é@"‘ﬁl V\ﬁ“ﬁémst a5 ?“W?‘l‘ﬂ?%“gt o the
ri ght 18We&sage tmingtodynepihead Ofmwbagmsttﬁlcumdlﬂtommﬂmehmmyﬁmges aae ishernwar d

1808 ar eldeﬁ'ﬂ%l’eﬁﬁd’dn&ﬁ?bﬁneéﬁif%d émslrcghsssls'ua&ﬁ%ge@bra ﬁargsg éve|y4y has

two busy signal output l11nes 1810 to the upwar abel ed
| i ne BN Vhichsrispligelay °1m°m5138¢533t°§‘?§@ %WW RBS!BE9§/FI§%4 degcrikes congaidorfay om

t he downssh et hae sthgle gat do@fward/ Sl Yo thaﬂg}h 10yl dcribed in FIGURERIBAL 848 arddUsy

Si %th 1%15%}1“@’@5 BS ]%81 wn On%%hﬂ@ﬂt h]gﬂueté? alégex(a)%ﬂstate 7 1in

t hr ough and tgdority @'smet-le‘fehgmmddemakmmoﬁocbm flat- | at ency
control cell 1800. Input line W2 may be connected to the output downward

line S1 1820, nIeQelid%‘mﬂklE Btftch-set mgmgmmﬁcbmexé&rn&%ﬁm@; m%&negéagﬁ Qi put

line E2 1823tothe ri t on sane row. Siml ar I nput |1 ne

maybe c JREE ?V@dz%?“t%& B PEriod a’&fﬁ eSS jnyhe lovel @S‘EG 06 e‘\cﬁ‘?’i@n@!ﬂﬂ gewnvashnwar d
i ne S2 M&&2ejumps ahénd ot)nhé @irtent ummg of the ﬁ&s@k b¥ éhelcloek petic) FuMiRrhdi€; e déMctioR bF

vt oo o kiRt e SOARGERE ok 3o HARRF il e

| evel bewhish is @emlmmaunm FEGURE n:mgmmat the desired leader Mhgth cosltrdéBion is pérfoemeiand
out put ciMgWar IS
Wah26h 6f%1e'a9$mvélrd 1%:34 Al %yhtg'lmrﬁl}ze*] dﬁ?vmqlé\ﬂmﬁn# A eriéQe‘?’a{ngut KV &

connected to output |ine El onnect ed
to line ¥P2 ‘SFHW“P’FF\%“N?“? %l3l2soﬂwt85melemmumd92a@mmmm ne W2

I S not cdesirable tffeek of Sivining Masdige tifhinglbly B> Wk pedidaspr i ority over line N in

the use of output line El, and simlarly line W2 has priority over line N2
in the use of output line E2. Wen




30 input line W is connected to output line El, a busy signal 1810 is

sent upward via the appropriate connection I|ne BN to the upward

| evel , andvQi%BP¥A| y when |ine W2 is connected to |ine E2. VRERUSPS/MZRDUL --
l'ine downward is not connected to either input line fromthe left,

for exanple line SI, the value ZERO i ngi33(:ati ng no nmessage present is
sent downward 1832. -

-37 & . . T-

TABLE Referring to KGR 13 A S T IR E T HRES 1r¥ and k’]ﬁu (SIS oy e
18A, t hedetailas eontrsi 3¢l apbodiment 1504+ %q*}clwb:engat@level diagram shoiving t@0dR1ay sleménts Pl 1530
derived L.a@mlsﬁem&hasﬁ iﬁﬁﬁ(ﬁldllﬁtp&fcoﬁe&ﬁﬁs mqmai ek R conbebifibe &&wlge &%,

control tab he header address of a nessage entering con roI

cell 180% “‘.ﬁhal‘i RS Yp %ﬂ?“ H%’f’@? H1fcWhenha lateh g sehio ONF pomessage fom the jafapline W
downvgar di3oz nmaeﬁ-mgwemmerm BBGE Bwikdh mhmva@:xa k<33R Frot QY Gpwakd eld bebReckddN e

Si or toat%néﬁwoff{oow atlme throq%‘g' it ﬁ%r’*ﬁé" The hi.mdetge‘%%gress ovpm[ at es

in the sane edshge enteri
messagesowpfding Sriélzt Be valoe effipichiiglsds alivays Senpiipwahichmrougly lipe BN 1308 to indionié to tiserceil

di rected bhwdae.ﬂmamléma m&g Q8ge ty
over mesasage atel I ne gnd the I at e;mlﬁsggo?o% o}\)/\v%%iﬁl'%‘;oepirﬁ}oh\}\‘l!éN %@ﬁ%ﬁoﬁé&
i nst ead !°ﬂ°wt°thm@é“ﬂ"g°rﬁl. 4%he direction of the nessage entering at line W
is derived by exam ning its header MSB 204, as 10 is indicated in the

1I‘i rs:}o col urm R&énngHn FIGURES Xand ¢ C0ikis2gOdnteisn &Wcél%atﬁc@&ﬁﬂ@@mﬂiﬁpérir&esew
n the ¢ e NESS t ]in t he ngtation
"none" |%§s lower mﬁ%ﬁ "F’H? enclf‘/mggﬁ? Lasq-'gb“ 40:2 '%%ff iPd messa cssags s REpt ?ré‘mcﬁ.ﬁ'ﬁect ed

to an uppific 1&!1621@1%9 dheh poumessage wxistsand the control routing is the samesfferraniactup! dévewatdo

FI GURE 3me§a qthbhéa@erma.sgmm-ph b SRy Medhardh. L%ﬁ?mn,ﬂ&e %@c@@é ed by

correspondi n us nal” 330. In FI GURE 18A t he tvvo%%at wnwar d
| evel s of® %é‘éa’%%/ P@Z%ﬂfﬁhm%wéﬂ%%mqaéergﬁwpm% gnal s one.
lines BS 1812. In table 1840 The St alCshtrdd Cell'§tate WO DUSY oI onal 5 1817 are
given in t%e THdadei mosi40 RANJ Trnbbit) o408 COICaREeE Cell CoPECL] Vel Yeonmor ot 11 11€

Sl to an uppersignificansit af t hgnDEXt | @ofectéaayel 1S | ndi Cédnfiddtedto DUS)
(bl ocked) Iy "1'(#) not busy by "0" fi n t heUppet Radv S0l unm [ 846 LoveaHow Béti | arf

for line S20in thelfourt®h col UrDbowhibdd (Sdul) NOt at | O\Doviiward OF " Not

appl i cabl e'{_i nd{tcbkives th*t a_nessagd @tr'(ﬁist) di r ect EDowrwatdnat
particul ar {uppéfto Uppehowel row ket . The fRight row of tablje
1840,describes the case where massages_Ela 2I I nes W and oth preferably

nove downward to an upper row 1842 and the path to the upper rowis
not bl ocked, indicated by "0" in col umm 1846. The message at line W
has priority aﬂ#%Wﬁa&%hm&e%tc@m%@@r&mmmms row,

i ndi cat eglrduph &6 bmmn&&&&n-setﬂmmem &l mbdsi}8 riffic bib2031id £ GhFLiekdeat!D1 1510 AN

line E2 This state of connections i s shown
in the prﬁbﬁ#’ﬁﬁﬂ fV& f’&gqnmi?zw T message with mpst-significant bitsetpt ZERQ-(opencelihe 25
next r owdestinatier) kxteribg dﬂumbe:soonnehmell hhe masge i onti hgmlaﬁd thscell I&Ethé hpnaid 16velis

y

excepj t BatiehhitGo &b dxﬁesa 9 {Qytiéﬁxe 2me mes: Wer k! gelltansrsef or e
bot h nessa es are |rect rlgt on I've ISISSOWI’I 8% ate
7 blacked fromb Wéhrcre%ﬂmlﬁmte ovmra#e the Cmﬁﬂéqglwmmpwmdpﬁ@lower-

respecti bbﬂndcﬁ@ edt is doﬁﬁlﬁn&t&ﬁﬂﬂﬁﬁw td the ﬁﬂle 3Bl Redddt Bost-significaft HihlthlQrEd
line S1 gsro gventl ng t he sgllggée 81 a, nessage downward 1832 and

or event | 190 BraeBR P et 3o Mase T cae SiEee e el I FRORecten 5 A IR K

| evel 18MgatEl§16uaisa§nN¢tqthattbbmusmmhr-dmuMen 1doks foli ZBROLth Yecile if the@itisagect ed t o
si gn \ . Sho t hat the val ue of
ha B oot by i e fraic bt 202 ot dea e 1 BEAE et s ieBBHR peivieth ot i o

1830 of flshéhmddmmsﬂnéem-msagemdmgsoo. The state 1830 of the control cell
1800 detenni nes the values set in ~ latches T1 and Bl shown in col umms

6 and 7 1854, iaokle énbodiiRits FEwAA10BEmER R Red 1B dG@ R Wen AR ed Qitd 3 RFe1 0. In
other embodiments a column header 212 is used. FIGURE 15B shows the special control cell at Level O that

processes the column header. Referring to FIGURE 15B in conjunction with FIGURESs 2B and 12, a message
30 200 containing a column header 212 exits a level 0 control cell 1550 when the column number encoded in the




- 38 - FLAT LATENCY LOG C
DETAI L ' Referrlngto FI GURE 18C in conjunction with FI GURE
18B, an erfedsasipy of a portion of flat- | atency cont by e8ddmebRPi C
i's shown. Logic that sets the |latches enunerated in table 1840 I's omtted.”
Latches T1 and Bl 1854 and | atches T1 and B2 1856 control the routing
of any nessages fromi nput ports W, We34Nl 5 and N2. In addition the

out put - val ues of busy signals on lines BNI 1875 and BN2 1877 are derived

f r om t hecolumn headeamnatttssthe tihem rombeyof the cantrol Ell. Maherohe laph el sipdal 1828 b&orhdisllﬁ@SI on

f g2 TS B8 SErebi, 1 ud WAt Sl i 1 cotmm ek 761 o2 e 0 12 U

ONE, indicati ndgr that row usy, an E2 and
busy si ghgefer address maighes the Wmmeh«a%%ag@swmmmemymmdmw '
clont rolt Badw lﬂsmm@gm%ﬁmqml to eﬁg&a{eﬁl%e%l?ﬁxﬁﬂeah&nz from thel GligtY, ém? g
el eme nal (N ILnitiates the processi ef I ne
Tt ol o P ] P2 et e g R E LRRG TS Spweihe g sical b

The procw@om@lﬂmﬁrﬁownmmﬂwﬁshbmomlcia)nleelnsou od with the advant ageous
result that successive bits of nessage 200 are desirably routed downward or

right. As described for FI GJHEGH-SPEED%QI«DB% EI gnificant bit 208 of
the header is st ri pped from a message noving

Control. cell he upwar d |.ev uch
that 1ine BNI fir?e ﬁlﬁﬂ&? ﬁfa&gm eﬁlb(’dﬂn%{'r} %%(rv)"et%h&etc’tm V‘%@V“%i?ﬁ%’&&f"é %

| i nes BSF“%WWTWOB@ the wtclaﬂdmlmn@‘ommzjod 120R-pehRvab [FIGERE 138 andeatéﬁhata
respegt i wRls mngﬁ x@shiﬁwla&m%%@%nmeﬂvam&& f’JJoth Maeveﬁagawa

| evel (not s her case such

apot
four confB& B’n'“ Fﬁ@% t"BRﬁ nexugsll. FERDRE 164 ige nmnzéesm@raﬂmeemw Syitch
conn ect ed00 designed fobrethiceiated’i lin thislembbifiiden llievel a0d givetlcbiutin feteivelife sy Bichlsdevel .
Cel | ri.ght to a.singl el]. G such that
l'i nes EI gg?%@é%‘?‘o ?@%A ar‘gm?see%% d“?e \E/é'i Wé’ﬁ%@%ﬁiﬂ%@?’%@é{”ﬁf‘% gl of
cel | G onarow pass throngh only one delay element therefore using only ofie| tivie perioBANI(D\to GOMNARGL HeRder
SYMB@: i use one time penﬁ’@!‘o%diré &lﬂmtttpthé: ﬁeﬁialiﬁ ﬁﬁ&d@ﬁﬁn&vﬁ@d&)@nﬁ@ coftflected 96 VI
has pri of,i %éi{ ﬁ‘ei ne g‘egaﬁy That , LT nessages are
t ar get ed "SR L ""r“r’(s)”r'fg dW“%Td%WﬂR&rH‘ezQFlWFHEEWB?@W@EW@We
t he fewmpaswithin th¢ celis.ne W has priority and is routed downward to the
output of lines S1 or S2 and the nessage at |ine W is routed to line

2. In an ol | REBahfo SEERNR s Pl Eell sl PR o 18555 A0Sl bl V2 Do

prlorlty nessage on ternate

cont r ol E‘B?°F“‘ fe¥elipce ﬁhﬂ%%?%t"é%ﬁ‘&ﬁgf tefime neeiad 1302 wired lajch setsignal 4604 goes high,
i nt eee hangfabj 102 arEMES 2080fla Messigh erit@bi Grorh Ak Get BOT A FEspb&iety Stﬁi\e Wﬁbﬂhﬂdfaex\a/’\y#

repr esen flat- Ia.te en |
hag pri o}rlel én?g(\)/%é§0mgth’v\f% cmmrl olrzlpf%?estﬁeg ag"&gwi‘%f"g FpusE e
t he andamechmlz %Fndsehesmhw 1308 forgicuitd 6 hasquaﬂyomrctﬁy 161¢ gends ntsroetph‘khxpwarh e

bot t om bisQfddevefabsvl THd cﬂ!uﬁcikm a& ﬁeﬁdﬁ%ﬂgﬁostvl% first SEHdlﬁ% %%Pl!e(%/ 3P e

busy- si gnal connect lons to | eve rom t
omtted FRyseting em{?PﬁPP‘wm“PHWP ‘EH we%mpn felay Ecingnit Ulsmmiefmﬁef
depi 2% i olevel is lelsahahglotk Pefiydn202. Q€N drchitsate skidddamtied 1ak ket §6b4 26Hs Y2H ahd cagtires thé] GURE

19. In agatglttcg&m?&ﬁs (,Agrlty schenme, not illustrated, WL has priority for
upper connectlons an | ower connections in even-nunbered -

colums; and the priorities are reversed for odd-nunbered col ums.

