RESI LI ENT | NTEGRATED Cl RCUI T ARCHI TECTURE FIELD OF THE | NVENTI ON 5 The
present invention relates, in general, to integrated circuits and, nore
particularly, to integrated circuitry having distributed and configurable
circuit elenents, distributed comunication circuit elenents, and

di stributed control circuit elenents, for transferable functionality, fault
tol erance and resilience. 10 BACKGROUND OF THE | NVENTI ON Hi storically,
integrated circuits ("1Cs") which are configurable post- fabrication have
been domi nated by field programmabl e gate arrays ("FPGAs"), which provide
an array of identical |ogic gates or otlner elenents. In sone integrated
circuit enbodinents, the gate array is also coupled to one or nore

m croprocessor 15 cores, for the FPGA conponents to provide configurable,

appl i cati on-specif atlons, The |ogic
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such as nultinmedia processing, arithnetic processing, and comunication
functiopality. Wiile the P LAt ogic elenents provide
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testi nngHBycorﬁBv@alhetRP&iA sehpaicats to pmlcarcdnﬁglm#hlmasplhm%n-dﬁcdm s, those
affected | %cgquriaf?&? ofa&re%cgid%gplbggtioﬂ. t’ﬁ'le tlggfc g%@lﬂg fh &fF};&E are typically
very “fine-grained”, as gate arrays which can be connected through data inputs and
outputs (“I/0™) to provide a more advanced function such as addition, subtraction or
comparison, without separate hard-wired, application-specific components directly
20  providing such advanced functions. The process for configuring the gate arrays of
FPGAs is comparatively slow, typically through a serial configuration bus, so that
FPGAs generally have not been capable of real-time re-configuration for immediate
changes in functionality.
In other circumstances, configurable 1Cs have involved large-scale (or
25 “coarse-grained” configurable 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 e}'(tremely capable acceleration, each group of configurable logic elements is
typically different and requires separate programming to carry out its functions. In
30  addition, such large-scaie configurable logic elements are not translatable to other

functions, exhibiting similar constraints of application-specific ICs (“ASICs").



5 nmenory | C being useable potentially and, with the redundancy, may stil

neet the nenory capacity specification. In other circunstances, sone anount
of configurability may be added to correct for design errors and ot her
defects after the 1C has been fabricated, or to allow nodification of

i nputs and out puts, such as for configurable 1/0 and configurable data path
widths. 10 In addition, after configuration and during operation, such
FPGAs, ASICs, processors, and other configurable | ogic do not exhibit
resiliency. For exanple, if a portion of the I C becones defective during
operation, the entire IC fails instaoglLy, losing all functionality. Wile
the 1C may be taken off |line or renoved, diagnosed, and dependi ng upon the
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Another technology created by IBM and referred to as “eFuse” utilizes
electromigration to create microscopic electrical fuses which disable selected or
defective portions of the IC, with software utilized to open or close gates to re-route
20  chip logic to the remaining good portions of the IC, such as to correct design flaws,
fabrication defects, and manage power consumption. For example, the eFuse
technology can disable defective memory rows and columns, and eFuse software can
change memory addresses so that data will be stored in the non-defective portions of
the memory.
25 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
3¢ the probability of IC failure during operation, such as due to tunneling and

electromigration effects.



both certain kinds of defects and certain |evels of defects, and the entire
IC fails conpletely. Such failure is often catastrophic, such that the
entire ICfails instantly and w thout warning. For exanple, if a region of
a mcroprocessor fails, the entire mcroprocessor becones instantly
useless. to To attenpt to provide sone |level of resiliency, these various

t echnol ogi es have sinply added sone redundancy. For exanple, nmultiple
processors wll be placed on the sane IC, such that if a defect causes one
processor to fail, a redundant processor is available to take over. In

t hese circunstances, however, either -8he redundant processor was previously
conpletely idle and unused, or its prior 15 functioning has been superseded
and conpl etely | ost. In addétiqrhmhilevashtof thebé prioragitedhaologies hgvedtheir hemexpense of
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(programm ng or ot her software) for whi ch allows Such transferable
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manufacturing costs. In addition, such basic redundancy efforts do not account for
defects which may occur within all redundant components, as even small defects may
cause such components to fail.

20 As a consequence, a need remains for an integrated circuit architecture
which is significantly resilient and robust despite fabrication or usage defects which
can affect any components, without the expense of otherwise unused redundancy.
Such an IC should provide for ongoing adaptation, such that when a defect arises,
functionality may be transferred to an unaffected region in real-time or near-real time.

25  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.

