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WO 2007/ 149494 PCT/ US2007/ 014394 -1 RESI LI ENT
| NTEGRATED Cl RCUI T ARCHI TECTURE FI ELD OF THE

WO DENTIHEN 5 The present invention rel ates, i nPQEOR087/014394
to integrated circuits and, nore particularly, to
integrated circuitry having distributed and
configurable circuit elenents, distributed
conmuni cation circuit elenents, and distributed
control circuit elenents, for transferable
functionality, fault tolerante and resilience. 10
BACKGROUND OF THE | NVENTION Hi storically, integrated
circuits ("I1Cs") which are configurable post-
fabrication have been dom nated field bl e
gat e aRESILIENDENSBGRAGRR (1 HaéRéﬁH g‘;?"é
identical logic gates or other elenents. In sone
integrated circuit enbodinents, the gate array is

al so coupl ed to oFEEED QB BHE RN GBNIION or 15 cor es,
for the Fﬁgébi | i oo
i o peC| H\?&th%ntrél 185 9% g@ﬁexﬁ?@sier?g%rt@gg%lmmts and,

appl i cat accel eraticon o o
maoeppricalirbnse 1nT¢$a1edgnr@umydmmgdlswbawdwoaﬁsurable circuit

elerXeg{t% %llétxbut\é& ¥ Iiéthrﬁ@atgw%érg?ﬂ elen?e?}t@ %B& élg%%cllj ?@ﬁt&h circuit

connecte rou S an
eldmdmOfor trms;ﬁerab]ed‘anammtiaz, zﬁaj,ﬂanhs&mq‘ewmdtrasi}iemc h as
addi tion, subtraction or conparison, wthout separate
hard-wi red, application-specific conponents directly
20 providing MCMRWND(DEMIEC[DWENH‘QON ocess for

configuring the gate arr ys of | aratl
sl ow, typﬁ&%‘?’l“iﬂ lg'h%?%ﬁte CHEYIIS f@%ﬁf“ﬂ’@%ﬂ HﬁSH gﬁes%’s"'
fabficdtion FRGAbe&LAGhBlated RAHEd RS grRRRhbIARAD hﬁaﬁ (“FPGAs™),

real -tinme re- confldguratlon or imedi ate changes in
whigh pravadann eyay phidspHieal logic gafss PrpAdESclemsAts: Jusawe éntegrated

citclrit eﬁﬁn\b%nhgﬂ’tgl thé Qaﬂeaé'r&‘ir i$GRb ‘éo&;ﬁl&-d tcfohe &%Bﬁ:em&rréﬁr% sor

conf |gurab e OgIC el eents which are capa
cog¢sg firfthe HRGA €omponetatol providg gonfigurablal apnlné@lﬂ@tl-smmﬁc

[ 0
oGAEEER Bl B BT RO ST S Sty
verp gﬁne-gmn%i’ft 8s ggie almayiewhwhrcanble ycomaqsadyl through data inputs and
ccel. ion. & ch rQ nf i urak
ou% utﬁé ﬁ{é’t) pk?vpl axn re 4 er gu.r[ctl A §uc eq ?.c?cgéon esblgtrr%cttlon or
cqmmlﬁamwmlgodt@epmaueylawwneﬂsaﬁplmaﬁd)mmamﬁmccﬁﬁponents directly

i.tion uch | e-sca confi r abl | ogi ment s
Py BT e A GTos B JoR Erocer o PRGN R for e s of
FBG AL itgortpiiativay Blosv, @fpias1B} ﬂhﬁcaiglh(erSﬁEé‘dxfﬂgﬁrdt@l bus, so that
2007/ 149494 PCT/ US2007/ 014

FRGAR BER r)a%y Yaphern crRd el isa s les rhes ggien fo immediate
cmgmarfaﬁ@mmy.

In other circumstances, configurable ICs have involved large-scale (or
“coarse-grained” conﬁgu;able logic elements which are capable of significant
functionality, such as multimedia processing, arithmetic processing, and
communication functionality. While these large-scale configurable logic elements
provide extremely capable acceleration, each group of configurable logic elements is
typically différent and requires separate programming to carry out its functions. In
addition, such large-scale configurable logic elements are not translatable to other

functions, exhibiting similar constraints of application-specific ICs (“ASICs™).
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ASI C and nenory | Cs. For exanple, in nmenory |ICs, extra

or redundant rows and columms are fabricated; when
wGeamgagpdent testing nmay reveal that sel ected rpolBUS2007/014394

col ums have defects, those affected IC regions are

di sabl ed, wth the balance of the 5 nenory |IC being

useabl e potentially and, with the redundancy, may

still neet the nenory capacity specification. In

ot her circunstances, sone anount of configurability

may be added to correct for-2Zlesign errors and ot her

defects after the IC has been fabricated, or to allow

nodi fi catdattigikable Bg}ﬁé’oilﬁiﬁé havié pldb Heers dddedas nhiefoprocessor,

configurable 1/0 and configurabl e data path widths. 10
ASTR anddpemeny, 1Cat FoF CEUHPIog WREMGRY ot PFE BpSATFo A and

colRMA &N icate@Slien st¥RGESS Vsfing AR RV thA Q8L @H +8Ws 8nd

ogic do not exhibit resiliency. For _exanple, if a
colrsitane defectsethoss pfeead iC aegiors are disgblerlnyiththe halpass, of the

the tad [ f t ' :
el bt dientlg SR it dhRAY, pay st moct he
memmeny\wepacityipagificston. bnathaepmudistapced some kanaiaiafe,
ssiply recaonfigured, su | Cs. ar
cobBerapi e PSR e P o Bt Br el b bnd GnEpRAR S afibr he 1C
hat B&ﬁ{h fabfiadtt'b%yortto alloafrhedifiestiorpaff inpus and butpuss, kah as for
ot her technol o created hy | and referred to as
con g‘t‘f%{e Iﬁiapafgggg‘érla@@ﬁamaéﬁgﬁﬁglﬁ to create
M Cr 0S COopPinCaditesil, ke Aorfipmesiontind Muging @pbitiva] ach@®PGXs,
defective portions of the

IC, with software utilized
ASICsoprosePrss Pod ether cerfigusable logig de nzbe%hvﬁbrqsggﬁneyt or

ex ?ler, SMPHABE AFARATPBELInRR U RIctivE auﬁ% opdtafioRshé entire IC fails
co e

) rect design flaws, fabrication defects, and manage
ingtoutby, lodng avrpucienalityr Whdnthed C mpebe fkse oft lnerorygyed,

i ' I -ect rOWs: ,
0L\ EpBIAE L B! RN SRUTRS B e
cagattle ofirddl-tivee wronfguration ired wansferdne of functigoplitydn snaffected

the menpr 25 None of these technol ogi es, however,
pogg%?se%seg?(?he i ncreasi ng nunber of defects which are

now ari si Agother s1chndlo@y kmated HyalBMcatlireferretUtio @s “eFuse” utilizes
.C feature siQ%Hconti
i

articularly, a .nues
ot e siedomisios PRl weafed Tt fRab8 splcctsyt or
decf%ftﬁz@tp%rm}fil | sfaké Hg,sxﬁdh ]lcs?t\yfhlehlﬂﬁized ]Eb mﬁﬁi?i%ad : gakds|te répoute
ICiniti may be suffi.cien ree o efects to
CHp et 19 6 UM BEInG G AT EoT thi ICLHER e fo PEEta desikn Saws
fa%hééiidmerf@é&%d%@aﬂage pBﬁv@p@&ﬂsh}nﬁJ_ﬁoﬁf Fbfedamhplo) the dRUENT
operation, such as due to tunneling and

teghnslegorardisable Aot memopyrprndisdumgss, and eFuse software can

gt Wl /20d4304 so-tRatl ARl bd QBredh ithenR8EFeBiivd piEBns of
prior art”technol ogi es have their own

the memory.

None of these technologies, however, addresses the increasing number
of defects which are now arising in sub-100 nm IC fabrication. More particularly, as
IC feature size continues to decrease below 90 nm, there are increasing levels of
defects and decreased IC yields. In addition, while an IC initially may be sufficiently
free of defects to operate for its intended use, the smaller feature size also increases

the probability of IC failure during operation, such as due to tunneling and

electromigration effects.
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advant ages, such as an ability to correct design flaws
and to work-around mnor fabrication defects, none of
w0 b@ga4gani or art technol ogi es provi de sust ai nabtBUS2007/014394
resiliency over tinme, during |IC operation. \Wether
defects were created during fabrication or 5 nuch
|ater, during |IC usage, these known technol ogies
sinply cannot accommobdate both certain kinds of
defects and certain | evels of defects, and the entire
ICfails conpletely. Such f&ilure is often
catastrophic, such that the entire IC fails instantly
and w t hqyt,qWRidAl Mile €8¢ SPRBR! Rioriakt tBcHRAbAEs Rivedheir own
m croprocessor fails, the entire mcroprocessor
adyretageessuches anebility deserzest dengmiaws andin Work-proype gunor
o e . . I .
e e
ovenuite pheing l€censzation. Wihkthepdeforta avete engatedalusiagdabrrsation or
such that. if-a : '
b daich AR Gaeage s TR ARBIARRERBR ool fcomdodate
bothhesrickinhds bs iefecsand kowsiu develeof dedects, tand theehtirddGtiails

rocessqr S, previousl onpl et e i.d|l.e an

colfpliicy” SrebiotBe FARET RGP Rsc b hE g LR frsmnny
an8 Yot fayhih@SFor &anple.Hes repiembs a ifier®proessdor €xilsy theiemtire

at the expense of approximtely twice the |IC area and
‘nﬁﬁﬁﬁ?fﬁ%ﬁﬁFP?mF%HF dselpgfuf act uring costs. In

addi ti on, T§ Y&bmBe& srotrad yosianeel ef failiescflaheRtvagioaount

for defects which may occur within all redundant
techwningivsieye suaplyadded feme resindency- ey exagpicemitige processors
will D&Atoh e shaklic, ARnARatar & ABREARIELoneApro€&dor to fail, a

renains for an integrated circuit architecture which
red@®pgm0f:¢asaniSI ayailelle to take oxer Ipdmﬁﬁtclraéglﬁtaﬂées, however, either

[ [ ' . .

e e Tt
funathniahasybeen Supérseded d@dshmpleelyrost de efther ayrybilrigresiliency

. adaptation, .such that en fect [ .
s PR RO o Py Y Gy BellE o Tty ipgroased
migh@iring cogal hi addition, sneabasieadutdaey ePortSdomot account for

technol shoul d .pr.ovi.de, faor configuration
defoRTo Y PR, OB YR AU SFIPRg Ot RPE o9 trepyfmal dofects may
cadbd QWh couffdneaRAsFAr.abl e functionality, without

requiring the entire programto he tnansferJed to a .

compl et ol P SPCHIERHEAcHAJEES SHPaint fPrARdRIREHEd St Hfhitecture
whieh$09gh#icRARY t&lidi® an@ rdbudCaispite SRMicadal boOlsagk dBfects which

i ncreasi ng defects aqr problens, rather than a
capaffest appeRrapenantsy Mathogbthawxpense of gigyise unused redundancy.
S\E&Ténﬁéz%m%%ﬁ% for 6n§9§/%@8%tgon-['§ﬁcﬂ WENE&@'dEﬁ@t arises,

odi nents of

exenplary e ne resent |nventLon prOV|de .
fuaptionality may be transferred to an unaffected region in real-time or near-real time.

Such technology should provide for configuration (programming or other software)
for the IC which allows such transferable functionality, without requiring the entire
program to be transferred to a completely redundant processor. In addition, such an
IC should provide for a graceful degradation with increasing defects or problems,

rather than a catastrophic failure.
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integrated circuit architecture which is capabl e of
significant resiliency, wi thout otherw se unused
wo eandancy. The exenplary | C enbodi ment nmay beCHUSIOEC4394
on an 5 ongoi ng basis, as may be necessary in the
event of a defect, or as may be desirable for
i ncorporation of a new program or function. For
exanple, in the event a defect arises, functionality
may be transferred to an unaffected region in
real -time or near-real tinme4-The exenplary
architecture and software for the IC also all ows such
transferabl e fusgMmAatVviOF THE INWVENEION' i ng the
entire programto be transferred to a conpletely 85(1?0
r edundantThgrexemplasy egbodimentipEihe prissBHINYERR BROVKITAR
.. bl ol it . . - thout
ine B sirefis ARAMELER: phTR o EHAIR, S i RIRRLARY, Mithou
otheirwise uhnsedeadimipndef Fbe sxamplpriol§l embodiptent maydy aslapigd on an

duri .use (in additiaon.t falri [
ongtog PR Ao A0S SR o o sYEIE AR or ds3hiibe AL or
inc@]gftﬂat@dmsfé fiew _rpm/g'r_dﬁcbr}lmhﬂibnl For @Hﬁnpkale_in the plfvamad defyet arises,
of, conposite circult, el enent.s, ural it .0 .
FansSipeiY B B TR TEmRh A Bt Teat e BEIPRAD st grpegy-real time.
The RBEB st P architestute SlEBENS: fotlile IC slsatatlom@shtiniransferable

el ement coupled to the pluyrality of .composite circui
fungtiopghify's Withaut sapRinehe patteRjogrm 1@ (m{%x;ﬁe e‘ﬁgﬂ ' Htipletely

re®In@IRPrScesEECH GREMAS frfused E6tbhitaBbRIT®MckC ARPAURRS, the
correngndl n el ement interface and a corre
e

. . : ponding .
exemplagy {C ¢ imenss providaufospigrgeedyl degradation %‘I“iﬁ_% icaptyn with
in#erR:?rf‘g adkdd of g%l&g%bﬁ Endyl dceth durfilBnRin ARNESYIAL

east” one I nput and at | east one output, and with a
fabriqagion); oatheosihap agiatastipphielfeibsnt of the plurality of
conmposi t e_cj [ A i ' ' i1t
el ement t%‘péer{%%"%%%@pﬁgﬁ%?’f’ gla%é Q%)a?%%llk tﬁsslgerlogkn%ﬁ% }%l%es
codipdisas & phmalitycdrpogiobite circuit¢lemettsreplurality oh eommunication

luralit f conposi.te circuit ele ts avi .
g poutrdtn BREERLo R He FIETE MePpitf Yadf e machine
eléhétoliplel eseny pluythRg of dhRpaditesirtie elemodtitnendeloahe plurality of

adapted. to assi nEa {li rst acti.on.t? the first di
cosgRpRisttion Jlemeptsy Eagh spmppsite greydglament coppEigs 4 6prgiponding
eltRedtNBieSBEO A & QBRESIchainG difeuitlel@h@i®nh phdaltyl &f circuit element

provide for a first virtual data lin

. , k through a
tyges, ddtheanch GRMPRPIEREIT N ePmsRHIavIng atleast ong H’%&F prd atjpast one
o&?ﬁﬁm GRthi20frsEL SABONIR cifchRRdutart aF tHeG6aliBNEf CBhpdsite circuit
0 e

first conposite circuit element to the at
elpwgnts hawagianfist claguit elemeatciyns ob Biypbuptity f dirayitelepent types

arfl £88Bhd c{)lgﬁg%icee&m AbheREIAR ﬂﬁf&liq( bPBormbsyial éiicxxitgﬂemems

circuirt e t types conprises at 1east one of th :
hadving @wtaogd cincoilielenedns tynetoftthpplralify pf girewit elgment (ypes. The

stzt(ngécjfﬁ"r?eéle%é"mggi/s gﬁé{%gg 400 &s% 4a ﬁfs?rt&ﬂﬂ{ t!OQHé ﬁmt %oﬁllpgﬁ?e' dircuit
fVpes, & nenory e nt type, a plurality of

elemenymé esigromsecond action to the second composite circuit element, and to
provide for a first virtual data link through a selected communication element, of the
plurality of communication elements, from the at least one output of the first
composite circuit element to the at least one input of the second composite circuit
element.

In an exemplary embodiment, the plurality of circuit element types

comprises at least one of the following circuit element types: a plurality of
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el ement types; and a plurality of non-configurable
el ement types. For exanple, the first circuit el enent

wao ype/14|Ia first configurable el enent type of PEEUS2007/014394
plurality of configurable elenent types, the second
circuit elenment type is a second configurable 5
el emrent type of the plurality of configurable el enent
types, and wherein the state nachine elenent is
further adapted to assign the first action as a first
configuration of the first-gonposite circuit el ement
and assign the second action as a second

coﬁiﬁ%]rbtgg lefdh & tPHfes! bﬁleﬁﬁﬁ? BSR4 Blurhlitg Wi tofinRiBtion
state nachi'ne el enen may beé further adapted to
elepinatypesiandid plality af ngurcanfigiiabla ¢lamend tyresnf Py e¥apple. the

I fr . . Dot
oo R P SO ey bbb et
confipirablereddrhentdypasuibe setenvesitcuitygleméntdypeis aeseeertl configurable

S l'ic tljst,.el n ri -t '
I P Bt Pl o TP Rl i PRy 9 ohe
mddhine dlémsrt i8 Yidiodriadapted ko adsigrl thenfingt abtion hea ficsicpnfigwstion of
a pointer,deshggaﬁing1%gﬁ fi.rs virt%gl . dat a %iﬂk as
the, fifsh CAMPORHA AT L STIRCHANARSSIER TeePI bR A 5671 he
cofRE@Afok OFRRSIet&nd forhipdditdicirchit @IERIYNt. Thel staltemaeiindelement
synbolic netlist element may further copprise

mpgh feheradmfrkia HRyzinibe A eoafenaten Frekrss Sonfigggle clement

tyGOFBHN £AL sPRbbhORHiDE1&hehi@Ba o OBRn SlsBEEndoriip@ration and
Irst conposite circuit elenent. The state nachine

see¢rahesmeigneabloeirgult elpmenbiyap fiom # secpad symbplienpilisslement
dugl‘si'lé: a%nitﬁgé BEdidd S thE HIROREEE afd ffeWeborfd £RRAL 18 A dition, the

gn t second action to the second 20 conposite '
first symubdlicaletlis ricnialt fothergompdietses pointer idesignaiing thedinst virtual

da&%ﬁﬁ% Igﬁr % tgat%i%P Sl}%\itlrtlig?t%r{ t%l‘ﬂmé atellegﬂ%% Iﬂ{l].lg of th% s%@c?x&j&z‘rﬁ%osite

enent  are operat I'ng proper
ciftftledmanphndiék aecindadyintiolic ietlist tleasnt wmay fathdripemprise a

f.oll qw.ng determ pati.ons: ,a pesiodic di agnostic
PGIREF drvitRHy (G Vrbabraa Rk A Aed el Eplifipe a lopst one
oltp@ dTithé akdt ymbsitecarqisdlérmeni rcuit el ements; a

background_di agnosti.c perfornmed. as. a select cont ext
25 0f ot | B8 SR ORaCORBEEIT TEY L g BHEE 1 PoTHE e first

adtlon 8 kikd ﬂrs@&orﬁ?ﬁﬁﬁi&%it@lérﬁéﬂthnd ak3EeHeSecid attion to the second
conmparison test perfornmed by a plurality of conposite,
campasife cirehisplmant ToHowing aclerEmination hatd oot fRmmposite

citdift siL@bs JRGHL B&ohl %Eﬁmosﬂ.tf‘cii‘é{{itt d18heAdaPbptatihg properly. The

response to a detected fault of the first” conposite =~
opirateerial defeamimation ivatdeit gne ehefpllawingdetesminasionst appgodic
ircui h€'plurality of
AR R by ¥ s o BBl LABIBMASI iyt o
conpasiietcirehi mhmertisia bagkaround diagnosticepraformefl as pselepiedcontext

T
eleinekitsy\& 2 00Mpard St stREToUE20 0y A@lwrdtity of @mposite circuit elements
of the same circuit element type. '

The state machine element is further adapted, in response to a detected
fault of the first composite circuit element, to assign the first action to a third
composite circuit element of the plurality of composite circuit elements, the third
composite circuit element having a circuit element of the first circuit element type,

and the state machine element further adapted to provide for a second virtual data link
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t hrough a communi cation el ement, of the plurality of
communi cation elenents, from the at |east one out put
wo@Roorhe4vhi rd conposite circuit el enent to theP@r/Ub®aB014394
one input of the second conposite circuit el enent.
Alternatively, the state machine elenent is further
adapted, in response to a detected fault of the first
circuit elenment, to assign 5 the first action to a
third conposite circuit element of the plurality of
conposite circuit elenents,-6he third conposite
circuit elenent having a circuit elenent of a third
thiphigie 4 bmBh #HG A onlt@Rent2HEkhE ?ﬁlrﬂ‘i@tdf cORGRiMeatRInI@iénts, from
further adapted to provide for a _third virtual data
thg stikest proaYRUECL sempesitcdiisHit flemet te the 35 leashppe ipput
f
or s sE TN AGH AR SHARALE, (LCAMA LS, o A9E Sl fomen s
futthee adaptedadstrespoase tqo@: tletofted ffanltsafitbe firs girpwis cleaant.rte @psign
[
th B P RRon o Bk BRI EHRERERCAEY me plEaRy Yrtomposit
cirfcnia a&hmmtmtheolﬂmﬂai@hrmdsav pmguaelembeﬂmvm 4 oir¢ctitelehientiof a third

site.c rcu nment , f or sfer
ciER BB R it g Bt o B e B bl Rl for o
thiad $Qtdﬂiylatb&1rﬁdhﬂﬂgﬂ atcm)mmﬁmsitﬁﬁeelmemtodfﬁml pdlyrakityt dfen

current state and res onse to a faul t.
coRBREYISn FHBSEF o el (BF 3 Bt PUEUHRETEdP G ePRPPls Cibui
eléhaéil Go theat 362K 86k Hipat 6f thelssndtodiposite bRt ¥lement. In an

enbodi nent,  each correspondln eIenent interface

exeBREIY sbodiment the stateBlaghing g tisgupther adpreddpore A stpred

trdnisfotihtioR ta‘?ﬁ’@ﬂﬁvmé Beefefdrlcs to R TR c@tﬁﬁ@ilfédcﬁdﬁltsélélﬁﬁﬁifor
plurality of configurations as correspondi ng contexts;
trangfes of Sleciimshactimnt rol | er coupl ed to the correspondi ng

circuit e*gﬁé’gﬂlrau Qﬁtce %&%‘arc Int§ Qﬁglrﬁe@ baddpfed to
correspondi ng circult e ement , e secon

stord pptiedicaldy a phanguieend sigtaandl, i int lysmnw tpay tdem@déeult,dp retrieve
o 3ofed OB o 8L B0 SRPAR b LSt Shrent . Each

corresp ondr con I NES a uration of the
correspon mlsmmmnrmntplzab'&nﬂmﬂimaﬂdeaehtcbfmspmdurg clemest

- | nput. .25
infgEler FRPURG. " iTe RPERBH PP A STy SPIPE fifi cloment, the
fiRORRMoTE adaptéd f(ﬁbtﬁ]&l’ﬁ)ﬁl}drﬂ@y pt @shfigaratidae a cotesponding contexts;

el ement thir d to rov i de_ a
eI ER Sps et st G et e papaas coB et o & srgond
m@hb@uééu;ﬁécﬁﬁﬁﬁé corbéanisl ciuit eldniéht,ahe B8ddndinéRéfyaiapted to
include the third nenpry. for output gueuyes,

PRV ids uRuFalieY atinRYt BRues dTsia inRHbIO)he 8?“eﬁpﬁﬁﬁltngdiféﬂ’é glement.

Ehdh QRrelpSiRhSEdntSRRHNRE B confidifadd LOBRE csﬁetﬂoahir%rcman
adapted, for a 30 selected context of the pl uralltg ¢
pu

clemante RRd eithey Qie/as (ROTS HlatadBRYSOBFFEH PT PRROEEPELdaiy Ou
a&aRk&3¢s. %etel"&ngﬁtrlﬁt&'fac@ R%Mhm% ise §hRied ﬁf@nﬁd}? Whupled to

queue correspon Igg to the  selected context has |nput
thmnramt whearens, the thied swmeyy pdaptegtoumovide padwohth efgoutpnt queues

f&%ﬁta%t&gqyt& W & AL RO %4&1]1%1?\/%@, the element interface may

include the third memory for output queues, without including the second memory for

input queues. In an exemplary embodiment, the element controller is adapted, for a
selected context of the plurality of contexts, to direct an execution of the selected
context by the circuit element when a selected input queue corresponding to the

selected context has input data, when a selected output queue corresponding to the



10

20

25

30

-7 selected context has capacity to store output data,

and when a status bit corresponding to the selected
w@owrax94 s set for execution. Al so, the el eneP€T/US2007/014394

controller may be further adapted to store a current

state of a partial execution of a first context in the

first nmenory, execute a second context, and retrieve

the current state and resune 5 execution of the first

context. The el enent controller may be further adapted

to arbitrate anong a plurakli’tty of contexts which are

ready for execution and to select a correspondi ng
seloridexhtdxohasoapatity anstage utp@siatd, aﬁd whbe aatdiud biatowesponding

For anple, the a tratij.on nts at | east on
toghe s LIS st Thatioh AlDh oy Soptolgmey by

fudtBeiddaBteldity store AREIreAitEQABOIFY paMRE dkefitioR Jradibt context in the
recently executed, or a schedul ed executi on.

first WEMRFY-PXeFHE afeeand i, adsaicve Hie cugEgaf state and resume

exCOMBHGCAL ifofl cehfent  of the plurality of
comruni cation elenents further conprises a

cor r espondhaglemsng penfrollen meayf beclrthavedaptadte ashittei argong a
plgﬁ%g% Of %ér)ét?ﬂvﬁﬁéhcé% tedtlySOF B ecuBd aﬁ@gu sh&h F1 coﬁ@%n‘&ﬁlg

er conprisées a corresponding e
cantexg féraexecatiah a8 d &sulb of 8spohitiatign s Fat examgghbi the adntrammt

1méalerhr§r{lg at {east one o)ﬁh@#o"ilfo)(\?% fui?')dtrﬂe 100 rhetil pg uorq%ld-ro r? f

onmuni catron elemen r|se
prodrity) & mbs’cnemfmh/t excued, eleaﬂmtmtlytdxecmbcﬂl,rcalal stched)ﬂed execution

first co ;I:atlon ele ntgmsdé).te bﬁghto rout.e E

| east one frP'll Y42 8 SREPRan, GmPadimeRi-cath gpmmupicatigp glement
ofafe pndaldgtoa? cmrnﬁhm@d’iﬁ)néblérﬂéﬁts Ut COMPESs £E@FBPbnding

cou oth | ur l|t of conposite_ circuit

clgmg megitaaﬁ g 5 CORES OmyMBICHHG e flemeRtapid e state
mﬁélﬁﬁ@%ﬁmenﬁ ARtHed kbbml Fﬂ'é@srapé&fb%ﬁ&ncﬁhg BRAenfHRRERY 4nf a

coupl e_any output of a conposite <circuit elenent of
cqrffépmdmasﬁateynmhl%%@gt elemeptcuit el enents to any

i nput of ?ﬁ Beim ﬁﬂr@ﬁﬁb&ﬁle‘ﬁ{ rtfé%%ﬁmﬁitfg?%mﬂfun%&ﬁon elements

plurality o corrp site circul t’ nments or t
fupthgr edmpyisepfa plurality o6 fintiwpmaunicationsiramngs, tihplufality of first

Célﬁ&%%g?§$ %l%m%h?s temtlp?o !t% teda{t% sJL gﬁg ﬁpst ??Bn rg and to

SW t pass transi Pors, EXErs
switch aideast bhpseoad slatal \nomdl; had a ﬁxdbrrpéraogneetr&ieﬂnen‘eml@led to the
i nt erconn

PGy BF P PR AR e oy B At rpaion
elpmamsdﬁleﬁtlll inteashnen elemient hdagtad tcmuupg: aﬂyycmtp@d ofGadcnposite
of .one-to-one

ou

cigfeetppirer e bl o ARGrERiShRa oS o Ry gt of another
cdmapsite @irenie elbaidnt lof e pl3RliTef cdnapditeeizbhifeletd df®diito the

may, proyide for the first virtual Flata | i nk throu h
PRiE P Hrd PR ol Rt b6 1] BHETEPUEEIeBenUEY be
dibtribuadd ot a plurslity of @WARIRESS PhdsQFhnSlsRAE nﬁ@ugrexew&ug h

the full interconnect elenent. A selected
demultiplexers. In other exemplary embodiments, the full interconnect element is a
crossbar switch. Also, the full interconnect element may be adapted to provide at
least one of the following physical data links: a plurality of one-to-one input and
output data links, a one-to-many broadcast data link, a many-to-one data link.

The state machine element may provide for the first virtual data link

through either a selected first communication element of the plurality of first

communication elements or through the full interconnect element. A selected
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WD 2007/ 149494 PCT/ US2007/ 014394 -8 communi cati on
el ement may be further adapted to determ ne fromthe

WO poogtiaap4 t ual  data link at | east one first pPyBUSHNDT/014394
data link, of a plurality of physical data |inks, from
the at | east one output of the first conposite circuit
el ement to the.at | east one input of the second
conposite circuit elenent. In addition, the selected
communi cation 5 elenent is further adapted to create
the plurality of physical da8a |inks at a sel ected
time or a selected clock cycle using a routing table

comhRInGitib efert@t mOSPO Wirther Mo detdm@HEHBMARY first virtual
enbodi nents, the plurality conmuni cati on el eneni.s

datainkips deasbeps fissé PRy iFal datd ltr9< of 2 phEaliy oL absintldata bpks, from
thAt§ERPbie %ﬁho%@ fﬁ&stt@ mr&ﬁtflélﬁm@ﬁt ®Whé &heddt one input of

east one Ird data between a first array of the
thepdegprd comppoditeldrcuipianente In pdditipe, the selaeted cammupication

elef e%? %d%l%éx?%da%ft? § Zrlréﬂttg rt}gelfﬁlg%im of @g@ﬂﬁi 8 ik S U 4 selected

tlon ef ements_may
tmad sxoa sdenped slecla nyélausinglaurstiéng taqtee&lereelda pteertespondinfgf memory.

at least one third d
pluralit ylo B n@&% oglr\léi? rtg’utlﬁ% S@QWE n? é&gn raetll(r%)gfe tciagr}l[‘?e'ms
futhe oatnﬁrfsa&tplmht}t dsﬁ sfedoﬁkiit:@nmnd:atlon alemeath witiehtare adapted to

second of t allt f co ite clprcuit
roh areaniieh oElaftpri e BB T ik oty of
coRlpekitd eﬁmoéle@l@ﬁmuﬁu@adeb@rm arédyesane phfrauﬁﬁylwrcoﬁ@mpnte Sigcuit
a plurality of cluster queues and a fu i nt er connect

el nt he BRI Of SOPFRTHFAORIC FYeTF T2y sﬁ%rercraeav&emluster

quRhETRIP & tol tirdr Ak leabtB:R R0 ARG woral FRITR AlhirSdaRlyesk the plurality
coupl € any output of a conposite circuit elenment of

ofchmppbits aiFuiyclomentsong SBmsier terat Ifast @lceiisAdsia BorHg an
iR scBbnAROLBE uL YIRARL 6 Lnlodhd oRLEMBRcAf. the 20

Ity conpo rcurt elenments or to the
pI ur al i t ylrodnathersxemplarg gmdbodinpent the plurhliy of comyewtication

elem ﬁirﬂ{@%o nq{: g;’ ﬁrQH{yG& cm&g{ulg%%é Hﬁ&‘h'f&ﬁf nﬁferconnect

nsi stors Xers or
eleiﬁmﬂ cbuplcdm tlse ploralitppf b@nﬂomembarelmmxz fthe Guhldinteremnect
r ovi de.at | eas

AR SRR G SRR TR A BRI P comBCHe Tapi et of thepluraity of
cdﬁﬁ}ﬁmge cﬁaﬁ(tj brém&]tsalf()dnglihgﬁmtofdﬂﬁtheﬂ d:d’ik}ﬁqsﬂﬁ cixbeit Ebentamn pf the
adcast data lLin many-tao, 25 o t
IR S G irstiel i e dhb ARG dy 65 sl Afpeghortbe fol
in€REBHnk &Gl eBent MR ST B HisHRNAESLEMEhE & Phiralit9iTlsadiches, phss
state machi ne el enent, the rressage manager circuit

trapgisitredmBieNess Ploirrailtiplepeisser AR be p cEqssbarsyitehy andplse may
bd éﬂaﬁ\@dttB rbré‘\tldlz SPRhstOMR of URCRNEWARS Shydtiall dath 'Imﬁgd hﬁ)!hﬁﬁhty of

the plurality of communication elenents may

oneniereRteinpeansk ouptelatplinkse p @ae-E9- H&@é&é@adéagpiaéadh% a many-to-
o s fml@t Th@ ﬁﬁhaﬂ’t@%ftcgh{ﬂurﬂ@ét@nvgpéﬁerﬁg afsh ¥yl thESEomprise: a

array of the | ural |ty of np03|te circuit “el enents
masrage mnsg@rcmcnet catpledse the ssate maghing elpmentyibe ingsgaggrmanager

c1@g%§?$ed%%%@ro%w ﬂne%ft OBQ Brd? ldla!{a%éxjdﬁnafto CRATER 3{ feSst one

second data word. In addition, the plurality of communication elements may also
include one or more intercluster queues adapted to buffer at least one third data word
from a first array of the plurality of composite circuit elements and transfer the at least
one third data word to an adjacent second array of the plurality of composite circuit

elements. The state machine element also may be further adapted to provide for the
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el enents. The state machi ne el enent al so may be

further adapted to provide for the WO 2007/ 149494
weo/WeRe07/ 014394 -9 first virtual data |inkp@hius2egno14394

either a selected cluster queue of the plurality of

cluster queues or through the full interconnect

el ement. Exenpl ary enbodi nents nmay al so include a

nmessage manager circuit coupled to the state machi ne

el enent, the nmessage nmanager circuit adapted to

provide 5 a communication-%hterface to an externa

bus or an external nenory. In addition, the nessage
firdTYNASE Hal ifkUhtouBh)eite s @ sfle@vd ORisRr Haddeosfitha gilirlfts of cluster

space for a distributed plurality of nmenory conposite
queyes g thropghs therfull intercappestslieaarsPtenbodi ment s, " t he

Pl ural i t)z,Qfn Akt CdthbodiBhE Hay MRSTclRY a BEFEREE RRANATY circuit
of the followng circuit elerrent types: a configurable

coupled tmibeistaté tugichine edementsthe meseagriradnagpl eirgwil adapteddp provide
a B AHARFrBL fo LEGKERR] BS & AR m HBRLHIHrARlRion, the
AU L1 pry and accumul ate el ement, a configurable Gal ois
messdgeindnager ciscwibmby glsogisbdde bamiferm gfdfesespace for a distributed
configurable | ook- t abl rogrammaebl e controller,
plue{gfgté’ ToUF A FRS # ¢ 3f’$1é?l?m%ﬂ§" a configurable
pl ur al i t yinGfxeaipldri raibodirhags,cheipfuraity lofi cex@nplearept types may

enbodi nent s, e stat.e machi ne el enent C led, .
coPESE B RS aM RO R o0 BB G e logic
unﬂ% 4 b&:ﬁgﬂaf&tﬁe t;]ﬂlmtilpnert lb;:en@gmame lbetasbrdering etéﬁ’limiﬂ ﬁiceﬁﬁfgulnﬁble :

el ement. of the plurality of co i.cation el ements.
mytingrandacenpikity clemsat iraRbs bl U et el Agontiurable
baftE BB, h ToAfig@4bRI1Bak-up@4H1E,0l %@Qre@dmalﬁ& centdallier, a configurable

processor coupled to the plurality of conposite
copirplder; andg éﬂ%fgglga‘elﬁ mhyghtyaf artiggefic logle WBnuni cat i on

el ement of, %){%ﬁlﬂ?wre%llﬁc;ﬂm ts,(‘tﬁférgﬂd@ ﬁﬁ%ﬂiﬁ@ ﬁl%hl%‘ﬂ?ﬁlta§ béQoupled

Typi cal |y, e state nmachine el enent further
to thenpinradiey of eompediteeciruittelenrnthiifher direetly or thapipheat least one
colrludi at?o%aquzrrglg tt& tﬁ% gflﬁalﬁg %E%ofnﬁfﬁﬁé@foh%&médﬂs.. In other
exenplary enbodi nents, another operating node is
expmpledrg echbollimerithiithe sptbanadhives sltmest isnolexrenad|coneolier or

rovi des for a first, physiical .data |.i nk through.the
xR R st cemlesieD AP PR o b ottt P Bfuen ar
legxtbatl tormunitatibh leidman mp deiflerably 6f catnintinehéoreelemiots.
the at | east one.input of. the second co site circuit .
TSR e S ARG TP IREBRT e B g e crouit
anbtlW thBRbrpapi&iot torels@ité tiforngtioaxecut i on of the first
action and the second agtion. In another exeppl ary.
enbodi menit exgAPlAYSTRPAUMSRISANAtRS opsTRENE JRde is @ﬁW%ed- In

thi3| HE @, iheYstBfe rRACHEMY SleRERBEVidEREY aClirsEphysicAl Had 1k thitfigh the
&J urality of circuit arrays 30 conprisin
SEEIC

trdompueicatiomplegienkbiremithe pt leatt one e %éﬁé‘%)ﬁrgt composite

CiftATROShLR 16 i At 1ast one input of the second composite circuit element, and
wherein the state machine element is further adapted to provide for execution of the
first action and the second action.

In another exemplary embodiment, an inventive apparatus comprises:
(1) a plurality of circuit arrays, each circuit array of the plurality of circuit arrays
comprising: (a) a plurality of composite circuit elements, each composite circuit
element comprising an element interface and a circuit element of a plurality of circuit

element types, each composite circuit element having at least one input and at least
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el ement conprising an elenent interface and a circuit
el ement of a plurality of circuit elenent types, each
wW@ovposddde circuit el ement having at | east onePCTPS1007/014394
and at | east WD 2007/ 149494 PCT/ US2007/014394 - 10
one output, the plurality of circuit el enent types
conprising a plurality of configurable el enent types;
(b) a full interconnect elenent coupled to the
plurality of conposite circuit elenents, the full
i nt erconnect el enent adapt ed®-o coupl e any out put of
a first conposite circuit elenment of the plurality of
o @RS the phirakityi df cidcaireiinsentt oypes @b prisinigta pﬂﬁraﬁnty‘, ef ond

cQNpo circuit nt. of the plurali
copBABgRIe deprpes: Rl roqybroteIdh et golip(Fd sp the plggality of
coBfPHRME LRkt ABnRhRMEHR! fHi1GMeRIofAedt @1kt hdldpted to couple any output
i nt erconnect el enent a state nmachi ne_el enent

Of@(ﬁrﬂ cmpesite wercwt@}eéqqu(tyf e plughipbel qaanRgsite Girguit elements to
ang 1@@@1‘% se&?h el S{Jé’énle difldhR e RAAE 6T t}ﬁlp@{ﬁ%ﬁb of’&ﬁin]szc%ltE Recuit

conmmuni cati on el enents;
elemends; c(gm@bttralemﬂﬂ fisat qesnmpricyian elpmeyts spuplegd te Fhec 1

1n?e%o§1¥1 et etlé}ﬁeﬁtngcgr C&Qt@%‘f chﬁ%@érhéﬁt%gu@gﬂ ey E@hﬂl%lﬁ’y of

secon conmmunt enents coupl
cophpesHe ptryuloélefnemﬁ, t@mwrfuh itetconmect klement,sindtth ghe plurality of
uralit econd ¢ ni.cation el
i3} &BpbiegBon <R RER o REL R P PRe G PN 30 BB Bh 81
citiuitGantalys athe dyte@bnhdxe cphmnaxlngta)plmfahw oftseicondcoraysinidation

anot her ex |.ar t t Us.
IR Coused 1 MG ot GbromRRetRon ot Y Mutliy of
sefcmi €drhktintcaBlbh @Vsﬁn@fts ad¥ptaal to tanbfey dath feonfi @Uirkt dfcuRYsray to a

rising lurality of configurable conposite
seefm Eﬁ?u‘bi‘lé%ﬁ% the plurality Qfifsuit 88 2Y%i rcui t el enent

conpri si ngy ﬂﬁbtﬁéﬁéﬂ%ﬂipléx?te%lfo@ﬁﬁe&n% AveRid Qpﬁaa&hﬁcompnses a
circuit elenent of urality of configurab

plaraligypf cis¢whermays; gileast t@a@ﬁcwbﬁfs@xﬁ qfdhe p eﬂinb' 0e°| CHFRY, prrays
J@ﬁﬂg% %af)%ﬂf 51'1 yof%tmﬁ%@r‘dﬁl% BRDoSitPLih élt':%]eﬂtfg, %aé:htcr?gposxte

nt erconhnect el enent 20 coup ed t
cxptuulr@ld:mmt qgﬁnprmmﬁg Yuelsbicot intarfios iane acont ginablel drawifteiement of

agpﬁ%l.t?to?r §8P%\ﬁ'fcﬂble c%lc T&n&qggjt ?deatcﬁ 08191 Bgl éichHf&Qﬁ{%m

I gura e co e Cl rcu

havisg ppluraliiytof inputs end aglluralndyeof mtmms |Cb)sarcm|te:ruonnect element
con

nts t n i second urabl e, .
01 e bRyl 8 RmPle St e PR FBHRBI e interconnect
el&ﬁ‘i’eﬁi zgiﬂ’p&bl ® coapleasi dieputaifaditstt co@;lﬁ@ﬂﬁblsc;orﬁﬁ()sna circuit element
| ur | fi.st onnunlcatlon e tS cau
Pind eBishlity @ cchibiab Ut cht EleFeatp ahdt R A goond
c@{fegﬁeme compbsiet ditcit@ebatrcTlihd pluedlity 606hfitlirahle @omposite
to the full interconnect

t t I
C@wgﬁﬂ%egt&ﬁifr 1%34 m@tyegﬁe E%SE\?‘FW“BWFW slementrRgPlesite She

1&&1@8&[&% elehf2@t; $hal(@) ABGh rﬂ&clﬁﬁeea@ﬁ%n?&ﬁi%le@iottﬁe Bﬁﬁélﬁ? of
first action to a first configurable conposit

cemfiasmqﬂtle epEpesite grcuit glpmentscip tag full wfesepmect %Iywénbﬁnd to the
pld?ﬁltp oy chymeumemri &%&% &hE sfafdlinhcifhe PRBent ¥BRed to assign

to assign a second acti on
a first action to a first configurable compos1te circuit element of a first circuit element

type of the plurality of configurable circuit element types, to assign a second action to
a second configurable composite circuit element of a second circuit element type of
the plurality of configurable circuit element types, and to provide for a first data link

from a first output of the plurality of outputs of the first composite circuit element to a
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30 a second configurable conposite circuit el ement of
a second circuit elenment type of the plurality of
w@onfitgpaeabl e circuit el enent types, and to prpuvi/tis20hT014394
afirst data link froma first output of the
plurality of outputs of the first conposite circuit
el ement to a WD 2007/ 149494 PCT/ US2007/ 014394 -11
first input of the plurality of inputs of the second
conposite circuit elenent, the first data link
t hrough the interconnect el-dient or t hrough a first
communi cation elenent of the plurality of first
firstoinpueto fabd 'pbmalﬁly efamiss of the aeanideonposigpbimeyit element, the first

nbqdj, nen |nvent|v i ntegrated ci.rcuit 5 . .
daff el g 1 nekre e efemets PO i Pompamnpqgign clement
of€RE Plutdlitg urﬁraebmymlﬁﬁcdtm eméml?eé ity of circuit arrays
conpri si pl u t conpasi te,. circuit
el ement snlg‘b%{ﬂ%gert%ﬁ’ﬁ‘é?gﬁw m%’Pg’é‘%ﬁ"f A0 iBMEtvedBisgrated pigeuit
coﬁ[br%le@ n?')ta plidafity SCQrctitchriys, Witk bichedlﬁﬁﬁ%‘re@f ofhe plurality of
i

['ural of circuit elenent types, each conposite
cn@prt@srays @cpreaeﬁpgh@»)ﬂrpéurahtw A £OMNgFEe CrFpttlemsatsaeach
o} fte ORGP MRt c&rﬁ%nﬂ}‘n%ﬁﬁleleﬁénp t&ied el aethcILTl?trglement of a
pes conprising a ral'ity of configura
pleﬂaémﬁ citopfteaiemeny)typest eaqh jompssite pmewt eleenthavieg aplcast one
inbh A LA S fnc MRS Lo B SER Y Sprlffy o
plmaallgutbf aihfigufdblstleoenptypes; e(b):a fullinteredrermen¢lemient dumpled to the

rality of .conpo ircuilt .elenents to a in
pifathPot SobiP i TBRR eleFenf, 54 ol e ETRRG S St agpilBtlls
coﬁxble ar@rmmlttcﬁ' adiscetrhp@dite REohis ele(eht af ﬂielplﬁiaht}yoﬂfomposne
conmuni cati on Ienen s coupled to 15 the f

CIW TBHYR £ 2 ‘é‘ﬁﬁh‘? a $g§pnd, camppsite FIHLE "é?‘&ﬁ’éﬁl?e Plurahfy of

conptlte dirbit EReptsyY (@I d phirafity o£RRPEOShirfintdati6H iefements coupled to
el ements, to the ful'l interconnect elenent, and to the

the figlf Biteregnesct ekmf@t (Edasiats mathienelemenesupled todhe plrality of
cdMRSdit B 8irEhie BRMentd aPiRGull ‘?nt@&%hﬂé“ct élefrﬂérﬁ land36 ttl‘né’{ﬂlulvefhts'i1 of
first conposite crrcuit element of first circul
fist egramunicatien glements, thy siatg |niwtc§mefelem¢rmdepteﬁ é%emgn a first
: e
s rf ATHIANe bR ERMACL! Pt Bt SRRt BRTDIRS
plumlelt}obﬁtnaiuﬂt glemEniciypeyyitd asigresecond getem totaosepomd/ cazkaposne
c1{cﬁ.ut e?eme rts’otf a seE:onc{ mrcué{ elegrbmf: ttng)ea é}fétlhg ?urafﬁ' 1rc| e%etment
typeae td pmsl'ideofor talfestsda ik ﬁrartpthslat Easﬂ srewtpwl cfenfirst asdposite
0 tected f the first.co.
citfi{FPPERG e edsF oFE i ol el B f irf GTRRAACHE and
1nt1’ﬁ$p’cdls£m’ﬁ)dstbéted Eaulcolf the @lrﬁﬂ%ﬂipo@ffe tibeuipdlemaht, ty asfgn the first
np05| circui.t 25 el enents Vld for a second
oA 30 AT FPERD et Sap ot SRR B oo gt
elePERNBShE Prévite firla Rc6A® Bita lidk ithen aie didast oweutpam&tth@ihud
t he second, conp03|te CIrCUIt el ement; and (2)

CQIRRRSItE SHAWIE elemapns t theras leagkons inpufi qfithe spcopd PE’{E’iPPSItC circuit

elBfmeAY and thean i &SRB AR ﬁahmltya opbllrl&a{ Ark¥ysOfhe
second COﬁﬂUﬂIC&tIOﬂ el enent s COUp

interconnect comprising a plurality of second communlcatlon elements coupled to the

plurality of first communication elements, the plurality of second communication

elements adapted to transfer data from a first circuit array to a second circuit array of

the plurality of circuit arrays.
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plurality of first conmunication elenments, the
plurality of second comruni cation 30 el enents adapted

wao eoornemssd er data froma first circuit array tBCHUS2007/014394
second circuit array of the plurality of circuit
arrays. WD 2007/ 149494 PCT/ US2007/ 014394 -12 In
anot her exenpl ary enbodi nent, an inventive apparatus
conprises: a plurality of conposite circuit elenents,
each conposite circuit elenment conprising an el enent
interface and a circuit eled@nt of a plurality of
circuit elenent types, each conposite circuit el enent
havi ng arinianptier arenplarpempodimeat dndnednive appm’ahrseomprises a

el ene 5 co the pluralit f co
piip i oomenis pcut fletmnst ethdomaete FEER S oms i sampyising an
eldnfend St fficedarld 4 SitcditlembMbftatplarality §1t mﬁdiﬂmérht:l@t types, each
circuit elenent of a first el enent pe.of th

CORIPPiL FifsHipHlespRiRATING Yhiwput gnd aag%‘ftaw and g tségmachine element
colipieg ttd) 1310 ﬁl&aﬁtﬁ@ﬁé&?ﬂpos@t@ RSk ERnfehtC Hiet st&k: %ﬁin&flexﬁent

second el enment” type of the plurali ty of el enent t%
adaptgd t%aq@rgsw fiest unetiogito afrst qompesite eisuihelepgnpela Grst element
tyl%{:gf the bRk '&%&&&t‘%&ﬁe% Ujof asﬁgﬁ E%@&o&doﬁﬂxgn&bﬁo 4 SRhg Of

e se onp03|te circuit I'n anot her

cogpenitt alrgulteﬁbmenh@ﬁﬂ secand elament w; 0£§paplatalm§y of element types,
anﬁ%’ﬁfdv?&sa ﬁ?ﬁt di a%ﬂJ frbh tﬁé o&tﬁg%’f%% %! dofitHokit€ LEIRM Rment to

each ¢co € circult el'enent conprising a
the bm%ebthadea:tgmdedoemmsﬁe icirtwit élasentind a corres pondi ng

circuit enent | urali (:|r01t el nt

Cypes. - a 1 fHefher gpRpfirg eBbpin et amdtthis PPt comprises:
pl?ﬂauf}%ﬁ doynsite @lﬂ‘ﬁﬁhs eletnehls, éacicthdilf]ﬁpcﬁ%te 6&?&15 elﬁﬁ?&hﬂ@orﬂpnsmg a

i rst clrcwtee ttpeo t plurality of circuit

cogiespRIng ¢lgment infer %aeaﬁﬁ Jélganfcemeﬁe%@gr?é atPlgplity of
citchR eRinbrkyde¥, #fird Qﬁﬂ?éblteeclf‘duitcéﬁééent@f%ﬁﬁl&m?\éf BSmPosite

second circuit ele e of luralit
Cigguit elanpenss badng atfyﬁecsrculta’ it Ayneraf thy pb@ﬂﬁu o cHERNH ﬁlement
tyﬁése H@@éo%d“c% osfle EHanP@leHJeH{ G thi gm;htwmeﬁfg @ite?&'f

el enents; a state nachine el enent “cou
elerhents hawg @fsemgmueteqlmmtmpeeﬂ)fethe mhgahttyhrf csncan element types

u r

« P51 S SRR IRISH L R PSSR i
elemelas&mgra siats exanhiheacement doppleddo chpindamy) nf)cmntrmnlcatlon
cl%m? the gﬁ nx?lgct:hlflg nl%meg'é i ciaéa\.{eéi:j cr?ucrb Igtrun t me fQ(') é}SSlgﬁl da 1rﬁgactlon to
the ﬁcﬂmdmponn&oenrdnﬁt clellhem to ﬁsfgmw:te.coﬂldlacﬂmﬁ toahe eecerm |camposxte

RS P BT R AR TSRl SR Bt i

elepQmiditee @wﬁalcbn@bm@a&lﬁw@he@ ng an el enent
interface_and a circuit el ement of a plurality of

circuit elethatheraxsawlany smbadinagnts an inyemMi YeAPPREA N ROMPTises: a

plGRYRY 8flcdrRpdsite clcuft %lénﬁéﬁt@ﬁaa&?@@ﬁdsﬁt@ cfielif® Yielent comprising an
el enents, the state nmachine el enent adapted to assign

elgmentigerfognand airewt slement ot 2 Bty cEciuryit ehemest Wretitand a

state machine element coupled to the plurality of composite circuit eléments, the state

machine element adapted to assign a first function to a first composite circuit element,
to assign a second function to a second composite circuit element, and to provide a
first data link between the first composite circuit element and the second composite
circuit element; the state machine element further adapted to, in response to an

unavailability of the first composite circuit element, to assign the first function to a
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to assign a second function to a second conposite
circuit elenent, and to provide a 30 first data link
whedreent he first conposite circuit el enent aPdr/Ukm®07/014394
second conposite circuit element; the state nachine
el enent further adapted to, in response to an
unavailability of the first conposite circuit el enent,
to assign the first function to a WO 2007/ 149494
PCT/ US2007/ 014394 - 13 third conposite circuit
el ement of the plurality of édn’posn te circuit elenents
and to provide for a second data |ink between the
thirdporipesiierarshitelamnent wif thespluradity oﬁminpdrsete csreum ettments and to
It I Joluly a
prtg\ﬂn_g% d;fl-rres%tc?ﬁcg %é{:a El\?grﬁ%l{cg%ha%é g}ngp om 051t c1r efe\(rgngand the
seqnndrcaahino;ite)blrmutmhemenatl on el enents; a pI ur aI ity of

conposite cirguit ele nts ed.to the Iuralit )
of commﬁﬁn aé’f)ﬁ’gﬁ eé?rg b‘é%?ﬁ%@ﬂﬂ%‘?"lt‘é{ €@ P?,rﬁp’ts cothprises:
a piiuaﬁwrkbf cdmm’amlcsmmelaﬂleﬁissi‘ﬁfpniralﬁt@tcﬁhf)ﬂl@&l@@ir@ncélérﬁé‘htts
nt of a urality of crrcuit elenent typ

I
coRplEQES HsrRielitee SEmlpICaihERmeps, 358 compAosite eyt clement

cofPRIIE dnfel&hEftUhicrRbe RS §1r01§1@¥1'eﬂﬁn@6‘f @ﬁl%i'&ﬁ? de f;ir&fi{ element
actiqgn, a second conposite circuit el enent

types 4 HFst comppsiterisanirienert ofthe pluralisy @ﬁmmpoamlwgltamements
ha@ﬁ%‘aﬁ%gﬁﬁ&Pﬁf&g a8, Qr&ecétﬁecofn{ (%ite Eﬂ&ﬂpéﬂe&%m & & lfnll,tlrahty of
el énent Raving a first data | e Sec
coppapitsciralcelpments h@w@ﬁ@masmamﬂ gecond attongtiehiitsecomposite
f .co ni_cat.

cn‘@{ng %ﬁ{eg@ ﬂyﬁégq ﬁg ecianz? li | A e%aééor%ﬁnq(om&ggfi% cgc?lgglep‘ﬁ:nt, and a
stategpoise etement complvdid ﬁ:bupllmfa},xtyodf dohmnﬁmcatomejameﬁﬁs,t 1ﬂie state
B SR G SRR P B e B cbpodhe
mrcmutrphmdne, toiasgigh theefigt@ition t8adhir® c@mgasl&anfc% AerRR PTehe

between . the third conposite circuit el enent
PIGRGS af0%

TROSHE S b olemeats @ iy Provateios Ascoqnd date Kipk Aetpveen
theehpdbofiitsite clrf\dt Elefritht &1L %ééo%d@oﬁﬁié‘sfte @ﬂr&m?a%ﬂ oy

be wunavailable due to a detected fault. The fau
be det ecti@FXsriary cabodiraents.dhe firss cofappsitagirayit element may be

un@P8Bld ARAb ad&tt&rté'ﬂ Pald ang: falﬂt Hl%'b%qfe&c%' ?%Ezﬁ%is? one o{ the

performed by at |east one osite ci
follgwingepgraiioas] dejerpfinatiomso sipresiodicrdiagmostt perdotnssd lay at least one

copm?‘é Hﬂﬁlt e1&hB9NG5hHL gh:?:g{t& Qe gglgpgsci € cnscuitee %rggr%t%,o r‘lbac)l(<ground

east one conposi I Cul
dlq;gngstgq pqrﬁorm‘edcas rpsected contextiof atdeastent sompbsm: circuit element of

EPIRRE SEPaRERbIELEARY B Bl tbob bt FOTRA e
plmletrymfa:pmp@nhodurcmnelsmehhm_fsm@iaﬁmrmedwwwex_ﬁéﬁr@pé s
exHp B ETRBI0. W RSO A53h Put fla B phins

allfactisity oDthedirst @mSdsite Wirbuie ERARAL ax@c’étdﬁb@%%h{e&ﬁé ﬁrét'%oﬁlposne
d avallablllt%dtable or rrag In addition

.Sto
cupyt §f‘3“tec5‘ﬁﬁ%§'il"ivél eble dppstaed matiabiity table enmoni iraefﬁchtuem@he
firkt@odhodRS HANBAEMRYt fR§ b Ldh$ailable due to an assignment by the state

machine element of a third action having a higher priority than the first action.

In exemplary embodiments, the first composite circuit element and the
third composite circuit element each have a first configurable element type of the
plurality of configurable element types, the second composite circuit element has a

second configurable element type of the plurality of configurable element types, and
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machi ne el enent of a third action having a higher
priority than the first action. In exenplary
wepiodisent s, the first conposite circuit el ene@it/uszed7/014394
the 30 third conposite circuit el enent each have a
first configurable elenent type of the plurality of
configurable el enent types, the second conposite
circuit element has a second configurable el ement
type of the plurality of configurable el enment types,
and WD 2007/ 149494 PCT/ US2004/-014394 -14 the state
machi ne el enment is further adapted to assign the first
thasthiconadsnaeclbmeat is forhén aglapiet ite Bss(i‘)én thh dirkthactidn as a first

coH,ﬁgJi)r ﬁg Eﬂﬁ{gﬁhtgagnla%é n{nBc hei(i r?t[ %}as a{]téfnneac mem:[‘ement may_

becfﬁﬂfxdngidfaptekl&ﬁ oamih fherisxtst mmfgluguiroatHne febiegoRfigutabeelement type

froma firs c net nt The first
fragp AP} TRl et gl JFE‘S/%F% PYRBPIC Betlis flpment may further

codipe |a|s9n%h€b@fntéiﬁfds%ﬁﬁhg‘ﬂletsﬁé‘orﬁ?&ﬂ@ﬂnﬂ§§ 2 vidat da@ @
virtual S data communjcation between the third conposite

cogpmiriration Retwaen tedhied eO@ee@mlwwé@m@ and jthesgepnd composite
ciRLiRTRMentn exenpl ary enbodi ments, the first conposite
circuit element has a first conflgurable el enent type
of the plbyeiemplagfencensimguisatb dirsticommosite gipeut element]igas a

c
ﬁrggﬁo?@gﬁfag)g%’%hteﬁh@h% %gme epngﬁggsf &%%&%%?? a@%fm types, the
secamf ¢qgupaitk eirelie slentent jmseas secbhé cbﬂnﬁgtdah:le m‘tnns&ri't eype of the

Ci r.cui el.emen as a thir onfi qurabl e, el.enment type ..
Il o RS Aghet i dhe B whtiatt SrgytementiRt ird
cohhguﬁtb&t fﬁemfﬂﬂodypél ef ﬁieqﬂﬁiahty @f% d‘dﬂft*ghﬁﬂble?éiérﬂbﬁ?yb@s and the state

the firsf action as a first configuration of
m%ﬁ’énﬁg ﬁF?la%*s ?rtaé‘ameaé% pesigh) adist ackpR %ge At GepbgpREon of
the Hereedmpette Rerchit bldh@dnt ThheadAB hadhine disiferd n¥dPhEirther
transformati on table having a reference to the third

adapieg e peea storedinansienmationitalile bayipg ageierense te the third gpmposite
ciRtitleMmedt FoPRMNAG ofGHERRK @étforfNDOdI Ment,  an inventi ve

apparatus conprises: a plurality of first

communi calt anvtidrerempiary ambodinesnt s entsieappatatus comprises:

[ f|r nk C on
a @ﬁghﬁgﬁ tgfs' f' Bt %gﬁ%mlﬂl:]‘%{tﬁlﬂ ?éﬁé%{% di?ttae o%nn'e':(;'c":(‘){ e'len{i‘éx}t cogbled to the
plutatituof ﬁltst ecpmnttmmauup le et engs; hipdzurphtyrcﬁl doh;‘/igmfabta ¢asiiposite
ni ¢ i nt.erconnect
m&ﬁ I?ml%gc con |g&ﬁg%ﬂg égﬁﬂﬁg?wgw@cw¥ﬂ1?egﬁgﬁgﬂgtOﬂm
inteneImie st ﬂ?nam eae:lheimﬁtgutalbteleddnm%ta ﬁdcn?i_t éﬁﬁfegﬁ tsrapli€ing an
cul t ene urality of copfigura

clgpinkrBreant ooyqRuRol st Hfiset pbs pFUL T soafigeble

ciftat g @it tVRastachOmpRitt cadt @Emeh@l@ﬁl‘in@ﬂqe&lﬂ bR InpuRand at
first config #rable conposite circuit el enent

of the
legit GP& PPIYLSFESECQEHETHUF SHPBOT GrivYItedenast ofithe pluraliy of

co%h@ﬁﬁl&lescd}ﬁyésﬁ@ circhit efmeitd hifing @ﬁ%& %@ﬂ‘l&h %%%&Jécﬁmg%rame
onposite circuit element of the plurality of

coaamsn@ Girewt éleerwrb@%ﬁeélwh@mftcoeﬁsn@htescomposlte circuit elements

having a second action, the at least one output of the first configurable composite

circuit element having a first data link to the at least one input of the second
configurable composite circuit element through the interconnect element or a selected
communication element of the plurality of communication elements; and a state
machine element coupled to the plurality of configurable composite circuit elements,

to the interconnect element and to the plurality of communication elements, the state
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havi ng a second action, the at |east one output of the

first configurable conposite circuit elenent having a
wo peogti4dat a |ink to the at | east one input of PEEUS2007/014394

second configurable conposite circuit el ement through

the interconnect elenment or a selected 30

comruni cation elenment of the plurality of

communi cation elenments; and a state rmachine el ement

coupled to the plurallty of configurable conposite

circuit elements, to the i-ierconnect elenent and to

the plurality of communication elenents, the state WD
maRb e/ clapaghdroEd U8A008Ir0b4304 detddgedrfantti ofehefissrenifi gurable

N YR v R —

cirasis epmen ef fher;ﬂﬁrahqt oOdoribsite ki€ el@ﬁféﬁts@ﬂﬂﬁ&@' vide for a
|t el enment of the urality. o

I
Cg‘ﬁ% \E'Sk #?)H: @t last e R @t the ‘E‘FS\HOH%POFB‘F cigcuit element to

théaqedd ofl@lipult o thefseboRd Efngtsitt @AShit Qﬁﬁleﬂyﬂﬁéﬁﬁgkpfhe 58@rconnect
third conposite circuit elenent to the at |east one

elqmﬁsﬁtor@rS%W%W@amgkménwfr@a Mweﬂlwrﬁéﬁpmmwe@wn
eldnkétd Nt erconnect el enent or a selected communi cation

el ement of the plurality of communication elenents.
| n exenpllarsregphsy icmhedinenthavhantbe firstsont guhblpuroaiposite

cirfE@TRRMn® and tHeCMird ¢ Fhﬁgﬁgf)]ﬁ %B&ptoﬁﬁe I‘,xpéxflfjelgrglg{xf 3R Same

conposite circuit e ave
copfigiriablgrciishiis eddmenvitypes khenstate naghine dlhneﬁhafmahamed to

traﬁLi% teaét%ng %B)‘?S{rﬁé&?% d fI St ok g e coWbSthrgm% element.

configuration con
to diertbudtcoaﬁgmmbte compdshe cirtriit dememf | Ipuddhlon, 6RNee4rs infa2hine

rcuit .el ddltlon the state chi ne
el iy BrGE" St TR T RE AR IR SOTED
cofipdkitadik@iCaBinkgid 0B EplufditP oS EdriigttdHé b mBOSIFRIH St ement,
he plurality of configurable conposite circuit

an I“éFFéﬁ‘tmseltB fegtipm of 3@6@\4& ef thg faéft %@ﬁgmb&ﬁ cqmppositggircuit
eledherd h@vﬁ]g P lufe®Ry bHAABIE for PRRBRh A e UFcoHE ona %Iﬁlm:tlons to

havi ng plurality of contexts for erfor
Previde %gﬁhr@ihﬁgoif %m)éw%ﬁsonet@ mfprre@vad@l@ h@nfpgluraldb icoyposite

cire@f ER¥lchtd OF BP ‘135119511 ement %hla?iglc%nﬁnggf:tﬁ glr&.?pélgﬁnents to perform

conmposite circult
theemtasgonding éunstiopssi te circuit eI ements to perform

the correggnonding, fun 57 ORBodigdnl Qangfg‘??&?@% ggr))( en‘ﬁ-\f)coéxpnses

enbodi nent, an 1 nven e app ara
(lpa pllmaalhty pf ofrcit aCays, earhrcam;t aeagiofthd slutdlitpof aycdf akkdie

coRlH 131% a%én(%%rcél I& ﬁemeg{ ﬁy}ﬂprgﬁ)fngt[%qs &rﬁg{ﬁgicaﬁon elements

conpiammtheahtembmbeumcﬂhsm & pliphlagl of @oinBesitd diRNMANaREMts coupled
tpI urality of conposjte circuit elenents

to BisiReRpnme el ath ¢ Stte ShrebFlemeBLeam PG 3k plement

inteifhicdtrid £tieiBN¢lemeASS a%lﬂﬁah@ﬁoﬁ&?dlﬁﬂler%@nt‘ t?f)@sr hang c%ﬁq)osue
a circuit fl ement of a plurality of circuit efement

mrgvls ggmegt P yhéztplgréhfyo% gaaposite c1rcu1t elements having a first actlon a

second composite circuit element of the plurality of composite circuit elements having
a second action, the first composite circuit element having a first data link to the
second configurable composite circuit element through the interconnect element or a
selected first communication element of the plurality of first communication

elements; and a state machine element coupled to the plurality of composite circuit

elements, to the full interconnect element, and to the plurality of first communication
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circuit elenment of the plurality of conposite circuit
el ements having a first action, a second conposite
w@reocniu9el ement of the plurality of conpositePCl/D82901/014394
el ements having a second action, the first conposite
circuit elenment having a first data link to the
second configurabl e conposite circuit elenent through
the interconnect element or a 30 selected first
conmuni cation el ement of the plurallty of first
communi cation elenents; and®a state machine el enent
coupled to the plurallty of conposite circuit
clempentp thesstategnadhénd ¢lbmentrdaptedriodotrespoasetat an wravailabitityeof the

et oo i en6 Ak a0 en 1y Pkt cireui

el@h@!h”eﬁthemiamhﬂdof mmpasmteesapm Skrrtelrmtsmhd.lﬁ@tavﬂabd)ﬂ d §ey:cﬁnd data
. i st co te circuit e ssign the
ingieshfen bt Bt SOOI ottt Bnd e end rapate copu
eldnient phrgugh theyin@rca@rPrasérhent@r hGdiccted ﬁ%ﬁnﬁﬂi@aﬁ&l element
rovi de, fofr_.a second data |ink between the third
f@&ﬁﬁ! gafktbé‘)ﬁﬁf% GPEMNGALRR elementt: @nd éDomplusalivy 66 pecond
cofiiniGii¢dtion &érﬁé‘iﬁﬁ‘Eoﬁﬁlé@%e%ﬁﬂlﬂy&fﬁmmtﬁkgﬁﬁpéleﬁ nts, the

a selected first comuni cation élenent o
Plyplitynfiseqonsk cammupicatiemelameatsiadapted éorransfer datalfiop) a first

cu@hl‘t' ‘éﬂrhj' tYa Qécoiﬁ(beQQn afr2y 14y ﬂieﬁ?ﬁ} ?E’ St SFEJeEr'TWE a§¥ §,8 upled to

the plurality of first Tommu Ion e t he
plural i tyIncﬁxegmi@M@ndmdnnmts,atﬁmhsteﬂemmhmm aletaphioeaf the first

mr%fl:l?girlgf Esatﬁl?lg@r Léa%%c@m%y{?% af T ﬁl“xl rfCr Jatq, fé‘ﬂ]‘f %y grlap%gmglebroutmg

requesie denpglaa yemnld@@mmmlsancm eﬂemsﬁt &t aaplmalﬁy bf bther state

t rst . circu further adapted
mfehSE R By oF ey PP 5% ey B e nT Ry Snd b
routing the g'lrstrdfmwhﬁlt to 4 firsd ug:lnnamaﬁclaﬁdlecﬁwmunl cation

el enent , f Iuralltgﬁ 4her state nmachi ne
el ement s éFx%‘T‘P mbpdimeat, op pyRatiye gelfihealingntegrated

cirGiit Csbtbrbvm%ﬁ athe indagrabad mfcﬂittdoﬂﬂmish% hith§ip1galia, bt &ﬁnﬁd&lte

a fI(ﬁSt comuni cati on-el enent . I n anot her “exenplary
cirgpip slempats 2 Tt GOmRrIsite eécwépkméhoﬁ thg firsitrdenalityeef composite

cirehit @léh{en'tssad&bﬁédl tg‘;fjérfohﬁ% ﬁIQ{ ﬁg&?&g % l%{uraﬁw of commumtca‘uon

conpri si ng: first plurality o osit’e ¢l
eleélll%%?ﬂwledatwthﬁ girst plyrp by afeoviposité tireliestementss a s¢vend

plljr'afltér ofp:lo gysit% xlr&ilt lgfﬁg?t%lc%ﬁpleﬁl % &l%l fﬁrsf corrré;? nstltse c%'g:ui? eFement

erfor I rst U nc
throvghra firstatluratity ef @ehtlbs thoeyghexd ld:ast d)thccfmmamcpﬂlm élleirieyit of

[ n second
thégélugag% gi{: rgmgl:ngcccaﬁl %1 ekt eenesn{or per ulanilaélé: { 8 %il%lgrs? hr@ 101¥ and a
statompdigine elemeant nowpled enﬁatﬁrsttﬂimahghofacoﬁnﬂcsite pirtiiiakletiénts and
ata | inks thro conmuni gat i on

adffied b Fossp RS o A ey e ARG PP G i e, o
adfqﬂra q@%rﬁd)fdfﬁﬁ@s&te(]firchh @lendns bf {Heeki Slaial@Nef @omﬁ&s@@e%lrcult

1 i he el Q ed to .the first plurality of
e e(%ei%tgl Rravi %ﬁfst gﬁr@gxgmag é%arovggaade@and phxmlgg (96 data links
betvieealihdIRavat lcakipbbite/ cifduifl 18méhtrahl RO8RBAN bRurslityGficbmposite

el enent, to
circuit elements for performance of the first function.