16 BY 4 FLAT LATENCY SW TCH 32-PORT SW. ferring to FIGURE 19 in
conjunction wwth FIGURES 1, 3, 6A, 6C, 1A 18C and 18D, a flat-

| at ency swi t c RefargiotoFIGURE 17 ingbnjunesonavith FIGURE 18 )aaleganipfe off @b énibiolitent ofa82a

| So°L OB i ko Ao 6L FTR] P fha 170m, g o o 1750, 1785 1284 R4 4TSS

rows3Qi t Fachlggel inctodes essgtrrpw-ﬁfp The Avreter ofports in &hs embndiment is the number or rows per level (8)
times the number of columns (4). Hence, the illustrative switch includes 8*4=32 input ports 104, and 32 output
ports 154. To simplify the description of switch 1700, some components are omitted from FIGURE 17, such
as FIFO buffers 114, and optional input and output control structures 110 and 150,
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1882 at the top row of the pair of rows is placed along the di agonal
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The fi rStcoﬁﬂletEd 111.%?,%&& G964, ?ﬂeﬁ&b&ﬂ)ﬁ"? coqlug%%l &ﬁé‘l'ﬁ%ztﬂl%teg Whilre 6idve 2

to the ri i s connected to rows
i nt-er conrf ‘EFH %M%M%%m&aqlme@ d782, contsg} @el1714 is numbefed drwhichrindicotes ons

th ?It sat |maftmesamnemaa®119 doveeatd 1682444 ﬁ ph&d laﬁfotﬁdl F&:ﬁn&h{ac? EMEh Eﬂ@&?l iﬁﬁVﬁ' to
cells on e eve e next colum -
(at |evel b WTSE’@&?&% e ietvégt'%i ?'HS %JBW@VQPW“Y%'EY" 1is glagediop gow 2. The row, ¢
rows 2f a ri@Fa‘B’n °f @ls‘peml calle bejow thitrtop-mostibeyelds determing! by e ninaaic vhlooiashe k8P & thxet Wween

sw tch argpawdeddi cate pl acement sequence 1920 (for clarity, only
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the "tail" or the last bit of the payl oad 206. Thus, the storage
capacity of arowis to be sufficient 10 contain all bits 214 of the

message. g 4 15. A flat-] 3 REs B, 17 and
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2310 and eﬂﬁi eelgi é‘mm%l;e%{rg digit of’ tﬂe pairs &'EQQ ghat 158 4, ? 5, 2?\@ ; QI ’Plns senes% use(i to
fill in the vertical boxes 1944 at level 4. The control cells are placed at the intersection of like numbers from the
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priority and also preferentially moves to the same row at level 0, and if the target row is not blocked from the

downward level, then the message on row 0 is immediately sent downward to the message target. Thus, a non-
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many input lim.' A control cell 300 at the top level may be connected to an input port, or not connected 2112.
35  The first two columns of Figure 20A illustrate a method of reducing the input rate to 50% without the
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10 2D. 3D. AND 4D SYSTEMS

The topol |es nmet hods of nessage flow control scale in | m.ted.
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FI GURE 18tA 304 21 somassit panty L2 atrcomiisried 21idto entrypoitsd34 whilether et ppiaA™a chi p
2620 i n tdnsecfed 206 tninased inpd peits 104, Referring to FIGURE 216, m&agﬁoﬂxﬁ&eomtarlwg an

I nt egr at n roce S . 508
exactly glgl %gg'géeﬁta’%“ QHP‘PE‘SS%%SQE%% | g“qu varene o ﬁvela g‘?@ég‘ms
di sc¥bseeffeghthay s messizy thathes begpoepstignensly blocked op puerp fgivemanotheabange @tm 2612. A

rressage Sdwn®hrd B adtheBy. | NPUt i n connection bus 2604 is desirably
49 transported to the target output 2640. Referrl ng also to

SE%R(E. nt of coRfEEbh FAEORRCRr FR i § peseae bl dnciates A ftfr SefoR B 4 51 ol

cube', i m!lom&ﬁngﬁttahem length 214. ThelengtinoflindividuaMnestagsd eeringany em:edlmﬂt lof Sviepect

L0 e iy vk el o G %oﬁ“%?%{f%%q‘?”é‘?“‘é‘c - FEP{fe! ! o
si gnéd pﬁP‘P&mB'F@ SHyitch 400 thefagmat and sizp eéxseﬂcw@e@msﬁm !haffers 152

O{)nrtt(lag4mmn&mg?ﬁbgﬂb?ﬁ%mgﬁect edm Szoﬁaﬂh‘{;ﬁ{lhsﬁ a‘? t he, stgrarﬂgneésg f m in
!tohe secolfiER ?’;(}?("%gf d&ﬁf& ﬁ#f’&w% F‘“{J’l} 42 Tpsyags pteping a coptrpleell o ¢ o
sane- col from the opwardleel/at snypolinn 363t be 1Gpearediy bloskedssucictia ﬂmoiebsagdﬁragats back to entry
plural nigigh, &&Js&rw&%@r fitnddalehlete i theps memag% B o QIORL mlag@ Hh i

addr esse
conj #thct the enjplicell #ﬂ@gﬂmw@m the BEysaga fiest @m&qmmmmemwm lovel [Tatis, a10

Appl yi NOmbdagke %Qﬁf?cdn&lﬁﬁf\ﬁﬁféﬁﬁp%aaﬂor%IﬂE@Q z&emramgerﬂe g omaraﬁ% bftfe ﬁayﬁaé 604
to the | ayout |Ilustrated|n , one of ski in the art

enabl ed t%- éag?F?@aW@r?éPwm'méP@W@“b”%@wah
i ncl udes three tiers 2710, 2720 and 2730, each tier containing C stacks of

C integrated Beferdng tb FOGUREs 11AN13A, 15A, 1sn,pr7eide'tscedd emamhgrmﬂioi efis 300, 3960 ch

5508, and G010 S Coror ERUBEA obe Fore el el f il S of s BSREEy £2°
mess %Rg e. celih Thespdelay cRmPRSARITGIPAtE it (it Address decodingiand Jusasagei rsunes of messages by the cell.

-




Regarding FIGURE 28 in conjunction with FI GURE 25C, a 4D interconnection
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Thus, bits nove downward at the rate of two | evels per clock period. At the
next | owekyd 9y/8izps MESSAgE ‘A again enters a master contyp@ruSssidozs s ..
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routi ng defcribed dut FIGURE 29/, shen e time oflight fos thiese lof shlit nipesgges & dividepbyobersnltingader s
and sendgmbdr s Adtab& Each level a@w dﬁgma oé,m it CGther S&lidns mﬁﬁv& I8 nlAsterS Wi t Ch

N, begins to process data and send_swtch settings to optical cells.
I'n genergfion o gmongyll seqfprsandesgendingdiele: t o process data and send the
settings to the optical switch. Each time an electronic switch begins

t o moocess headers, optical nmeBRINEH MESSAGEQIYOUMg t he construction
process. At . time K-(D+1l) optical nessages associated with electronic

switch N ar qfleQbﬁdh@v@dleﬁM of U QftRaSmeERAR W&ﬁﬁbﬁ%ﬂﬂnoun&@-th@&e%cﬁﬂha are
sent througi e o tical

le th
been dedt¥ %P‘@Péﬁd%eﬁ%“%@w? emm“meéheewe I nvg‘éy On??st ood
that t hemssagmsdtdhesmmrmuamessagb ba2stroat embediman, thdihdet ¥is 3602apapatd dreaférnvent i on
I's not ldngﬁ\ér%jtp;&ﬁ Yshion simi ';.I'Leq cﬁ?ﬁf&é@e@ﬁ +§h 1hd. Inqg:g{xerr' ons and

i nprovenents o | ments descri 0SSI or exa

t hos¥ s igmbpdigent fhe t'wéerm alwc‘f“w the sasrie pYysicspastip rfhe fib¢randthpg psouy éfdhﬂs%ﬁ'F {jme bt
provi de the structures and net hods di scl osed 15 herin, and w |l
understand that .the process paraneters, materials, and dinensions are given
by way of exanple only and can be varied to achieve the desired
structure as well as nodifications which are within the scope of the
|nvent|on Furthernore, the switches are described in directional

o o Y T Y T




of fice equi pnent, Ethernet and I P swtches, and the |ike.
The descri | 08R3 d claims occasionally make reference to anﬁpghﬁsrconnqg;__

structure I"Ch™1's arranged in multiple dinmensions. T

to dinmensions is useful for understanding the interconnect structure
t opol ogy. However, these dinensions argsnot limted to spatial dinensions
but generally refer to groups of 25 nodes whi ch are interconnected in a

particul @énmemolorvar:ecmhmr&aleawvemgth fidvicigh inﬂlﬁﬁleﬁflg évmwﬁrlt@ﬁ@seitéﬁt%mm

di scl osed e e _md d on th tlon set_forth
her ei n, WSWFW&%%’Q 1 g f]B g""“s‘@iﬁ%"’éﬁﬁ"? gth slot }, cpnyestke on
as set f same imfarmatioh es theyprésenwe pi)ight iathesime slot Hy. In another embodnmentanuxed scheme is

[ eve v Pl g csapple o3 vleng gy be e gy ot gt 7 LB B
new dl ai Wedatanngd servesithe spme prIpee insthe optioal message ahiclertyouic ¥apload206 decs jn the dlectronic

1. An i %&Edgé)me ﬂGmﬂfﬁﬁilk!s&ateﬁﬁé"ﬂf‘okﬁétﬁﬂ in the’payload being carriedn RaitpiR ik kiotg fina -
nodes; and E ra |ty of |nterconnec§ [ines 1 n an

i nt er conﬂ@&lt’“ggt"r Beed Yme 3%”§I‘ ith the optics and to account for

hi erarchﬁtteainmunbﬁmxﬂi@allpmpegauﬁgmmtopﬁww anged to include: 5
a plurality of J+l levels with I an integer greater than O in an hierarchy

of levels arranged from 6 OPTICAL CONTROL C. a Iowest destination
| evel Lo to a highest level Lj, ‘t‘h‘e—rn%erwnn% structure

ts,[ ?EC uf’ tel ng ﬁlefgmlxjgrtoaHéM;O mlmtm!; cuon th&n Fﬁé@ﬁ?@mﬁ%@ébﬁﬁg} Ipwﬁnt i ect
i nput pomsol celir803Mid shoival uBAta imabesfomyeof eh ogitical Inesspgel 306N dnteys celD3030 through mput lines
Of eSS agiResoRdnd bl bark Rkl Bfcet Mol IR VLB HAISRUH 1&18&11%3% 1 L FDRh e

~routing in
mul ti pl e“PB?rt"sst dvelthepaducssaes M Jeaving the pellthypygh bepmerhNtw wil] gnter input port S 3038 of

nodes, tinecematrecuptwva@ T the' RT3 36BDEs W theIORksTigvel nga‘mgl ot@nd p%n BOFAGHH e:&Jilﬁ‘e mtlch t
in aplurality

|nd| du

185 R e G080 5P g Ui Ayt it e S e GLL Roueh gt e SE 3034wl ebter
the nessag@eﬂwmmtoeﬂtmpmmtmsmconnect structure through an out put port
designated by 14 the nessage M the four ways

being: 15  The operation of cell 3030 is similar to the op‘rlt)ontoFgellrfFﬁrs ?%ch% RS R 1651 POFARe | N
a

t he mtereonnsct structure froma devi ce extern

to the T} te3040:hag Quinyt of ONE foly Fhete sigingbit 2% argrrs ot the AR gate 304f dyring they
desi gnat tifle winidoiih whiok Iateh set 3092 is high, Timing bit 202 is the first bit of the heade2df tﬁwg e M

Bﬁ}lfe 2 n%n%?sq.n c%% H!%lile n{n?%éprgﬁﬁg t'fxm" 2 Sn?&% tHroug'ﬁ the ﬁ%’le} tQp? :}666 an]d 1s converted to (3)
t he nes sd@SO!MShDO@s:lmmdﬂ@ﬁ Lacltmtmlse B003 atrivesek gatdk3040 frorh Gming b@nre G042eWhen
st ruct ur NB Late 3040 transitions from ZERO to ONE, delay dlement 3044 seti¥afcl) £ 4046 ONE LD ik 2
di fferent node on the same | evel %

the messSEp afiig \Y’é’éfh EWWW%W bite2p2 pnd headsy bit 3002. Latelo 3046 isppegitive-
St r uct ur &ige) Sample-and-hold circuit, that in conjunction with gates 3040 and 3056, Repiresatid hdtdsiRGaknf ot

d he h h
ggs'?lér)lgt?%#ﬁﬁg{’/og# LE{AE?‘L ﬁe“feﬁg;[qeg’t?e%sgr%rmc°“ R‘E%glls‘“e 24 2. An interconnect

apparatus as claimed in GQaim1l, wherein a node Nk on the level Lk has a
plurality 2 CWW%FM@#MM@&M&@&& 3030 atmputlmeﬂBmmdmecHo

I nput i NHAY cﬁﬁa&@ﬁﬁ Eléxﬂéit 302909 pasAR Eer iR s064) Efe%@m bg?%%sntulé Itf:métr ns, Qne mcuog is2

direct d ta out i nterconnection to a no
a direct of be&“%l firskheadsr bib202iTom pessegzentegnp thagviich throngh inpet3038nifmpbitis m

is great etecfed)anm&n 3048 htsroemtaraﬁezsko If a header bit 2021sq[ete€t&¥ bl&ﬁen?m%&ﬁ{a{%@higﬂ the
rec data ou

i nt egcon Sk
i nt e%‘g 0 n%ec ’?g&gg)gdéﬁe@ém (9Eration g A% which is thetime pised fershe otipe optical hepdsr to passy o
di rect dem@omt Latch 3046 generates a high pulst {(QNE) ionily v thedasearhete@ithet the &mﬁ@dﬁ of¥le ON t he
| evel Li m¥¥§h‘§ e
is closer | nE ﬁt‘éﬁn%l er %B?quw 8'5‘9? l]iiead?tl" ‘l’%}r?? e‘é"'\?/)je(fs q_hl# céh 3030 is a cell connected,
An i nt er @AMPRPERTOW frb Z16:0f y ecllgtthe next lower leval. Kicell goniRctedio@dmiernitow set 718 at the next

lower level has gate 3050 replaced with gate 3052,

(4)