30



The exenplary architecture and software for the IC also all ows such
transferable functionality, without requiring the entire programto be
transferred to a conpletely 10 redundant processor or otherw se unused
conput ati onal block. In addition, the exenplary |IC enbodi nents provide for
a graceful degradation and notification with increasing defects or

probl enms, which may occur during use (in addition to fabrication), rather
than a catastrophic failure. In an exenplary enbodi nent, an apparatus is
provi ded which 15 conprises a plurality of conposite circuit elenents, a
plurality of comunication elenents edupled to the plurality of conposite
circuit elenents; and a state machine elenent coupled to the plurality of
conposite circuit el enent sSUMMARY OF PHEINVENTION comuni cation el ements.
Each conposite circu S enent interface
and a correspondi ng g?’?gﬁe??”qm&e&%nﬁi' %Ofﬂ'fed’? Iegttlﬁ‘(?en%og%?ocvﬁ‘#etﬁgl enment 20
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enbodi ment , exemplagy Iﬁahqu}mgms provisdgifor agraerbultdegrpdatinn and mptificdtionavith east one
of the fol 'ﬂlé\‘e%gcderf&'t! dr éﬁ ﬁ@?ﬁ?twrhémﬁ% o&upﬁﬁﬂnﬁ'dség Qfdition t£ONT I gurabl e

el ement types, a nmenory Focomuni cation el ement
types; and @bmaupa)l Mﬂ}ﬂrd‘ianr@dwa@@wm‘gf?ﬂam e el enent types. For exanple, the
first circuit el emntln%%@ferﬁ;fla@etﬂb’bﬁﬁneﬁp%hﬂ}é}ﬁ@1@ pRlvedRmitiype of the
plurality of cpnfl ura efrent types second circult elenent type is
a secondd cotMRyiseeP erabtyecrf@@mpsmw@m@ﬁlem@tsm rinmlity of commupiatignr abl e

el ement { Y PhEmeNLhufiAE IR RIS R obmpdRE Birller AL ank 3 st hilkfineAdapt ed to
assign the first action as I 7st co guratlon of "~ the first conposite
circuit el ettementgpaplediojthplurpditselccomposite dirspit glemgnts apd tthe plurality of

communication elements. Each composite circuit element comprises a corresponding
element interface and a corresponding circuit element of a plurality of circuit element
20  types, with each composite circuit element having at least one input and at least one
output, and with 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
and 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. The '
25  state machine element is adapted 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 virtual data link through a selected communication element, of the
plurality of communication elements, from the at ieast one output of the first
composite circuit element to the at least one input of the second composite circuit
30 element.
In an exemplary embodiment, the plurality of circuit element types

comprises at least one of the following circuit element types: a plurality of



configuration of the second conposite circuit elenment. The state machine

el ement may be further adapted to obtain the first configuration and first
configurable elenent 10 type froma first synbolic netlist element and to
obtain the second configuration and second configurable circuit el enent
type froma second synbolic netlist elenent during a run-tinme binding of
the first action and the second action. In addition, the first synbolic
netlist elenent further conprises a pointer designating the first virtual
data link as a data communication to the at |east one input of the second
conposite 15 circuit elenent, and the-Second synbolic netlist el enent may
further conprise a pointer designating the virtual data link as a data
communi cat icomg‘urahm élbnﬁemttyiaeeasmembq elemérpmpepé plhhﬂit)f of Simmaiigewht e circuit
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action to ftine ckadoslemeRQymoinadisticonfiguraiile élembmmyyet offtid plumht}goia determ nation
t hat both th f|r {183 tQSIé[ethCI rccwtlr&l erent an d thee se on(} 05|te
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circuit ele rlsontest rfo Lit
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nmachi ne el eyt fiushdr adaphed toadegin el firsteonfigpaivaent dira cdﬂﬁmﬂﬂdelemaml t of the

flrstcrrp3|t cir | .enment nthe | [ St hird 30
corrpom? : recﬁﬁol aﬁfsgn%m °hcfn qhﬂelefn a\nfi?%/‘)%?m PO cfonﬁ lr”l@ulmt”‘m ement s,

the third semrqbosnﬁalrahlq: cimiuit eéérmmempe iz mg:cmcbsylrrdmhc netlistaderbendf t he first
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provi de for a a conmuni cdtion el enent,
of the pl ufaitisymbalic rmdmlmhmatﬁ:ahere:lompnmsx,poﬁmmdesnghmrmtﬂnt Bmsvirtmale out put of
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of the pIu osite circult elenents conposite circuit
el ement hawuipyt of the fissticomposétaeireuibdlementthi rd circuit el ement type, and the

state machine el emenippf yofNed nddaRLRM: 1thy BE thleaJaB{ed% assign the first

action to the first composite circuit element and assign the second action to the second
20  composite circuit element following a determination that both the first composite
circuit element and the second composite circuit element are operating properly. 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
25  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.
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
30  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