In another exemplary embodiment, an inventive apparatus comprises:
a plurality of composite circuit elements, each composite circuit element comprising
an element interface and a circuit element of a plurality of circuit element types; and a

state machine element coupled to the plurality of composite circuit elements, the state
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25 adapt a second conposite circuit elenment of the

first plurality of conposite circuit elenents to
w@e@vitglg9s he first function and to provi de a sSPCDOR2007/014394

plurality of data |links between the second conposite

circuit element and the second plurality of conposite

circuit elenents for performance of the first

function. In another exenplary enbodi nent, an

i nventive apparatus conprises: 30 a plurality of

conmposite circuit elenentsfléach conmposite circuit

eLenent conprising an elenment interface and a circuit
maghingsiamett adapfed topssign afirst funstion te h dirstreontppides pirauitielament,

to &isitia FER6I AfcHoRTE R scblRb ok e LAGHPLHIALL Ly 0 e ide o

COﬁpOSlte circult elenents, e s
firppdaralgkoiostvodn; §@4first domprsithicireuit Elenent andithetsecboridcomposite

: ' RA f tion to first,c osite circuit
crFE e LS A0 Sy Lot Sl 4 et
faudtoofizbe firs composit¢ ciedudnelamentg fdassinthe firdl Gussetioni t Sfthird

i.nk. bet we e first osi.te.circuit el enent

| i.nk. n .t . 0 I .
°°‘§§é£%eh°ém§étce ?{ae’?&ﬁﬁ%‘sﬁ’%h% PF ERmhpOR e HEH: lemrnts gt to provide
forreschomedath dink betvwesnt the thialeih gskitk Qirchiif e[cARAP ASE tHeQeBond

ault of the first conposite circuit

det ect ed
co‘@?‘éﬂ%ﬂfcug(f’?%%’?tgn the first function to a third
CONpOSi t ertesé Gt hddlion BnbBbindifs Qx'el&iﬁé_ugéeﬁ i@f eater detail
site circuit elements and to provide &

co
belowe dfumerous ofher rdyantages and fikatures pfitheqrpsest inventiorcwill become
rea8il Ao ' LI CcHLt .el enent .

O aBpreASofhy Fe ARV AATRE kAL Bl g snd the
emppdizreats thereafl frar thetleims avdherroube atdoerpaagingniragigsand

features of the present invention will becone readily

apparent fromthe followi ng detail ed description of

t he i nvent iBRIERDESERIPTION OB THEIBRAMWINGS om t he

clainms and fromthe acconpanyi ng draw ngs. BRI EF. i
DESCR! PTI °8E%%WW@%_‘%§ Ogﬁ]eéﬁ?sgﬂt respiierewill be
moanttadidly apfragiatedafpontiefepdnes e'thel tBMEWiHgOisibidre Bhen WBh&dered
ng

. readib§ %@ reci ated upon reference to the foll ow
i EEcEL & ACCY RIS wings aadjcxAmples ek Formhe portion

of the sprapAcHtiong wieAM: MBS rFREdn EXATRLAS AP L&{Hi {?%éﬂtp‘g identical

ortion of the specification, wherein e reference
co 13118 the wariusyiews,iagd mehersin reference ahmemdsipith@ithabetic
chakdt@er¥ afd @iEzeWit6 Weontid) Sadih} . e nuperal s Wit
al phabet i ¢ 20 chqrnalc ers 1%%&%6‘%1 {Ilgégﬁgtgor}sd)ér‘(taf‘f@ons ot
selegirgd eqmepniient epbedimans irathe ivatipereiews, inavhiahi ons of a

sel ect ed anhodinent in,the various views, in

whi ch: Ffﬁr e?(?g?tlgr—'pg l%lgi%r%mémé‘?qggpgh?ti 188 OF gergegtual
levels regilisngh oban exeruplptugipardtey@hbodigit ireteyrdahc@With the
teadB «Mﬁﬁ¥pﬂ$@@ﬁﬁ£&ﬁkﬁﬁb°di”Ent in accordance with the

t eathi 0 ep

ngs: resent invention.
Figure (or “FIG.”) 2 is a block diagram illustrating an exemplary first

apparatus embodiment in accordance with the teachings of the present invention.
Figure (or “FIG.”) 3 is a block diagram illustrating an exemplary
second apparatus embodiment in accordance with the teachings of the present

invention.

Figure (or “FIG.”) 4 is a diagram illustrating an exemplary data packet

and data word sequence in accordance with the teachings of the present invention.
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25 Figure (or "FIG") 2 is a block diagram
illustrating an exenplary first apparatus enbodi nent
WO pooagemsgdance with the teachings of the preserPtT/US2007/014394
invention. Figure (or "FIG") 3 is a block diagram
illustrating an exenplary second apparatus enbodi nent
i n accordance with the teachi ngs of the present
invention. 30 Figure (or "FIG") 4 is a diagram
illustrating an exenplary daita packet and data word
sequence in accordance wth BHe teachi ngs of the
present invention. WO 2007/149494 PCT/ US2007/ 014394
- 18 Fi gurideps(or IS. ¥} 3 & 4 blogk Biagrdm dfilustrating a first exemplary
cirbhit BRkteatd NsEgs. in
e bRl i ERE Ry pF e lenELBhtn
i nvent i orfigwiedar eFG )Gﬁéﬂ?lbyk ﬁlangsarmﬂb.isdmhnglaagcroaaﬁwxemplary
r i rcuit cluster in
cht SR oeP i A3oRieREE Wit B BB o o Hieb e
i nvent i orFigareKoyFKS.TDT is' EFlbIGck Hiagrans llmshhﬁﬁga@hlﬂgé)ﬁmlplary

third.e rcuit clJuster in
e S5 Ao SHE TR o b eaClencon
i nvent i orFlglEneQ{Uf EFI®T) & Isld®blogk BiakfantilRls@atingliPga18} detall an
an exenplary conposit

illustratin ter detail
e"%‘PPlé‘G’ ?°%P%“ﬁ‘§ °al ?ﬁ@ﬁ%m@k@%ﬁwpl@m@mmt dusietiar | n
ac@gdaicd aigetheittdthidie df@@&lkpe&gﬁ ugfenhsﬁ present
i nvention, 10 Fi " I's a block diagram

of an ex é?ﬁ%‘llrﬁr@r %ﬂl D IlF érblOCJS &grgmrczﬂﬂne%xehmmtmulnpher
coRfaRASIa BfefhdMt i a&%?dén%@ thncﬂ§ té%%hfngg oP {h%}%ggeat mve‘éth?'})f

invention, Figure

an exenplfagyred(pr & Aﬂ@l%@hhcgmiu@ym of Iaamxadnplm triple-ALU
of, t he

coRRERAR oot i aco R B8 WHAE s B BT et inypatian

i |1 ustrathiguaye éor ‘éFIKﬂ @hl 1 1S\aeﬂovarhagﬂeﬁn ﬂhﬁﬁ’ﬁhﬁg ¥t a high level an

h
G AR 55 W GRAERPEHIE o fesehins of e prosent

invehigom.di agram il lustrating at a high | evel an
exenpl ar process i n accordance

t] em or
Wt th t ne RETERohgatoD Bria & i Bieram Hsherianat 2oigh level an
exdniyg) aryeorepdtinghsySiem odgrobsss @n Bt Qedarde I 'tédcﬁﬁ’lgﬁ Ak 'tl{l:gpresent
llary combinational logic circuitry for c
mvﬁ{}té(ﬂ)abl lity deternination within an exenpl ary
appar at UFigte @@.c‘cmd;a’pq@ 1%tb|fbctk|E F% S hlu%%ﬁm% exea'lg lory

i;fflsent | nvent | ONn ure
co atignak] Ogmmrcmr@foqmtem la@llamld;rymcbrﬂlﬁuonmthman a

exd;rlj;/pﬁbwc};lddlpggfnaggg 1h|a!cé'&jii5§ée| Wih 81 t@ﬁl‘ﬁpés%ﬂhg‘p (s)érllttlrrllxl;gn 100,
Figure (or “FIG.”) 14, divided into FIG. 14A, FIG. 14B, FIG. 14C and

FIG. 14D, is a flow diagram illustrating an exemplary algorithm or symbolic netlist

run-time binding process in accordance with the teachings of the present invention.
Figure (or “FIG.”) 15 is a flow diagram illustrating a first exemplary
re-assignment and re-binding process in accordance with the teachings of the present
invention.
Figure (or “FIG.”) 16 is a diagram illustrating an exemplary
configuration and control word in accordance with the teachings of the present

invention.
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25 run-tinme binding process in accordance with the
teachings of the present invention. Figure (or

WO Bl0G149945 is a flow diagramillustrating a fPeBHUS2007/014394
exenpl ary re-assi gnment and re-binding process in
accordance with the teachings of the present
invention. Figure (or "FIG") 16 is a diagram
illustrating an exenplary 30 configuration and control
word in accordance with the teachings of the present
i nventi on. V\D 2007/ 149494 PA¥/-US2007/ 014394 - 19
Figure (or "FIG") 17 is a block diagramillustrating
exenpl ar yigewsrtor HBIG.Bn 4T is| adg}bdc diagom fltustrhiing exdhexiy

- et nW|th n exenpl ar ar at us
cof o T 0pkd B R SRR e ptary
appare@s in eecordanga vatl{ tie tédehimgs ))fih‘.’e présedt Riveakosli agr am
illustratd f 4 lary cir |t Cluster
accor dancPLel eta(ﬁ Qﬁi(;é %g%ﬁlan l’bfi%‘g g Ustrafipe a fourth
exerlnfﬂafbt ciocuit clEstgﬂhﬁzcé:OfdanEd Gi;]th)ttéé-&abtﬁng‘s %’lf Pe lﬁrr]%'eﬁﬁh%?tltlon
illustrat n e y thir appar at us _enbodi nen
in accor ogdﬁ%ré’a(ﬁf t ﬁle({’m)sﬁ% Bachpeigdiagian Hlusgpdagag exemplary third
appdt¥RS eh®ddihEatAh k&S rRERERIBThONE4hideX R’B&Aﬁi
p!IJEI\/BODI I\/EI\I'I'IS 10 Whi Ire t he present |1nvent| o] ¥sent invention.

suscepti bl e of enbodi nent in many d| fferent forrrs

t hemae RARLEDOBR SORIFIIGN DF RAEAML. Ak Elﬁ@k@ﬁiﬁlﬁﬁfg

herein in detail specific exanp

t her eof , Wiilp thehpressrd émenting nsmgxscmxblet tembadiernt in many
df@éé&t' | ered as a e I|

Yot hfgﬁg% ﬁkﬁ%’lgp ééss'}poo el ﬁai/vgﬁ ?%rh %fg Bérelin detail

smqnﬁtemmplts)amd cmbodhh&ntmthmbf ovith thetdﬂuﬁeﬁpﬁﬂh'fgl that the present

nment s l.ustrated, and t
dlsﬁe'ié%g%%olgzo var |réﬁll‘l$) a%?.n ﬁ%%‘?ﬁiﬁféf‘%ﬁ@t (RS HRCE %Sopt%e invention
andl et iitrenidedetot] imiit nignineeintiyn toehd OFesifd &adiifle P4l embodiments.
11 %fé dercﬁ% gqmpval ent.. ILn this respect, before
illgserafed PUEIOUS VBTN Qasi95 FQAtiisationn Siom Bistdesrrited; he
erﬂbb&mﬁﬁits may &8 tpoddibletndeir@édnsideted Squit et 1N ﬁ?@ E %)9&dbefore

the invention is not limted in its application

exlelamln}.geatdgqsé Ppg eppodimpgng p?laﬁeqtingnmélhgletmeqenémvennon in detail, it is
to BE LRt98 BBt afe 1?1955&%9@ 1ot BRlted A ft? foft g-xla%epax\fﬁ of

20 illustrated in the draw ngs, or escri
copstgiipRand tgsthe @a@ng@ygmt@ nﬁcmn@mt forthsgmve andibstoant
illtchidgt 0
A e, b i inS SRARLEs M hostims gne
app,q;qltpmscomy@nt )Mlthcthe ptesérs m@nhenlarﬂj&rp&bbmf otlidraimbddéments

anc?;l gf ?ﬁgg ggﬁﬁggcg?n& & ggbpigy a%o 29 'f g srote hgé &al?%wéc{ggstood
tha@fhedé_s’@sebmycamdaﬁmhmbmgb'Cd:rrt]ib(tyekieherﬁg,adsd.edl asthedbstract
inclllldydtbleﬂgv, are for the purposes of description and should not be regarded as
limiting.

As indicated above, one of the most novel features of the IC
architecture of the present invention is its resiliency, providing adaptation for
manufacturing defects, flaws which may arise during usage of the IC, and adaptability
for new features, services, algorithms, and other events. The resiliency and
robustness of the inventive IC architecture allows for increasing yields from IC
fabrication, as the inventive ICs fabricated with various defects will nonetheless be

quite useable and fully functional.
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As indicated above, one of the nost novel features of
the 1C architecture of the present invention is its

wo e®himncy, providing adaptation for manuf ackPCF/UszP07/014394
defects, flaws which may arise during usage of the IC,
and adaptability for new features, services,
al gorithnms, and other events. The resiliency and 30
robustness of the inventive IC architecture allows for
increasing yields fromIC fabrication, as the
inventive I Cs fabricated witdy 'vari ous defects w |

nonet hel zeé g gl te useable and fully functional. WO
2007/ 14948246800, ) dvring pperation this zesiliencyduiay bodescrbed ag

nanﬁl”airlbiiélogicbl é‘elf Es:lin| eﬂé&éué@%}ﬂ t{? e@e%% HoPEsh gtst e IC is
al" or biologi ca selt cause tlﬁé

da@@g oraotbmqu)heqwnqsn@up@l@gmo‘dixarrpgieldm@]f thod H_éfsvmfmtlvely
‘W&ﬁﬁ&ﬁe f.th
AR S B 1, ROLIB' LR B ook e gomeea
pogipa. Je efidition; srediseissed irgreatér ddusi] Belongasltte MAEHdMRMAre | N

j r eat detai.l bel ow, as the
retinbid B0y ot IS8 Dalhe3h 68 At iPud e tansforred
opgrationsstiane tapadoran mtrﬁéss%}smth b&ieﬁlﬂ%p%fa%%g ﬁSﬁ&ijadaptwe
res? %rcélgﬁ@ ?éf %garﬁrgr}%%y tgo t% {/%li r?f’l%‘g(?ll qeg; %‘@Y al\#d:, deggndmg upon

operati ons
thml@teﬂmhbd@mﬁﬁy TH66 dllow® tHeGd to ldoABnEY torlﬁﬁ Wﬂ.hlo{l{ df%tuption

the sel ected enbodi nent
A pichresilioncy
pravidvsifoied giadaful QUEk A f ABRHEAIN S P O d&gggée{b fhe IC,

ational . Such resiliency provi
raﬂ&‘gdf‘%{’o%\ﬁ“éﬁf@#“ﬁio@#w eadh éeespecialiye sxgmﬁmanmh lrdaalthgﬁd bdfety
applfR@tibfs. rather than a catastrophic failure, and is
especially significant in health and safety
appl i cat Imscwwwmmmb@bﬁfdﬁﬁrgraﬂﬁ'%z&gfesWltlﬁav\éxfemplary
£ _exe enbodi nments o
o B Bt Br SRR st rostlGnPY.aeyucd oporation and

evengra ngFeﬂJl dpgradatian Elmi the\I@rbtr deer Géﬁ@@ﬁ%ompmsed of a plurality
Fi,r st C or other device is

of %%gn{?%g% Jdcqchun el?)rpﬁriltgl( Fny: cgmprise, N%glpsttgpesccpﬁqgmnutatlonal

elemlcetmemumﬂmmnmnwme,l &R AT RScInYRE Str&fture): ; these com os:te
ut at.i onal..el e a uniforml/Ointerfiace, an

circt lt pents are effactive yl}etembépgeftbﬂf‘e@reﬁl@gm!mguclethacnrrtbmetzent ofa
losebﬁﬁﬁﬁéﬁ@na&tﬁoﬁﬁ letieueling ﬂnﬁﬂtﬁhg B%?Q@%Q Ok @ymgo
oS F Punc 1 O é |ty

such that. in the event of
composyp curytglgment ff‘éthﬁmﬁ’@ml% or @anlam)a ienervaiiatele. kgecond the
pludili®f Bsork 4181 i Hher, dentl

o PSR AR A LS S0,
any {gpefiang ifyo that 1%|t@m§0mu®abwt}edorhﬁe&n aﬂ‘hﬁl bb@trol
fun®@Saff | I funct |“o aI | B

n Bd: ;/1 a%‘%rmcﬁﬁg{ljttegtalﬁgon alﬁiurggg%? girchit i %me-({hﬂrs referred

to mtﬁ% g§ Ovateimachins alementsbat Gthiwnsaty n&cniﬂére@éméﬂts’ofsuch that
confrbl ﬁhﬁbﬂona‘ﬁty ﬂa@rbe (Fa} errrcc):ldlbe{wéenra%fdearrrgoendg these distributed

controllers, as needed. Fourth, the composite circuit elements and/or their

interconnections are configurable, to aid in the transfer of functionality and any
corresponding routing of data and control paths. Fifth, all selected operations are
assigned and bound within the device at the initial run-time, and may be re-assigned
and re-bound subsequently as may be needed to transfer corresponding functionality

to other composite circuit elements and continue operations.
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25 to herein as "state machine elenents” or "finite
state machi ne el enents", such that contro
wo eovctiegmal ity may be transferred between and BODOR007/014394
these distributed controllers, as needed. Fourth, the
conposite circuit elenents and/or their
i nterconnections are configurable, to aid in the
transfer of functionality and any correspondi ng
routing of data and control paths. Fifth, all selected
operations are 30 assigned ~ bound within the device
at the initial run-tinme, and may be re-assigned and
re- bound EigbEeliehdiagram illsiraties, at o bigh erconcepteildevel, such
re§ifiéh |te
LBl M4l S Rle 100 cnitaBh it in BRI ith the
tegahiyes A Yaopre Pt IVS2007/ Ab480stratedih Fipgrerle varibss parts of the
[ Ja h or conce
pRaBlsAD; b5t A 1C e o8 AP M mtiter fad Boeied an

disonissedi wagntefcmna@molﬁ@ame B tdire hﬁ&zed @q;fébfomscoaﬁu&&m a
d in FI gure , varlous

vention il lustr
pl%%ﬁ@' ff*‘?‘ﬁm %‘t&’&aﬁﬁﬁﬁ% %‘eh A AssRsialed a\ﬁﬂq atypicak h
auaﬁnqvlarel, other NeliitieC eﬁc&ﬁﬂltbhidﬁrr@ﬁﬁﬂeﬁiﬁtén dD%ﬁH itk period
‘cmnth ures - 3, are utilized

to Fi
Yotk r%’ gfﬁr‘% H{qu%ag aﬁ‘ilﬁ%h bfﬁlgﬁngf(ABrS) rf@mqtmmghtys ae fiC
poditort TWSE pabviathg ®ictiBE B82OCALEShattt J‘ Radct 1&?&06 1s| provxdmg

ut onobi l e, other vehicle, or conputeriz or co
vidgpgrether sy ltigmpdia ﬁ@cfé@?ql’éﬂ andgn ICxppriigh pOS is mvm ha#vigation

Rty Such s thd et a0y LRk UNCt 1 ONal Ly, an | C

portlon 104 is provid tractlon contr ol
f unct i onadPrEips time Re@loé P oregikde! li0s(murbed dithgXPe )\dfdeo

poﬁiorpfd?q{asrﬂélc dﬂn%ﬁ?aﬁlé’ %géljl 0% IeI tto%){hygiﬁgl \?%]%;locr:gﬁlq{ daglage to the

I'S providing naV| 1 ONn
ICt I$|u9h| ghrnag@; atay|Hei deﬁemnnerctatﬂr@gm sB]f-tesﬁngl d1GhidulB o) inRns

ed "X s") of IC_ portion
dlsf gyeﬂ eltt:% %ggaﬂqh g%‘ﬁl 2‘ ‘%ﬁ% ix %E‘%‘Ll%“l”&y Birsicaathevear
fumtlooalhtgrpedﬁmmge withih begiod 00 §uséh ﬁamg&t ; d'® hi/ b?l%ld) to region 112,
or through ot her

term ne rough self-testin
wiE e TloSE tp e Peibmingoatha MpgiQMiond MeiSha s bower griority
forpypegdtionyinfaufhidl® Bavitdinert:. Uﬁgtd'ls‘&ﬂ@eﬁtlﬂ ﬁ'%gr%{efg?pbe%\;/ hi part
ion 110 is then reassigned (or tore

of ﬂg‘easﬁ)\ﬁ%ﬁnw@?ﬁsmvy data @ng senirqd eqaﬂwayls ngl\ﬂllsﬂleb): created, so
thalt gRCdva P Akdified f@@idﬁ@ BAgnfe tloQ:Wﬁlrmlﬂ{lJ:a%S b%yperl w1ﬂaothﬁr regions

operatlon in a vehicle environnent sse
of fiedSs Bansparetly, peifahe reassigament nefert mcsnemampqmm@ tlpon the

natfkOfRBopl SRy AR 8%&%&51%@5“%% r?vf\%(lérlil &ﬁi ortlon 106 may

created, so 20 that t e ne
or wwﬁw&r@leé@ nm;fnm ats e*x@pcfpacrtiopahtyg br ﬁiabqrerﬁoagu thiRS
furk as ., i € reassi neve
oclgﬁélﬁbég& pe n ég‘gg%%éf fHsEd: ‘fl S A3 'S ?5’ r}rdilamcaﬁ% to the
IC 380y the highieo pabnt}yABSSﬁ.xgﬂBﬂls fcontifiestortR@pefhtion&, BAA hboN

cat Qﬁo ?;Pcyfallﬁl:ethas &?8‘%{5 ontinue to performits video

I ona performthis
Subsequently, during time period “y”, regions 114 and 116 (marked

with “X’s”) of IC portion 108 have become unusable, and their functions are
reassigned to regions 118 and 120, respectively. In this case, as traction control (of
region 104) generally could have a higher priority than the operation of the
navigational system, it is likely that region 118 was available and not being

completely used by the traction control functions (e.g., one or more composite circuit
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functionality with | ower bandw dth or speed. In either

case, in spite of damage to the 25 I1C 100, the higher
w@eooonidys ABS functions continue to be operat i PCHUS20aTI014394

no catastrophic failure has occurred. Subsequently,

during tinme period "y", regions 114 and 116 (rmarked

wth "X s") of IC portion 108 have becone unusabl e,

and their functions are reassigned to regions 118 and

120, respectively. In this case, as traction contro

(of 30 region 104) general Iv?%coul d have a hi gher

r|or|t than the operation of the navigationa

el t%m PR coniexts pers/availabler apdiscusicBbelas).anain@blof I has
deBRY he tractio

P e@HREver %gg?ér’?atl E)!r Xth%?' ﬁfi’irlc!%YloB maarsbet Rro, gﬁ;g ?he\ﬂﬁel' such as

unctlons
to hayerihe xghig mme;sMEmma&e ferzm epRitenESt, %}ng@fnple In

ad&@f&heﬁglﬁ rFedaa. 3ld gl%k aS dl ﬁxugsrgaetg{ &.‘31? \Q%]Io“@ldﬁgqndmg

e ra
uppn\ mq-;ay[all@lmhmyf taegql) ldestlrdﬁdn:i &r&ﬁ@ﬁh&ﬁénalﬁjﬂ tb@feasdi %ed and

ehl ese d|nthe near future for
de &aﬁa% é\ lslrﬁasséﬁﬂ’&i:‘ttf“%ﬁeasalgnﬁ%ﬁtqcaﬂeﬁmay no

lor@gopaf@mﬂ oﬁﬁmdlly“s Calgs ﬂﬂ:yl dila)gb@s'?lb%r St Alel lg%%e&eaﬁ%ldth), but still

en n the availability of t
pe'%g‘q? %&?ﬁ‘oﬁ%"}’f %&?lf‘ﬁé“ PerhermasRals grpduad and npts@emtgmhnc with the
calmbdhtycfepaﬁglengamn{g@ 108Wptdieddqunctional ity is
reassi gned, the reaSS|gned functi ons may no | onger

per f or m optoseHenily(Quring time pyriedh§s’h eegomsnE)2, dR4hEd6eand 128
(mh@gq vhﬁf“dx\‘sd} B 1C thtloﬁtl'OLllhan g (r)r{entlm %@F Nind tll!xelr functions are

decline in performance i s gradu
reaggigned fogpaioas 1924 188 ka4 amabaﬁglrés;:teytnf'ajy anmlﬁca@,argy tR@Sion

d
cor‘itf'bl ’QSf fb\é’:qﬂ%i fﬁg“g’f;g t\g\'f“:'o(:“ day 13_‘58 L{rr}%rn 1'% mg rﬁlpgratlon of
ther ‘Xd@ Jystsim pLIG potticmn %O&obahfghbﬁg@ﬁ@tylmﬁ&ﬂmf %56 ﬁ:rldgmgned to

assl 0 redl ons
e ?%’é‘s O Bl VB titey rigplaystble that the wideoon
fum;unnaluy cédtl ceag emlramas Bien@hahling ngayﬂegoola@&?s & dht f

an the qperation of the video system o
P e‘g‘gﬂ‘“%ﬁy%glgh?ﬁ puer IE’ éj‘ﬂ%ﬁ‘c’”ér sushias praking endtractigrecontrol. As

moreabthe 08 degrhied RwWeRES & a
this. inst a;cegr tis pl ausﬁ%rﬁﬁfg 5 Ba 09 tﬁ%?nélcatlon also may

be proyidedgndes Wrc%leh @s txhass the wmellewmct ivemediaelynion §C
replisahilest, B dxlafiple. O ghil€s IJfglzg' d%EE {% rﬁ)r %r%g%cgﬁpar% not

riority, functlons suc ng and
‘%&ﬂp Risy Withghe gepability foigh @rlhagl fimgti cukeid, cohﬁma/&f opefate,

Catl
despié Bigﬁgicatﬁio ﬁit eesl(}glél?y?fﬂn oxfs of&g%g& ?}rﬂg \»(;é.‘]ﬁi €qyse a prior art

ro
g’efﬂﬂlcééwlfftﬁhem@ealw aﬁd)potleﬁuﬂly cfeeapdtr@pﬁnseny for
exanpl e. | i erfornance i s gradual
and not Tﬁg?’ %\cgsl?glégr?aég?% Pﬂg? RBe é‘gﬁ%Bf heapppBusHi0§rare
strijgingoAstip afhinlvigicahsystan e iichdaDitQRe kaieas ; H&%Blo??cal
Syséhg@ﬁ tﬂe ﬁq}é}ltc %fﬁl‘ elé lgzltjrég%,% Iglagtstropg w1t101rlgésoonfsne?xronts aid ¢
corresponding neurological function, other existing neurons are recruited, with new

connections (synapses) created, to take over and restore the functionality previously
performed by the damaged neurons. In the case of the apparatus 100, in the event of
damage to one or more parts of the IC, other existing portions of the IC (circuit
clusters and composite circuit elements (discussed below)) are recruited, with new

connections created, to take over and restore the functionality previously performed
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ICto fail conpletely, suddenly, and potentially
catastrophically The biological parallels in the

woperasien of the apparatus 100 are 25 stri ki PQT/US®O0T/014394

a biol ogical systemwhich can heal itself, such as a
neurol ogi cal system in the event of a damage such as
a stroke wth loss of neurons and correspondi ng
neurol ogi cal function, other existing neurons are
recruited, with new connectjons (synapses) created,

to take over and restore th@%dnmtlonallty preV|oust

byp rf.ormed, by, t he damaged neurons. In the case of the
E drperd Egipnsiof the, -e4r& Atcopfeqenagantiger biolagienl oystem, the

appBrathsNA0LS sQf-hbAehg Enatf? Q{nggﬁfg%h&%ngﬁ{ b8 ﬁr, ?ée%{}%ge

IC (circuit clustérs an te cir
(di scussed below)) are recrwted W th new

connecti o S X e over and restore the
functi ona Bﬁfjs AI‘ 1&%51 rmed WO 2007/ 149494

PCT/ uszoo&g@mae% arOobly dtagmnmmlag@ﬁxrfgﬁ‘@i ﬁi&ﬁea@fngtlﬁ\eels of
lence, .as in ca system t he
de{aﬁ aﬁé{l@ gecppd ﬁ%%’:}l‘fithl@es fé)?? E?(:) Hba‘f?ﬁ 8 with the
teafchmgs io6 ttedl prbgeéld i;%hflen |t§£pld@1|['ﬁ&ﬁbo%1léd aﬁ@ﬁ’?@%ﬁ‘ Wrtion of an IC.
itecture are, bl ock diagra
ARG Gl 16348 i oo Dontated and ampuistonally
w1&1)<zﬂh¢ﬂ»rﬁptytaﬁd>x{ pérfantSSCHR %IIL@QW cﬁch sleercd'if‘QleJn%nts 260.

ARECH rdance with the  teac pr esen
A REERAR gﬁ.ﬁ © IXPsi A Pnstionps ggtie asbwrfmrmd hyctrmmplosufe circuit

I3
ele&llbélﬁ IQ:36/O gﬁi‘%drgrlbhktsgg&gﬁ%teg) rrp u@gmrﬁgﬁfotﬂgf Tyg% ¢l mrwluf glement

27&) X %b?\sp‘ﬂ’f‘lé'lplhﬁﬁn%@f kit madipylatione Asl lillnstkatEQI thére are vanous
typ?:Q &P @&hb@sfe‘ difcitlel GhEMEDES, 1l?h§$fat%cp aspaé#{)%d)esylf gomposfce

function or activi ty
mr@l&hﬁsmene (eqwivaliently edfemedito AR0abbrdviaed bs éEnposite elements”

(43 f
CCIPGPLRY, BEEICROTRHA Lh At By, MieH pirf St Sitgerent Stions and
whadiningy batonfiigurAbleidr Inbﬁ-tcbﬁfl getableh @ [Lfétrlatlreﬁ ang rdl&g§sedt\¥1ﬂ? S

| ustrated as

site.Ci nts 260
o Gep RSB 3L SRR o i crgmmants 360, wit
oth(eeqlmumi_tﬁmtdrys dﬁf:@efsé@delbﬁl ags fi @ﬁ%%%)ﬁl%%ﬁie SPG%EBO a

" corrH Sit t s" s é?l) , C
COTERERO ‘ﬁﬂa PE‘E ity C(’:‘I‘F“BeF]f“é'ieFﬁ’ 00f drbervariqos gowpingsdnay also be
condfideedt avedy s aQﬂﬁifaﬂlg}USPMn?p&fte @ﬂgu& Q?,fxfeg'tg A’%U Gt ‘f_(fnéeﬁP%%ding

1 éf | lustrated and discussed wth erence to
CVK!'S. 8). The plurality of conposite circuit el enents

260, Wi t TheQbRShHE 1T0BU SS | ow,
as a first eg?gu&u%gl,oga%o ﬁlta%upe;g eel%glca 885 gﬁ%ﬂla. ng
co’BP’Bﬁeéquta)Plé‘fath piclgiels, with tietcsler 20@1 réFbged &5 dlsOaUScluster” level

r consi.d a
RO TR S5, B2 LB SR oS wonen
vargms (@gp@&ﬁm@nunewmelefﬁbﬁtsap Pamdtascddilchahfifl @GRY¥ud HARture)
226)1‘?1&1 Qgin(f%e\éla‘iie \lleveF {jor a secondr array), as a second grouping, referred to as

a cluster-grouping or “supercluster” level (a plurality of superclusters 185), which in
turn are further grouped through various (third) communication elements 190 and
third channel (or bus structure) 195 into a higher level, as a third grouping, referred to
as a “matrix” level (a plurality of matrices 150) or unit level (or a third array), which
are further grouped through a fourth channel (or bus structure) 160 into the apparatus
100, 140 or device level, as a fourth grouping or array.
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conprised of a plurality of levels, with this | ower

| evel referred to as a "cluster” level (or a first
W@ewas)o49mi th the plurality of circuit clusterBCR082007/014394

t hen grouped through 25 various (second) communi cation

el enents 210 and a second channel (or bus structure)

220 into an internediate | evel (or a second array), as

a second grouping, referred to as . a cluster-grouping

or "supercluster” level (a plurality of superclusters

185), which in turn are furfter grouped through

various (third) communication elements 190 and third

channel (be varpuscememuriedtiondhainro(eg. hbgises ot !msesltx;ucaJSes)

16@ féy b8 gﬁ&’ thaglnléa%oﬁrefe%feggf lgtp 239 ?Sq gﬂH hrely rgay e

pfurality of or “uni ever
reﬁel’rﬁd & and definedwisiinterconnect 16 oliehre presanp txebebtionglowing

160 t t he
col B UGty ol oS! BOAEL P Bo 1P npsd anirany of the
vagomxpiustgrstﬂOOamdanher\IO RRPoNEAR494 PCT/ US2007/ 014394

-24 The v conmmuni cat.,i qQn anpels (e.g.,. busses

or bus stﬁ%@tqﬁlé%jlppai%ﬁsesfgg ‘%gtypg‘ﬁhy d%‘?ﬁi‘gﬁ@‘ééﬁﬁ ap integrated
cirehigdtsayl Bda sehkfate 26 Gr pattlof Qtlé.r%@f é’ysfﬁ%’ oE-ea-cﬁlﬁf(@ﬁO@d) or part

to and d flned as interconnect I55 of the present

of p pevATk G ICs; sughham gourleshia ptherdGsom agirqut bpashdvicogtnepiork,

iWrRIAER] AU RESHEER: '
necI urst ers 200 and ot hg’?sja %%ﬁg%?gn&% Cﬁ) &f0 dﬁéﬂ& only in the

locgfipa fand/erdypa)or tha gompgrsnsawithin the aatioa Cddstas 2690 utilized to
» ar t
provMEaHaL £l ofplitio RGIRYRnl o ABRIALEldd 105 R ¥iter
devigesasuch a5 exteznal Iggmlq»rjaée £ oDPIRe?) Oloeneﬂnetcdlﬁ‘munmaﬁon channels
b net wor k and so
o Ghsabld5 RO R ELBRL MO o R, 30R000E8 yo
bcq‘:rncqrtq;ent];ﬂedi mﬁﬂm ) lsel(:emdl ,hmtnx y@@,)wlﬁlie foh apsaaneneot §'hch external

O uti
I/Cy\ﬁgsmeen di %1b rcla%)lus ng /a@ 5u'a %’ %t? %tlr'llce%i({(é dhlaﬂq 2:19 PQSpects the
appayatub et Hm an@ drel 166nt®cral OMB@lconSRMER®S any HFbrefite RX4pphafRhs 100

Jrenor e.q., DDR-2) or xt ernal conmuni catjon
will og miadlprstoiog 10 grran a8 igelyde thpepend eppadimpniaYysirated as
apgdrétus @40, andippaRp@ BA0USthdrdiise WHERotSel A& dlgé@sa&% § separate
m?)g&” concentrated within a selected matrix 150

1ment s Alsos avhilsdigutse R 2ad BdHurate 5vo matrires 156kt should be
undirStobil bk @Kk APaPHuS 100, %@ln‘xa;yymglfudggéé bﬁﬁ%r&ﬁl%tnéeg 1§b| and

ot her respect's, the apparatuses
that gesmplagy emh@dlme@tﬁmeﬁq trehise, anympnrbest of matrecesd 50, depending

up&Pﬁ@é@édjz?’péﬁQgtlo ardd %mlﬂl gg& ggxgn}e%rgesﬁnh an ulsne%lf% power

t he secon msnt |I ust ‘appara
reqif§Mgpisar at us 140 otherwi se will not be further

di scusse digents A SO
%ur es gieqélaﬂlgst [ar at ?1? dig hEied ey e’1%’6 app?raglﬁ(}l?pds
13Glividde g0 oo dolnbatsed bfen pippﬂnty’abflﬁlaﬂrﬁ@s 1380 E@®ely matrix 150 is
e or_ nor and that exenpla

"°‘5e‘”n%‘i A S el Pt ab el SRt B mpleeipp Sl 190 and
fowtthpemdhngication channel (or bus structure) 160, and each has at least two input
and two output data and control paths, separately illustrated as input and output
(“I/0”) 170 and I/O 180 (of fourth channel (or bus structure) 160). Depending upon
the selected embodiment, the fourth channel (or bus structure) 160 (with I/0 170 and

180) may have combined control and data I/O paths (as illustrated), with data,

configuration and control information utilizing the same bus structures, or such data,
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upon sel ected applications and various design

paraneters, such as IC area and power requirenents.
woRedoensd4ng to Figures 2 - 3, as indicated abovRCT/UR®07/014394

apparatus 100 is 25 logically divided into or

conprised of a plurality of matrices 150. Each matri x

150 is coupled through a corresponding plurality of

third conmuni cation elenments 190 and a fourth

conmuni cati on channel (or bus structure) 160, and each

has at | east two input and 43 out put data and

cqontrol paths, separ ately illustrated as i nput and
06‘?98]5{%10(1 ‘apg cpptralapay hel sspagte@ontostifersat bus thatmainnecxr

stﬁ@ﬁlr&t (nd€ SdHabakeld qgglst%q?ﬂ?ﬁ Relb gy rg %R;?jggu 3rQb odi u me lrag fhxi%]@tnx

nbodi nent, the”four anne
1 SG)Wpytﬂ such ajploratitgiof m&@)COHHyMGaImnoﬂe(’neme d9¢ ard inghlebhted

]l ustral
AR oo AR DSy H B R bt biekGFicRize g vravpoin
cisaitey. binghs e e dsilureof 2 ukikd Sethmunidatidh Qibileh®49¢ and/or one

0 14394 -25 configuration and control may
ot YEDEa 50 ity rar e BriEoBaGO bpT i GPEAEEgtion Clement 190

ansmhmanwmmg(lrmu 76,180 @b a{zaﬂdbllel 1656 9d8 GdentibAl Afctionality, albeit
150 | evel, suc

enbod). nent , this matrix
p"g 'Eﬂir \f ‘ﬁl yr "@P"’t‘?ﬁ Frhay FoRRinieatincdradwidthodn an exemplary
enibgali e Rcthirl BoAKAhieXRIRIGA NS PW' én%htgd 5{&' L@%}é

s ¢ch as packet roquting or waypolint 5 ci cu
d gircult elempenthavie faug mdﬁnlelkﬂénmh@!achmebl aemfnur

méé%@naé}ﬂ/d@ﬁmq{}ﬁ( c}fﬁmélg wltfl Qm]rggm gii?h%nb ug, gﬁ&&g %harsﬁxaely, the

t her eof , anot her comunica
vapiggs F@m?lﬁlm@’ q[lfs@bq YI@plem%t@rte pavadée abll duplex pommnﬂﬁ:atlon

|dent|cal | tential.l a
reduct i on fu{r% av gf? ?Hrgp{tg S %r(r%{eieacséf\g 0 %HW%?W elﬁweaﬁ and
coé}%mqﬂdmgﬂigglvbMSWd’rtm busfmntchlrbsi(IQﬁ)fﬂ?gulfminﬂﬂi:ll%d)ébnnt%)l an(éi data
are | ement e e conbi ne
1V/63 kgﬂgf% emn%l g%.lﬁle]ngu}s TEPGH %e‘?‘ftfé oﬁt&ewaﬁ@us logical,
highahival Eval?.dplfo@iﬁing todepondiap tresﬁil‘i’éMéy ih ke SRANBLA Bailure of any
corres ondlngﬁgus structures); alternativel

Wi th.
OfQIH: 2V aPLP COTMIYEN ‘?r%ﬂfs ar¥g Fﬁ‘éhﬁ rﬁﬂféﬁ@ﬁﬁeéﬁﬂtwdlments
reqitilg (s f‘d!;ﬁlkendyl ok SXbiE TGRS 3bhintd HowNSE sQén @ne or mare
Jur (at |east two) communication él enents and
@éﬁ&%‘b‘ W@‘“PV“@C%*&Q ¢lgments and garregponding J4P areeptional and
méyﬁw@mguﬁonblned control and data 15 I/O paths), in

exenpl ary_enbodi nents, is repeated at each of the
vari ous |RfhcBatrixpy5ds H . da ogiiqalig|divident twe stamigus hierarchical

le\ﬁé@d’ diles%Bgf@)qle GlEEwhthicGRG¥y! Br I:%l'ﬂm%\(x biof % efegl | 'ff %gqo%fg the

the various conmmuni catl on e enen
Vaﬁalﬂ%wkvelsacﬁmb &b et pluradinhofithindreosmure catiomi eagnbm 490 adapted to

pefsfﬁxgﬁ bgﬁ{eé@g?%d r%Hth ds%lt‘r%uﬁxgaé] %um% 1?1%¥ LAl ﬁ%{f}}{p Vf &
copfigyrativrs arthcordmi cesypumicanign) Mrarspeajﬁtalmj almarid 130 igmy
loé?c?al%i(utd%g into a plurality of superclusters 185, which are coupled to each other
through the plurality of third communication elements 190 and third channel (or bus
structure) 195, and which further are coupled to superclusters 185 of other matrices
150 via fourth channel (or bus structure) 160 and other corresponding third
communication elements 190.

The superclusters 185, in turn, are logically divided into a

corresponding plurality of circuit clusters 200 (abbreviated and referred to herein
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Each matrix 150, in turn, is logically divided into
various hierarchical I|evels or subgroups, also with
w@epoocaidsy for comuni cati on between and anongP€TES2007/014394
various |evels, such as the plurality of third
conmuni cation el ements 190 adapted to perform
packet - based routing, self-routing, tunneling, or
ot her types of data, 25 configuration and contro
conmuni cation. Mre specifically, a matrix 150 is
logically divided into a plwd&atity of superclusters
185, mhlch are coupled to each other through the
S"E?Pbl’ 2 ‘jolystars” ehg ‘r‘cdu@tgr?mmhlemn tun etecrommirssed ©F aemnkahty of
t
ol e RRAT R 4P coRhRUR ot 28 U flvatenay
refeatedito @gd abB!@vmltfai afso‘tmtdpomltﬁidamlen(sb (“QIrY 20) und ot}

eoﬁlgﬁ@ é 1n%.ﬁrsrt ga%o nd; I 02§ (ﬁanr{%%%t%%?cgune elements

2900 discassey balowr.dERe Cdiﬁ'xﬁlualcaﬁ@ﬂi b&&[&@ﬂ dhdd @midh Y iiddske WihriBhs clusters
reviated and referred to

| rcuit %4 ster s (t
Goiis grey SAPET0RD 6TPIREREgsion chemant R § (which
alscﬁinwﬁ pedvide ?ick@t-b@ﬂe@srbﬁﬂiné selfib@tthg Hnﬁlﬁflﬂg,"ﬂr%ther types of data,

cgngrlsed Q plurality of circurtry el énent

congierration apg cagtreld‘rmpm@atm) éod e se deor b@sr structure)

2%‘1 UFHea) @il ¥lustedd 60 @ﬂ’thfnoa ?Jb% cg?ﬁ %e%sfurther coupled to
onposi te el enents” 6 er cmmoeﬁ

Ot{“?rr?élll%%ﬂs RGO pher émmlmst@est J Sémfehesmm er oher matticets 460 via
I b
Wé}ﬂiﬁngl @gﬁﬂisctr\ﬁ:t&'%s)i2&|sg&%§i mgmgg\{lon gle eeﬁs&é?eﬁhérd

communi cat et ween” and "anon ese varli 0
chagaeli(er bispiugtde) Mo agdh tlfarqo¢qmmhmtcytmf elsmenisd 90, and then to

PSR 00 SARRLP A S 180 16 S

Vaoltatlem, "lfg!sp pathifcodaéaions myfbeg:ubﬁ”de@ Bet@Rdn @ﬂf&bél@d clusters,

icatio cond channel (or bus structure)
i ot Mo G HEREe St oo  inTBRFE U8 bplow,
185 are tMRavhticishetosdat @ddtcombRuriéRn eqézﬁéﬁt@ p$0.2d and
her su erclusters 185 of the sane or other

f
lefelt Pl GRUm B 5o PR g HEHRAEF (0, B8 2B0ragdeeigy form an
mt%?&mn&ﬁcsﬁﬂauﬁ@ 1%315F Gt r%nﬂn@@ﬁ%ns gé—ﬁwdléamdr aﬁaov% haBRelond

(or. bus structure{ 19 and conmuni cat 1 on
ang|thigd femmpgacatign ¢leprmis 21, 189 may lmampleresntvd as koawnlor as

be@&ﬁ@@ﬁﬁom in ﬁié%rtsfoﬁ' %B%{%le %Jtﬁ%ﬁ,t s%%ﬂﬂ{é dfo(ﬂxta %%n?guratlon and

optional variation onnecti ons
coptrel/fockad fwvwééwsm!al%deswrscﬂo&bs thesecds and thistl rcahmhraeatlon

el&ﬁ&ﬁ??i% ;}5 l?_% ﬂnélegllélh{‘aed?a’s rg\pt délexgz%?t%e sdc -rouging e}e?r{ents

det al arious secontr
W@mn]hlmvltﬁwl@hetﬂmwﬂmdzaﬂmglﬁﬁl arhit-dvdwdks eBfments, other

t 160, . 195,
AR 4t BRSSP G s
antlfage gxrrfssctend:d équiedientorTheAariotslt@am@dicalioy eharnaBs @ag gk tures)
16% 9?§ :?29 ngsqu%;}g%glnga uiilgmnegrgni c%r]iguctfx'/g %agg whlch may be

avallable in IC fabrlcatlon and processing.

In exemplary embodiments, this interconnect 155 (communication
channels (bus structures) 160, 195, 220) will generally be “n” bits wide, with the

66 22

number “n” selected depending upon the objectives of the selected embodiment. For
example, in an exemplary embodiment, “n” is 17 or more bits, providing for a 16 bit

data word and one or more control or signaling bits. In addition to the interconnect
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20 becomes known in the art for transfer, routing or
switching of data, configuration and control to and
w0 ec@medoy essabl e clusters 200. The second andPe€TiUs07/014394
communi cation elenments 210, 190 may be inpl enented as
routing elenments, self-routing elenents, waypoints,
circuit-swtched, hybrid routing and circuit-swtched
el ements, other sw tch-based conmunication el enents,
or other types of communication elenments, 25 and are
consi dered equival ent. The i ous communi cati on
channel s (bus structures) 160, 195, 220 may be
135mokgmesintgesheut o ngsasnyire s noududtors, raddnsissin etedimngyr

avail a Ie|n a ation a [Qcessin n_ .
co@ﬁ%crtm aSFyCQ H,g%{atecs) {rhlls' 1guzes ? o1 gﬂhg éxgt%rcg%%ecg 15 l5 also includes
a lﬁlomminymf ﬂﬁhmﬂmcaﬁhﬁ Blegdemts (168, BION) weHich %bmlﬁ&laté-ﬁﬁ n-bit width

nﬁmﬁ%@? prqyi g&%@g'g'g ﬂ@ﬁgﬁaﬁrw@maﬁgﬂw f%aew SthS‘? Se%getﬁf

cohh uREbe GiRds @ﬂ‘qﬁdke.rrg)nhnd/Epéonn@; PRELor pAciaits) EBQNRERLNI
odi nent " nmore bits, providing for a 16

1
argng BSioRs WA GUBBIUSIAES bE5. aps Elsisnt 7 - Byexepaphani empodiments,

th&detcdmrhithigsittid d1eRehR éim o1 U} 1%19 Qﬁ%%&w\ﬁ@aﬂggﬁ&égﬂ&ﬁer
PCT/ US2007/ 014394 155 conprising one or nore

roptiezeanfliog feselutionisperding up@rr theglegresi fiinteraginae Bivity to be

pr6@RaB@cti on structures as illustrated in Figures 2 - 3,
the I nterconnect 155 also includes a plurality of
conmmuni caWithin shethustes2Q0UBosl, Qib(i)rSWWmhuamamnmkﬁbateats 250

pr%:bﬁe 'ghg{err I)% q}rgwd% nM—c‘ft%té%r ?r\c/:uf;(i %a‘g(c%tjé))r nrq%ull{ -SW! tcﬁéd)

ransm ssi on
conoedtionpurapabitity imoaddstigroto 1ptec-lchis€e) datancérdigueativo ald suntds

ETAD R N RN N Y-

wem@chlmtmzaoo arld®8& confipttatie hndBorfttd Mt £rd:Bhnd340)
al so _pr.ovi ﬂg arbltratl on or other  routing

CoRRPPHE Of PESTIELISI G2 Qe esrarmienysatbodiacniegy messgge manager

2657 LRI ANEGE! Y00 o stu?erkéﬁlst&rlgg 8o uhflz lf foPrByidBSnter-cluster
cl uster 200 | evel he first comruni cation el enents

CopyUNIERtR) %fé%lfl@graéwnlanécow@ﬂnéu epiernatinputeindspeput
co%ﬁ&ubaumy(@ﬁe 6F dgth] donfi guaataﬁq}ld cG@pgect i on

capa |I|t{ in-addition to I nter-cluster data,
conf i gur alttisbauldrie noded thet the selgetionyof he eamibey ofilevelstwithin the

apggfmnwba&]a}oee bhﬁéél R a%cgcn ge gg{ago’afa&&fﬂg of the amount

onponent s in & cl
oqubmﬁlpglunmrcmmeatrtd beonilized irr mmluargsoﬁ vath mmting cofhplexity, for a

g&?o{gBJgHﬁé}tqff c% utrtraglg)rllgf%}e%tggtrgs g}Z gmefggm\k)ﬂ? Wﬁnbgdé‘xﬂgt J‘é)rr the same

nuditer of csmpesltel msmmrele‘lrﬁénts Q6@,ltl§e usd of fonelkvels (ﬂfa&‘i)t d@percluster,
f confi |r9ur ation

{ {
el P SRR SRR IR O BRESCE AR LAl svith more
cdﬁfpoﬁﬂtﬁs eprvel), trleRampR)Enibsatl ubBtaafisl 18@tIAlin the amount of

busses and wires of interconnect, resulting in a savings of area and capacitance, at the
expense of additional routing complexity.

Continuing to refer to Figures 2 and 3, as an option or alternative,
depending upon the selected embodiment, one or more additional controllers (or
processors, equivalently) 175 may be utilized, at any of the various matrix 150,
supercluster 185 or cluster 200 levels. For example, exemplary embodiments of run-

time binding (discussed below with reference to Figure 14) may utilize such
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It should be noted that the selection of the nunber of

levels within the 20 apparatus 100 nay be varied in
wa@e7gisen enbodi ment, as a bal anci ng of the aP@UO$2007614394

physi cal interconnect to be utilized in conparison

with routing conplexity, for a given nunber of

conputational elenents. In the exenplary enbodi nent,

for the sane nunber of conposite circuit elenents

260, the use of four levels (matrix, supercluster,

cluster, and conposite ciredBt- el enent |evels) in

conparison to three levels (wth nore 25 conponents
ad&ﬁbniil&ié@krbllelfsqg5$Kﬁmsﬂeadf&rtﬂhb @%e dr Hides bard lina&;me elements

ucti o e anmount o sses res o

29Pﬁ$‘é‘f‘%§6‘ﬁ£€"c‘f""’5 ARSTF PT RHGTS FPT4O ligs ﬁ@@ tgf W%P@&X%malary
enftRBARédt 2N Ron@blIdr R préveR@N9 54 ikPenehaaltilizpt &ﬂnmermally

coaneX|ty Continuing to refer to Figures 2 and

availnbdp PIOSRSSOF ORMIUPREACESFET, e SHePHBM ph{%{he@oﬁlaezﬁe The PE‘&CES@Y 175
al O HAILERY seffiRfe 9§stém f&‘r rﬂ&'ﬁ' bé i&é@hteﬁ%g #)ﬁﬁldf%lﬁesd&%rftheso

processors, eqU|va ent i zed at an
appiratusd 00ak4® ete . randringy b.@ any tym p)§ pwqqsaog or egmrejfer, or also may

; t
bequ]"fetlr?Jritg(P 951{'5? Xgé 3t m() dé  SVIES 2% gré Fié(\%%h aiz% a nggfﬁg‘eéﬁ t(gr 140)
mdy gso mchidle athgr aompanzats ssuch aven P 0thét d&lBdor other devices which
2007/,01439 -2 ddi ti onal contrall
gyl Pt OF St v e prefte R At rte-Be S or Tolfutar
cob . wbjltmuﬁﬁ:eﬁr}beillmbryaﬁrﬁgn?, @fodmroesh mafd;@d)deleifc&s, ét., with all
oth. In an e ar enbodi nent, the controller or
suph yrgatiogs Sonsdsred iw&hy i thecane ot theiPrysagt BVeiRter ci al | y
avai | abl eApGAGRSSRICtiO tdTihe d%@fa‘ﬁ@ﬁ%‘f Mo aﬁ)aﬁhtus P(RMd@fa
M cro-Bl aze. The processor al so ma

in
cogypiations agg sapipulghionsgie puf @rmeeigw%lméaheagl){lﬁdw 0891‘19#@8 200,
thiHugh ngtpeﬁte GPRA{ ALMentd 980. ?[ﬁgse (fﬁc%t'el@fﬁgntﬁ@ﬁo Qfe 1e¢ffred to as
type of "processor or controller, or also may
“comppsited ittt pdements 360 becaysr tayEsemplry emba@melnitaa they are

co}rg)%s@(ﬁ) BP% ?itré{ u&%@anﬁ St ﬁ%é"cp %)%rtlgﬁé/aﬂ T &:cbﬂ& | dﬁﬁ?ﬁfé}ﬂb@ﬁon, which

onen as any rcurts or
mabebe cael gmlnatdh or may- cbeﬁgurablg (S¢peadiong mnﬁhetypwidf lsotipesite

.apparatu ch, a dio-fre cy or cel .
i el UoRE pf BPYSn ke R O Rl fipit %Fl&&%toé%%lg,
coMpiised be.C 9T foral @r. c,onWahthelahbnt iateefacy and adntd 280, which is

conS|gered within. the sco e of %& % gsent ent|

the same, fq rrFtVFEVd%RPPP%Wet%mP‘Pié G5t 2PY-Amdd )?ﬁ%‘e%fﬁ%
“chbRiputatidhal” o fdealii® Bﬁ:nikl’ﬁ@ 2T oA Flturﬂn§ oAltpes of

performed within theP£§ lity of c

sters_ 200,
cQHUSIiARat BiRpEaIs < 0de able Shaft-<o grll%s‘%meﬁl AEe ifpstrated
arfll BERBIR iR OReAbLIAl Rithebfetdhcaso ﬁéur@osmcss' te” CI rcuit
el ements 260 because in_the exenplary enbodi nent
they are Thegpmpyagopsl circpitcloment 37Q {alsn redprred seereore simply as
arP&E lex‘i’trmoac?}%ﬁuﬁ%‘fé?ﬂéht 298y itk n%o?x?ﬁ&git@ Rircie bfehxenf@%d%ry by

con urabl e or non-conf |gura end I nNg upon th
typy ped mnfmgt}{; g¢he computational elements 70 are referred to as

“computational” for ease of reference only, as the various types of circuit elements

270 may have functionality which is not computational in any strict sense, such as
memory functions, finite state machine functions, communication functions, etc. For
example, some circuit elements 270 may be static or configurable computational
elements of a plurality of types, static or configurable memory elements of a plurality

of types, static or configurable commmunication elements or interfaces of a plurality of
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circuit elenment 260). More particularly, each
conposite circuit elenment 260 is conprised of. (1) a
warioos9wor constant el ement interface and cone@DUSDB8D014394
which is 20 the sanme for every conposite circuit
el ement 260; and (2) a selected type of
"conputational” or other circuit elenment 270 from a
plurality of types of conputational elenents 270
(configurable or non-configurable), which are
illustrated and discussed-i2@-greater detail wth
reference to Figures 5 - 8. The conputational circuit
ty el SHRIY orkcdAfigataie §t8leGhicBihd SleMBAS, HId§Y oh, *&sultdi idh plurality
el ement 270 or circuit el ement 270) within conposite
of tynes of pogp@ﬁte,ﬁlg:ug@éerggﬁ%ﬂg@, suglgy ﬁ%cgﬂﬁgurable composite circuit
el 4 880 %Bhﬁgﬁrxbletd}%oﬁemﬂm@ﬁ@m&y %Hﬁx@)5§xtezglpclﬁtr3ements
eferred t conputational ™ for ease of reference
266an 9or, coaﬁgm@lq/«atr nangenfigigablecompopitel/O @ athermosmmuprigation
cirdBY eie?ﬂeitsf %?P@}ﬁ@lﬂda&%r%h@ bd &t&?a;cegﬁ;m%e%al%ﬁlmwcauon
an rict sense as nmenory functions
fo1s¢mrmlm)a04mqmedmgm anyreferegonimreindea i compogite tivorisclement 260

wigﬁ%ﬁngerg.}o%gptﬁf@%a&ra IQCIE&?‘I‘%ﬁLX § tl%gﬁlg 18u 270 %Qem cages or
spgdific ddstdnge0br ingaatiatiaisadl |compbs1mnfmgw1a:hbms Iiéﬁpsuﬁh as

el.e ts of a.pluralit of es, at i
cop bR ABL coptmesisb it Elathen 200 RBmusaRtd fedipy 200 Gt
coﬂirﬂlﬁrﬂbdtto)‘x Em¥ids 280, 74ntARARbs IR R O Qiehttid3 260\, udRss the
%ﬂ static or configurable state nachine el enents,
coRfset EGUBRS OF WifatssIhSIVISE- pl ural ity of types of
conposi t eAfs‘orfSi"éian%l@ NBR R st28fhm SHEdiRe16ABkts 290 Lfer 1/0)
conposite circuit elenments 260, configurable or
magobe bniplegantet|as arfEpoelcannasys icirguit lement 260, dpiigan clement
mt%@iQM %&H C&RIQJI bay" @egleﬁteg o BHRF Q%bg#{eackﬁlcﬁlt% é}ﬁ\%\%@O le/n@
or "of hier commini éation 5 ol rcuit e
han*’qu peanputatiorabelement R7¢ desigmad fox c@nnmnlmnnﬁnmc&@nabm and
exanpl e ccordin t .
G s podr gl Bl AL TSGR Syt Ry donal
circary gpitallp (Bhlhd)dleﬂl@ aodtaté hmohmelandsreﬁeyxpdso aswémeaﬁage
cases, i, n ces or instantiation
B o PR B AR Sgts f IR SRRl oo
ex€AARADM Bulititidt funeli&ie Rich 24qRoviding! @nifachicitoreineiBRresto
290, flrstngo connanlcatlon el ements 250, an 8
XEIRPTEFRENEHECY 2B EHREARICAEER Y TFNS LS t REoVigingimterfaces
whieHebmBsy @Eth'vﬁﬁbﬁ@&&ﬁnﬂhﬁﬁﬁ&% a8 ok @ath @Jan@féagmh&rds f&ﬁd may
first conmuni cation elements 250 (cluster 1/0O
almwb#e Artetfages far egpeusication Pl qtierqoriens ofeqnelﬁewben the
}% gn%d?édedg?ﬁh of 'aﬂts%(fl agsr é%}ﬁ@rﬁ thlgg gpon the
resented to ot her onposite circuit elene ts 2
selegtasan aglimento apgsaageonanager s¢e(as dedigawddiagiiearc) orra composﬁe
01% J}#lgrﬂb%@ QP&\HH% b 'cgg%lu{att%nalaé’]gn ﬁ@dqg’éég ?{)r gray not
e con a

I 'gur able tion I scussed
comuidirhicaer function) may be utilized for such external cornmumcatlon, such as

providing an Ethernet interface, a PCI interface, a PCI Express interface, a USB or
USB?2 interface, a DDR SDRAM interface or other type of memory interface, a
wireless interface, an interface to another IC, and so on. In exemplary embodiments,
the message manager may also be utilized for communication within the apparatus

100, such as communication between clusters 200 and communication between state
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circuitry typically enbodied as a state nachi ne and
referred to as a "nessage nmnager" circuit 265 is
w@e@vitggod wi t hi n vari ous or sel ected cl usters PODUSH07/014394
perform external comunication functions, such as
provi di ng conmuni cation interfaces to 20 externa
menory, busses and communi cati on systens, e.g.,
providing interfaces which conply with various
conmuni cati on and other data transfer standards, and
may al so include interface30for communi cation with
ot her portions of an I C when the apparatus 100 is
maERRe ik RS RR Ik dcuied $Preate? deRNHH, sudR RS FsH ddgfiguration
upon the selected enbodi nent, a nmessage manager 265
and egntoid AressagvE-har dwar e) or a conposite 25 circuit
el ement 1j?[g Qefed %W: Q&%B&ﬁﬁ'x?etfrhé) BRlenl %Hﬁmungga@ion (such as for

adapted for a catlon unct i on) dy be utili zed
DDR+2, BGHIP @e)eis ma¢v1d@dmwnﬂvcacmropon®m¢pw torthe interagnnact

15&@@%}%8@' ntge [_rja%cagér 3[%32265 n;%rg(l ag gcfr 1@3%%{3 E%%kﬁié} stream-

batedtcdiiraatcatiorowithin 4 ytnmrajﬂstefrelﬁSrqndi/mtcdusta(%)O amd packet-based

wireless interface, an .interface nd S
coBAT G BR SR S ERBOTIRE AL £ o507 e ol Qg Ok SRty
re mngkmﬁﬁaw/bﬁ $e€6Ald tehmualvatioh eRicats 260, IO, §dah as in

par at us such as connunlcatggn bet ween clgégers
message

SupiEl o 1%%%9% ehuster S0 STog RS 1H1F8%
mﬁ%éﬁ%ﬁﬁ@]rﬁg’,@ 4150 b3AmPREtHNAR A LARIR ﬁat%gﬂach&’ie or as a state

di Scussed in greater detail_ below, such as
machie 1§ FPRIUNSHOD AR eions spmhinatigeal Jegic BAtes: aﬁlgrthe message

m%?éggpélf’crdt ﬁggﬁq&é@@st fhreeBGh® Mes‘%@é@@ ﬂic@ﬂﬁhgﬁle@ﬁg@b ow$going

Cl-e) is provided by other
ackmowpiedgemnents,cud| againg mésaugm allodn indercomneps 355 g hwottypes of

mgg%%\ge re 0 A bagdag\é'gla Enoeﬁ‘lgeg rRUIsiES Cfo?g In%c@%féeg a2 POWrite

reaﬁ+ ni'cati on w
messpEaschust the papload ddiadn tid msssege ROOe writtep 4¢ ke addrassegpecified

. i i h _
infnienage. Db Wi AresteSBERRSIL DB ol Rcfites, writes o

se@dﬁﬂf PEMSEL &ﬁﬁleﬁﬁmmrmitb@@ve&ltbmtfsgu%ﬁm/mm bus:lﬂfasuch as
in superclu

for g e S 290 s pdiciig SNTB 200 ReSHARF PR o7 yakbs o

cdiRput &9 &%ﬂcﬁﬁb RiFBwt 8¥nRst 260 Withirea Sluste£20MCHH thes or
as a state pmachine in conjunction mnth1ég§|ous

erglaimank PRAPT PEEIRIC (A BIeSSagR ARG U A0S HEn REi; to the

SIFIE 94, to BRwid QOESERPcINROE EDKiaClHydhe¥BSSAGAS6 a Data Write
i ncom ng nessages, outgoing acknow edgenents, and

mgsﬂag@tm@e it T | spmﬁed/soarqenﬁdéirﬁéﬁ%&e%%ﬁsi désfigatigrpddress.
0 mr[%:pﬁg@ise gE:x%ers'alré %@rg:ratg@t)? W b &aPERSAIES ciRRH 265 in

y nmessages nmessages cause the
epmnsoa@am atcaniing Data Woge spesass rb@emmg ¢ &¢ply.cangrpre themselves

TR Ol A SREAEer AL o e
elément 255 (e g., cluster 200 RAM) by the SME 290 and are then transmitted by the
message manager circuit 265, such as by setting a pointer to the start of the message
and specifying the message size. The message assembly may be applicable to
outgoing messages which do not require acknowledgment or extended to those which
do require acknowledgment.