-69- 2 anong devi ces having a direct interconnection to the
node N err], a precedence relationship exists for 3

sendi ng dat@og/s3zphe node N err] so that: 4 CT/8s93dSrs
N[ €rr] on the level L[err] having a direct interconnection to t he node
N err] has precedence over 5 a device Derr]
where the device Dc is a node Nerr] em2the level L[err] or a device Dc
external 6 _ to the-interconnect structure; 7

t he pr ecedenburingthetinieshat thie beafiey bitpargreonwaterbtolfectroniks and thselectennic dEviesaset destrmode
N err] Ludorpiitin m&iﬁo&w hid 3’556 Mis stored in delay lopp 3060. Musag@mr&r é&iﬂ e M.

e
to be sent fromthe device %he node N err] sane tine

i nt er vaficlaydewpped tp 30 ﬂﬂ’é“eﬁ%"ég aSQE“W?%ﬁs (ApliveRs F%u%@ﬁwaﬁm M@é&%&é‘%
p r event gidorbtichiholitlators 3054 and 3056. Only one of the electro-absorptif imd@ul6x5 3054 andl3056 is

. 1 oF colBPTA R L i i & o oy g&%&éﬁéﬁ%ﬁ?@%ﬁm%nm s

3032 and 3034 Jheclewcnts 393 ded J56 renminjiola figed stite set by latch L 3046 until latch 3046 di r ect
massage LGCH a nessage MA from a node NA;
and 5 CM&HMQIE&%E}M&M%%%E? rres&s’%%ggefnput i nt erconnection for
receiving a nessage Merr] froma node Nerr]; and 6 t he node
NA has a conPF’b?":’g i GPRstrugted usingslasire dhsorption modslitere Qng sidllsdin Bpadt wpuld keabledd ng a
contr ol nﬁdzﬂrﬂﬁé cel{td replace the electro absorption modulatods Wt sénii@ndiR@Lophital adipidiess @ fithidin
sig ¢1 06% 9r0| ng a precedence of the direct nmessage input 8
inté coﬁ'ﬁ' 8% from the node NF to the node NE over the nmessage i nput
i nterconnection from?9 the node NA to the node NE so
that 10 t he QBUEARNNRUTICEIENds a message Merr] to the
node NE and sends a control signal CA designating a 11
bl ocki ng con®efeiringalsaao FIGUTREINE, édaelictlls 303D are located at all levels of switch 307(hexcepofie  NA

control tﬂch%' & ifgafiSlel! RRGTIIL0CUehiER hn éécﬂ%ﬁu&Wéh gﬂﬁéﬂa{'fﬂ (1)&&% mﬁﬁﬁ’ g&“‘

ondltlon respon

si gnal  ErCIBISEFRINY. (ptisal meseat § 3909 s astembled extemplly ta qweéhaﬁ the wraffic bit 202 enters the

destis nedm%n affgﬁdt vell 3092 ih mcmu&iﬁv@tou{emessa@émmtpmm&h& mﬁsngﬁmmtm err],
causi ng t he

d
al t er nafTRFRT! oS E P 13020 AB a1 ‘é’n?’ﬁr&“tﬁ‘ﬁtgénwgﬁg? Ea"g’ﬁ""w}%‘e S i s
di st i nc 8038y awhelehie-opticieittl308did set transproohe; Wi teffichits of eath stessagetreathr fitey 3Geantde NA

1 same i 1n Anksoh /25 RS ik BRI USk BB o bl it B

the interconnect structure: rries messages e
si gnal s ormessdge 3000 inan °P“°F1r@?‘difé§ data m@hemquﬁe%ala%@mwhen the data is released. An

a dio ecbpﬂmsﬁeagge 300003 hlwhys i QoA TR6refoR)inpR cell 30SLAwayS Socéptd WrrepRAEHMAN niek@gd a
node NA300t0 ?1nput3037 nessage MA having a header, and
6 a-direct message input interconnection for receiving
a message Merr] froma node Nerr]; and 7 the node NA has a
control | ogi dnthaerseofamessagsB 308(hitam the deymperdigredtiproat 3038; meseage BUs detgoted byont r ol

si gnal geméxtsprevmu d1scussedand1atch3l)4f6r1§)§3!t5%E%%%%llmféx&ﬁa?ﬂ&giggha@gnal CA

enf or ci % grece ence of the direct nmessage I np
i nt er coMREUAPIFIS4 Aspronseaucps QEmegase Prfering)ce ?)‘WH‘@“&‘?G‘H@“IQP%‘HF Jet BR} HAnsparent,
direst ewandgRsshge(Bi abisdibed) 00 Aedetiromi¢budPsignal on line BN 3033 is sent upwarll fodhié éxfethanode

NA to t & e, N.err 0.1 hat a ness arri t t he. node NA in the
absence 39 Maftisho 65 ﬂt‘emessage‘}'asa ‘t??c&%g‘wgc&#?‘gl PN a sane
ti me i nsubsegndntly construct andther message RAprduientipmit theaigxtéatdhfsetl:iQ@ cycle

Alternatively, when external message E 3000 enters cell 3092 at input 3037 and no message arrives at
_ line S 3038, message E passes through electro-optic switch 3'054 to exit cell 3092 at the top level and enters a
30  control cell 3030 at level 3. Busy signal on line BN 3033 indicates to the external device that the message was
accepted by the switch.

In one embodiment the level O cells of switch 3070 receive optical control signals indicating that room
exists in the output device for a message. In this embodiment the cells at level 0 are identical to the cells 3030
at other levels. In another embodiment the level 0 control cells of the switch receive electronic control signal to



-70- 12 a header of the nessage Merr] to determne a
sel ected | r transmtting the nessage Merr], in 13
case the g‘@é@%@éﬁdevi ce is the node N err] then the nessagel’mu%%(o%”sent'

to the node Nerr]. 1 , 6. An interconnect apparatus as clai'med
in Claimb5, wherein: 2 the sgqQntrol |ogic of node N err]
determ nes: 3 whet her, in.a first condition, the node

JI[\IL er Ir] nlﬁfc_mgum ﬂ\@ﬁftpug&gvﬁb'&nﬁdﬂ ﬁ{hﬂéﬁdgbm ig%x?exﬁlﬁ@jﬁeﬂl'@kfd?eﬁgaxésh u;; .
e o Clmetep it fpa s 1 B 500 5058 e el Bl e ek et

S a
pat hway ah eledironiesatgcmbeedorout put port designated by the nessage 6

Merr]; and 7 whet her, in a second condition, the node
Nl err] is unblocked by another nesgggg.s Sfch the control |ogic
of node N err], when the first and_Tﬁ'ﬁUse ditions are satisfied, sends

h h - and 10 . .
the Bontr ol [GPREAVE hpmutmersupraion f s ol S ondalih poeBies o1 Beial o ot
bot h satsivisdhi3e, Thisfigise is imilarto FIGURE 17. Additionally, switch 307¢ swnbpe sdditiosal solumeiaof\D

where nq '}l[l&ﬁ&hllxm&ﬂﬂaﬁsﬂg‘m%é &;uﬁiy%bdoé&%ﬂéﬂﬂe &%&sﬂs%&lw&'lgu e 12

node N e are St erconnect a tus as
cl ai med aﬁmce@calnmw ngt thetstras forl rplemas. Migssages e“tef a‘ he t°I’ 3072 @WP‘&MW‘E?O'@M put

ports including a plurality of accessible output ports that are accessible

to a node 3 Referring also to FIGURE 17, a mebda gy iidving Rightdf ak@vdy ﬂn{f&éﬂu}aﬂy dropedonawag si bl e
out orts be.l gm?l eSS|bIe |a a

ot B ot g g e HeRag Sackls oSheRil b tirdfes @ Srripaty mate vt ¢
accessi [Dpdca messdpe MA@ exifingcoritrobdel 4 3920 amg prebreatially iplowing Hgte wilbs o] Arvlinedn a 6

| evel L[sﬁﬁd Jrhe’ié%éﬁ oﬂn@c&t@ﬁw'&aﬁé ﬁ'ﬁﬁélﬁbw&:‘a 1dviiGe iR Slab3RAL ¢ | fe\Bhe Mbffafslwili 2N
the | evel th N err] avi g a di rect out put

i nterco r?F?éE"plBtﬂ‘] h’c“‘ogEt ?93“ ﬂ?ft&é“aﬁm’@’rﬂa]h 3082. | Cell B is connected g ling\SE
?ppar a; WSluls atleiloVReE rowso fHadell T ls dn}éh@ftﬂhélnglﬂ of cell A. The pmposeaftngd@axbﬁrd_ms- a
ir ata ut. j.nter negt i on nd a_secon ta t
i nt (Salf’sconah% C IE')I 1§{th e 1%essr5gé3191 clmprow&e%megrf x?ig %onn%ggcq: massﬁge it el Q&Hich a
control nualttme&mndhrmwmwu@émce@llfe Nessige M/at thedowsvlde), kS priotitylover 9 msssageaha i on

for sendjgig 10RE 2AHRSssed in the description of FIGURES 8A anh 8Bih @ﬁ‘é&ﬂﬂ@m&ﬁ& Rdw, sequénce of

9. An interconnect apparatus. as .claimed in Claim1, further conprlsing

a node WH@?M%WW%@“WWP“M%@&FW E'I’P‘?S?Pgto a
node NA, thiGiighan idemizhilyl confipared S¥itch 1700. in the hierarchy to
the destination level Lo than the |evel Lk, and havi ng a precedence 4

rel ajfi onship md&gspfﬁaa@éatméa& M&%&ﬁg@%ﬂaﬁa e eﬁfgh.gvﬁt,'sﬂnﬂ osd R 1 ough

t he node Nc i y sen de
NA, but atSbeplap306¢iand38¢ qaese an atanugtioncof the optiselsignas amplitedesTo qonem@te for the szgnal

message 154, ah Smpifet £alrGiencrdtor 3090GERseREY HehiRed @MEh coilintdI 1HE kégEreraldr 9690pRAGmACK; 7

a node NGk _on the | evel Lk having a direct data out put I nterconnection to a
node ND;™pfingtios: ppjilying the opfical signal 3000 to adequate strength for further prpcesfips. aplAhaRing of

pat hvvay rbgenmﬁyb tite dbinaiy ifermadmicatied incisbefibert impauving CigMs Binbisequality.(In anquier t

b(7a|1ng deefnl ect eéel?pc}oyf)n ssgmﬁnpou ﬁﬁﬁﬁ%gi'%e ﬂé‘&ﬁﬁ&?@?ﬁ&%*‘ﬂw&mﬁ%m

a time Tthe sygient andgegenaration ismeaded o] | owi ng the tine T that a node directs
nmessage Mc to a lower 11 | evel ; 12 wherein the

i Nt erconnect & inkddsge M Maykipaithdrowan 6&601&&5&@%@5 'h fabt, @B YREIS G 4 iﬂes@age may
positio rl: te:gtult)gl tgg si&xtglpl?efom the last bits of the message have enteregglg E“%%g. le\x/%neaétmbggme TI )
switch 3070, output lines from the right are directly connected to input lines at the same level on the left. In
30  this embodiment, the entire message advantageously fits on a level, ensuring that the first bit of a message does
not loop around a row and collide with another portion of the message. This characteristic applies to both the

electrical and optical implementations. Note that all messages are typically not the same length.

The timing control of switch 3070 is such that messages arrive at all cells of a given level and column
at the same time. As an illustrative example consider an embodiment of FIGURE 30E with three columns and



I 10. An interconnect structure conprising: 2 a
plurality of nodes; and 3 a plurality of interconnect lines in
an intercenmesssssd ructure selectively coupling the nodes i n sCEUS98/00229
structure, the interconnect structure transmtting a plurality of

mul tiple-bit nmessages entering 5 t he i nterconnect
structure unsorted through a plurality3f i nput ports, an individual
message M 6 ) .. of the plurality of nmessages being

Sel f - 00K egFlsreh oD 9 0 AGHOORS ) i Fe cals [P ans between columan 0 and

rout i Ng chiBmiis@fhats k¢ didtaiiee bétive clfmk I 8ndBaluinh RIbEr 14 thin BE diftand® A Sund Stol N

B P —— T

i ncl udi e rigi®-hand output ports 3085 are connected diraathycie thilnphnta3083 orsthe dak fow. Dpadiition,

!”te%coﬂﬂo?ﬁhés&ge%ﬁ@%zﬁ‘&%ﬁ%ﬁﬁiﬁﬁ@&ﬁ&%o@nABR%&MW,M@ m C,

i nt erconnecti o roma node N err]; an a conf'rol
i nt er cortpdecliBroniser Udevel Wirad poleran Gid, ifmesspgs Sdrangts fromsosil icte cell B3, them atj the tintedy
sendi Ng when the first header bit of message S arrives at cell B, the HREHRGRSbil o mefze RAGCaNbS IdRIthe 1
11. An méeercgwect apparatus as clainmed in Caim110, wherein the

i nt er coMI®@ Sty ucture: 2 . carries nessages and control
signals; 3 : i ncludes a node NE including: 4

a direct nesdugethergamplé, amsssagestapeniagivel syel loag eioughngpass tioeghelon nhis.f A diotka
N0deypNAx @RGic irregularly and visits states 0, 1, and 22 A réérincl iR ,‘i‘%éncgb%%ksiaﬂé ﬁfd‘}%{'&c: i on

for receiving a message Merr]F froma node N err|: o . he
node NA Shersmessagesire ipferteddpfp columnions inpatrellss1030 3¢ Hme 0 A st message S isiipsprteddpto the
recei vi N@itéh at Coinin® at Gin@0) he Gdssdge is not deflected and has a first headdr bid thad aGvend@evdifs, t he

control signal nf or ci,ng a precedenc ft di_r ect e.inpu
I nt ercon (ia%tcf?lﬁlﬁn B meg‘hgh‘ﬁ%'(?%sa%[s:rW%q?vﬁe“ﬁ gaéaﬂg?gvg%gﬁﬁ%agﬁﬁvse%%&g | n3put
i nt er corrlbintcplomn 2 atdime®,. The message S remains on level 3 andl basia dike hdsgder biv thatrerivep i INElSY 1 |