third virtual data |ink through a communi cation elenment, of the plurality of
communi cation elenents, fromthe at |east one output of the third conposite
circuit 10 elenent to the at | east one input of the second conposite circuit
element. In an exenplary enbodi nent, the state nmachine elenent is further
adapted to use a stored transformation table having a reference to the
third conposite circuit elenment for transfer of the first action. The
plurality of conmposite circuit elenments also may be adapted to 15 store
periodically a then current state and, in response to a detected fault, to
retrieve the stored state and recommegce operation using the stored state.
Al'so in an exenpl ary enbodi nent, each corresponding el enment interface
conpr i ses: tﬁ:rotl%}( ko UE'Z:Xn&Pé!&héQ &f%éﬁi@raﬁgro?@&ﬂ pidicaGordiEmbid, fRInenent , the
first nenory adapted to store a urallty of configurations as correspondi ng
contexts; 2be atreast mwp%eﬁthedmr‘g‘? ompesils dirpuit glemeat ©dhe adpasheReigP¥i r cui t

el ement; ang 43 SEGR E@&%uﬁeiemeﬁfﬂ Al&rﬂﬁi@el‘?%fz SBRONSINME dém&iid el ement,
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one or nore data I nput sources or one or nore a output 25 destinations.
The el enentcifchit elemgpis, the third gompesiteirepit element I%aﬁmsdt gkt elemestfiadhitd o t he
circuit el eRuit elehfRf tSrPé afld %@%ymasla.ﬂet&&nwﬁ&nﬁym%@ t0 phyvidel fhiya Of out put
queues for data outpur fromthe circuit element. Alternatively, the el enent
i nterface NﬁVdVFH§1ﬁ%%h@h@mﬁﬁﬁ@GOWEHBF?“WUﬂﬂBﬂﬁﬂﬂthEkﬂﬁ%y ofpi t hout i ncl udi ng
the second (BaiRlincatioh elelddRis! frEH IKES leabt brR BufphESMth@fhirddRAb EHcuit t he el enent
controller is adapted, for a 30 selected context of the plurality of

cont ext 40 t%lelawwheahleess@emqpahofdhe terendseompopitseireul elemant- pip @he” cir cui t

el ement \Aheékeﬁapsae} SRbERmeMDHe s&ws‘cmraimm%ﬁ&rtﬁaﬁtwm Wweheead cont ext
has i nput data, when a sel ected output queue corresponding to the -7-

sel ect ed comrﬁtpfmﬁ%@l tablp fayipg at“éfc@ﬂ‘ifrt@ thepisd pormRASHS CHR! AFBFN At at us bi t
correspondi fghsfek 8f thBFirsiab§sd ed context is set for execution. Al so, the

el ement controller may be further adapted to store a currgnt state of a
partial execution of Hhelyrality of fempqsite firguiielementsalsgmay pe adagied9t ¢ a second
cont ext 15 andoﬁe@a&ﬁbcﬁuﬂlytahﬁe:w&feamtatstaﬁd én ABpbose N EetétaikRcktb efridle the first

cont ext . ﬁlelenent control |l er he further a EaEd to arbitrate anong a
plurality of®doRdsaea e‘é‘?‘f“’é‘F'é“P@ of WyngRe 89edSHtind to sel ect a
correspondi ng Also in an exemplary embodiment, each corresponding element

interface comprises: a first memory coupled to the corresponding circuit element, the
first memory adapted to store a plurality of configurations as corresponding contexts;

20 anelement 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.
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

25  destinations. The element interface may further comprise 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 element. Alternatively, 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

30  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



context for execution as a result of the arbitration. For exanple, the
arbitration inplenents at |east one of the followng arbitration nethods: a
round-robin, a 10 priority, a nost recently executed, a |least recently
executed, or a schedul ed execution. Simlarly, in an exenplary enbodi nent,
each comuni cation elenment of the plurality of comrunication el enents
further conprises a corresponding elenent interface and a correspondi ng
conmmuni cation circuit elenment, and the state nachine elenent further
conprises a corresponding el ement interface and a 15 corresponding state
machine circuit elenent. In an exenplary enbodi nent, the plurality of

communi cation elenents further conpri-§e: a plurality of first conmunication
el enents, the plurality of first conmunication el enents adapted both to
route at | aakttedbentéithat capatisy wakdte ampguidata, svd Whéh Bitatue b t:ompomﬁ:cgand dat a

wor d; and erco nnect el enent c | ed | ur ty of
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i nput and :mptepwhtscbalmstl omaloﬂhea’onmang arbmmym lnfedaﬂsasirodﬂtrablh; ok, a
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first viort Fa° hﬁ? rﬁqSkreﬁg& c"ﬁ%]da el‘?a}qucenﬂ C%F% d&i‘l 7ot ué%dngxmeﬁlftg)gtl on

el ement of the plur aISnm;lard))f 1ri me;tempdzmnmhmdlmbmomcblcemmmmmm tlementgh t he
ful'l intercg n et may be
further adapt eo& {"aﬁl rg Lrﬂ\‘@@ﬁ!&'?n&%ﬁgm? I r sgp‘%’:p}j ns%{"ﬁ C%T SE"I)"F "k at |east one
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sel ect ed ccwnuﬂmcamg@huﬁnaﬂmmsmmunsbﬁmnther adapted to create the plurality
of physical data lin I C e using a
routing table st oredﬁﬁégxc %g&tgﬁgmem EIE?er*;’oumﬁty %cgl%mlqu% i 58%0% ment s,

t he pl ur al ifustheyfcomprisaird piataillmfdlralmmnlcatmn elements the plurahty 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

20  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 plurality of composite circuit elements or to the
plurality of first communication elements. The full interconnect element may be

25  distributed among a plurality of switches, pass transistors, multiplexers or
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 breadcast data link, a many-to-one data link.