In an exemplary embodiment, the second memory element 255

forming cluster 200 RAM is implemented as eight 1K times 16 blocks, with address
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second nenory el enent 255, or wites over the
configuration/control bus 285, such as for witing to
wo b@7/$MEIL90 and nodi fyi ng SME 290 execut abl e POIES2007/014394
wites to configure any conposite circuit el enent 260
within a cluster 200. In this 20 enbodi nent, also for
exanpl e, the nessage manager circuit 265 my wite to
the SME 290, to provide SME 290 control. Data Copy
nmessages cause a Data Wite nessage to be sent froma
speci fied source address te3&a-specified destination
address. Qutgoi ng acknow edgenents are generated by
geldiftoFESO IS RATAE e Memowy-typd@anipdsité EisRANElemeat 260y, rather

incom ng Data Wite nessage requestégg a repl ?
thage oh RSEYIFRO ol P SyRSToE s dorRastti oAl geaisigr 15 also

erﬁﬁ%aﬁal @1s6t, PERARREImER QOAHPs I BREV cIBhRABPE0 £
ut 57(e.q. ,Scluster ZOOmRAﬁFh%¢§thg&%ﬁE 290 a%d are M T

usg bbe‘rhet SNMESIA0, seah asyfor h@rlnmﬁa@eoww@fl véhiglg ifi not sgfpenables
us%&&h@? c&%géﬁ{et di %taelé}ﬁérpc%] 80.! gdhﬂa@s él?e%m%{]mhgznclude for
sage

€ nessage |ze
exarapleBIRO, rtﬂyclbsae\/pmue daﬂglveintg)cmuntigg iang siriskieggand D gth-D
not r ackn qr n .
adaﬁf %ene? 0 rEqu F?ré acl?%% TS E%@. & %%‘g%l'élgo)? eah}?ié%rr %/hlcal
meiidr diiste oit wuhha @ed od cmm mermbrg rsentiu2ss Prfanrtynfastgiata input

. cluster nented a ht 1K tines

iR on o U S SO PICPHD A e AR R 8 265, 0

avm%JdatagS&&rLﬂiserﬁhQ ﬁxﬁ%tc@ﬁﬂe chl §$1 l tﬁe tdeen IR PP cdiP6site circuit
onposite circuit el enent rather than use of

clarRat v ollomise byl SYE a%‘PreT'a% PSHLOTARY RERATRIPQSHg Cirouit

eldnSHt 266, hhaS a@difiBnaldthtutede8ich WRibEihg sfyn§lﬁ{)n01!ise 884 Y& thel ARowing
menory- ?ype conposite circuit el ement Mfor use b

muylfplegVEcRST/ cantaiis tisexeshtesipalitangonsly mﬁ@pg 8h t@é@ is nogita
“ﬁ&ﬁb if not set, enables 5 use by other conposite
circuit elenents 260. Address generation may include,
for exanipl anotliEre@emiplany kmbedigdent.i the message uaknager circuit 265 is

coun and tri
s HbpgRR T rfblelade Bine E05 e Slide SomBORIEa R sigpene
260)9( cﬁsthlbﬁfeﬂlthﬂamghd)ut the Bmfayatwi 100.0Fovéxtahli¢, thagessage manager
structures igrity for data j t .
Gl GO HRSCRGHE MNPy EiiorR Attt spe g distibhigg ploratic
oﬂﬁ&ﬁﬁ@&:dﬁ&ﬂﬂﬁ@ CirGhit @lfgisen?sﬁ ﬁﬂhrb@gtﬂ-thlsﬂtml of thiain@s4ae kndnpger
on,the i nterconn t he nenor pe .c
cighi 2Pt theéx%ﬁéh&egf%wltmﬁmm Byt eHDSIEE DGt shfpents 260
apPRAR Y tHeY B COMMRIIE Rirehik ElinlentsSl OHRIAIMmAPBManGged as one large
addi tional features, such as being synchronous, and

megpphaiFayal | ow ng nultlple processes/contexts to

execute SFE&H Bﬂﬁ%%ﬁﬁhgu&gl% Joﬁfiﬁtzﬁﬁmﬁh&éﬁeht% 270 a‘i‘@&@lnprlsed of

col l'ision I'n anoCher exenpl ary enbodi nent, the
comhynatipnahiagig@re. ¢ group of el gajes forming a functional unit, such as an

adder, a multiplier, arithmetic logic unit (“ALU”) etc.) having input, output, and other
internal connections which are adapted to be changeable or are otherwise capable of
being modified. More specifically, each configurable computational element 270 is
designed such that its logic gates or other functional units may be coupled or
connected (or decoupled or disconnected), through switching circuits, elements or
other switching structures such as switches, multiplexers, demultiplexers, pass
transistors, crossbar switches, routing elements, or other transistor configurations, in

any of a plurality of ways, to perform a corresponding plurality of functions. Each
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al so configured or adapted to manage the nmenory-type
conposite circuit elenments 260Mdistributed

wa bronghout the apparatus 100. For exanple, theCTESHWaYe14394
manager circuit 265 is adapted to provide a uniform
address space for the distributed plurality of nmenory
composite circuit elements. Through this use of the
nmessage manager 20 circuit 265, the distributed
plurality of menory-type camposite circuit elenents
260 appears to the other conposite circuit elenments

S R TR O B T

camfégluemn’ 1, sndl a(sélec’(cd mbnﬁgmmﬁmkndydgl répickerfted afla huRslRy of bits

t such as an
wieh (G HELesp BB otiches SR Eremb s Rplenprnpase)
tra@bistoys, loa wihieg tianfigtors @lu§vgtﬂhtm i Bﬁhﬁ' Bkggﬁg i‘.he s e?ilrﬁg

e O Dbe Cchan
HRRIEE LR A S RSaEs Stpie e cPangeatf oS
regipied thag Bk biyupl6@ahaORbh B ARALBGOWRIN &I AR £ Wﬁc{w&mty of

270 is_ designed such that its logic gates or ot

funciioas; %?fms"aahaélth@yuw ‘élé@pleé@sme trapsfonwetienl [roother
d
Ot o S L RAO! FRY S nd AR RN Bl 638 Motg b iptorreted or
used; sHchyas sgnederamsignet: 2 p¢r§kae1rt or a yeriablt; qdnemaabl,e JpasA-
S utin or,

C B P L PR RE oS LTS LI B RE s acnown in
thextlegtegriie prinfarquagusidared pgrifalemn emdamtmasmmpl @f the present
in ity of functions. Each WD 2007/ 149494 _

‘E%#% S2007/ 014394 -32 different way of connecting the

vari ous @ohsof(thms afdilabld @rsalectsai do%ﬁghﬁt1@n§ for a conﬁggreable
i guration may

d
cop Pl & 2705 sioded gt ihires memcen of e phentisterface

and o6ites m()djfl’tﬁle S p&diRSvirciMleldnid 22803 , As%@ﬁlsﬁd%l%@a&gf detail
ransi stors, or Other tranS|St0rS or
be%?"f’ sAgv ﬂéﬁ?%ﬁ cqufigirationss insonivaetion with atheniaforination smch as

selbdred Hfhues bathus G@itirﬁﬂ[)ﬁé hDeoni i beéﬂﬁ@[k : a%lgﬂ%é; as or comprises

nultlpllers and registers may coup
3 CRURRANIYTE aptestis Beyrample did sme @nﬁgdsitmrqfe:ﬂe_,m@fts may

havf/éilﬂﬁttifﬂ@ Sontb£1Q n@vﬁh @Q&lﬁgﬁﬁé)& R g o Rnf n%ﬁ{seatn% pcrg%dmg outputs

trans ornatlon In ot r circ ances
to éléﬁ?fqrg ipcaticny orayilizingdlifferdnteinstanty Alsp or dahq:lb Sdlff&ent

drm(ﬁ{s%‘fltaqgo ovu%f’cﬁgfbre%y gg‘ntg%tﬁzl P %lﬁ d‘l Qrséln con 1gu1gat10ns

onstant or a v consuma
wilt i ieggthisl samednputs @ prowmpﬁxfs te cef dagHer didstifatfordN he

C ar.e known electronic arts,
o Yonind G RUE oS & st RSt 350 Refne e deai
belpwesﬁh refeienve t FrglureSB’iG 8 aﬁﬂ 16hdIRvwahg &l @sissidf ot BBt ternal
ratlons urable .comput ati ona

NGTER P Al cmgia g‘PB Al ‘F%/“%l%eﬁ. 13 exemplpsy gmgpdimeats of the

inveh®srent i nterface

In exemplary embodiments, the various connections between
composite circuit elements 260 within a cluster 200, and routing or tunneling from
one cluster to another (via communication elements 250, 210, or 190), are established
at run-time by the operating system of the apparatus 100, for implementation of a
selected program, algorithm or function. In addition, such connections may change

over time, and depending upon the selected embodiment, generally will change over
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15 and control 280 of the conposite circuit el enent
260. As discussed in greater detail below each of
W b@sge4aonf i gurati ons, in conjunction wth ot hB€T/US2007/014394
i nformati on such as selected inputs, output
destinations and control information is defined as or
conprises a corresponding "context". For exanple, the
same configuration of elenents may have nultiple
contexts, with each context y4sing different inputs and
providing outputs 20 to different |ocations, or
e Al so..for. exa
o B e R e PRl AP oo SR RSuRHEE T Febrechnd as
dl&@@meém greaéimintallfbetldw fir tfeation bf aewfiugitioakiinn Shadglullg contexts

bbbt g5 SR RS, BrOU e o Lo LlE

embodiyosits emth melst:opﬂ ef B iBveafibn, sicH S £+ Saz@ﬁcétﬂmg rv@ﬁéﬁhay
elow.with r ferﬁnce to Fi gures

nof Bt f‘b"\h‘icﬁz R SECET GrHGRoYBe vHFeiFamnogions aiso may be
estaklished Eplnoﬁ IFiNRI §8Tah @ tnARdindd G 8 ety thlnh%ﬁéj e}%{ﬁgnlratus 100,

lstnb()dl ments of the inventiOn.
w‘g’rfg‘gg’P froHR FH@%&?@té@&dlﬁéﬁmumbwm or desirable.
conposi t er&Fbkiid th P‘?ﬁ@r@? Qtaﬁd 360 iehifiy FO & l% 1? d1v1$(—hd jnto or

and routing or tunneéling from one c Ust ef o ano
coxm;pge smpgqtg af punereistars i8S ap8®ne 2t Gyore thlﬂcgék)mrrmrl&:atlon
leBidn e at i ng st.em of
SBEARLISE O, AL QLIS 005HEL 8BS i
(e. @5 qu waynpdnts M\@ayst smrtthefsnor thmmﬂtkgl ddv@d@s) ﬁ/ﬂfdh provide
ons Qver di ng upon
e s e{ngc lémn%ﬁg% r U MY %W‘i}"% |OF t‘t‘:‘ﬁ’g lge Og gata apg)
coxztormntmgadgxm @f;:amu&zﬁommﬂ 88MmumBAtibh GE da8, EBhfiddeation and
cmﬁﬁﬁqﬁg lmggkﬁfl%ldlscus ed. above with_ reference to
e paton and Rt Crasidered fo pem part of dntsiqonpeqtd@s. The
thlfcbn:ormnamtcam elenizaw fIoNGhy B8 bk tinsihrad g\}a%oﬁ%reggté;vays

conf.i tions, changing functionality, or
a“‘? B Fgéeéafcm}‘ﬁ“ﬁ@ﬁoq $tructyres nikizegdn aseardanareewitls the

prew:rithh%rinbﬁ 36 AFRstakldha énﬂy&ﬂ‘xﬁlb%tllﬁzﬂghtqgasft ®%0 or more third
[ cations which may 5 not be subje
COWEWEWE% Rlegengy 190 ea¢h @ﬁ@)ﬁomm@lvarqrmlsmcmi%ns icomsled to

eachl suPerdRistd?Q 85 %?taasgieb%qgatgk' 130 ahﬁ 16 Yiket lt %Blumcwl?xh

maintained in a memory w e appara
elemgatsJF0Mia by stiyetuse be@yg &mthMrﬂmambamn wnmyom @ach

e ri,ng_to Fiqure
suﬂaéﬁgngstﬁéf‘{(%lrgﬁ g@é]\ tﬁlQ)lugp Ieﬁﬁ%l Blrgegrrﬁnhl%nécagpn i%ﬁ?ﬂtqng As a
resgqt,upahq exenppf s tﬁapém; blistyeose dBhe alned (‘xb‘tﬁmﬁhhld‘éiﬁbﬁ elefiengs 190,
mant 90. Th thir ni cation
anc‘éﬂ%?éﬁ%l g%b%&ééaglog g?emehnltc g@ :hva& l&ﬁa £ m%uster 1850fa

seleated watrix Wl ogrovile 1@ﬁﬁfema}<ﬁnmﬁmilcht¢6}ﬁﬁmcﬁbndliﬂﬂ NQYHiRg

wh de . packet routing, switc
it 88 heptfies ISP tatinichioe logtcn i diort g bsrondetdoasat
them)mtlep]ﬂndbmtt dircaifits nfiytbeddontbif®d it ol Oy mBFH larger circuit structures

cfmup icatiqn,of data, confi %ur ation and
providing the same independent communication function. For example, in a selected

embodiment, a single third communication element 190 is utilized, similarly
connected to each supercluster 185 and to other third communication elements 190,
with each third communication element 190 providing multiple and independent
communication pathways (e.g., 4 down links and 4 up links), such that additional

links are available in the event of failure of one or more links. Again, in the event of
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control information, and nay be considered to form

part of interconnect 155. The 15 third comunication
web@mgess 190 nay al so be consi dered waypoi nt SPOI/US2007/014394

gateways, and are one of several communication

structures utilized in accordance with the present

invention. In a first selected embodi ment utilizing at

| east two or nore third communication elenents 190,

each third comuni cation el ggent 190 is coupled to

each supercluster 185 of a selected matrix 150 and to

an . 20 el enrents 190 (via bus.
sucg{ {]ﬁa?:ltuhgr]g g%gg; 3 uc?g %??11 ?%aﬁ’ ithygrac ﬁagrpqlzgmn and not
Cﬂéﬁbhﬂn%ﬁwbﬁnluster 185 nay occur through either third
connun|c§§ pn el e p é? ﬁ$% result, in the event
of a faildre gp ergﬁ% HAE° b &r 'PﬁfanY@@ﬁﬂ%mt@pr ormprises a
plugaliggrefithista0200 MRObRES: hiie GBI GRl chiibh €11 Sie El;tz 1379 Orhe

| abl e. to_ each su ercluster 185 o
sec@g ?%’II%III&%&'PQH[?}%?’H@ 2] Q¢angtal Wo%mmmﬁﬁ@atm‘@ntry whlch provide

padkengiutiag; aduhh&hn%v\gwlit@hlgé ok H}H:? Mtﬁj %gat% %9 E%ar%tg At&nr}mgg out

conmuni cat ments 190
of 3 snerclpsigre on deioremppigntion qﬁc}ata;@ooﬁgmaned ahditontesle or

inféRaRioh24iPAls§ hlaG el conbiglGhYb &5 gar? V|J(': | nlg Lie i%m ‘The,

| ndependent comruni cati on func
secgpdl eemBWNicatiny ¢leveents 2 1) alsm giag;y dldml hsedcmimwu Waypodts or

r connected to each
gatgﬁ%‘égf gﬁcllJ éx%cez}desogggbérélzﬁe }%ﬂl{gn?tl(?rh:ft?l&tlgsmh;@dp,ag@prdance
with theprgsent i@ntian. W & lﬁr:&aellactehlehiboﬁﬁﬂéﬂtrﬁtﬁ@idg% 18R

sec&%)ﬁcﬁﬁqu\ﬁhg:aﬁgn T Idxgshﬁl aggqg{ss%gggde ggrgg}umpq%grgn;ue{]e;tgq%;&?g is
couplegittomdch tiusteal00 bf akdeatt® sﬁ’ﬁé"i‘élbﬁ@} £84 @uélﬁ&aﬂf&ﬁ{nuﬁ*catxon to

k € eve
end{ b85S SheR S0 ton s ehaiior ssandac sonmrdadin e

210si Aleb b 6 ad¥uldt iDL Q8R! Wbl
e dat ??r‘ll tair:Hc]‘%n oe? &ﬁcdafiaggitl?rg Q{wf?f:s@f:gn P emuﬁlgg Sitthent

210 GeRe Sosoit corpmumisation ehront 8t vyl vo dth dldker 200 of a
sele@ﬁﬂ&ﬁb@r@ﬁxsﬁr 1R6 45 3kd i, ﬁten&%alil %éTr Surg % 1og E‘é‘gg}%&f) ity. T

second comruni cati on e enen
Sele&‘%’?mh()@apﬁ@n these m’éhP@iCEnt)cmmﬂts abaObecaTbIREE &ith @Re or more

t rqutin tunnel i ng

e BRI O B Eflnd mb Sn
S%lﬁ@' %aﬁlp ®Hfa smgumendimmi @boﬂ&&mfn@hm@.ﬁﬂﬂ’él&hﬁ‘e@ﬁ D OMisAltilized,
daiPe o hIyLa an.a rol information, and also

Sim f%o consi dered -t ?)te? tr°t°“8f°r TRAre hish e muniBtion

elenyings 196 clorttiiscombodiment, eguh @k&@éﬁrﬁnﬁ&gaﬁbﬁ Qlem@ﬁt Qi & 8rov1des
dere oi nts or 10 gateways, and are one

mulQEle%%ﬁ%n debendent é:ég’inblwlgqtlloadgtamvgys el |4zdgyvn hnks and 4 up

linkg)¢ sumhdthatcelditidriah lihkearg 2@8®4Hle i ke '%W:rﬂrbf félmur@ o? 0B§ ér more

til at | eas
link eI i ed f?‘gggglglr%%i’#é If@lllg)é nsgﬁféﬁcam @moomlmtuum pmadmvem, with

graceftﬂ ldeghfadatléh asd not catastrophic failure.

As a consequence, moving from a matrix 150 level to a supercluster
185 level and to a cluster 200 level, the interconnect 155 provides packet routing, self-
routing, tunneling, switching or other transfer of data, configuration and control
information through a plurality of communication elements 190 and 210 and
communication channels (bus structures) 160, 195, 220. In addition, as discussed

below, within a cluster 200, the interconnect 155 also provides circuit-switched (or
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coupl ed to each cluster 200 of a sel ected supercluster

185, such that communication to and fromeach cluster
WQOd7ms9pccur through either second comuni caPCDOS2007/014394

el ement 15 210. Also as a result, in the event of a

failure of a second comruni cation el enent 210,

anot her second communi cation elenent 210 is avail able

to each cluster 200 of a selected supercluster 185 to

provi de identical comuni catycon functionality. In a

sel ected enbodi ment, these independent circuits may be

| a r C]rQUIt structures
°“Eemhﬂa%ﬁ b Runichtion rﬂ’a%‘&széhfo BRMsAT R elements 2 ilodeed,

OHQ of thesrmVEbfeamred‘mﬂ the atchiteO@tEor O mseﬁﬁn§&ﬁﬁiﬁq$ the use of an
210 is utilized, simlarly

ommuni c
‘“tg%“r?ﬁ‘é% f ?‘8“ ﬁgaipfewé%lm%@clﬁd)aﬁ@ yrkcimuitroviecheti r d
comonmikatioal i on el enents 190. In this enbodi nent, each

second coQ ni cation el enent 210 provides nmultiple
and i nde&g%g}wn&feﬁﬁ{ﬁm Higuses ibmcﬁ&»atxs e(c@nglary ihtetoommect 155

coinlpﬁke‘s M¥la HluBlityl drRkst) | haks are
E’kl agl ga ?’n t F}t(}e’ eventng Hr%ﬂhf—‘g )%gﬁotnder &5t ewr%'l)gi(
namgeiya p ‘K@lé‘iyrpfthlﬁd Fﬂ'@némloefelﬁmmm 90, ai glunradity of second

comhfiiidakioARlerh S| @RAL &Mvtlﬂraglgp(% TN a(}/q%{dh@ \rll\{cf@go%g{e?n%gts 250;

degr adati on and not’ cat
()opiyeaditie pteircuibswibghifg dnmntsaham«xly,lﬂa@ pledet By SRt
ster 0 level,

. 8 dto a cl
o HREIGHHRY Rment750:50 ﬁﬂ%ﬁﬁawﬁsme@ “rgJﬂ{SFfﬁ’gW"@é of other
formsfiphysicalinonatdtiogs oswaﬁe&funﬁﬁm@fon%&ﬁﬁ (&.5andds8hrddf for
exgx%%)l? %rsm uratio gcontrol 30 i nforfRation thtoug _
Wa ?%7 PV TR %P?%%z‘éwérﬁé@n@%dm%sachelbmmmm” bits
wmh@mvwmmwtm@mxctm BRé &r h@k@thﬁjdrc% n%rﬁﬁatlc]n(s&erpér?t? ’198 provide

addi ti o as, d| scussed below, wt

pa%br OURE §© @P&‘Bﬁﬁé‘@’t‘el% switehing poethdetransfer of data,
corffi gru%tidn and Jo(ﬁh%ljm@&rmang)oaydll%&ﬁ %ﬁhe?gétﬁlc 2 01% g{ (Qn rst bus

35, circuit-based) commuhi cation,
16Q At/ 179 1 890, andirmdsranG. plumieedf Supel‘td!us‘t)érstlbs ViRV8k or

mof‘eeﬁcHﬁ& §orﬁfn IEL%II@B% &ird ﬁ'fde r{e?aﬁ% f?l'gs?u%gé %&%ﬁt@?ng turn,

is the use In erconne

ong Rt rnorw@md @rasmunmadon Eleougints-290i wielia ducle @ STpEI Rkl 985
t he

fer.to, Figures 2 and 3,
P B R 1 Bl st e oyt vpmsfens 4y
congiguragigniang cohtrohiekoragytionpesReid For Ehe@ﬁhﬁ%mmﬂigmteﬁements

g Bt By S et s oo

mofist mﬂmannhﬁmalslehwn%f 250 WithinCQ BRURIL Lét&fb ement s
250; % Hrallty of circuit smntc I ng el énents,
nanel y, ‘h‘é“’glt ¢ an¢ piymgre fifst semmuynisotiom olepmnitoPS0 within a

cluﬁéﬂt@’}ir&vﬁé@ padR€rduhgt &?f fouﬁﬂg a1]% el E‘%é (Q:%I g n@% (eg)? 0815{ e

other forns of

tran\é\%eé ﬁ’i H‘F@S‘I’W%}‘)&‘ og, Cgmtml mlermatlaned andl Grom the cluster 200, via

the second communication elements 210, such as to and from other clusters 200, and

provides circuit-switched communication for data and control within the cluster 200,
enabling communication between other clusters 200 and the composite circuit
elements 260, state machine element 290, message manager 265, memory elements
255 and/or other components within the cluster 200. For example, data produced
from a composite circuit element 260 within a cluster 200 may be output through a

direct or a circuit-switched connection to one of the plurality of first communication
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exanpl e, as busses or wires 160, 195 and 220 which, as

di scussed above, are "n" bits wde). Wthin a matrix
waz®7/1emed or nore third conmuni cation el ement SPAP0S2007/014394

provi de packet routing, self-routing, tunneling,

switching or other transfer of data, 15 configuration

and control information, to and fromother nmatrices

150 (via first bus 160 and I/0O 170, 180), and to and

froma plurality of superclusters 185, via one or

nDre second communi cation el¥hents 210 within each

uch supercluster 185. In turn, one or nore second

elé‘@ﬁ%‘ﬁ ﬁ?ga‘ﬁ’b@h thereersyers thecdapd tohpacketfohm and upetes thestaga packet

tokﬁése&ﬁ@%b&%&ﬁﬁ%ﬂteléﬂ '2@6 g)Ja{lsml%ngn Fﬁl?tg\urr Pft8%200

SWItCIng or ot her transter 0
angther suprreloister rhsarqrmnpﬁmr mtatrixahgh. f$1mlietr]'}e wheh falata packet arrives

vig AT E R E TRk Ron o2 T itich i B8 Bioan BrerBmstusigmzoo,

ammt}wr tsnlmero]lusterrﬂmi‘, cfrlahsﬂmeﬁﬁmﬁmlﬁﬁttﬂl@ﬂrsfﬁ k& iintcatiof element 250
ev%t@i g ch agr I% Bter 200. In turn, the one or nore
xftacythe. i an F SR AT Mosadata mardntothe epresnondingy
copigveltel eBepasieticnt 260,isBde n26hihe ERM NN 00 IHERABH d8ments 255 or
tching or other 25 transfer of dat a, confi'guration

tg?foc BiS Withis theelpger 2¢0-and from the cluster 200,

via the ¥RERRABANBMRLARAIdAABN &lHIERN &hlg&-gomﬁfﬂﬁﬁ]:aﬁﬁntepements
nd fromother clusters 200, and provid

W second cemmuestionsherments 310, frrsﬁ@anmamaamelemnmsaso the full
mt@réd?h@ct@i@n@ﬂtlﬁﬁc{nd%ﬂ@d%gﬁg% dﬁx@%&%@ﬂﬁ@&t et?émé’l{lrzgs discussed

bet ween other clusters he "conposi
belpwhmay be designed to haveroiselected ea;mmityZQﬁh aseel agerconnectivity

nt s 0.
T T N T
elgngllj@é’é r t]gqc') glmmnm@iﬁmﬂanteecdnmgﬂlﬂlénﬁﬁitwg Brov8hgWEdring output
ust er Tt a irect or a
°% ?’c Fre W%%lﬁg&%&ﬁ%@‘gfqp%cw DEYITEIHYY 91 any Anpytyof gf
coﬁn;rosi:te Cmdimuﬂleﬁﬁht 260 Mhe @Reth BABAGALEE I HRIVH @d éis(%tlon of

§6 el enent s. 259 rotg/m ch then converts the data t
COBRIHELT BTN 17006 Same HpuRer YRR moTe dimited ogea@cm

in@egOMed ok ividfhif HIRNA RS te 246D mbhPbe %E&U}&éﬁ SUPEY [%)Q ﬁﬂg Llil)gxttlal

; cl uster 200, another superc or a
INGFEROPPGCt plgImenion R da%trlputeméﬁlablrummmtkl@mear (riov esparately

ill8stRREDN A 15O IRk £3ld, A @ng;%lﬁ“ ;
anot her cl uster 280 5e an gre supérrn}é\%”kl tltﬂer %‘Bpg%mumcauon
elemeth 230 may mrevids @ ormiere icongrrend nomIRCt o arroetiegesath as two

upﬂﬁ’@cs t&%hd A6 ﬁo%vﬁqmﬁigtﬁ%n‘?g&oéﬁ AR ESTcatilg o en&?q?sc%r(? in addition

data words to the correspondi ng —conposit
to ene AemErYE@Icusteat @rmacﬂinrmeo eheé frent th2Ympoeit® tiycuit elements 260

onf] o ghbpenehu? bt ShARE R0 RADE Shinallivh e s peprovided in
ang @ivenentiaidiment he aentis offldf pb@htiabeslGEidnS RHRUN £84.1 Blddition,
wl}er?e ][re %hanzfiliH 1ntercro§1necc‘éi%%g i)go%gcie%ntheel Ve-':ll‘n;glrlg gorgrsncl)mlctalagn
elements (third communication elements 190, second communication elements 210,
and first communication elements 250) may also provide an arbitration functionality,
which may be based on priority, round robin, sequential, etc., selecting a connection
or routing for data transfer at any given time.

While illustrated having cluster 200, supercluster 185, matrix 150 and

apparatus 100 levels, it will be understood by those of skill in the art that the number
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i nterconnect elenment 275 and the distributed ful
i nterconnect el enent 295 di scussed below) may be
waele®rgeaod t o have any sel ected capacity, such BSI/U81007/014394
interconnectivity to nore limted interconnectivity.
For exanple, instead of the full interconnect el enent
275 or the distributed full interconnect el enment 295
providing for any output 15 of a conposite circuit
el enent 260 to be coupl ed concurrently to any input of
a conposite circuit el eme’ 260 in the exenplary
enbodi nrents (with the exception of conflicts or
of 16N MAY boestehded dindecseaved imput wlastedormiprdimpnt. piprexample, a

tial
s 55 BBl SR CE AR R e
inteRRMbEa155] Ragbeaitifieed teteae photier h:vd] sﬁmemlwdwnbmtthal

i nt er connect el enent (not r at
appayats K00, a@;(w,é;reartwgeaimé/ﬁﬁ{%g&@ P ﬁ%"{: %]%m%ee H)e{archy
of&%&%&ﬁ&ﬁ@ﬁO@n el ements 250 may provide 2 or more

concurrent connectjions Qr rouyting, such as .t up .

li nks t oFienee o2 diegrm Flﬁﬁga?“?%ﬁﬁ% g’é?fﬁﬁlary %ﬂ*ﬁ%%{%%’ A
seqﬁérﬁg?ﬁrx‘ taéco%&&ce' vﬁtl@ﬁﬁ' tEéc‘Plﬂigst& R reSdnt ANeRtiGAN Tl ﬂfe&ﬁbmplary

connect 1 ons fromthe conposi te circuit el en'esrg
emB@bmentsodasa laed/oc gwmlemlset@ prezopted aver thegpterqggmget 155 by the

vargﬁggchilt | V'lg%efi@gﬂ@] %éﬁg?@'é&ﬁrgﬁgm'eﬂtsa@Oa{&ioﬁd ¥&Hmunication

potential collisions
eleinciid 2110, arcefirst bomanahidation elenveimgs 250)@s ¢ “tiainy drgppneling of data

Wot%nﬁﬁlﬂﬁ 2/2(?&15)#‘1\1% tg%fcg ! 8%/etrﬁea% w{ulaﬁ V\YOEHI& SHRrwise be associated

i'rd conmuni cati on el enents
WIti;S}Quurﬁge@ﬁﬁdmmmmmddaassmm ewoeds. SMaddspeciiedlly, ierring to

conmruni cati on el enments 25 al so . provi
FiggioT 47 40T BAOREIEOP GHAES 00 (P iy 58 PRAEUfofrords (felds

or #dth HrhdtMresy 2%51 gind D10, &ndSﬁ?U’elﬁtd \&idﬁ aach fsucﬂevbvetd 3Oﬁg01a3 10 is
connecti on or routin or transfer

tragnyigtad seqrentighy. Qaeiatiey thtrotherg Ffﬁbwe‘idu%‘tfé‘?% égg)émp“ses the

ad%@f&h%ﬁﬁ ajcﬁ'tsa stAR YK diXatd0 Orid sl drest hRaddr isayl Einprise a

it wll be understood by those of skill in

degiinatioh addresss o mméaonmsz both a doigatipraddiesayd/ %%’4%‘5’43‘1%”55
(wfncﬁ E[ %81\.{% ﬁlﬁ@ﬁlap)eom&ﬁsj e§u<9f arfjf&fr@ﬁsﬁﬂhb @:x@rﬁ?lary

nment. For ekxanpl e, pluralit
enfbodinhdnts, besrthe ﬁ)ammfr[n@tr@rrewpber( ﬁ‘éﬁerfFlP’r‘thsl?%‘P%fd glusigy pymber],

ot h t
R PRI ety g g
of adri&ed 160, supeedtistag M)and@ﬂlstﬁmQOQI unpl@megfed| in\leg selected

W|th|n the hierarchy 5 of the apparatus 100. Figure 4
embodimefitagram i | 1 ustrating an exenpl ary data

transm ssp@itxaGple) evted dightat foweansgteices 150 alegmplemented, and
t eachi ngs, of the pr.esen

I nyention
wigh BT SO AT ERR £ BT perelliel Foo3 SRl phch
suﬁé’r‘%fus{eli‘ 985 RbRfaGaAG eipht dbfeway cludters 2G0,90its are smﬁfmgant to provide
lements (third communi ]gaté on el enent s 199 %erfor{
adémmg iag IMMNLSSS,CCC]. The data start indicator within the firs word or
field 305, which may comprise a first flag having a predetermined value (e.g., flag
being set, or other first predetermined or predesignated bit being a selected value),
indicates that the current word 305 is an address header and that all subsequent
packets are data words to be routed to the same addressed destination. Asa

consequence, all of the “m” words or fields 3 10 of data following the first field 305

are designated and transmitted as data words, namely, data words 310y, 310, 3102
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10 el enments 210, and first conmunication el enments 250)
as a "train" or tunneling of data words, thereby
w0 ewaasngs addr essi ng over head whi ch woul d ot heP@U/BE8200E014394

associated wth routing of individually addressed
data words. More specifically, referring to Figure 4,
a data transm ssion sequence 300 is conprised of a
plurality of words (fields or data structures) 305
and 310, and is "n" bits wide. Each such word 305 or
310 is 15 transmitted sequéftially, one after the
other. The first word or field 305 conprises the

throa%g R I)E%gﬂ ardiatitonsatidalip ratiet to thediroepddresspdedestination,
addr ess header

withog, BORS CESBBTT & RS PR Pt E A AL FRaEe Ba s

Add«?ﬁ’&i{a?ﬂags &Mtsclhaﬂmgo e ditilized fmroehetrimrpctsne swolx & to Bisigmate
an address, int

d t
ety e SSTBLle FIRRE S0 RS on.

bedheh heidayMree 14t dith tveordltillubtzgtdd howord or field
paﬁﬁ%%? ﬁ%?e tﬁelgggk%ss dependent upon the nupbe

of’
3 lO{;&b,rqouagxsggbothmm 3 data end yyticalon teingdigals @a&%ﬁ current data

wor\%iﬁnp hquﬁtd?iga \!VB ﬁ&né FhRGteeh, BaRes d&(ﬁnseﬁ@ec@ﬂcﬁﬂ@é Bavmg a
ewer-matrices 150 are I np gag

pre&atéx’mnaabhalna(cm qthqmcqmp@ﬂwlg@t@ l@hpa\epg £ 'va u
super cl u Le rtém%efﬁx Gt tug ﬁﬂfeﬂte%ﬁn%ﬁﬁ:@(@ EM %fnbbaﬁnent as
contaln I g r

ewer ¢ usters 200, its are
a cainbihaoreod h)thmcbmﬁimthl @acket| dyusipgiang casuif MWF 198

partp?tgprgy %g%%gli%ﬁscrlﬁnﬁgé lte% n¥¥ @{Hc{]cé rgﬁugfc%fian YRELN 1 90 and

I'rst ag having a
secOREEsthSiuiidagen ¢Rimemit( 21 (D p,rmfxﬂafpr ds@bh@}usglone or merer

first predeterm ned or r edg [ nat
congigptiqnsdgtwyenn and am‘?rfﬁj?lt‘g ? tﬁ%ac%rre Pen ar&\%o?fdth%ggﬂ

wolPotle18805 £5%1 RReadBig aﬁ\ﬁcke&h@tupﬁd Jiediuinatbgaih fton3@ source cluster
packets are data words tao d to t

ZO(hm destingtioneeluptsp P nTh%gecgcatgcg RY dwnlaeeporgxle? %S/fcnicwt-
swgmﬁl%@gg@ep EorfrleBlidss witRindfor@abmpled b Wawboit bhgatbivagt The

are deS|gnated and transmtted as_ data
remvonioig dateawvetd/(dattaverdicd 8s %Qe@loeﬁmughsﬁ TIving at the

%ﬁ%ﬁc]aﬂigélgfénf g]t_/ M%Qg?x{xgﬂrﬁéﬁfbn cldBedthn QG,QJéc&Jcoédﬁlxlx)mmatlon

are au tical routed to the sane addressE h
elegieats 2140 oAy be Wuffnmdtanértbem@wfmﬂd angoraatigallyps a packet on the

sw’&glaﬁidi éroogg?r J;ﬁac%?edZ?a?% ?gﬁ’ﬁsﬁ’é& @xﬁthﬁlpfhe%ﬁﬂngl%ﬁw’iﬂpélgmem using

SO be utilized for
theodddedss hetdeas ﬁ!h,e c&dtdateds)atblsdwngn@d@ntlﬂ gt conpplete packet has

subse S .ar.
veSh R gL i 0 BiPePRAREIRAR i LAER K buiee
coRPRIAdAtAS. Alplardliag bf pahamay b, used tusurgny tasupReFih or
field 310(m es bhot data e
bromapeaRae. Ao I eRem T e oRarna Ay SRSt
tranBfids Rk n}?@t&cﬁpﬁﬁldﬁﬁ*eﬁgy bétgﬂ:%ﬁ and adl,gngmlllb seye mmng:gtlon
a secon a aving_a edet er val.ue
e e e B GRS S PRl iiones

for an exemplary embodiment, allowing transmission of multiple data streams

concurrently. As a consequence, in the exemplary embodiments, the plurality of

communication elements (including the first communication elements 250) support

any selected mode of communication, such as one-to-one input and output data links,

one-to many (broadcast) data links, and many-to-one data links.
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This tunneling of data is inplemented in an exenplary
enbodi nent as 10 a conbi nation or hybrid of both
Weamkas4pouting and circuit switching. Mre  PCT/US2007/014394
particularly, the various routing elenments (third
comuni cation elenments 190 and second comruni cation
el enents 210) provide for establishing one or nore
connections between and anong clusters 200 using the
address header of the first word or field 305, and
reserving and setting up a3dedicated path froma
source cluster 15 200 to a destination cluster 200.
The dedigaioattapah Iﬁrm;onbmnﬁcmmmyemi%@umeivmatta:vvpﬁ@

or_ ot her t
frong, Fheg\glr%;;ggrgggeﬁt? gﬁ—ﬁﬁ lhséerc?g O{y ggga(g%en%a é’r%scg%% word
per 860dr m3td ot EpiIed) vid tHerfull fiteRonhadt Ripnadnt 28, provides an

comuni cation element (third connun cation. e

addiege heastee.and teangmitsithegsaypneedp é‘rﬁ?ﬁ? iatib) e o1 {50% S{émsém 210
for RHI\ n‘ﬁ1 Sgn %‘Qndtﬁ@trblﬁsrtmoe b6 8 ir@ienittiad thy eAdressequence as a

swit ched or other dedicated
pacmmsu Sioe ot o hem LSRN 1 SPGB Ee@nem 250

I'CCCIV%S e}n%ﬂhu%&s Hl%a[qﬁlrailt a@ﬁd:ﬂ@ lopdd @OP at b,,i33 oy BirShgEH IR ,-1)),

e conpliete een transn1tted after
andnfeicéntially prawdwélepaipﬁhe ﬂeqmmt@d eqmmpensneabtg cfusterdOfer

typtcaﬂmaj/ atsiwotr(]: gg’%ﬂq{myﬁﬁ nttéf‘%r I eg@élgﬁem o) inéﬁ@ﬁlxplary

adcast node. Also in the
emBYEMRhR( theawhodi a]ﬂr‘dr destirpition alliltegsestmagylehstgepddn 2y of a
transm ssi ons m

Plurdi ShHamBOTRAGh St FoM AL Ao TRl R B TR
corh@hicdabh Blesnennd1 90p sécodwolinnks caicaaleushty 2k raniddiretd

for an exe d
comEeaen SFE 7Eane Sodap Ly e L AT dRbussed
beloW) FhiEeaH LBRIRE ¥tilgARO titeRRister comenyslicatiohi ty of

cofmuni cation el ements (|nclud| g the first

communi caYprpastiapay.dhosps OTS‘E}BEFoﬁ’t't‘ v A LSMES”)
296@% othdr gﬁp%ﬁ)aﬁs%} of§-l=:'ﬁ"1|ﬁ RatrONE($) Ot Pastes fR(E)) peitbrming

one-to many (broadcast) data

tnd bintng pamstswéth? “bisdlora aergns ARHRS( WBDGPP £ gRasis) o the
varcgous/ c%%&o%?tjc Qilréé%%leme%% i(ﬂ) GRS A ishedta Fuirfifal” data linkage or

I'on e enent recei ves data words from
rotitive heaweemer mmﬂ’@wpmmfsm piecuit elsments 268, nanygly cagsigping a

d E\jg]ljcélg% bl %n ?’u ?r?otr gsneocﬁfcu?(rk@ergénﬁ@g@ WiHtRSUf necessarily

connect el ement 275,
Spadigximgjmwamt daddlitege ln&a@ctéry,smaﬁﬂ otewn §"|h|etvgnpmgcommumcat10n

equx%ﬁg rggéog?]r%flgi%cﬁngrg ﬁ %TK{F (f %Eéo c%hﬁﬂﬁﬁtzatﬁlnoelgmtaﬁfs 210,
thirdl aﬂl‘hmdnﬁdaﬁgnteminﬁﬂi ISP(Q fslé cqmtemoenqs ehmepaaﬂégncygr distributed
For data fr g 9 th S h
Sl et G o e e UBTo T et TRl B3 oy givep gme. hen
arg Lllgé dlioyde@émda& alevmyés:a( ﬁ)hﬂﬂior Ri0dorre3paRiing daagtanster,
IR O ST E N R X

physical data path or hnk between or within communication elements may be

established for one instance of a transfer of a data packet (e.g., a train of data words)
between two clusters 200 (and subsequently released), with a different physical data
path or link established for a subsequent instance of a transfer of a data packet
between the two clusters 200. Such physical data links may be stored and maintained,

for example, within the various memories within the communication elements, such
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typically via the switching of the full interconnect
el ement 275. In exenplary to enbodi nents, the source
w@ea7o4940est i nati on addresses may be stored i nPERYSD7/614394
plurality of components, such as within any of the
various routing elenments (third conmunication
el enents 190, second communi cation el enents 210, and
first comrunication el enents 250), and established
duri.ng the binding process (discussed below for each
context utilizing interclud®er comunication. 15 Mre
particularly, the one or nore state nmachi ne el enents
as storeadMss: toutir® bl @withirhie neamdriasl dfahd syrresponding sldmeastii p

controller(s) or processor(s))..perforni i nek
iexfhascrodksopim b8 G Rsan Gt b G LY Gl bybiesl Bl RS
detew{h%hib{gnﬁf 5rrEPRgitlsPlerhénticbiroN@ri2sus thooqosiungation
circuit el ements 260, and establishes a "virtual i}leata
comiposikeagjecuit elemenit 369 %ﬂ‘@@nat&“yéﬂ%ﬁ& 1 Hé“ec%’ng%@i e
itrSen v ; , i¥hedA@Rl BB PfoRAatiat a
diffgre &%hdgm%legﬁghﬁ%ﬁggcﬁer@n{éﬁgy%eonposigﬁ?e gi)ﬁf:ui,ta el enent
comhicatidnheitiinribe elustar 09 Insgiber PipmRlem GRRAfApeRty e than

i.nkage is t ' ihREze¥ @A yPMSo be established by
esm&?h%ﬁ%?é’é‘?‘i‘%%a&g?@ﬁg% é%(g ?: %ir:g%ta clzlgnnfr%eni caytoi on el ement
the Bhlder Sep0n0f thethinding ptacess. el ements 210, third
communi cation.el epents. 190, . | | BREREH200 i
275 and bIEvGH 63 £ DLkt ittathBatieOARa g ARRI200 in
acc@QBhece Rithhes teatiiaks ofthk préspnicipuemion: Eiguwrfyisgi Rleek diagram
time, then 25 are adapt.ed det erm ] i.Gcal
T e
pregéhg /irRJEYlﬁbﬁ.a_in Sak@r ?Oml@a@ﬁ-iﬁﬂéﬁfonﬁradrqlﬁrmnt®7ﬁ (s lslpgleng
and/or routing, a first physjca ta.path or lin
uniteey wgewt menqﬂt}ﬂsé@mmﬁﬁ@ﬁ CQF@%EH@G’WB?“ galons Between
inpRRLAa Ju?}hﬁg of SIchUtehd BShaSR cHeun eldhdnsd 260 afd athenatlaster
pacaket e.g., a train of data_ words) between t%fs b
cornporsmes @ iH0grtehdFeubsatplethy (i igfasrnagyt clgnent o > may be
. different physi i oAl aldighib@sl &l iieeennect
m lgfneg{egiu ssaecg%%k%agl%lgc?}éﬁggg%s?ég??r ansf er of a _da(igla nn.
elepak295 (et disteibutddeplumabiteo i greaitsopgonenthis yiliged iyprovide
data Jinks may be d@aq ' fQhe EXAPWNIR, circuit
co’%iphtﬁ Wt‘irﬁ%m}?ﬁ%f)%sul%&{r’rvg%rlg?}pg% Wt %&% Egé’%cg rrd;ru ni cat ?gdr]] e
clchREETE(andSethér MMsR2OGM lctRashsPITYtas20 Foreranelk, theo

as stored. as a routin e W thi '
GipReE P LR IRG! BBk E® Fay b PSP 48l of
mllﬁlﬂb%%%%tﬁd/ob ﬁkﬂl\gﬂtéplﬁbtdrﬂ satly astheentleglepby 33 THlusdaied in Figure 8
in et erm ned by, the correspondi t
ot RIPSHE P BO e BT D B ) gty HeBEBE) the clusters 200,
20%:Ae:ﬂE %en%léQl-. % Eﬁjﬁc&fn?erehuer;oat ar@meh \ férfmﬁa?h dlmtef(ﬂ%@ will be
clock cycle, li f ferent physical ..da i nks
undsstasid tomeesn(aaddneere Fecsaporbim fatirn iR A Yihfer 2004
(ayn\ﬁlrr% Walpd LAGodikitht Qlusf@iid ok RIBtdre00BX L Fite V), as one or more
embodi nents, rather than establishin

i rtual. dat.
vdriatikns ofreclpbtys 2ER| andyﬂtgstqr@@{@ég(égd mteg pggﬁtg‘{herwwe Shift not be

fu?t%‘éla 1|séuss£]§cfjasbay separate embodiment.

As illustrated in Figures 5 and 6, the exemplary cluster 200 (200A)
comprises a plurality of composite circuit elements 260 (or composite elements 260);
a plurality of communication elements, namely, one or more first communication
elements 250 and a full interconnect element 275 or a distributed full interconnect

element 295 (also referred to as a full communication element or full interconnect bus
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the binder as part of the binding process. Figure 5 is

a block diagramillustrating a first exenplary cluster
WQR®7i149494 0 accordance with the teachi ngs of tPEI/US2007/014394

present invention. Figure 6 is a block diagram

illustrating a second exenplary cluster 200A in

accordance with the teachings of the present

invention. In cluster 200, a full interconnect el enent

275 (as a single or wunitary circuit conponent) is

utilized to provide conpl et i nterconnecti ons between

i nputs and out puts of each of the conposite circuit

(“FELRNPY StaBHRactiide elehemnt (3ME) 890; mm@ menpgerax$5S; and various
illustrated.

F
congpgwﬁqﬂorxzsltglcﬂg?s ﬁgc):.(h %ﬁﬁgﬁse% €r, tgp%sn%f?c{g)grgﬂﬂﬁ%tlon mﬁdla It

par SW t
sholifdl ¥ ﬁbﬁé&fhaZQ@Ate machiat elcitne QI9CD ahd meniage ooamaget 265 is not
el enent 295

di str.i but | i, t
ceaushoreRTRS e 00 SatORSPRUTHEC Hikpiecisch th
apﬁl%&t?&mmh' QNSctOEENBRS 20004b P cc&!ﬁﬁnﬁmlbqadbmlmfntlg&ompoﬁxte
e conposite circuit el ements 260 and, ﬁﬁggg {J %r th
cirqatpiemenis 268 ée- g1, having sigiip! siegpl rRgeRsIg Bmc 1008), Wi
stat%'rﬁ%cﬁﬁr{%%%xf Hbdsal é"fn%ﬁ é%!i‘x‘l@ﬁtﬁnﬁckﬁﬂﬁ&sr pt&dded Py Beite machine

enmented as a plura mul ti plexers and/ or
elerﬂxemsI2I90 p:hmémssagqsmha@ss 2 oﬁmmr gipess 208 with corresponding

cori}%nlruglsj;ta{ ated b0 o ét%%ﬁ‘ﬁfl%lc%t n eq mEhE o567 l?lcﬁméﬁz'x‘éﬁlplary

RV Bnent er respects,
emﬁbdiﬁteﬁtss raA0é, tha2 60 :atdetmrdtmnclcéing NS O PRQIA §@éméﬁéléme

r fere ce, to, a cl
clef ﬁf? élqm 1thig they elusiers gd jc gl}}edczo neb@g)dé\ Am%?unlcidpust rgqg eédooe
1mﬁﬂ|ebl&h&ﬂ tg%%vghz& (l;ﬁmf anetdrinicte erteoh! wentrolidrs §gH pap@@r agf—
cluster in Fi

KT 2 RN CN T T o

intOlcPEhM SRnYdnk D75 alaylie 1rrfplléxhhﬁéd ds 5 Ctﬁsslﬁxﬂ sa&tch 08 PPBFtEdnsistors
enmbodi nent. As jllustrated i

(vEhonpiiboyt sblsion 2peb EooN e Bisrrr Busdda igjerdertgrt slement
2938&5%3%‘ B%I%Eﬁt@ﬂtas %lp@&%mysof?s%tch@i PASYRARIs6rs Snaprs

a plurality of "communication el ements,
and/angbmultiphexeny, fapexaninlest comuni cation el enents 250

?n d a ful h,dnheLieann ‘:‘eﬁ{boﬁlrﬁ&ﬁgtas AR oftidhs Dk WhRA &M, an

I'l interconnect elenment 295 (also referred to as a
exi:mlplary: ohmsten 26Amayralsd mobide additions] mpmosr cBethaciccpd mgmory

2007/ 4 PCT/ US2 4 e
el%%rﬁgﬁg gﬁéﬂ? R/g)? %é%%ge r?gg% %Sgé l(ﬁfg%ué)for @)’(a?rﬁﬁ% may
al3AihtAdE an Gﬂﬂi‘ﬁ])ﬁﬁtaaiuaoe 245 rsuch as e ¥ IF@ublff%‘Serﬂgg@,en@qary

ot her t nmuni ¢ n _ned
stgtEd PR SRRl dpen gt iRt ferween
adjRRACANstERD00SwiliRdut utiiainigrthel varous\festcahmenieati@oelements 250

vari ous enbodj nents e [
e RSOk S SE OR R 15 SRRl 1.
1llﬂﬁfgmm&é’ %)C QAP ﬁﬁilyteﬂfso i@clude b ise pdraemn tadd2BRal @ngmunication
stw?:yﬁg %or corrllrtngmcaugr[] getWerer? %}%SgMEZgZJO D% ﬂ)nerfc%rr]rgptongrqtg )thhm the

cluster 200, illustrated as configuration/control bus 285.

Not separately illustrated in Figures 5 and 6, each element interface
and control 280 also includes a memory, iﬁput queues, and an element controller
(comprised of a plurality of conditional logic structures (gates)), discussed in greater
detail with reference to Figure 8. In addition, first communication elements 250 may

also include a memory structure, to transfer incoming data to a selected composite
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state machi ne and/or nessage nmanagement functionality
provi ded by state nmachine elenents 290 and nessage
woremagenss 265 of other clusters 200 (W th cor rBGpUSIINTIEN4394
conmuni cation via the first conmunication el enents
250). In other exenplary 10 enbodi ments, rather than
or in addition to including one or nore state nachine
el ements 290 within the clusters 200, the
correspondi ng functions may instead be inplenented
t hrough the use of one or-#8re external controllers
175 or other, off- chip controllers, state machines,
circ@f clBhREESEM A8 td ﬁd&ehm‘tdaduemmgbmg da's frarhe sklgkted comp051te

|nterconnect t 2
v e mear i WO B SR NGB GURILRH (0 comprsing
six é’&n‘iﬁlﬁ%{% tcgtam Efeﬂ{eltn@s@lfim mtb E’kszttggbnmlnhtdtﬁmtdhﬁndﬁs 260 onteasthte
rconnect el enen I d
machinsrekmen (GAVES Rofeane Mesass Pangce g0 et ke pafect
elen?%;oé% of BiEHitutd BNiPinSercdiecEABMBAE29 WGt pd%sﬁ)&:l stlitichal

ment's, - as various options _or variations, an
mermoryrspbh Ry Sesiond eemoryFlemagnt 2158 of 08 QF MG YREP B al
commum%zﬁion s‘ﬂ&*& e éﬁﬁ%%t@mﬁéﬁé{' quéfe Qhﬁﬁ?ﬁ'ﬂl B85 Bnderosd by
of queue, such as a ueue, for
thosexﬁﬁtqllbm thayleatrgmq anis|thatany ﬁmw@r?’éﬂdwﬁgﬁnﬁl?é‘é ot thes
such as a

compoRents may, Ol?e latQEzela e a {n}p 11 SRARMbuntd a[ddict.to\r'x'ﬂﬁnatﬁcﬁfs are

con and/ or configuration
conkidtedrauivatent ehdwathin tdjsacpnoef e meetlen 200 wi t hout

utilizing the vari.ous flr
and secogrﬂ Ch SRR EATTCBH <& nee?rlgn &Ogﬁfil‘g%g gf%%%ﬁlééﬁﬁal
c1rcuft%$ém?ﬁt2|70 a@lld rhnﬁﬁfdrrlml’(SoﬂstﬁlthB f‘ncbd)ndeman’redtqrfaCF agd eentrol
and may_al so i nclude.a s t
28Q oWﬁ*ﬂﬁ igengrplby referrpd K3 35 ‘foé’?p%g%r i Bct {'on '%&8%0 it is to be
und%H%o&p@la@Q girOtib BlenGNPRNSIAY erfoih Ifﬁhdti’cbﬁs otHeu glaarcop@itations,

strated as configuration/co troI bus 285
SUOQ@p@Fta"P@dermgsl \ePRYL CPWISFP ateé%{’f#%‘e functions,

con?lnﬁﬁﬁgﬁoﬁ mrﬁ:ﬁ()f%: GnstARRfof 9%0@@5mg2 &@d ?&llﬁ‘s@lch A6h-ddepuational or
nmory, 1nput queues, and an el ement contﬁolle

oth(ax:ﬁmptlp@uy of ccmspiemcg‘mthyl the seaps Pt @ St © e(%ff 278 of the
mvse}lf(g{%} %ggﬁesg E%gﬁ)e)wlaghgcussed in greater detail with

ere ce to Figure 8. In addition, first
c o muni c aVitbim 2¢lesen@o, Zb@cqm}yomﬁlcsféuit slemends 200G y

BT ol 270 B B RSt O AT nd

be @lidllﬁklﬁdtwﬁlhlﬁm tlu2eo zomndame.mmdemlan@nqm@n B ang @'Fa,ydje
data fro eéect e [ t
g SRS AIES Qg el g o7
are?@émfﬁgiﬂraﬂﬂe eRiment Quyp@SAt’)ezmAc two toefiguablt slpGhts (type “B”)
irst conmuni cation, el e, tat
2704 GO SRS B D D RGN C S fbETE >
2764 ahdiaoBEERABESSr foretdiTRAtably Brsd ety rcnbuit ehbniamlt R70m.
I nterconnect el ement 295, with_ po Sltb| e addi ti
communication circuit element 270¢ 1s utlhzed int rst commumc P on elements
250, which is typically non-configurable but which could be implemented to be
configurable. In addition, any selected elements 270 may also be implemented to be
nonconfigurable, and all such variations are within the scope of the invention. The
configurable computational elements 270 generally perform computation and/or bit

manipulation and may be, for example, configurable arithmetic logic units (ALUs),

configurable triple ALUs, configurable multiply and accumulate (MAC) units,
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menory such as second nenory el enent 255 and one or
nore various conmmunication structures such as
WO nioened4ost er queue 245, it will be under st oodP@lUS2007/014394
those of skill in the electronic arts that any anounts
and conbi nati ons of these conponents may be utilized,
and that any and all such anmounts and conbi nations are
10 consi dered equivalent and within the scope of the
i nvention. Each conposite circuit elenment 260 is
conprised of a conputationd3- circuit el enent 270 and
a-uniform (constant or fixed) elenent interface and
conﬁ@irhble Ibit r28£ﬂerM§|dle&nq&méBl&EDy), coffagyrablemaulipliers, configurable
ytational."
Gelgis ganipBsn ageirels ity ShBTES bofrdyable Lo dtfes

configitableQind Iﬂbﬁlﬁfnnbé&m conrglers suparsr 1dr§e dddls @epidile of a wide
reordering, ne

M T
on. "R dMEELABIPERRHREL GV e&ﬂden@d 17(Sgahbrdllb'rare ompptmd afhal

or other functionality is sid th| the scope
comdfinatorslrlegictgatase heinay #g° &t ‘t’ “ﬁ é'ﬁm%if YRIAFE &8s

necQIsaQPJ‘EE‘d}%{r%le [ Grch A& & é‘!?hl@at@ keSd:8$te R L atda)edﬁnﬂmsewteﬁt

ements 260 have 20 (conputational) ment s
Exednlarywonfiguraile glemehtst2{8 %%ﬂb‘sﬁﬁteé i Figuge © ?‘Er‘ge and

may be 'nC| d89 WbtV d efelifentd ygfﬁﬁy 2038 YeimPemented to
selected ConDI Natl on of m X, my be static

pro¢ lieroamiimgeatiin fncthonse onf ibgwonigerablisrinoncranfigpayl, gnd may
t 03 Rr LRl

e iy 5 ST B R A LG Bty

accedd)Bn a8 exemiplay eatbodimteneich e(ctay:pﬂ COMNM RPN ctlons are

configurapl e el enent 7
Pfoc‘f&}‘i’ﬁiltgﬁ‘i’l“gglﬂée BFSYiEhH "l:ag'ﬂg%)a?rs ‘C%r rggggsn%%lrgy circuit
corﬁ}xﬁ:ﬁﬁﬁh 312 ?ﬁ‘MtlﬁA of @GR liyceit doammuanication fuettorsn whixhOypically
utilized in the fjrst co ni ca
cilpibetnees a0 AP REFS NI ABE @ BER B R4
fudcﬂ@h?{ﬁ%g tn?clqu&@ f?xeex ¢ |pge|¢;1|dhig&kr)1 Ethemdtintdrfate, aFISZI interface, a
sel ected el ements al so be
PCh&ixpoass injenfans, o UHhar Hlsﬁ%slf}@#a{%%tﬁ Qﬁ?‘oﬁ‘gﬁgﬁ\g ‘%‘v‘&ﬁ‘f%‘” other
typehoef rﬁ%}&?& 19&3#&1@? d @Yr@ﬁgé PerfabB a3ty R k@ HhGBEEC, etc.

comnpu IFona ‘enents 270 generally perform
Typmaﬂyl,tthe imgrssagedhanager 265 b Eiven stust 28R @romdgesene e of

i Qu
cofiRfoasti | S e BlsbiBTbreRae A S aa”
coResoatinglepfoVidihg othier sypev\of 2QOMuniFgLon functlons or example, the
meglcs:%gleérjﬁ%gaow %ébsf 2 first’® s?e?rifo )ﬁé}{o@u@ A PEELLSIRES Rkrface,

con ura tipliers,
wiinthé gwsedgeena:ﬁgbonss nﬁd mcphd ehster 26 fnayurrapids af2PRe?

intgh Ee; %P&ﬁ% gagré(a;ﬁ%rf §|Fﬁ 0ks U, fr c?&ster MHQ E{oglmeean

ers, ‘super
Eth&apehteerot. a Wi de variety of arlthnetl c

::Tglr]lc:gh?talt Onoqui)lns ]:grg%t I gmggsagg ?n%ager%%g may glso have a direct

connection to the interconnect 155, or more particularly, the second communication
channel or bus 220, for intercluster communication independently of the various first
communication elements 250, such as for communication of configuration and/or
control information between or among the state machine elements 290 and other
components. For example, during run-time binding, the various configurations and

data routings may be transmitted to the state machine elements 290 as messages via
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5 on. The configurable conputational elements 270

generally are conprised of conbinatorial |ogic gates,
whed7meeal so i ncl ude conditional |ogic structRPCEES208%014394

necessary or desirable, such as to evaluate the

exi stence of a condition or event. Exenplary

configurable elenents 270 are illustrated in Figures 9

and 10. As nentioned above, elenments 270 may al so be

i mpl emented to 1 o provide comunication functions,

may be configurabl e or non4denfi gurable, and may

provide interfaces for internal comrunication,

the ﬁé§s§éé‘ﬁian§é€?‘%‘5' o 4 &dhseQisthcEER® mbss@emmgeﬂ 2\656113 illustrated
exenpl ary enbodi nent, such exter cggﬁy |cat1

as direetbt ¢cm§»iedatpé)r pﬁ |tb%%¥aieHP Flléleﬂte G g e r

mtei?s?ﬁmg\q} %r@fe"éﬁsqﬁioﬁmﬁﬁh@&bﬂ%ﬁuem ni cati On f unction

ity of conmmunication functlo %gnwntZSS

t ypi cal |1]he1€rsarrfemrywﬁvaééwr%ﬁaa 5%r§5°?

an I%éic’etn%r gﬁ]ﬁ fﬂ% LERlehi i té?fac@ QRAUBAEALISOMmay b ﬁﬁy fortm of

or exanpl e, providing an Ether ?

merhoitye nfagbime-readable $tatage bagemagy mdia E%kﬁﬂé"s@’ °|1‘ﬁ’c ePT A%E,
USB .or.. USB APBAMR ANESDRIEVDBRAM,

"Ol"gllﬁéf‘d“fl e Oul?th%l;ltﬁl%‘ﬁhltig éac a’wrel éss interface,

MR&2M] FEREAI\/ECROM) EzPrR@Mem B2ERQicor aryqheralypg of megory, storage
me%eﬁéx? Segﬁta 6%81%%;{ %p?}’%-?ﬁlﬁsf ora 1gsu‘1' ?vh%!htlﬁ ﬁcﬁ{)waQ)Q V\FHI&'Y béi:%%‘les

F Tation’ function, Wt
knoRaS $R66mbRRAGAY theZP. b a firdtexemplasy embo@@@ent the first memory

correspondln rovi n other type ti.on
clemgpick 0prgnd q:% Pyeég‘g%ﬁ'?"g‘ e%gtslé%é%ﬁgn ag e&“gr%g% g a'n?
1m51&&1§ﬁte8 b &1 86 REnt2AHArE58Ib1O hmm&ﬁss Q“@EMsF_’)Lptrea; sedontl exémpbny

' e the nessage manager 265 of a second ¢ r, 200
emhqynpnb\tw‘érsa Ry SR 2 &nd §fif PEmERE ™ Wit ';‘5 glement

mtéé?%@%& cgﬁéoloisoaaré%pén@nwﬁrsﬁmway provi de an 25

net 1 nterface n addition, the massie\ e q;anagsr )
265 may Alhedirbtapmmunicatian clepsaRDiash sy ¥ i the Composite
01rcu1 SLEGNASEh. he du‘P%1 erfraéﬁleﬁﬁlﬁérﬁié’e ahd Eon&&l@@?ﬁ@ﬂ circuit

ohmuni cati on bus 220, for intercl
cleomnm2r) watqhomhnﬂj@q@e,nelem:pnynwcqtm aJeim PR Op; Vaich may be

cortﬁgn%‘%{ﬂ? 9 gta?g &oﬁﬁ %ﬁgl}:gc}%%gd %L{{?AnQﬁe £ Q& c1&P BIYBAiGRINk. ORor

i nformati on bet ween
exﬂﬂplamiﬂigﬁlt’eﬁlmtraaye oI deteshmmﬁf‘rhmwréﬁﬂt“@ﬁ paths within the

conygf ng%glgte% yols 22?? mﬂw to {L%UBH 'QIetrﬁerH? 2905‘91‘0@&165tf&epacket

ons an ata routi ngs nay be
switERaSdats h@ﬂsrﬁﬁsxbh&n&&ﬁepﬂm@andefremdhe friterc@OEchd 55, and

nessages via WD 2007/ 14 49 / 07/ 014394 -44 the
CirgRiss Y %?%@Pnfégonﬂé% %ﬁgaﬁge t he nessage
manager 2&miiadlyl teltdté alaRHineaseraént @@f) Ia}socrm)mnrtsds i elgment

mﬁg;jafgéq- z&féhéqggroit?gé,:\ﬁgﬁ gg Iegcgﬂgllltgpor@g égpg/g% bemg I"E]Qeuﬁlore
sp§51fﬂ:‘ CLAr &) state machine element, which also may be configurable or non-
configurable, depending upon the selected embodiment. The various memories 330
and input and output queues 320, 315, for a state machine embodiment, alternatively
may be provided as internal registers. Using the element interface and control 280, as
discussed below, also provides for the state machine element 290 to bave a plurality
of contexts, such as for multithreading. In addition, the state machine element 290 is
illustrated as having direct access to the element interface and control 280 of the

composite circuit elements 260 (via configuration/control bus 285) for ease of directly



15

20

25

30

The first nmenory circuit elenment 270M second nenory
el ement 255 5 and/or nenory within the el enent
w0 nioeni|ee and control 280 rmay be any form of PEEDB2097/014394
machi ne-readabl e storage or nmenory nedi a, whet her
vol atile or non- volatile, including wthout
limtation, RAM FLASH, DRAM SDRAM SRAM MRAM
FeRAM ROM EPROM or EPPROM or any other type of
menory, storage nmedium or data storage apparatus or
circuit, which is known or-4fhi ch beconmes 10 known, or
conbi nations thereof. In a first exenplary enbodi nent,
populiinkicoafigiifationy, cogirelyend re2éBidgintertupts, madar@lrem ¢drinaction to

t he elenen i nterface d control 280,are
the S5 SRR O Lo OB BB T IEmQER ey ent PSRl EET B Sk
oneSRIBH Adval peRIRAMIER facilﬁzﬁe f:bfréépoﬂ&iﬁigrryerﬁb@rmtssﬁg vl
and -t he nenory . wi thin the el ement nterfg&

insiceionGiods BEPCSPENE PR BHER 1 RS SDAAETES™ oY e state
ma&ﬁﬁyyl%hféﬁ{ H& if |c8%ﬁ&§o@@gh %g of ¥ dvailable mdiRories (e.g., a

nposite circul t el ements 2 i ncl udi nzq%ﬁ‘%n el enent
commsapmsoxamnem@m%@m @FecondECROB §lEERt 23 cFRASH ISR

“coﬁmﬁh » Vk’lnhlé hhé s 2)? of tljleS 1@5&1‘? EA0LRE SR SLER a8 h NBRYr c8d@6ller, a

ura I'e or non-confi gurabl e,
supgegiesier cmgntmhen atmarlss-‘loetmlé@r, eteb Sachra gentrakigr m@k&‘ﬁ%l‘@mde

confiquration 0C m ne switching or
theﬁﬁfﬁs?gf’gmﬁﬁﬁ?g 2&? %ﬁ Sm%;ge% f&g%g)g%ﬁ#um cation el e?nsnt 270.
The conmByi wilidiog tlr@l sam;er(br smﬁtarmlwpmgterfﬁpe paé keatrol 280,
tched data t ra |
thet St ?%?@PE‘S?M%%? 523# dCs,tar e umafgﬁi%: ?é}%éng 230 pr)éaﬁ‘% the
coﬁ@&gﬁdﬂmfh&}qtlewnwtﬁ |2\6(D1 withén ﬂielﬂﬁs&afr 2200 sbBhpliyl amother comgosite
stat e machi ne enment 2 SO ,CONprises el e
Cirpuit S PRRESoh MEbHTOPOSBOE ST P ee Diseise SRt chg Sxemple,

at 1'onal
theEHBEEIMARHO Lirbsit Bnichés 761 tBen 46 napﬁdﬂdftb hacasey hﬁowledge that

state nachi ne el ement, which als p{ﬁ be. confi ura
their oD ie ONTYiged WEATATP U BHAEREFISGH I 14} Cpd hfEatich

elem? QF%FE stau]ﬁlayﬁ% QLS R 000, 88 d33Hot naédld dtRBinn&MWte any

gueues 0, 315, for a state nachine .
dlmrbwwpenfdatalrcmphanmwmlﬁﬁynbe provi ded as internal

register Hi‘)garg GHERE, thOt&hpEGER ARMitcRhEAY 260 ma
280, as 5%I‘l gc%u se le gw a%so pr. O\EH des folr the state Y
1nd$tadeh$cnﬂe &renchide2fication rba\mpgorpklgd af p@yp%tedﬂrcult element 260

. §t : ex&}ﬁ%{ﬁ. ﬁ gﬂ: 35 b9 (? %ﬁ)ﬁ {hter&gﬁﬁ)gkf‘&gcnéd’ft adglehi 29p), dohe

erren l'ustrat ed as having
fagliitapeidentifiesiont lry 4 steteahachim clement (* §M5E’ar280&@m re@mrc’é@@ 175).

t
Sl@%ﬁ«%qrﬁﬁ}cg ﬁ?aé/ob%tr% r C F t agggg‘f téc?mégl%é o the cllllsterv%)o ina

| rect
wide leéﬁ%gém%ﬂ&@%ﬂm a ROB/ pofhih acbmgosite mrcuit

cigmeRb bR TaB o BoarhEts f FEPaR AR B aRERL Bt <o
orl. QY pS REARE c AR FH exafipiy) tna&ﬂﬁ)mélﬁtagned inhar megrlory composite
element 260, second memory 255, or within the memory 330 of the element interface
and control 280 discussed below.