SO tfiat cliPin column 0 at time ts. A delay time Di R1efRE % k1. ] A &8 Gthe B2 ELERM o DMt IThd O
the node N err] and sends_a contraql_si CA designating a_11

nal g .
bl oCki ngoEbR PG b THZERGS S OMNE;at feD! and rom stae ONE to aie TWO gt fige ARl NA
control andffork stite TWHOUE Statk TERE atitinte@FD B+ P2 AThe@itnetiti@s atténddn thiz Eashibm sitha the
conditiaq . - . responds to the control
si gnal (&%‘iﬂlbtf%sgf?ﬁ?amts?taer%lr{no&%%oo amE 2;@2-@)61296 MA 14
destined to arrive at the node NE at the sanme tine as the nmessage Merr],
causi ng the 1Agsimple rule is applied for inserting messages into the spyjtehe Waen %@gc&gensmqnqtgstgét,
al t ezonatshateidssag@nte ihsreal theaniat SrviRErsen dofienni OehdN nRksages o bé thserted into an input

distinct_fr t he. no N Ll and the node Nl errl is disti.nct framithe node
e g oo CR S i, e i ot S A v ool B Rl A 1

wher ei n tinked+ Pht Bhug the shortmessages axegligned and the long messages are aligned. The remainder of the

- 72- stitchi timing depenB&dn/ thedengtifs? BR GBS s BEttbelr RO LO hnd e IBRINDE the d&g loops. The fiber
I ncl udes a _node Iflreél 4 a diréct nessage

rr] including; . . .
i nput i A AL ierR lpgthTian by %w&\%@%&w&a giysarclbip39 toirpypats MW 3036
5 25  S3038 in such a way that the electronics GRBACYE swilehes cotiettly. Thd\@hs Bops 3860lare made
a direct age in | nt.er. nect.i. for receivin nessa IVE m a
mode N o8 daf R tbec bk AR s g e 8 i s lbpfe PP Anaiha 00507
cont r ol dfteqshe sviteheehayeswitched Kinally,aiclay loops3068 is gdiusted snthataiessgeg ariving from eigher port
from t heghad ek 8 Edme dfde control signal CA enforcing a precedence of the
di rect message i nput 9 i nterconnection fromthe node
N err] to the node NE over L.re nessa | nput i nterconnection 10
fromthe node NA to the noé@i&?ﬁg MA arriving at the
node N[err] in the absence 11 L . of a bl ocking control
si gm®  q er r |Refsgring R EIGURE 198, 2 mestrislaye relatipaship effficientypeyesdatadlgpughaiswitdigfic t o
us?e tlzswgch 2900 pefrfomsta control ﬁntxctﬁan ih%siﬁt d imatér ahd Qv BRI Btafibihs In@ojx_*%diit@ﬂm%m a
sel ecte Vi C or ansmttin e nmessage.Merr]l, |n s
case { heTEEL ER e o S P B HERFEYe o uarer e e BT BaPHAE B on
t o t he rbeheeshigesipassing through. IWhere the master 2a4 slade are funcatidnalily identicalngthrespgagasssager ough
an |t e fRahing it letlof ARng biffrences fre adjusted to providl'h SGARR BN
plurality of devices In a Structure, tche devi ces TRAVI ng a plurality of
mess%?g e qxt}l?wpent of Switch 100. In particular, for the objective of the lowest possible Jatency for messages that have




3 terminals and a plurality of message out put

termnals lity of interconnect |ines 4
[ nt.erconng%(??%i{)‘ﬁe device with connections froma nessage &WH?”(% naf-
of a sending 5 device to a nessage input term nal of -
a receiving device; 6 assignéisng a priority anong a plurality of
sendi ng devi ces having out put nessage termnals coupled to 7
the i npwmpsmmga&wW@mmaMwmmdmo tical switch
entering , ég%gﬁ N %ﬁ‘t he i nt e@connect structure for transfer to one or
nore des tsB'lfé‘ rmhol e routing a nessage .
t hrough the devices so that onIy a portion of multiple-bits of the nessage
10. The hybrid electrogicigptical combination ammelslymnd&cbcse&awml tiple-bit
message t@&ﬁlﬁ @‘?}ohﬁoghx’?ul&a i]owl very-high band 'ng

e, Wtho ?rom a s

sendi ng a nessag bufferlng d|n eV|ce to rece|V|ng

devi de cHGUREs 30A #4348, 38 qetical message 3000 has a relatively long daa%mmoas e&ﬁlmtheqsefrw
usi ng se&oimﬁ:mgt"raﬂ Q@ongét dubibd) OpiEceivits B2 eV ire frodtsikd By¥he dpRAYAEkME dRicesvithinl 4

o o Euh 511 S WL A S s e S ol
communi cﬁéﬁ:ugxesngen@gva wemalhmymmmmsmmmﬂmmmmmmmges to a
singler |

9 s‘pﬁ%&rl iﬂé\{e?lg d&%& pgret:bmﬂ)l JJI 3030 béra mdnégcel sive Cgh\%]%@ed

priority nmessages t Vi ng

cont Kol andgleetto-aptic swiiches. Theimafor mmwmm maémete;m@!el@y lopmé(lfzo@né
control  5de8 b thelofdetf a frdter in length. Furthermore theun ma&hmdaﬁ& ofdhe &1@&0@5@@&@&@

Wi thout priorit t he send* “ﬁ'@ﬁ\{ r|or|%iésen|ng
control SrgeRolsil GRehaahey aﬂg Gl ohigte SYi{ch 417 ity preget Before the optical payload
defl ect i 3030 antérE; 6 gy liops Aéwiedhnt thelRentfobétlls dré Qrvanged L6k Pxidbry,| yiebding ﬂnmi wiore

p_riorityto Dael e|V| q§|
def | ect e rregosag‘gekI glq %aﬁs g%tnor(lﬁet“ rng\[eg %dw n&g evi (tzcg"
23 aI ter nat | ve receivi nq devi ce aI so bei n‘g en route to

the bhe or noRefering 19 FIGUREs3YB and 31, the high-speed electra-tp-opticaheonyesers 3943,ppd 3063 of
rTe S S ag €S confb1QUIDIV3 aft ekpdhsive GRTWRRble fﬁst-Evbi&Lﬁg 8ec ABkbipidn YBodulators are also costly. An

e . - epicA! Sevecegh pd i BAR Rl RS et s e o Hotti-Spic Switches 31710 € "

i Nt er cons1d is abous an ofder of magnitude lowerdméast thatneil mstpmgdmnmmb bighep ivsspeed. AnoNgQ
the devig Rﬂt\éﬁ e%arﬁé tofotdey s&m&eg% ﬁx@ﬁ&géemgadér including the
or sen t he no rr rmh

node N err a nessage to ;

r out #hg s?&aenmwbwﬁea% %ﬁenmioe@sh@d%ne ougRyt ports 134Are gsedonghe
mul ti pl eelkdrbsic 8fitch.he 7 nmessage are in transit between
two devices, the rrulti pl e-bit nmessage MA extendi ng anong 8

LT e, A2V B i et n B S0 o TESIRE 45, Ml R R AR LU

node NE in a i rrepemod
T a messi@e immgimv@m dre sstiepia clacknsded affer thedast hepder bid haseentered ﬂpamtclh ¥or example, a

i ntercon Wel R&cﬂ ittt YheRfRfHirs Ninink, 48 s00RE &ﬂ&%b%d xén&é&ﬁ&ﬂ@s‘!t thO1atdfes SPBL 1O

the node NE 12 he tinme period T[err] and
13 2 Refeing to the split-headpf switch.of EHEUTRE mwmge@mwm oge the SpEna er diefte NE
or def| emti0dls.iCanduttent Witk the hfader bits mavirdoii thevughitth@eldokonic switch, the state of each latch

node NF ‘fﬁé TS eﬁgmﬁy to bRl ke et 168! REE blaPhbcdut ‘6&3?‘5%9?&%'\' er rlﬁy_e’f t@&

time perio
precede nmetnmal iefido-righy Gashipn, fhe settingsiofi ongjormpesagese trapsmittekby BBingle output pin 3114

N err]- |
corrprl Si ‘%’b ngmbes‘gnamuoﬁeac@rc% gﬁggﬁd@% rrv&@ac e Nﬁﬁ#%he node NA
in tPR t bRptogeneratsdherlatch statffWﬂCﬁ@/tﬂ%ﬁ*&Wl feme]opttcn?eslase cell latch 3128, Latch

node N, smdas Ghe ateae%g& siWharatlo armsmﬁpaﬂmhmea&er not thansparent. Electro-opticL6. A

met hod as ¢ fur er co sendi n

t he mess%@l' %ﬁ%;pgaavmé ?“E%Bé gt 8“‘?}% ‘aﬁ@%ﬁ payjoad apriyrs, £8 thipiess cpFly gode
N err] bdevivgs atie wed. nct 3 ~ fromthe node NA.and the node
N err]-

Referring to FIGURE 32, in one embodiment of a hybrid electronic/optical switch 3200, the same
35  layout rules used for FIGURE 17 are used for both the electronic and optical sections. To account for



1 17. A nmethod as clainmed in Caim 16, further conprising: 2
sending a control signal, by the node Nerr] to the node NA causing the
message Mvd osidssoaborted with 3 respect RaE/USES/00ZR9e NA
and enforcing the precedence relationship. 1 18. A met hod of .
novi ng nessages M through an interconnect structure including a plurality
of nodes 2 N and a plurality of interSéonnect lines L to a plurality of
out put buffers B, the method conpri sing sel ectively coupling
the pl uriffetenses iptinying|ths elpgtroniahoafes fH’f‘GP‘&‘I‘N qu THiteh and thrdateh tatas ass tpnsipted h ot

an 4 3114 to the optical section 3100. WHeh SI0IRHIRS hrelsét B dptitdlpa [ylaaﬁs @b thebagin akki te@Gdelhe f rom

a node p to a_node det er n| n ssage a.set of
odes. CORY™ SHHuARE e ot AP SBA 06, ale T i 8 priopd s S it biogeh s vey
message shérastel pathidngthi Eolegenratilveis sed, tlm‘exumphmlsle@ms addéd. As soon as the tail ofitbe opiicil €

routigng gg,bge %ﬁéﬁm%&%%ﬁ&&d&@a@&ﬂ&%&bé&n&ﬂ?ﬁm&&'%s@n RS fnk OBcrBfic

rrultlpl age are 1 n transit et ween
t wo nodesstion. Bepending inytheselpiive lagneyaf gash kection; somg oyeglapefisiegtrogic and optical processing is

mul ti pl W@ihereby decrmsmF the dead time between m&ssa%es entering the faster section.
-74- If a tirst portion of the message Mis |located at.the

Péﬁiageatm o e R b bl Gy nhn ooty

i s | ocatceldmad ofa hybid electronic/optical switch 3200 derived dlomSwitah{12¢00f FEIGURD % Latchsetlingsyb

node,,p t sage
M i gml o?é e% ﬁgJ n(%}%@f%&r icﬁé‘atmltfr“é'sfeﬁéd c?%ﬁ;oi grl?ﬁté?lkpa ro%m 14
node p tinthg omseléwmn ﬂmmméﬂlm@e%wqummlﬁwwamf g1¢| outpRt pip. -
i nterconnect lines L, 15 determ ni ng an interconnect

l'ine L(p,Qq) m&nmaﬁngtsh&hﬁhmubﬁsﬁmwﬁca mmrtmﬁmmt&nwmaum:ﬁamé opliGal

t he set of nodes ol de Ve sal rconn L 7

i f at tisﬁﬁe’p‘,‘&ﬁ?@%?e%]smgg’s tge noa}l %rﬁhﬁ t%%gt(?hconnec i ne
L(p, q) Diesswiogshsssocinted suith each ¢iBical cellaretwo long shift registers m&m%a{!ﬂ dédadi ng
the ﬁs%ﬁ&ws&&‘%ﬁ% &ﬁnﬁ&ﬂr{éﬂ&& I dofdBarlnfeR(B is $p hl%bn&fow&fr&ﬁ R 9

first portion of_ the nessage Mis |ocated at the node and

at t1 b PR g dhegpicel ol I ctRREOF - iy G LIPS R )
by anot her nmessage, then 21 at time t, sending the
nmessage M on HmesidiffeenCapplivations dre discudséd, r ), 22 where the
node r and the node p are different nodes and the node r and the node g are

di fferent 23 A first application discusses the case mwhlchonlyggﬂﬁg,mes@&éﬁfsh@thsmﬁﬁvomﬁh from

the node r to.a node of the plurality of nodes

ol U <Pk P AV HEan B 18 Pk Rt I G i i fiets e hesdr o the
19. A nedidpshicxhaseDanitlg TWWthmgh;mMmmﬂm&&M@mAesmas

o'a ettt S b i, S o el BB R e

sel ecti v@whwm!ps mege gatse Wihen, the pytical messagesaiers th switgh ame a}éﬁw feysetofWhile the
| Nt er conAQdee istraRBngd thidGphltheAtvite hrdy, other messages are converted from elddirdEcTORIO Gtichll ne