30 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



further conprise a plurality of second conmunication el enents which are
adapted to route or swwtch at |east one third data word between a first
array of the plurality of 10 conposite circuit elenents and a second array
of the plurality of conposite circuit elenments. The plurality of

comuni cation el enments nmay al so conprise an intercluster queue adapted to
buffer at |east one third data word froma first array of the plurality of
conposite circuit elenents and transfer the at |east one third data word to
an adjacent second array of the plurality of conposite circuit elenents. 15
I n anot her exenplary enbodi nent, the pgurality of comunication elenents
further conprise a pIuraIity of cluster queues; and a full interconnect
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composite circuit elements to any input of another composite circuit element of the

20 plurality of composite circuit elements or to the plurality of cluster queues. The full
interconnect element may be distributed among a plurality of switches, pass
transistors, multiplexers or demultiplexers, or may be a crossbar switch, and also 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-

25  one data link. The plurality of communication elements also may 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. In addition, the plurality of communication elements may also
include one or more intercluster queues adapted to buffer at least one third data word

36 from a first array of the plurality of composite circuit elements and transfer the at Jeast
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



In exenplary enbodi nents, the plurality of circuit elenment types may
conprise any of the following circuit elenent types: a configurable
arithnmetic logic 10 unit, a configurable multiplier, a configurable bit
reordering elenent a configurable multiply and accunul ate el enent, a
configurable Galois multiplier, a configurable barrel shifter, a
configurable | ook-up table, a programable controller, a configurable
controller, and a configurable plurality of arithnmetic logic units. In
exenpl ary enbodlnents the state nmachi ne el enent may be coupled 15 to the
plurality of conposite circuit element2-either directly or through at |east
one communi cation elenent of the plurality of communication elenents. In

ot her exefipit ammtink@mtah either asselected phister areeue b€ theplurplity af clanteer nal
control | er o6 ec Sﬁh}%{% eofuﬂ(i SOhndePURLED to the plurality of conposite

circuit el grrents east one conmmuni cati on el enent of the
plurality of comuni Emmxdm@lnéwémeslts may algpingle g mesage graneger pirehi ne el enment

further COURIARAS hesdit Habfing bRRn{TR %gagg'n{aﬁlu%ér cirBifla g{zarwg%mapt ed to

store state rntormation. |n exenp I "en anot ratlng node is
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| east one out pat o fi1rst’ conposite 25 circuit elenment to the at | east
one i nput @hqulﬁw‘é@e@ﬁw@@ms’ééwé:uetueie@tﬁnts el ement, and wherein the state

nmachine el enent is fyydRehiA¢eRbeHmbRts AhOYIuEEif ch%ﬁﬁ@léiﬂeﬁﬂy?és first
action and the second action. In another exenpl ar nmbodi nmen an i nventive

appar at us CORpsesEY of therfpllowise Girai ¢lgmet tyepict Fenfigurablesarithmetic Iogecui t arr ay

of the pl uma,klatasnﬁgulﬁme%mpm r@db%ﬁé&aﬁl@%ﬁrré&ﬂé}ﬁrg eiéhenta Rbitigdthy Of
COﬁpOSIte circuit el enents, each OSIte circult el enent conpr|5|ng an

el enent i nfsMRly andgrquamulate dlementes @*Fﬁﬂtlfablﬁ Gelgis muliinliey; agpnfigurglle t el enent

types, eacBaed¥R@et, hQohfifEkbit IGKARRbe NAMtbEamalable@dirolRREa dhBighratlad at | east
-10- one output, the plurality of circujit elenment types conprising a

plurality é?nn%hﬁpﬁﬁr:‘a‘lﬁ%“@"’eﬁlﬁﬁ’tm}t?/fﬁé’éhmf(‘b‘)loﬁc BBt i nt er connect el ement

coupled to the plurajy éx\éu@'iary ERBRATEhS, thé EtQtHIrﬁacEmG%H{eﬁt mhiase édﬂpled
i nt erconnect el enment adapted to coup | e ané‘Fout put of a first conposite

ci rcui t'S el &nbaphulity HEC%PRHS%;{F P't“f}“'oefler&%% téretly euthroughetisationto 5 any

i nput of ac&amﬂﬁamgﬁeﬁt%fmerﬁmﬁw@feémmhnmudn@e:ﬁédﬁ Ahickperof composite
circuit elenents; Eé’ﬁﬂ a pI ality of first conmunication elenents coupled

to the ful FXemppe gty rféaﬁ? maghine element dsAnAtamHSORFARERT coupl ed to

t he pl ural iekt¢rm@f processor coupled to the plurality of composite circuit elements through at
least one communication element of the plurality of communication elements.
20  Typically, the state machine element further comprises: a finite state machine circuit
and a memory adapted to store state information.