The element interface and control 280 provides both (1) a uniform
interface for input to and output from each configurable circuit element 270, memory
element, communication element, or state machine element; and (2) a uniform control
structure, and is discussed in greater detail below with reference to Figures 8 and 16.

Because each element interface and control 280 has the same structure for every
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one port of a dual port RAM, to facilitate
correspondi ng nenory accesses for instruction/code
wpe@crsEdng and ot her data access. As menti onePCHDS2007/014394
the state 5 machine el enment 290, in conjunction wth
any of the available nenories (e.g., a conposite
menory el enent 260M or second nenory el enent 255),
constitutes a "controller” within the scope of the
present invention, such as a cluster controller, a
supercluster controller, ad4bmtrix controller, etc.
Such a controller may al so i nclude the nessage
comﬁﬁg@%{cuﬁ%ﬂnt%m figt cdipmhicatieh eleynent 05Byandtsidté maghine

same (or simlar lenment {nterfa troI
elenzgp290 w#ém $vesy C%Wﬁéﬂgﬁ(ﬁyowc I l §%928§ba%§5§?agt
cont@ﬁala' G ﬂlﬁ?ﬁn tepé AAbRARSRIer,Withdi® regaedmj)’&lbttﬁnd:mf dement,
ements 260 within t he cluster Zqu9 n thqr
such:isrmb@hﬂethe elomant (279) dh REIIEHbIGHY q’&@b‘é’@? E
shif3f a1 gﬁ?ﬁﬁlcgﬁ&?éﬁﬁfé t, 68 h QWite MAEhiAY BERleat. I :l.’tﬁln@(ﬁﬁ] @Wery such

cdnpo e circult el éments 260 then do not need to

comipasiee arqmmmm firs communiation SIAmERL 259, FFAg Qpchipe
elenéqnéh.gﬁlmaélﬁn% un {q’?%%‘{éﬂ %1256 Jsﬁ&%ﬁrgﬁﬁmn@ésﬂ) Oy st

enent , and do not
corﬂiﬂﬁdcdtfbnaﬂﬁﬁamm endastgte roldchirer dement 209 ipfa wrfosm, repeatable

Y

ncl ude sone
270).OMBr@ bartidanklyl beay icompbyite gq:mutmielkcmtdlﬁ@ﬁ ficsy ppwoiunécation

cterpns 3401 Wi e an ot re Dot YERAferEulE phi Bhf ibner
thrd‘u%ﬁ'tﬂaé L&&rsss&&geihﬁlbﬁlteczﬁédumdwoae state machl ne’ el emsnt

or a controII er 175)
| dent i f | égta| fgqqt PRy It Bgscht%lfqétaltynn%ﬁorap/%ﬁnie s Iimeut r%leer%en)& 260,

ﬁrs%c;r[ﬂnﬂnfclaﬁoﬁ Lkt 286 Ainlditale mathige eRimeit 2901s feqnired to know
suchn

as hard-wired as, a ROMwi thin %Pnp05|te CIrCUH nt
anyehiegrehout26 odber REROSTHP Pt JRMCTGRYe LGP IEgHoR Fleme

25(5j ?&%eamg{ﬂﬂhe B¢ ?l%%? 890 %91 wRicA%t RBeive!Hiput ¥P® which it

I'Ca r exanp may be maintained in a
pronrhm bytmmmach compemuczwle@@é @RH and fsteopygunigation

ele{{’&ﬂ{%%} rtngg Ge &ene ::%lslg %%xqggxft agguﬁk Sur fandiiM ?@ hh@&hctidhél

enment i nterface and
(D&ERAEING updBahe inpledestabionthe $9ateamamm@ elemenp 290 mpydarer

adcéaggpté rﬁlr?cé%gh&ef;ﬁg ?%Pnfltrgglg]%,‘ 1nr$t a%ﬁféogx%ﬁm eotﬁérr é}é&hgnts so that

conmmuni Cat | on
it iISkBHRRUgeMle sbaltets maﬁbumhn@ z&r@uhptl(ambi A3 sgcand fearplppf such

control structure, s d| sse
ope, o s 6 BT 25 B B ALEE ol o,
an& 8l ﬁhﬁﬁﬁé‘&lehf&xew@ﬁﬁyaﬁd:oﬁﬁgﬁmdj addiséssedhiand queriedrip 2

structure for ever 149494 .PCT/ O
st BHEk A B e PAERESITR
el &BRE). 250, and state machine

As a third and very significant result, each composite circuit element

260 having a selected type of circuit element 270 is virtually completely
interchangeable with any other composite circuit element 260 having the same
selected type of circuit element 270, except to the extent of any locality (distance)
constraints for the performance of a particular computation or algorithm. Asa
consequence, subject to such constraints, for execution of a given algorithm, the

operations performed by any selected composite circuit element 260 having a selected
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el ement 290 within every cluster 200, every such
el ement 260, 250, 290 nay be <controlled in a uniform
WO epeasad e manner, w thout regard to the typeP@f/US2007/014394

el enent, such as whether the elenent (270) is a
configurable ALU, a configurable barrel 5 shifter, a
comuni cation el ement, or a state machine element. In
addi tion, every such conposite circuit elenment 260,
first conmuni cation el ement 250, and state machi ne
el ement 290 may communi cat-é7wi th any ot her conposite
circuit elenent 260, first comunication el enent 250,

typePdttiguitieteriagti70ens) berfradly 28Ggheil er tramisfagred) toraepther edshposite

nmanner hout regard to th
circyif ﬁ]reltr&\t gg{) Saying $amg %qi%cﬁ?c{s %X %g ﬁbrcmf)gl% { 2&@ Withou® any
detrRALKhCAERE! Y the\eQEN &W@ﬂﬁtetcﬁ' défdfct in 4 pettenian l‘coﬂ@ﬁslte circuit
first comunication el enent, gﬂ}state nachi

elemé¢nd 26Athag g q@ect%ietygg Qf sizeuite pwegt HE IORFW&RH% Flay be
tran%ﬂ:&r%ﬁqg gi&ﬁ&g&ﬁ' 8oildtle %ﬂme%&ﬁﬂ%&%@elﬁ beY davihg the same

such uni f ormty no conp osite CII‘CUJt
seleetedrmm oPeecuit glpment Z A &P 6f a‘éalal?éfn@nzw“eaﬂf&mt

elerge %6 % gt h%PE&tcﬁIé%Qe of pE@EHhInE Fhd ik ratl&'xs or (3) an
any ot OSlte cCircuit el enen
otha@ase mnavaﬂam@ STIRPP SIS ¢1m1teerl@rnemft2602wmgatha Semaﬁ@lected type of

cir eé?{n?qteig‘ra 5P éro%%ooffcg og\ﬂgé &pcdltt elérﬁgﬁ‘t‘s %86) (AR ha@bekR

outpu I.e., each conposite circult
perﬁirﬁx@ﬁn&ﬁ&* c&ﬂdofMer ptlontympstmtnmt ifom exahpleein thesgentef a

B S Bl BB s

27(?,%% efﬁﬁ%lhb ﬁﬁty?ﬂe&f@n@fen%ﬁ@o e bonipodfd drbdittel@nerts 260 which
unctional i or nonito , t d

cackiur s L) conmshle olemint 27 o G sfieh b Seatififed o

pe&%&%%&b#‘%ﬁm@ Bgtkfel{ﬁ%lc' ANE) -Siklady Se Qﬁl@htfo@ﬁ peifofified by a

rmty, each conposite circuit el enment 260,
first communirationiebemens 258108 psfate pohine gigment 208 mayHihke

tra?srg'errec{] I gtggr {BYa08 tﬁ%ongﬂﬁﬁgath&ggéﬁ§ﬁﬁ %58 dGHRE habhine

or m manne so Wwthout regard to the type
cleafensl 290ens¢ néealed. , type of circuit 25 elenment 270). As

a third zllqg r%ﬁ{i}{tcg%%ﬁhétle?quémr29§ %I}J‘or g%ﬁlibtﬁQMHnE&connect

circuit aving a selected type of circuit
eleﬁ{eﬁﬂnm wii6h lrespmntr\taluahiay bedmplemeitgd as nfudk aherhgeawiteh or as

w th ot her osite,cC rcw
sngier wEoren) et B RSP IGEEl e PR Kers S0l bfhitor
arthSgdnlént & pr&AtleOfor aRy obpmabf iy (ainmsaa ccec):uiB @lement 260, first
constrajints for thewﬁfrforna ce

comgRPUORSTETE Ao N e SoRENGl B Dhpiedtp ony

mﬂt@ é)g rﬂiﬁitﬂ ﬁ&tﬁ&? tcbﬁ‘i'pﬁh& cit&it SuaenttIconfias camgmtﬁmatlon element 250,

£
and ciagmRclane Fiegumt JG0GHEIT (286 ARG s IGTERPGER. mithin
1ts?c%¥ér%%4&,4vlgq{e Q'?cflg@lé 399 totKe/ full interconnect element 275

and/or distributed full interconnect element 295 of an adjacent cluster 200 (for input

to any composite circuit element 260, first communication element 250, and state
machine element 290 or other component of the adjacent cluster 200). (Feedback of
output to input within the same composite circuit element may, in selected
embodiments, be accomplished internally within the composite circuit element 260,
such as through a multiplexer or other switching arrangement, not separately

illustrated.) In an exemplary embodiment, any output of a composite circuit element



10

15

20

25

30

type of circuit elenment 270 may be freely assigned or

transferred to another conposite «circuit elenent 260
whawrngp4bhe sane sel ected type of circuit el eneeit/UR007/014394

wi thout any detrinmental effect. In the event of a

failure or defect. in a particular conposite circuit

el ement 260 having a selected type of circuit el enent

270, its operations nmay be 5 transferred to: (1)

anot her avail able conposite circuit el enent 260 having

the sane selected type of-48ircuit el enment 270; (2) a

group of avail able conposite circuit elenents 260
260WMitsE Boaaslidiionalén&n 28h) andafiatp erdcbine ehgment@99anay be

oSRe b b8 B S S 6 B LA COATon

elerﬁ!fﬁt%bt af §aRthachife él@heﬁflﬂﬂpnﬁf)arﬁmmmﬂlobﬁcmmly through full
enents 260) which had bee

imeacdnomgrelyn P A Tyl AT B il TEEAIE ST bRk

G ESmpleteCanidt oﬂbﬂmﬁtcoﬁﬁﬂumcatlon
nﬁgOSﬁe c{rgéultt FfeﬁTegft,zAﬁo cgﬁ?l?g ur agll e el ec nt 270,

betoper ad mgnmk} ChEpOF R eSS DH). AU LB IeEion elemens
25& 8“? Wale & %ﬂﬁ@%&n?e@l@Z%@E&ﬁh 1HRAGRe i Fo Bpotérti Borflibts

gura ement 0, which nmay then be confi gured
rethmngmbxfmatmntohetl@pmatutm}, of the triple ALU.

S | ar] oot hSink NB6h DSIRELS SR ORAmEN: Thclcuths Hom a

communi C or a state rfachi ne el enent .
cordPékiteRyrcait @tenxmt 260 amsf lmmtbht:d thl pbralityaiflvedylsealf pf which are

conmuni cat i el ements
withgpthe §60Rf %ﬁ‘ga PrepRit Ipyp c on né ct e?gﬂl giygmﬁanng
elefieg 980 (—illﬁitfdt&uhﬂﬁlﬁgﬁtﬂ 3) mm B pmnmsedtfor esveeymnmpggfg circuit

whi ch respecti vel
ey 3o B b T DG TRO Rty Wihlp e composi
cirdt Lieh 1 280/ shiiteh exesetpudasuie full 1ﬁﬁéﬁfo$mearel¢3ﬁehﬂ 1275 or

transi st or arran enent s, %§%OVIdeS for any. ou)p P
dlsaﬁwt@cbﬁ@b@,tqrgomepb@pmem ﬁYVth}Bgle qutputp directly to a first

corglgrglﬁy%lu%ﬂte'lé?ﬂexﬁ Zgﬁe&t svAa thé1 B tpﬁis&h&cﬂ? g tHRestAk SRAine

be cou

any of an ot her)
elanep @90 Imersemctedeq scussquhel%%m)rﬁeéeaﬁwﬁo Figure 8,
el SRS | ALl einent
mtsxglaggeed‘oacg( %y gﬁ ecfrafrgiglnp v{;ﬁmﬂﬁﬂfa nc% ultt X emén

270] it the c3MPutationyl aemnme?ﬁ@l qmm ammgweldzdso an guiphpmemory (or
full intercon nt ,2
ouipt @P%%?ferggls i]{ﬂ; nfm n d rZ§t1 gﬂé @l SHesSbhhidt @Qn‘fcﬂi b7s,

acent cluster
fok §WikcHiR@t othtOc@nyosie hosit Ekemantsclﬁ(l, tetherstait n@@bme element

29fQ:, éqitt@ﬁg Qb%@%@rﬁ%} i%lélo n 2?9 §%r%ﬂasrytn§> JT{%CJ]{:JH? osne

cirt8fklentdiR 280 a6dy 185 prodided it atpburk Hiyudt waysh:sumhtah droga the full
COfT'pOSI te circuit ele

d
e POR RIS S SR PHER Gl I EBp R § = iephi o directly from

thé @!FpﬁﬁérESm{é'cf Eldiden BTBIY otRE60sourdad CducBSis Hond t;kg:l’(’bnd memory
[ exer or other swtching arrgﬂ%enen

clempat Abelhy st Ppshimsedem gt A0 cndsE D) %ﬂr?mélﬂ’asfd?%ﬁl.’?{“ents

zgpy output of a conposite circuit el ement WO
007/ 149494 PCT/ US2007/ 014394
This communication functionality may be implemented based upon

either or both data sources and/or data destinations. For destination-based
communication, destination addresses for each context are typically stored ina
routing table of an output queue 315 (Figure 8). Output is then provided for the

corresponding address, with the full interconnect element 275 or distributed full
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-48 260, first comunication el enent 250, and state

machi ne el ement 290 may be provided as an input to
w@apoo7o¥daes conposite circuit el ement 260, firSPCT/US2007/014394

communi cation elenment 250, and state nachi ne el enent

290, in parallel and concurrently, through ful

i nterconnect el ement 275 and/or distributed ful

i nt erconnect el enent 295, for each 5 conposite circuit

el enent 260, allow ng conplete and concurrent

comuni cation between and4fhong all conposite circuit

el ements 260, first conmmunication elenents 250, and
inte¥éciinectia e b2 5| mfigireddor thei doi'tetlbmlddng:éepstih@thoroaddress For

i RGP BTG RITG TR OHBONH Sl gl 0o be
applied a8 Mgt ?@mfoi'@ﬂ‘iaﬁ oh@ compRsitd difcudt d‘lémeﬁt Hoethest ad&Eifional

may be switched in a Iurallt
inpyisanaypq proyidedesequgpigliys I H@%?’é%’%ﬁ% W@?f{‘f‘%?ﬁts ‘ﬁg"nal
L tfitioNEne & cBRAit el
o R R o o sied, Tor oy efg,%i“

26@ wap bs iinputcopewrentlydntnpplraligy of gHes FP%?SI@\MIFEH
26(9 l’ﬁs%l{;l:§ ﬁfnl?’ fntér@&x%%é&@leleﬁﬁ:ﬁgw kiistlibite @ flIDBrt&oORRTL ERment 295

ircuit e , swtch the outputs to the ful
or ommmnemanem stmegtnres7 Blapdshaking pyptocplstmeay #lgp pe utilized, with

t er connec
o GAGRRRLE R e et
out puts dlar ecmicy-‘txaeed tmnmumcetmm dmplesnentddovmean exzgplary n

sel ect ed
R
326”Ev§x§y3?ard&1 ;{rbhﬂeﬁltﬁ Oﬁzﬁmt a & sﬂad:teé Ibemand;ommilﬁ;caamd linegeof the
conmput ati ona nt .27 t pyt. d
e R L S S s R
1néoﬂﬁﬂg qbﬂ'ﬁﬁfe'cbn‘e@pdrﬁﬁ*né hﬂpht dutiue 320 e Rt eviistiter S data is

for Switching to other nposite circuit elements 260
frompa serrce dasienated Fﬁr@eéqrémrﬁpf ity gpnteys ang; ‘?ﬁ% ‘Vﬁ?“i’ﬂ“emo*y

sp&&mlfa@ié Q&e%e%'fﬁé‘&&*r%gndl Bhiad s sduddbisell @ofimunication
nposite 'circuit elenent 260 may be provided, i

prtpxhdq:saaasc pf ofultigegting ouibtpadensting s anyangd @ll|dest1nat10n2 alge enabled
to c %c%rn%ﬂﬁ ?gc;eng% %{ﬁ a %gﬁu&éstq}aﬁgrhit@dt&fjthg Yelected datafhr}es

ercon ect di rect from?25 t I
Harﬂklmlmrnwco& mratsommmdmm thes%;@tm’«épn sgeéﬁlgag not
sefgqiigg]gﬁlgg% gr othe d Havaf g@y%eﬁsﬂge v&ﬁ%ﬁ iS5 WnEbITRG tﬂéég?\re the data

_ RS ni cation elenments
tra'ﬁbmﬁtdﬂqmlﬁﬂiéb)cpﬁolvm}né fiorahe mbe toyresenyd the datapit @n@hh@e‘dme)

based upo ei t her bot h,data sour
destinati ﬁh ﬂl"—"ﬁrexa’élg ity 3{”ib8 THASE 1%8‘ Sﬁ%ilr{’%& gt?&atﬁ/ pe of
cdﬁﬂﬁﬁﬂuﬁ@ﬁdrﬂa&kﬁd@ﬁ@@ﬁﬁﬁnf Brutitiaed Ploysicak tatardimks yrpaydml dstablished
stored in a uti.ng table of . eue
at (rpr,l 5{51Ieea98[5:art &J&ﬁ nding PF%:ﬁssp PNé adg r%gpo&ﬁ%g computatlonal
profdsE RSARAEANG eREELIESSithotlathebd & detbimine igiut danaesuilability or
elenent 275 or distributed ful
space availability for output data. Such an implementation is useful for pipelining,
such as for inner kernels of various algorithms. In addition, such an implementation
is useful to avoid data stalls or data back pressure, when one data process may be
waiting for incoming data and thereby affecting data throughput of other processes.
In addition, combinations of these implementations may also be utilized, such as

various components utilizing data flow-based operations, and other components not

utilizing data flow-based operations. For example, data flow-based operations may be
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WO 2007/ 149494 PCT/ US2007/ 014394 -49 interconnect

el ement 295 configured for the correspondi ng
waele®vitgmpd on address. For this enbodi ment, wheCI/U8m07/014394

output froma conposite circuit elenment 260 is to be

applied as input to nore than one conposite circuit

el ement 260, these additional inputs may be provided

sequentially. In other exenplary enbodinments,

addi tional 5 output fan-out may be provi ded, such that

an out put of one conposite Xi+cuit element 260 may be

i nput concurrently into a plurality of other conposite
utilizkd €8t dpefltRME Within 4@Quste2290, With oftiér lopemtiens enclieat

elenent 275, dIStrk %fd fuI{ |ntergénnecn el neat h)295
comspuERn eRFEHAMSCAH ! Rl et (g Ry IRER ARG SV

pr ot ocol &oARNuifk $@rdfer t@)tFlklhréQQ an&\/|6§ the fuhén@ashheatelanent
sendi ng or not sending an acknow ed enment . u

275cAndghisteibuted frld intgrsgppect slesemt 23 Usiraieh! gnetally, for  ise
andgg‘gjltgrﬁm&?ra'nen a3 RN RENeraRPRRAY PRV, cobfiHifi€ation within a

sSSes each context are t% pitcally stored_in
£

clusten200, qmlfu& forgpampitzetoprowide der the HRAYY é§d PEPUHOf BBt on
corﬁ?‘c?sgt% nec? Hren? 266 t&gé;g&%%d ﬁrbtﬁér%ﬂle;g;sn& Qf‘rcult Hlehents 260,

H'eimén di stri but
to tha bﬁt&lﬁm‘lﬁnd& clelrentP90,26 Bhe Wessags mnﬁganGéaQratP gither (or both)

corres n eue 3 S
B
froht &hé&ﬂﬂﬁﬁéﬁs&O&Dﬁbmhﬁmﬁﬁnoﬂ\beﬂwm thoer gtatesqmdnmea glement (SME)

avai | abl e, recejves ec rrespondi ng dat a.
29 0. SR G ISR TEAC BREUT I TERED gpen® and
cofifiuhicafsh eRehedis)! bé&ﬂﬂx&ﬁﬁ:bh&gbet&&eﬂﬂ}e SNII(E 2600 and either or both

destinations are enabled to_co curreg % cei ve any
firg spmupmigationclaments 23Qfor fragsfer pricpptralink j0, duerics; query

res b $ and HANES Redin{ehi Bt ¥R BldenTRY nidh S araled 2634hd
the destination sending or not 20 sendin

intehspidct 655 APHESOMIABY AR TADItESD "r‘i’@&ré‘g‘@%léwc?‘?orf glements 250
and %Waglohg n*e%:&ie\l’é GvitiR 1Al 1dsted i(ﬁﬁ(%(‘? t 4e88nd bREIRP¥Iement 255

e source to resend the data at anot her
andl thesther] memnnemwnthex@nmaaws @menmf the, @uﬁt&ﬁ d9PWarpdhany

or other.t H@ﬁ&uh& lust
OtWCPW%l&IC%I%)SSb%%?C ddgt% %ﬁ%@ e est a i shed ! g% a cluster
200U M Willge, uradergecd bthhdsb ef lsklﬂdn ﬂga gt thees yidewarets jof

correspondi n 0 at i onal S
CORYMMG ‘Onﬁqlﬁ%?sn% é)élbm'tn%lc%te‘% er mg(ég]%e E&m?hg a\éﬁg alt Guch
vafi@bsadé bbhsidered equiasiencanal Wiliin/thd ycope rofmet preserd dreention.

S a0 LB ST SO S Y LA 4 Mool

s ?Hlbl%BFOC%M (&midipdanm@Its] sueh as IaSRIlSSb;meesiSOr, dvod>atcution
data stalls or data back gressure when one da

of prssistensydlgtempinafign of rendiBeny HEGHeRT: %ﬁrﬁt‘%@'#‘ﬂ%r eby

mAaeekhNInd @&Iﬁrélmﬂk@m;%o@& e &1 R BB SThSSMEB1290 can be
§|t|on nmbi nati ons

t hese i npl errente% ops My !
utikized tm@lmﬁmpntzl@aacyS@ Programs gad rBpleMEBhifgifeiar Qtherwise stateless
daltg'ﬂch 5%&&15‘1@&’ thé Q¥MPESRLIRRR RN IS 26@NThOLBRI machine
element 290 is adapted to function as a sequential processor, and its operations are
augmented by the composite circuit elements 260 within the same cluster 200. The
SME 290 also may have internal memory, may utilize the second memory element
255, a memory composite circuit element 260y, or a memory 330 within a composite

circuit element 260, for storage of data and instructions (or actions). For example, the
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utilizing data fl ow based operations. For exanple,

data fl ow based operations may be WO 2007/ 149494
weO/WeR007/ 014394 -50 utilized for operati onBCTASI0TIO14394

a cluster 200, with other operations, such as

communi cation operations, allowed to sinply execute

(e.g., route and switch). Continuing to refer to

Figures 5 and 6, the full interconnect elenent 275 and

distributed full interconnect elenment 295 are

illustrated generally, for ~@dse 5 and clarity of

illustration, to represent generally the types of
seaorhmoerhorytélementi 235 may be shplementedos,a puchitynef “lpog” queues,

) - i f ' .
L
machineadé¢hentQN0C iHe SNIERO0Ba? 6ilize 4ny dffthe sbapesiteadituite

el ene 290, .to the .nessage ,manager 265, .or. ei ther .
CISEARTE AP Pk Foreh CoGHAT R PR aredingn PergBy e Recddd'in is
exbAitiRhOf UG IpR6grabe dech2 4o aldalor 8Rt@mpire Awb @luniery forldkample.

fromother clusters 200; conmunicati on b?tmeen t.he

Thestate magie ciemaind iefPeriones constd Tunriionn of cempuietipes, such as
defehthtion® bL oG Mitiabls, reeseatidia ﬂ?@g@ﬁh@%@@&bge%g
conmuni cation el enents); conmuni cati on bet ween the SME

stapeyenth guedy astiés CérSt WRILE; FQR. elgnrhei ME29R rasesienhave
cof2Qt re&f%[erg BP%talefypgg ofiﬁ)@érﬁﬁlm&g&% QB Qo RUGE L6S keep téack of

query- responses, and so on; C ni cation between th

itsrpesraljinpiensg eds pEBiamsly mentionedy eatreivert clager 2Qfhig required to

haggg‘mgén@a@lﬁigge&%&ﬁ%@o; he first communication el ements

e variousS nenories within the cluster 200
(e.g., selontlitentine/stetcenmhineXdémemr2P0tikélwstlated as having, in

nor,i ithin.t various, c onent s _of,t h | uster .
adJfp o St act b bits SREeRl Rt R GRS Bodul ool i iipSosice
cirgQitiel et ODSO Ofia conpnRatidiBcotitidhbas 28 %), Welirect coatdlctidntto the

will be &ndergiyod by  those of skill in the art_ tha

t a
firgj mEmYEY PIEmFo? 7o (R RNIAICLI P IR OB FERE R e )dRdacilitate

coPR SFBHAI LA RAIdr Y BEHAs R TEr AR RN @ de PR6beBbihg 8HE Biher data access.
vari ations _are caqgnsi dered equivalent and wthin the :

Aleppievedy ta the use 65 B comAgrirtippfrontrahnssiBa sudhgrompRRNication
m8y B8BRfvidedNE theIRIIf i HREII ARG Asinént (T8 R A bvied YulP [Rdrkdnnect
m croprocessor (or mcrocontroller), such as a RI SC
elgmentedSofor ekamplececution  of instructions, _
det erm naih 0 Qta%f mﬁ&ﬁﬂé Ll RSt misq}fﬁ?%& 0 ﬁﬁﬁéﬁghwmrdware
system 25 nanagenent, and control of the conposite
opsTatigigi stysteine apd iz 2 SGEErvisory BMie, 299 acrass tyeall of theirgsogrdes within

04 TR PRI P ATAPR AL PR IR s oFe dthposic

cicoitedandms 260 ewthin theariestér2026 (For Tihplesteatatioms ddivhéch one or

i GeRes 200 AR e o e mettie BBt a LB ) i e cluste

20008R€ 61 inereothetisthtehINRMY derd6hts MO0 Rif dileh elusare200 Will pérform
m%%%uggqlgqeqszﬁlggtoggggéggngl M&to&?%k ,rtrﬂg lstaggenr'rlg(r:}}/ihe element
290 is utilized in self-testing of cluster resources, loading or assigning tasks (actions
(or instructions)), binding actions (or instructions) (e.g., run-time binding) to the
composite circuit elements 260, and in creating the connections between and among
the various composite circuit elements 260 and clusters 200. The assigning and
binding process is discussed in greater detail with reference to Figure 14.

Collectively, the SMEs 290 within the clusters 200 function as a highly distributed
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255, a nmenory conposite circuit elenment 260M or a
menory 330 within a conposite circuit elenent 260,

wo o0078¥@page of data and instructions (or actiPCBEUS2000014394
exanpl e, the WD 2007/ 149494 PCT/ US2007/ 014394 -51
second nenory el enent 255 may be inplenented as a
plurality of "long" queues, having sufficient depth
to store instructions which nay be utilized by the
state machine el ement 290. The SME 290 may utilize
any of the conposite C|rCU|t5 el ements 260 to perform
calqulatlons or other functions which will be needed

copfiollgrs e th OPEFRLSE sysiemnishe apraraue hOG Einconhudtion with any
netde CIMFIste CWBuiR EERRIS 2409) eifed mhg(r \?1 thou t%h?e‘i' %orlgtrollers 175.

machi ne el enent 290 perforns contr 1'ons 0
In Eﬁ?fﬁﬂ]laﬁ)f eyhedimenés; vadouyevEs oA andyotake oh addinicdhbl fnnedi(ms such

Pe RSO At o T AR A1 BT i

ang prm@nctg@mﬂ plgd npe@m’um% composlteemrduytmaits 260 and other

mRbaEmal s fi ke p tr k of

e % Its cgntro:ﬁﬁ?unct Ql%tloﬂ\ggghr e@\%g 158 d‘ﬁc&‘eatef

de@wlé@owmétmfermmﬁgmqmpemto have a state machine
state machi ne el enent

| t Q. |
200 i i ITUSHDPS: %%ém%ﬁay Rfartagenunddask of the eemposite
cireigit elements zdﬁ)ewﬁhm’ma tluster 200, %Ql@pe(?fdch @0 S6enddB Riioh BE

ﬁnm?”ﬁ X circujt e“enents 260
i Sl?rr QEIRSRIE BieHbFlemgat 2bias part@if pa o eredlriaskot hadha tagk and
fret g rdsoubdes FhudhRIRR6 Yol £REBQL adi Ny (p"f’?a% {as@e g&rlldtagﬁ?{g)]géfform

to facilitate correspo

| t 255) ,
in gée S f’“t&?dea and weve p gaskde aéotbml@e@tmm(gudnds ot paeform self-
tesélag af ﬁﬁ%ﬁﬁposu@‘kﬁr@ﬁ@ @fe&n\éﬁ{s\bégocﬂg:ﬁﬁy i}%ﬁ?m;rrrx]mggw task). o

configuration/control bus 28 suc
be provi deif Mesaghmanagdr 2641 iertbeo fine ctuselr@@ﬁrahd zz&marcluster

20?;3:;”{%!09%%3,1;9 'lélhgtbg% fg)'i- %g&ﬁ]ﬁﬁm cat%n exnetrnai S% %l?e a;marq’nllsz {E(H) such
as foy arlrEﬁh@mhmt@faNa; ajmam@ry upenfaaiel (ag., HBRESDRIAVI, % PCI-

ExpHOSINRRY dlD 8 A5, AGEESS tggegmog){etg%gyeg§§ Sovhe SME 290,

andmore géneralhg ahzonniy)be élbdplélf totthe flﬁzlggﬁﬁgbﬁ&ct Sleffeltt 575 or
or

th | ust
dlsg‘kbl.\te({] f’u?lt 1n?er%oﬁ1§mf: mgxgtr?%éggxeg‘fust (RERBuRicadonelemzon 256,

and?fot thh@empasisd ar@uinEenent 280 §hBIYepARR1Y ﬁﬁs&%ﬁ%‘ﬁ&%f&nple
datt he cl ustve 5 %ﬁl one or nore other stat
A G PO vissd B L tercomrest elepspt 373 maydefoutpnt byhks e

meﬁsagé imavageralds$ 0P slodddeQASn ekférﬁéi%ctrh% mglgﬁg aqg)cm'or%t(ample

%ate chine elenent 290 is utili
m°8’é’1“?g PR Gomy eBtation g centrolanay be transterediiontge (&ME 290 (or stored

in s%8§ﬂ1cgﬁhleﬁ‘ﬂ>r§ arkent 25%), it as(t 'béé\nﬁé {ﬂéﬁ%&t%}ﬁs)f))r %?EE%O or

%tl ons (or instructions) (e
transherTedigAUTRQSILE icirevit elealcan@6.Foree; andruwnstmnpnmatn ng

corh \Rak AN QR LHAHD PR MF&%H‘HIPQ’Y%%}Q}%HHCHL the message manager 265 is
also coupled to the second communication channel or bus 220 (of the interconnect
155).

In an exemplary embodiment, as an additional alternative, the message
manager 265 is also utilized for communication within the apparatus 100. In this
embodiment, the message manager 265 is also utilized for cluster 200 to cluster 200

communication, and for SME 290 to SME 290 communication. For example, the
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30 the various conposite circuit elenents 260 and

clusters 200. The assigning and binding process is
waelk@cnsmed in greater detail with reference toPE/gs2087/014394

14. Collectively, the SMEs 290 within the clusters

200 function as a highly distributed WO 2007/ 149494

PCT/ US2007/ 014394 -52 controller, running the

operating systemof the apparatus 100 (in conjunction

W th any needed conposite Glycuit el ements 260),

elther with or without other controllers 175. In

i vari ous SJ\/Es 290 may take on
It or%f: ?@ﬁ%tll{{glr%g T i OROBISF FiTFRyt ﬁleWﬁ%@ﬁ pbofirst
chﬁﬂeo 288 ¢; trep<ferinfngnaaionao ARGHEF cQskBlckElit efé?rpe 60 of
nc

[ 5 and mappi ng functional and non I ona
SCC%%%(EJUSIE# gagl rcuit elenents 260 and other conponents,
for’ exanyAleo, ihhe exefipry efhbeﬁrﬁ Ls. also
b ‘flﬁw WI lﬁggses }oRREry26S ina

ag E? ned in greater deta|
m i"g @gregmplqmentpséio BROXifls] ee:temﬂecosmrﬁeﬁhcrmymﬁte&amp& in one
altdrnative drabddiffent Gﬁlxﬁﬁ%@ﬁ'rﬁaﬁnc&s‘ df eté ShErlng{grﬁcS{;z)nla pLgyided with

wi t f}] n éhe cluster 2 suspen
a tofal Q1 six BT 'féplfeﬁﬁmwr&ve@imalemmdsmagh ithe niebsa@t iERBgers 265

o 9Qk8cRas 1o UGB e TEE B e

h}fplsb‘PPIFV‘sfeé% k$3 areimpdernerstkd tdenfiedlfy)r Simillrlf in this four matrix
k fo another | ocation

exa 18] el LR LY g? OV%;C{TE\(”G‘{@% %qt%lg)f ofe ordve HPR S interfaces

such as to per
impl¢mented tiwbugle ﬂtesmﬁﬁﬁg@ Hiah&strd Y6P8f by &1 t‘a\g) M’}Fesé%g&%%alusters

Th manager 265, in the first cluster
zoose'g%g?dés %ﬁ PG are femaang elnsiers; 208 which hévmfprr@szreddmgmessage

manm's_RﬁSthiohmrenbﬁﬁrﬁa dift@intR1cBPRM Aol FCaxt ‘P%P

a nenory I ntertace

f or _.an.Et rnle1 i nterface,
cOnpRGa %ﬁ%ﬁ esepemaining clusters #H10e Hfedrerrespendifiy message
manags RS tfﬁﬁﬁﬁ@fataz@ahés% &Q}l@s‘{ierg hb§ %&V%xgﬁ%ﬁ)%ﬁZeP% sgXpress

% and nore generally, SO nay
inteffaeds Iibﬁtst@m%:ﬁﬁégqm@qyme@a]&ommurdcatdﬂ diid P@I-feblb}ess bus,

Bl 1 firs
reoeOh 15 085 B BB nd Skl o Hor ST L e bismieved
or tl?écgc?fﬁwnﬁﬂaﬁﬁle@ll%’ts 1PQEnateikdeel). For exan‘pl e, data
mords pr i nt nect el enment 275
ra/ be ogHépglt%g%gxfj%ﬂsg&%ésa@%y E’%H’é Pengesl ipgrwigle yprgfy of
ways emé?nélxrgexpnalthmmtgd erbboditit.yin 24180 sé186te@¥AMBHEnent, the

me bR ML 57 Ca-Si0? Port s wachinmabé bomtements

comppimieagiog| semelatd s 5ich, asIhiéde rén
aj ot S 031 a;s o5 ansfdedrﬁ?gg&wed ?Wh@ﬁﬁﬁgfe%ﬂe%&% asa

stat{ﬁ%%%n% tgf E}Fé?ﬁgcé%ﬁ‘ag%?%@éy &R @nﬁlﬁﬁmﬁ?ﬂ $€!pnrait¢1y or combined
as aq:@ntmﬁtﬂm $0IE290. Nnadishcbh® Seledtdd é:ﬂb@&lﬁ@ 3{1%( %?%aeg%'g%”af{%tﬁgr

265 E 12‘(?5 agge%g%;g %ggpluqsgggr?algzgglg ?gfateshaism firehe pruvesién of a
comiiﬁlﬁ)cation interface, with the SME 290 utilized to perform any conditional logic
or other state machine functions.

In exemplary embodiments, as indicated above, the composite circuit
elements 260 will include some form of identification by type or kind of composite
circuit element 260 (i.e., type of circuit element 270 within the composite circuit
element 260), to facilitate identification by a state machine element (“SME”) 290.
Generally, a SME 290 will determine (and report to other SMEs 290, as necessary)



15

20

25

30

In an exenpl ary enbodinent, as an additional
alternative, the nessage 30 manager 265 is al so
waidoriizmes f or conmuni cation within the appar at RGT/LS7/014394
In this enbodi nent, the nmessage nmanager 265 is al so
utilized for cluster 200 to cluster 200
communi cation, and for SME 290 to SME 290
comuni cation. For exanple, the WD 2007/ 149494
PCT/ US2007/ 014394 -53 nessage nmanager 265 is utilized
for one conposite circuit €l thent 260 of a first
cluster 200 to transfer informati on to anot her
the brRss 2p¢ gortexiareilabilighefihe zempesiteciradcdements %Oemthm 1ts

] te,
clRddér. 20(;@r g&zuesgnxll ﬁﬁlaﬁﬁ%rﬂ?ngfihgxﬁ gg%@nfﬁg 111%%&23&? g aRE 200
the SN 480 siapaleteamine et icodustarhas Boe cend;'ygqrthe tiarveDstéfier type

ta
IS LA S B LSS e
elpygnts (goresponding td tyope §BY )@Whmagt e@hﬁglirrmle h}dld%ig gﬁiﬁgﬁl&’é}& pe
I n C u r S [ k2
ekggélﬁggépxzc}%ﬁ tngfto?[)g% Qgﬁ 5%@82«%18 88? glie it Wﬁrc}ﬂqmg (“BREO”)-
tysmﬁemchu(@baeaaohaﬁmmeypambemmg%d Qﬁ&drﬁéﬁt'a)ﬂhressable memory

0 mat ri x
e]%%]tl(%;rﬁ r%’v?@g h%%)mqqﬁfl g;,.l ﬁh%&@)}g}%?r@()tw gj%&dgtermme and

repart etra‘.md&s tlmdmhheﬂﬁmle@ottbﬁ@ bRMhehbh6f ﬂ@aﬁﬁg?ZWﬁZ@e}oﬁger
one rrespgondi ng clusters

fufdibntle SERel, siBat O AP TG LTt BRE Osboe whineént mnscbe

trapsfierres oo A BREOAPSS sleent BNABUS cRERWODCH are not
providing.interfaces and control for externa

communi catPHHvIRg fo fefsde Figures hrnd 6ctha seqsms me@ory ¢lement

256 %gif&g?ﬁg?ﬂ%t ﬁ? 2?{%@%%%tﬁ§l’\%@g%wgséqg ahli ?g)é Egyg g@%r frectly
or ﬂffﬂl@ﬁﬂ&é’&thﬁ el intercagredt alememb 275 or dmrtbemerthﬁlll interconnect
IERR05 SRS A IBRR BELGFIR! 825 B1I71) 19 83RECH ek

eit her throu second connvnlc
comgimatationslemente 80 Yfor arput mohdothefmuabfsaﬂ(m? B e%rlﬁﬂ&t%f data,

Th r 265 nma
1ns11%g lgﬁn%%{ Aetgerjl cﬁ%ﬁroi inforng: {glrelztf)g, %&at%g%%él;g%@é Fg%qq%quglg data
folung rytdomesite cirewit emdtsmﬁmi) ) B and fr{nﬁton%edr%&%@ogqposne
& dlnep ssa manager. 265 i s i nplenente
oirE TP TR 360t Qe i e Tl PP SHEMT N emADAQEa eithin the
sars¢ alnd@r d60; Sy ﬁharﬂﬁfrbﬂﬁfas SR DAL RRAUAL. r MG He message

nted as a state machine, the nessage manage
nm?%%’ﬁgs be i npl enmented separately or conbined as a

part of tHguSVEs 3%ecK dia aﬁﬁﬁﬁegatﬁfg 6L }ﬁﬂ&gﬂg'&mﬁer 2008
ssa na er 25 265 is inplenmented as
Cm}?Bﬁf‘Blﬁ"ém %‘i‘?ﬁf 4“66 mithghe saachings of therpredeat imveniion, as anbthar
varioRT aCcﬁﬁét&r‘detl%rtflﬁ% o‘@ﬁrﬁ@ntt {1]1% ﬁ%\%rzz%gpu%oytﬁgﬂqrﬂ%osﬁe
perform an condltlona oglc ot her "sta
cirgyielements 260 having communication ftmctlonahty, such as to provide external
communication functionality, e.g., for the communication functionality concentrated
within a selected matrix 150 as illustrated in Figure 3. Also in this embodiment, as an
option, the message manager 265 is not utilized for such external communication,
which instead is provided within dedicated communication composite circuit elements
260, which may be configurable or nonconfigurable. In this embodiment, each
communication composite element 260 is utilized to provide a standard I/0 interface

for (external) communication to and from the apparatus 100, such as DDR-2 or PCl-e
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I n exenpl ary enbodi nents, as indicated above, the
conposite circuit elenents 260 will include sonme form
wo@Roordenvd ficati on by type or kind of conposi tBCT/BS2007/014394
circuit element 260 (i.e., type of circuit elenment 270

within the conposite circuit elenment 260), to

facilitate identification by a state machi ne el enent

("SME") 290. Cenerally, a SME 290 will determ ne (and

report to other SMEs 290, as _necessary) WD 2007/ 149494

PCT/ US2007/ 014394 -54 the-fypes and cont ext

availability of the conposite circuit elenments 260
intevifades.nIn a@ditioh bt eomB0Mjication cqm@oisirqe ¢lemenisPO0bnayihavg.
adcggénaﬁéa ee\tng r%?%uttbpg g'f ln{e 1S’atsr t éouzéﬁ 88%981 1ntérlf‘ace§ I\él;d are
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cobpip e RpGry e 550 Dresttlits G B sORAER G PRt adgifonal

corifiRicatiof cofipokie! él@bﬂeﬁts%ocmﬁy H&Jhﬁhi&dl ok ifcy@8ed edsaMRBY and
(correspondl ng to type " , one configurable Dbit

impg#y drqon gatestmé@ )“aﬂur?plé\ aél %thémesre%% tRespiBHETsre 6008 are

1detnYiE§l adl Turthé® QiffTEbn? RRised Qb@ﬁltm 96 bL£S AP rRerBBIRICY element
el ement (corresponding to "M') 270M The SME 290

27prasther than gslistribyigd fgh a-:pternc@w@f elsmeahdhed s picRBSqINgRCe, any
ref'ef@:%]gg%ﬁ%fé? 26b %&m@ Whelstoddh Yidagrand QRclhde R thR@oer

unctioning properly, so that the operations of its
emibREDent plusttaterban clusigr HWB, ap arvefiatiodr mETesIBRED qay@ef a
t f
crBlGTR0L 0L 350 SHURLEE SRR RRG  GuERUSE o v
enrbedanem IIl’Efjlmlllcahdnand,vhmveuttMtth‘{ Best whister 200 embadonent may

r fro t her dlret irectly via.the full
oI RGr AR et e et opsn b doce PTGk Sidifa bfedied
matfik 4150 @8 ildwstraldl 1ﬁlfégt&m3. 295, froma pl ur aI i ty of

sources, uch as: (1) .tq.and fromth
communi cat He &FL@?F& ﬁ%@ ggleen(t-? BECTHB S ﬂ?er SR gRAP superctuster
an@ lcUte? raadl?e@ang SafdbedudetiTWhe Mfmdidkment infsifdct ahd @BSr&Ir280,
ot her control I nformation for use bg t he SVME 290 or
any gtheg ghisten g 08 {pacomppsitgsirepif eleging 2pPlemay Fegpunicate with the
coftl SRRt @M posiid bl Bk ARMLEBsteF 2008 c&xﬁmdakewnh a
circuit elements 260 (including nenory conposi t
clustgr@@0thaginenmess2ge M)anaperios Wit an extsrnd c@mmanzo Gaterface,
in rgr%ilg aMge Bfad a[arg}e'ac}ng!ﬁ‘éuﬁ ggtl:llcérggllth%ﬁ?/ %ﬂertc?m‘é’agg dé égérnéltré]@ment 260
oriclustes 208t |Acsga eestlti wherex elupten2§0 of cyhpesii2@Buit element 260 has a
odi t J ' th e ' . t
cof TR EATR llpBERUIERRETA 1 0. Pk ERELNER igon i ctpster 200
0r2:661p0k1|(‘e tiint16t eniredi 268hto, hatvh dxecdddsttserof ﬂ@i)@armspbmiing
conpasite 25 circuit ele 0 hav comrun a& an
coR TR SRyEoLE @ BTG e 1P pafrrespoRding to
selzotedUBif af icofmniuHieitionh ahd/biyl.ts elug:er 20 nrortieaddress of a cluster 200

comuni cati on func A centr at ed
hav?ng a message manager 565 16&1 th 1nte ace corresponding to the selected form

of communication. Such addressing may be provided by various components within
the cluster 200, such as the message manager 265, the SME 290, or the first
communication elements 250, for example. Such external communication is thereby
provided through virtual addressing, e.g., via a message manager 265 or cluster 200,
or via a communication composite elements 260 or cluster 201, and the composite

element 260 does not need any further information concerning the location or type of
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within a selected matrix 150 as illustrated in Figure

3. Also in this enbodinent, as an option, the nessage
Woremwager9L65 is not utilized for such external PCT/US2007/014394

conmuni cation, which instead is provided wthin

dedi cat ed communi cati on conposite circuit elenents 30

260, which may be configurable or nonconfigurable. In

t hi s enbodi nent, each communi cation conposite el enent

260 is utilized to provide a standard I/O interface

for (external) conmmunicatiof®to and fromthe apparatus

100, such as DDR-2 or PCl-e WO 2007/ 149494
theFaszthSZﬁtWﬂaea,4Béﬂexanﬁﬂe,i antlesten2@sor dompasite cirownit efeiment 260

communi fs) posi te el ene )
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a DIDR\SDeA Muchisivitd aii Edeset pastdcal; or wheite themfmteeﬂctmay be
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nposite el ements 260 nmay be utili zed fQ%) ngre sed
comgwa@ﬁeys Higin W.WWWI&%&@PW&W VHhin g samp
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of a f ul IFigweekScismrideck dipgranillustating afousth exemplary circuit
ch@te? tZE)bé Yh ggccfrﬁixﬁce' wott}F ﬁféqgﬂz%%gs%f‘%ﬁ?ﬁltesgxﬁﬁnve%ﬁoﬁ The fourth
consequence, any erence to c ter 200 w ||
exemplarg tioadt clcstneaw(édcfférm ﬁbndéletch@tetrmmwdmeretﬁr@Mumdt
t 9
prb] 2l 556 200 AR LFLR) Ot P
exempmwsmatlmemomc dundé;bmtcua phmuhtmoi :zusesem laslhgstrated as

woRGEA B o SR o0y bS5 A il B Sfpose v

eldthdrts Z6WI(ak Qnu:itl‘heed)aﬂmﬂlﬁ] a@adoupledftt aGkparaa inteyconnect 275, 295

AR b B o S R iR en cch rome 201
oc@mmglmm B a PISGABSES Ahstth\Quetds 245 (Which asel sg'éamgt Rlentical
and cluster addreSS|nq and because of the s

to ghepreniouslydepsrihed miveclugia quues ato)- le%ﬂtt?requee%%‘%%"r are

ut&QQd CQcorABRSAddh Githilld LluGibLIBULE, 248 Qbt FRYel§ POTRR GALR”
th the conmunication conposite el ements 260 and its

comrmm1@4t102029twe¢n clostersrd Qathefullier distabyfed apterzonngea ¢y S is
alﬁ) %E%?’:%:ac i e%%ﬁ&r&%ﬁén}?ﬁ L e Akt B1H AL R vith UIEH Héﬁﬂﬁhgﬁl

nner as any conmuni cation Wt
coatppsm biecuicelepest 20 mongaiing teamentonned 276y 223 st er
t i :
cogrputieRid i b R E L a00, AL o BIRRAId Paliermative
the¢ fdl apdiatribiites] ih@Dcormett 215aR95 smaydgulesthtion-Hased tdsakescribed
thuster 200 or conposite circuit elenent 260 to have
B address of the corresponding conmuni cation
conposi t eThe eireuit sludeP2(00¢ Ubed ha in¢luds fifst @ommunication

corre nding to the 25 sel ected form of
IR A CadISGs SOPBRICRHSN ot Bsr eSS GO0, Fpesdieis 455,
m#@ficas £30)ot 8kteZ®) communication (such as to a PCI-e bus) (via second

channel (or bus structure) 220) is accomplished through the message manager 265,

which provides the additional packet-based and circuit-switched communication
functionality of the first communication elements 250. Each of the composite circuit
elements 260, illustrated as CEq through CE,4, are coupled to the full or distributed

interconnect 275, 295 as described previously, with 4 inputs and 2 outputs to and from
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havi ng a nessage manager 265 with the interface

corresponding to the selected form of comrunication.
wEeh/1edet essi ng may be provi ded by vari ous coP@DOS2WF014394

within the cluster 200, such as the nessage nmanager

265, the SME 290, or the first communi cation el enents

250, for exanple. Such external conmunication is

thereby 30 provided through virtual addressing, e.g

via a nessage manager 265 or cluster 200, or via a

conmuni cati on conposite el ed@nts 260 or cluster 201,

and the conposite element 260 does not need any
eacthcr dnlyeysite RfrotiralenmtsCDEC €Fh dlgstéhgueiec24 5 A tmrougy pl&ust]afr

7/ 149 CT/ US2007/ 014394 .-56 t er na
qQueyes ér%gée@ as égfstfé%rrb‘i"éf “g"acoé‘?‘BE’i“é?“%‘EFttS’Fe'b %‘?PP% the various
zofds 21 3f c%hﬁivdimﬁﬁ% cit@ft etzléﬂﬁﬁtts%b wigas tﬁmc&rdmﬂ; Qusted 200T.
concernin ether its extern conmmuni catl O S
a DDR S igly, theygl ‘é“ﬁ‘iﬂ‘i%t‘ﬁ%?‘#e“t aﬁrl&tpaﬁra?me@? w&@ﬂl@e
unm%éﬁoﬂam o8 E\Fsﬁng ABYtyPE of heaRkrfds BRcldied APRA!, ahtSrel 00.

Simlarly, for internal conmmunication, a conp03|te 5
implementad f@ll?éﬁ’\éﬁ? sowmalgosmeneatiqngathseiid ot Juesiress PatwesH

zoﬁ e(?’h n%\@%%& deEﬁna,thﬂ'WMﬂh GHihPE J0OMWifH dhe “hop™

anot site’circuit element 260 wthin the same
OCCUITIOE @ET m@e,mbsaltd:pﬁifegﬂem fropt otberdat2 SQ)JTCFS)@J betw@njcircyit

S AP 1 I35 0o USSR, S e o

mqre egelas or fhapst it@any diﬂner ﬂe:stmatlnon)l (n en erpplayy embodintent, each
cl uster di.f.fers from ust ar enbodi
chgfeg 8&5%%%2%& gﬁ?vdﬁ%ﬁ @uf ﬁorflﬂlél{llcaf iQn p 8’| tWé) n eac':"ilx3 leactlon For
ex@fﬂqpid;l lel'sfbi’ﬂ quénec248/0)h provwdshvxtohxbnfrﬂumbi’tlorEp@ehmframyzone 201B
rcuit cluste vided, intqg. a rality of zones
(a%iata SPYIEEL ﬁoa%Oéla%@S 5 @5 ﬁé’%%i“%tl%l Prab'fg%%%d 201
co%mwlé?lﬁgfdmgﬁm 2004 208Di(aga ﬁ@tldrsoﬁﬁﬁpﬂﬁidxﬁ 20i1 Bt(u's h data
el enen

(as illustrated mhlch are coy
degtinaion)-eIn 3t ereaynlpeqmborimenig sacheelysign %quﬁ&?r gealmas eight
coBfextl, gﬁfv’léﬂHE @fhht vARAL WbhdtcEORTAMbSLR BlURRE YRR 2AAin each

zone occurring through a plurality of cluster
dirggéoreand i gachrommuaicationpatt i vel y identical to the

previ ousl Xcgcﬁ'aﬁ{f"l)gqgr i &ﬁﬁé)&iﬁlteﬁf cﬂié?éf%l%egeds5)45AT£}ﬁi message

cl uster queues 45A are uti | |zed for communi cation
mamiaghi mrcantﬂdﬁsare ralsp0e@sidared “sommupyigsitipnieameriigswithingbi scope

fggyﬁgg% %%.Fetmeen clusters 200. The full or
ute

erconnect 275, 295 is 20 also
sour ce- baBigtire % isteslock diagrdm ilfpserating anlexernplabyethond, apparatus

e%ﬁwgﬁ E%rgsﬁéfng %Eslélggrgm,? %ggt f a%béx%ﬁnée Etﬁ 'ﬁ?@{eaghﬁlggs of the
presfuiﬁmmieﬁﬁ:bn oUby tflTSOdiljD(blb@y ﬁnrarcﬁxs:pﬂmdhsmj 209(33&3:0031‘00& clusters
ternati istr

205 re BRaER o ety Ayt Etheneh pliErdn Tt agubigli e 16

illdasdtéd BeshpeRBREML85C, having sixteen circuit clusters 200C, illustrated as CO

through C15. Each of the circuit clusters 200C communicates with adjacent circuit

clusters 200C through the plurality of cluster queues 245A. Such superclusters 185C
then do not utilize one or more second communication elements 210, and instead
connect to one or more third communication elements 190 through one or more
message managers 265 within the supercluster 185C.

Referring again to Figure 18, for this embodiment, the cluster queues

245A also provide intercluster communication with adjacent clusters 200C, and may
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25 The circuit cluster 200C does not include first
comrmuni cation elenents 250. |Instead, conmunication
wowraon/1eber cl usters 200, superclusters 185, PEL/DOT014394
150, or external comunication (such as to a PCl-e
bus) (via second channel (or bus structure) 220) is
acconpl i shed through the nessage manager 265, which
provi des the additional packet-based and
circuit-swtched connunlcatlon 30 functionality of the
first conmunication el ements®50. Each of the
conposite circuit _elenents 260, illustrated as CEo
bs ViEWEd RS emore gsperalizeshiyed of mtmbnstem khewss 2di5s tAs busteated, the
PRSI ORI RO LAl AR o
angSoadiacn 8gduit cEl?teesaZQOQ: quroatetcslusimr aathinusicatiemtthe

h cl
SR e SR TGS R B S B

ingrach divestipt, klepamlnng)m thezsalmefedik!ﬁibdaﬁmemnm lek@melel Giidrd
ele nts ,260 Mﬁt in th rCU|t cl ust 200C.