L(p,q) carries data di iy roma node

P, O OB bt i iabad LBkl ol g 51 kel il e s P L, <

B t h2at afren thaswjsh andafke dso@ongerted from optical form to electronic foes.Sihgrsfold, the ot tmewayeling t o

the set gfou ?pﬂ@ ung %completelyhxddenb}fm&{mmeﬁt Usgésng t he message Mt hrough
y

t he nodes o that a‘portion o tiple-bits of the 8
nessage are in tranS|t bet ween two nodes, the rrultl | e- b|t rressa
ext endi ng ano decgnd application exploits parallel electrm!ﬁ c[opgmg?n 5(3 Ov en several mi qes

begi nni ngcype b kingleiroafof 4 el oftieopgal sWitcls Aldﬂﬂ&iaﬂdrﬂaﬁngtohntch Sdkingpmay beaiséli hethd

|t Ete gr 22 ngr?g’c R’ ’HE' °th’(° mYc;.Q&h} ¥ o fhe gptical spisely ‘ﬂ'mnf i rrelq'géalges%ggg%oc a{m’aﬁat a

12 30 notperfom wormhohng The dptical swirhepntaind 16 colunths. Thepledtranipportion of the cifcuit includes

differ enkeﬁ&ﬂﬁﬁcopie?ofme opucal switedl, EbdhGorf B Qbpiks i inQf wonfifo1d Bshiva Ofthe Moilldinsip @8t ed
. at the node p at 'the tine and_the shortest path fromthe 14

node p tePusal siFR a‘iﬁﬂabflff’ec"s‘é‘t SF' ABestresig gvitehss prg dpbded Noglier D 4frtinig 0

i Nt er conél@abni¢ swietsn dendsifata to optical column n of the one optichB$vEICHTIAD kifhg t, Alactionkc Switoh mIvendis

line L(p . gm de g to a node of 16

the set 0 t?10 é%%%%lﬁn%q{jﬁgiﬁ'f?aveﬁisais 3%%@% nterconnect lines L; 17

if at time t, the nmessage Mis not blocked fromusing the interconnect |ine
L(p,q) by another nessage, 18 then at tine t, sending

the nmessage Mon the interconnect line L(p,gq) so that at tine t+l, the 19
begi nni ng portion of the nessage Mis |located at the node q; and



20 If at time t, the nessage Mis blocked fromusing the

I nt erconn §4L(p, q) by another nessage, then 21 TIUS98/0022
at -tinme t%{s)gé{%ﬁng the nmessage Mon an interconnect |ine L(prg ere9 he™
node r and the node 22 p are different nodes and the

node r and the node q are different nodgss then at tine t+l, 23
sendi ng the nessage Mon the interconnect line-L(rs), where the node s and
t he node p ar & third application supports several messages on each level of the optical switch. Wormhole rouung:s

- 75- H%cggglsus?mme itcltofsh ex@?h%xﬁclm%?esw

are dlffeedént e noes an noe are
di f f er ent Neo@fthe clegyanie %“%M%@“‘%&Y‘th%ﬁ@%“%ﬁdﬁh s Crp Klprronigepitch N lE"l"ne

plurali tyxfﬁfmdg&tﬁés assocxatedmth each cell in the opticADsWichi IR Ghol @fthe ElécRuME SAlchegf NO
nmore t han 20, A netho of st«ca}pdl ng

t
Gt % oL of Kdes ook 4 o pfoh Yo 5¥op i REYS et
I ncl udi rugmagspbmeedﬁwydmtAuméxmmmnptmabsﬂmﬁdsmmmh tﬂmcal .

| i nes L GR|D %“ P é“p'[% 4
connecti ng pﬁ ur gﬁgfbp%ﬁ PUSl ngd\éﬁlawg?g ﬁtﬁgdﬁnt er Connect
lines L !@m@whb“mmmm headers, OP“WE‘WMSMW%%W@@%age
i nput i nﬁﬂ&@mﬂ Gﬁubﬁﬂ\eisﬁﬁes MMW&MS%@ENW&%%Q&@ and this process continues as

haV|n Iur of d|r sa output i nt erconnections for
tran% Y’?"ﬁb"gﬁ% seit thioughth optical Switeh nessage MA to a plurality

of nodes including a priority node Np having a top priority 8

f or recei vi ngWhiletheringentiopehah/Peen fdseribed with efexengedaiaridis eimbidimenticit willibe nudgrsippd
routing §a these embodlmentsarexllustratxveandthatthe smgtﬂﬁm&%é&tmﬁgmoi{afwe
nmessage MA and a position of the node w thin the

pl ural i t yArigtons, W@ﬁ&ﬁ‘ﬁﬁeﬁdﬂ‘@‘?sﬁ%“@mﬂe"“ of the embodiments described arg prssible. Fgr ¢xpmpley o e
Np havi ng@mlwmwﬂmm&dwmmhmsﬁ@gmwpm the attireCini Mmethods disclosed

o ead' | ey R witlomgersand ot the pocess popmeters gl AR RHSond Be LT Syt il dnly Of

preferr emmkmwm¥wpmmwwmmw@m@ﬂ@m%ode
NB bei NOrykfermore, the switches are described in directional ternfé®F q&’m "Bigkle DYpwaRS hid "astriard hisnode

N5 within the pluraljty. of |ntercon ect |ines rrrhole
routing teARingiesy isipcludes X é‘“‘i}b’&é@“w ‘t“ﬁﬁ't““’&?ﬁ“i?d‘é“%rb{“

mul ti pI edlbcﬁmmjlsﬁ:hmeda?mmtmnore manyd:fferemtypesostsambmoenmdtsiwmmtebMen

mul ti pI e nogg%c%kﬂ&ﬁbﬁwq?%ﬁ &@ @ 'S {E ga?r'g!sgédt éeleﬁiooglecceN%,
sendi ng effies squpmemg Etheretand (B witghes apdide . f r om t he node 19
NA to the node Np; and 20 i f the node NA is not the sane as the

node N err] amse dekbﬁpmdﬁd a&ﬁ& bccastbinilGiake RfcFRGIOGEnIMcainkdt sthidmtewhidhGsifrrahfedr I |

21 S t he a er r ], f I t h
N err] ¢ S pyigple dige émTre qigmel%lonsmus%%ign%%é Eoer OF 2enR fgn'bcg’?reessage
conpri si tegology. Bowever, these dimensiops age/sog limiged4o spatiahdigiensicas but genempllywgfertogrogpsdfi t y of

me tS S Q? €S ndde PG iRfdichahedtdlGh ¥ PArfi@liar marher. Variations and modifications of theftmBédithedts Hﬁos&lf
out put p e

rts an Iurallty of n es.
i ndi vi dug?ﬂ'hwé’smﬁgub?ﬁ%%&%ﬁf%wmmg tﬁ'g
I nt erconnmﬁmnmmﬂﬁnmwumm of direct nessage out put I nt erconnect I ons,
t he 6 I ndi vi dual nodes N for passing
nessages Mto predetern ned out put ports of the 7
plurality of output ports P, the predeterm ned output ports P being

desi gnated by the 8 nmessages M and 9

a plurality of interconnect lines in an interconnect structure; 10
selectively coupling the nodes in a hierarchical nultiple | evel structure
to include a plurality of J+1 I _ | evel s with J an

I nteger greater than O in an hierarchy of |evels arranged froma | owest

12 destination level Lo to a highest level L, which is

farthest in the hierarchy fromthe | owest



-76- 13 destination | evel Lo, the output ports P being
connected to nodes at the | owest destination |level 14
Lo, 15 . wo09833304i ncluding in the network a node NA of the sdrwsdsidoryzeof

nodes N, 16 - wor mhol e routing a nmessage M through the nodes N so _
that only a portion of nmultiple-bits of the 17 _ nmessage
are in transit between two nodes, the T™I-tiple-bit nmessage M extending
anong 18 mul ti pl e nodes; 19 limting the

nunber S es Mthat are allowed to enter the plufality of direct
message i nterconnections of node NA to

elimnate contention for the predeterm ned output ports of the 21

node INA so t hatArtiltercconpssappaatudycampeisisgnt t hr ough the direct nmessage out put
conngct i ons of pulrhify dodes; and : node NA to nodes NH that are a
l evel L no hi gpher_ tﬁa% “Fhe | evel of the node NA, the nodes NH 23 - |
forni’ng a pat3Plurgit off intereansgtinesia ap intsarennert firgraue slgetively coyplingshemogdsinhe
nessages M 1  hierarchical mulBple lefbl SREGRGmaMged to2fld:t i Ng a nessage t hrough

an hierarchical intercon t struyucture includi a 2 . plurality of nodes
and & plurality of® ?‘ﬁ%&é}gnwév Es &hé@?‘%@%’t‘ﬂ’g‘d’ 'EM?’E’H‘W& arranged
seledtively coupling tHemopldest destinationfiévelrla tocd tiighadt leval L, the imertoaneet susittiieCct ur e

arrapged to include a plitaldnb ¥ lﬂrali < eobi . S+ I i th J
an integer greater than 0 In gnp |et?§trj cuﬂtvjpl% n??i?éfs?‘é?%a%%%%mk@é‘?nsg“ owest
5 8 cwsaried trqugina plarglity oflipput perts, ap ingivityal megsggel M pfhe glurality
eﬂt erni Rg a P' ur i'i| ity ]qufﬂ‘ﬁﬁﬁgm&-g7 isﬂf-ﬁuﬁd@&n&ﬂ&a{gﬁﬂaﬁgﬁ%d&ﬁi%g@o%&mm&ﬁ{gwd
throygh a plurality of _i.nput . e orts; .

rmv?llr'?g, usi ng sel f-rout‘?’lﬁcgl,mgﬁpf’wa'??ﬁﬂ&dﬁﬁn%§§w&“fﬂgaﬁ‘m?°of
nessHges t hrough nodes nedésrte Bultiple-bit message extending among wwmitipieabdes, thel indivisualn
whicfa only a portion ofnde. PHdving ks filrhifly -E@gﬁﬁ j 1. 10
bet ween two nodes, the mul ?? pl e-brt r}ess_aggfwgisten I %ﬁ%%?‘gﬁ%&nﬁodes,
the Hessage M1 | for the message M to exit fha interconmert grugiute thipyehon extpufagrs

i nclMdi ng four ways whidekigmate bptié inkssige M, thefdur whigbdimssage Mto 12

exit,st he interconnect s rough an out put paor esignated by the
masélasge M the four 13 (tlfﬁ{gxtn&ga%euﬁ'en&SQn m\%gi/nger?oﬁlgwb?cg‘geh%ﬂasmcem\éemﬂ
(1) ¥ntering the nmessage M t 10 the imerchangchstiutture, the rassge Vi designating ot ermeoré r om a
devige 15 designated output ports; external to the interconnect
stru&ture, t he nessage tg%asLsgnaM ng otgte Qr 16 . . .

mor e "desi gnat ed out put gessagy ough a node in the interconnect structurg yithgphj 11

t he Message Mt hrough a nodebufixinghea desipetedompe ort;St r uct ure wi t hout 18
buffgring to a desi gnat@pﬂ,g ; L 3)
novi ng the nessage Mt hrooug L%é%%%g&%snmé%heavng?c'oﬂl?hgﬁLf‘ﬂfetheilﬁ‘terec?%ngcr%rslté%cp“é
strifdture 20 without buffering to a different node on the same leveh L prd | ng to a

d: ffzaL ent node onht he S(ameigavg& quovéizﬁeugﬂafn%&roﬂahevaqgefztgémtemom structure
al sa,,having a pathway to a designated output pqrt: an o -

(4) 0Zr:\’ﬁ)vi ng the nessage M thr Wﬁ&’adﬁ&amla YL pegrepin the Rierarhy o the e ot
stridture 23 destination level Lo thanthelevel L. Wi t hout buffering to a

node on a level Li nearer in the hierarchy to the 24
destination I2evel, Lo than the | evel Lk. 25

-67-! 1 2 Animerconnectapparatisgsiclaned in Claimh, hesein 2 Agge N8 shedevel In basp

i nt eRcomhediy Eintahnectons alpdihgi Ng: 2 arranging a plurality of
nodeg in a st . ing. | ur al,i 0 ierarchical levels fro 3
hi ghest hier aa;(_: Jllgét m@%%?@%%‘%\%%’f“ﬁ%%%%@ * destination level, a
plurdl ity 4 adirectdata output interconnection tapchwde Npamthe fegel &s;cr 0ss- section of a | evel

and & pl ural iddire®bartRER IntdrbonRechndfoni SRES NQ 3n a Rvel LH where m is er than k, or Hofy
t he nodes having an input nessage connection on the sane level, an input 6

mess&ge connect i orf B R KiegAkIP tF intrcompedt sragturei @k | | an out put nmessage
conndcti on oradiréet data output interconnection to a detilED SRRl t6 146 intefddBnedy bridairg) bk 2 BRREE age

Conn‘§Ct ion on a | Oéggroutk)&\{xﬁéréonnecﬁonm anode Ng; on the level L; where k is greater than i so that the
9 level L; is closer in the hierarchy to the destination level L,

—e

I

R,

This Sheet Has Been

T



8 speci fying at | east one destination node for receiving a
message; o 98/33304 originating a first nessage at a nodepdyrubdsiez2e

i nt-er connect ‘structure; 10 wor mhol e routing a message t hrough™
the plurality of nodes so that only a portion of nmultiple- 11

bits of the nmessage are in transit betwsen two nodes, the nmultiple-bit
nmessage 12 extendi ng anong nultiple nodes; 13
comuni cating the first message fromnode to node in the interconnect

strugture inci ugif@rchddeiet a p&ﬂramsasclalmedmmalmz whereinSt €ps of : 15
determ ning at a f| rst node _whet her second node on a |lower level is en

routé to a 1%mongdevices having a direct interconnection to ‘he(!é%"c}fl‘hétpfeﬁ“ﬁ‘e%&@“°“s?? exists for

det ersmi ni ng at theseﬁdmgsdatarwmenwbwthat he second node is bl ocked by a
second 18

advarici ng the first feagyhe levvmeltlhmng&ﬂ’% ﬁﬁ%"ﬂ“f’%’ntt%‘ge §°§8§Hﬂ’aﬂﬂfﬁf“§d"\ﬂﬁen t he

secorid 20 over a device Dc where the dewideD¢ is a amie Ngioh ¢hetleyeld; crasleviceddd on
node @nd the second nod&mgw,ﬂ%ﬁgﬁt and
22 ot herwi se traversing the rressa e, Wthout buffering, to a

third node on the é‘!fr?@@dé‘v’é?eh&gmb‘ﬂ ’ZS‘“SageMmeese‘“ffm“‘e“°“F&|‘%‘PWRS‘EI§& t he
t hird node being en rouifl alnkssagedSto bl stht i the 8Rice Dc th the node Ny in a sarétimé\