In exemplary embodiments, another operating mode is provided. In
this mode, the state machine element provides for a first physical data link through the
selected communication element from the at least one output of the first composite

25  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.

In another exemplary embodiment, an inventive apparatus comprises:
(1) a plurality of circuit arrays, each circuit array of the plurality of circuit arrays

30  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



conposite circuit elenents, to the full interconnect elenent, and to the
plurality of first conmunication elenents; and (2) an interconnect coupl ed
to the plurality of 10 circuit arrays, the interconnect conprising a
plurality of second communi cation elenents coupled to the plurality of
first conmmunication elenments, the plurality of second conmmunication

el ements adapted to transfer data froma first circuit array to a second
circuit array of the plurality of circuit arrays. In another exenplary
enbodi ment, an inventive apparatus conprises a 15 plurality of circuit
arrays, at least two circuit arrays ofigt-he plurality of circuit arrays
conprising: (a) a plurality of configurable conposite circuit elenents, each
conposite gk baiphi, tHRl PRy of et Qihéht {peStNRRing IpI8RlIACST and a
configurable circuit elenment of a plurality of confjgurable cjrcuit elenent
types, eaclforbeHsels elamenttypsst (bap Snlbintercapgest ﬁlj“‘é“b‘f%‘l’%g it hegurplityof s and a
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a state machine el ement coupled to the plurality of . cqonfigurable conposite
Cirouit el CIBIOSLE GH5uN FISTERe) ttht B BErFRRCENETEN and 46 B4 RIRHE OF | i al ity of
first comufiistatinmictieieldngnts 4 (3] & iaterRaMNdcOCoupledite e pla@aRtyast t 0 assign a
first action tg a first confitgurabl osite_ci rc%it el enent of a first

Ci roui t 1| GHBHE TR HE SHCERRASE] SHMATSig aPuraly Of SHSPELFAMBREEHI of enent

types, to adah@its @upled e thephiralxy of €irs CorRmESICNIDE eleditints) tHegddhraliy@ffiposi t e
circuit el enent

of a second circuit el enent. type. of e.plurality of
Con 1 gur abl BEOI-OTTorBPORR HE D 4Pt St e p ot B ot i
froma fir sfecandigahit afray bfxhephitaity bfcihit aniygut s of the first conposite
circuit elenent to a,- '

[1- first input. af the plurality of inputs of the
second conposite cir duPRORSTSHERP lf“))tO %boﬁf'?esﬁt’ a“d‘é‘fcggﬁ ?fﬁ’afaﬁ?soc’t? TPH
I nt er comnecplualisnE#rircudt arrdys o1 dasErwiol cirgiiit areeysoihe plurslity @ff eiv@rit arrayé t he
plurality O&xﬁh@ﬁf‘éfgnHﬂhﬁgngP Fle nes. k@ aq&g&ereqxggg Qn¥<§qbodinent,
an i nvent i vETRIERE: &) & Rl B ¢ondiERisRiS compesite cyrpuil clsments, Gaph Compasiie ¢ ¢
arrays, Wi téiraehkmenr @ugrisingran)elepent nterfakeiaral d ¢opfighrableicircuit tleaentanfs _
conprising: ?Téﬂ%ali é}‘c%ﬁ,%dr%ﬁe ercxﬁPéTPrﬁfx{tE es, 'e?&“éoﬁn %gﬁer@%%’ele%?e%? conposite
circuit elenen onpristng an element interface and a circuit elenment of a
having a plurality of inputs and a plurality of outputs; (b) an interconnect element
20 coupled to the plurality of configurable composite circuit elements, the interconnect
element adapted to couple an output of a first configurable composite circuit element
of the plurality of configurable composite circuit elements to an input of a second
configurable composite circuit element of the plurality of configurable composite
circuit elements; (c) a plurality of first communication elements coupled to the
25  interconnect element; and (d) a state machine element coupled to the plurality of
configurable composite circuit elements, to the full interconnect element, and to the
plurality of first communication elements, the state machine element adapted to assign
a first action to a first configurable composite circuit element of a first circuit element
type of the plurality of configurable circuit element types, to assign a second action to
30 asecond 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 ocutputs of the first composite circuit element to a



plurality of circuit element types, each conposite circuit el enent having at
| east one input and at |east one output, the plurality of circuit el enent
types conprising a 10 plurality of configurable elenment types; (b) a ful