%‘&‘*R}” TREnty sFEeé’lP &‘élétezals%wanSf\rﬁwﬂéﬁped as

cdmrlnhhllahteon pattifh aacnﬁ@fwd%al R (§picHPaddEraic Ec\(d}auﬁies for
and are inplenented t

di herei n
ST U AP A PIOAes RO pEVstiAm B FEeal gt chrser

2008 MRPih adiORRS “REOEhWEIFE cirfiRPcTudter %UC , SRRtdRELAR) 245A| and
within a cluster 200C, with one "hop™ occurring per

245\s| ReOvigde cemmumisation Geswe e drauichester08 anst arcasijcent “north”
ciR&AVEERer 00y 'clustéf'l lﬂéﬁnﬁ $24500G g%%gAé :ﬁ) d&w&e EdfimmicAtion
hOpS to an ' a éacent C USter one or nore
betyeereeirait clhgps200@ anhyn adjheant Hesst’ mircuio njuster 2086, and cluster
ql%@d\;gp) g@g X? Emg)cgég %&?%ng? ﬁ:gl)rr]l bekvld%:tnecrl{c Lflhst%rgﬁc and an adjacent
“s@uﬂ)@@sﬁ”mcuﬁwﬂust@)&iﬁﬂ eSumlatlsI the chpsedreuede(d) 2434 @ (RS may

t |on ro ne 201B (as .a
o PR O A S8 Sl R o amiramicatigiperieen
CImuﬂ\Ullm zom: mem aétint OROrREAS cireGiftKeRe 280& R1688r Gueue(s)
one 201B (as a data 15 destination

\AREIARES ol RS e S ENC)
pI@{Jﬁi@ cBagn@igition KPR Eifouit1RNE 00T ;ﬁ{cgem adjhddnl a‘l:ast” circuit
connectijons across each cl uster queue 45A7i n each
clpftereeQ0Co Slustry queke(@hP Asdivhish may besopsidéred part of an adjacent
IGO0 PrifvidEOEorh BiuSicaIHR! gét%@ﬁ cirChit SuSler IH6E S d a8 gﬁjacem

and nessage manager circuit are al so consi ere
“soutRminpiecHit eluster SA¥Aand qmtm cnleW(e) oheand2Z# 56, (which may

b@écﬁéﬁ@fed' Iﬁlﬁe&i %ac%hP Ulli.lgtefl'%Odéd) ]ﬂ‘opidg %%m%ﬁ%é%{gg betw%en
ustrating an e ary thir par at us
Clwﬁmm%qrr?@Ogi esnglpﬁewasilme r‘sonascclrcun cmswrzm@ﬁ?ce with the
t eachi ngs Lon
t opol ogg %rp;dc%\ﬁg? rfg{u %S‘Pﬁﬁutl er%ggﬁ?)]&n 15 ¥ E]12"|S|r1% {jg run-time
bigdling descgibed below, rather than routing data or other information through a

second communication element 210 to or from a supercluster 185 and/or through a
first communication element 250 to or from a circuit cluster 200, routing may occur
through a message manager 265 to or from a supercluster 185 or a circuit cluster 200,
and by routing to a designated composite circuit element 260 within a supercluster
185C or a circuit cluster 200C through any of the various cluster queues 245A, using
either the source-based or destination-based communication schemes described

herein. This use of cluster queues 245A for intercluster communication has the
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200C may be effectively tiled or arrayed with each

other, to forma supercluster 185, 25 illustrated as
waeapened4ast er 185C, having sixteen circuit cl uBCEDS2007/014394
200C, illustrated as CO through C 15. Each of the

circuit clusters 200C communi cates with adj acent

circuit clusters 200C through the plurality of

cluster queues 245A. Such superclusters 185C then do

not utilize one or nore second conmuni cation el enents

210, and instead connect t©%ne or nore third

comruni cation el enents 190 t hrough one or nore 30
pqmbégévmgdrrsdma lgtendyi Wmlbwed; topeseaifubd Brst E8MmMunication

Il [ forth enbodj

cIGRGRPE0" o808 o8 e s At Bond R B ERSELD IR o b
tragoramdrinstaad oaybietcomaofuscaed as:thaytaa serRtiiéd. Thel suiprycl¥er

149494 PCT/ 0143 | d
| RO W e res et gu et bs Beref ot any ©

supkicligtar 4186 dl,ndtclil@ult BRIstd? 200 Alessdctis 1ol APeBHBS1FAMMY reference to a
rog geﬁ %Srmunl cation, between the circuit c% ust er
d 87 ¢ 1 gickewit £luster 209 shall b prdezstopdts cqrpgspondingly

médi £HdGhURE a s6PERIREE AR5 O br clrbit clikies DOOC AUEHESIvERDA
| emented to provide one or two conmunication

may be i
pa%/ hs 5 Pﬁ‘%‘é‘éﬁ 13 P@@l‘ldéﬂgfafééﬁ'é‘ﬁ@ltlﬁg 1p greafes dstailean exgmplary
cotPRAE BRAIt eleMlenE280Within dlle f4§:§%t§r 05HRRHL BN with the

t he peripheral cluster queues provi de one
teachingsnifche presergantentione detilldstrased indrigutess, e coymppeside circuit

el&ﬁ&&fz%l@%?npgﬁgé glll Ql%}r?eit 1 t&[}'ace% @Bht?ol ﬁ Sntdear ci uu%i’l gém):nt 270

Ao provides communi cation be meen circurt™ ¢
(al20@cternd t@nas adpmputationalel¢rhews 270), ovhichiist genbradtyer cox@i@Grable
I 4 and 10, 245A2
cog’l&)%ﬁ)lng g%?%‘%ggétu ﬁ/\évg]ﬁ]hm ALY bE Ialflgfué?n%’ﬁ%qgﬁamé’ﬂtmonal
elegric@nonfiguoable 'or nohcanfighrablieisdemudR@tion eletifingra configurable or

ue s),.245A3 and 245A4 provi de comruni ¢cation
nd SR AR RF e B s TR n e AAPRBBHEOIRSS: -
nom:mfﬁ;garamb usdre6ry2éentdhtimay Be biHer f&ﬁ%&ﬁ(&ﬂcn&@&ecwd for any
nicati on between circuit cluster 200C

E‘h \fl des .conmu
pa, ‘G‘%fr?pgb‘f%tt‘féh? anapparaietd® circuit cluster 200C.
Simlarlyin im@c&ﬁplﬁﬁyeémwlﬂeﬁtsméééﬁémlm{ewabégr)ld‘f@a(néo'i 280

be COI’]SI dered part of an adjacent cluster

CORHIPEY el ééﬁrﬁﬁﬂl@ét@@ﬁ%@t%e@) agnemoit 33 (sueleas 200¢ent
ad@Rdsdle AhREG ?*CAN/PTO? Saiom &dc@é}%g?a \A*?“sifgl:ﬁ %‘%%Q\M) which

cluster queue(s) 5A10 and
Stergheemerts ang apntralfinformatipm tremt cmfmgmm@@)s) (Py Twpitigueues
[
SRTUREPH AR BET (D' o Tl MRR T (a5 form of
m@merwé( &) ot peenipianycémbedimsatsc hrslchesrs dntpeface afd @umtrol 280

m%ﬁin@ﬁﬁ@tthggleﬁl %rtro%gg %%3 oMed eos 39 Hmj (I%I eﬁf?xer 81e input queues

tween ci rcm Tust er Sh~ad) A
320y thchewtput’ quEues ali toit ust issth 2 m&dlﬁmhl ekempRry andudinsonts,

T T R T
input queues 320 or the output queues 315, but not the element controller 325. In the
latter embodiment, once a SME 290 has assigned actions and established the data
routing, no separate or additional control is utilized within the composite circuit
elements 260, with the composite circuit elements 260 allowed to freely and/or

continuously execute an assigned context.
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circuit cluster 200C and an adjacent "south" circuit
cluster 200C. In addition, for data routing
wa@s®rgsent s, such as in the run-tine 25 bi ndPeyUS2007/014394
descri bed bel ow, rather than routing data or other
information through a second conmmuni cation el ement
210 to or froma supercluster 185 and/or through a
first conmunication elenment 250 to or froma circuit
cluster 200, routing may occur through a nmessage
manager 265 to or froma su®8rcluster 185 or a circuit
cluster 200, and by routing to a designated conposite
circuit ekenlentloﬁﬁ)ahnvbrﬂnrsehcwdwbddmems tBO eldidDt ortedace

tgp USt & _200C, th
an pbrivel2 8 R Eo seASod & G hal Puteh! prbhindPleleRsasn sush as
onﬁ 8 tﬂdaaﬁwmad@a&e@lslfomml ttﬁﬂéxexmoﬁ@diﬁmme&e&g td pdlide direct
ereln se O ust e eues
swtﬁ&l@saaagttlbw @5 QH R @a&ai %w[lna? oL m%%rlmmme
coi%gzﬁélusa%w &éﬁ%&ﬂzm 2P fh Pr&NHInd odsiAnt2eeheo SME doE, a6 the

| at ency rrgare to use of the_ first comruni cation
m@ﬁwenagﬁo 63178 8¢ he fitst sRmmupication plsmerise? Hpin addition to
pr&xﬁ&h’ﬂ rcﬁl@'thWataﬂ%%ﬁ@’ﬁhhdt&%&nﬁcpél@&%t 219 & distri®dieba full
I nstead may be conmmuni cated as they are generated. The
intgrpoanedt glaneent 2985 & sapentiined gbeve thpsmemop 339, npraneses 320
. . o £ o )
ool s QoS 33k BEfmpIE B a@an BmP o PHBRISE) H5LiGling
withpaip tidiitagiop ang oy theahemency peomentigngulareVigeslyy sucBss ¢tAM or
circuit cluster 200 shall be understood to
corréspondingly nmean and include a supercluster 185C
or circui Theinpst gue28 62D preadies plurality of Famuts B6Birts the
ock, diagram | | atj ng reater detail .an .
coplighmsple o Rimet oo b d o Bf BheholeE ot it goch having
a \@?ﬂ@lﬂbf 8fi¢/ 16 bitsdats waf) ANeragwwdlgiane vidththay bewidd?, such as to
teachi ngs of the present invention. As jllustrat ed in

1n¢ipaw@1tsie%gﬁet%hﬁlf§ﬁhfé &% fr sremPlee nbif INPRLAHRD L BEY be

m@ébeﬁh@rﬁfﬁﬂm 'eQél%tﬁa@P@r xﬁﬁﬁ b€ G@ééﬂkn@%n&ﬁ@h dtHfelrtih s using 2
element 270 (also referred to as_a conputati onal

inpyta e carined dRitihdats westh elrsepriary SEFagigis elnput queues
3200HP BI’&;I&%L‘ e%tﬁ&ﬁﬂ& ingtid 1n¥@’dféh:1ﬁﬁﬂ efIn?éht BO0with each of the

nonconfi gurabl e conputational elenent, a configurable
input qygneodd @@wmn@a@muq@mﬂ fon eathepamiext vehich may be utilized

b};r:rtglg g krgll.lllti @f%lnﬁm? b76. slrp 9&]; 'tlgé“%nigt ?g{ﬂeg bg§ rrﬁlty%eqmplemented as

chine el enent e a’con
“shorh quntﬁds(jmzarltxhga davtbrqf lair@ndst woods, altlyough deeherqueoesand other

forr}n 8}" l:n%H{or X es\% tﬁ%xotgg |séope oqrt]1¥e mQ/?f;tme uﬂ’ aalaquh-]tpﬁﬁ%' on

an app a an exe ary e
encbheeiimeht, Br@ﬁecéraexets armlutmlmtir folr eﬁf&ﬂof € bmuts seth a ddpth afiat least 2

ontroller 3 %

o PR GOa PRSI o SHRBPO(ORR 1o BIPRH o e v
e. SR foréd) ¢br @&IWntml ch stores contexts and

control information % conf | glérattj on wor g 2

i nput queE@% input queues 32 may receive data from any o a plur lity of input
sources, depending upon the switching arrangements, either directly or via the full
interconnect element 275 or distributed full interconnect element 295, such as: (1)
from the first communication elements 250 (for input from other clusters 200); (2)
from one or more other composite circuit elements 260 (including memory composite
element 260y within the same cluster 200; (3) from the second memory element 255;

(4) from the message manager 265; or (5) from the SME 290 (e.g., when utilized by
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320 (as a formof nenory); and (4) output queues (or

registers) 315 (also as a formof nenory). In other
wez@mpiery enbodi ments, the el ement interface BOMUS2007/014394

control 280 may include the elenent controller 325,

the nenory 330, and either the input queues 25 320 or

t he out put queues 315, but not both. In additiona

exenpl ary enbodi nents, the elenent interface and

control 280 may i ncl ude t he menory 330, and either the

i nput queues 320 or the outPdt queues 315, but not the

el ement controller 325. In the latter enbodi nent,
thecBME 290pEcAollatias oﬁayiagnemi cautipaos aikivases lshci:hsirsetd evaluate
ac (?' data rQUtti 1nos Sé %Le ror %dllnt Itonal C re CIVB data

og HOPOF 288V ]thﬁg 898 8 e dppy efEent &
froﬁﬁéhhdMatfﬁllﬁiitermr(mseildmem |2r75 o b didttbmad $ull ﬁﬁembinmme élement

and/ or _conti

295 Spied sy s u R S Bl g S diment, the

mulBplek &% iaRa\Geto-1 mutpblecdreslleiibg dha@pliqudube 320 eBHthin data
interface _and control 280 may al sqQ include an

frogp e pisnsd spuce v SFl?ﬁFlﬂ%b%?Sé?r%@es%‘Gf@&BFFt%’S Brefaginput

daﬁD I&n LERERY a LEARBAIEMEARS270MHES inRY 8% $EBb&UKk to be provided as an
dermul tipl exers, to provide direct ~sw tching

inprthisighttye frput queyss 328 aeradirestly igyn ther cirowitsy afthe element
z7g,§ﬁg Qﬂ%lﬁtﬁﬂtE%t@hﬁg%lén&ﬁgggﬁén%oﬁﬁ d Se, g# sm iéﬁﬂe full

provi ut put ta tot
inmugaaQEehanwg665265 or to the first connunlcatlon

el ement s .

the ful T s elRed iRt BUEbPLORR BUbishH & oer
fornin ﬁmembe;QB 16l @e‘rpmw% eachshaviny the centesgiomding dipket contexts,

330 eues 320 and out eues 31

cafpfite st aitis S B g A berateeg eI OhF ARieg 14 o
mdifetdB&leonllds mAIl&frmaQR/elm CyAhl\;loévldtm ngRAalymmM i%e]i ,$pes amnhbmﬁed bit

previ ous s e | queues
deelgeatmgow%éelaolf%?ru Oaquwpger Th?p(t}{tgut%'su?%é] ’giu% lpmay be

in&yRhaGH TR BacH Stadd dér BAFEBE BEpeadtnt upoh etk 8iRE sash @8lusing 2

exenpl ary four inputs each having a w dth of one

ouirau @ueu%aﬁlé fopa gompiinedrFabit datpyvordh dhgicantextpayapalso be
co zg t@?mﬁ) n}élt aqglj Hg?, e%_epé gt @eﬁﬂ Q’Bﬁ;s' 3 a%elected

ace exanpl e. e I np queues 320 may be
conmte pbmikllrtiorf toovterdeg butphhdata, dhe pretpubguegiep & hal Eutilizigman

S
m%%ﬁ%ra? dgk?%te n?‘a%ﬁ&e?ﬁ] lﬂfed)}éggre gcr:ds;cg gﬁ@gﬁ I]ér)tré’n S %ﬁk&ﬁ&tng the
saoiteugsat d30o addxtmnawamd(tsﬁ for déstabutodn m)midlt[qmat éestmatmons
t he circuit th each qf. th t
queues 320 6?%‘ %EO% 011%31“3 82% PLg FOdIse g &5 ?’ee%lgﬁﬁltc%uﬁ pes!s of
thavbiraldit ehegnehe2 74, I1llusztﬁthd2£$ thw dutiguts,ialoudath dbeingat wizild of one 16-

ol S S B UGS BB TR Eer i
co“ﬂbﬁﬁlfoxﬁidti@ﬂugﬁbﬁ%m&) qUeuRsp @ d79 ke may be independent from
each other or may be dependent upon each other, such as using 2 outputs for a
combined 32-bit data word. The outputs 375 are provided to the full interconnect
element 275 or distributed full interconnect element 295 (or the optional output
switching element 380), which may independently provide each of the plurality of
outputs 375 to any of the following (via corresponding communication structures or
bus 350): (1) to the first communication elements 250 (for output to other clusters

200); (2) to one or more {other) composite circuit elements 260 (including memory
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fornms of nmenory are within the scope of the invention.

For an exenplary enbodi nent, eight contexts are
waeooziizmeh for each of 4 inputs, with a depth BET/ES2007/014394

| east 2 data words. Contexts may al so be conbi ned,

such as to inplenment a | arger queue, 25 e.g., 16

words, for a selected context. The input queues 320

may receive data fromany of a plurality of input

sour ces, dependi ng upon the sw tching arrangenents,

either directly or via the f@1 interconnect el ement

275 or distributed full interconnect el enent 295, such
compositd plenfent A6 Annewithinghe snerokstenl0 Q3 picetie ISME 290 (such as
wlée];no&tll 738 %&ﬁé% §M§EBS E rgclaiéc%?eglon o%ce) P\)éa}r%e( 21-) co%%r{sgrm 09 Bevalues
(efgi,nc Ieuzdumtg armmdrt;ommmmmh&)) (¢) tortha tngﬁﬁ@ﬁ)m anatglht 763; h;e (5) to

sane cluste 200; fr t he, second nenory el ene
anzuionsl $HRd B R 0SS Ao (TESUeUR RO PR Bl the SME
290he O‘HM-!_: czﬁﬁ)oﬁem@ Aswh&itiontd hbawg tl‘ik)’oﬂf@nap&ﬁbﬂe%%mg element

PCT/ U 007/014394 -61 the SME 29 ag@ cul atjon of
380 | PR R ABACP NG AT NEIMES 2 s tanlahls g e dnarent

to @hése it iskilloin thé eRBirENvie Ak, aré\‘éohéldiéﬁ& Eqi®alehard £6KWEthin the
the | nput queues 320 receive data fromeither a full

scopk ot e PresCRt IVEREd 275 or a distributed full

i nt er connggey s&é&%@ﬁxbo&i%?bm'thé H&M&S]ggozfssmﬁﬂeﬁ)éﬁﬁﬁla@a)@AM
mul tipl exer 335. For an exe enmbodi nent, th

to fagilifaly soreghimpand idegtifigation- srmfu%/ fagk édeatifiers (taski Iﬁg) fubstored

LR rASHEGARPIB0 AHSRer s LAV A 900K

impdgnérded anBAM, withaearshing ang identifioation pérfaruied wilizimgnether
ded. as

se%%:? (?S%tﬁg?%:g\\fckpgs I%lggrdgsgétléh%%o lEﬂ-lgr I?Sea(l: comg'{xﬁ’cl1%nst rhemory

may be uiilized, hbwbher ehdaalﬂa ate coﬁiﬂcredl equ&rale@lﬂ tpd t~11$1m themcﬁge of

t h
thF RGP IRHELI et o5t Trpodry B ey et B e ation
anfyWop®oit githbigieore 6f RAGY) Bt £FH, DR ANINSDR ANl BRAWNI, MRAM,

R R o 0 T ————
or@a6x stbralBk appahfus\W citcui@whibiR Y bwh SelBich Qﬂc&ﬁ% kniin,
2 or nmore data woyds. Alternatively, the wdth rmy

1,
dependipggpon Sirctelepted embodimgle a bit 15 designating a
pl acehol dghe nfePiors eBORY BtiliZaGn e B&&n;ﬂ&&%@ﬁbéﬁﬁeﬁﬂs%& store

may be independent from each other or
badla sentendtis tand sentreliaforaaten; uts}u'@ﬁ t@gonfgumg th@ coa@gp@fole element
27 G redt RS Bﬁéraﬂoﬁﬁ rgﬂcﬂecg Y c%ﬂ 81 M&gnatl-ggqs stor?d asa
contexts may al so |ne such as to
colnﬁgg@moq (veard in @hegexerrﬁ;l:ir@ ewd:rqglgnelft@,rasat Igata@ty eﬂmformatlon
S e t t he
AN kB REC U Y gy e
state oivichine aleyet| 299, suwghl qomﬁgeranun putrddang, be siteredadeleted,

su%{opa\ﬁ{:e(cji', chdetdh &nd so on, and by modifying various bits within the configuration

word, the execution of operations by the circuit element 270 may also be controlled.
This local storage of contexts and control information provides for extremely fast
execution capability, as configurations or instructions do not need to be fetched and
read from a remote memory, but are instantly available as contexts for immediate
configuration and control of the circuit element 270. As such, the apparatus 100 is

not subject to the “von Neumann” bottleneck which limits the execution capabilities
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same output data to additional contexts for
distribution to additional destinations. A plurality
wo@Rooonspm s 375 are provided fromthe out put ORET/ES2087614394
of the circuit element 270, illustrated as two
out puts, also each having a width of one 16- bit data
word (or wi der, as discussed above, such as for
i nclusion of a placeholder bit, 25 control
i nformati on, or other data). The outputs 375 al so may
be i ndependent from each ot®%er or may be dependent
upon each other, such as using 2 outputs for a
of ¢ypibalmeoce3orsi llncttadathmadous'rmemdbpm& figithione a large, very

ST P Bl B b, e

foogisirihuadd pmt:qmstng, dmﬂﬂmhed]glgﬁhbﬁgm pERpsingdisthiboeyd

TN Y T AR

coRfpuiein iﬁﬂﬁﬂepfbr&b(hﬂ@lmr es or bus 350): (1) to the
first conpuni cati(g Lements 250 (for output_to other
cluster s I§aise ap 510"@ stgrage S crpledts eberdiopvsderpigaificant time
méhibfekide & At chs 28 @ofpBSikd Mk TBADHLY 23‘@ ﬁ)lgpgérﬁﬂl%ﬁl%ﬂtlon
PCT/ USZ007/ 014394 -62 conposite el enent
elgments 23 and séate maghine elaypenty29(eF @xapge, Mutqwore@scontext of a
sel’&ﬁ:@ ddtd ok A& dirbit El%ﬁw%%%@ngy r@ﬁulﬁﬁhgw Hrd %IC(E] had not yet been
val ue or conparison of val ues .g., to evaluate
creaserdby poether campasite mr):)ut efemjent 369, I?@OE@S serfextmange able to be

o285 8 i A O RS ST o
mwh@dem@m&éﬁ agemginingidie nSimibely, tieaise of tipdurelityl afitaintexts by a
stﬁg&r?aléhm%\@lérggﬂt%o Ill%m%nr}luluﬁn' cﬁ‘:ﬁ Otalggél ) ogg)éarwa a gg/lE 290

Fafgement's are arso. a
mappranmhce tx;:cuhos ef fifsteskdd Withm ganécuddrefivst dath setefbot & first

oot RIS AP TORE TR © P ot P U b BN A RS second
code Mithya S530nd glataget fredeechdSontextAM prchddé en baiut, ifbRéwed by

sear chi nd |dent fication of stored task
refugRingite %@St f%fgﬁxtl BE fonttyed epecution o€ thefirst erede ysingsthg first

co(;i@?)birﬁ& dnld%he stofed MAEARY reSRO AFHIR e ofttiife ARIMDSIKx &P ritékts

npl enent ed as RAM Wi th searching and identification
fuﬁé?‘f Plavesdnteriepy g tasks apd usaggraf iesparass ddhicks odigrvgise might be

idl BASWing QKb RBare FhddRices WRE $n @B rfg%p'o@@xtallqgilﬁ’ée utilization
menory may be utilized, however,

ofdbnEG der ed equi val ent and wi t hin the scope of 15 the
present | Ke0lchi CM%lté%zy%agiﬂé remBftes a Yighatd | e

including wthout Iimtation e or ation
comblmMnaFlggg}-gatmomltmmmmﬂ and-sRANjzeR@)/ontrol
hﬁ?@@é&hu%@?}(ﬁ\[‘n@ is '&‘&Yﬁ ‘ré‘c%n& %(/H& e cnx%UR Yetmén‘t%é%%erates,

parat us or
utilzingniwgonfiguvation Wmd mmmemmmomme mafndnatgm) pted frememory

33%)?'1\%8&%%&38 caﬁy, in etxemplary embodiments, the circuit element 270 operates

based on data flow, such that when it has data at its inputs, when it has an available
destination to store or consume the output data to be produced, and when authorized
by the element controller 325, the circuit element 270 will commence operations (or
fire) and perform its calculations or manipulations on the input data and provide the
corresponding output data. The element controller 325 controls this data flow

operation, based on a plurality of conditions and priorities (and other information
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20 The menory 330 is utilized in the exenplary
enbodi nents to store both contexts and contro

WO nfoonsmpd on, utilized to configure the confi gRCHDE®07/014394
el ement 270 and direct its operations. Such contexts
and control information is stored as a configuration
word in the exenplary enbodi nents, as a plurality of
information fields, and is discussed below with
reference to Figure 16. In addition, through the 25
state machi ne el ement 290, s@fth configuration words
may be altered, deleted, supplanted, added, and so

stom¢d asnde bymooglcdnfigugaticar words ibintesnony 3A0N Fdreexample, when more

fiqgurati.on d, the execution of operations hy.
i B i€ Rragli3bf enst Do R bR HnsRRIEE 223 65 affnare
which anhr:jssﬁ:@lff, ageh af tlﬁﬂigl'ﬁﬁo?ﬁdaﬂldnp@fﬁvﬁﬁiatibﬁ oo bfgﬁlbi" fidre priorities,
ovi.des for, extrenely fast  executjon capability, as
2 RHRHIES Pxteblind SRR RLYin, OF Mg oA Ee Bopirishte g S most
ret&iilyhadcaed acfor Bag bat e Wlewea Ry EMR aYbitltibn, AVKile a least
i nst ant vai l abl e _as contexts for i medi ate

I  f.or, | at ¢
reEHHP] e@‘ﬁ?‘ﬁﬁ? BRHMEP¥ bavs B higher preriy;ipdhy erbdraticant 270.
As such, The cRBRAE BbMPolkP 325 Snay ¥ imPIth&ftEd Wt NRyinkWVels of

Neumann" bottl eneck which |limts the execution
sophistisatiqn: | Asmepsiongsiabpxe.jornpemybodiroent e 4hmuaent cgptrolier 325

: , ; " . : o
AL, L A BB g
congisueusonpdm stbivet tp athéralonstegintsde.gt. icbitzeldrom any of the various
Sl‘gﬁé ??Ibﬁ 9&p gl%g%ﬁafl:rtseg(l‘ﬁlgm%s thefe%mgﬂtSctorrﬂrgllljetr%g,lﬁs)r{rlérl))? gxsgﬁlé%grhulti-

ute signal processi ng,

. thpradegt aperation ofithe citicait eidmxne @70 educhds by skinigrasdurieat statsof a

Qr, acti.ons). i he .event, o 5 co nt faj.lure
a1 Ry d Bk SN GRINS L PaeliTR a0 e ingh fecond
comkessd (b ltlmnsirdudr eleing i 2700 2aiid reirfeving ik clipbeostatg afd resuming

oper ations of co ite circuit el nts 260, first
exc?g'r‘}?ﬂfh(i’fgtg? if%?‘f co {g)é‘gé?‘l S e_é‘ﬂﬂe%tt%% e nachi ne

el enent s EROmpley cex@rihisle, dthhRatdial sleleftst2 Ml ardillustrated in

sel ecte lgpaﬁ03|te circuit element 260 nay require

Fightsa o agdt PYIS Shis< Bigek Jisgrageehan exemplagyaguisiplier-type

confighf®le SOMRREII(R, S4d Figute F) %WBCI@@QFra%FQF ReEx&BMhB tiple-
Agfywbe able to be executed on the selected COﬂ?OSIte
- _

ar eorfigable chpuent 2dPme Astilusiratde cadnips Spurel 6-bit inputs 365
e i vt _
oI PR 375t AR bl B <Ol Bz aPBud B
utdgingall mpatsifs andwwipeie 370pdhaconfigursion exmaspbrding tSVE

. i W th. a
TR MY TN e,
desndtiplekers candothesswitchimmelemehisits impledenpdiersekicted configuration.

comrence gXeRULLO0 BlriSREANG, Sods

th econd data
set for a Second contexte’ provi eryé%u%ﬁflf)rﬂiy?econﬁgurable

elérobitAROd ivyonfigatatie forgevaral dyerdtingshodesn bwecht asffor 32-bit
SR BSEHA S bl 207 SR S e
arithmeticte Agultirief) I gk-deved Bk lxhation, the multiplier-type configurable
element 270r may be configured using the 4 multiplexers 383, 384, 385, 386, using .
the 32-bit output select 387, and using other configuration bits input into the
adder/subtracter 382 and the multiplier 381. The 32-bit output select 387 specifies
whether the low 32 bits of the adder/subtracter 382 is output or which portion which
portion of the 64-bit accumulation register 388 is output. The multiplexer 385 (A
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further allows interleaving of tasks and usage of
resources which otherwise mght be 20 idle, allow ng
W0 28Ra49404 share resources and increasing the oOREr/EE1007/014394

resource utilization of the IC The el ement
controller 325 may be inpl enented through
conbi national logic gates and/or as a finite state
machine, and is utilized to control how the circuit
el ement 270 is configured an mhen the circuit el ement
270 operates, 25 utilizing the” configuration word

cont ext s gnd contr ol |nfornat|on) stored in nenory

) SPpities rippeiinta thejadderiabisheier 38iao denve bt &, of the
acthJhﬁléhbn ?ég?%ﬁﬁSSZ%Qe RREEALES 38@3@%1& d%‘él fslﬁlge\é\élhgrsﬂllflr? tglt of

that when 1t has 'data at 1ts 1 n
the Bainputinto thgaddemiabitrenter 382 tasoee of fmnﬁemepcbﬂa@ns) of PEh-bit

orize
ol RS T 81, ARSI B O LS BB 352
furthenspacity whethat thens- 1(1p1|1t 1t3 Sighed 6 ur?h@leﬁ%ﬂ?ﬂ([jgﬂkér&he 13 input is
or., mani atiQ so e i nput data an
L R R e NG S
mmuptwmameas B;&Er Ig,mmurvthérf&igﬁled%tv andibAVM. PREABIt ke 384 (Q
of conditions and priorities ( and

ralit
Segetcﬁeslp e‘f’ﬁ‘F%Pﬁ‘n 'Bhufv%ozbe muiianliey 48y lugp 80 #nd vdedwr signed or
unsigdedt Iy £idlitdén Qﬁ@nﬁltlﬂm-‘?yﬂeoé&fn&'gﬁfaﬂé ng‘éﬂf S0k illustrates
exanp when nore than one context
OUF@n?eé%/?B 93? %Gthgk‘@e &lqnemﬁ 2? Pefremdhefd- bMtsurublaepn 365stEmy88 to
mutiplekéradgs, which runs first, such as through

round-robi n, or eval uation of one or nore priorities,
a schedul4tilbrtaiediipFigie Af, thebxmplwy mpIWMIU&m

coﬁ%%rﬁ?l&lglégﬁt gg@ﬁgsr &ﬁf} \;,éx?aab‘i’? go\/{/ear‘{'%? Ivspfaft %’%‘ﬂnﬁt{f@s in including
muytiplicatign; Wltlﬁ)mmldesm)tﬂaea&t (m sipned hhﬂnﬁétﬁf} Uheskins tahﬁﬂnetlc

her priority I he rbltratlon
avephi ng%tyr%c‘% B T eﬁ%‘l’}'ﬁa naddition £Ba WfIFPIQa‘\JyUﬁ@jpe
confamuehlsge @fem&m pm)@ hla@aiutﬁlﬁ a dDstaBf) bh e v%mév(%opﬂllﬂg A&r B to

t troll 325
s BIRRG BFPbm oo SErRGo0s A0, AMIS: QR uROR) anbmes pegiorm

comﬁeemlloabh rll dBG Adw.aAl ' e
glorﬁﬁ)t@é Bﬁ A Sl(l)t%?l‘r&ge:dri%i%%rgﬁg d?ﬁéﬂﬁin%c&pon

to ather. constrajnts (e.qg.,
the pgHEioB RS, Seb P! U SHis GORCored SV shiflbciekomeponding
inpReleft@hbstiveddr r (ﬁg@ﬁbg%y@lk Hbmgﬁeﬁ%y%gfiﬂ@ p %@ ABS blocks

f_the circuit el enent such stor
38%@?&%3%%%@%1‘}13&%39%@ value of &munplatmrqfassaﬂr&unpn also
depe@at®*dn the cbhf econd
ot o oo el bhe PP ety BRI B G s
wopdhusigg ﬂ?é Rits $tom eachrnf the dlAisiP01 39 et 892, o;nhlelﬁ ntdyﬂae provided
b K t EGHLL eI ement 270. ary
0 t}2:10 r? §FE grgg F‘)&thcp:% r?%% ? ag :bo ndazj#lgni11 SheftsY 2% 6OI5P%I‘ISOH a sécond flag
bit pnqlwﬁfhﬁ sehultns the lgusteﬂ;grﬁﬁemﬂ bitDa tHtdNEEbIP indcaAedthO $&sult is

a ngéa{i’ﬂ/% S ?fl) anda Fo@thaf'ie}/g tgnfjlntdkc%tes tf;e resglt 1s zero. The condition-

swap multiplexers 397 and 398 are utilized to provide conditional execution on inputs
I3, I, and based on the result, passing Iy and/or I; to outputs 375, and further
providing for swapping of inputs before being copied to outputs 375.

As mentioned above, in addition to these types of configurable
elements 270, other anticipated configurable elements 270 include bit re-ordering

elements (“BREOs”), single ALU elements, “super” ALU elements (32-bit ALU),
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configurable el ement 270F, and Figure 10 is a bl ock
di agram of an exenplary triple- ALU-type configurable
web@mesmL70G As illustrated, each has four 1PeDU$2007/014394
i nputs 365 20 and two 16-bit outputs 375, and
dependi ng upon the context, each is capable of
utilizing all inputs 365 and outputs 375. The
configuration corresponding to a selected context is
provi ded for node sel ection ég cor respondi ng
nultiplexers demul ti pl exer and ot her sw tching
b Fggg slto i npl ement the selected configuration. As
ai"ie Potierrents: lookutntable alorpentsangsharnyelembuts pprogranimpisle
cREBIEBIEAONS, coRtmnBhiRiRN el §iocoNf | gur abl e for

sever al o-eratlng nodes, suc és for 32-bit
mul ti pl i cBeikzes : gtApparagecumul at i on,

and m xt ug A,
bri ef, hlugl%%rﬂ/leﬂs aﬂgirllaé% on, luﬁtﬁatm%ﬁ'l £ 5*?%@5%&@1@1“‘0“
Preenss ilrg@ncatda@ce e{x@rtbn teazmgs nﬁ;hehﬂesennfnvguﬂi@d ush@gdtbae

[ 84 385, 38 t he 32- .
uoFid Baherngine gRHoions v B bt Tgupippts aeraaining
th¢ nmentumemtlbhe T30 cadgélatisn btocass by 88 %eﬁﬁﬂnéd"@smg any

-bit output select 387 specifies

s r 381, The 3
€0 Hq'%?/“ ReST TRYIE- Biorstaton, REPcsHiRg 99ier. OBE CBMOIG2 | s
mmtdmd)ktessn’rs Vd]e&fbnﬁkoﬂésllgl{la%inﬁﬁon P‘EﬁAmong EI@@&&#C nysttem level
%qu @téon register 388 is output. The multiple
@%@ ROXW5'9007/ 149494 PCT/ US2007/ 014394 - 65 Sel ect)
s peCI fi eSRéﬂ'éﬁu% tormgﬁrel 1Y, end ﬁl@t Q%@ §U§E£RE 8h %ggg%h

as . zero or the accunu atl regls
selepiionef 41 Peesithm Sgaopmikag, stap)405p eﬁnChlaealgdmhml mgynhe nt

exﬁlfessetdhﬁ aEWJd@ Ridticty B Qv r#% r?gldaegﬂﬁ%;l{aﬁggl Cscrlp l% a Wgnrce code

four 16-bit portio
or ﬁﬁleﬂ gRdedisting :fm' %ﬁﬂcr@Dmpif@r,d‘br cxantple.s Thﬂ htgotilnlﬁn is converted

or ag&ﬁ%%&k!?gr{tg Jﬁ 3%%%01‘3‘%%#{ Lh CI f{,/}h%rre%&éfeger%ﬁ{lptlons

of pdunciideien poocessjisucknat pekfoﬂihﬁg an hﬁ\IeﬁaeF(szf Fé&er(Ransformation

fies th to, t I'tipl
(IFFE° % s BGeh bRt iy hthrolif bl paghaned ek
idemtitfiet (i1tz$kEID”3,83de;(Q5 $ﬂh€&€ts)ty§x@@l¢y h ls@ﬁi\% t ﬁl%lamheﬁﬁﬁé} to
e er S|gne

e s |1 or

aifictSiite i testClin B fber s of wRR by pame algositn or from
tasko 0f o@er ARbAHRILWRIRh VAT AbS Rinhl deUn !

éeedback Eﬂthin t he elgneit 278h11ronF?%gﬁéiQB?%£$B&mnm
10%ccumul ati on register 388 to nultiplexer 385. As

i I'lustratef defecRdod

triple-ALU type coﬂ??ég?agngmgég§£§?£%y%E§dHuoOneorn“"e
actionifte §&PeHPENEDbY 8 cpmpesijeagiraiiteloherft Bt (imhsding computational,
statd Yahatihd) Qnd)@flcbhamﬁrﬁ%do%%n@%gité E@er dZG%UB&Q?‘StO 90 execute

(in signed arithneti rretf

thefgsl asPrig0- domertiprgdmbpové,om “exquj’l 1e thd typadtﬂ ifliricdion ok A&tivity
to 6XpeFRirHed vy d Bl &!rtg'c'ir%g% ele O Iz\g/%rsblg %ﬂ@'ﬁnﬁbcaﬂog,?blg

may output "a con tant, pass one
mapgpulation, and instruction processing, for example, and may be considered

equivalent to an instruction which would be executed by a processor or a function
performed by an ASIC or FPGA to achieve the same result. For example, an IFFT
task may be decomposed into a plurality of “butterfly” steps such as multiplication,
addition and accumulation steps, each or all of which would constitute an action (or

instruction), such as “multiply ‘a’ times ‘b’ (a x b)”, and which would correspond to
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its output), performlogical functions (NOT, AND, OR
XOR), and may perform conditional or unconditional
waelaaoa/1§440v. As illustrated in Figure 10, depenPdTyS200T014394
the configuration bits, each of the shifters 393, 394,
and 395 shift their corresponding 20 inputs left
(positive) or right (negative) by the designated
anmounts. The ABS bl ocks 389, 399 either conpute the
absol ute val ue of the input or pass the input, also
dependi ng on the configurati®ir bits. The status
mul ti pl exer 396 generates a status word using flag
ongioff ¢hef opematéenah corifiguratiosis\dsf oBe Of RS bnapnditd Qﬁgzum/alienfentsa;ﬁo.

t.q_t.h ME 290 N, W ane .
AGBBREY S8 Sed e difl oWt Bend, “RinBlaR N T AR freppsed
eqhnadlemﬂy&mdtlhtewhaﬁgéalbly ® mbaﬁm zim,&tuclilcﬁt_ﬁui& pﬁc&l@bseb] [As a@result,
t L to ne Ve o
RS0, A e, 18 e d S B PEORL NS, R o

ofzaedoafigliatiof @ dhé bP firors BB he Birhdrité 27 D13BE 088 dr 3Be Abtfons
utilized to provide conditional execution on inputs

<Oasﬂstm%1°r§mnw&§eas &5 nstgictigay) is selepiedaneassigngd gn getion
idERiRY (Ritidn 3IDD), sepAsUGhES is a@ﬁﬁ’i@l&itﬁ&nﬁgﬁe ﬁl\éﬁﬁ’ﬁém of

nhputs before elng copied to out puts 375.

d‘ffé‘ﬁ‘—fm%iﬁ die agsione(or instraetdon)ifenm other petiensi(op wnwlons) for the
sefé@fét:l'tgslk" aﬁ{eetask?hﬁ gﬁ@%@t (' ax%tlhgfze@m {h(é'raﬁ‘ttfgger llnrx]léhng process,

configurabl e el enents 70 I nclu re-or
digduasedrieow varpeEerEncetp fjgwe ABU el ement's, "super" ALU

el ement s 4949 .
noT] Uepoob T atog tot tasr G b pibbe o Aisigngd as one or more
cohtzaks afforicaiyingore | cempobise cimmimlymehts 260y, type mgcrcmﬂpsmhb @ircuit
cont II r el.enents,,.co ni cation elenents,
cIEReRuTsa e BEHEIAE PSR B e A paY Seegu e upsit gyt glements
26'0| (ﬁeréhlﬁG bddRebdds UgtHiR thegrchiteclite SLOQMTUAA Vs aABRlId A4 RRic or
ess in accordance with the teachi ngs of the

noarSé’g omplkire vhich isdiph fied tepartigiachardwaes ¢amaponents. For

exbRiplQ Wint@ltigi8/bTSdrhddftiontdcYioR '(&hnkt?ﬂ&ionﬁ HayHe RARfed as a
of expl aining _the present invention. The corrp i Iat’ion

sipfle edextinynptl HelyPo porposits algmen260da apmpesitesslement 240
haW Bl K1 URHE bt @Rmek 9?@5 Shd'Hotd6 ! s?gmf 2NG Q! rty%%&&sxposxte

m Cr oprocessors, electroni ¢ design automation
element260avigin aspreifie phistn208y dore TompliESE Actians! (oF instroctions)

mEHElab Bk {odnfil B Eontduts LTl DAL SPLAR po el cBnents
266t dptetDas pBuchtharbiadigg pidckss, nnyobmoreesmr:ﬁ‘&s&ndnpdmta circuit
el%gﬁs ¥8h bf {}Xe s%%c)(v%ytygebwﬂ?? 8ssa%tep%g pe #é deeajc {OIan)I on

a source code
eqm\{alem[ﬂyoe}e&am the ﬁxmtmevianﬁp heonelbremategstiitst (BAtHesr) available

oL g S G RTRRAC e B AR Sy o e
assigned 1n1t1ally to one or more composite circuit elements 260 and then potentially
reassigned to other composite circuit elements 260, as may be needed, during
operation of the apparatus 100. In addition, as indicated, in exemplary embodiments,
this separate binding process may assign the action (or instruction) as one or more
contexts which are available for the selected types of composite circuit elements 260,
with other contexts potentially remaining available for assignment of other actions (or

instructions).
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of a function or process, such as perforning an _
i nverse Fast Fourier Transformation (IFFT). Atask is

wao ben/1sgbected fromthe plurality of tasks andP@BUS2007/014394

assigned a task identifier ("task ID"), step 415,

which is typically a sufficiently unique identifier to

differentiate the task fromthe other instances of

tasks of the sane algorithmor from 20 tasks of other

al gorithms which will also be running concurrently on

the apparatus 100. The sel&tt®ed task is then

converted or deconposed into one or nore actions to

be per f or ft& #2821 ghis presess, cerresnosding “émkmn’tfoﬁ Sﬁbh action (or
inéthRGLHFsRGs QIR iRt d, AR at this @ﬁ&lcg%gbglgcoo ’é%‘bfp‘}cg'm level,

conmmuni cat 1 on conp03|te el enent s
stepbunamely, ah genegisior sym@phquolnmss”ndbt i:imheazl:tlahpi\nﬁ)m&iﬁmn is

gen@x%&éd%d Jbﬁaxﬂeiaecotnxmufg eittidF gédr(?{]s f§f &I{lgtlgt degtmfxﬂoag for data

forne e Clfcul
Ouﬁmmt ¢qchqﬂa>a‘foo¢vsantple, actianinpoibat 512 ofmakkiAs BY Wl @ddition to

d d
e S o AL SR P e R o0 a5t uxied infegmation
thagyit mlpraocwsstsrmmt feorh 4BG6H ﬁlﬁmb&emﬁ m’ @&sb)@@@’ RdPtHat A will
hi eve the sa an | FFT

pr%blg‘Aétg QUW&% tcb%cnd)gm 'Tgl }r”n? ag( @ l@ 405 bcgr}ﬁbf Only one such set
of elthiertiapid 1jtikagt ©pSuHUE InRze Wikdguibd, Qﬁbbﬁ% theAddl| bi‘ } g&matlon is

and accunul at.i gn ste s, each or al

geE%rﬁ icopsistently de% 3 b"i‘Ft’(oé‘F (o igstryiiens)e AY hnlglgg hnagput to its data

|
T i
Wi v vithee isalatn nadaicecnta Jurselettod smifodimentafit tiag be useful
to GVERSth k& s O ‘i@‘hﬁka@eQHﬁﬂfrﬁu&? OThls?&%ﬁ{)gshl;g oY ﬂf’ﬂiﬁg USE veen

herein, the terns "actl
ml%Prt@nﬁ§E@Ut,éh{ﬂughIgemrllq/ommbqthohansgsaﬂﬂoyu%ﬁllnie@Brtaiﬂhe

As a result cti.ons
task 0 O W B SRRT Bt B Bosk At Sy Brime csutput
linkpge deBerminathen éfntep 535)fna§ beqrffogtiédin B8 cOmpABBoR prd¥Récin a
2 t he,one or nore actions (or

W‘?%s%‘h b FSFTCE a‘é‘ﬁlzo W%%ﬂ){ B varique steesi BRsgxample, this

de&ﬁ’n&m’tled nﬁi}da@ie&fcgﬂﬁd fallowing dher 4166 A4 bi 845, (su@ﬁ bd @fen all
which is a sufficiently unidu

ac‘i“HE)r{P’f s Ctt‘QPS) R fé‘f“%h%‘fea‘%eéntdﬁ@named@ﬁd(rmpped to the types of
coﬂnp&ixfdﬂfdu&@lerﬁénﬁ@@b N wigst d1PRRiohe foxJ IHSQtHClﬁ%F@O%%) tadi@have

sel ected task, The task ID and action
be‘iﬁ 5??%&6 And mepperhto thedynes iod ERPRY ot el@nelits 268.sed

bel ow wi tll‘her &fnﬁffaﬂ%ﬁ ptr&egé 5 ﬁetlémn'égﬁ%y tlrlé%o cr:]oré ?rra%§ ip the

instructio hen nappe or assigne
ProgERm @k p1eo rvéhleh wobkdcamsposdingly cequitd 4 degresrefipoxabfly or

oo Sl PR R by SRR R 20 aumiges
cogespending a¢ ginnaltoonst@otsdor ﬁxpatfﬁef:ﬂed taaxltd aRS/Seactidrsibn t he
1nsﬁ{19tt1161{sics'iéﬂ’ £4O.t190 gmp e, for v ous 1mmg re%u?r%rrnle%tso gome processes
may need to be executed within a single cluster 200 or within a group of clusters 200
within the same supercluster 185, to avoid any delays which may be incurred from
routing data packets on the interconnect 155 to and from other clusters 200 or other
superclusters 185. In these circumstances, a regional requirement is provided in the
compiled output (the “symbolic netlist” discussed below), such as by a “region”

command or instruction designation, for example, to provide that the actions (or
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15 non-specific conpilation which is not tied to

particul ar hardware conponents. For exanple, a
woredoriipl4pcat i on and addition action (or instrup€T/083007/014394

may be mapped as a single context to an ALU-type

conposite elenment 260 (a conposite el enent 260 having

an ALU-type circuit element 270), and not to a

specific ALU-type conposite elenment 260 within a

specific cluster 200. Mdre conplicated actions (or

instructions) 20 may be mapp®t to nultiple contexts of

multiple types of conposite circuit elenents 260.
inétatcéions)ashiphfoll@f niusebe pmfomgeqammﬁsassmga eluster PO0er within a

.speci fi ui t . enent,
s f Sinckeluioh RSt fo st B en e SRR, anfisri foe dis eqtigns (or
métﬁfc,tlongcwjn‘ﬁaé@tﬁ the, sirple eldlts@r RO@ ol sispleBapéRRyster dSSOMEpendmg
ggo?éz of |t§$or t hei avai l abl e contexts Thi s
VR ¢Stethe H‘ﬁfﬁf’tsé‘ﬁ regé%“"ﬁl fongtiagits map Sé’cliq @ﬁer(%’id to
zonB$H Pﬁiﬂhﬁm cfr&nb&lu&@r 266 is08e sk 4 Birddifdih¥tet Pogtne or
nmore conposite circuit elements 260 and then

pot ent i al Followingsisnyftdy theomethind detesmigies iwhethar there are
ad@ktﬁﬂﬁf‘&&m%@ Qor ﬂ&rﬁ@?bngﬁgd"hf‘e?{%g%nec%ﬁ id@gtlﬁgpﬁ{éﬁhhgﬁbﬂg types of

e apparatus 100 as I ndicate
ommﬁm airquitepisointeeiils stepﬁﬁﬁsarsieﬁ 89.dhemsthudi natprps teorers425 and

535000 GBI LR OELd LR PR LRI 0

(potenpaldy ﬂES)CHrldC%IOt Whemeh hstidBpr BRtruttidnspfdrahe tzxshﬂme\xet Been
ot e

rena ni n il able for. SSI n of
§RhE b4, ent e TR} B Tp R i S B S e g s 260 (anc
pds&ibly iSRG cﬁftﬁalﬂmkfdﬁ& s%?: 40, &heﬁmetﬂmgiq)rpdéaadeasmep 450, and
or r.espo n i.n or each actio or ...
adraincotpohs el Bl weiip RE qompries,HitePraddicipngbiasks are to
beSaoRRslledGn REep B, BRAfEHLE rétBiBlto stcpUBB ahd FierfleTBLKetidSthe next
eneric or synbolic "pointers": for each action,

taph PEYERINE 8riassID-gBAEP &Med and ret ai ned concer ni ng

ei ther sowigsalf eﬁké W%e@ﬁbﬁ)c@iseé %?Et’eﬁ akh Oé?x%hftﬂs[t tﬁé‘ééfected
5 output, or both. For exanple, action nunber

algerifla bpsgheenicpnverted it plurlity of tasks angl sntiope @nlnstawnons),
wﬁilc#‘rlhtﬁ/@ theh YLBR E&lrnﬁoﬁé fyle(géncgféglly/ gﬁ}{gn Qﬁ&%éﬁl:y? ginapped to types

ormat i on recel I'ts
ofaompenite girbat elémlmts 2600 andssymbpl ]y bmketdﬁat elthter Waﬂalmput

(er(.‘% 'pg ?%‘!}atqg%é)‘# d%%'t&aﬁ%ng erI bé)u%c)ﬁlé?éteursmgrssll I%o(ri]) rpomtgrsg the
mbthnki ggrerates auopifiosite niragedemehmm roafing PsyanbaRthetlie or
t ,of inf rratlon . onsi. st ent |

syl sppihiBuoR inat S LB SHBPo RS S RRE S Forpliftons
cdrﬁ;mséataq)luﬁnwdi&yawonﬂ&ktlﬁablbmen& Mtﬁleaalgsﬁdn@yﬁmomutnethst
lof t he data ourcmg{othlsm ut g}tlnatlon) \A:gh
ClFMED QETeFP %Té) sontapige nionmgRen for expeutionghieagh action of
eRABAMI JTERE BlgotithnTBY phrath € Mbre phRidMB¢E, Q&lﬂ"sy%ﬂio‘hc(}fethst
/O linkage information. This relationship

elemFW@@ﬂnwfmlonwpaﬁm%d (blthg sk Iﬂar(%h@ﬁ ag@% Hp:(3) one
o0hoRAYPEY iR ItE biReuit SleflefR 269%hH I th@RuRBéd ofYontdkE needed

for each type of composite circuit element 260 for execution of the action (or
instruction) of the corresponding task ID and action ID; (4) input or output (or both)
linkage information; and (5) any regional (i.e., proximity) constraints for the

corresponding tasks or actions (or instructions). In addition, the compilation method
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15 task and action (or instruction) binding process

di scussed bel ow. This input or output I|inkage
wa@ledoensdpat i on of step 435 may be perfornmed i nP€TES2007/014394

conpilation process in a wde variety of orders and

foll owi ng any of various steps. For exanple, this

determ nation may be perfornmed follow ng either step

440 or 445, such as when all actions (or

instructions) for a task have been determnm ned and

mapped to the types of 20 tdhposite circuit el ements

260, or when all actions (or instructions) and tasks

is appNeabldremydsdithe vades creditmad pedrcoondd torojpgies déscribed

cO te ci CUIt el emre The conpi LON,. .

herpino e i5g b SuesFREE TR 200 iyt LEReT PO ERlgBihe
program @fs zl aﬂféhhdth'mt&\fhia@bm\gﬁd |o€le 0 ifoes pped ofigbmiposite circuit
require a degree of proximty. or Ioc

clemgrie 260 4 stsp BRend AR BHSEF 1LSEP £ A3 8 s fesgroctions)

ma$ Q8o tRMafiel\b @Rhcrnd SN SSP VP CHiBehrieed| S “macro-deﬁmtlons”
constraints for the affected tasks and/or_ actions

or flibzeniest troerspntialyepre 490piled fasky aRpetionss whichdaye ageady been
maééééﬁcf&%gégs% %o?ﬁ%g{tg‘ ci glﬁf@le LRESHPERd WRYh RERbdn be

a sin uster 200 or wthin a group
comspohmglgrlmawxm regiional deastsaints, éutpﬁ} otithsa egrraspending

syrabcglc neqp (iI‘%l %3\(5'1{1;[\%\% &b Irfpiymg b% #Jg%&t > a%?T flgféH Rbhich

a ac ets on |n erconnect from ot her
conthins nn fof tIROG> moposite Iekrmeﬂ-tchmmqmcerts ckegmnt-linkagrese

ci rcunst ances Ona U| [ [
PRSP b R BT Coe SEGBETIE [0, Sudt{ e tedlbn may
oc%iﬂaﬂtﬁ)y OﬁV‘Eﬁ'ibL?SE\bﬂS, auclll sginapying &mm’ald ﬁmnthml“qssifrﬁlé(i‘i tor
eS| gn or xanmpl e, to provi ae that the actions
str ?WIHW%%PEQMe ‘PCT/ US2007/ 014394 -69
i Nstruct iNBfeboved) itidle hitlyl LRWniliple foes cﬁﬁﬁlfzﬁ iEpgdingistahd inkages

single cluster 200 or within a sing ercl uster
forjigey selestadartian vy tagk. whith I‘P%’g‘?"o‘?@m}‘ﬁ&? g%ft‘rgfﬁfeflbgc’%lﬁémh of

wlﬂfl‘f QY Sedufin al dIBEFMELIAPRIC ANt PEFlekLnbIb! eassfhélﬁidhed above, a
cluster 200 or singlée supercluster 185. D;Fend

tasifgo he phefoynedby adriplabdblUrisne corgg@shtereégp@ﬂ 60 may 1nstead be
maja%@& td ﬁ)r{g ssiflgi@yA]?ﬂJStg%@g g(%] £ d s 563 ORIk Buldi n

Cl rcul ter as a circuit cluster 200C
potémhlakby\ndncge@tedq@nzlwlth oheperdtof pdriganancei Hianydlephperformance by

thet gpgpra? &4 Foo %ﬂgﬁ% h%P gﬁé“r&)rﬁ)ﬁg\/ &Igén Hi &9%1[[19?1§)a]lté?/ah§ble

ned an i [0 es o
coﬁ’(em(lff ialleavailalsleittiplet 2lErype Q@ﬁposstte@ybemetﬁs 26MdSinhilasly, a task to

d re s to ste a [
bef@ffé)gfle(? ﬁ gx?e %m}e Orte lens erngg 0 nga)%'r 1?& ge?d bé ﬂlag%ed toa
plﬁh’aﬁ@l&fadﬁttﬂﬁﬁ aAd muldSidcation{ ©ype eatnipatiteyeldi@bits Qlﬁﬁ défting yet

Wien al |l actiqQns.(or instructions) for the task have
angihep magpingAnd é&Pgﬂﬁﬁ?ﬁpler and mapped to types of

conposi t ea§ |arr§§rﬂltt oﬁh@%&ﬁi i2Penhd Biileing p@ﬁ@tﬁchisyvmﬂ@ wie OF
out put linked) in step the thodvﬁroceeds h
avgilale.omy Sekﬁwd aél%qr&hm fﬁé% hW?e?‘HE’rP Efrf&qﬂ‘%t%\§?%?r%ﬂ3$ eac

ophithiP&s &SRk &Ofor Wikele@EPEH1, Q08 ab §5ded oFpSribAnance, power

minimization, ability to run with diminished resources, safety, redundancy, conflict

resolution, and so on. For éxample, referring to Figure 1, in the event a significant
portion of the IC is damaged, such that the optimal algorithm for ABS no longer has
sufficient IC resources to run, another (sub-optimal) version of the ABS functionality

may be loaded and bound in the IC, enabling an important function to continue to
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be conpiled in step 450, the nethod returns to step
415 and iterates, selecting the next 15 task,
w@s®rgedng a task 1D, and so on. Wien all taskBCTiEHS®07/014394
been processed in step 450, such that the sel ected
al gorithm has been converted into a plurality of tasks
and actions (or instructions), which have then been
synbolically (generically or non-specifically) napped
to types of conposite circuit elenments 260 and
synbolically |inked by eitHér data i nput 20 sources or
data out put destinations (or both) (e.g., using
opead Bl dvoid Pbt8hRAIS) harhiTal coftdiRtcganrieatizcumstanes s wthéch
circuit elenment and routi n% "s&,nbﬁi%(‘l net | |tslt " or
anothprifoIsueh avastendardgnicrenragesaers Wopl LICOMPIFPY net 1 i st
listing poRaRRIsyAbbRE netlisi@inefAHnan plepr30] the coimpilation
synbolic netliSt elenents, with each such s erHrboI i Cyi d
methed ti¢termines wiether additieny) ahenripme afeaﬁ?d"féé’mpéf/ s discusse
Lofar i i | Llb8AtHeh adto®RWdmpiled,
abof’%tsal%dg?’hta ﬁ{ékrg@%%r@f(ﬁ%nh%t?\}%?%rgfﬁn&t%r'g parti cul ar(% P
stepedfcs) asg ifbol, the methpd seturns|te gientd08 gRE dicrdes: nVHFARP] ﬁher
concer ni ng: . el iRA i@ Steb 35! Pie heéthod ma
algQsiams g v ?Oergt]%/fﬁgb%g?ﬁgiérnéptogsqetc?%élirggdﬁ? {egloﬂgrrénts 260
endafturnlseepdtoer of contexts needed for each type of
conposite circuit elenment 260 for execution of the
action (or instruction) of the corresponding task ID
and acti @n Operdtihg Sv§tern or out put (or both) 30

or oxi m t FIEenas atrctgin HES e R orat s e g
opé?‘&tﬁnr%go%ﬁte&p br bidebshalacOst@incel witladidi ttidbingstdfehe present invention.
conpl I"at1 on nmet hod WO 2007/149494 PCT/ US }O%%Zl/ﬁ)(’)%ﬁs% rposes

It shg@dibs vadprstaosighat the fallgwige disqussion 1SHF8Y

' alagises 1deaaiiohes beingpeiformedby ek vegious
Of%}g}lisﬁg%s}gggeglgﬁgt er 185C and]L lci rcuilt ggleustlgr 200%‘f db
SMEx5100 glternatively ahisonestting system BoraeRRlnY, ceHd bfdegprmed by

nore t . ' ircuit elenments 260 in step
Oni%mgﬁ%g(ﬁ?tﬁ 4%88{;{2@%%2??%5 in st e? 435, actions (or

i nst r uct i Thesprocdss eginal wartibg Wikpyier>9Q with the apparatus 100

‘macro-definitions” Y LBS. hicle,
beinggEpGreLrAREh fnger §f e DR & Al aplb system, suh as a vehicle
a REBuERPLotflekaykemyn nastiledalspharts, ¢ fpetsanal digitalagsisiBrle AN

mapped to types of osite circuit. gl e
R P 0 -5 Ban A S FELBRRIORGrY P E S LY Peg aal”
st OMaLKiak Rletentd 290) ¥hiciirak tést emmisebpesndd.ig exemphay i

netlist. For exanple, an | FET nm dto FET
e, RO RLETARSHF ctl FLopien S0, B safaficdh

el&%%ﬂ?@‘go,tﬁm EntBROnA TR (s L B BNdistribukeiDfxl] interconnect
I NT O

rmation to carr i; out an | FET uai ng. ﬁhe apparatus. = ..
clarnes SRbiothartsias JrachgelaRentRg0 O AR 1 {O% Ry o8]
m{@é%Péf%E&\é SVifhin MEHcAfespBRITAFBluYREd Z00Soradtiar ditders 200 (e.g.,

. 264 for streamng nedia, for exang_l e.

for those clusters 200 implemented without corresponding SMEs 290). There are a
wide variety of methods to determine whether these various components are operating
properly. In an exemplary embodiment, the operational determination is performed
by a composite circuit element (with composite circuit element utilized in its inclusive
sense, including of all of the various composite circuit elements 260, first
communication elements 250, full interconnect element(s) 275 or distributed full

interconnect elements 295, other state machine elements 290, and other logic,
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Moreover, there may be nmultiple sets of such mappi ngs

and |inkages 15 for any selected action or task,
wobkioch49rd be optim zed for different goals, eBChUsS$007/014394

which may result in a different synbolic netlist. For

exanpl e, as nentioned above, a task to be perforned

by a triple-ALU-type conposite el enent 260 may i nstead

be mapped to three single ALU-type conposite el enents

260. While this could potentially decrease bandw dth

or speed of performance, it 73ay all ow performance by

20 the apparatus 100 when ot her, higher priority
comingoti¢altionBor i Em oty élémémtg vathin theai doatespondingtiextess ZﬁO or other

al | | abl t I A
cnigier A 91 e Poe Ot SURTuPRP By B EA B @ perodic
didp@OPRSpdreoraledriyndt l@eﬁ@oi‘@&omﬁéﬁﬁ&@chﬁ choapf df tie plurality of
pIurallt%lof addi ti tipl.ication

FifQuitslemenissa gwg?@%%m@sg}%?erfam%@f FrApHFhgentext

ofamaéﬂ dﬁ%lcealp\é@fté é‘irbtﬁf‘ele&%nt“&ftﬁe bR dFlcohlpRsite SRR NY
l'i nki ng variations which are available, any

elemr%t% @ CONMyEEisen ﬁﬁShﬁvfmﬁé bvia plupality of serspegiterfarcpitalements
of Y] A ugci}lnteé"lgxgen 512.%39{ 1S &h&F BPfflef\Qho@s %Eé &f @%posﬁe

goal , as s e rmance, _ _
cingiit jeeinreats, am:lucabg the Syp'ss)Of elamwnts 78] mmayi |es¢1ep|erform a diagnostic

seffq%sq ufoﬁ%%&’ed%?c%&%’pgufn%%& ;poﬁé) QE lrés’i_lits iét% l’régltu%tgtrclﬁ eel first
compenite ar@.u’gﬂefnlenardoeg ﬁopnatchcl!hle e)fpebhd rle@lt Sudamalgecbmparison

or I FoobiFE O Fer FBetie sBrS el At AP P ms e Py
coufpositetirafit élb?lgﬂﬁéncf;:gilmleﬁ ldefeatni/é yro rrlcftgytolb?lyi @;ﬂl@gﬁortﬁgdmd is not
inclBHiEy WisBin B RESAIN: 05 MO DI TP OSDtTIeB 51 Soeiond

oper at e apkle a¥ gidie BOHRIBNIBE Izyo ey dntb116RNS3Y u»en@eesl obtain and
under circunstances in which another |IC, such

as
exgPAAI08t RIOSFIPr BER L sUCkh At araesam degigpedand stored for the

EQ}altd%V‘! d@gn%'ﬂ@%dl&e@ ﬁiénio%/ (aghenuat bP@ﬂmbf‘EE’PR@)M %m&@r? or
conmpi lati on nmethod determ nés whet her additi onal

oth¢rgiatd stpwnge aleeiceosush ag erhprd digk drive.can fitivelider et which may

3&&/ alternatives for a
be ectﬂelgg%?%g?:& ﬁrsn%g;azéf%}éhegﬁ conpi l ed, step 455, ‘and

if so, th&wostiggficatfunsiens @reslbearﬁarn@a aalpdrthfelnqabm process of
the Iogertaﬁn% sténqeilrl Istegls ?gg S{u? gﬁ% 5@ne ?F} %109& ?E&f S;rklélgg 52@1 hre tes a
magbrikist cﬁftaemllaﬂﬁé)apﬁa@atﬁs IOZ@eassauruag sSyls bealifi withn alaustér 200 or

suplitt EsE vt S nBpraadich ety o dus (i PR
eléraants 280 sareif othh&:q@ﬂi]ﬁﬁﬁﬁfs aird) fidictibRing prcb;ier@h Qﬂébdi 15€e.g., similar
to ;équpg{nsg}ag}a P%%{ggtéggtoi Pnlalp(% giegr{o§'§ %? l drlve) V§te¥ 5'? ) gnay be
performed, for example, by each SME 290 for its corresponding cluster 200, or by
one or more SMEs 290 (pre-designated or as determined in the boot program) for an
entire supercluster 185 or matrix 150. In an exemplary embodiment, step 515 is
performed by combinational logic elements, as illustrated in and as discussed below
with reference to Figure 13, which may be located or distributed within a composite
circuit element 260, a cluster 200, and throughout the matrix hierarchy. In addition,
in step 520, a master controller is determined, which may be one selected SME 290 or

a plurality of SMEs 290 operating as a master controller, or may be one or more
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of explaining the present invention. In addition to
bei ng perforned by the various 15 SMEs 290,
w@bdoensmabvdi vel y, this operating system functi onedT/U§2007/014394
could be perfornmed by one or nore additional
controllers 175. The process begins, starting with
step 500, with the apparatus 100 being powered on,
such as part of an SOC or within another system such
as a vehicle, a conputer, a conplex system a nobile
t el ephone, a personal digit®l- assi stant, an 20 MP3
pl ayer, and so on. A self-test is perforned, step 505,

addiRhCaddbliRYs EBCH: dther, BE-chp adrﬂrdmﬁdj pft&e@doemtseate?ﬁﬁphmes
which may test t hensel ves and

In coreboupIRIN ESIboiresTof OGS QTSNS RelArPRTY Yot SV R0 having
the PR0est hdrals @P{g{l}éﬁh&atl on elements 250, full

I nt er connec ment (s) 275 or distributed full ~
i nt er confibe pperetingrBYRteMAhEIEHGREOT SOE St ERFiNDe clements 290

(or gor?trroq{grss %ﬁéﬁct)t%ﬂﬂalgl R6h usQGhfut, %m@éfé'r&l%és% s8lectd Svhich

hin their” correspond |ng clusters
pro@ﬁﬁiso algotxttans ot fimctions #6 @O bep@rfoquestep #33esuch g8 selegting the

00
ABg ga%P %0& vé'rlcll\gi or%/rﬁya?ﬁhgiﬁgggg&%er n nselg\%h%)gtu Ss-eg?e next,
in stdpeS30, e mpmantg)smmnebimds dteesymi:@rhatnetigst(Sbﬂf)@Q selgcterin

progEorBF AEdiaohs <o B SslP B ERnn aiep B s Sle ik 1 and

actfoR(d) 9&# ﬁl@trlﬁcbt{j&iéé)b tcfEii eelrrlecrtéd tbrhposiecticnitielesnén @60Las/ene3er
sense, incl udi a t vari ous

mogs FEUPHSk P BT BBUTPH Phibe STBR AP ERPT B Iy pant 260 t

the?oﬁﬂer dotelpdrdiy Esp&sie caleiielifenls 260bwhichdirsits dbtdtsedrees, to
i nterconnect el enents 295, other state nmachi
prostamiingupdds Cahieh SAFeroeaR R Dl R 99 souce outputs to

the ﬁé{lt%? %@e%{éﬁg&)m 506k CRETY BleGRht 960 & d4¥R H@itihatlons) and/or
e|r correspondi ng, clusters 200
by dinkimg the butpuitsrof thesglectah gomposite qicaielegpentgo0 {ppdata sources)

to %lolt}(x)evyI c%greg ?r%é) orxg&%s% 'Hr@ i ERAS s dPWhRHiafe its data

nOStIC east one COHDOSIte circuit
deﬂirﬁfmﬁl‘t t@fltlhifethbldat&ibmﬁycedfby thonplosted eomippeitf ¢ircuit elements

26§ &"’E@P‘é’z‘éo&%ﬁ{%gﬁ% Ul?/qlan?( %%nlgﬁltlfs Gf Pr?ersé aﬁﬁ%sﬁﬁatﬁ)ns to the

I'east one conposite clrcuit
oufudEthe @éleétb& cphipbsitd ¢1ycm1felcmemc%|0t(es zdatsource)).

ol ur el £ yoBte AbTELRL Pt G g sGhDete Bt (ossgned and

linkkd)X Hicta bﬁwtod dRemeireds eﬁmmhe;r rmaﬁhg of tltern@mcapcpm

types of conposite C|rc it elenments, t he
PIOgIps 05 PPRIEERBRHISEPSA); SYRRASORERUPE HGAR e ob tpaor

sySteink; ]BlgysﬁlF afﬂﬁé@%%ag’s\éng fﬂ?@viﬂhﬁl d reablifRSPeigitingal

resul he results of a

rst osite
disgiasc B thesevsn EhedoRb g IR TR GUPea® fadiepsed in
de’?‘alff:ltblg\% With fReIRALd t%qugm‘%fmt Pithe! @2ttt 6f BE pRédiem (or Oﬁeratlonal)

Ite circult elements 260 of the sane type,
exfecmsm promsp@rsaa@ empRAsite CEP‘@ﬁéﬁtnepﬁz%’érFE%F“d%?de‘é‘t%r%er detail

beldw e I%%CI'QI%{C % F1P&E 3l onal , and is not

The operating system may also determine that new or different

functionality is needed, step 540, such as when a user or operator selects an additional
program, or circumstances require a change in functionality, such as through a sensor
detecting a particular condition. For example, in a vehicle environment, a Sensor may

detect a change in driving or road conditions, and adjust various programs
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included within the map or list of avail able resources
(step 515, below). One or nore of the SMEs 290 (or
weonrngdbers 175) will then obtain and 5 execRPCEUS2007/014394
boot program step 510, such as a program desi gned and
stored for the apparatus 100 in an associ ated nenory
(e.g., flash or other EEPROM nenory) or other data
storage device, such as a hard disk drive, an optica
drive, etc., which may be part of the sanme IC or
associ ated system Two si giii4+cant functions are
perforned as part of the boot process of 20 the
accOfai A %&Nx&fvﬁm dififesdit Wﬁn&xbﬁal@ﬂ?ds hefied @neteprs40pthe nadthod

t he S s, 290 st, of. avail.a
rebing rostoniena 00 o BBk bk oS iagls 4 Ry i tions).step
545 Iah@ﬁ%rap%gglt@sr 1005 inatd &t erakd it thideivakio® m@eﬁ eThe tasks

¢ircurt elements 260, first communication e enent
andoBOionsifat insthistiondrpan brmevad & RUIRGAHARH T FRISHRE PY! Rew tasks

andsgc?ensr’ 2 1(1&{\9:‘(101\?)' ﬂhn% 8L 10404 Gls ﬁ@h&@&l@b&fi‘ﬂ ol!‘hegfgﬁgatmg

sect or Crl skdri ve Ste %
systeen ﬁﬁypadmf lmndngd re—bmd ee»@mm proghm @a@mcswalgg @efngpo; {Lkis re-

orr r 90
bm?mg %‘?D %{Bd gir%lgée égt?md%gh&ét 1sh&ﬁﬁgre eg%té?%@gg?g%
assigmied afﬁhctﬁmhhlye s&hmrhy dedeterg 1lse®rm3p¢mhng ROIESCLs fiom memory.

enbodl I,
Such T RAEE G S B Er iRy 2ioh ot ap PR BB ds Bteady st
capfaci g, UmdedoReh 08 bevdrédied &fr&h@ﬂm ot dlfFargltrfendtB;nam cf'mch
be | ocat ed gr j str] gﬁ EHI .a.Co os ite é) the
unip g wasaTBHEneS DERIenEs bRy dsomneaite NSty 1 8

appEhtub 40@ hrﬁrr@e[sﬁggl 1ds'ﬂc@}5$dit§/ ilBugh 1@ dahege. 520, a naster
controller is de

term ned, which may be one sel ect
SVE 290 ofhe aa)pma@,xsa} QQ, W@Fg}SﬂEOIZ‘QQIQ(ﬁS@P g%a}ci}bn egergents 290

MBS a built-in self
o RRRPle8a0s) el ouaf U By TR (T Balor o builtin selftest
(“RISAT)opéemodical pspasforotsiadimited pr Gl sslictssts ptep paPsto detect any

1635 I avdi AR p X IO AR st 1
ol OB ARG, i bR oy e
thad Q(BIhB@Luyge cirtuit tleveent 2wr$nmdsngmﬁm¢te>mnmm)0perlmnd therefore

oper at S ro chj
shaig e 1pasts s SEMth MecHE MRS i apfalk St AR damage or
loddSoT rfuﬂidﬂbbhhhtytJtﬁﬁrsﬁﬁtsﬂipl’ﬁi}lcieﬂwwpemirg(ﬂystemﬁnluhugh the SMEs 290
progr orit r u ns are
or §prétgoléezg 17 |9 eagoxggp é/tnil?](gﬁ T 1%59 o? ?vflf"arbie xreggﬂ't;es

rac
, dbindd e arfestdd Raks gad hatvals (pr mmnpy asingtis] tyodlﬁed

i scussed. Next, in ste the operatin
L AL e Y C .
chRh@grans to the avail abl e resources (detern1ned in

step 515), by assigning a task and 10
i nstructi e@)fP swsgaiag@s%ef logs ebHIGEPR 1% é?%mg:g In step

5 SP}WWEIEQ ﬂ%s “&e%ethm)fn%ce&ﬁt@%{e‘ﬁ)s7obyn ksieplg7ogthehe
I'hputs o he' se ected conposite circuit elenment 260
apperatus 100 may continue operating, returning to step 535. In the event that

operations are to cease in step 570, such as by the user selecting to turn off the device
having the apparatus 100, the apparatus 100 may shut down or power off, return step
575.