Con % 1 vl L 6r'] ¢ hat Seve ol RPN e o s R FB |y

fromahe 3 : beingsent. node A on a level L[err]; 4
devices D and E, each of which is either a node on a. IeveI L[err] where N
is greater than | or a devi ce external to the

netwot k, the ﬁo%lnsrca@mgmea&am clairged ig S hvhgreipgliedpigwongeect structure:
directly to tMndéﬁMgsfgesﬁdcdnheimdg C bei ng capabl e of sending a nessage

di rec}ly to mclud anodeN includin the device E, the device D being

i ncapabl e of sencf’s Fressag% directly or 8 indirectly
to the- device E, théWg@xmmmmﬁmzaMewfwmaﬁea@ﬂ rectly
9 5 a direcOQthestaBChfif Srhdrdbnheltidn(16: rElSiing § mlbksage Ms from a node Ny; ana2®- A
net hod of sendi ng, nessages between a plurality of nocfes in a network, using
2 rhol e Pigapde Ny has? cppiioLineinawa pgurol snpanmmwwbﬁmmg acppro

conpr1 si ng: from the node Ny, the control signal C, enforcing a precedence of the direct message input
-67-1,- 3 f ; |
ness;sg es directly | mmom?e‘c’ti ﬁ?@h%}:ﬁd&%ﬁ&ﬂe w&%m&&&m&&mﬁgm
rel at?ve posijti onsﬂ‘ﬁmqqﬁn“t‘h%nﬂe?‘wﬂ@t and 5 establishing a

prioggty rel atlonshkao@mmmﬁs@émwmsmmsﬁad&asmﬁu&eigmcgdeamﬁa gs 6
dire *Iy to the node bltg prllldg)rlt% rel aﬁl onshi p depending on the relative
posi ttons of 7 condition t Bhtrality of nodes. 1

26. R method accor thngleNa cépiral logi@fscdives thbeuntrclstgpal iCs idesignatihg the blocking condmon

t hi th
posi T ons wthin {ne g sl Ul SGRPE Uil FlokaiRionof e B M

noded¢ 1 2 festined ta-arriysat the aese Me adhe %mevmwh@qasam Mg capingthe
furthber conprising: 2 blockedmessageMAQﬁbe&lt&ﬁﬂﬁelfsélhaﬁnb&bB&m&bhﬁn&feNieﬁdl ng a
message directly to the _nod def n
of ngtges that are capabfhéu rece| % Ellﬁa‘g“ﬁ’e’g’g%ulg’é’s81s¥%{’?’§/mﬂ‘%dﬁ1}{‘he node A;
4 I n response to a nessage Marriving at the node A, ranking
nodesy of sl dsplihibrinker ffpaBAl&Stalined in Cpim 1, wherein the ineroofiBAYcRrl T ECCT Vi NG
a nessage directly fromthe node A, sai Iuraltyo es 6
bei ng? ranked SEEGMIFsAES 1 coptigbsignalshi | ity as a recipi ent node for receiving
t he nessage 7 includes a node Ng including: Mfromthe node A the desirability as a
recl p‘{ ent node depggldréc{'l rges?age itnlr)]x?t mqggosnne%gon'\#or receiving a message M, from a node N, the

5 message M, baving a header; and

6 a direct message input interconnection for receiving a message Mg from a node Ng; and

7 the node Ny has a control logic and a control input interconnection for receiving a control signal Cx

8 from the niode Nr, the control signal C, enforcing a precedence of the direct message input

9 " interconnection from the node N to the node Ni over the direct message input

T - This Sheet Has Been Replaced
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1 -28. A nmethod according to Claim 27, further conprising: 2
ranking the desirability of receiving the nessage Mfromthe node A

dependi ng W@ 988304el ati ve 3 posi tions w pdu/USesD229
networ k of individual nodes of said plurality of nodes and 4 i
depending on information in a header of the nmessage M 1 29. A
met hod according to Caim28, further téhprising: 2 ranki ng the

desirability of regceivi S M fromthe node A froma nost
desi {oabl e 3 °’°°meg‘°ng°mg%r“8‘§qu the nqdg Np sq that a megrage Maastiving 2t thempdent |
1 1 30. ANpinttiectiscare oba dockitig tantr6ll signiNCZ 3 a Sabik hhefmmfmsmaﬂode&

det efymi ni ng whet heg ggl?ogﬂ:q&j&ePh&ﬁmtoﬂﬁe%ggkdﬁtgﬁe%mugggﬁfﬁtﬁg&ﬂﬁé Ais the |

recel ving a nessage
nost 1desi rabl e recwgwmwmquwlsmemmmm&emessageMAnode
A, 514 Oerp @it b W RE NG, node A has a highest priority for- sending
a nessage to the node D, and 6 . sending the nessage Mto the
node Dif the node Dis the nost desirable recipient of the 7

messdge M f r oén Adiatercamchect Appamtasl as disbmddanl Clain laderkine hi ghest priority for
sendi,ng a 8 age to node D. 1 .31, A
nmet hoi(; accordtlh?]‘g:gon;tn(’)“o cor%?de&"‘al hugﬁ%% to 30, further conprising: 2

det erni ni ng whet heYVheﬂﬁé“m)%‘etCDWMMMM@}R@WMMIt@ameNEon
receiqi ng nmessages 3 melevel1nearermmememrc]{;'dﬁéﬁésﬁha&m&&iﬂ%aﬂ%‘iwékahthe

nost desirable recipient .qof the age Mfromth
node °A: and 5 hlgbtp%?(ﬂf ﬁeﬁﬁ aé’aﬁh&f’YdPP%‘gB?‘?dc?PWf‘S?ﬂW Withenpr e
nodes i ncl udi ng t he nodmesfegé btx; aéndi ng 6 nessages to

the node D; 7 %/\%gg h e nost desirable
reci pi ent of the rrgléeéhgren ?géﬁg‘thhgnh odd &“‘b”"i?a‘ o BB el 1A t he

messdge Mis %‘f"“%‘@ﬁﬂmﬂfﬂ?#f"he‘”%@@ﬁﬁstmsl&%edm@tw@arelsmdasemmnESSmAMng a
9 9 to the nBdeQN3eran@r i ority than the node A for sending a nmessage

to tﬂ,e node D s‘eorﬁga concurrent with

sendi nhg t he rressagelﬁcfrg?ﬁt’% @ﬁevlv‘i’%&??ﬁﬁ‘a"dsim‘dcmd‘m“sa‘eng‘é’m;&aqwme
accoldi ng to any omes@gaMato Dipds No Slerd node N andyenedi, aicidistinc® and the node Ng; and tieOr
the pode A and a nggdenGut Biddnc@l € capabl e of sending nmessages directly to a
device D, the 3 .device D being either external to the
network or a node internal to the network: 4

det erlmi ni ng t’hain inferoned Gppératisiss chirhddGh Clainp!, iﬁﬁﬂ{bttc)imﬁﬂkﬁ@' the node G for

sendi,ng a 5 : . . e d| rectly to t devi ce D;
and. a phrality of output ports inclydine “pgma&g% '%é?’ﬁa‘? e fp ‘Wg"de A
to sénd a control %gﬂﬁ#IW@LEHGam@le?mputpmsbemgaccessxblemapathwaythm“ghﬂ@ t he
cont rgol si gnal belﬁgrcb,gg@g@degmof the higher pri orlty of t he node A 1

met hod aﬁb%rdl ngssﬁo aim 32 further COM
aSSI §n| ng t he™ Rt e AEssiRiC gRRY: PRis aggessiolr tp g pode %8@“&3‘?@?‘“%’@&&9‘??@“ﬁh9é‘§sages
diredtly to the 3 levelL;nearerin the hicrarchy to tid@estifitionlevel DEthdn theledblL, Athé Adtie QS
sendisng a nessage n v D 4
an t h%@l rrekjlpegt t | o&%&e&ﬁwgﬁr?ﬁ& ZN

being less th or sen Fressage fromthe node A to
the 5 devi ce D. 34. A nethod according
to eilther of &l ifre@iked® bppaidtus {5 latriin cxaﬂmr, e

2 a node N has a first data input interconnection from a node Nj, and a second data input

3 interconnection from a node Ny; and

4 a control interconnection between the node N, and node Ny resolves contention for sending messages

5 to the node Ng.

9. An interconnect apparatus as claimed in Claim 1, further comprising:

a node Ny on the level Ly having a direct data output interconnection to a node Nj; on a level L;
nearer in the hierarchy to the destination level L, than the level L;, and having a precedence
relationship with respect to a message Mc which, at a time T, moves through the node N and

S W N e
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2 at a node, routi ng a nessage to further nodes in the network

using i nf in a message header Pqﬁ?h g;aki I
si gnal Wdir%mn 35. A network for communica |§r?g eZ?V\/eeh'

a plurallty of nodes u3|ng wor mhol e routing to 2 send nessages in which a
nmessage spans nultiple nodes, the netwgi{k conprising: 3 a node
A, 4. one or nore nodes capable of receiving a nessage directly
fromg the node A i'spreferenuanysmtmmwNmtesmHﬁ&&oﬁana&xh@nymﬁﬁmmmﬁmme

control signal to the de de abl e of sending
a control signal deﬁﬁeglmnactﬁ’ﬁ %1‘8"‘8‘?”#&&52‘?“6?’% y‘rﬁ’gsage 7
directly f ronﬁdaﬂmdblﬂelLkh@rmzadﬂemdamoutﬁﬁxnteﬁcommn«amvﬁ.dnﬂglmlﬂﬂw m

35, further conpr
-67-3 - h&emmgapa%ﬁqgfwﬁ%ﬁmmﬂeﬁﬁd ﬁ’e no é bA Rﬁ a node E,
the 9irst link cam@eéﬁm%@ﬁiﬁgﬁ%éhw € ﬂmedgpusmghﬂ‘em‘m"ﬂkat
theiypode E; and aUmeT4aﬁrstumestepfollohih@ltliétﬁieﬁtﬁﬁi‘aﬂé&éﬂu&tsrﬁdﬁﬁgdngto&lwam e
of determning to, Which node a nmessage Mis sent, the

Iogll: bei ng respofffve to a control signal recei ved at the node A and
responsi ve t eherein the irflerconnect structure disallows the messige M roinibéing inmtpositioni tmblbdkaheres sage
M 1 gtwork according to Claim36, further

coml):?i si ng: nﬁssageMc?gﬂwémga second link coupling the node F to the
node A, the third |link capable of sending a control 3

signgl to theo, ng.dﬂereonn&admctumwmﬁs, ng: a third link coupling the node
F to,the node Ei'al flftl&“nk capabl e of sending a nessage to 5

t he hode E. ! 38. A network according to Claim 36 further
conpsi si ng: aplurahtyZ:fmterconnect lines xam@dsomwmmmséem&ely eoplingitheqrodesimes sage M ,
the pode A being 9@&&?4 fhe Hherdofifrcd sthdde {rliEmitting é)l aoti;rnéxlugle-bnmessagesemenng

nessage M one or nore no recel ving a
messdge directly WGWW%%G@“’AWW“M“%“PIM‘Y“mP“‘P&“? phiedividgahmesfagenode

A toethe node A MJsfehdyxmqbamm@a&mysef-ﬁﬁu@eadmagnmmodesnﬁﬁg Wetinh6l8 ;
6 7 I og| Con °ﬂg’§§? \ rfion Eg‘el %pﬁ_b%)‘selfr;qmses on5| ve. o th

contr ol |nforrrat|on REHAY 0 the
node8A' and capablﬂ@eaﬂhmquwtm«@zm@wmgm@ebnm mmntmmmm 8
i'nf ogmati on; incthding: a node B capabl e of receiving a nmessage
fromthe node A the r;gde alﬁroutln t he mes

sage
to tfe node B; and®od mmmp“mefwm&bg‘emwﬁa‘w@iwc%%vmg a
nmesaage fromt he node Antercdnhetioroftkdn #nodé Mpjtahd1g t he nessage

M tl the node B "a control mtercgli]necuonbetween the gb:’d% ancpr?odx\ﬁ ?&%&%&x f&rg?ngng' m 38

further conprising: nor e es capa

recdfving a nmessage f r GRessaprs tofheRodeNE. 3 one or nore nodes
capabl e of- recel ving a nmessage fromthe node B ; 4 a link
fromthe nodg, By, Lo (N 00eBus L1Eed b U TR AR O 55RO 00, 0N ©

| ogi2 at the cmeben&agdshxidomgqlsgm; ng responsive to the control informtion
fromthe nodenc&desam e Npfincluding; and capabl e of routing the
nmessage M based on the control information. 40. A

net wbr k accor di ng 3tdied pegssige lve}l'almﬁfgonesm%fosecmaémagemﬁomamde Ny; and

5 a direct message input interconnection for receiving a message My from a node Ng; and
6 the node Ny has a control logic and a control input interconnection for receiving a control signal Ca
7 from the node Ny, the control signal C, enforcing a precedence of the direct message input
8 interconnection from the node N to the node N over the message input interconnection from
9 the node Ny to the node Ng so that
10 the node Ny sends a message Mr to the node Ni and sends a control signal C, designating a
11 blocking condition to the node N,
12 the node N, control logic receives the control .signal Ca designating the blocking condition
13 and responds to the control signal C, by blocking transmission of the message My

14 destined to arrive at the node N, at the same time as the message My, causing the

O R i




2 the one or nore nodes capabl e of receiving a nessage directly
fromthe node A include a node 3 B and a node D, the

node A hawyo®sa3mapability to replicate a nessage M and sendpérisésiiozsopy..4
of 't he message Mto the node B and a second copy of the nessage Mto the.