i nt erconnect el enent coupled to the plurality of conposite circuit

el ements, the full interconnect elenent adapted to couple any output of a
first conposite circuit element of the plurality of conposite circuit

el enents to any input of a second conposite circuit element of the plurality
of conposite circuit elenments; (c) aplurality of first comrunication

el ements coupled to 15 the full interconnect elenent; (d) a state machine

el ement coupl; &gt Qfﬁmgslu?ili{{' BF inp¥its OF the GOITRAAShihPosie it elEmEABMHeSirstt O the full
i nterconnect elenent, "and to the plurality of first comunication el enents,
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el ements aRbrityof eecuftsiemens bipsh gaderomPOpiRCiicHY flemeat bavineatdeasié out put  of
the third GRIPREItIGsCIdeGDbtfut thepRity 6F b6t @lEml‘:ﬁﬁ?ﬁesQ’Bﬁl l'iE&HFB of the second
conposite circuit elenment; and (2) an interconnec couplped othe plurality
of cirdfi t Phrgliy ef canfigurableredereast ipet: (Buiwiliintprrgnaechriamanticoypled st ond

comuni cat Ipﬁﬂalﬁi( BB fosO bipbuikidiRerid) ehe Ml iHiratbdrintcQflerhdrt allapgkygUNI cat i on

el enments, the plurality of second comunication 30 el enents adapted to

y
transfer d&P¥P§ AHRUPYLiof a firgticproppsite sprpuly element of theplurality,of gpmpesitay of  the
plurality @frciit élémérts & dndYfiput ol € secbiid SAMBJRRE citotRNIMMRY oL PUirAMOLF an

i nventive aglgar atus conprises: a plur altjrft y of conposite circuit el enents,
each conpoSPRRosiE cHeRit elegments{e) %B'#B’hj'%‘i’ ysteqmmuninaging elemertscagrlediig a
circui tisel el iftbreanrebiidlahédty(dyh stater hathine@tRMER0EorpYdAas thedAGAlityCINPOSIi t e
circuit el enent hayi n_? lan i nput gfgq .an out Eﬁueil ; and s%hat machi_ne el ement 5
coupl ed t o “PHBOPIFSHET Elgments-B ifol! indereomreth A bRt thet a'ét_é’é’f e machine
el enent  adifilcefiniuBicats @ements,ithéitatk wachin® Bleinenttadhpted to HoigRATIrste Circuit
el ement of 3 first. el enent, c'ré[‘ygse ]gf tthcg_ uralit g of el ematgt types, to
assign a s@teAfRcemRotily circlik glsmgn ARt Elemeni WPEPEENt of a second
el ement typhurdlicy bhéirquitlelchdnit Yypes, 1€hRigantseégndastion to a second composite
20  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 to a third composite circuit element of the plurality of composite circuit
25  clements and 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; and (2) an interconnect coupled to the plurality of circuit arrays, the
interconnect comprising a plurality of second communication elements coupled to the
plurality of first communication elements, the plurality of second communication

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

the plurality of circuit arrays.



and to provide a first data link fromthe output of the first conposite
circuit elenent to io the input of the second conposite circuit elenent. In
anot her exenpl ary enbodi nent, an inventive apparatus conprises: a plurality
of conposite circuit elenments, each conposite circuit elenent conprising a
correspondi ng elenent interface and a corresponding circuit elenent of a
plurality of circuit elenent types, a first conposite circuit el enent of
the plurality of conposite is circuit elenents having a first circuit

el ement type of the plurality of circuit elenment types, a second conposite
circuit element of the plurality of cgRposite circuit elenents having a
second circuit el enent type of the pIuraIity of circuit elenent types; a
plurality of comuni on el I nposi te
circuit elenents; afl ef e’fe%mmgﬁrlnﬁga h%&n%vu(}ﬁlef% %['?Jug E:% p‘c1 u(r%al ity of
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5 a plural '&ﬁéuﬁéleﬁgm%ﬁéh IR cﬁéﬁ{@&h&t tyfpe IO tePhlrhivty ¥ cRQUPAShER Circuit
el ements coupled to the pluralit conmuni cat'i on elenents each conposite

circuit el RSS2 SERRAROMFIORE CiFFult|c EOﬁth‘E pluraliseofompesits ¢ikclitt el enent of a

plurality ofierfdnsbving@l 8bBHAcirchiY BRfenftypd 6fShe SORMOSHfSrebit Eletieht §h&ent  Of
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a plurality of communication elements coupled to the plurality of composite circuit

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

20  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.