Not separately illustrated in Figure 12, in another exemplary
embodiment, the plurality of composite circuit elements 260 may be implemented or

adapted to store periodically a then current state, such as a “snapshot” of its current
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the other corresponding conposite circuit elenments 260
which are its data sources, to provide its input data
w@ v ake4od so correspondingly |inks these data BOUUS®07/014394
outputs to the inputs of the selected conposite
circuit element 260 as data destinations), and/or 15
by l'inking the outputs of the selected conposite
circuit elenment 260 (as data sources) to the other
correspondi ng conposite circuit elenments 260 which are
its data destinations, to-3d1ize the data produced
by the sel ected conposite circuit elenents 260 (which
opatations oS ulesegoerdlyn g ;esbbmdeﬁo tahieteicmﬂlfbelt ahe tbmpeositkadiscuit

75k 28 L U B2 i S5 BPRR i

thé¢ ewoksl satel actions (or |nstruct|ons) are bound

assi gne li d t he appar at co nces
éxecugloggeggﬂgﬂﬂﬂggﬂéﬁ—éﬁﬂgg ngan&ihnl ““ﬂ[ nd dings o
oper at i oNwitisth@Pbde&Brounid G nAifid,ARE hﬂf-tlﬂﬁ Hiﬁtﬁn@ﬁ&c@@ﬂmay now

traction control _ systens, Ia ing a video for

berxplainidleras indicatqs ahevai g v afqhﬁéctﬁ%ﬁvmgf&mlﬁﬁapn with the
Hltﬁﬁ’é Bing roﬁé@n%dliéq{etlls-{lﬂ& &h %r H&mtﬁ% ) @hshle the self-
I'i nki ng) process I's discussed in 25 detail belOow wt
hepling pechtesilicncFi§ theeapparatashk)0: dripreareulathe Vph@garrarmf(tm
I
csHHBLE LA LenHBD) SUPLSTE T8 Bu OB RISfy 250,
intgedcmmedticldmerd i 2€h oe distrititgd gl ibgeredticbgemanti(s)9s, other

al s eterm ne phat new or .differen
cl qu%rc 0 gox ponenflgsgrnllé)éllé ng or o{her c%tzﬁmmsc&tlﬁns elewﬁe{ﬁ (%19?}5261 r()),

elthbr d@eoﬁbe@forﬂeﬁvmpéﬁy annaidi;d(ats Idetbaﬂnmeﬂﬁn Btepgilanduring testlng

ces re re a.change in.fu nal.it
Ko Te Ros reefdsl o futiRRy Sperfipd R A PR A g st
orFa@ ldeR¥@aiRUSy dtherfcom@binehss, &epd §350) 585, they H€MSOPlab@Yon or are
dete OVH%han ge in driving or road conditions, and

TEVE £ Judp ‘ﬂ)"r rogﬁgal lersgaureesg eppectively. If not performing
prBﬁ&d}ﬁ&@ﬂW thedad B ted oA SRt RinRUbdass\MA8M af\e Wm@fl?nahty in step

di fferent functlonallty is needed in step 540

SHetlhBy affestrdrpsnnonenwas giginaliy) fynstippiggspd tiheo igrese {siap 555),
it {s‘%%lﬁ%vé@ ﬂoﬂﬂﬂqug 01( Ra o@%@élﬁ(ﬂé &Q&)rcess taﬁ(ﬁ) 1tl§] gfsﬁ%%egrfqnctlonahty

t he apparatus 100 continues to operaté wt
is yxrvied ot logdad g@gnothnea\{adgkb cogm@namandng-rqmpd separately or as part

of tHe I‘erbld’?&lh%8§ the ¢ gsﬁ%@éﬁaﬁsooﬂgWr&cQ%% bP E’t% 58% t II% irt] gsls been

exl sting acti1ons
deteymibel thotwdhe dlatalssi lgae doanpted,otha dontfbiding mkat hodfied so that the

oL e R, i Bt A RS S B v

al so i ncl ude unbiRgbtifce Absilabiity conpl et el y renovi ng

an assigped functiona su by deletin
cor r espondi&fg® gg @?’gl( %%Wﬁéﬁ?ﬁﬁ’vang SHERP @ﬁb?‘%ﬁ*"ﬂ@nonal
lopRYciRARH 600 I cOXRAPAAlaBNRN détimidRAeH alithtn 408xdrSplary

al ready. at 10 capacit and room nust be created for
aPPﬁ’éatWe% Ogp "‘6‘F‘F’”fié‘e“een\fm%i Uricieaclings ¢iythe grspnt invention. Such

circuitry 600 may be included within each comp031te circuit element 260, such as

within a circuit element 270, an element controller 325, within a SME 290, or as
separate combinational logic (not separately illustrated in Figure 8). As mentioned
above, the number of available contexts for each type of composite circuit element
260 is determined for use in binding (or re-binding) a program or algorithm for

performance within the apparatus 100. Such determination may be made by one or
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unbi nding was illustrated in Figure 1, when video
functioning was renoved as the apparatus 100
w0 p@reemdngl y | ost capacity through | C damage. PATEsS2007/014394
apparatus 100, through one or nore state machine
elements 290 (or controllers 175) perform ng the
operating system (or as part of a built-in self test
15 ("BIST")), periodically perforns a limted or full
self-test, step 550, to detect any changes in
avai lability of resources, -6ep 555. For exanple, the
self-test may reveal that a BREOtype circuit el enent
m&ﬁ @NE%S 29D, :c@ﬁﬁﬁnerg l@dShCéthél’lfferGesp?le}) 73,\or afl nﬁ;sh’a&rﬁdﬁ @igure 13,
ou n onger. be available for use within the
deé plsf &P “1"(5’6’% {Aﬂgw QUFEH ‘&Rﬁge or |oss of
functi onakéferidCouri uﬂemﬁh@ﬁmééﬁshetlﬁﬁmaaﬁ@@gﬂow iBtEé fi¥mory
éthrough the SMEs 290 20 or controllers
330 oyithin SasteaTppssiiginchit lemant 26@ j5 pstate;bit ar@fa fisheoagitian bit,
fof @a%ﬁléﬁﬁfé t Tﬁé ERte R ind! GRs %ﬂg&%@é&ﬁ&tq{as B@ékac'ss%gd or
actions Instructions) using t [ist or
allgegsed &t @pacs@sl (oningtrupgora v ark tand lﬂmer%@rmfrmsamdable to be
e BRI Gidh 4IRS, QT8 hOtReq SRR 1D 8P s8Rt oais low or
zeRy). @a&majwef)o Itlllmwzwgnfsx epdgemnined by nmmmng)tlmcmerdgryt 30 to
0 e
dete r%ﬁ)net \Zlget’h!'-nnt %gor? flg ana Ii]'cfsk Iﬁ%egﬁsa%rlészeﬁb Q ROT n%&§ Eéé B
sela:p&da:bnmxs, mdleatﬁrtg &\emlablel(no a!;saegneﬁ?cﬁ allocatbd a&'lduyID led task ID)

user ecting to.turnn o h evi .
or R By detigd P AlosteasSaD oAl bl then inverted
topewEitizeéd hs theatds¢ bit $h EurdTS. TR ﬁNQTcoﬁ@lriah ditdhyficates whether the
co:glﬁsllgg)(sﬁtz fr.‘rlggt:]lflg cllﬂqlgrﬁbf % q]f)fzegptllg?xalad gqgéo 65 e)i'eaqxgl o gon—operatlonal
(sie Wbﬁz&ép amteﬁﬁlﬂm&m BHiRE exdHPREEELIF-RsBhRkEsses

peri o di cal | hen current state, suc as a

disasegdahone. \épr pach conters (f ‘Wi xoteAtaqa figsy AND operation is
pe?%yés%g%é 034 %géndmégt k ahd ﬁ comtilsh gHeWal AfND' %btes 605

response to a au t, e conposi te Cl I Cul
(llbls@nmdm tegplusaley af Ap¥IR dates 60é¢, 1608y ghnohgh 60 orex suchathat the

re%&ﬁ%f tlﬂg Q{fgl\"eﬁ'ﬁ%%raqggs g%hé%gn% {Ij]i'?dlt g‘n% CFOEH:@(‘[ ?st tgn{;tﬁ g}lﬁiﬁﬁaﬁé aré}hat the
coliidsite hirsuib akck@nt)%@hs wionkingipropérdy (lagicthigheobdma)j eithat either
thP rcgr(x:t%%%tsls "TRY oy OfN le Qf tgmhgconrgﬁom ctlrcuﬂle?e%%nq Z%B W ot ngr?(mg

rnventive arc Ture ThoCoh) e
properiy (lﬁglchowdjrlzgror)f a synbolic netlist (or ot her

programc Ialon ZBB/EE [61 self - f\a ?

R L AR T e
whitaer e SMIE 200 ewaRITPOS ichRtet P00 istopetatiahilt (So g6 BighSYishe) or

290, first copmmunicatiqn el enments 255) ul )
non-operational (logic low or zero), also as determined from the various exemplary
self-test processes discussed above, and may be stored in any of the various memories
within the composite circuit element 260 or cluster 200. A second AND operation is
performed using this first AND result (state and first condition bit) and the second,
controller condition bit (via the plurality of AND gates 610g, 610, through 610(m.1)),
such that the result of the second AND operation indicates that the context is both
available and that both the composite circuit element 260 and SME 290 are working
properly (logic high or one), or that the context is not available, that the composite

circuit element 260 is not working properly, or that the SME 290 is not working
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to interconnect elenent(s) 275 or distributed full
i nterconnect elenent(s) 295, other «cluster 200
W@oi9posEm S, or routing or other conmuni cati onBCT/US2007/014394
el ements (190, 210), either do not perform properly
initially (as determned in step 515 during testing
portions of the boot process) or during |ater
operation (as determ ned during self-test or as
determ ned by ot her conponents steps 550, 555), they
are not placed on or are T5’renoved fromthe map or
list of available resources, respectively.- |If not
propalyf @it tew opeeior The lfmttand IstqonthMDamee@tO@é alsoriphent
S never as nct.i
perflpﬁ@eg AY R Ellnlgge g8ﬂ1§8~ﬁ:§ néltlﬁ ragrcl)% l{atv%/r}%/zﬂ flégs?ﬂueg’ﬁl%uts (gtgte bit,

uncti oni
first GondRidrObif&ihd (s8¢ damBjtion blt) rm: resabts od thier saond éND st
of avail abl e res 85Eces

its 283 d
Opef%’r?étfgbﬁaéﬂhl qaptext mayReAfdsd. sugh g3 Ey & 5ot e%%gav%(} erpialora
SMECTIR U erdidetrbBer) Optoeidlings b aaibet yf fice amtﬂalstpeﬂébmﬁosne

the rebinding of the co di ng tasks or
cirquitslgrpenti 28R Wb %W%ﬂ(l%éﬂ’ﬁffgﬁ has been deterni ned

that thedgfifsthasd, bsis %r&ﬁﬁ MRV eSntikueau L8 ifaatik Ihmakhﬁ,kwﬂh
S notlfled so that t propriate actio

the makber offfres contoxis pET pOBRES Cilf§u’é>?}ﬂn?ﬁ“|t| ég0 ?&dﬁiﬁ?gﬁﬁﬂ for each
typg og png'm ReR Qe ?&néﬁ@dﬂ%‘tﬂﬁ\ L)1 k@ W0®, #dnladdéd wg@ﬁ{ér for

qG9Stra I'ng exenpl ary conb mbi'nafional 25710
eachltypnmﬁ comBiite fcmcul@ elemeat 260 aiithithi pyneyclyeterl §4.1ha

togﬂ,\lgr to&fgalr ﬁ/xg osﬁp@i xﬁ{éiémé&’t%d\vﬁﬁ&%ﬂéﬁﬁ@l 30, Enli’d then

présent | nventi on
addﬂdrt6g5thd§ryf06 G&Hmye b’é cmmpcbsmte:utcwttelﬂmﬁné 266 ity thyj apparatus

t el h
o B GTETAERer FBatbod tdg e smsen
(e. §|S|62(§5 ﬁQgtr 66%(9 (ﬁ(vgbis[t@ dommidsite Ogbmtt éieotcnﬁse%f@rcan’lﬂgwed for ADD
| us | nent1,o0n ove
oparai argrundg e oL B E CorP g Y paoay v a feih,

av&%ﬂﬁ? ichnts 'félcéﬂch t@ieﬁ@iﬁi’dﬁnp&ﬁ@ cir6uitl eleient iﬂlhn‘ay the deermined
in binding (or re-

i nding) a_ pro or. al gori.thm

an By B RiRaG @Ee%htlﬁyq xf.qpéel&,paﬁ%!f %g]ev%u%ﬁ ercluls}er Ig level, a
Denxage1by one or WO 2007/ 149494

b ToIIARL 08 afRsp AL more SVEs 290,

controllers. (or
ot her pr dhwhsousls at #\se sariews lpyely arerparaeplanly preiuhior 13,

acfl§iaigh SReGARIALLARRL 1hOGH Al 566 by AlRbi P Iatib Nt

part o ormation stored in th
regienal rcpnstaiiﬁ)t mmasmkmmnmuhm aperasions gust be ewﬁmnezmﬂh

tmélgﬁ{%gé%t%tin?tﬁ smgat@ga%l tsrb %'sftévﬁg tLEJc HemenfsP608A8n a

er the context
clizes J00an sapatiyned 185. Ixaaddmm, edingsugh cabingfioparlogic circuitry,

colg&;t?qtc%gl}rél(g{] %lexggn éSOSalwanlg‘t()jlll ?}f 15%%%&19{5&%1 eix{denﬁaﬁ{)Eamed raP1dly,

or on
coRBirrdrtBeandri€d pavaicl £dal au dlustére 268 swighdelag$ ogliydfréomwergral AND

ar’éi‘{ﬁﬁbfﬂ}# @gtt%rﬁlg t ) § Ag{lﬁ’]g dF t}’gtagd ?'c?l}{' &SDchﬁa%%&?%r% entire

matrix 150).

As an alternative for availability determination, the SME 290 may be
utilized to poll or examine the various registers of all of the memories 330 of the
corresponding composite circuit elements 260 within the cluster 200, and add up the
results by type of composite circuit element 260 for each cluster, with one or more

selected SMEs 290 then adding up results for each supercluster 185 and matrix 150.
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determ ne whether the action ID and task ID fields are
zero or non-zero for the 10 sel ected context,

WO pa7asapng avai l abl e (no assigned or al |l ocat eRCHUS100TI014394
ID and task I D) or unavail able (already assigned or
all ocated action ID and task ID), and then inverted
to be utilized as the state bit in Figure 13. The
first condition bit indicates whether the conposite
circuit elenent 260 is operational (logic high or one)
or non-operational (logic-l78w or zero), as determ ned
fromthe various exenplary self-test processes 15

Sudh geaibddlity albtwminafm neascbc wmcem in( the miattix daémt@hys)uch as

. i AND_qper a on
3 RoEES P LT e s S
176),l0r bottomt |tlinathe tnimmo hwmichy,wuolﬁ ad\[‘illisg&ted&n 6 Ggiﬁe, 180bas

proyaetdy sfeh snhe SMES b et R Sl 200" it B bty o

thésebf skl intthe elccQBIQ Stk ThAt ithieiel hte Bh@MEAbLILRRYS 6f ;waviﬁﬁ@tms
prop erI(Y (lqgic high or gne), or that either 20 th
a"é’é%h"ét%t qtem\mu% yringsrmbiatiopal C?rr?étlmﬁg?%téolépwemll of
wiSt® AR Hondfderdds gﬁwalé’ﬂi’ ki ngthupﬁfé%%%é’oifﬂh@@k@seh@ﬂﬂv@ﬁnon
zero). A second, controller (SI\/E 0) condition bit is
utlllzedt0|n' cetHsfrAssignment 290 (within the
cluster 2pQ)d pa, Qﬁ’ﬁﬁé‘& RO PGS, '1%! q4Bi 9C3hAABE), 14 flow
non- oper at i"onal ‘(lTogic low or zero), also as
diggramritisteadingrapraxew wmﬂmgh@mﬁwn@pyc netligerun-ting binding

prfcst i ﬁmsécec%mdanég ‘dﬁﬁﬁﬂe "i‘eba%}{@ﬁs Gf‘ﬁ;n ?Xseﬁ?m% G ahl FMerOf

I OUsS nenori es OSI ircurt
illed;tm@gxﬂﬁeamﬁumttmhty #0¢ciatéd swethothe st&NDnaplanableomntssZ%

_pex f or ned this f g, f
iR T e Yo e 20y nA e By o PR fd be

pelbfokméd bg onber pddie aﬁdlhkbnﬂfcoﬁfﬂalgﬁtles aitAQs a@:bﬁﬁ'oller 175

throuh61 that the result,. of

de R A RCsL DT fler e Arparattsat 00 {18 AdBi Rt e binding
pro@dsh i1BRtawal thaké 6f aal ih dd arlb @il rddagnice ﬂﬁ@%hhﬁr&isr\&ﬁlahons of

el enent 260 and SME 290 are working _properly

the mygrhasiolegyere aypilatiaand pee eidexed %W?é%ntévé.\'flgmp e scope of

tht BalsertttBvERITRO A 18ast ©hE Gl vA1aBBR M aldd @1sb§ss€@belbw ki n g
properly, or that the SME 290 is not worKking

2007/ 149484 nEtiones gbgy e thespparats7l %R%fﬂrw a(nuagt}r&e Piwding
I%Fat?o%rcﬁ)an al%%xtw ]%Jvﬁﬁq as %%9&@0M9eﬁ9@ Rz@ﬁé}?fﬁ%%r e 28niBYred

perfor as a single, nbi ned ARD oper ati on
sitngbat o place @attomwwaﬁmpﬁlr s)rC(&'alambba resourpey with programmable

rogl?H? hfr{ % % %ﬁl%g%%e I rEéS%ﬁRé%%%Seg{%n%gﬁ gleatcgd on the

€ secon or eac
IQddeéthe lsmdimge;ﬁod:gss lﬂmnm;s@nﬁ amactivpt (or adtdectiG)Fag part af a fask) to
control

L e e
carespording réaiving 22 Qinkads of inbu&tahdtoatbuti hinscoptrastegish pEyr art
plagenatu{dnr%%teurgetthogo ggersI \)z(vhpc enﬁagyr t%ﬂg houts olg days to run, the methodology
of the invention operates quite rapidly, on the scale of microseconds or milliseconds
to seconds.

Referring to Figure 14A (FIG. 14A), the method begins, start step 700,
with the determination and/or maintenance of the availability counts for each type of
composite circuit element 260, preferably at the cluster, supercluster, and matrix

levels, as discussed above. The first (or next) action (i.e., function or instruction), as
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the nunber of free contexts per conposite circuit

el ement 260 added together for each type of conposite
w@reocniu9el ement 260 within a cluster 200, thePCHUS®A7/014394

together for 10 each type of conposite circuit el enent

260 within a supercluster 185, then added together

for each type of conposite circuit elenent 260 within

a matrix 150, and then added together for each type

of conposite circuit element 260 within the apparatus

100. These additional ADD eférati ons nmay be perfornmed

usi ng dedi cated ADDERs (e.g., 620, 625, 630) or by
syrdBolgnabsedahtts Cire prividel wembserXahtotlef, isgpr s, ivich may be

ADD 15 erati under the contr 0 ir
ong B Fiote, Sear i L0 01 g6 gt et pontelerl 74,851 framote. The
deﬁ@h’d’ié& sME 29@6hc<§r}tﬁﬂle@ﬁ 7§ eHERQRtdrRifdsWhttherahe B&lﬁn @dttion or
be determ ned mai nt ai ned at each | eve

m%ﬁﬁw inglpdgs & ragenal ozet?xpr@w consfragqtnsieR b@,’ta&d if ag; proceeds

to 58¥ 9 5. WhetBthe aiidmfbr! 1ﬁ§fﬁ]ctlo§ﬁ&be§ RoBRRAIRIUS gioRMPtonstraint in
Such counts at these various |evels are partlcuIaH

steps/d Quthefagtion (ordasteration) isprorided & a sursrelaster and @ Pluf@slevel
hag-[hﬁ GLEREGH a%QQalﬁﬂgfscﬁ;’ﬁédlﬁ@sl fbf the ] ﬁ’stéﬁhbﬁ Toteif756, 80610084

o.stralnt, sSuc e operatlons must .
suffsiqe nfumbeedf awai labletdomiexts fm) ﬂ@t orgi aTBOIEdY PR dfeongiosite circuit

eleni)(&?%%ég %r%br%%shttﬁe s%’x{ll%’l{c nefl rrent s 260 within a

Oor ‘superc I n addition, using
such contitea$Mi(s) 2900cfi the avmtablet crlyster(s:)cﬁﬁﬁ)aaesbitga(so ithecasition (or

inﬁ%l&%geﬁl ttozog\g O?E\éﬁ%ru I%?' ll,ﬁqlé C%Iﬁao%ue c1rz§1:1r1§1 € Fj éﬁlen? 784 1 )i &L c?uster(s)
200/ $1515 255 b&QﬂOng the odﬁie&ptﬁudﬁrg mfcfmmﬂn&@mf@urm tlgertdsk ID,

thearapaLt Bpe i e OB AFTREronHAT (D FappioREiLi p the

coﬁleéﬁfnaﬁigl MEmbey 33 af ¢axhi shbﬁ b’orﬁ@ésﬁ‘t@ rgireaitiemerdt 260 fstored in a
290 may be, utilized to ﬁg or exani ne the various
m%@ryaogrp@sw cigpyit glemeRt 2ol tbs sesendmemyry elggneng 255, or other

m&ﬂéx&%@é’s@ﬂil@ & HRMHMEIN0® anl eI m SRR Sit RG et DBONThe
the cluster 200, and add up the results by type of

nmwpe@ﬁ losation efiihe staredrinformemnimay vagrnangselicted ¢ h
RiEntSPffan gﬁ% %@%éﬁ@ﬁm%ﬁp tﬁJh%@ioﬁQsif | Arifidns $udtbRd

or each superc 185 and matri x
logdiy7in 1HomemoPCH R USAOBH¢ovisk3ithin the clslat@h ZQQ)aaﬂ agsinifiguyation,
e 0 t
ta&uﬁﬁ aml&ﬁ]ﬂr}ﬁ 1tﬂ?égc@%o§ﬁﬂl qmgé glg%}]l{}?%( eqéelt e\:l\rlma?% chnugg@/ for
mpnis ar dais ﬁgﬂat@dn%ﬁeﬁtsmlszabz task 1B| dndractigiy BP). Bellowing the

ot t om 1ar.c cp }g N d
RN, B AR TER T, B Siae i Sl Rt gl
mwhﬁlad as dﬁmhbecﬂ aBdS\erfo2 Gguré 13 ,\/mrl Hy deereappaingrit cdumt maintained in

t ho f s t el ectronic arts. that.t
o RO TPERl U GO S hEE APl F griBhdied SME
29@&&&6ﬁﬁ6%€ﬁkﬂ$, u5|ng conbi national, conditional or

control I%g u

e metho then determines whether all actions (or instructions) have
been assigned, step 765. When there are actions (or instructions) remaining to be
assigned, the method then determines whether there are available resources
remaining, step 770. When there are available resources remaining in step 770, the

method returns to step 705 and iterates, selecting and assigning the next action (or

instruction). When there are no more actions (or instructions) remaining for
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whi ch are consi dered equi valent and within the scope
of the present invention. 2. Synbolic Netli st
wosergsent Figure 14, divided into FlIGs. 14A PAEBS20074@4394
and 14D, is a flow 10 diagramillustrating an
exenplary al gorithmor synbolic netlist run-tine
bi nding process in accordance with the teachings of
the present invention, and further illustrates
significant functionality associated with the state
machi ne el enents 290 distr-i8w ed throughout the
apparatus 100. Alternatively, this functionality could
asd18nm PIg ﬁ@rxﬁewlobprmed@ro smr 80ddioniaae Wit td0lnggl. 8., linking)
175, such as a controller 5 15 designated as a
all pf dhepss AGHPRY OF&)?S“E“ﬁ%O paratus 100. In addition

to the binwdieRGheR 8¢ Sstons (dbrigbthditiRds) fehREEng ko Bl‘h§shgﬂeﬂ in
the art will recognize that numerous variations

stephE6 SrBuHiBEts B8 PoanereAyailable reoumgas inayter ZB%P@P@?%% that the
seﬁg{é'd\é‘?écﬁ'ﬂhmarﬂ Wbt M b1t t@oﬁ&ﬁ’t@ %anle aﬁﬁﬁ'aﬁﬁ Q§§ @E currently

I nventtT on. east one such variation 1s al
cogfigergd é@da\taelablﬁ), mserpaE oK ieerniionpeasage iy @eairptﬁda@tes 7160pnd

SFbSTiaP bl 6L s 00! LG S pggran
caom@edermtly@ssrgnai Inghat eykentc dlmdremmmp@p@tﬁdtciom% of
acf) HR 9%8‘%%%‘“1[% e :&%&gﬁ%ﬁh Do @8t kaf{ 175 9‘#“5" te cﬂzver

'S Ccase € resources ense ave
priveiy ppigraas oo npd:ﬂaaonsi Whichrage tdrsuinimglongfilppiog essutchgto make

ass S n I nstructi qn part, of a task)
roB top e iecfict oReatt Bup BT o B ohbbe Salsie R apighB%S
exeCSte bhaRS ap;aﬁdtupuom ﬂe&m&hﬁxs%c@otﬂee&@iyﬁd{eﬂQSMEmD@

|nk e of uts and out s. In con}tlrast

cogrnoh?r Lixmay selsCanethes YEsoR: BBFEGRBY e to be

ashiak€d WOMbEt RinARYSsich dike? préflamiIE R et smance; it lh@y indicate
i nvention operates %lPJI te rapidly, on the scale of

thi o oase GERRIS T O With BWEFRAGUICES iscserbior fay wleqterharplication.
Fi gure 144ydd dre sdidbiba abiiten Qﬁ%cﬁ@ﬂj iAShuded kdgiSkL Eonstramt

700, 30 wth the determ na{@on and mai nt enance of
intskrp BhPatheapithiotypreweds o step 7Each lldl;q@@te@fm HompsBi Sucha
refldniHicnsELETRIY 200mALE! BEAB detipibhe Cl uster,

upercluster, mat ri x evel's, "as di scussed above.

The first r@@nqmﬁ)sm@xcahu%tee. , function or

instruction), as=dARROD7¢A49NER RPCTAUSZ0TA/,014394 -79

synbolic netlist elekknts, are provided to a master

controller, step 705L2which may be one or nore

desi gnat ed SMEemROOregiome or nore controllers 175,

for exanple. ThegdesignatedtSNEa280oms doht riod l er 175

t hen determ nes wheth&r the action (function or

instruction) includeB4a regional or proximty

constraint, stendlfsgaom if so, proceeds 5 to step

715. Whenenhe ragiiem (or instruction) does not include

a regional constraint in

in which a supercluster regional (proximity) constraint incorporates two cluster-level
regional constraints, each of which has included actions (or instructions) subject to the
constraint (“constrained actions”). As mentioned above, zone 201 constraints may
also be utilized. As illustrated in this example, actions (or instructions) I1 and 12 (as
symbolic netlist elements) must be assigned within the same cluster 200, and actions
(or instructions) I3 and 14 (as symbolic netlist elements) must be assigned within the

same cluster 200 (as Region 2, which may be the same or a different cluster than the
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step 710, the action (or instruction) is provided to a
supercluster and a cluster |level having sufficient

war@rhehavd ity of resources for the instructi onPCHUS®07/014394
750, such as a sufficient nunber of avail able
contexts for the one or nore types of conposite
circuit elenments 260 provided in the synbolic
netlist. 10 The SME(s) 290 of the avail able cluster(s)
200 assign(s) the action (or instruction) to one or
more avail abl e conposite ci+8uit elements 260 in the
cluster(s) 200, step 755, by storing the

Regoorr bshsiedioAfl amd B)mBatio olusteerZdly boatvanmushies inothlk sk

d, t . dest t k 1D

w08 kool S R e SRR (S

such corrphsitépaﬂ:ﬁ theldésiglabESIVEZBD, oﬂh’on&bﬂéﬁmﬂ fetérmihss
it element 2 t he_ second

S|te CIYC%
W*?FS%‘% %?‘%? Ht 198 supegglugieyeqnstrainty 015&9 yeghEe thy s ef
cofitaiZdDactiods tdbe 6HIRRA Withif ithcdtnie RIprRINer2@®3. When the
nt and | ocation of the stored informati on may va

re iR FORRIREt 34OT 2 MHRSER IHERT 10 SI9m 1o thex@asianateg SME 290 or’

coffF8eH 1MBProvidee tiRCSube s cbﬁﬂaﬁﬁ’t‘%& lafNailfo1s E%&glusters 185
Iocallgtln the menory 330 (or otherwse wth e

which megt tho aygilability reghirergenta of the copgraing knd Bmparaiilyrdesignates
or krk$¥HoBe 694 BPﬁB%‘Qgﬂgclhét% Qﬁadd*éﬁéﬁl ltp%o( ?E’otll%%ng step 720,

data source for ts or ata eStI nati on
or gthepihe consfrgint hynetasiupedluster cavstiaint inSfep T, vk angtrained

acﬁ@ﬁg 48 gﬁﬂﬂdea 261 PY it BRY ({lﬁsttéés %g&g}h %1 m@t&hg f'%% cllastter

as aut ommat1 cal escr
coaﬁwret (WathirFpye pembss Slmerdiystcie,cllf eermitet by the pmmtus constraint),

I ter
L NI T —
th@eClusters 300 nod ﬂempoia"&ﬂy dekignared hochndiditesd 8ep 726 NThe next set of
IG5 514 5T ST v T
wihicis tietCihe @889 clﬁﬁﬁﬁtdﬂsﬂﬁm‘t OwREIn RS S ﬁ[tﬁg su;fé'i@lu@ﬁ}i] erequired
en det erm nes | abl e resources

b E $h Eer there are avail ¢ :
VYRR contiEpntrichindhe Yarious chsierniidhapeat the Region 2
coh @@t/ FaBe ERUMpI8] A1l thBsSEIBRers M0 atd5lsd CriBiAH, &&i#{?{eé% as

tg step 705 and i terates, sel ecting and assigning

capdidgtes, stspof30: din addpians thost swnerclyyiets artekysters wigiobadmpreviously

r r 4
S RESy AL l S AP 413155

addigiogalegonginaingse may mesh bereltased audmo lnpgei designatédnas qagilidates
fotadhL: régloﬁzh %oﬁﬁl%e%ﬂﬁé h&%ﬁ&?«{e al p?lg{l‘yt%& I t?xnggmg meghodology

there are actions I nstr I eyl
m@s@ﬁ@h@@rﬂpwyeétf@rﬁ@%ne@@ﬂ cohgragntar % iem tlmrreearauadlhabéle

coRfARE 575 HRELER. 140754 0L ARG, R B B S Bt
theél@olpasiry ldﬁslgnathqn process.

When no further constraints need to be processed in step 735, the
method determines whether one or more matches (supercluster and/or cluster levels)
have been found, step 740. When one or more matches have been found in step 740,
the designated SME 290 or controller 175 selects at least one such match, assigns the
constrained actions (or instructions) to the selected candidate set, releases all the other
tentative assignments, and proceeds to step 760, to modify the availability counts and

continue the assignment process, as discussed above. When no match has been found
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configured (or available), an error or exception
nmessage is generated, step 775, and the nethod nmay
wenwy/1smdurn step 780, as the synbolic netli stPof/Usive7/014394
sel ected program cannot be currently assigned. In
that event, there are many potential courses of
action. For exanple, the designated SVME 290 or
controller 175 may delete | ower 10 priority programs
or operations which are consun1ng or utilizing
resources, to make room for8%te sel ected program or
operations and allow the selected programto execute
in gigp{746, imdirating that Imselﬁtcmecbﬂgemthmsna&moeb@ alblheo operate on the

§H§h troll
ap %ﬁg{tﬁ'ﬁg }%S& g sl on&zfQ Iﬁ‘?éur&?g rraé/?ﬁlév%%e)c TRy 8§ r%%frg tp §tepe/ 75
anégsnegaed anjetrioo ot exeaptivh mg-,;smgehami the rmqri]h@;gfrﬁﬁﬂizl nd] Rturn step
t t i ndicate 15 t a |larger
780, e SORbAAE SEist o1 7 Selb b Bristan Rt e sBp s Sepnot be
cuﬂehtﬂ?ﬁ: hﬂ(igr&ﬂpms:laénﬁﬂhed 20b6¢4) ih et SediRy Ct:h@fi: z&té tnia@l@' ;{o@éntlal
constrain i n

t t i ncl udes .a i on
coYiEgs O fretoR AN B e e Gniea S M 00 26 cpRilar IS atmy delet
lower pridrity pdrasid Ot o?erah@ﬁé @rnxﬂhy efh2d Hdthdr vERYod 8K ﬁletﬂ?s ram
f.orm of, faor exa region 3 supercluster 20 region

W}EC}bmﬁ‘gtb&as%igf‘?‘Bﬁborei’.’Padﬂz 1 12 end region region 2

cluster actions, Rhn-Tfne Bindimel4 €end region end
region 30 in ICh a supercruster regional (proximty)

const r ai nWheR@drastipat €3 ingictpus theve besnedssignedimstap 765, the
acBOMS(ot ﬂis%%txox%‘?%‘aﬁe Mn@&e@ ar rdd?&i 4 g&a@lghc NSt thHata

instructions) Subject to the constraint onstral ned
CoOppRyEeation pa}!tss ‘th ivaHéw widizee duringmepaatior ofithe ra@pmams 100 to

exg%%f? g%lss% cté%l ﬂnﬂs) r nf Palﬁél?thfxi l K§§[cfi‘((2§ d abovtel;l?%gl a[cﬁ (ox’
ingheictips) hasliepuwtrarutpa mfohaamrsstgnéd;ymbb Hcallyt With se€onfiguration
e N S R
spwdifitally, tl’melnps‘amaombluﬁhﬂfrmaﬂ&l {sasorBa @Foftivhly ﬂbp&lﬁtdﬁi)@wth one
ol SR Bl s S e B e i
solrbe &fodl idplit dafd)oh deta@eb@ia3i03 Q6 paOiR \WRkput e, BEch thfbiEation
is sstgrrgcai symbolically or generically, because until the action (or instruction) has been
assigned, the actual address for the data source or data destination is unknown.
Provided that either data source information is utilized consistently, or data
destination information is utilized consistently, only one such set of information is
needed, although both can be utilized to potentially increase resiliency. In accordance
with the exemplary embodiments, such data source or data destination information is
utilized to connect the data inputs (for the input queues 320) of a composite circuit
element 260, for each context, with the data outputs 375 (via output queues 315) of a
context of another composite circuit element 260 (or the same composite circuit
element 260, for a feedback configuration). This creates either direct data
connections (circuit-switched within a cluster 200) or packet-routed (hybrid packet-
routed and circuit switched between clusters) data connections for data flow and, in
either case, data is provided without requiring intermediate or separate steps of data

storage in a register and data fetching from a register. Depending on the selected
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supercluster, as incorporated within the supercluster

constraint (region 3). In step 715, the designated SME
wQd70s94gontrol | er 175 determ nes whether thePCT/US2007/014394

constraint is a supercluster constraint, which would

require the set of 5 constrained actions to be

assigned wthin the sane supercluster 185. Wen the

regional constraint is for a supercluster in step 715,

t he designated SME 290 or <controller 175 provides the

supercluster constraint to-&F avail able superclusters

185 which neet the availability requirenents of the

em6&difiehisith aafs at hidkdrl nssd'%lhgmgnﬁ glusesr 208Ck hetdats €
one _or nore, superclusters n tes, ste :
comGFiGHEY SH B SreBt vk ierer s QeGR4 Aed
coﬁé&?@ﬁcﬁhg%ﬂ?br ARAINE Pterbnrieber75)2D5. t he constrai ned
lons are provided to all avallable clusters 20

whi ch nediollonang sieB 763, the retingasAeass Resins,(siin $it ag h‘éustrated
in PIG.TACE. I%ngg Eﬁélﬂﬁl‘éﬁf énbbélnfeﬁgﬂluﬁﬁﬁjte@l(n ﬂk%r@[ﬁ‘l' tﬁb‘ $rocess is

constrai nt such "as the various clusters neet
“bothrenRpli mgiming Asthe sluster @00 ¢ne! Eorrope 201 and Clq’smé’rQOC levels)

t
an 5L OB R AL e A58, 35 £3adncs,
se;ﬁmttélgnﬁust'raftechmyq parcesspnay elde te itiatet fewan [“tdp-down”
Iers t cl

e A B ST SO b S B

reqileSib Ghis SMEESI9080 fithg clusteed 2 @lstotihiiateathi Gomsting pmt:eis&f step 800.

whi ch ne he Re n con aint of t

and t hos Zé%f%”[fgtgetto%l I%Oéggr %te%%@ PEHSTLF Wﬁgﬁﬁﬁ%’t&ed
coﬁSspoﬁail’x\@ dhates ,208tb|égm7t39 romgqﬁd%dsb on ,seleb@x‘i@elm action (or

superclusters or clusters iC a evj ous been
mséxalggpra)aqfézsfe s ERNtERL O TRF OMIROSHS FHTSW e dlgglpp} %(?(é ﬁpX determmmg the

so@ée Ké@&ésﬁn&i&ﬁ&ﬁk%nﬁ%cﬂ@ﬁﬁd&hﬁ%ﬁ st@dd@ht paMaf the selected action
constraints, now be rel eased and no | onger

(odiasirgined Iragxeewiwm'&dmm HHEPTOESS SRa be performed by each
SNMBPBH ol E&?clu&@f b&o RO4 p&%ﬁ@lﬁﬁ%@ésﬁ( ﬂe&dl’dﬁ% £P4 by HiBBly efficient

same net hodol ogy may al so mpl oye or any zone
bikling covimgrmaperss. Lvpibar tm@a@r@lmmﬁnfénlé ot every cluster 200

ha§ QWE %b t t%e{'n gngt??gé ﬁ?@lthﬁlt il szlg’eg%lutgt{%g 1 ?%Iﬁ%gqae utilized.

F et'urns cont I nues rary
desi gnat i ASI nmmnte)d; sbo%htmsmsmﬁm o elbstimn’sn} askhasgd agam 1Ds,

e n ste t h
o eb R RS hoshe SHER IR rbl TR0 PG B mo
codlrtB28 of v eﬁmbOSMMecgmeﬁmémm Iﬁtaﬁarniaﬁe eMbedunmmﬁs the
Ve
soffsei (g 00 B 39on G BREBner 80 Broged b oxpHngmpr
el@hénts,5abh B8k ﬁtem@gﬁtygms?mb@slﬁg&mog&:jermm QdOﬁ,Cstek:OlikS migatory
I nstructi on to the selecte andal.,dat
CIgTFRRG: o POF TEBPRE e DRGNS aha o PEEELE B 200
TS 12 Ritdte Foutiny, MRinki kN 83 @V dtidddirhdrhyryCedert ) am} be

continue the assignnent process, as discussed ab %
imphenenied Ant epntrasadseealle g an (Yob M 14amgntioned above, or as

ar@g{AM@gf H%A\%% Coﬁs?equently, in step 805, for routing at a first level of
hierarchy, a SME 290 may examine all of the memories (330, 255, 260y, etc.) within

its cluster 200 by these source (or destination) task and action identifiers of the first
context (the composite circuit element 260 context to be routed) to find the
corresponding action (or instruction) of another, second context which matches these

source (or destination) task and action identifiers. When other forms of memory are
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in step 740, indicating that the selected algorithm

may not be able to operate on the apparatus 100 as
wa@eoorasaby configured (or avail able), the net hpdr/us2007/014394

returns to step 775 and generates an error or

exception nessage, and the nethod may end, return step

780, as the synbolic netlist of the selected program

with the constraints cannot be 5 currently assigned.

As nenti-oned above, in that event, there are many

potential courses of actied4-For exanple, the

desi gnated SME 290 or controller 175 nay delete | ower
utiREd Pinkledd Bf QQIARVIB e @, SIPRARM, itRASthe[SMB Y90 trhds} ﬁ&fcﬁrﬁpé S&kch of

ver si on of rogram which may be assigned no
the ooy (330, 258 A6Pher SbAURATIOTOIYiER tha Bl ABAg e D)

{ h {

s e B e L O g e )R agother
sectoodesnu:bt wbichahhtchés these staree (oc destination) faskapdiadiion identifiers.

which wi | t

appar at us\l’vfgﬁ ﬂ%" s {ecé e a?:%tl Rgr ﬁs)le °n3@‘ géﬁl% oreP onding
tasala@dralctmmde.ﬁaﬁmd ot atsechndzouxt eﬁ@ horaposm:rpn(coit element 260 has

ool REHSLUR) AR L5 4Pk SO AR S 0E80 e

kn& ek &6 tede therdekxctedyfirst cSﬁﬂe&tﬁo&Hlscsempmdmem iheeiigtthe matching

el enent ,260. .Nbre . eci fi the i nput or t put
or ErBBATG o Bn SoPaRIgi o s rsoySamienih i Bl 874 fién source
taskid dcl6K iddntifieeh @6 sieed, tiR SRIRLINGutes the mﬂme(e) bmk fir&d
and action ID as either its da source for

°°H@f‘&§as@rdaéaa@%\“‘&é%?‘i‘)rfﬁtth%?f’f{etsﬁo tag PHBUHAF eeranbienext (as a

datdIhrde)f SldBhdPlestingtiSh QL Sn® ¥ERRI ideRdfiots QFe stored, the SME 290
generi cal |y, because until the action (or instructijon)

rohtas theetpR(s) £F sheyfiest contpet (ag e dala squtsedtasthe gprespondinganput(s)
of%ﬁ)éjie%gn@ E?I‘}@Jna%lg Q%a{ant?etshﬁzﬂld V\Vilﬁﬂﬁvﬁﬁ%f clubePY0 61862333101, the
a s 0 zed

er da ource iIn rnatl I's ut ]
SMBerﬁsmbhblyqs thesedateanal dbster gamiegtionhviorthe fulbint¢rgonnect
ut|I| S .
elem? i rzr?g { ro%gs% i)uteg %l Yrger%gﬁx.l%/er?? Ql%ﬂ’l%g{: ??1555 gg%ﬁ){)\aenngtsltﬁpi 821 eS 3 when
thére apobdiditiosdl Iaytmm:(me amserucmsl) It(EhQ youtd:dwmaathbla nemethod

i.th t. I A t
cofibtesdbEe YT hrnEds sep PR e 3ENIE PO 2a3HG Bufiier
seledting eeanexn Btlidh (cfr@ﬂistfd&ﬁom)rtplhb rqutedes 320) of a
conposite_circ l.ement 260

t he data irg Fglo&fpb H{SLb‘ﬁté%ng(E%‘%% lz)ef cdérespondmg

taﬂ@ﬂ@ﬁ@hoﬁﬁd@ﬁﬁi&@bf@%@&ﬁi écﬁxté‘a&twulcbnﬁioeit@&'&cﬁﬁ&el&leﬁt 260 has
t he same ComOOS|te circuit e

nqt bee Ead BN GUPEPBHE3 073 % 2B Perates obits RRITARPRR step 810,

thQ %ME 260 RO RSthh Cthe GHirbspontiingtReh Wuréd & destihatidngs not
or packet-routed (hybrid packet 30 routed and

Wtihllncltﬁ dlusior 2WHaefered jrana Sy stustes 20Bht A4S @ SARBEVERAFs In step
8350 "uh o ﬁ(Pl%tﬁn%’) rbites ﬁfetsgﬁﬁteﬁaﬁl%t cSatR tbsth@f)&YﬁHi%dofthe

requirin i nternedi ate or separate steps of
ﬁrzsaclastes%@ dgeone ot she Brgt seramuaivatieia elenieatschi hipr dagriyagsmission

VI&E%F%é%%Q}?‘g?Z@g%J& He fﬁlhﬁltgr@!)&fetc? gle}(@ng%?,/ attd6&4d full

interconnect element 295, or the message manager 265, or otherwise directly to the
first communication element 250); and (2) generates a routing request (query) to the
supercluster-level controller (which may be a designated SME 290 or controller 175
having this assigned duty) to find a second context in another cluster 200 of its

supercluster 185 which may have the matching or corresponding action (or
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- 83 enbodi nent, such as for a supercluster 185C and
circuit cluster 200C, the data connections may all be

w@reocniu9sw t ched, through the cluster queues PABBSENT014394

corresponding full or distributed interconnect 275,

295. Followi ng step 765, the routing process begins,

step 800, as illustrated 5 in FIG 14C 1In the

exenpl ary enbodinent illustrated in Figure 14C the

process is "bottomup", beginning at the cluster 200

| evel (or zone 201 and cl ust®-200C | evel s) and

proceedi ng to higher |evels (supercluster and matrix
ingtayedion). Bromtheduaspetbive ofthp HNME EPY of ﬂieuﬁltst alustdr 20 dts routing

I t ted froma,' - doyn”
orEERRESoIBY: BcSReRle ' Bl| A5 PuldefF -l By comene
(actimmisr(of instrudiths)); Hrasuyi teltmrng]gato Js&prmua&ﬂa the stipeclohes

00 t t t
P GBS o0 T4k Bl s,
one or noHeviSisce2 9l Dfoulting re Rkl @%ﬁgﬁﬂh@thﬁ lsesdn@lcdntext), in

¢ é&&) in th routlng grocess by selecting an action
S STIPEE %?{)‘50 i ﬁf%{m@@d@mﬁ BF query serpl épther) clusters

200i withihtits@liperehiste? 485, @R thdie SR @9019) dRENTRY A gth%P{he

destination) task and_action identifiers store
COFgFRONGING 3rdlordprsEgCtR) iiblpcated in ene phiheiruneinoniys (380, 255,

26@?6196@ I) afoy r@lffti‘%ddtm%Eénd fcbé fﬂ{l%ﬁ%‘go o tlthselnetger

each 0 of each cluster as a para
Chpﬁ%& €99, asaseaerd elysten200,\has yhermguqhyxgeﬁfqommdutg ermilongor

indtRIEtbRP(IR!, RGE BR- soufk O(fop Eést%ﬁ%g%@%cﬁwn {Sf}%sr ofthe first

not every cluster 200
coptggtivs rrepondneontens of one of s ccllaﬁon‘@yclﬂceltwﬂerherze 460 Asep 835,

thlS @géoqﬁtc@tyst& bethelig.s \%S ﬁ'l %oéﬁggrgﬁtﬁ iﬂléeosn%llrg or destination

and action | I n s
fosdasa mdri¢hnistidrbe meuted yo &Sﬁomfanb’flﬁr d’h@ﬂﬂﬁitet POE®T AdeRoARGuence,

r 280 o ite cir u | ement 260. In
o ST U AP e By
to thresperipheryadftthe sedostd Rlustdrens (flﬁ()’neb@f t6é BEREohm@iBRIon elements

el enents, .such as a nenory-ty conpos
25 eints cBrEREHE SMere ot TR PyEh BieciriomsBpeesclemen

276} dietiibesactuy iflesbRAES
I stle OOM 125e To f a(:e:MIH|1 fﬁaitzgg )r/tgg?ll ér?ggéqu 5@5 %é%h erwise

cl
dlr(:g#y B e ArtherppuRraitnRl a2 399, andrfmnémtmam:@spcmdmg
me3dpeqd &h@ﬁ%ﬁﬁ&’i&l SnRNEY Mekip g?% EM@§9 PELANGH, ¢ 75),

(fbove or as ¥ ot her type nmenory. nse uentl'y
indigating s pepvdinednioraation ghaadt hestthe Stcohévehtemfhavmg the matchmg

or ?%12%5%522%1% agté%réﬁpc i@% Fx’ﬁig Elﬁ)tegéll!éﬁtgxf cionlar%&l% n%[um creates a

covﬁ'@@ed%drr&g&f between thefitst oluptet 28K alaxhﬂle&etcbmhcluster 200, for the
cofr hitine®oiteRts tggf r 3 ntexta{et O%lbe

uéljtngeloer?e s g 4 %ty S BT Cﬁli‘)gn? Yidet he
lnfeunﬁtmmengn@mmmmn(aanon eRtrenc 21 @ahdahe aldelehes-cluster

£cq hgh. mat ck ge SQHree (or
o o B ool e Rt oot BENER 230 oF fishonwt sluseer 200,
its forting ishlsn&rmrmete,rahd it may proceed with routing of its other contexts
(actions (or instructions)), if any, also returning to step 820.
While not separately illustrated, in another variation, such as for

supercluster 185C, one or more of the SMEs 290 within the supercluster 185C may
perform all such routing within a cluster 200C or within the entire supercluster 185C

>

all through the various cluster queues 245A. Referring to Figure 18, a SME 290 may
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WO 2007/ 149494 PCT/ US2007/ 014394 -84 utilized instead

of a CAM e.g., SDRAM then the SME 290 nay performa
waeara4of the nenory (330, 255, 260M or ot hRCT/DR200T/§14394

storing the task ID and action ID), such as a binary

search, to find the correspondi ng action (or
instruction) of another, second context which matches

t hese source (or destination) task and action
identifiers. 5 Wen the matcgyng action (or
instruction) (having the corresponding task and

of s eco context of a conposite
P et i o e S Pl anerantm, ausioofectly from

cir CUI
CR:38GEs288, exm@m viat the Yull bﬂdistrmt&mterwﬁle 75 2851 Bg"

ute t sel ect first context to’
Zﬁg% ﬂéﬁ% % “ﬂ@% ﬁaﬁl?‘ﬁ% ﬁﬂ%ﬁ?lﬁgter M0C,auck apdireithygfrom
ao farthe figl
2 Yiarthe fidl ot/disicdled ilerbERNS 995'?65;?‘3&,*& gpsste cﬁ) ue

en source 10 task and action i

24§% BI’ g:ﬁh COpfgSPeRding IYting te aseleeied djpoertsjrcaft cId%&rDIOOSt such as
direciyt Bxin CBStotarnddted cgﬁﬁbkl@éli‘&?)elérgentgz% g?l%lstgﬁ gooc

he second conte
W‘t\%ﬁﬂéﬁ‘e&b‘g‘t‘?hﬁﬁr d§5?a’34<tb&rfdllaxl:msmbutel@nne&omieﬁstsam 295, any

ety P t the f t
in aw é);flﬁg i(z (ﬂéé:to gwgg)t?‘ggsstegfj ?é %H]%’h 2 lé éﬁé‘%‘tﬁ%& H@?phelrarl S(’>luster
qu Lﬁg’&é(\s puchygs 241%‘\19,6(6&) nmcxpnndmg r()mngatochﬂie@ected non-ad%acent

20
B ) BB T RO i Sicrom .

AN OGOt ¢ lmett 260 oMUrRHRP ALY 2@b€%§‘{ 2R, R"
; | connect el ement 295. Follown
di Sgib%tgd ‘hﬁg"g\ﬁ s 27;&% » 8P 6 IR FRING AEenedetzonpkclygier que?ms
4ﬁAq§nd tienicaliisd phoalirg dfguhpwermruﬁgt&p% Os 2&%8,0;&% m&'%?h
a

returnin ste

es | terativel
corfE3 BB onltngl18 b HEhl istes C00G BT EOR fript phichin et supoic itor
185@0wxamsie5wgb|nm,)ag§@dge routed. 20 When the matching
action (gr |nstruct|on) (having the correspondi ng

task and" ScHiaPle.dukan mp&nghraugh an;s of trcklsnet Qdue®P41 | any
selechsstérayueiis 04k A é%ﬁfﬁg%re%g etl%c(%%d g?en%fr,‘,ft; ?S(‘;}”ggﬁ o

des th| a msm)rg
%on rgFQE,ctg gonteldhg C@R@@Q&lhgeamlpﬁﬁwcﬁﬁﬁttel&tl@nt 260,

d@@r raaPLa t stinatjon is not
it Qﬂa%u&% £ %g‘%; %%e gl a &qneyt %léa dat cpryurgingst er

thinits cluster

comysg)\}e cmgntaele@ﬂg%%ﬁﬂeww,othen sdécﬁed 2ont8xof éélﬁsté'\@e%g 945A
Bok first context to th
(suchQk Bor &a%ﬁ rétﬁfﬁ?ﬁtgrotu%ﬁ a S[ﬁ ﬁ}/ ?feqlugwl{epgs dhA guchpe for data

peri phery
routfqgrgettwmﬁﬁrsazqoﬁh ferl examipls udh@ eh@er difée- torrﬁeétma??h Ysed

com¥iidaBba! &0 hrough the full interconnec
el e}réant 5;55@%8%? fH’;d full i nterconnect el enent

295, or InlsteprRsss a@en WOAEGEMe2BSthe O 1u QLRSI | \Bfhi %15& Shiddea,

nicati on el enent 250)

ir:t EQ% 2 a tg£ h g s ga%%&ﬂemﬁ’%at?}ga& Q% Por(caqp@p?l}]gtagtloﬁn éor3Bstruction) (with
contsg&upzl(ﬁfa ?ngmg\l%@\zltg%k %iri’lr%dgig%llrl%\{nu@'\é@ 1&’?}’%&&8@%{(” ip 2 second
gﬂg ST s §9xjnpp§)1tef SiFfpiteleraentn 36@.che exgerilnsanasmadller then
knowd tlhst e c88@spndidgSdata source or destination is not within its supercluster
185 (referred to as a first supercluster 185). Asa consequence, in step 860 (illustrated
in FIG. 14D), the first supercluster controller both: (1) routes the first context to the
periphery of the first supercluster 185 (i.e., to one of the second communication

elements 210 or to one of the message managers 265); and (2) generates a routing
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supercl uster 185 which nay have the matching or
correspondi ng action (or WO 2007/ 149494
wWeONW8RBO7/ 014394 -85 instruction). From thePCT/US2007/014394
perspective of the SME 290 of the first cluster 200,
its routing of the first context is conplete, and it
may proceed with routing of other contexts (actions
(or instructions)), if any, returning to step 820,
with the supercluster controller (designated SME 290
or controller 175) then pre82eding to step 830. 5
Havi ng received a routing request (designating the
req@8&a8 thee@airixlevel dantrotlee@viadl alst heayshipe dedigrstiad SME 290 or

conffalee 37 Bt s phiandt SR B b s Fanf i enbllle

supehlstéO P83 of #etnatil NS0 ‘Mlﬁ:‘hhﬁﬁy hiie the afateing Bﬂbcslgespondmg

ac O PRSP, RSB ROV EVS) O Pispare Bt FFgn e Bprspective

of BRGRRENLRUYIME290 RIcBhEHNer HBRIT t8rsP fsuﬁeli‘@l&@tepl 8% litskButing is
clusters 200, as a second cluster 200, has the

complethiang thy meBrodaspwriiiorriFra$al, gncqminuetha fqutiaginsepess for other
acé(gm ag ?Qg%ctnggdectﬁ Hﬁéff ﬁlsg)?;oc‘é@&st i@l ¢y, task and action
eptifiers o Irs

context as a second cont ext
of one ofHatisg censpusdiarouting mﬂupste(ﬂequtmgzbc)sewnésontext) in

steg%%ghgxtehl S’ce%gﬂgllgn{jtyﬁsﬁﬁts?aqggﬁég?& @Qg’i‘l %ﬂ %t}b&llj g.lsters 200

CORTE des
withlin ¢t magrik @ 50.efor thutse SMBs 290 fordeerarioe vbethef thestorresponding

acl s tonhS oAl Tt s afer feplsticSh§. 4531260 ete. for
rogtgcgmdhﬂ ARk ¥dvel bﬂhlhhir?;k{)e rl';lpmllytirxgzrledéﬁr;eet lfr?ydxgéd;arﬂsmgg@
dineghty te IR ofithS elystegd 2000 A ik o e ia pag R Ster

cohf811dH! WhdH GeComiektothdrel®idrs 280 %as adiesbdiid Hlubed 2004|Has the
i nt erconnect el enent, 295, the nessage manager 2

S,
majeliag AF serresponding aptipp (PHBsYIGHOR) Bt R & F drgination)

taskAhld acBBA iddr TR &:Sthé‘ RRIHRRRHNM aNBc A FRSSABE oho of N1e
supercluster controller (designated SVE 290 or

coppesitorireyit alpments 269dstensy fghisrseppnslslastar2(hhsp e ws that this
sebd1H cdnbext? Zsc'thE @Sufc% &7 '&gstﬁﬁm)ﬁ‘ Xor DAY WREH 19 ?o BRLGRLDD 0% om

correspondl ng action (or |nstruct|on)
anstiperfosusiiger 20t Ashlcenseqhendeyimster 8%53ttb<s S@ond SME 290 of the

Se (?O{@' %qH%gIn%d]l% CSQE%%%C(?%(\&%?%]Xt Rgl ﬁhféie{-lg lf;J &ﬁf’lg ECC%RQ cluster

second ¢l ust espondi ng
2000006 exd of ths fep ddimusivativrad edagnis 260 ifmgdao traasmrssndn vip

.routin nf or in a second c n

PR STl BB G TP b s
inodgineé eclethemmash &13pﬁé§ﬁﬁ1tnlaﬂ@e®ﬂ6ﬁh& cﬁ!ﬁﬁwZQ’.Odmécthy he the first
second cluster 2 S routin o conpl ete

B L OERET ?beﬁ&r?lﬁa’ i SrSpTEPe BB ATag g e Tewix

conB@lieO@Bsighitel ISME 29D io@B6ntrolldr fl 78)3 yndlait&:g drgirovidingg t o

step 820. Wile not separatel ustr i n_anot
infarm oo Shat IS GSEo0BR ST IR RS rAtchiDg or CORERgRding

aciBh{oPinstrti&ionYEThE Hatvk Bhto R SinTURE Efattstatorde8pdadimy linkage
between the first cluster 200 and the second cluster 200, for the corresponding
contexts, step 880, such as by storing corresponding routing information in a third
communication element 190 and a second communication element 210, and the
supercluster-to-supercluster routing is complete. From the perspective of the SME

290 of the second cluster 200, its routing is also complete, and it may proceed with
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performall such routing within a cluster 200C or
within the entire supercluster 185C, all through the
WO 20070489£] ust er queues 245A. Referring to Fi geeBUIR)7/614394
SME 290 may WD 2007/ 149494 PCT/ US2007/ 014394 - 86
provide: (1) corresponding routing within a sel ected
zone 201B, such as directly from CE4 to CE5, for
exanple, via the full or distributed interconnect 275,
295; (2) corresponding routing within a sel ected
circuit cluster 200C, such "2 di rectly from CE4 to
CEl2 via Lhe full or distributed interconnects 275,
roging UPertantexfs (sdions orimstaictiony)), ¢Hame spondiungng to step
g2pouting to a selected adjacent circuit cluster 200C,
such as directly from CE4 to another conposite
circuit ellnélmw(éme@fnommf trese othes tlaste2OPM withinthe selected,

firk . ja the full or distributed .
ir tm%aétflggl%%gigtg zﬁeg{}]g?cﬁg&sé’/lj e ﬁr};spc?l}#rg Q}:glml T [nsEHetiqn) (with the
soytsa&9r Qﬁsugat'eplm) sk pesl azﬁSAideaﬁﬁeishﬂmrx]d Hfs® uelliteﬂ% in ? second

' . ster. queue 245A such as 245A10; (4
coRt BT i ST eanls ddithe iriaapaeht: then knows
thatitheedrtespburtitig Ha@G0Grosi dr kiiestirdaiion SURANGHIMELERS fiddHatrix 150, As

direct fro 4 t0 not her conposite
= BB L e B 5o BrTaiting OB IR ) roBBTbeifirstapmtoxt o the
pefiplidry of thedfiirst miatritt BSD (i1et,86 688 B8 HeShidd BomaARric AN elements
19' ,tgr nin zone t,0 zone) cluster queues 245A, ar{l&
{)g 6' %gﬁ %;ngraéﬁsbﬁ %ﬂulﬂpg rﬁ%“eﬁtetPitb%@ih_ﬁT m@trgg{egpl. @Mgrs (which
als@4dy, bead designateE SMEESPPHEE R olIBH 79 1Ehvi D auig%)srsg%ﬂetd duty) to
t he su%erc uster 5.)@

fgluster 200C which is not within >
Ing gsecongd confextin anerhermatiykS0xgihe fevice k@hrphish mhghave the

ONiEOr SHRPOHY; f e & o
n? sel egzt ed cl gst elrﬁgéalgcaneygwu Ft\?vl&?hfoglfglgtﬁ%ép%ﬁ ' ggvel of
hiegarrhy. : Brpme thetrexsneciive of tadasigoasd BME 200 of oontoller 175 of the
frsiel : pr.oduci ng, conposite circuit
P 5000, ottna (AR RAE witaS CREs bhtttostamzo, o
congingigtheroaging pnow@ss fapfotlerdationss o F1a51be edfed; QAW A thethod

- Cls i e t 0 anot her sel ected context of a
eiBliby ol SHEN @0 B0, R OR o By oereniuad PG veh ough
a pl ural iAsyaliodctions ¢reihsteueions) Réitden sk Eh @St Gloustd! e

j bet ween cluysters.200C, faqr_ exanple, using
maldiie i tonRaing gk OF isrpiomdein 2 wshndRpRiart o as

er sour

oLt e 5 e 0, s L or
e u rs W In e selected, I rs

magﬁ’ﬁ ?Z‘?J@?éﬁe %@“Qﬁ’a%a{ql?és ARt e matex ot eppasetus hdichgis needed,

withtlidse Rofresponasid Mefrix0R} a ﬁ!r&tﬁs-léd%?c«?rﬁfgl%‘?s (gd%%iﬁgatﬁl SME 290

dest j.na ign) task and action identifiers o
Or COBHPE%R §7% RO IRgOJheir cemptnerdingfpetipkerixs (eigs, thindposi t e
confrhifidhtiorPé18ABALS 986Rd of ceontroller then
knows .t%at the corres %23?%5{%@% glég%nur%o‘gnrgpmcahon elements
210) ysipe inlerconne 13standitransmitiing qeerpmto kst esrresp8Ading lower-

1ew(1rsgf,§5[£gr§ %?&@clﬁ%@?&)%uloer cluster 185). As a

consequence, in step (illustrated
As aresult, all actions (or instructions) become routed, connecting all

data sources or data destinations with their corresponding data destinations or data
sources, respectively, either within the same cluster 200 (step 815), or between
clusters 200 (steps 825, 840, and 845) which are within the same supercluster 185, or
within the same matrix 150 (steps 875 and 880), or just within the apparatus 100.
When all actions (or instructions) have been routed in step 820, the designated SME
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30 in FIG 14D), the first supercluster controller

both: (1) routes the first context to the periphery
wWo@Roovhe4dd r st supercluster 185 (i. e., to one PET/UR®07/014394

second communi cation elements 210 or to one of the

nmessage managers 265); and (2) generates a routing WO

2007/ 149494 PCT/ US2007/ 014394 -87 request to the

matri x-1evel controller (which also may be a

desi gnated SME 290 or controller 175 having this

assigned duty) to find a sec®d context in another

supercluster 185 of its matrix 150 which may have the
29ﬁmr@ﬁnﬁﬁ@11@rl7écﬁetse§m@nulm the raotstatus foothel msticulat tagl)DD, step 850.

. i er.arch From t he
Whi e b Bdaftontt (-4 O d St Blopfbr LeBfiBgd Do e abions
remaming tot eerofiteds step 18§ 8yihk lmaettlmd ddifbinued, $etiftiihg ROstks$ 800, and
t s to st 820, to

wiRATLE S pd Bl Te RS e LEROTTD v tniteds e rpsshied may end,
retuery st 78@e ﬂesﬂpuhmlscabesaoted aeeedp 850, WhiRp 8R%r eﬂamw the run
sta|rn§sc0 yj%ed aalr {a E (desi gnatl ng the second

contextyparpigula glg S? ¢ Prgprnsd folapving step 855, when all of
tadks haeabdem routedquest or query to all (other) clusters

200 10 W$th|n its matrix 150, for those SMEs 290 to

det er mi ne HhBIHFtUE A8 disshssed peloay. iga Seld Wilizedrin the

coBDBIIEO! PO [ L6l Reloted RRlry 36} nd BRAAR i Ffemen

55
comr%l;leéﬁgﬁ);o dWF@“Feo‘Mhﬁ’thq the gurewt elesaenb270 standdretdeatt a selected
cofffe | Yoe c i c 200,
Hek €G! % Pf8n§'\:ﬁé gx‘?&}ﬁ{‘% {Slg% t% onx? Sf Faseyit 1%}%%!%&1@8? task

transm fted via super c
hag hrapdfuly isenfigingdt with all@Otions(oa irsemotichs) histsigesd #AGouktdSsuch

d
thd ¥indy bR Bx b B OARREBE OB Piors i alsp sy s
discusskd bn’@wac"fh@run dans nfayetlls& tef utilred o k@t &Qfﬂpﬁs?élécté%ﬁtaﬁ(s or

xt,. of .one osite circuit
o éﬁ% %te fs:e%% SaSkStS%%l %sf@qo?c*ﬁ?‘géis A8 '§IRAEer 200 then
knows t hdh atdHiton, teeiting eﬂpﬁﬂﬁeﬁt({o th&sd S¥aKSIPH &8 eWctronic arts
n for da is to be routed to or from

t t
thages H}E);%r Io? Varigtions of f t%@dolggy af Em@%m@e implemened

iy Bentencs 80NHhiEN e 3P O thd ke Rhht HREAGN CEUSLEMAOUn the
ev%gl&?s this second context to the periphery o

heiqions for msimqtions)rte net stoted 1p¢allytin@onemnic3dd, onin a
meﬂlcﬁ?‘éﬂﬁ@o%@el@&%nﬁ%(ﬁ of [PERBhS rcﬂe%rg E%mén? Eggl,%ur’g D8 iored

155, through the full 1 nterconnect
cenfrallyrip giseparateynpmory; taémednn@appmaehm lﬁQﬂ;hzteHe Contmumg

wilhB A& etiinple At le%§l5con%1191t Jﬁ%ﬁ%%%ﬁlx & l lﬁeg?gemgnated

first comhunication el enent
SV 2@ apeniiollgr AgSkmae inivate ke romting praéss enﬁmhhh@the stored and

oller 17 indigatin
inkEESgREtato 0 B AREb e b R
Vamlchgtqr h,emdatashng gheovarxms Icesfﬁ)mldnm (adl eintt@ﬂsi @'the taffected
trix controll.er in turn, creates
COIhﬂé%{e%g%hgn}cFmean zﬁza‘aé an g?’i/\)éaé‘r?t’f’ﬂ the torcfevel crntrolleppieh as
a neatix-1dvel s@ﬂm‘ll‘ér CdlestgratedSNIE X00rortcBRtr6 06 ©3) Y M ply transmit

the corresponding actions (or instructions) to the clusters 200, which then initiate the

routing process as described above with reference to FIGs. 14C and 14D.
Also, while one or more controllers 175 may be utilized to implement
the assignment and routing processes, it is also apparent that the use of designated

SME 290 is a more robust and resilient solution. In these circumstances, any of the
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contexts, step 880, such as by storing correspondi ng

routing information in a third 30 conmuni cati on
web@mesm9490 and a second conmuni cati on el emreneCRUL2007/014394

and the supercluster-to-supercluster routing is

conpl ete. Fromthe perspective of the SME 290 of the

second cluster 200, its routing is also conplete, and

it may proceed with WO 2007/ 149494 PCT/ US2007/ 014394

-88 routing of its other contexts (actions (or

instructions)), if any, als®Oeturning to step 820.