node D. 1 41. An apparatus for sendi ng nmessages between a
plurality of nodes in a network using 262-wormhol e routing in which
nmessages span mnultiple nodes, the apparatus conprising: 3 a

plurdfity of nodes capabpekedshessagniiatrgbealteraativalyeentds 2 aade Ny whage the naldéo B, and 4
| ogi g¢ est abl i shing a pr jgnctfront &b Adak NP 2{d e REPNGis BicPhdM @e Aday NQf nodes for
sendi ng a nessage 5 directly to the node D, the
priority relationship depending on relative positions in the 6

networ k of thea. mdﬁ&connecﬂapparamsasclmmed&ZClmhnLﬁhﬁémﬁxyuﬁ'cott&&uﬁﬁﬁred nodes.

arranged in a t .ng nessage 2 conmmuni cati on usi ng
g camics i I"“‘Zisavn gei d gﬁcér}égf’s‘g%&a,

wor mhol e routlng e spans nultiple nodes, the network 3-
conpr3si ng: 4includesanode Ng inclydiog:or nore out put ports; 5 one ot
nore jnput ports fQ&réi:ﬁ‘xﬁééagéiﬂﬁn%&&ﬁ%ﬁonf@rr&@ﬁﬁx@gﬁn&g@wgﬁbMNoﬂﬁ of
said input 6 orts_bei ng designated to exit the network
at on® or nore predet er FFIRE a headss; and out put
portse 8 a difecf thdsSipe inpu intd@donfeatiah Tirtékiving d magahe M fifofra Myﬂ@d’[ he

nmessage M thr fr d
no dea,% to an &%gpdf?\gre cn\ggﬁﬁgc a%dpo%gol?npntmtermnnecuonfo rgcglr\{algﬁ rﬂ(% gnglr 8
unbuf8ered node E fr@ntheee@lNﬂthgcmmsm%g@menmﬂmehqfﬁewmmgﬂmm ly

11 mterconﬁeEtQﬂ‘ﬁBQﬁhé&BMJ 16 i dod2 Al Sve the i1 B&%e Epﬁe i ng unabl e

‘to recei ve nessages fromt unbuf f ér ed, node B. 1

43. Mnethod accor a\‘ﬁﬁ‘ﬁ“‘teﬁt%%aﬂﬂ‘wd‘?’ﬁ*?ﬂ&ﬁ%d#ﬁP fhat 3 fpessage M, arriving at the node
thirdilink at the udiRinthé abseack dfetiocking cofitm] sigal Cl ih h Sdmeftinde imavall canges the IBdEIJ €

to ap,unbuffered 3, ﬂgg Jpode A
bei nrizunabl e to recel vlelo tggsé’élehgadgrlotff%‘er %ec’itrﬁetmnfaéelleragéﬁvngfr omthe
nodelB; 5 mwamsmwmg%h%wq"e@ew@mméy mepspgedyia
diregsly or indireedihgsehtiomit idengode C, 6 t he node C being
unabl e to receive nessages either directly or indirectly fromthe node B;
and 7 t he node B being unable to receive nessages either

directly or |nm.Ammffnoummeseagmueugaanmtérconnectstmcturecomsmsﬁ\ scal eabl e
| ow | 3t ency S WirdGhecaRy gngdev?c in a structure HAViAE 5 pi¥raft offidstal

el enents sel ectively couple Iurallty o? I nput ports and a

plurafity of out put<Tpasl %“déri’ﬁmﬂ’&ﬁff‘ﬁﬁ?%&“‘?ﬁ‘%’&?'é a&‘“ﬁé’?’s‘éﬁ'&@%‘% i nput

port 80 a 4 interconnecting the devxﬁd’vﬁdfb‘oﬁ{e&ioﬁeﬁbnoﬂﬁl&kﬂge Giftuk teinkifid Ofd sedding
Pl)ﬂ'[ ?!rsllgt ?/nof/\ms‘(lzmht gﬁ?@&é"a%g%agon o?en.i‘ﬁhn fefemxfgedegl ts of a nessa\é\gr grgl ?n
-67- 6 assigning a priority among a plurality of sending devxces having output message terminals coupled to
7 the input message terminal of a single receiving device;
8 . entering a message into the interconnect structure for transfer to one or more designated output ports;
9 ‘wormhole routing a message through the devices so that only a portion of multiple-bits of the message
10 " are in transit between two devices, the multiple-bit message extending among multiple
11 devices;
12 sending a message, without buffering, from a sending device to a receiving device en route to the one
13 or more output ports using self-routing, with the sending device neither requesting of the
14 receiving device nor receiving from the receiving device, permission to send the message to
15 the receiving device; .
16 communicating among a plurality of sending devices that send messages to a single receiving device, a
17 sending device with priority for sending messages to the single receiving device having a
18 control signal output terminal connected by an interconnect line to a control signal input
19 terminal of a sending device without priority, the sending device with pnontv sending a
20 ' control signal to the sending device without priority; '
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6 transit between two array elenments, the multiple-bit

nessage e ' 42Mong 7 : mul tipl

el enent s, er elg%) 8 said switch §Wﬁ£§9ép%7r%nt s
are coupled into a plurality of columms Cerr] and a plurality -
of levels [err], 10 63 - said input ports are coupl ed
to a respective switch array el enent of a hi ghest level L[err] 11
and nonflgure&nwngamugemh&dsﬂedemag&aﬁ dévitk SithRBRIfly & fn itbhdeg N array

el ement of sald hi ghes Ieve en said

resp’ézct i ve switch Ef?vavdg?‘é’n@ﬁfeﬂﬁ‘f‘edmemge%deﬂmﬁmana“mmme“’mgde“%‘he
sai d23hi ghest | evel alicmadneaickivibg device also being dxfroute to the one or more output portsSai d Swi t ch
array elements in a level are configured to transmt said nessage to a
15 respective switch array elenment in a | ower
| evell when (al4 Samethqdeofpeviag massages through aginterconnect structure comprising:
SW tch array miefigRidéting A pRaliff of &VWREs |

g 8 panlig D 84 @bde NG 26lRg §@ﬁﬁ1t B g‘n‘ié ﬁ@hsald

17 predet erm ned outp

respective switch HFRPeEHBSent in 18 sai d
| owerd | evel i mmdmabenceaﬂmommm§m iRicts DAlvig b diidtt Blp GG Reclich t6lthe

19 arr el ement on the sane |level; and
5 de Ng for sen
20 node Ne 18 l(iingparxél erm 180" Jbit put port is coupled to a
respective swrermholaroptng aéqleeqqurM \ljxougl the devices/D) so that only a portion of multiple-bits of the

| ovest |evel Lo an&eﬁ@bﬁeﬁtﬁﬂﬁiﬁw&r{md%&%nﬁﬁfpk-mtwgﬁw&eﬁ&néﬂn& Ce' ve

22 sai d nessage from said respective sw

array el enent of sEPHPIFETESE | evel 23

when %Sai d pr es:bedmgmessadelﬂut‘rpuhnmamtd&emda'NLaMtﬁnepeziodTwhen.l 45.
The g tch of clai pd4; \égggn o i |ds tch array
elenents in a | eve{;(l1 ar éne | gureé"? o" ransm“lghsal 8N a{\nf% trespect Ive
3 1 swwﬁ!eawm@ﬁﬁmﬁhqwqammenmwmtmom

| evel2 when (a) said respardtnégeriod T, and* switch array

gl enﬁnt in said lo%ﬂlﬁ%g%’@g?%f}%bg%aeg)% % 0}_@ sai ?@éedeterm nﬁgwa

elen¥nt in said | ower | eqdeNphmngaduectﬁputmterconnecuontothenodeNguamauﬂlaﬁhlnedTm”ld

Came) evel o i SEARENF Iy lghith bR B R Pt B,

45, erein: 2 Ne said switch array eI enents in a level

i nclude an i nput control line to a respective switch array 3

el emgnt of a nf' ne o informsaid respective switch array
el egglnt B %‘gm&d%wﬁ O ®E i gher 1 evel that said switch
arr a>2 el ement abiogmg]glpsqg@agvfmpsegeMAtothenodeNA’]_mthetlmepenodef ﬂﬂthetﬁlﬁepesﬂd'r ¢t of
any of clainms 44 tgddf schddlalnlthged@N B e Db 2 a

regi ster selectively p03|t|onedg between at | east two switch array el ements
on a level. 1 48. The switch of any of clainms 44 to
47, \vherein sH. d&nehmdagelaﬁnadmcmhﬂsdﬁrﬂeﬁoﬂﬁumssage 2 . including

| ot on, e 1, AT RLASS 8 R P . et Vool 8t o
sai d3massage is a W?‘FB‘P"FNHE%"S‘B@@“QNB including a header portion and a
payl oad portion, and wherein: said switch array elenents are

conflgured to ut on sai d header portion. 1

. The swi tch{% %ﬁ"? amﬁ’f@f‘%’ﬂig OMEEtgei n sai d nessage is a
nul ti2bi t rresssgbngzaxcommhazmubmemdhuacbanemmmmﬁgnﬁaxﬁesﬁmmeam&am and
whergin: 3 tﬁﬂ%’“ﬂéw En?l'}nﬁf %%g%]cg%h%re conflgured to route

sai d nessage based on sal eader por and to
remove one bit from said header.

1 18. A method of moving messages M through an interconnect structure including a plurality of nodes

2 Nand a plurality of interconnect lines L to a plurality of output buffers B, the method comprising:

3 selectively coupling the plurality of nodes N v_ia the plurality of intexconnect lines L so that an

4 interconnect line L(p,q) carries data directly from a node p W//
— 1 Replaced
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1 51. The switch of any of clainms 44 to 50, wherein said

nmessage is a nmultibit nmessage, and 2 wherein: 3 said switch
array el emmtje configured to dedicate a routing path forpcassbsmersage;.
and 4 said nmessage is distributed anong a plurality of switch _
array elenments along said dedicated 5 routing path. 1
52. The switch of any of clains 44 to-%%- wherein: 2 t he nunber

of switch array elenents in said highest |level -is greater than the nunber
of s&id 3 dstexminingforamessageMaisﬁlgmodg@%sothatﬂxeoutputbuﬁ‘erthhal@@_targﬁ@ofm tch

of agy of clains %&gﬁzwm%km&ofmom said switch array

el enents are capabl e of re I|c as a replicate sage
and 3 worbole ouiag the T8 O LFAIIE SOt S0 PRcA ARG B iy o e
plurality of pr edeiessagemdtrmmpumepmdmdes thé multiple-bit message Moektendifgeantong t ch  of
any gf clains 44 tﬁ%ﬂ%}:’ ojler ei n: said switch array elenents

are arranged in co Wit h sald respective switch array elenents 3
i n dOhj gher |ifairst pprtion ofithsmessage)d isdocatad 3 thecodsccat p time tihem a8 the sime pymosmathent i n

a | qyer 4 ' messa Monanmte!'o@ﬂh@éthnei ,s)soﬂlatatnmeﬂﬁadxéjm&@gb'mlobdﬂ@awe

sub-col ums and sai d level ncludes sai d
swi th array el emdi9i&s Vg é’f’éjet ?*E%'M‘?d&'r cell s where said
contisol cel | Sfth¢ firstportion ofthemessageMxslocatedanlmmh@htth&tmeeanﬂfﬂmmsmfh-fmmlthﬂrms

24 13754 whor ei -8 Ehie o thdset of noges OQYD ipctily ralidSy Y nfeflpfienBRLO BT
| evell5 correspond twmwmme%hmmt%mowmﬂ\f@mmn°deqt°an°d=°

contgol cells -on ttﬂ@seﬁdfﬂ&ieﬁom\{&iudé‘s%{}e@sﬁp&mﬁférc@nngémnés%pec'f|Ve

\?\,hu 2 rlg()l urm. if a% time t, the message M 1s not bTh ke Wmtucs;xplg 81fe m?ei;%m%]::t h%\le EHTE by anor&xer mesﬁa e,

- 6787 - thnatumet,sendmgthameksaZMMonhheanmgnneﬂtkm,s) sp that a time &1, the
plurg ity of messagg LAk uenludng @caéut%ne&rqtm 3
8 rst oun

configured to recelv nmessa 4 - a busy
si g8l expor tif $&me tdhsmepsageidis bioskefl oM YFNg thamferqewmgwg? Hreapthermessageathen
firshy port is busyatumet,sendmﬁhemmageMonanam&am&dhﬂaw,r)conf|gured to

trangmt a first o Dot
conﬁagur ed to recemfgqg '?%"oaﬁ‘za\gﬂ%d(?ﬁﬁﬁ’d?‘%%eé'%l‘a’gﬁmdm“°de?and%°“°
secdid busy port COI’lfIgllﬁ'@dﬂmestmnbﬂ‘ﬁh@neapgtb@pm@hm@ftgpmpfwm@ap@

thirg port is busy; nodesdiM)mcludesmusﬂ%fﬂ%&ﬁaxpﬁiﬂtu&BﬁgdlﬂH{@d to

transmt a second outbound nessage; and a processor
configured to process said first inbound massage to create said first
out baund 19. A hidthod of moving messages M through & iesgmneet3auchee indladigpaphealitylofaedzond
| nboynd WEGSAaPor et ShfecAind SO u%il%bo &Hﬂn 4 Inemoa
! of I ¢ B, thy
messgge & Itfof @99 Plnﬂo?s any eﬁh ﬁomfmsmg44 to 56,
wher 8i n sai d edivelyeoupling she piwmlitycef nodesN via the plugality of i mtercomz-‘ct ling{egodhat an 3
saidgsw tch array g@leRomedk Snd 1l Mﬁa@&a@a% PRhiaGode 10 Rhédely; cel | s.
1 8. The switch Ofa 8&%‘ 4ﬂéll to 5b7 %I;a?l nm§aet|sdf£‘ressage
is ar‘? opti cal g for a mypee s0.that the output buffers are 1argets o
message M are connected to the set of nodes OQM);
7 wormhole routing the message M through the nodes N so that only a portion of multiple-bits of the
8 message are in transit between two nodes, the multiple-bit message M extending among
9 multiple nodes;
10 if a beginning portion of the message M is located at the node p at a time t then at the time t, moving
11 the message M on an interconnect line L(p,s) so that at time t+1, the message M is located at
12 a node s, where the node s and the node p are different nodes;
13 if the beginning of the message M is located at the node p at the time t and the shortest path from the
14 : node p to a node of the set of nodes O(M) includes traversal of H interconnect lines L,
15 ' determining an interconnect line L(p,q) so that the shortest path from the node q to a node of
16 the set of nodes O(M) includes traversal of H-1 interconnect lines L; _
e cet Has Been Replaced
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2 wher ei n: said switch array el enents include hybrid

el ectro-o ntroI cells. 1 - 59.. The E’WU% any
of -cl ai ns 993)3@8 further conprising a plurality of secondpsvvi %00959 o