In another exemplary embodiment, an inventive apparatus comprises: a

25  plurality of composite circuit elements, each composite ¢ircuit 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 eiéments, the state
machine element adapted to assign a first function to a first composite circuit element,
to assign a second function 1o a second composite circuit element, and to provide a

30  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



havi ng an assigned first action, a second conposite circuit elenent of the
plurality of o conposite circuit elenents having an assi gned second acti on,
the first conposite <circuit elenent having a first data link to the second
conposite circuit element; and a state machine el enent coupled to the
plurality of comuni cation elenents, the state machine elenent adapted to,
I n response to an unavailability of the first conposite <circuit elenent, to
assign the first action to a third conposite circuit el enent of the 15
plurality of conposite circuit elenents and to provide for a second data
link between the third conposite circldit el enent and the second conposite
circuit elenent. In exenplary enbodinents, the first conposite circuit

el enent nayhitdecompositeaditcalsletenthneof the pludditeof @dpbsitd ¢ircuifleenicats andnmy be
detected by af,l f”‘?éecQ&fda% lihpget C?A {hg%{wcogg:%%igetéiﬁﬂﬁleleqr‘f&?m @ations: a
periodi ¢ difagnosti c pert orne y at l'east on conposite circuit el enment
of the pl usaiond yoropositenizost ¢lementr cuit el enents; a background diagnostic
performed as a sel ecieg Go0L bl AlbohGRAL o7 1 cHRTAMRIbfS chhhid: ¢ ement of
the plurality of conposite circuit elements; or a conparison test perforned
by a pbur alpiurslitpof composiceteoncilensents; aglhesigp ofcanfipasite cisanteelenentsii t el enent

type. In I | A ' . t her
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el ement andomprigegagelementtinerth¢eray acimpioeiement ofapiurality of eimeniteleseninavai | abl e
n a stor ed, 2yl dRihll¥iid AR A dMBr il AR 34 Apolfeeirchle RinefRTPOSI t €
circuit el nt nmay é) unaval | abl e due t an assli gr?ment rby the state

machi ne el baving améssigned firstactinm @ sechad/ fonepogithiéigvisrelgmand of thy pluraity phe first

action.,,| nc&ﬁ&;g?tle%{r&igapﬁgﬁtgﬁmiﬁ%?% %giréxéd 2L ﬂi]ﬁ'ﬂsﬂ&?,itﬂ fifsh E&H]Lés]itgl ement and

t he Sdot hi'rd” conposite circuit eac ave a first contrgurable

el ement t ypiscwit elethent hayigg alfirstydatgflinkda tiegean icompbsitgwireuit ghoment; anda second
conposite ¢j L b el ' . t of the
ol urarity Specihn AR cOledio REHAANy AU hAh R ALRERE o B8 O | Cent
i s furt her madhipe elgment aslgpied ito, i eesponse to ancunavailabiityof the £irst cempdsitgur at i on of
the third ' I rGU] I . : | y, be
further - adSatagip b st i cfitablon BaTnSd S pdiRE Bl SRR DL OB abl
el ement!st yparality ofscmidsite eirayrdlerhénds angtp ipavidsi fenaespeondriiasa Hink betwsgmbol i ¢
netlist el %@Hﬁﬁ@&){pésﬂé Lh&kit %exﬁ%f%ﬂﬁﬁ sew%makaﬁmre%m %mgﬁé' gnating the
second data link as" a virtua ata communi cation between the third
conposite circuit el bnewmplany emhedimenis the Sshpunpasite cicuitcal¢mendimaydat | n

exenpl ary GRRAHLETERhSo & difectdd fahie CPRPRSH hiay bk HEkitbd ) GITBAM oRASK the

following operational determinations: a periodic diagnostic performed by at least one
20  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. In
exemplary embodiments, the state machine element is further adapted to discontinue
25  all activity of the first composite circuit element and to designate the first composite
circuit element as unavailable in a stored availability table or map. In addition, the
first composite circuit element may be unavailable 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
30  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



first configurable elenent type of the plurality of configurable el enent
types, the 10 second conposite circuit el enment has a second configurable

el enent type of the plurality of configurable elenment types, the third
conposite circuit element has a third configurable elenent type of the
plurality of configurable elenent types, and the state machine elenent is
further adapted to assign the first action as a first configuration of the
third conposite circuit element. The state nachine el enent may be further 15
adapted to use a stored transformation table having a reference to the third
conposite circuit elenment for transf.@ag-.of the first action. In another
exenpl ary enbodi nent, an inventive apparatus conprises: a plurality of

first comwuzlsea@éﬂneéhneé Q&R Ss fuecneﬂaaaﬁwmggﬁ iRl Rsetiocalpfigtl to the
plurality of first conmuni cation_el engen | ural ity .of conflrgurabl e
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action, a seeaendes@nfi gurable conposite circuit elenent of the plurality of
configurable conposite circuit ts ng a. secor d action, the at

| east one out put of t %ewfﬂe'eﬁ%f%@?a{%‘fg’% 3{tg groud ell?f’ﬂﬁ"ttgﬁaerrent havi ng
a first datfistlbifigurabld élemerit ty@aﬁttha)plerahtymﬂcomgmiwc slemenmctypeapthé i gur abl e