In step 870, when none of these other clusters 200

plWahfy of SMEs 20D ¢of e cortbsgontlinpadltiaXityl 60clbaerst20) may perform
or corresponding action (or instruction)

t mrewstf%@@ SHRFrelYstep L 8y eQptrller raﬁ*am& LOcogtraller oF gpparatus
1oo%mrbﬁele 15 thé e¥dh® of hinsl of @th & th d dlvéh SPERPSh, ﬁmﬁ&ésle

ne of its conposite circui el enents 260, 't he
Oth%rtSrMﬁs 280 arccavaiiablete assmaany afithesetrpiescor r espondi ng

data sour §%n?ﬁcaﬁﬁ§ ! 1!11@ fi‘itxﬁéji@vaﬁ'eﬂ %r t‘ﬁ'istaﬂklgnﬁlgﬁt {.]dcf I%Etm% process

matri x 150. a’ consequence,
is feqr with mpb@itth the m}mbmfeastwmaa(or urrsé;mlcn@rsb EkY, and proeseds

qu?%irrquglggg}és ffis %Q@oﬂé@{on@%éﬁﬁ(}/ %15 2@18%5;1\%61% 851? Qly]]?rogésstvbiann

nmruni cation el enents "1
cage ninster 880.a Fooeranmples daperding tipon e minhiear offetusier-, sepatluster-

an I « ' a a de nated S
SRR IR o BB Rea RS TR PSR BREN iR 5 M Lot
instnetioahis tgpictkby Bn Hnl an«txt frdrcloei o1 comdfnflatidn dyh:&sdﬁ)tm@sages to

100 whj c hav he tching or corres
beanBead dpup e B b Ryt s P aPRGRE SafipRdtes pgeach
le@dl. Thieisan chatp cbhRaRt tith ResrREGUtIME ndfthd dofo eSindNELE the

SME 290 or controller 175 of the 15 first matrix 150,

rophgg Figify Ay Rt 8 fuoctisn@fkh andrif ABMmizZet LS onslstqyministic

arldha8 bR RinBricthle rG@iHd i€ t he routing process for
ot her actions, as nmay be needed, and the nethod

i t er at | velypothep adantagecqfshig @ssignpens, and binding sepcess of the
r@&?j@gﬁ;eﬂﬁo& QQhL: gﬁéﬂty tcﬁ?ss%n] anﬁcrfbht%rléslés %ﬁ .a@t%r{s%} ing%lnons) to
y, the nmatching or

een assi gned previouds
a plyralidy pbheferngenetuismiusters 200.s Mare padielarly, clnstarszﬁﬂmd not

reg Qé@fi)tbeo%g%‘arflg a?x%r@gf b% gu{fé ﬁﬁ%@%ﬂ \%Vﬁ%ﬁtfer )&s ar types of

uster 2 ‘a supercl uster one o
camgasite egcdibblemants 260 widbhoonseting Hesabilitytto ptdsmamﬁhe resulting

or _apparatus, | evel eded.  wth.those T
ose; SRRt A8 200 EhBepanlieb it S somppasiy giroui
eléitlents ghatvall sHivbly2£2@e ntore aosilability dor éstghnfeﬂtl bf m@ltipdication

their corfespondi ng per pher| s.(e.
oREBHR Db G (1SS LR FaBo A dfFuLiied Vel eHEprusicay
graOitaTe b gidké BfbeSbLORBless 200 1ALANitbS H@ dsSibAheRNIRCEindiAg time

@3 transmtting qgerles to their correspondlng | owner -
wpgde B pame farsolh Bomgseneays er brtprageneays Clualera P@s ul t

al | aC: | Ong (fl&'ﬁaséeﬁsébbus WilelerQRE Wi &6 the event of damage
connecting a
to or failure of %ne or more components within a cluster 200, such as a composite
circuit element 260 or SME 290, the cluster 200 or the individual component may be
designated or marked as unavailable. Under these circumstances, any tasks and/or
actions (or instructions) assigned to an affected composite circuit element 260 should
be placed with one or more other composite circuit elements 260, and this may be

performed in a wide variety of ways.
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data sources or data destinations with their
correspondi ng data destinations or data sources,

WO e®paeida/el y, either within the same cl uster PODUSHDBM4394
815), or between 30 clusters 200 (steps 825, 840, and
845) which are within the sanme supercluster 185, or
within the same matrix 150 (steps 875 and 880), or
just within the apparatus 100. When all actions (or
instructions) have been routed in step 820, the
desi gnated SME WO 2007/ 149494 PCT/ US2007/ 014394 -89
290 or controller 175 sets or enables the run status
for the pBighie(or §FIGAS RS iy flotvatia@iam. illuMthgtingt ' fs€ edifplary

Pt . I f hm
re-gggg%ﬁﬁgﬁaépg#gﬁﬁc}%gé Pgoc% r%?]%r in& HL ;gl%%teacf ggsr@{tﬁs gresent
ineamtionn dre this fiedt approach,tstartihg pwﬁl(k@ep 900;1 sudh & did @l Lrafhe

indidalf I te SRS S B e SV o0 G iR themestustr
20A0f exthffdeadd kst thp dBhlige wlh fzﬁhlré Q)ES"rdihﬁ a&ﬂlﬁ&l @lgsthhﬁ)r mLﬂﬁ‘arnlésd or
t t as al so be pe
P RO TRICHE W A W
difeotstiRélelerlaat édlkﬂro‘}leﬁBQ§ of & a@fe%&ﬂ%%%o?ﬁé Eifeuit §13§1er fédjto
utilized in the conflguratlon word for a cont

SPSTRGPEPs #! renierty. siang IQivpically wilisdngthetrha Soleriiht Tha SME
290071 @bis6 iradsmitl-OmERhLSE 1 ME 1§Pﬁle<['| &4 B&L shilRe %%)[H%HLI%G circuit

el ement 270 shoul d exécute a sel ected con
el%n[t%i?@ﬁ ttp dirgefrthesgromenasife &Uﬁlﬂlbﬁl)ameht(Sl Iﬁ(lstomprodtlcmg data

andl nthﬁ@fr?r% it Wihetal?%cleﬂsc% ;J?)@ﬁ P?&HS S quﬁ #! %EHI% "The SME

actions (or | ns ructi ons aSSI
29p élmne(@ptergugw whighi(ifi anyjrathebeompagite dmuﬂ)edmmetrﬁs 260 are available

o kRG] R Ayl e rn

petformeciby theraffecoml andl oot eshviaiiahls ,coﬁfpo§15e ticuptiglgment 260), and

t task inits
coffs 8 ST dh Inf retiory 20 B el comprstiecipuit
eleghanit 1260 o dixeorinent memloeleaBB(S of ﬂﬂa&&raﬂ’akﬂé‘ ebBposife circuit

gure 14 may be

f th t hodol o of  Fi
el Gl e R S sHe eI e 25 bl SameHIE A PRp o
exélhﬁlagf QﬁBéﬂlmdﬁV ahé BME 260 ma$sttPhed mathie: trﬁi’s?&frrﬁtt%ﬁttable
Wl"l?l}l ]élgct i ons or instructi OI’]S) are not stored

Hales rvy“s% gomgpsifercigcustelerpenis J6@ bﬁm@{atlebréﬂtnemhhave the
rec@i®dite t?{Se bIciFRROEMBRMPIVfof sdB Mrarfstet o fgﬂactﬂ)rnghéﬁ oﬂhedSME

centrally in a separate menory, a top-
290 mpyipdsq g9 the gonteptsof g apgociaked fnpu auemrﬁaloetp the input queues

320 8PtHeaNal1211€ BB{{}EBLI% m?éfﬁn:l@rﬁ?%F ?g sli%%fyed tern Ot rlglt %)

desi gnat ed 90 or cont
cerfaie tyrsa of repl sinaxdass, the sapvit ditagnashiee discardet! andquival&kaﬂyl,

all@«%d Qﬂ%n{agf gi fﬂétag%%uhgt{]%ut %? L&k nv]wﬂT (a]g?r% %r,xs rgﬁ\bmm at the

hin an et ween t IOUS C
avaphlblﬁ srgnpdsie eariio aenennt) 260 ading ﬂsw(yq&od@cmi&iatas) to

faggt ﬁfe]; e\r;]t ar%:% MESH qﬁﬁ%ret g"b’t?séb‘é Fo%ﬁﬁ???ﬁ ﬁ°ea|n%§tﬂm thesavailable
composite circuit elements 260, step 930, such as by doing source (or destination)
task and action identifier searches as discussed above and, in addition, if both source
and destination task and action identifier information is not stored, performing a
search for the affected actions (or instructions) in other memories 330 of other
composite circuit elements 260, to determine the corresponding data destinations (or

sources) to complete the routing. Other routing steps as discussed above also may be
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a matrix-level controller (designated SVE 290 or
controller 175) may sinply transmt the correspondi ng
W@ewrose9{ or instructions) to the clusters 200PCTHIE2007/014394
then initiate the routing process as described above

with reference to FIGs. 14C and 14D. 30 Al so, while
one or nore controllers 175 nay be utilized to

i npl enent the assignment and routing processes, it is
al so apparent that the use Q; a designated SME 290 is
a nmore robust and resilient “4lution. In these

-] S ny of. the WD 2007/ 149494
i‘%ﬁ@%@% g‘i%s g%yr oudRs B‘WFS‘P Flustess 2GNEdn 3@p 9B6f thelSME 290
thengesats thervdiregpaditidhint #at@f bsd 7 rform
hd A VAL ops rg{ees %f _suToer cl ugfts%lr@ t%géég%%{grg%ﬁeggr {0 re-cnable

né‘teFPS‘("‘i%%‘ & BHEFGH pEtionsor ispaetiens3 by 10awailablecdohgsosite
cirtuit ¢élomef Y260 hnd &, %ﬁg@, a,:.gkven SVE 290,

i% Hmare atb(lg)g1 ot her egl\C/CE{SS 9 gf%ﬁdgr\?gelﬁglgfgé’r?cc?sﬁwﬁgd return
steg 3 of these roles.- 5 Significantly, the tinme invol ved

for this 1aaSS6HE N ocess. is linear

y\i’éh respect to th rﬁ%(riri‘b{eb%l{%%k 'g?:{')p%ﬁ%'aisb&md and re-bound (e.g.,

as§ iy tgetgggl fé]ﬁ}es-w,— léhand, lgb@aegs?ri;fitgc{/ gorhp%;e?,g?/?rgﬁ,% 1bhger
diRb ¥ 1 3 | ¢

= FIJI‘ ocess W thi @Pﬂgg@gﬁ%ﬁshg\?g ?e F8vensedp Jé%z‘ﬁmglhés approach also

hasfip afanigenfamesdneng anp docality ednsEhidts, as SEHECELESHE Wil be
invol ved, the worst case am)unlt

: -1 %= | ."'n"
‘“°§f‘ag? ¥Rl ¥ B ionY (ot INEU SRk Uordion o Byghueatidnor the
assgmment and bidding drocdse Gk libdar SAAE Sk R r of 8tions (or
insf?@c?tﬁﬁgﬁ?h'tsoe-abe transm tted and routing to e .
conpl e ed” £ 6 2PN B YA pehuding processiaptesds oipidiyctvith
mirdimabdisruption, partitiag ) A HRnGR ' rior. arg . .
is chQuLLng et hagfloll oa i Zs in m%“?:rﬁg%rhdgatf%‘ﬁ%tdi a%%"?? {Pé,‘n%'fucaons)
it Hf‘jd?f? Yisgail 1 BEt OF thas Prezessnane d)i(fjt_he plt:x';ilgheztedi SMEs 290 may
alsddifeodl @ik 18iBhSdd redi ctabl e routing
time. 15 Anot hern%gg\%g%%gg@hg% fft‘éﬁtl&si cgglgf’@'%@mu"aﬂﬁme“t 260 to
StOREXEEIIRE A GeRisstsotransmit 2 pressmetto ity iaikedaiatd Sour&€composite
ircafiekdnk ' te tasks and actions (or
et o5 280 % iedt Ml (U< eQ ot erep glemeaile) 260 to stop

prodycing data apd transforringpiaitd thewulftetdey cofilpasit@EisciROle kBt T copy
be quite different,”’

' : .sape. an
the S BF pierhsneibeO8 1 R o 3 4203 siehsyspuitned, puaitable
comBPEieFife pdemenisi60Lind rpathi A s BIS ke bnAEAGY A
. evice, For exa e, any cluster
conﬁgtﬁ)hgfﬁr%éjné\uﬁu ¥ C@‘?%‘}S}tﬁyggmgslﬁﬁ@gg??é%i r cﬁi t elenents
260 wi | | Asarphseghave, APFdyraM dr |a?éyriﬁlhhﬁh£t(i{aﬁ dasd g%gigé dasa

. Jplication operations, such that those
Symg{’h%‘ﬁ‘%‘ﬁ%&r f‘ber PRy 4 kasdeenpssignadiandupited wishin the
appagetay il 00 @eiting 41DSLthE \BBES oSite & : addi tion,

Fiposie reeht bR 10 a2liont fored

e S| nt _and bindin
o5 o B Bt o0neasans (g Wb nierconnast semeB007, 2BstAButed

full fitercorawecleldRRUE298, 1R i€l hAE 755 Whild'&: dspakdlud 160 has been

d .ev%nt of damage .
esigned to enable such assignment and routing in real time, it is not required to be

performed in real-time and may be performed in advance, with all such assignment
and routing within the scope of the present invention. With this background, the

operation of and control of execution within the apparatus 100 may now be explained



10

15

20

25

30

to or failure of one or nore conponents within a
cluster 200, such as a conposite circuit elenment 260

WOR0SVE42P0, the cluster 200 or the indivi dual PCT/US2007/014394

conmponent may be designated or marked as unavail abl e.
Under these circunstances, any tasks and/or actions
(or instructions) assigned to an affected conposite
circuit element 260 should 30 be placed with one or
nore other conposite circuit elenments 260, and this
may be performed in a wide%ariety of ways. WO

2007/ 149494 PCT/ US2007/ 014394 -91 Figure (or -\"FIG ™)
15 is a fE O\Aﬂjﬂﬂm’ﬂ)h tativior atd Ggnerol bf Bke@itiipl ary

re-assig ndi, n rocess in.accordance
with t herfgaceh Lﬁs %thrta llbl?té%g’tgt an eXemplgy &Qnggﬁrapﬁp and
coﬁtrolsWomlpIﬂMaﬁ hccatianide Wigh Wid thachligl TARe pfededt idteriien. 1A
uring_.self-testin one or_ nore

[. at
TN M R G

pluraBfyf Fetaeofiéds t4va baiprEes 8f leh i 08 md?é of ﬂﬁ%ﬁewix{gedata
ust er 200 mar ks or de3|8nates t he af fected

fie ¥ 81.' AR flementenphgurabon Hsld HHPap tagk| TP figdddg15; an
acBOPID & 16H0; ﬁ‘He‘éﬂﬁJiﬁm%ﬁ&VBP&oxﬁ&j%ﬁ@fe@? ﬁeﬁzﬁ)ﬁf(dteﬁgnatmg a

affected conp03|te circuit el enment
degtinatign (prgsaarrse) @Qﬁ’cp@ﬁﬁ% cirgtipglemeny, Z&Oy pupom m}d mntextzm@pnonal

«fée ﬁ'étarh@joatalé%r ibant dﬂgxtssg%rg%%@d% %ﬁé@gc%ﬂﬁ%@fﬁté (307

nessage to the urce conpo
ficdd E0ddhen opgonaliaycles ((CY ™) fiddd 0dbposi swus ﬁeh;m Q50; an optional

LSRR o200 S8RV B L BB ey e 1065

optibeatdast cR6@xt S¢ldi 0905an JptéoraMmterAgas ﬁblﬂnl O:YSE ei Bj)ﬂ@&l single-

a other. co ement s
steff 81 0%0: e oA PTBR i Sk Hisb b FomRoaag: ¢y
coffigwration hrd écbt[tﬁdllvm“ral 1009 itWitilizad iaceor eanﬂ@ﬁf bOhBREmPYsite

R M R Y.

adﬂh@nmwesﬁeld@fmatm @mtz%at &éﬂ)feﬁ@iﬂg Q:%bﬁ %&Aﬂp@féhﬁons and
el enent . 260 to one or nore nenories 330 of

objRrHYesAi the eelRted ppRaratus dQP and émémermcgyteéemstem, airball such

vafi@iidhstaYd Gt g steySopRikaBhencaRid ts, step 920. In
an exenpl ary enbodlnent the SME 290 may store and

mai nt ai n A plirahitsfofrapnfigurtiontwaeds, ophifetreachdpokgsre utilized
by 4t ERERFPARI)Rr 558 EbdneRl %5&8%&% ARiRANE QYRR LY

and ave requl St Cl rcui
cohfpgurgbleelement 276f @acbboﬁﬁmumnwbrd ys inddxed Sthe E&fﬁemy

nufi3P $RPYnd &emsgéﬂq ot Rlog R ARRRELALE Do colHENSBle
elepmamp 330 ﬁstodmermmfngusddematm\sdﬁﬁﬁh toHed pteBptbted is or are stored in

ele@rkén? ri ﬁel%rl 0[}66 étlmllglil%% e%s?érg:aelﬁ%\qéfné%g |(€ounad) actions
(orallnlsmanB)Jare etmech ag thetcheregairdirigath i1 1A flel & UGLES Sind Whd Attion

Q | resum ng at the 25 avail able conposite
IDdF?%thﬁgfenent(s) 260 using newy produced dat a.

The data output and/or data input locations, as bound destination

(and/or source) addresses, are stored in field 1025. Alternatively, the data input
and/or data output pointers (as source/destination task IDs and action IDs) may be
stored, depending upon the methodology implemented for potential re-routing. For
example, when an entire task is re-assigned and re-bound de novo, new routing

information will be generated, rather than utilizing the previously stored source and
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The SME 290 then re-routes the connections to and from

the available conposite circuit elenents 260, step
wO3®7/1848h as by doi ng source (or destinati on)PCT/ES1007/014394

and action identifier searches as di scussed above and,

in addition, if both source and destination task and

action identifier information is not stored,

perform ng a 30 search for the affected actions (or

instructions) in other nenories 330 of other

conposite circuit elenents 0, to deternine the

correspondi ng data destinations (or sources) to
degtipasioatiaformatipryThe gemadningreontat fielgs steapitizad t6lcomts SAkther

an : ohGs D484 ECTENS 0071 D143
B 30MR 119 6h EBtois W AR (10 0 e DORIE Al Wt g Hormed by

-92 utilized as ne
thQ:PlEFQ{I@?lszmtgm),l how uIaprrﬁﬁS ,aret feevibddEb tHe SNIBEIDO, 88€hSw output
iits of the transferred

tat
da%:algglp g(%é&f 8&%13&%?1 %Irhggm%llés gte8%9Son of the affect ed
act | ons (Dhe ¢lemenuadritoiie)y 33, ih brerdyRiy é\ﬁb&dlﬁféﬁ&f)%&snses
coﬁxbx alfl ﬁl emen éﬁeﬁ"dﬂ} and the re-assignnent and
e B Rat gglﬁr%’sl ef&ﬁc?ucl?éwM) QR 9pd INYRRTER gates,

wlﬂeicpnmdlmfe@ﬂlﬂ: (a givea cbiekt SRYuRE of &It gﬁ@&lﬁ@ngasisl upon the
vals oP 3)% (% y aé illustrated in Figures 1

e (31 ) ﬂﬁ ats stgied i ctEgue brlss feats 4035, elme 1@563dP60) of the

exanplakﬁ&brﬁigtﬁﬂlcﬂﬁdﬂcpé&t&ﬂvoﬂ‘ ?é@(y Clt‘ g @RShr %i(h ”P $7 is a block
;assi gl[l ned to them _ This approach al So
uiiRtige exprapkry, cogbmationa degip pycmtrmsltlﬂalfnt syntas

reﬁlﬂrﬁﬂ@s aaeshinatioh Svithik hn Eﬁs ngﬁt W accor tc|']<3ewt1;f’3;l %h

actions (or instructio ion,
teaghings PBWed?Te%eﬁémV&QB@lgnnent and Dbi nd| ng pr ocess is

| i near wi 6§§§ act | on

i nstruct |1%%rsn%ﬁ§ abfroge alg gll dg)“ﬁ gﬂ%‘fv Ry ijonmens; ﬁé‘[gﬂﬁ"t (task) may
exgfuiFcwhen Bhee gvefdiglqna pipoit dataaintl la sufficientil fréd 6F AplilaBIR,

er of affected actions (or
defilibif rtthe Yo AL QSR s ortrmmrulinte Tpame a8 ¢ hi s
compespording rr]mdapkefmp\lmluéatss %?h&d%?&%ﬁ?é%ﬁbﬁ%{?ﬁé?@ﬁothe
C e e ontroller 0 e affected
sieflfeR8tinp (o) B 01 0af Ssiamastishich of Shosp Temei o ngpeatilized i
thecsolebextcontdxk.alsatdition mﬁ@ﬂﬁq&éﬁé BQO lm‘erﬁﬁﬁgte%% ér&ﬂéi'é § Birst
an% cgu)0|ycu it elenegt£ ). direct t source

signa S¢ eppyetuinge i %‘, )) 1zg(§a’gn@g thap herpisoufii¢iongt data in

thedtatra g @Paf Qidue8d20.t FoLedalH -
of t§§§g§ﬂaﬂélgerrgnt@i280 cop ft: he é%n{lgﬁggg?%gﬁohgr 325, each

ftg@gdmv%@ﬂ aag @g@go u@\@rl[ed Slbewkyd its sogasednding EI
ﬁd&&ké@k’d g and_reset
emtae o ER EAEPPRIG LS 0 TR 0 cliEnSa on
resylte(fawraesdtn for évwpopitslethen ANIDed IIBQQMBnQANDﬁéhte /1\81 i) to

roYRRSPUENut Rallr0 haA3he pRID 3k (B33

ro RSPt b ORGA Ay TS IR IS 15 Dy
md??&?S flead thers 44 @fﬁdleahdiata a\aalmﬂ)lemttthe fhphﬁﬁwhlaﬁ RelldHeUftilized by

r circuit el enment 260
the }:glg«f‘tleg S?g‘%%{g gl\s/ﬁkésfpecdt d;aﬁy, t?\w%ata 1nput ready signal is provided when
(1) there is enough input data at the significant inputs, and (2) any other remaining
input is not significant.

Similarly, as there are multiple output queues 315 and outputs 375

from the configurable element 270, the significant output (SO) bits (1040) designate
which of those outputs and corresponding queues are to be utilized in the selected

context. In addition, a second signal referred to as a “room for more” (“RFM”) signal
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25 as contexts) and data path connections (via full
i nterconnect el enment 275, distributed full
w0 paoeneamnect el ement 295, or interconnect 155pCT/W200T014394
t he apparatus 100 has been designed to enable such
assignnment and routing in real time, it is not
required to be perforned in real-tinme and may be
performed in advance, with all such assignnent and
routing within the scope of tshe present invention.
Wth this background, the 36 operation of and control
: tion wW.thin the apparatus 100 may now be
s %&Bﬁg? ﬁéﬂ’ﬁ?ﬂﬁ%bﬁ%@f&g@fﬁm Ustioatindeise4 sufftlerft space
avalapler fot vatpOp @] éither &ish SRYuk Egeution Figure 16
320 8¢ Bl %tg‘i amillustrati n% an Iseu;él%lll ary%cog fc?n@ﬁ#eg’tnp%q“eues
and" °cEHtYSHNHIY o1 Betsntiallafrenr ateowputiegister necking output data
cortsempiong Aled fdrkRRaBpRS Ghihel [ il L u ted in
vElgure 16, the exeb Iar(ge;on %S?g#?@%?’z rﬁ‘e%g Itg gre
8‘6‘%‘5{‘3‘@ & ac%?ftémBnﬁ 2@ bifs ehd datarréspehdiag RN signal are ORed
(OR @812k 11328, Btod asit oLy of the foll ow ng data
fields, in an g%or der)\:qu’é% acle]lrggrrrtg%l c%%?ﬁ’f’@@’l“ﬁt Fesults Kigpvo
TESYER 19T o priputs) ther ANDetl0086theam(AND tgag] llz@P,ftb?révi&QQ%ata
outputdRgd @b i 0 ce%\ dress field 1025
s s%‘é_esi gyn:ls?% ng’nSz}\l(:ﬂ estge flenémﬁes %?‘9@68}’@@} reagihizdicates that there
piticiant meshenyspace2Bijlablefor data 806ut BRHR oot '
spaid Bfdianle el 4030008 sbant{ 2o i A sﬁ]ﬁ"q‘?éu’éé’%%‘%l‘dy’
32()&035&1@ a Slgni FICaR n%‘&gg&fpé“ auegss 313 o destigati®uputgqueues
Bt Ptheamenywy s Mo©¥ppcificalyl t1OdRa oft field
wh O@?ihe@@isﬁ%%i opal Eﬁ%i orit }df i_eI_da i)oggl?&aaﬁglgiﬁ%lgloﬁéﬁmvmed
state 1 eady O §UitEdata shthspignifieant wasauts, iaell @)1:06 % ther
remgimingpytponialnok sighifivant ext fiel d 1070; an opti onal
interrup;d,ﬁ field %375; an optional single- step field
1080; and &f "YPEFBHE: the Satanet reedicartd dital od@B5realdy then may
be ANDeé sqxetehir 1A NIO Bhi0URHY 19 0 ont r rd 1000 it
seleltiyl i zed fo? eac% cont ezitl£ g%@%e&c%\;r?ﬁ%yi?v% reféiycﬁ‘iaE{fiff’fa
oL e Eedpgaturk a1 0aio6nE ot
atalinputed) @GH A GutHlt aaal.lLo . . :
TRy, e utili zedl,gdi g%paen%l %}éj U5 dh “FREUIBIsCe AltegAatively as
: “SEBYe@dPiF\'/%@e df> tiealatreinput rddppibdath 6atpLO fead) FefHBY may be
ANDEE MYl &L d all such .variations are ~
" wht, ’Q‘Ib n the scfg@ag‘?}etaﬁg aBﬁ? DUt isshsseshbelowy to pedviidg/an
ergH ipdpdtioguhat the comeK U, reiyefof 8%ec@B6R (£ Xl re @ «
utili Zedrhe?lgnl%%’atﬁ hz elderrgn{Sit controll ér 325 téeag{gntsfgonlal)'
" the configuration and aXee 19?918‘#103“3? edntlieg theadsingext has.
ceneqnahisdtfo@kcutianmndaniy Beisa trb owing &BPQ &?gﬁgﬁgﬁg é he, .

. u r. The one or myre config t
:’m;ﬁéﬁé%%n S F%Wﬁf% OE'EFﬁFﬁfwrba{ﬁhe SME 38 nFop@Gnisle.{the
as ok ithpuredattat cdimantdasd Bar ' ed ks.or -
confRlfeSid 8 eT enent cgarl}flﬁlghfgl?l?ghm .ﬁ{éﬁ%&(ﬁfifﬁgemg
ﬂ%:E‘mdlS i terfor Gt onfieusshle Plsmests 2 oundyhaad norise dbled
until soch fonsing Ut :apRle. kRt die RO FRRAIEL 10 L3S
I on

h Ith é n f ketLd 1015, and the ac
ave halted a task, for possible resumption at another time, or may be in the process

of deleting tasks. Asa consequence, the element controller 325 will execute a context
only when enabled, as indicated by the run status in field 1050.

The SME 290 may also utilize one or more state ready bits (stored in
optional field 1060) to control context execution based on various conditions or other

events. For example, when a condition has been met, such as an initialization, a
3
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IDin field 1020. The data output and/or data input
| ocati ons, as bound destination (and/or source)
w@oddresmes, are stored in field 1025. AlternatPUEUS2007/014394
the data input and/or data output pointers (as
source/ destination task IDs and action IDs) may be 30
stored, dependi ng upon the nethodol ogy i nplenented for
potential re-routing. For exanple, when an entire
task is re-assigned and re-bound de novo, new routing
information will be generaté® - rather than utilizing
the previously stored source and WO 2007/ 149494
selogtp 9Sptsa MY A50d to borundesstiandtis desigmitat wamﬂwStaFérready bits.

re utili.zed, to
AMETRES, 5% RO s L G207 e Bl g seacy
mgml)rre@pbendﬂ\ﬂ@echmmbrgaml bm)pmdf me Mﬁﬂltbﬁa}a EIE@ bte Istoped tvnhm the

servjce
ruff G [0 oE AN 1S B Bl T Bt Hlerepne peottn o aps. As a
cotlgsuemay tlmrcoajiﬂrcaeﬁ @f theSstalt eeadlly il Nihe GARY ihphd I%Edy?’ 2Rta output
d1 ? _%ly Hbod nentsd conpr.i ses conbi nation

req e ™ ’gﬁ# s Jpdicatons, pravi %a%wda@,atsém@ cmeéheekmmmller

32§ab eBow ewbdutionUfaté S8eded Bttt Qdﬁteghéfﬁ)elf %?ﬁl%)ﬁtons ay be
not execute), based upon Fads

doe
copfo e’fﬁrﬁ’fetig‘?"?gg‘ uSE OF ttf o AT (PAFTelliL050) aviBoytéhgstateoasy bits,
alld i}, the GDIE 29060 kindily e gn X ijt}@i}fh C&ﬂ@é}@% &t s%@t grpa% ed for

control word 1000. Figure (or ‘'
exﬁ?ﬁ@?an1lllustrat|ng exenpl ary conblnatlonal Ioglc

ci reui tr YrklOfdal of9ael 106 £A005SS (GLSEIDAL 00 e: of

wi thin an exenplary apparatus in accoraane
clack gyelies gqgugf:d it exgougs twtcoimymmtlingmctids. Mhi field eﬁutlllzed to

envl r a_cont ext t
o B ok e o bt B b AR P S pBtitiots e ha Bt cqtext
fﬂ%ﬂﬂkmmnem®My free or available 15 destination for the

resultin ut It| Ie i.nputs
and cor ?%% poT ltz(im?ipI Slﬂ@l‘”tsﬁﬂ éé]& H@ﬁ‘? ‘sq‘ﬂf E{P"l‘?ﬁ for arpentext
to exaehiegustainice, wlchIiElﬁdir 25ilts thive ex&hﬁféﬂfﬂy%BSM]@ RYb. @ﬂ)us
35 d SI te whi ch of those inputs are to

0
tesg?% F?’g‘ &S Pézﬁ‘%&ie'é@ﬁtf%%e With the $ME R0 S@theg or

clearipgla sﬂig&uﬁSp 3&Qe ar, Efoﬂﬁj&@i b in Rk Qél&ggd ﬁnie% FaHd to not be
eferred to as "enough input” ("

ahTﬂ%PEQ#? QAR there is sufficient data in 20 the
corres pOHﬂb@@lebfbﬂ%Eﬂ&H@ﬁt 3RG n%ﬂﬂ c%gf’éygkgrd id‘m‘:ﬂgy be

el enent controller 325, each
“tlﬁl%ﬁﬁeaﬁtt@at of arkitratien apong petentigkexceuti@l ot ph;lrainyl olf tentexts.

;
Wlfe%raro Lﬁaélﬁé?? ‘%%%’geé%! exe%ht%ﬂ at:hf: s %ﬁe)?tr&%rs?gé %&t qgatext bits

0 %Mq@omemram eesat toszefr I du’re\{enpuf ejmlbd‘tﬁig oe,mmb which are
reaElg g@llé?éﬁut{d%’\l@leglga c‘i’?}&%(g )olt 1%8&%\%8 %rxplrtedgf)ﬁe Pﬁgﬁtcomexts

just @g‘gyt)ed and if so, allows the other context to execute to avoid one context from
completely dominating execution in the configurable element 270. In addition, in the
event of competing contexts which did not just execute, one or more optional priority
bits (stored in field 1055) may be utilized to arbitrate and allow the higher priority
context to execute first.

In an exemplary embodiment, the optional next indicator (stored in
field 1065), also referred to as a “chain” indicator, is utilized to determine the next

context to execute, and is particularly useful for controlling the sequence in which
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25 indicates that there is sufficient data avail able
at the inputs which will be utilized by the selected
W@ owax94 More specif cally, the data input rekdUS2007/014394

signal is provided when (1) there is enough input

data at the significant inputs, and (2) any other
remaining input is not significant. Simlarly, as

there are multiple output queues 315 and out puts 375

30 fromthe configurable elqunt 270, the significant

[

output (SO bits (1040) desi‘dnate which of those ,
AR cotrespandi ng queues are to be utilized in

“t he. g%?g)get[bgag g 8‘nf§%€f’{ngltgggﬂﬂﬁ-‘ieﬁﬁ?m& oS eperations.ghethis
embeflamergdthe elensera conLOSri05 GREmmienRE M(écu%!og gg k}ie\éxghain lead”

RN 4 PCT 007/.014394 -95 iIs provi
oy (ct%"t@é? ﬁ%‘%‘e{‘@s e Fhade,plsnizsrdpsitmetadnmithioriesd 1068)ewhen the
othenténditient dispaeel aRMiHaabbSe Rt Ol e a%gieh%% Santroller

t he oyt put queues 315 or fromthe ih
32%%‘8"%‘?‘@ ‘ﬂ“eﬂlﬁ‘d‘t"&t gREErtia thotequencepat desigratddfinftho @M 065, also
when thubtheeginglitednst(e. 3¢ N ta consunptjon. _

r R B ARRE W b2 Ren B dpshermissewill wait

forthsSO for exanple, I'n ti
BrXiEontest 1 bespmetaveilablnd Ifthe hexf conbat i e khRE aSRe current
e CRed R

comiettsthRA Gxbdiii | REM si gnal are C (
__gates 1,1)2{0(_) ltoﬁl%fﬁgi&%?%%as\ﬁe%c%de{ﬁi t Hus field 1065 may also
inc rae%‘:ﬁ;&%tlwg attR whethért the (tatGnputas l%il]&,ef&,‘;zlséﬂpd.

out puts) 14 ANRed hoget her.. (AND gate 1125), to

provi de a 'ngcgpa SR erng’é) enf @’g%‘l’ desfipation-hased: (nather than
soumEhasedidata fratraission p““ﬁ“‘@agﬂ‘l)e.d'fpﬁ@hﬂatfé&”gl% 1638 LS titized
for'oﬁtp%tlfépllig%;ﬁ&{)w egqh%( space avai %bl e for data ou puli_

by the sel ected cont EXt¢ OHEHE YO be prasidede(oaverlicatsidptd n
multiple destinagqon didujtion:l ohieMQME SHIBAR b Qﬁ%g BRkd D853

ther nenory)). re

i 20.
desggg*éﬁfﬁﬁﬁ%emgﬂgmﬁé@;}ﬁ%alpmm ¢arddyles B2hedn ¢ammensd ded

exegitaom ¢fithe t“foek ¢ea b8 i
¢fithe ads cbﬁ@ginégﬁ’cz fzigélt'gtﬁrg}g)ét?ﬁletﬁe ?ogérlﬂFchfl%ﬁemgnated

.signifi t_outputs
w1tlglbt%g :lé 5?@%& en }ﬁ:rﬂtbc;ré@ﬁgli_ﬁonh diseussad abesLitdve, bebheghedlat a

Thereaftat, wieadHie and of ? t 15 be
e BRDE Lodothor (AN o 6y Held 130 it somprcpton:
dats "’PB’g‘By“ﬂ S Mreigdedicopiedsedentially Casthe $htpub & that context
avorliPhésd tbhe- Is,;equal to | ogi ¢ one when ~~
Vobot,h t he .dateggiaﬁ%l)ﬂt% %gﬁegg?}%e%gﬁgheomrﬁf?g(t%}o Bioxidecthg yame
CURifdUtdo 2etideisphlacafiore. Otlet eomatts Weioh ardSiot bhrt WP IH-ALES

sequeAcd @ Wof eddoutdd t.a. i nput ready and data out put
ready results rm‘?‘r tﬁﬁﬁﬁgﬁe%afﬂ“%tlﬂéphﬁtélndéf thetrepe
°°“‘§§dél§heaf’r@ﬁerm_s atret cotiext thPekaRli s t_h%%m,g%toggp‘ﬂn
duplRQtiBNERA ti at t context 1s rea r
X g C ggll;i on ¢ 2%8}5%2 t%%??“{]’gﬁd’y"fggﬁ 1giegivated hBeld 936} the etement
contelige 835 simfly eletbrih@ & viad bgat @@nt%@tnkhg/’bet &S LS X i
procB@R accQ8L enabl ed for execution, and may %)g%s?ggecunon, and
fol 'ow ng™tdta i nput-output routing in the binding
pr ocess n onelseted Catbots ) e pRPLinlocfiEMerd 1675V, a1oo
. e e, .the
bep oviled! This ﬁé}ﬁpmay designate, as part of the configuration word 1000, the
setting, masking, and detecting of interrupts, including when a context executes.
These interrupts are serviced by the SME 290.
Also in a selected embodiment, an optional constant mode field 1085
may be utilized, to designate that one or more of the input data words is a constant

For such a constant, it is generally maintained (until changed), so the constant is not
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task (of which the selected context is a part) may

still be in the process of being 25 configured and
w0 ouree4dor ot her configurable el ements 270, apdI/Bkmot/ei4394

not be enabled wuntil such routing is conplete. In

ot her circunstances, one of the SMEs 290 may have

halted a task, for possible resunption at another

time, or may be in the process of deleting tasks. As

a consequence, the elenment controller 325 will execute

a context only when enabl e?8 -as i ndi cat ed by the run

status.ipn field 1050. 30 The SME 290 nay al so utilize
copifmest dyriesiata apgratienusd \Inthis smbotimnen, sebectapbitodtthe constant
mcfdeeﬁad 1089kl stoc Akl o FRALAX IneSHRE UL - LRREE 0. ¢ ruich

various conditions or even
datg werddn eitwie werd ibpesrquene 32@)sichas fantdgglihp of 5%RLRIAR befiveen

mmggggéc]n@%@%apg/ US2007/ 014394 -96 sel ected confext

may need e run next, and is designated with the
state reallya bonssquentie] asﬂlsddﬁﬁﬁﬁab@vé Sthé etk BbMSPoller 325 may

be ?ﬁlg%ﬁnen?e%d&/sgr dah&; Ol%t %ng ﬁml g&lg gggeg});hllcg%tamhw the
vammmﬂieﬂdsm&ma lcenfip@raGbe bﬁ?djc&id(h 'Vﬂ)ra h@OO gémﬁ othdt #iﬁmfoi glggals)

n field accessi bl e
. cag‘? PtPEr C@BS“ thesvazioys fslisand @ﬁ@é Sl&nhbmdma}that a conteft is
boﬁhhead}t a&l‘desh’oﬁﬁﬂble Rin the élélﬁex‘i{%()ﬁtrglrl‘wﬁrlgwme %oxa@glgﬁtlon of

re and run status Indicators, provil
the; cr?&f) eshing ﬁﬁ? Eerzespending dask| arpetien @nnstr,licltlen) isZBcuited.

al | ow exeg gﬁmﬁﬁrpfﬂl& P{fesérﬁ' 18&&11?‘3n%90w ¢ iseitisnt et aslagtive

__Aternatively, operations my béP ¢on
mt‘i@%te@f‘“f"h‘gw‘ﬁlﬁh SQlﬁ‘bG@lr(gﬁapﬁblhhds ﬂ@ﬁﬁh}:rousll aﬂb&hﬁlgéshﬁ the

the S QO to simply
exe?ﬁelgfngn at e ttﬁ {e%d lg %%?t ?E E>€ ARG OB PEEsERYy
inventiasxie G@mhmt, pr'blvehmg)hdapualomfﬁg h@ﬁufdcﬁirglgcl&fé;k 3 ;_4(,: ,$laws which
er o C
ma#)teala‘héu 48ihe a8 o fecich pud BeeRarar ngweleatn, seTpices,

algrithing, arsd dﬂlbi' evewtk. t Dhis Q@%éin@&%é"ﬁrselfsh%%ﬁﬂ bceg%ﬁnst% i1 the event

f
2 pgifign B Fi T4, s B o 39@pgg¥gééggr§§¢s3m?a@e;@omtpemon of the
iC fsleéfedtxﬂeﬂﬁ Grdcsuitddlor %@d‘sls{gﬁe@foot\ékggvg d e?l% e‘g& g‘fﬂcﬁgﬂs of

XeCU ust once, such reSU|
opgdhe Wﬁ‘fsieﬁﬁ'@"elﬂéi@t alh)gv S(ﬁ)smgi: tcsn@bﬁelﬁftb ®8 switched

out) aﬂal dd_&s aobhA\@l tBe $ilkER vﬂﬁﬁg of {iﬂetﬂ?loi' gﬁo ?n gd% Zigps etélB ggqqgﬁns

ngl e-ste
are gelfaggrg{lwgg flgwsciopgrgganchﬁa%a Ppathmalys bee alsd mmd,asbaﬂhhﬁdhb €rabSferred

opefdtidhs caBtid? 18 p%ﬁloﬁﬁtsggn%ggg %H}E cﬂ%% d]t agpeﬁgt:i(%n%n uch adaptive

context field 1070 ma
resijengerangdiselfrhegling qapyaicent inakaletihe ot hedr rodl-téne) dé&)éhdlhg upon

h
the B RILERL Smep S SIS s RECH et teirnion of

performance in the event of damage to the IC, rather than a catastrophic failure, and is

* especially significant in health and safety applications.

It is to be understood that this application discloses a system,
apparatus, software and method for resilient and adaptive integrated circuitry with
self-healing capabilities. Although the invention has been described with respect to
specific embodiments thereof, these embodiments are merely illustrative and not
restrictive of the invention. In the description herein, numerous specific details are

provided, such as examples of electronic components, electronic and structural
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of the other contexts are reset to zero). In the event
of conpeting contexts which are ready for execution
wo b@7hemv4 context bit is utilized to determ nePCT/USNOT/014394
of the contexts 25 just executed, and if so, allows
the other context to execute, to avoid one context
from conpletely dom nating execution in the
configurable el enent 270. In addition, in the event
of conpeting contexts which did not just execute, one
or nore optional priority -I89ts (stored in field 1055)
may be utilized to arbitrate and all ow t he hi gher

comacubnﬁ,ynateﬁﬂb eatld sttrce@GHbRatibnY, 8 prodfld J‘th@?o@ﬁﬁﬁkﬂ;%dmg
next i ndjcat or (stored in

of ng % fﬁge opt i onal
PRBPHMGESY |P§%S°P%W¥F?téa1 t@nesgkilled wyihe peleyand astavidly |
redognizbj how@tr | tBattel @hBdbdifechDSr e l‘ﬁvcnﬁ@ﬁl E?ﬁ( be {Jﬁacﬁé&f:%tﬁout one

?1 parti cul arl y useful for control
or E@diﬁe s sprcifisidetpiliyerrutty ptheo amzarmx/smsz@@?mmbgas

comPén&A8 iRkt Raldl SarRX & Uik Bihek hrf?fcsaznccg1 @\Legl l@%»\%ﬂo%&%s

sequence of operations. Int
materile O OpeNdtions aremog specifigallyshownee deswibet iiw dewil td heoid

ext. of, the ghain,
obz&xlg%gggbcgcgsg?g %Ig?%%ﬁf&\ (c;tl?ﬁ? P}e eémtt %\%g%loév&qeaﬁldfthél %BEI Yagious
Figusergareinghdragynstousssledingd isbod dhav be hegrardedeis. hrﬂihﬂge af t er,

t he el emept. ntroller 325 will, execute
cont ext |“Qn ﬁg gss’c(e) U%S%sgghggeuagagyd)ﬁav\pgay?qqo{

prokessr, eaidsnay bhembb&ed@uts loaE of aded biceBsofel 75, ad@tedi%': rform
the%mt% ebeen(gg otherwise will wait for the
PhonALIEeY S Bessirh TOSESRE Mey be g2 separate shistese; or may
be megmdsamaﬁm@me%ﬂtn@mster&@m(ﬁnho dth el £XG! 8%'*’%2 tife of
een conpleted. This field 1

h
Prg ST O HOMRIIeT UGBS dPARIHCALY B iiniR ProReSREOBRIGODrocessor,
e.gl,/ARIM 69 Miérb!Blage, %melgnéﬁe@ﬁ?hg%he %m{qa% IMEs 290. As

enbodi nent, when desti nati on-based
thedgpp 85008&%06 A9 ugpdthgreinampiocesspomay dnaludd useaf a sihgle integrated

cir@t (009 or kil fnolbaiult I ulalin bt intdilea kbl ither
CO’(IE?nqﬂéi)me&Pféd,) arrangedwok giquped d@them,aemlch s corfigislidrg,onal
ml&ggf&égs%rsa%l% H!? L %le]grog?%gra?rﬁ%]%h a?lgq i)%flgﬁ%gsors, multiple core

tinati o
Pm@em)rso bbﬂom?IZE qmilcannmepucﬁicliﬁtefgxz&ew tirouitsQf ASIes") f @1l

ntext of the_fork, al S0 as
progEma B bordss (T PLRE. ST comBRIPR L S PRioiated memory
(such) aszHMnBRdXMGmﬁ&Hdl\@bmlﬁotB&VI@s%ﬁréo nentd NAGAT ter,
pore bits of the fork field 1030

o ke ensdiies e ohi Ik ProgagipTahHlde wepRodiolqualently
mepi and iethdecpfihgld I6eaH (%%He)ﬁ offSustdig 1e4IL A gfocéﬁalls

to re-execute a cont

nt t
iR e s, FEsT S ARG, Gnptixg C@@RW%éQﬁeormHmtbm
groupiig dfanRghitdd ﬁf&ﬁt"s vl;lﬁ@l@bér%'}m HeGhct iR 8L Ssilek

not part of the "fork sequence are not execute
assa‘&ﬁ?eﬁ R, SediAsHnicaPPrecasper mempty eradditional RAMeDRe»M

SDRAM, SRAM, MRAM, ROM, FLASH, EPROM or E2PROM. A processor (such
as processor 1215), with its associated memory, may be adapted or configured (via
programming, FPGA interconnection, or hard-wiring) to perform the methodologies
of the invention. For example, the methodology may be programmed and stored, in a
processor/controller 175 with its associated memory (and/or other memory) and other

equivalent components, as a set of program instructions or other code (or equivalent
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context is the sanme as the current context, then

execution of the forking (output duplication) has
wheen/1¢eanpl et ed. When no fork is indicated in PCEUS007/014394

1030, the elenment controller 325 sinply determ nes

what ot her contexts may be ready for execution, and

25 proceeds accordingly. In a selected enbodi nent, an

optional "interrupts" field 1075 may al so be

provided. This field may designate, as part of the

configuration word 1000, the0Osetting, masking, and

detecting of interrupts, including when a context

confi@rtties or othBeplgrdth Pfor Ulibdeqaém ex8EMioa8Hhdtht peoceMer is
0 Also in a sel ected, enbodi nent, an optiona

290.
opgr&%g? I PRYGESY pajagd f@tggionifg). Fauiyglenfly eyhen the processor 1215
ma}E%iI8ALRed hRWhBRE Parl EP@As,[dbStok "R mﬁ%ﬂgﬁsg the FPGAS,

a const ant. For such a Qonstant, It Is gener
cuptamCei S ICs 7dsq may ha gesipned gonfigured asd/anbardswired toAD

i Rend S e Bdloky SR iV Chifbh roR xR My Odmay be
implemenigisasaant arrangdment of prod@8&rsacantmllsrs, uticdopredsdops, DSPs

i ndi t A ta.read Location (e.g., whjch.
antfBUARIEE, FolEANal R8I R SRl S5 CpPocsat ahip pre
respectitely grogramswieti céiésighedeadaped orteonfigliredns ém plensind tHe

5 .a canseguence, ..as di scussed above, the
meffidiiSey S iy P R SR B W BRBRTed uer ng. n
pluralit y‘Mémogn‘lb 'asnasteifddmﬁéinj WHich ngBit iBsludehil dé;ta Q‘ﬁaéittlﬁ& €or
e .various fi s of the confjguration. and contro
da{ﬁgﬁf)’fﬁ%gf 8%%’03’(@3&1 BB AERGPT %{ Fap-speludie wishin any computer
or oz etichindiesddbie dma kioPatfe the@lLAS nttbrlde6ice Sk SRRk i?éage or

indi cate that a context 1s both ready and shouldS
copypni¢ationdexivs fpr storage o cemmBmicationef infhamation, currently known

or WHIH BHEbRek Q0ai®{bid fh thi FunPd) ﬁmgding,%tﬁlla?liﬁug{eﬁ ?g’,pclo&gﬁlrc}%'
k 'S executed. I'n

_ task or action (or instruction

intggratedrajreuit (el eeramemoripertion of pn dntegtetedrasilti(suh aartbe
Q83 i I ' | h t el f-heal.in

re R AR ey SRR TG Ebos Sthckbet Whdle SEher VGRUIE Peper

rerapvabdid aEminsreaneyabba didlydiag pathent limftaton RANICHLASEL DReAM,

S ' {08 A iLient, idin
SORAM SRR PR ANLRERObUE Ry, EEROM SPE BR8N gk o form
of nmync]ztxy deeiceuch@s agagmetié htuhledr_l\@, aﬂﬁﬂticﬂé aﬁzvﬁ,kd iniagﬂet{cQIisk or
new f eat ur.e ervices, Oor | ,. and ot her events.
ity Ehsion 8, B macdioiratitls o ot mgney opia such
as eleppy diskp® ODROMYfa CDR WE digitall 28R aRd dik @VIOF ¥k §@er optical
becones unugable, ?nother portion of the ICis
MEMPELRG AP JFeLIXRY OF MEHOTY SITags Biegivey ar dlatasteragy appagpiys or

cirPgik, fvatiioh iSIendwiN6s Whith HREombdRnAARREELARE h%)&pthe-@%f‘ected
resent invention allows a single conponent to be
BRIt I EA oD, SHal CamRYeR srachBlg anadye irclydsd any fomyobf
cotnRBinitalioh n¥ddia vdh%mgix;ciigéqcorﬁﬁlttmaééﬂi@ Msﬁ“ﬂéﬁons, data
structures, program modules or other data in a data signal or modulated signal, such as
an electromagnetic or optical carrier wave or other transport mechanism, including
any information delivery media, which may encode data or other information in a
signal, wired or wirelessly, including electromagnetic, optical, acoustic, RF or
infrared signals, and so on. The memory may be adapted to store various look up

tables, parameters, coefficients, other information and data, programs or instructions
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are reassigned, new control and data pathways are al so
created, so that the transferred operations continue
wa o00pesfsor m seam essly with other | C operati onBCT/B82907/014394
adaptive resilience and self-healing may occur in
real -time or near real-tine, depending upon the
sel ected enbodi nent. , Such resiliency provides for a
graceful degradation of 25 performance in the event of
damage to the I C, rather thap a catastrophic failure,
and is especially signifitC t-in health and safety
(oﬂﬂ@%&ﬁ?@t ieo It is . to be understood that this
applicatio BESeid duventiony; taaehotheg pyrses af tshlesseikch Wa detabase
tabdgsd net hod for resilient and adaptive integrated
circuitry wth self-healing capabilities. Al though
t he i nverty Big3ted ahoue, thépmciemcuhﬂ‘dﬂldragﬁeﬁ)rdgﬁhrﬁﬁed, using

sofsp@reiahil daRNIREHIBNS Sihk & ,?S’?erftgg ?}?&}eraflgstgd%rnpo%zhg E:gmpilation

me%elﬂygillustrati\{e and not _
ol oAb ool i IHTRIU a1 et of
(] ! . .
el ect [oniec cor[f)lgr?gr? sb,oele%eac?tsf’ HeE WHEhgrevidessugh WO
PrOSUPR 1o gthdms tuR2005, s0EK 394 set- I IntARABES hRDSr metadata
emBELEN ﬁxag&g ?l{e{_uct utr,lal vcélri ations, to provi ded
t.lt_qrégr ogg UhderBPSh EfadaPLe sredivm o di addition onetadatapraysaing be
utiljzed odefme thervarisks HiRdirbemtdi st ny
Sof{“gaggg}gi 28, gﬁv\%}ver, that an en‘ggg@yngﬁ%abgégﬁ%ﬂgambase' Such
l inventt on ‘BN IEmptsoprcesd ohiacherde, byavayasf examlednd WRhout
imigpém. fSourcet ddel farthef miy b aratus, systens,
ob'&%%&?b&.i @S,. 5 corrponrgﬁ%'s, c?rltttal? g{?(li gﬁgs 0%5??’3‘ Oé’cnét.r“?tf‘fms or
Yot fiR7° YREPAmEassenNly llanenegminstrmetiinsrorsonfi gl gbh #fSrmAfon),
Theopéimaié, 866rcalc8d88E me i f 1 own or described in
to avol d . obs Eﬁﬂan%ﬁgé }eég%sl ngengﬁ?Bdﬁ?Yn%?@bwled as

et ai
any 3%%6 %é“é’ésn%mhﬁ\? &ntGion Systemd dIIB AOXML R 8Bie@HSQL and jts
varibighs' (@ %. . & t cal e houl d not be
. eB(glfgar(d gd a(gL Pigrﬁr?)? %@%"‘%P& S%E)ag% &yagler @i anyraler
P, RARgramypiagdanguge milidheperfurmbAhP ARRASSAlty d%@gﬁsggmeg?n
o pd

incl@fthe kL 0 te processors 175, adapte
e ?orﬁ?usflaaé&?’g%ec RGN %"%&‘é’@&%%&?@éﬂ@i@agaﬁ@g, Verilog,

r

e
VHIGLoREE3 and resylthe damtass AR iake CYYSH r e
c‘coﬂs%&gr?yggm%?c(gart't qf .t he (gi g’ of t h)e?r%ilgtcgﬂn%&}f?f&e’ 340,

> and-ray  BEUERY > 15PHRYaEE constyeR s dsofiwaBnasnskler |

etc.,
equizgenthaberaing ormams ahdikdfyrsay ahd R essor . or . :
any ggnq{)p&rscgcg sor, e.g., ARM %? acl:_l{rqlgl- f%?g?a%r by ad, with
npl erment ed U Y{Blcbnﬁ’ém@#e%mr@nmgem&edm pidviddet €r m
assoginted fesaionatityusiad e th8 A8 r. .i.ncl ude use
proc@sofos] ggl e int eg?at ed _E}é isge QOELF%FWC%J?%E%?“?‘F&? Toded imgo a
Use Of “ONER ald §xecued; inclaging thel poicesstir 1918 foPbhple).

conponemhs s6ARARS hitthdatl, bR BARH sQlrcd (r:é)éjep cgtﬂait: 8 estexgtieiémtion

and aSnUCh%@S cgnt ol l ers, m croprocessor

pr&Etuns lte{ln@gegt cogardatdbese, pr tedsgoable) MdytHeRnSbodied
.. , ’ e

withihGihg tandiBle@sES meGHl?ri,%g%l&% T}ya@‘f tb*: 38&1&)823 ?)P ce)tcl:;er Lnilchine-

d ithggglat ed circuits
Teadable data storage media, as computer-readable instructions, data structures
E

program modules or other data, such as discussed above with respect to the memory
1220, e.g., a floppy disk, a CDROM, a CD-RW, a DVD, a magnetic hard drive an
optical drive, or any other type of data storage apparatus or medium, as mentioned

above,
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20 programmabl e gate arrays ("FPGAs"), adaptive

conputing I Cs, associated nenory (such as RAM DRAM
wana7ROMp4 and ot her |1 Cs and conmponents. As a PCT/US2007/014394

consequence, as used herein, the term processor should

be understood to equivalently nean and include a

single IC, or arrangenent of custom|Cs, ASICs,

processors, mcroprocessors, controllers, FPGAs,

adaptive conputing ICs, or sone other 25 grouping of

integrated circuits whi ch pé92orm t he functions

di scussed bel ow, with associated nenory, such as

m cr opr ocdBY O mrﬁacys oraydadiviplandlte RAMndIRAM maPbBAYhe

knfs?ﬁc as “pr g@éA A r% ﬁ%ﬁ i%l)oe(%%\cﬂﬁ Hli}t%gn%gg&@plgg :agfglfe;‘%;rgﬁrayﬂahon

formalpvbeoltage mremtsmr to duntifyey @ith (a\l'hgher %ﬁgééié'ﬂﬂtfb@ buk; R various
hard-wiring) to performthe

swlitg{nﬁg g_‘g){ i Iclléxlgm(s) 36 8 Frapﬁlétqrﬁ\}% m:pdrﬁnop%}mmm@pgectpm ®n or off

in respéred ab eigyaliny fibm GkEERIERd 1RAGIEHA BRI
ocessor./ cont ol | er ?gS wthits lasso‘%igzflltdeguélﬂface g2y also be

ad pg 0FECEY s AR %%pwlt gl‘gga]@tepggqmalb'cfmthabm such as through
hardoWRaNRe 0 t her
code OERSB lﬁsé enﬁ]%(/\lﬁ)fr2007 g@g@ﬁg&%ﬁéﬁﬁ Z’Sa@4
algoﬁ_légn%{ﬂﬁfng\ml ing, dor examutltre rTIprI@ lram)fatfeanaﬁ phﬁleﬂau&mhecuon to
anP e W bad oMHEN oD Bir RS ORES 5dl{é\%au§}§er at | ect%&i1 @H:hftﬁcgure By

power ed on and functioning
way Pé g548ple and Yot llnasatlpn;mel'rmrdlmﬂcmres\dhdh&e DiduBety IStaslard

ol S 54 0 A S
(MEay)dbusi Pariphenl Ecmmmhﬁ%rb&m&e(ﬁﬂm 8hLe QSBAIbeuE & any other
exa t he essor

COIhH‘Y'ﬁ{e‘]’%%‘?] lasFlgrgaléng nt% éH%thg eg}eg)dgpg\\érTsl satellite, wireless,

and:smim OThel/®), inter a0 i CRSiSsHl Sme kol s kﬁf\% |
oGO | eCt”éle&/ referred to as a eontiroll erfnﬁ?bg%meknownm
o4 &' Koy atg, FerEpugicgtion befyeen itheprpcersoyamhiie chetwork, using

an)dzﬁiiih@ﬁlﬁe stadd @l @S UneCFihd BHRE P, LB SIRAL fﬁp?tﬁncglrds for

netho | ogy of the invention, In conjunctlon
I withouplimgatjon). as used herein, which may incl ude

a data r r be e ed in,
PRl hon L ARSI S SR
emb‘f jBentiaeht Aecifia tmbaediventy méamsalyn af'ﬁ%ﬁtlltﬂfﬁlr BB, )étructure
tion devjce for
o GRS BRI 5 SSBEo URSSTL 1SS, o
onejgiphadiment affthe prdgemfmemtmnainhablt Bedelsdrilp n{ s an%odlmenctls and
i mi i ntegrate
furt(l:xlglf (Iz:atéldr%& %ﬁf%@%ﬂl@lqgfeﬁ%% 8'an SH{{FGHD na%,lpt1 @p@t@pmqgg, the
parig¢lanfeatutesy s:tuhcasrﬁsm chae&tefiiﬁﬂés @ﬁi@rs)seclwﬁc *&lhibo%\ll\rﬁertnhof the
r et her. .vo] atile or non-vol ati

prefEC RN el G e FiEARL 0y Shiteiamamgehan oy sutable
conihmattomtwmhil oM midkAStHer £RBOimertRMMIu d'%m e JBWselected

EP or EPPROM or any ot form
features NLhout corresponding use of other features.” In addition, many modifications

may be made to adapt a particular application, situation or material to the essential
scope and spirit of the present invention. It is to be understood that other variations
and modifications of the embodiments of the present invention described and
illustrated herein are possible in light of the teachings herein and are to be considered

part of the spirit and scope of the present invention.
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of menory device, such as a magnetic hard drive, an

optical drive, a magnetic disk or 20 tape drive, a
whaood/1¢i4gk drive, ot her machi ne-readabl e st or aper/v82007/014394

menory nedia such as a floppy disk, a COROM a CD RW

digital versatile disk (DvD) or other optical nenory,

or any other type of nenory, storage nedium or data

storage apparatus or circuit, which is known or which

beconmes known, dependi ng upon the sel ected enbodi nent.