2 array elements selectively coupled to a plurality of second input ports
and a plurality of second out put -68- ports and configured to route a
second nessage related to said nessage froma second input port to a

4  predeter nifaﬁﬂna,ezﬁomeksagumuﬁot plaik‘éd fronk) 61y th interconnect lifte L(p,q) by another mas%?agé.

seco switch array el enents .ar to | ur.al of co umms err|
and & plurality thestat %gm’sgndmg 2k oh il efrwﬁlémelfngtg‘gfufma time t¥ .
sai dlsecond i nput pesinning aertorce thsimeskagedM is locatep@thieineds gsagond swi t ch array

el engpt of saied b ANVES hessage M is bifcked from using the i  intercomnet lind IRV, @!{by%ot@?gx& , then

configured to transmt said second nessage t respe ve secon
9 21 at timed, feRding the pessageM opap integronnertdine bip.0), Bhere thapeds rand the
respggtive second sielpGtt diffefeai/nodes and the Adde r and the node q are different node; tHRARI Umedt1,

e el oments | n B0 UE me KA bejimes s s i e BRI e 0 1o

12 24 dxﬁ‘eremamdee.skmamdq sapd Qwe ooz asAlifferdnt gudesathe adde saud the xeder dr@we r

leV€5 when (a) sai thﬁers,'a}{@the e node s to the node of the hﬁﬁﬁf’tffﬁoﬂ“ tch
array el enent in sal ower |eve ea S Sal second nessage tO sal

14 26 O(M) inglpdegieaversalofpognareibemt intreqopeeet 198yl and (b) sai d
respective second switch array 15 el ement in
said | ower |eyel avai | abl and .ot herwise to transmt said second

16 1 5. Ametma/&ﬁeé‘gﬁ'ﬁgdéa‘fg% tch array el ement on the sane |evel;
and 2 17 providing an intercomngét dpraeits ingluding p plurajity of mdesNeand @ pjyiradity of integconnect
respegtive second $ifdets ChndbingYhe SRRy b ndies 1Rl 46 ermined patternt 8

| eve Lo and sai d predeterm ned _second output port is configured to receive
said ¢4 connecting the plurality of nodes N using the plurality of interconnect linesL fo include: _g7_g .

19 s | f angdell\&eﬁﬁﬁgih dirasegagfifipafinfertohettidn lhli‘ed‘chriﬁg SMESdze Ma\ahd Ch
array_ el ement of sai eve

prede?er m ned second out pu?é pp%mth‘)fdg?/% tputm_fm"mmmwgmgg‘ﬂ"ﬁ]
switch of any of clains WSQMB'QWMIMPOGGUWMWWM@%MW@@PMBUnd
switcg 2 array el ewentf&r&abﬁgtue\sﬁi%ewuakﬁéo%ﬁoaeﬁlwngla&taa&u&ﬁ by R

I nput_ports and a plurality of secon orts,adconfl redto
rogt e9g second mesgage r"éff’é\“'é?l“?Bﬁ?ﬁ‘f’dp‘gﬁg‘?%é %ﬁ‘lf“f’ IR B‘Ef’rq“’to
a 4t 10 pr edet erlm ned sec ehohligudf pitdrcopectlinesdtyer ei n: sai d second
SWi array’ el ene

ol urg ity 6y YHeHridfiey n&ﬂkh?hﬁﬂ:f a'}iu&“%&. %%La‘é?ﬁhtﬁﬂ&wm&u&?& de]cexﬁﬂg' o

array2el ements are coupladersspgs Mp fsqmpapluralitypfnefies includipg a prefeered nodgNs which is

sai digecond i nput portsww&h&dgiﬂe@agsmﬁﬁw%&% 1S rddGiodeN tidg
nt of said highest s conf

el e ured to
trangfht sai d second rreggtﬁ’aﬂmflgy %"é’inﬂ“?f&‘ﬁ‘gﬁetN%&é'b%%hﬁ%mmmmmi“gesE‘
switdh array eboxiwlztrouihg mmmg@mu@mmnmmw arneﬂpnoitmul@lemmﬁtﬂe
SWitqQ array 11 megeage are in transit betwe thfmif Egﬂ ckiBMfidg amdng

avai l able; 12 sai d secon svmtc arra emants noa Ievel are
conflbured to trandfRHPlenefes second message to 13

respagtive seGgRRChodyN} i8 khe Sdnicdy the nGIFING| sehdingthd @bEage MR ¥the inksige mhoﬁmedmde
resp%tlve 14 second switch array eI enent in said | ower

| evel” | eads said s@eShEePeNEd™ o said 15

preda® er m ned ifsbenwdelN ois netdhe sprog as themdde(Nh)and the dode & dizerts ameesegaintd thagodef,

array; 16 then sendin menﬁémﬁénﬂméﬁddQNLﬁ"{ﬁJmk@Ne' I's available, and

otherwise to transmt sald second nessage to a

switch array el ement on the sane |evel; and 18 sai d second

out put ports alaﬁ;ﬁahﬂll#&nﬁiﬁgﬂesﬁzgsaﬂﬁ)hkmg second switch array elenent of a
nd sai redeterm ned second out put

| owest 19
por t #s confi 3@?’@5‘%8@8’5&’ ad’“é%“yo%messag_es concurrently incodifige | pssage
from3aid respecti \uphsdigofduphpersi®; andr ay el enent of said | owest 21

| evel ywhen said pr%%&;ﬁmm&ﬂsﬁ%aﬂﬂmmmx@m =L§a@g@5¢%ﬁmmess4gmpm
61. A swtch array elenent for use I n scal eab ency switch
conprtsing: 2 mW?%‘?“sﬁB‘HPlE’B\‘WP@HF%HWFESePPe@

nmessage; 3 .._._41 nflgur ed to process sal d |nboun
ag t cr heet Has Been Replaced
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4 a buy signal export port configured to transmt a busy signal

when said first port is busy; and 5 a 'second port configured to
transmt spodgsisopound nessage. 1 62. The sw t ChePisamgeRisement
of claim 61, further conprising: 2 a third port configured to
recei ve an second i nbound nessage; 3 wherein said processor is
configured to process said second i nbouséd nessage to create a 4

second out bound nessage; 5 a second-busy port configured to
trandhit a second busy igdesl nagesdhfos paseing mssagesé topradeferivined outpit ports of the

and 7% - a fOurﬁlﬁalﬁﬁﬁftouﬁﬁlwE&%M&@Wp&@?@dﬁf@&%@%%@ugd
nmessage. Z6/7-9-
1 Ly 63. The sTFEHFMardy ¢l enent of any of clains 61 or 62,

wher é n sai d ness agpluralitg bflistercagnert Pnes inhaf arieéonfisat situéire;and a payl oad porti on,
and erein: . . ' LG eR el flgured.to route.sap .
rressig‘;e based§e(ger‘1msel imdupﬁléga%%%ﬁ%g??l on. %?dﬁ%lquras{r&%m%ﬁ‘gﬁ%ﬁwvgﬁé”ay
el entint of any of letelsivit Jgnintegergmaterihany Ocin An hiesarthynaf develgranged romal levesti t 2
messpge incl udi ng @sdiadmaévellQidd Highed Rl , WRM 9 AR e Qirardy) FoWMR1IGY 3
sai d,_processor is onftlao%req‘o'to route sal d nessage based on sai d header
portton and to ren%%‘a evel Lo, the output ports P being copgeted §p podes 38 thedogrest dastingtiop,. 1
65. Mhe switch arrlawelkB) enment of any of clainms 61 to 64, wherein: 2 '
sai dy4pr ocessoy i ' i N i d message. I
66. jEle SW tc#‘g‘ﬁ?nrggx;}mé?‘ée&rr%ﬁ%Bg%@%ﬁg?l%%?%%ieto 65, wherein said
messiye i s anvophdlewmpting a mesragedvh Gizougtythe nodeelN e that ogly a portion of multipledits of theni t ch
arrayy el ements i NChiisiPe 2B inttaBi veMreRiv ﬁo’ﬁks,ﬁx@ﬂﬁftﬁie-bﬁ?ﬂe&sagelﬂ&ﬁendiné among 67.
|

The gwitch array el‘ggplnt of any of clains 61 to 66, wherein sa nessage is
an oftical 2 indQRU PR Sherein: 3 said switch array el enents
i ncl We a hyblimitingthemtmber-of mbssagad M clmnire allowedtolenter thelplurality of direct mess4g8 inpt SwWi t ch

7 IO O ol P e Al

a plurality of colum ports an ; ]
a plthality of contadpiNaiodhat the messagss Mgy sent dlirpugh the directimessage owtpit conpecionsiof tind a
| eve$2 port and haVﬁdagNﬁltonodesNchatarealevelLmlﬁ?ﬁrﬁnﬁﬂﬁ&k@ﬁﬁm&&a@i‘lg‘ﬂe@ﬂdé‘s@h

recejye an i nbound_nessa rocessor, confiqured t _
pr ociesss sai d inbou%ﬁ”%%%gﬁé%g“ﬁ‘%‘%{%“&ﬁ%ﬁ?g&‘ﬁﬁ? s%gﬁé'fességeﬁﬁdsy si gnal

export 6 port configured to transmt a busy signal when
sai d ffi rst poga Al fetkdd SV irandtiifling a 826848 Shrdugh an hierarchical interconnect ﬁ&}&htg&m hgured
to transnit . saj d, outbound. masga ) gh an hierarc m6£5‘f° A nsg'? od 8 é

ssage. 1 .

t r anf er PHEAYY of nades and gpiurality of itercopnsct lings, the method,comPHSINE or i ned out put port 2
usi n@ a scal eslsttively conplingttiemodes isinthicFardhivd) mdtife IYelistattire Yrratigedidiidcible Spliaity
elemgnts sel ective I . 1.y of. I nou rts a a
pl u;rgtl ity of out pu‘%fm@?#fsg,“%gé%xpdm %&neqlg%t%@rnaoi}xe %ﬁregﬁﬁys&é%%ﬁﬁaagﬁg%togl aam‘zf"St
plurality of col undesingtienevpl lgpop highostievelList y of | evels L[err], conprising: 5
canmlt cat i NQentchifig AREGRY 6f rhessafos AREhOInteidhidersiiitetire RiSIried thrdhgRa Sifality3f RpAY
element in a ] :

ports;

8 moving, using self-routing, an individual message M of the plurality of messages through nodes using
9 ' wormhole routing in which only a portion of the multiple-bits of 2 message are in transit
10 between two nodes, the multiple-bit message extending among mmitiple nodes, the message
11 M moving in a plurality of ways including four ways which are sufficient for the message M
12 to exit the interconnect structure through an output post designated by the message M, the
13 four ways including:
14 (1) entering the message M-to a node in the interconnect structure from a device
15 external to the interconnect structure, the message M designating one or
16 ‘more designated output ports;
17 (2) moving the message M throﬁgh a node in the interconnect structure without
18 buffering to a designated output port; —_—
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6 respective switch array el enment of a highest |evel

Lj when sayg ogasdegcti ve switch 7 array epeiRitbs/fd2sai d
hi ghest | evel. is avail abl e; a
- 67-10 - 8 - transmtting the nessage to a respective switch

array elenent in a |lower |evel when (a)eéthe 9
respective switch array elenent in the | ower |evel |eads the nessage to the
10 19 (3) engthermessage dlthpugh uwd¢ oncrlevel la)of i interesyeetstrichee

Swi t?&] array element in the Laugly t%adiﬂ'erentnodeonthesameleJeP%,et!hehiﬁ'erentPode
avai l'abl e, and otherw se transmtting e nessage to a swtch array element
21 )

12 on t halsahaviag p pathyay to 2 dpsignated output ppitiAdni t t i ng t he
messgge froma swtch agg)avvifs @eRedksage M fronfifoe b 8Vel L,Qf e intdi@nnedtbtructure

predet er mi ned out put port when the predeterm ne tput pqQrt.is .
avai Fabl eand 15 WPWW%"?%&" §%\§g"‘§)r‘dﬁ?ﬁ88}° B to

t he pséedeterm ned out put por testilmtionilgiel Lithan thélevel Ly. plurality
of s%tch array el ements using wormhole routing in which only a portion of
17 the nultiple-bits of a nmessage are in transit
between two array elenents, the 18 mul tiple-bit nmessage
extendi ng anogg AwkthddVr SondihuinftidR/nREBEs n an interconnect structure comprising:
2 arranging a plurality of nodes in a structure including a plurality of hierarchical levels from a highest
3 hierarchical level to a lowest hierarchical destination level, a plurality of nodes spanning a
4 cross-section of a level and a plurality of nodes in a cross-section span, the nodes having an
5 input message connection on the-same level, an input message connection on a higher
6 hierarchical level, an output message connection on the same level and an output message
7 connection on a lower level;
8 specifying at least one destination node for receiving a message;
9 originating a first message at a node in the interconnect structure;
10 wormhole routing a message through the plurality of nodes so that only a portion of multiple-bits of
11 the message are in transit between two nodes, the multiple-bit message extending among
12 multiple nodes;
13 . communicating the first message from node to node in the interconnect structure including the steps
14 ' of:
15 determining at a first node whether a second node on a lower level isenroute toa
16 destination node;
17 determining at the first node whether the second node is blocked by a second message;
18 _ advancing the first message, without buffering, to the second node when the second node is
19 . enroutetoa destination node and the second node is unblocked; and
20 otherwise traversing the message, without buffering, to a third node on the same level as the first node,
21 the third node being en route to a destination node.
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