In addition, such conput er- t&hdabl e nedi a i ncl udes any

formof 25 communi cation nedia which enbodies

conput er It E’alléi alspdei thmzd ?ﬁsonﬁjﬁt Igoieﬁdiﬁ tHe Elélh%%ts depicted in
th ata in a data S|gna or

S PR A R T ler e i Pl o b gfanner, or even

rerppytedcairendeared gopeable inrcetthineiasés; angiR9He ﬁ@ﬁﬂﬁph&%}dance with
ellver nmedi a, which may

i.nf or mat
a paftfuld oliciOh. BB o GRed Combiohtions olscammtmentiiaraiso
within thiersebpesaf the inventivg) Ptiellagy f&mﬁxhgnts %’Wh? separatlon

. or 30 infrared signals
or &rgﬁl’%aﬁ%gﬁ écrgtfamqeatsgg B‘a(ggq}'agm@ql}gcqrm@ke Llp addlnon use of
thetternh é@oupn)al’ arepéif] SeluaDf il ikl Ritfols (9‘%}'\%9851816 g; Q(E@gﬁ);t&g or

«. . an rograns or instructions
0;9@%}3 25’(‘}? Hansiggludes any disect onindirskt electeical, strinetural or

maBh@RaituplifY, e(fbtxﬁ@&}on Qltungﬁt 5 %aeaéta?fophog kc):a](:?a 1ﬁ tfc])r such a

dat abase ftables. As in |cated a
dirggt ot iclineet eleefricall baucturabor mapnariyrauptidy, dshedion or attachment,

R AL Rt PR o o o

threugh apethesgomponenit i on. As a consequence, the system
and neth the present invention my be enbodi ed
as soft waggg\%%norﬁ aﬂ&os\}grﬁ’éérrgﬂ'é i PieghrwmasAjewes shavdd be

considstadumily exemplang nd soalit@fing) unieds Bﬂl@ﬁ’vis@ c?fqéje(llg noted.

enbodi ed thin nput er reada
Cm}{ﬁ&%{ig}.g[ ? ‘%?m%’teaﬁélvfm g %Wlﬁlaéw hfeconmdcrqdzxemhmahu s.fqpa @©f the
pre:tdnemmm om, atkadidarsy) WHede
‘ %’ﬂ et WHEc oIy Boropabd doifi R urblear or

UEEHVE tra@, “oiy agaige diiereincamg thromgbowt thé olatms that
follbwmstg%héﬁ[ly iRRHA& LGRS ‘faaaaycjger tpoemc Irr?lrl ﬁl;{g ‘fd etfllﬂ to

di sonme formof instructions or
IsjyReieynsAningsfand és aaisonfined orm ‘@Kchlsnfﬁslog’u frethhiol unless
),

othdrﬁifi&rlﬂafchtéﬂ) As vsa8 i Bl d@%lﬁptl%l%eéﬁg 8%3 glgrogghou& ﬁ@ed‘?lﬁig@s that

present i nvent1 on

t he
foll@,\fv, ‘aa(’)’d‘éan s alach “the” @,ch.(deipluﬁ}/ﬁfaﬁﬁceshhﬁks tﬁ@véonté:ﬁ\é?early
dictie® Wihertdse 2AMGsd ISusha mﬁqr Ié%szl r%?t%er%n og\ghglgwhe claims

pro rletary versions o
thatfolet, the ypnits i Gy metieg - ARgUGE" Whle SR EbARKIBAAP

(ha%@pgﬁfgpg Lity discussed herein, including various
Ware definition or hardware nodel i ng | anguages

(e.g., VBhd fom@omgl&lﬁlcnpﬁm}))f ANdiraed @Hbloﬁgngﬂg 3?91%%resent
mvefn’tll)g nél%dglg wlgi)ss dgscrfﬁs din &g rsltsn%grya%rr] g? 1n the abstract, is not

intended to be exhaustive or to limit the invention to the precise forms disclosed

fore

herein. From the foregoing, it will be observed that numerous variations and
modifications may be effected without departing from the spirit and scope of the
novel concept of the invention. It is to be understood that no limitation with respect

to the specific methods and apparatus illustrated herein is intended or should be



“construct", "programconstruct", "software construct"
or "software", as used 20 equivalently herein, neans

wapahnefser s to any progranmm ng | anguage, of anpCRUSHN7/014394

with any syntax or signatures, which provides or can

be interpreted to provide the associated

functionality or nethodol ogy specified (when

instantiated or |oaded into a processor or conputer

and executed, including the processor 1215, for

exanpl e). The software, netH@bta, or other source code
im@£~ih .gr sent invention 25 and any resulting bit

P '?6 j%8 CPUSEdEtendad sheavsr by thd appendial ¢lakhe)ll SRy be

maelifiatioad as BatWih ichl e ;st orage nmedi um such as
any of the cdﬂ%ﬂ?ggyg%ﬁ%%EQFCI?ﬁﬁne- readabl e data
storage nedi a, as conputer-readable instructions, data
structures, program nodul es or other data, such as
di scussed above with respect to the nenory 1220,
e.g., a floppy disk, a COROM a CD-RW a DVD, a
magnetic hard drive, an 30 optical drive, or any other
type of data storage apparatus or nmedi um as nentioned
above. WO 2007/149494 PCT/ US2007/014394 - 102 Any 110
interfaces may be inplenented as known or nay becone
known in the art, and nmay include inpedance matchi ng
capability, voltage translation for a |ow voltage
processor to interface with a higher voltage contro
bus, and various swtching nechanisnms (e.qg.,
transistors) to turn various |lines or connectors on or
off 5 in response to signaling fromthe processor. In
addition, the I/Ointerface may al so be adapted to
receive and/or transmt signals externally to the
system such as through hard-wiring, IR or RF
signaling, for exanple, to receive information such as
algorithnms for conpiling, for exanple. The I/0O
interface may provide connection to any type of bus
or network structure or nedium using any sel ected
architecture. By to way of exanple and not linmitation,
such architectures include Industry Standard
Architecture (ISA) bus, Enhanced | SA (El SA) bus, Mcro
Channel Architecture (MCA) bus, Peripheral Conponent
I nterconnect (PCl) bus, SAN bus, or any other
comuni cation or signaling nedium such as Ethernet,
| SDN, Ti, satellite, wireless, and so on. The I/0O
interface may be inplenented as known or may becone
known in 15 the art, to provide data communi cation
bet ween the processor and the network, using any
appl i cabl e standard (e.g., one of the various PC, USB
or Ethernet standards, for exanple and w t hout
limtation). Reference throughout this specification
to "one enbodi ment”, "an
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enbodi nent", or a specific "enbodi nent"” neans that a

particul ar feature, structure, 20 or characteristic
waele®ecnided in connection with the enbodi nent iBCT/US2007/014394

included in at | east one enbodi nent of the present

i nvention and not necessarily in all enbodinents, and

further, are not necessarily referring to the sane

enbodi ment. Furthernore, the particular features,

structures, or characteristics of any specific

enbodi ment of the present !PPvention may be conbi ned

in any_ suitable manner and in any suitable 25

Itigedammedit i on with one or nore ot her embodi nents,

1. includingngﬁgmgagcg%uﬁgh cted features w thout

correspondi ng use o features. In addition, many
modi fi ca® bbuality pfpompositrierduit eletapts aeaph compobias circuit

[ ] ' ' ' material to.,the essential. .
clerfifff cofiffhisfila Gicddfiphdile Yenliht Fiedrco sl ortesponting girgput
elemend ef stphalityheft cistultedenantitapdsper-h cantposinél gfrélﬁﬁélgﬁigﬁt Bkgving

t he enbodi nts of the present invention described an
at 10BN SR orh el SusP B S comportie PGt Slgmeptef the
plurhBcdf dogspdsite eirbuit Bdmdhes Ha@idien SANSIrS@E SdmeRtype df td1e

and ?co e of the present invention. WO

spirit. ) .
Plurﬁﬁ@?‘?gﬂ’&‘&f L GERS07 PErPad sampogigacirquitglemeny afghe plurality
of camposied ikt d1BAbnQMEviRk a@E&g@éiréﬁ@el%gﬁﬁﬁbé oflﬁlg'éﬁ\tn%ﬁty of
. in the Figures can also be inplenmented 1 h a nor
circuid glemang tyges; nt egr at ed manner, or even renoved or

render ed, | (=N Y o N0 [ ef ul

| accor SERRaRy S pSmullol BHiof cftrbARE ourd (e Bkttt
compRsiggpizguitclementstartbbi nat i ons of components are al so

5 withi f ' ti.on rticularly far .

erbod ment e R Ao b L RO g R o CoBbnlc ieui
clemfindtand o the phoaléiytef commmdtamn adémentsl the etard fhehind Blement

w20 435 S Dl BT SR, L 1O
secd&wapibam tie, seomahsorapshite R vl eRendy, 6hd1t6 ptoVle G HREL
..electrical, structur or rmagnetic coupling, .
virtg) %ﬁ{?&’ﬁ‘otb?“ﬂ’rg dt %eiw?de?ﬂfﬁlmafw%%rpﬁlsmeah ofthecrlpeity pf y
cominnicdtivh Aerhhisli k@ th@at 1629 bhe 6litpdt 8EMEITRH composite circuit
structural or magnetic coupling, connection or

elemgnt 10 fhigeat deast onecingut pigthe secod somposiss eischitelapenent s
and conponents which are coupled via or through
anot her conponent. Furthernmore, any signal arrows in
t he dr awf ry&rRraus ekcleino il whirein the mhirdietyed aireliit element types

; te b 340 Rg. erw. se.
conBHSPL AN PRURLRS ol i SR IS WS Rimnet of
configurplle\glgmentitypeshe mpormgy dlemesht wpteh i plurhbiéty scfepammadnitdion

Y ' | | ere.the ability to
elen%gjga a%’eédc?f@tcl)lﬁﬁ%g??éﬁ ﬁ?}lc% a?ylg\r/é@m?%nrt &8abl e. The

di sjunctive term"or", as used herein and throughout
3. t he cl ai f .ntended to nmean

"and/ or ﬁ%s%%)\l’# %’trf]aéu so%’tclﬁgl&%]! ‘%h%?’? y glﬁj‘ﬁ circuit element type is a

first configurable element type of the plurality of configurable element types, the
second circuit element type is a second configurable element type of the plurality of
configurable element types, and wherein the state machine element is further adapted
to assign the first action as a first configuration of the first composite circuit element
and assign the second action as a second configuration of the second composite circuit

element.
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di sjunctive nmeanings (and is not confined to an
"exclusive or" neaning), unless 20 otherw se
wo pa7astsed. As used in the description herein BEMUS2007/014394
t hroughout the clains that follow, "a", "an", and
"the" include plural references unless the context
clearly dictates otherwi se. Also as used in the
description herein and thr oughout the claims that
follow, the meaning of "in" includes "in" and "on"
unl ess the context clearlyl Ofi-ct at es ot herwi se. 25 The
foregoi ng description of illustrated enbodi nents of
the present invention, including what is described in
the summgy t {8 L ed to
% exhaust i veé(ogpz%r 0?8 aﬂf‘%é | ﬁ]\r/eélhthe SﬁﬁF 6nat°ﬁ ‘?q%'g?’ktés Rither
adaptedns obltatic tlms[iadt cdlﬁfgarmlonl%rrﬂrﬂrktf‘r&nf@ﬁ%m €lgment typt ftom a

firs SR 19 S AP 80 &1 P el SreemB. o nEgpFion Age pscome

config@rabpd <E1tdu1t%l5m§ﬁ@®§e %rri 8ecdfd B?x’ﬁﬁbh@ AeisRdle@bnttdiRing a
i pvention. is to be understood that no limtation

runjitpe, F’@%thhetﬁé“ﬁ%o%ﬁ%ﬂﬁ seconst #6698- and appar at us
illustrated herein is i ntended or should be WD

2007/ 149494 PCT/ US2007/ 014394 -104 inferred. It is,
5. of cour s&he pppaails ¢f clhim @y svhergjn theditsppanbrlis m,qtbatmsement

for o s TR S0 A8 8 ) DY Rl B Rs.

comryugicationstd: th& at Mstappanmtuﬁ tipsaoond compositepditoudt] dldryeraf
conposite circuit elenents, each conposite circuit
el enment conprising a correspondi ng el enent interface

6. and a coffhesappardius @f claim i, tvhredh areesetond syanipdliv witlidtylement

f circuit ele each c e circuit
furfr Eoriiseh orheR e hedRERE SREARASCIRE fink 8 & dbGomsppication
fromuh@ut lead ohe mtput ofMeSikecdihpdditt Cirehi€BRMenef t he

plurality of conposite circuit elenents having a first
circuit element type of the plurality of circuit

7. el ement {ypagparatus F e A0 WRRSIA ﬁaeqtehe %&hﬁleeél&ﬁént% further
the plurality_of conposite circuit el ements having

adagieddpgsdign tifm firskactionrip the et egmperite stitgpi|elengensfand msngn the
sec&ﬂcf §Mich t8 |tﬁ’éT§éEBnEl 369@1?05& {dﬁﬁt%llérﬁé(nt 11 ﬁg’@ﬁ&@ﬁﬁlﬂ@non that

el enents coupe uraltyo
botl hecfist cc@hmﬁemosrcuawélsraerg and ehmehm¢1€0repmmrcmmtﬂrwt are

Ope}ﬁ,{glgﬁ gérw ality of conposite circuit elenents and to

Ity of conmunication elenents, the state
machi ne el enent

8. The apparatus of claim 7, wherein the operational determination is at
least one of the following determinations: a periodic diagnostic performed by at least
one composite circuit element of the plurality of composite circuit elements; a
background diagnostic performed as a selected context of at least one composite
circuit element of the plurality of composite circuit elements; or a comparison test

performed by a plurality of composite circuit elements of the same circuit element

type.

9. The apparatus of claim 1, wherein the state machine element is further
adapted, in response to a detected fault of the first composite circuit element, to assign

the first action to a third composite circuit element of the plurality of composite
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15 adapted to assign a first action to the first

conposite circuit elenent, to assign a second action
w0 eoovhe4second conposite circuit el enent, and POI/US2007/014394

provide for a first wvirtual data link through a

sel ected conmmuni cation el enment, of the plurality of

comrmuni cation elenents, fromthe at |east one output

of the first conposite circuit elenment to the at

| east one input of the second conposite circuit

element. 20 2. The apparat-u®7ef claim 1, wherein the

plurality of circuit elenent types conprises at |east
cirduiteel@hentbahé ehitdybrigosifelciiduit eRInIN RhvihgR&Sicuit element of the

lurality of confjigurable elenent typesg, a,nmenpry .
firsL B NGBYPE BRSPS e RiBO AP L HoR AdRR e s Rrovide for
a sdovRESirnANda IHkUhA ghYa QimMAeRicasH d18MeaD be iRl MRy of

types. .25 3. The apparatus of claim2, wherein the
commpagicalion elgments, ErEhtheray lrasy epeputpyt of the hird; ompgsite circuit

elefabfiBthe &%@Qst%fneti tRIFWeAlekbbd E’ng&%i&léhﬁ*éie?n&lt?”em

types, t second circuit elenent type is a second
configurable el enent type of the plurality of

confi gur e ' .
10'malc hi ne g?% %@ﬁ%ﬁlﬂ}s%rb?lf H{ﬁ’elﬁ ’vg%g%{l \g%e%%e%éég&fegg&tg Rtels further
adapieds in mspémse tae datectadsfaukt ofiflieffinsttifomit adémeitetd assign the first

conposjte circuit .el enent a assi the secopnd. .
ot iR hirg imbgle cif Hfhen ARt PRy P EaRBRE N bircuit
eleﬁx@ﬁ'}spﬁiettbirjt compbéite ﬁfcﬁﬂﬁ‘l&mer\;}t@aﬂﬁ@ﬂ éﬁﬂ:ﬁﬂ@eﬁl?:mcljlt of a third circuit
PCT/ US2007/ 014394 -106 4. T aratus of cl ai 3, .
clefpgBt Pt AHIDE SEImALINRS FEMEPLETEY AR 1P Vida (b e
virtua] @dth &hR thdagh blcdinnb@ntdtbaddrhant, 8Nlle fphirslity of communication

configurable elenment type froma first symqolic
clepents; grpmeqhe RE HESLANE QPR s thitdcomposiie Citgt Figmeat joghe at

1eamesgﬁﬁr&ﬂ§e §R8hd agﬁlelséiﬁ:l SGtduaiidm&liement type froma
S

second synbolic netlist elenment during a run-tine

bi nding of the first action and the second action. 5.

11.The appardelioQants! & Rifh 10RAHAR tdRadk!dh itV IBALAL:S
netlist ele t urther conprises a p0|nter
furthes adarded togusetrestdied Stangformatadn thhteshavinga sefergndatoathe ghird

o BT £l ef LR f\Gallel R £ Godghput Of the second

nposite circult el enent. e apparatus of claim
4, wherein the second synbolic netlist el enment

further nprises a i.nter .designating the virtua
2ejata |1 nid BEPRAGR ORI i A T Ach ooy Padine e
int&fc@ohiptisenf the first conposite circuit elenment. 15
7. The a ratus of claim1, wherein.the state machin
el ement irz)igt%‘shpleﬁl&ry coupqecmo the correspondltng cucma}t e?ement, the %rst
memory adapted to store a plurality of configurations as corresponding contexts;
an element controller coupled to the corresponding circuit element; and
a second memory coupled to the corresponding circuit element, the
second memory adapted to provide a plurality of input queues for data input to the

corresponding circuit element.

13. The apparatus of claim 12, wherein each corresponding context defines
a configuration of the corresponding circuit element, and either one or more data input

sources or one or more data output destinations.
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adapted to assign the first action to the first
conposite circuit elenent and assign the second
W@ewrom4pp t he second conposite circuit el emenPCT/US2007/014394

following a determ nation that both the first

conposite circuit elenent and the second conposite

circuit elenent are 20 operating properly. 8. The

apparatus of claim7, wherein the operational

determnation is at |east one of the follow ng

determ nations: a peri odi -10§; “agnostic perfornmed by at

| east one conposite circuit elenent of the plurali tf\{
14. of corrpd“shetapp&namsmftclaeme}ﬁem@rellaﬂwsﬁlblaék'gq(mﬁﬁ'ﬂcr is further

st C t
adarfE 3B S P SRt e SR YRS el i g FRE
menfoRVEIStite aOslel‘:@x\d tordanmnd istrieve tlie congu statomd wsome

performed. by a plurality of conmposite circuit elenents
the. st eqryets
execgpm@ﬁg ARt et ¢ el enent type. 30 9. The apparatus
of claim1l, wherein the state machine elenent is

further adapted in resE:Fnse to a detected éauli of t of

15. the fir Skhecapppesdns of cdaipy [R-tWhergifhsaeh corgmuniqagipn efement o
uhad ﬁ@t hfEnEORASH dnsrides i t el ement of

‘heélh’aﬁﬁyﬁf%‘?‘??y A onpos te WD 2007] 149494

PCT/ Uszmnegrhng clexmnt biteréaset 2»d enent s, the third

conposi t.g b ihRYh Rftchit Clehfeatt el ement of

the first &Js?%(liltlge emant1 type, candet he state nachine

el enent further adapted to provide for a second

virtual data |i gr‘mf] ' LEeRMent Afth

the pl ur'glt ?@Pa #hSBP%g?%g‘ﬁ%n !egrrtg{nétrggc rom tﬂﬁn .
coxdpetaest one out put of the third conposite circuit 5

el ement to the at. %%er\’? e | ut &)f t he second

conposi t 2°YTTRLR mgle i'g erﬁ‘é apparatus of claim

1, wher ei BorkdipotiliapStat@shatiiae elrewieslement.f ur t her

adapted, in response to a detected fault of the first

circuit elenment, to assign the first action to a
y7.third Com@%ﬁa@atﬁk bEMaim 80 SWREkirOhe lel@nditht Witatfhdeyfudther

conposite ciTcuit 10 el enents, the third conposite
comgprisesii t el enent having a circuit elenment of a third

circuit glapt T Inotrjyg &xlérpﬁi) thb %n:éﬁx@&ﬁnﬁﬁ@ hhd&hiR BeRBEy

further a to pr for a third virtual data
adapied ko prvidegh phurglgiof ot duenes If@t@ﬂ{l output fraE he GHERitt y

of .conmmuni cation elenents, fromthe at | east one
element.

output of the third conposite circuit elenent to the
at | east one input of the second corrp03|te circuit

eI ement . g‘ﬁ? néf)"gg'rxt-ll-lrs] Bf ﬁ?rgrla,t %ﬁ%ﬁn ﬁle? colfiEfi& 19 a&ﬁ]ﬁed

state ma enen fur to use a
for atselee«édtcbamf of matplmhtyw centeats, mgchaecrt eﬁ erentiontal thgelected

conlth[t gy t}é% r%gts él‘éreneﬁt wﬁgrlx 5 se e&ng mputt aﬁe&er rxsesy%nd%g {oht%e
selected context has input data, when a selected output queue corresponding to the
selected context has capacity to store output data, and when a status bit corresponding

to the selected context is set for execution.

19. The apparatus of claim 18, wherein the element controller is further
adapted to arbitrate among a plurality of contexts which are ready for execution and to

select a corresponding context for execution as a result of the arbitration.
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20 12. The apparatus of claim 1, wherein each
corresponding elenent interface conprises: a first
woreovonyd4epupl ed to the corresponding circuit ePERERL007/014394
the first nenory adapted to store a plurality of
configurations as correspondi ng contexts; an el enent
controller coupled to the corresponding circuit
el enent; and 25 a second nmenory coupled to the
corresponding circuit elenf t, the second nenory
adapted to provide a plurh[}fy of input queues for
data input to the corresponding circuit_ elenment. 13.
20. The appéﬁlﬁt%a@fumfalmlﬁ wWhisesisithe arhitrptionripwpieroents algeast
one GOBE eSlioWR! A6Rratidh nfett Rl 1. HLAGIn Y phidlSty, a most recently
corresponding circuit elenent, and either Ohe or nore
execytedaa lepginecenibuexasyteds omerchodulpd eweqition. out put
destinations. WO 2007/149494 PCT/ US2007/ 014394 - 108
14. The apparatus of claim13, wherein the el enent
21. cont r ol I'he apparfatust dferaimatiapgicecinttbe slenreat mtatiiceenimprises:

state of artial execution of . irs optext in the

first  rdgeioly sfiieata @t st ierspt B Rt Figmety pdioted
to stbfeen gluradlien bf sdrefi guratishsra® SurrespoRd Egontextlf the first

context. 5. 15. The ar at of cl.aim 12, wherein each

conmuni @Bﬁl?}ﬂe‘glc Hgaﬁgfocmpfeﬁéo b"l‘%‘f%u@“t ergent;

comuni Gadetoid AleRITRNESubled tJVBE cHenPElcifRSt, tAe second memory

correspond;&a element interface; and a correspondi ng

adapigshimupiPyide iaguialife of Inpat @eent for datp ingut tprke aispit elemsnt; and
of clai i hga nhIRES ddublRa t8 1M &r RGN AECHRTERE éé;‘ié&er
conprises: a correésponding el enent I nterface; and a
adapiest togwpviddiamjuesling of entphi queued for data aaiteutdram thel Graut
elembde apparatus of claim12, wherein the el ement
Interface further conprises: a third nenory coupl ed
to the circuit elenment, the third nmenory adapted to

22. ]P: g\r/ri ?ﬁél%g?a:pgra%&st %fd:%elfng n’:en uefreigl{ﬁg g[%xJe?l inqgrtf&e%%tn&)liiltses:

a first memory coupled to the circuit element, the first memory adapted
to store a plurality of configurations as corresponding contexts;

an element controller coupled to the circuit element;

a second memory coupled to the circuit element, the second memory
adapted to provide a plurality of output queues for data output from the circuit

element.

23. The apparatus of claim 1, wherein the plurality of communication
elements further comprise:

a plurality of first communication elements, the pluraility of first
communication elements adapted both to route at least one first data word and to
switch at least one second data word; and

a full interconnect element coupled to the plurality of composite circuit
elements and to the plurality of first communication elements, the full interconnect
element adapted to couple any output of a composite circuit element of the plurality of

composite circuit elements to any input of another composite circuit element of the
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18. The apparatus of claim17, wherein the el enent
controller is adapted, for a selected context of the
w@bawrakdsy of contexts, to direct an executi onP@CF/US1E7/014394
selected context by the circuit el enment when a
sel ected i nput queue corresponding to the 25 sel ected
context has input data, when a selected output queue
corresponding to the selected context has capacity to
store output data, and when a status bit correspondi ng
to the sel ected context isldBt for execution. 19. The
apparatus of claim 18, wherein the elenent controller
pluradityf off ¢dnaposde carduai ekandnts arrtbithe pluealgpofifirs colnmalicdtion
context s whi ch are ready for execution and to
ect a correspondi ng context for execution as a
result of the arbitration. WO 2007/ 149494

PCT/ US20Q7/ 014394 109 . The, apparatus of claim19,
24. e oi n AHESBRERLS G FGHN i PREIA Dedp | FREOnngR & cgpent i
distkibatedQlm dp Ngludlidy OF biteies1PAsb adfsistdrs, aHitdpleQbisdr 2

priority, a nost recently executed, a |east recently
dengillipl6k@, or a schedul ed execution. 5 21. The

apparatus of claim1l1, wherein the elenent interface

conprises: a first nmenory coupled to the circuit
25.el errent , Thpepparatys ofslaimy23awhpreénithetfll datorcongect element is a
crod¥pkf @litdyy of configurations as corresponding contexts;

an element controller coupled to the circuit el enment;

a second nmenory coupled to the circuit elenment, the

second 0. Provi ral i .
265000 quangarrhnRRRlsf 2o oBRI B Al Banlet cment s
adapted to @rahde et lemstony of theploBdwing plysical datailinkel emphurhlity of one-

the thir r adapted to proyide a plurality of
to-g5 B GTOR e IRRA B Ty Grpitas Bt G, ®mdhy-to-one
dateligkent . 15 22. The apparatus of claim1l, wherein the

el enment interface conprises: a first nmenory coupled to

the circuit element, the first nmenory adapted to
27.5tore a [hehphdrhins f chAIYWHALP IR Asrafif) SRR R tion

contexts; an el enent controller coupled to the circuit
elegptidyther £LoOBREISAd mermory coupled to the circuit

el ement 86 SR W mpala RSP B SAnts ORI Y

pluralit f}tptgfﬁaout put cqueuesm%uglradatgal %%?%Ut&frﬁ%gr%ﬁﬁhgfsewnd
comphpgightion elementitadap@d tThente ppswideiuat lodst ohaithirdidata word
bt £ ke sy Redi iy by CEMR b oo RRRN & sccond armay
of the phurality aficompekitsrein¢udt elements] ural ity of first

of
elenéltélrt,

28. The apparatus of claim 23, wherein the plurality of communication
elements further comprise:

an intercluster queue adapted to buffer at least one third data word
from a first array of the plurality of composite circuit elements and transfer the at least
one third data word to an adjacent second array of the plurality of composite circuit

elements

29. The apparatus of claim 23, wherein the state machine element is

further adapted to provide for the first virtual data link through either a selected first
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comuni cation el enents adapted both to route at | east

one first data word and to switch at | east one second
waelaaoa/1yavd; and a full interconnect el ement coR@EI/E200T014394

the plurality of conposite circuit elenments and to

the plurality of first communication el enents, the

full interconnect 30 el enent adapted to coupl e any

out put of a conposite circuit elenment of the plurality

of conposite circuit elenents to any input of another

conposite circuit el ement -dfllt-he WO 2007/ 149494

PCT/ US2007/ 014394 -110 plurality of conposite circuit
congthenieaticn elemieat dfihe plumbityi dfifiref conrhahicaiivmelaimzatsio? through

I nt s The, apparatus of claim 23, wherein the

ﬂm?WEgE?ﬁ?%V“%ﬁﬁgbntelenent is 5 distributed among a

plurality of SMAtCheS pass transistors, nultiplexers

or denu pl exers. The a ar.at us f cl.ai m 23,
30.0her o - THE SPORAR o P SHEraR BBy §F cepsaisation
ele@%@%ék(bogﬁmszhe apparatus of claim 23, wherein the

full interconnect elenent is adapted to provide at

| east ond POraliyeofdnsterqueyesepdi cal data links: a
plural ity fof 1BRonh&s QEndnf QHﬁpl@d’lﬁ) t@iH Bllﬁlaéfacoln‘lﬂ?)gﬁc circuit
a one-to-many broadcast data I'ink 0- one
elempnyg, thséulimterpﬁ@nmﬁsmnugdamectmqmp@eanmmqfatqueaposﬂe
%
ik he REIND bl LRSSl 61y FRPHH i
cormmna lcircyit efensmnt ofithe mlormtitynofoain mrsite ke tlenshesdretd the

pl a]t% qlst%vvltcrésat | east one third data word 20

en a array of the plurality of conposite
circuit el emsnts and a second array of the plurality
of conposite circuit T ar at us of
Lcl ai m 23 1hGARPERHS; é’ V‘%fhectgﬁﬂﬂ%%d’é'fl?%tr?lemem 1s

dlslﬂ‘:ibet&lrmﬁoxfgu{ pm@ahty@m‘pwma@es ga%saﬁnmatoe& GhblSpREkefURUE
ed to buffer at |east one third data word from a

der‘f“ﬁF‘B{eXEﬁSr ay of the plurality of conposite circuit

el emrents and transfer the at |least one third data

word to an adjacent second array of the plurality of
2.co nposi t d hg apparptus ofclaipils wherein the full interconnect element is a

crossbar switch.

33. The apparatus of claim 30, wherein the full interconnect element is
adapted to provide at least one of the following physical data links: a plurality of one-
to-one input and output data links, a one-to-many broadcast data link, a many-to-one
data link.

34, The apparatus of claim 30, wherein the plurality of communication
elements further comprise:

a message manager circuit coupled to the state machine element, the
message manager circuit adapted both to route at least one first data word and to

switch at least one second data word.

35. The apparatus of claim 30, wherein the plurality of communication

elements further comprise:
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30 29. The apparatus of claim 23, wherein the state
machi ne el enment is further adapted to provide for the
WO 2003149494 t ual data |ink through either a sel eRCEUS2007/014394

first WO 2007/149494 PCT/ US2007/014394 - 111

conmuni cation el ement of the plurality of first

comruni cation el enents or through the full

i nterconnect elenent. 30. The apparatus of claim1l,

wherein the plurality of cgonmunication 5 elenents

further conprise: a pl ur aliley of cluster gueues; and a

full interconnect elenent coupled to the plurality of

conposi f@hualit|efsecandepmmynicatien lgimentsy therpluratiee of second
comBLBTERbn algﬁféhﬁdacfa?te?ﬁ&l %ﬁﬂe ap %‘wﬁUﬁ R4kafiond tﬁ?&'ﬁ&ﬁ \td

circuit element o e plurality of conposite circult

betwgerarbinitarmay ofitye plupality of cempoditercitcuitedemperss tud & secmidtarray
3 f N conposite circuit elenents
of thg lrpﬁggl[ﬂt{vﬁ? c %sﬂ%: F‘{rg\hg %%r&%hs

O
e plura ust er queues. 31. The
apparatus of claim 30, wherein the full interconnect

el ement .4 s distrihuted a pluralidt f swi tches,
36. pass tr ghg i28p :glaéu,s Oﬁlﬁﬁatlﬁnpﬁ;gvggge‘% B‘el@“ffé‘%?? FYnERication
elem3ats filhlkerappgiratyus of claim 30, wherein the full

i nterconnect elenment is rosshar switch. 20 33. The

a
appar at f8 "YFTeysigT flusye a‘é\?i’é?cgforp‘tf at lpapt ongithird datgewerd

froméd RLAiray 6f thaARREE) $eodifisitel 8irdlit I8AThtsORR Binstdi®he at least
one tEmol | owi ng physical data |inks: a plurality of one-

d date yorsh o anrnslirsabircond eray phibs pleralityedfi omppsite circuit
elemBhi@adcast data |ink, a many-to-one data |link. 25 34.
The apparatus of claim30, wherein the plurality of
communi cation elenents further conprise: a nmessage

7. MaNager 16k botkanaURLA S0 ARG IARRAIE SLETRNL

the nmessage nanager circlit a f ou
furtheradaptagite prpyide foiathe fixstndrteal dlatadlinksthirdugh cithel easlectede

cos 503 SR 0P TRy ol SEARE Ay B

elembuoir t her conprise: WD 2007/ 149494 PCT/ US2007/ 014394
-112

38. The apparatus of claim 1, wherein the plurality of communication

elements further comprise:

a plurality of first communication elements, the plurality of first
communication elements adapted both to route at least one first data word and to
switch at least one second data word; and

an interconnect element coupled to the plurality of composite circuit
elements and to the plurality of first communication elements, the interconnect
element adapted to concurrently couple at least two of the corresponding outputs of
the plurality of composite circuit elements to at least two of the corresponding inputs
of the plurality of composite circuit elements or to the plurality of first

communication elements.
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a plurality of second comuni cation el enents, the
plurality of second comunication elenents adapted to
WO o494 switch at | east one third data word POBUSINETI014394

a first array of the plurality of conposite circuit
el ements and a second array of the plurality of
conposite circuit elenments. 5 36. The apparatus of
claim 30, wherein the plurality of comrunication
el ements further conprise: an intercluster queue
adapted to buffer at |east-1dde third data word froma
first array of the plurality of conposite circuit
39.el erment s Thadpparansioficlditel, Firthee@smpritthegone third data
word to an adj acent second arr of the plurality of
conposi t & REP&h PAECE ERPEC ?é/drﬁ?éh%\ﬁtﬁﬁ‘ﬁf‘?}gn%?%&egﬁﬁhe
mesi8ge whaagirtitcii adhpee tpeivides @refBAicatisn intéhf4d2ab an external
b ad%gted tcitrﬁrovi de for the first virtual data Iink
US G FFFFRMAEPOY  sel ected 15 cluster queue of the
plurality of cluster queues or through the full
interconpect elenment. 38. The apparatus of claiml1,
40.wher ei n tHe apparatsiof glagm 1; Swthesicemprising: el enent s
further ﬁmﬁég%qha@&e@cﬂé\ﬁf @éqptléﬂ find Etra:fét achine element, the
communi cation el enments, the plurality o FRet
meysgEpINInagaricasul [adapiad to praptecunifirn adsiress spacedfor haligtibuted
' . .t itch at | east one second
P lu%g]l?}é%\glr% ;o g%%ngggl%nctq%%goeg%%%i%'el enment coupled to the
plurality of conposite circuit elenments and to the

pluralit f first ¢o ication_ el enents, .the.
N nter con?ggtap%%aéﬁé)%ﬁ%gdxg}eéedn fis @H?E‘EPF PEFIrGuit dempiidypes
comfrisleala_ktast t\m];l) of tht fielleoingeHpai diengno tipebt § c@ﬁﬁgllllﬁsle arithmetic
urality.o osite circyit nents to at | east
tosffiEp pHaR P RIBRRiFnG CRbEtled Bheesar ey sor
configniubis ieltiply and beiniR@teferiént! Deddfupdvlé Haldiy mi¥fitiplier, a

firs CO jcation elenments., WO 2007/ 149494
CO%iﬂ%@%%EM@ confreyraide lopkainyighles apregrammably ¢antroller, a

conffiglifab®S cHRFoMet, Hnd G co%ﬁggﬁagge?ﬁuwgleﬁritﬁhfe@ﬁ h&gi€ ARt ed

to the state machine e the message nahager
circuit adapted to provide a comuni cation interface

42.10 an exirgE Bharaid DrehaifN, SRR Ale STRIMHhind element is coupled

to the plurality of composite circuit elements through at least one communication

element of the plurality of communication elements.

43. The apparatus of claim 1, wherein the state machine element is an
external controller or external processor coupled to the plurality of composite circuit
elements through at least one communication element of the plurality of

communication elements.

44. The apparatus of claim 1, wherein the state machine element further
comprises:
a finite state machine circuit; and

a memory adapted to store state information.
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40. The apparatus of claim1l, further conprising: a
nmessage manager circuit coupled to the state nachine
web@nesm494 t he message nmanager circuit adapt edP€DUS2007/014394
provide a uniform address space for a distributed
plurality of menory conposite circuit elenments. 10 41.
The apparatus of claim1l, wherein the plurality of
circuit elenment types conprise at |east two of the
following circuit elenent types: a configurable
arithnmetic logic unit, a tonfigurable multiplier, a
configurable bit reordering el enment a configurable
Sl ti pl y Tdserraatmnialame] oparein the sdedtedcombiuaicatiboielement
i e! =12 Gk ir f , .
O Rl o e SR AL A Bt Mo St B i physical
datg linkoof 4 plurally of pbysiealldatr linkapfiom theaf legstromielomtput of the first

coB ANy e DIRL Mokl s B SRBRE B

eleomopl ed to the plurality of conposite circuit
el ements through at | east one comuni cation 20 el enent
of the plurality of communication elenments. 43. The

46 appar at ugHefapphaid df, claBed £ iwherdif tisd é%‘l&:tél?@d’iﬁx:?l%nication

elemerny js an external controller or externa
e“?ﬁ}_ﬂ&&@?ﬁlﬁ#@%ﬁﬁ?@édo cerathbeplyakity afphypicel g inkseat a selected
tinf@el drGWelected @HENG %14 Gsflﬁ%' dhodting BF1 ktRBE 1P L PIHEY Sﬁ&i'n% hemory.

el ement of the plurality of comuni cat i on &l enent s

44. The apparatus of claim1, wherein the state
q7machi ne ghgnepb .t IMes QL X LD Lo ..

machi ne cir cfrgg’? t r;a an _301fnap’rrem§ér:1§%zed%%f%ggto gggl?%?gel% cireuit
elegrentscare pdanteditol Sore pAOCABONY 24Br0IrRAT AIB20QI] D4 Bke to a

Th& ARPAL f.claiml wherein the .

Cle%eetlécel gz?lgtd 2 %%n?m nic g? iogﬁd %f‘teer%l ﬁtrecolr%mf’3 1 PRSFatiiaying the stored
stattet ermi ne fromthe first virtual data |link at |east

one first physical data link, of a plurality of

physical data |inks, fromthe at |east one output of

48t he fir stThecpppasistief ddifiCLliwhe2éia RN Eleinent ﬁ@er?dce'c@ﬂx?)ﬁses:
one i nput of the seconq%f%rrtgosme circuit 5 el ement.

46. The AgPatEEHOTHFOWR g cirgibelement, e Hest enemeaty adapted

to SLOFEY N8BS RO FRMSATRIM asiaS Irids bl $@0aip Create
the plurality of physical data |Iinks at a sel ected

tinme or &SSEPELIMEMOEY peurled ol the gistyigclamentithoiseond emory
addpt& BrbVide aGMiaBEPONHRTREPEY dataliflput to the circuit element.

49, The apparatus of claim 1, wherein the state machine element is further
adapted to provide for a first physical data link through the selected communication
element from the at least one output of the first composite circuit element to the at
least one input of the second composite circuit element, and wherein the state machine

element is further adapted to provide for execution of the first action and the second

action.
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47. The apparatus of claim1, wherein the plurality of
conposite circuit elenents are adapted to store
w@eorodidseal |y a then current state and, in responBEs200T014394

a detected fault, to retrieve the stored state and
recommence operation using the stored state. 15 48.
The apparatus of claim1l, wherein the el enent
interface conprises: a first nenory coupled to the
circuit element, the first nenory adapted to store at
| east one configuration adlid-corresponding context;
and a second nenory coupled to the circuit el enent,

50. t he secdmchpparabusycon@rism@pt ed to provide a plurality

of input quenes for data input to. ' [ . S
20, Thes ZsalETate TG in Heh oL b OY Py gl B Yhrcui
arraydRohipiing: ement is further adapted to provide for a
first phy ic:ﬁI gta | i nk Ihrifalgh tpe sgltected.t ouit
comuni E&VBHY e FURNTE REMERES B0 COBIRESEREPET of
the first geMRABIJMEPEIIAE M Elefle@fBikrfice ahfia cacudzldneatiof a
one input of the second conposite circuit elenent, and

wher ei n t helugaliy of piew! lement WReH £2¢sCqmpesie Clghl, slement

to provi dehé\gﬁg 8RGO Mt ahd 8t fehétne 0t @,ﬁh@gﬁlr‘éﬁ\@ of
second action. WO 2007/ 149494 PCT/ US2007/ 014394

-115- 50. dcubgemgniypeorqmprisinga phurglityoficppliggpble
circuit ar&@}ﬁ%m{é@gp circuit array of the plurality of
circuit arrays nprising: a plurality of conposite

ci rcui t adulinettepnedctemanpospled te theqinnality of eomepusite circuit

conprising an ele i.nterfac n ' |t ;‘rgm
of a plur 8ﬁ%m69{50¥1%2$‘}lémefcce eecﬁn:;;}l rg?ny? SQéétg%taocﬁglp ¥
conposi t e eipatiof a Ak vempositesitauit démémardthoplarilitpof

and at | east one outcgllllﬂ t he E)Iruralit% tof circuit it

el ement tyPREPEY AT FERENS 31 PHULT ac%aﬁ??%&?rgg?%e

el ement typREit d8ment 8f the iphirgly@Tteaipositeoniit elonphid

to the plurality of conposite circuit _elenenis,.the

full i nteepluineef canaweipion slsmeats uplsdgp syl interconnect
out put of byt composite circuit el ement of the

plurality of conposite circuit elenents to any input
of a secoftetecurnbing qlementqoppled to thapinralify of gmposite circuit

plurality Qien?é?l%) ?cﬂﬂe%ﬁhﬁt@&{ohn@ét%@ﬁ@rﬁj anddo he {)lurality of
plurality of comiunication elenments coupled to the
full int er commmutication elements; and
an interconnect coupled to the plurality of circuit arrays, the
interconnect adapted to transfer data from a first circuit array to a second circuit array

of the plurality of circuit arrays.

51. The apparatus of claim 50, wherein the state machine element is
adapted to assign a first action to a first composite circuit element of the plurality of
composite circuit elements having a first circuit element type of the plurality of circuit
element types, to assign a second action to a second composite circuit element of the
plurality of composite circuit elements having a second circuit element type of the
plurality of circuit element types, and to provide for a first data link from the at least
one output of the first composite circuit element to the at least one input of the second

composite circuit element.
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el enent; a state machine el enent coupled to the
plurality of conposite circuit elenents, to the full
w0 paoeneamnect el ement, and to the plurality of PCT/US2007/014394
conmuni cation el enments; and 20 an interconnect coupl ed
to the plurality of circuit arrays, the interconnect
adapted to transfer data froma first circuit array to
a second circuit array of the plurality of circuit
arrays. 51. The apparatus g cl aim 50, wherein the
state machine elenment is 2 gdapted to assign a first
52 action tg.,a first an{‘)agﬁl te circuit elenment of the
pl ural i t yorPPERNSOL Flatm S rié’ﬁ?"tel"é?}’éﬁ‘ﬁ'ﬁtt%r%&\ﬁl?f@er& typeisa
firsf édrSiguedbl€ blietneat @'ﬁ%'&‘atp\lﬂﬁhﬁlfofté%%ﬁghﬁbﬁal diEMeR types| 9&&4 t
el enent types, to_assign a second action to a Second
seceuhpent JemeRtpe is wvend configuseble slement hipg offthe plurality of
conﬁ?{m@&! él@m@htr @Fést afll %mé%ﬁ tlﬁas‘fétg%a%hﬁﬁce%}ﬂe 15§ ﬁH'H{er adapted
ement 0 luralit circurt elenen
to assipethe férﬁtiaqt@nmswﬁ@écqrﬂ‘rguaatfomr@tﬂw fits cbinphksife @muﬁihﬂement

b SRR b Bh K L GOPROBL L v

elememtposite circuit el ement. WO 2007/ 149494
PCT/ US2007/ 014394 -116 52. The apparatus of claim 51,
wherein the first circuit elenent type is a first
53.confi gur ﬁhé eplﬁirm of clajtnS2pWherefil theatdtd yhadhine element is

furiP ey e B st i ebintion e SR GRmaistle elppentippe

froxhhﬁirpd syrrmdlicmeﬂﬁst eleidrit gHd abbiRaml tﬁerewona)esﬁﬁguﬁﬂgn and
is further adapted 5

rei fgj st at.e machi ne el enent

SeC? configyrrbleeirgyit elemgat tyge from 4 seqond syrbplis geitist ¢loment
durfrig@: dihltfhe SRIMGSHE e %gtcdleh&n %@%con@m gssign the

second action as a second configuration of the second

conposite circuit element. 53. The apparatus of claim
54.52, wher e

adapted ¢oF appiferdl BE ELftR 51, ARelsrtiR Mo e i 44 g} virwa
datzmif.i gur abl e el enent type froma first synbolic

netlist elenent and to obtain the second configuration

and second configurable circuit elenent type froma

55.secon d sYhbappatatne bl tlaim hewhekin ghe firftGyehHolie Hetl¥eelement
gl ndi of the f| St actlﬁ? nd t he second action. 15

1S53 BRPHYEHS egfgneflgg st ViFpakdata ipkas pdate gat a

conrhikcdtionsbdtive&t théiat 1east oned@itputldfiike fiRP comhp6siRPRALA dSment
aim54, wherein the first _synpbolic netli st

a“dé{‘%ﬁéﬁ?“ ong e of 5 85ePRbeOmPISHE GiTsHit glegieghat i ng t he

first virtual data |link as a data

56. The apparatus of claim 51, wherein the state machine element is
further adapted, in response to a detected fault of the first composite circuit element,
to assign the first action to a third composite circuit element of the plurality of
composite circuit elements, and the state machine element further adapted to provide
for a second data link from the at least one output of the third composite circuit

element to the at least one input of the second composite circuit element.
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20 conmuni cati on between the at | east one output of

the first conposite circuit elenment and the at | east
woep@7itsput of the second conposite circuit el ereEnUSHE7/014394

The apparatus of claim51, wherein the state nachine

element is further adapted, in response to a detected

fault of the first conposite circuit elenment, 25 to

assign the first action to a third conposite circuit

el ement of the plurality of conposite circuit

el ements, and the state madh¥ne el ement further

adapted to provide for a second data link fromthe at
57.] east ondheapparetusof themti wieeimpbe pliralityi ofddirimunication

t | east one input of the second

elerﬁLrﬁg‘?m eé%g%n:g’gﬁgt el ement. WO 2007/ 149494

PCT/ USZ 08 ishﬂmsgﬁ ﬁrsﬂébﬁlrﬁﬂmca'thﬁl ElpRants] e inraﬁnyiﬂﬁr@tl
rern t communi atlon

confiit Ehort Bt bRt bl BOPH Gt [pit Gt oSt SR Pecad o o

swigthembsiksond eeofd datalvidrly; of first communication
el ement s ?%? ted both to route at |east one first data
word and?{®" Mereqpacehelsmepberuplashie the phwiiity of somppsite eircuit

elerﬁéﬁtls ahdtehePMRLLEy & SRELmMmAHRhESh El@mtehﬁ ﬂie%ﬁllhﬁe%o%ect

nposite circuit elements and to the plurality
ele’flP‘?‘saFaEfsﬁﬁ% APRle ABY oBiPEhein eompositefcifichit |ehnefmt of ti@qtlurahty of

confp R @ﬁcﬂgé‘ﬂ%ﬁﬂt ? aﬁg o? Q%( tﬁi}}l r%)?x{po%ite @n&? '{r@ 1 |CP§ of the

circuit elenment o ura COﬁpOS e
pluralishefeoampasitaeircii pLﬂmemts artottheplucaity of fitse commeunidation

g of the 10 plurality of conposite circuit
elerg{ﬂg[ge&ts or to the plurality of first comuni cation

el ement Sa phndlity ofisecaldi domrﬁﬁm@ﬂttﬁ’ﬁle:ﬁ@ﬁ&hé @&Irbﬂ@r of second

elene the rali of secon onmruni catj on
congpEERL S sbripS adaden i bt 5 ST 8T P ursiie vrd d
betwledrea fiest drrap of dRgAuRlity 6Sdondsdsa¥ citbuit BRmdhiy Ald 4 ééc@xfxd array
jte_circuiit elepents and a second array 15 of

Ofﬂg%gpuﬁﬁﬁyQfF?‘yszf‘tec‘BFFb‘&fsql?@eféFrcwt el ements. 58. The
apparatus of claim57, wherein a first state machine
eI enment of the first circuit array is further adapted
8. provi de The apnasatis pEelaita s, Whmlrbiyﬁmt ahtf maching elgment of the

ﬁrstre &ié%%tﬁraryeng ?\ﬁ%ﬁer ahgﬁ?tg&' gﬂ)v?d o S&P?ﬂg‘%ﬁ}é} t%ﬂ'xsferrmg a
rougnErRaHES, fdafomhhesecond gemmuarqaays elsinenheo piptualiist of ather state
& r.st data |link to
madthi ey oPehed Bito B a0 1B pltifiicuok gl pltpya sty by
roughgthe fix6 dathBnlketana fine cphmnaimdﬁpn&ﬂerﬁ@mm ni cation
el enents further conprise: 25 a plurality of cluster
gueues; and
59. The apparatus of claim 50, wherein the plurality of communication

elements further comprise:

a plurality of cluster queues; and

a full interconnect element coupled to the plurality of composite circuit
elements, the full interconnect element adapted to couple any output of a composite
circuit element of the plurality of composite circuit elements to any input of another
composite circuit element of the plurality of composite circuit elements or to the

plurality of cluster queues.
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a full interconnect elenent coupled to the plurality
of conposite circuit elenents, the full interconnect
web@nass9adapt ed to coupl e any out put of a conpOBUSE07/014394
circuit elenment of the plurality of conposite circuit
el ements to any input of another conposite circuit
el ement of the plurality of conposite circuit elenents
or to the 30 plurality of cluster queues. WO
2007/ 149494 PCT/ US2007/014394 - 118 60. The
apparatus of claimb50, wheldéPn each corresponding
el ement interface conprises: a first nenory coupl ed
60.t o t he c&he epproaias 0§ cleim Qi whelegmeach, cotriegpdndisg element
m&QEEPEX gpted to store a plurality of configurations
correspondi ng contexts; 5 an elenent controller
coupl ed & dir:*.thnemorryrcempmﬁdom@ correspoidiag eiredit elemdt tlee first
cor.resp ondi n r cui

meSEr Ritp T R stort B G i T B By i Hofdine gontexts;

pluralitynm elfemelﬁpﬂéntfm&bleﬁuﬁl@d ik @oirBfHdinding diRfit element; and
corresponding circuit elenent. 10 61. The apparatus of

cl ai m 6028 aRemengouplsdrie dhatriresgonding eiteuig glemens the
sec@ncpﬁl@fdogya@éﬁtémtooémbi& Ll BBPondh ngqoxfé'u5§fﬂrtda?41 gﬁﬂg& the

and either one or nore data i'nput urces or on
coripspending eirgiit gamedlest i nati ons. 62. The apparat us of
cl ai m 60, wherein the elenent interface further 15
conprises: a third nmenory coupled to the circuit
6l.el enent , Theeppdratud ofrelaim 0, wharsireeachaopespandéngcontext defines

a C(H‘J ?At otnyofq{m %%%B&%g%ﬁ%ftgfem%gé a gs%ﬁtgg} rFergr%%%edata input

el enmen
souvdeebeonebhmoeé éatanutmmdtstmlatxems is adapted, for a
sel ected context of the plurality of contexts, to
direct an execution of the selected context by the

62.circuit heappiratbef cRird @eEhetin heWlertdifR Uterface further
correspondlng to the selected context has input data

COTMMEWhen a status bit corresponding to the selected

cont ext hshisBinehdhy 85@A4d i the cFeuidlembe 1AORAfPhERORS
cl ai m 50,  wherein the elenent interface conprises: a

adapted dp PFRMids § PRisEAY & ouEput Heevss ferdata elipnt fom theeirewit st

eledlEfOry adapted to store a plurality of configurations
as correspondi ng contexts; an el enent controller
coupled to the circuit el enment;

63. The apparatus of claim 60, wherein the element controller is adapted,
for a selected context of the plurality of contexts, to direct an execution of the selected
context by the circuit element when a selected input queue corresponding to the
selected context has input data and when a status bit corresponding to the selected

context is set for execution.

64. The apparatus of claim 50, wherein the element interface comprises:

a first memory coupled to the circuit element, the first memory adapted
to store a plurality of configurations as corresponding contexts;

an element controller coupled to the circuit element;

a second memory coupled to the circuit element, the second memory
adapted to provide a plurality of output queues for data output from the circuit

element.
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30 a second nenory coupled to the circuit elenent, the
second nenory adapted to provide a plurality of
woeopaivsgueues for data output fromthe circui PCT/US2007/014394
el ement. WD 2007/ 149494 PCT/ US2007/ 014394 -119 65.
The apparatus of claim50, further conprising: an
intercluster queue adapted to buffer at |east one data
word fromthe first circuit array and transfer the at
| east one data word to an adjacent circuit array of 5
the plurality of circuit annays. 66. The apparatus of
claim50, further conprising: a nessage manager
circuit coupled to the state nachi ne el enent, the
nmessage nanager circuit adapted to provide a
65.comuni cAhf dAP3TAS Oof §ladmt5y, Bithsk ERPRESINEI0 bus or an
ext er nal ﬂﬁﬁ&{cﬁst&ﬁueﬂ—@%a?%%u%r 0f 1e84t¥nB\dath word from the

further conprising: a nessage nmanager circuit coupled

first eir¢uiarsaysand tnensifiribe af lepst one dataavordetosupddispgnbigjequit array of
b et provi de a uniform address space for

ﬂw%ﬂ%ﬁs fﬁgﬁ?gg%gfggplurality of menory conposite

circuit elements. 68. The apparatus of claim 50,
se.rnerel n 4hie BLUERL 8% ORI S8k Alinge! TNt o

further conprfise: "a nessagé nmanager circuit coupled to

t he st at e masdge@amigeneintyit t¢dupled20 thestategeachinaglement, the

circuit adapte oth.to route at |east .one fi.rst data
me§kG Manal gre i saaegts podtl t D BREHCT e R 0 50 peernal
busZ8f/ k@A E0dHUS2007/ 014394 - 120- 69. An appar at us

conprising: a plurality of circuit arrays, at | east

two circuit arrays of the plurality of circuit arrays
67.CONPr i Si Me appRtisdriciaimfo, 6affcr dompRLiggconposi te

circuit elenents, each conposite 5 circuit el enent

conpri si AdNYSRAZE WARARET PHewt eupediedhe statinpghipg plement, the
. , i 1 L our e
el T80 B Sl SO R
plugalisy of mientoyy ebmipagits eircuitcelemerngb.ural i ty of outputs; an
i nterconnect elenent coupled to the plurality of
confi gurabl e
68. The apparatus of claim 50, wherein the plurality of communication

elements further comprise:
a message manager circuit coupled to the state machine element, the
message manager circuit adapted both to route at least one first data word and to

switch at least one second data word.
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10 conposite circuit elenments, the interconnect
el ement adapted to couple an output of a first

w@onfitgpavabl e conposite circuit el ement of thBCT/US2007/014394

plurality of configurable conposite circuit elenments
to an input of a second configurable conposite
circuit elenent of the plurality of configurable
conposite circuit elenents; 15 a plurality of

comuni cation el enments coupled to the interconnect

el enent; and a state machin@%%il enent coupled to the
plurality of configurable conposite circuit elenents,

y ]
69.t 0 t he f ¥ aNPRFRPTEAARESING| enent, and to the

plurality raﬁg@eﬂcﬁﬁm?s gdlt RN, ciwugx AR Sr %Cp!ﬂiuga?uy of

el enent 20 ada to assid I TSt acti oafir

cirqigifriaya camipeisingaposite circuit element of a first

civeut SPETEN 8 REoBlebRE i e okl emzalh ok Gagosic
second conf ¢iguitdiérmentawpgsising 4 ¢lemeit inteefR8bn®h canfigurable
second circuit. elenent. type of the plurality of

confi gur abl %m&'i"i'egfffl?m&f ériﬁﬁ’ial’f&%é@n BHIAIRC G eraepidypes,
for a firsteathicaniposite it dedhbhtHaviy PPhurffty P fputs and a
plurality of s of the first conposite Circuit

oyt pu
el enent to %‘W#‘r“gf’%o‘ftﬁb‘@i. of the plurality of inputs
of the saganereaARDSiditentbotpikd to tﬁkgfigﬁfé%&%gnﬁg able

data link through the interconnect ough

a cormuni calqUeRPSEE &ifevit elsmopte thel intea¢dnnycictlerggnt adapted to
conmmuni cat i i S5RbS: of'4G; %p 4 i

PCT/ US2007/ 014304 -_%210 FeLps %gé’?%fﬂ?pg?‘tec‘i‘%f‘%ﬁeéﬁ?em
wher ei n t heofsthe pliraliiy wif senfigwalstconpositeicirhiet eladaptsed an

I n respons d [.t, of the fi.rst

confi gur abﬁgbgtoﬁfpao%ltcﬁlg& S%ffg@ 3? le 8?%13%%]{6, c"f%’“a%%%ﬂ Qtfﬁlée
first acti griutabitpof éonfgueadid cqgupaditeeicaiRishds;Ci r cui t

el enment of . th luralit f C osite gircuit |
el enent's 8 Pé‘ﬁaﬁWﬁ"ef%Sf‘g?‘é‘Xﬁagm egg‘gﬁrl’té fRWRIed 1q thedpigreonnect
adapted to glementcland or a second data link froma first

out put of the pl urallety of ?ut uts of the third
conf i gur A5 WarkBE pledient Founled o thaphirality afirenfigyrgble

i nput of t heymsRaeRHcEPBleh@risaR] Be FAMRASIhEn: ERieht, and to
el ement. 71. The apparatus of claim69, wherein eac

el ement i nt'8f pPhERliyfsPmsrunicatipg cleménts ttherstatsrpachine element

coupl 2 0 REESEROOIS.A00T) SRR AR by

of confi gur@rquirederpent of a first circuit element type of the plurality of
configurable circuit element types, to assign a second action 1o a
second configurable composite circuit element of a second circnit
element type of the plurality of configurable circuit element types,
and to provide for a first data link from a first output of the
plurality of outputs of the first composite circuit element to a first
input of the plurality of inputs of the second composite circuit
element, the first data link through the interconnect element or
through a communication element of the plurality of

communication elements.
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correspondi ng contexts; an elenent controller coupled
to the correspondi ng configurable circuit elenent;
w@nw71%494 second nmenory coupled to the correspp@dUsIy07/014394
configurable circuit elenent, the second nenory
adapted to provide a plurality of input queues for
data input to the corresponding configurable circuit
el enent. 72. The apparatus of claim 71, wherein the
el ement interface further 20 conprises: a third
menory coupled to the ciredt-elenent, the third
menory adapted to provide a plurality of output
70. q ueu eﬁ f Dhe apparatasl b?bll'alnﬁ wmvhélelrﬁﬂhé Gtitd mae}hmlm%[&merﬂ &
e .apparatus of cla erein the el enent
ﬁmb%rrﬁqameﬁe\n TeSPORYE R é&eteqegrfa'éf %ﬁﬁhhé dirghropfgprable epmpasite

CIrcﬂktléﬁéhéﬁtytoQJss %ﬁ rﬂﬁeeﬁ;s@? acﬁcﬁl @id BEH cBRfisNasMdorbRIte Eh6uit
sel ected context the circuit el enent when a

elementedtleaipluradity of 9@1@9omﬁm@sxﬁ@mlms,ta@dtth@sta@en@étlwelement
furtﬁan:i g{edqgl%rbﬂﬂé‘ Fordidedo 1da g@&ﬁﬁ f?on?ﬁ%&%lf?ﬁﬁt of fthe: plurality of

to the se context 1 s set
outplxte oﬁ thedhxrd 3©nﬁﬂuﬂbl©hbm49e4cmw ¢I8ReaAO0he st input pfthe

Secm}d conﬁ%;%‘?@ ﬁgsﬁ%{cuccluﬂ'e'i@rggnt wherein the plurality

hicat ements further conprises: a
plurality of f| rst conmuni cati on el enents adapted both
to route

t least ane.first data and .to switch .
Tt | oast TBHEPRERDHT B €2 MHERIT RS Seitl hprBge ffprises:
second cefifstithéRbiy0sbuple®ihé carfeipbiding Cotfigurablercailchity
of first comrunication elenents, the plurality of

clemgrlo i EshmEMOEE A ARIcb TR AP Rl R PTG uFRIONS 25

co,.gé%{,&ﬁn PéntBkQVi de hybrid routing and swtching of at
| east one data word froma first circuit array to a

second cpn elgmensepriyolist conpled ta thg|corrgsprnding equfigurable circuit
ebﬁ%ﬁ 10 75. The apparatus of claim 69, wherein the
ra |ty of communication elements further conprise:
a pl ur al atsgcafd mbmst)eq:qulﬂlmshadamsedndiogtcpaﬁgtﬁxeblea:ircuit

ele{x)lﬁtil{ %& s:%%%({ m%rargsoal% n@tgcf to apr]pl el ta p?vin%glltj ?a% mP o&eueé‘l %Qr data

input to the corresponding configurable circuit element.

72. The apparatus of claim 71, wherein the element interface further
comprises:

a third memory coupled to the circuit element, the third memory
adapted to provide a plurality of output queues for data output from the circuit

clement.

73. The apparatus of claim 71, wherein the element controller is adapted,
for a selected context of the plurality of contexts, to direct an execution of the selected
context by the circuit element when a selected input queue corresponding to the
selected context has input data and when a status bit corresponding to the selected

context is set for execution.
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| 5 second circuit array of the plurality of circuit
arrays. 76. The apparatus of claim 69, further
w@owpnigdng: an intercluster gqueue adapted to PCF/82002014394
| east one data word fromthe first circuit array and
transfer the at | east one data word to an adj acent
circuit array of 20 the plurality of circuit arrays.
77. The apparatus of claim®69, wherein the plurality
of conmuni cati on elenentgléz[ther conprise: a nessage
manager circuit coupled to e state machi ne el enment,
the 25 ssage manager circuit adapted both to route
74-at 1 east %gm?qr?télf Ogglﬁé{n RS Wﬁﬁrﬁﬁ‘ thg Phuglityqf communjeation

elemérs fiatendoshpligessror d. 78. The apparatus of claim 69,
[ a nmessage, manager circuit coupl ed

further co rLng%; )
to the st BUEHETIE OruREHEationRlemgrs peaniadothdn agiee at
least bh€ Bidt dBBANSRNdGo RHVANH q{aleﬁst%méﬁrﬁada!té)@obc\%ta%ﬁf ace

to an external bus or an external nenory.

2007/ 149aphrggy ofssend/ omgrcationigignernty compled to the plurality
f FRRRRANFh S A orF 1@ mEh3 dthe | iy agde
o R e Eh oyt P o SOIRLY i B S B
adapted to rase.sydtchmoprevide hybud rostitepareis witchimgof atdest one data

i f .di stribut lyral i.ty aof

woll Bl o B A WA BR A6 8 sefinduffulr S gt ottt
arragbrcuit conprising: a plurality of circuit arrays,

each circuit array of the plurality of circuit arrays

conprising: a plurality of conposite circuit elenents,

75.each conPhsapgarsius 6fitlaind 69 SWRERHH the PIRENS dTEofimunication
1 elengﬂ% |nterﬂaqe and a circuit elenent of a
clemenis Qirthef cBMPESScLi t el enent types, each conposite

Circuit ehbRAERY of QRN GuiiesaBFibd W GahdFOY ﬁpefiitz‘tgfdata
|.east one out SJ_ut, t he EI urality of ci rcw?.e efrent
wordly Betaveen grlygipgoiu) infesgonnget slerpens phafiagsiceuis buap and a

secégﬂ%épitla?raﬁfcffghéngiu%ﬁp%@Eﬂ&ﬁ{ athRMEnt coupled to the

urality 0O onposite circuit -elenents, the ful
i nterconnect el enent adapted to couple any output of

76.2 T17st PROBASAES 6F iGih bo SANBNorSfd g Pl ural ity of
an intercluster queue adapted to buffer at least one data word from the
first circuit array and transfer the at least one data word to an adjacent circuit array of

the plurality of circuit arrays.

77. The apparatus of claim 69, wherein the plurality of communication
elements further comprise:

a message manager circuit coupled to the state machine element, the
message manager circuit adapted both to route at least one first data word and to

switch at least one second data word.

78. The apparatus of claim 69, further comprising:
a message manager circuit coupled to the state machine element, the
message manager circuit adapted to provide a communication interface to an external

bus or an external memory.
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conposite circuit elenents to any input of a second
conposite circuit elenent of the plurality of

w@owposddde circuit elements; 20 a plurality ofPCT/US2007/014394
comuni cation el enments coupled to the full
i nterconnect elenent; a state nmachi ne el enent coupl ed
to the plurality of conposite circuit elenents, to

the full interconnect el errent and to the plurality of
comuni cati on el enents, 3 §t ate machi ne el enent
adapted to 25 assign a flr 12 action to a first

conposite circuit element of a first circuit el enent
79.type of itheapparausiof flayp 62 fusther CUPBHEIRE: t ypes, to
assi gn a, $nGeast Amtd c%‘épcfr&n@c&@m tﬁ@gv@&sfhwnﬁé aemeht the
element of a Second circuit élenent pe of
megrage mlanagersircoitadapted &0 prowide a ypkgm aq%qu rsﬁ‘wf‘d@r pglistebuted
' st one output of the 30
plu}ail{ti{)f&%%rth%p EI&?JC‘EJHE% erﬁ%etﬁg to the at | east one
i nput of the second conposite circuit elenent, and in
response toir?g dettﬁct ed, faul. tmof the first conposite
circuit é% fefate 8‘f3'é‘§F‘aHP%egf| rst action WO
2007/ 1494 PhuRHy ST kg8 Bhch eit@dit droaypof thiepliurality of circuit
conposite circuit element of the plurality of
ATROTIBII IS ci rcui t el ements and provide for a second

data |i nlg dli@my @ﬁccﬂﬁpdsﬁé%Irculﬁéﬂenﬁﬂfspbﬁchctforﬂﬂlﬁlté Birtwkt
conposite circuit elenent to the at | east one

of the secofl§meBhpRIePEng p glsmentinisriace and ﬁ‘cF“:?u’ér‘Fﬁ)emem ofa
| nt er connechiyeauploedirksit El@ﬁleﬁ{ l?f)é‘é lehoh &fmﬁcbsﬁfélﬂutcmt element
arrays, the interconnect ada to transfer data

froma firshadng eule@stamﬁavmt@n@ay@eﬂwe&um& the plyraljty of
of the plur

conpri si ng: a&%‘hyelg{nﬁﬁg tyg yéoo co Iﬁ%ght?’bf%ﬁﬂﬁé&‘aﬂ&

el enent s, eal@tnem)tmv@s,l te circuit eI ement conpri si ng

an el enent nt erface

pl ural i t)?fbl* Bﬁefcolﬁxln{:ct éefxge tcp Clg%té% ﬁle é)'ﬁ%ﬁlgoof c%mqosﬁe circuit
circuit el eskerieniavhentylldntercvpuéct iuanarn adaptaautq ccmpd:le any
state machi ne eIe led to th

conposite cPr@yteta gF%ﬁBﬁQS“@t‘H@“&e‘i‘T‘E ‘#é)gﬁ#‘%é“&h&‘@ﬂt
adapt ed to @&@ipfsitercitduitsdlerhetistd &y ihputtoild e8bnd bomposite
conposite circuit el enent of first el epent tége of

the plural i £ifout clemenpat the phudlityiqf compopifheisewbelsmants;
functi on 4 9uai%EePEsnERRRARLA BleflehfEticupRIJRFRRY fildf inferconnect
second el enent " type of the plurality of el enment

types, and elmnsyvide a first data link fromthe

out put

80.

a state machine element coupled to the plurality of composite circuit
elements, to the full interconnect element, and to the plurality of
communication elements, the state machine element adapted to
assign a first action to a first composite circuit element of a first
circuit element type of the plurality of circuit element types, to
assign a second action to a second composite circuit element of a
second circuit element type of the plurality of circuit element types,
to provide for a first data link from the at least one output of the
first composite circuit element to the at least one input of the
second composite circuit element, and in response to a detected

fault of the first composite circuit element, to assign the first action
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of the first conposite circuit elenent to the input of

the second conposite circuit element. 20 82. The
wappansas of claim8l, wherein the state nachPCEUS2007/014394

elenment is further adapted, in response to a detected

fault of the first conposite circuit element, to _

assign the first function to a third conposite circuit

el enent and to provide a second data |ink fromthe

output of the third conposite.circuit elenent to the

i nput of 25 the second coﬁﬁéslte circuit elenent. 83.

The apparatus of claim81, further conprising: a

plural ity dp afthird tcompositméioatit &}emahtlejfﬁm ;tsl,urstlhgz otfccémposite

luralit 0 nica n_el enen apte

got hto yoa{lrgtléteﬁné%@ gn@%mfv 5P BT %aga @%&P‘Pﬁl thg gt least

switch at Imslutmrt@fﬂm:thhd cdﬁtlﬁsil!is)é103|<;111ﬁtflé|manﬁc tal the at least one

|nterconnect eI o the plurality, of

conposite ¢PPER %‘f‘@ﬁ@ ﬁ?‘?l’gﬂ{? digguitelement; and ¢y of

first Comritl‘nd:re&tne!&ﬂc@hﬁéﬁéfditﬁe hhatityWlcirfik afrap agct WO
-125 el ement adapted to
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82. The apparatus of claim 81, wherein the state machine element is
further adapted, in response to a detected fault of the first composite circuit element,
to assign the first function to a third composite circuit element and to provide a
second data link from the output of the third composite circuit element to the input of

the second composite circuit element.

83. The apparatus of claim 81, further comprising:

a plurality of first communication elements, the plurality of first
communication elements adapted both to route at least one first data word and to
switch at least one second data word; and

a full interconnect element coupled to the plurality of composite circuit

elements and to the plurality of first communication elements, the full interconnect
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conposite circuit elenments and to provide for a
second data link between the third conposite circuit

85el enent afwl aperatme comgrisingposite circuit el ement.

a plurality of composite circuit elements, each composite circuit
element comprising a corresponding element interface and a corresponding circuit
element of a plurality of circuit element types, a first composite circuit element of the
plurality of composite circuit elements having a first circuit element type of the
plurality of circuit element types, a second composite circuit element of the plurality
of composite circuit elements having a second circuit element type of the plurality of
circuit element types;

a plurality of communication elements coupled to the plurality of
composite circuit elements; and

a state machine element coupled to the plurality of communication
elements, the state machine element adapted during run time to assign a first action to
the first composite circuit element, to assign a second action to the second composite
circuit element, and to provide for a first data link between the first composite circuit

element and the second composite circuit element.
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86. An apparatus comprising:

a plurality of composite circuit elements, each composite circuit
element comprising an element interface and a circuit element of a plurality of circuit
element types; and

a state machine element coupled to the plurality of composite circuit
elements, the state machine element adapted to assign a first function to a first
composite circuit element, to assign a second function to a second composite circuit
element, and to provide a first data link between the first composite cirCuit element
and the second composite circuit element; the state machine element further adapted
to, in response to an unavailability of the first composite circuit element, to assign the
first function to a third composite circuit element of the plurality of composite circuit
elements and to provide for a second data link between the third composite circuit

element and the second composite circuit element.