t t t .1 h th t el t | ected 30
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state nmc tpmﬂ:tgz beeaifigumblepdl@nlerit qptehehqorhitd ad»mpgsuetuaﬁréle:gema:bi eﬂﬁﬂrrpoa te
circuit elene

to t n C t nt .and to .the ality of
communi cat i BWH r%brlf'eﬂf’“?e'n%ﬁ%e %fe‘éﬁ @“raﬁé' °fﬁ85‘f$‘ﬁ%bl%%8%wtty%‘ﬂﬁa d%be T8 i n
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circuit el etent nposi eC|rc Af's and to
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exenpl ary eHQdi TR e M nlcfor dibmints AR i LS ARLEIGAR IS S to the

plurality of first communication elements; a plurality of configurable composite

20  circuit elements coupled to the plurality of first communication elements and to the
interconnect element, each configurable composite circuit element comprising an
element interface and a configurable circuit element of a plurality of configurable
circuit element types, each composite circuit element having at least one input and at
least one output, a first configurable composite circuit element of the plurality of

25  configurable composite circuit elements having a first action, a second configurable
composite circuit element of the plurality of configurable composite 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

30 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



circuit elenment and the third configurable conposite circuit el enment have
the same 10 configurable circuit elenent type, the state machine elenent is
further adapted to transfer at |east one configuration of the first
configurable conposite circuit elenent to the third configurable conposite
circuit elenment. In addition, the state machine elenent may be further
adapted to maintain a count of avail able configurable conposite circuit

el enents of the plurality of configurable conposite circuit elenent, 15 and
in response to detection of the fault of the first configurable conposite
circuit elenent having a plurality of3cont ext's for per formance of
correspondi ng functions, to provide the plurality of contexts to one or
more avai | BBFRING elamephadapied 1 dhissRansRto Ecqer“'(%ﬁdtfa‘m eftanfisst genfigyeabla urality of

confi gur abk&msRe Qﬁédlteel&hérﬁ%tasﬁb@ﬂi@ Fest abtfon8 ftiFdRonll3BrabRI dofpRGRdi N9
functions. 20 In another exerrpl ary enbodi nent, an inventive apparatus
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25 interface and a circuit elenment of a plurality of circuit el enent types,

a first coff§®€Me circuit element of the plurality of conposite circuit

el ements having a firnsdxemgtairpanb@dlmsa@aﬂénqmesddnﬁgﬁﬂabﬁ%hapemnent of the
a seco actlon the first

plurality of conposite u CH'EJ ts haV|n
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conf i gup abbenfizarablsdifcit @leitont typeltseraﬁtte rﬁalahmaelbmtehﬁs fier sdupedad el ement or a
30 selected fi.rst. cormuni cation e lurali of, firs

men
communi cat Fer &t leashopg configyrationo 51%5 tc"ﬁf’ﬂ%“rgtf!gﬁ%‘ﬂ?osstGBF'ﬂﬂdfch'ithe
plurality m‘theﬂm@asmﬁguablb@umbosnelc&ﬂanﬂs:neﬁto I iRlifia, thel stitemaetinect el ement,

and to the pluralit f first comuni cation -16- ement s, .the state nmachi ne
el ement ad&'gln&'ﬂf‘f‘ B/q ﬁ@%%";ﬁ%ﬁ@g“f Pawgipin f, sQpgf Pé"ﬁ'iail%l?c‘ﬂ'?{gf‘ﬁé’ie first conposite
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el ement _of tcpi,%- luralit
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: . é 1‘2\ (é%ut nts angd to rowdefor a
second 'dat & OR¥ Q. tr"'rmfcﬁ‘eo Hté’B&’ﬁ tegnfigurahle omposiie frclihg ¢ he second
conposi t e elemeit Havingal phamlity dfftbmiegl fdrhﬁrfbﬂﬁz@nbcmtpcﬁhﬁ@a’ahctmhs ao sel ected
first conmunic o& bﬁlrr%n fott he pl urrzgl ﬁ%ﬁﬁf {] tblcommnl cation
el ements; Bifd! d?é%‘ U & SOPiPX Bt 88% nr8° &Y COBYFBAC'E FERBIYE coupled to
t he pl ur al tirguitftenhéntsséf the phiralite af configadable®oimposite kircuipéiemanhts to/perforaecond
conmuni cat{hon el enent s .adapted to transfer data froma first
e corresponding functions:
20 In another exemplary embodiment, an inventive apparatus comprises:
(1) a plurality of circuit arrays, each circuit array of the plurality of circuit arrays
comprising: an interconnect element; a plurality of first communication elements
coupled to the interconnect element; a plurality of composite circuit elements coupled
to the interconnect element, each composite circuit element comprising an element
25  interface and a circuit element of a plurality of circuit element types, a first composite
circuit element of the plurality of composite circuit elements having a first action,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 ora
30 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



circuit array to a second circuit array of the plurality of circuit arrays.
10 I'n exenpl ary enbodinents, a first state machine el ement of the first
circuit array is further adapted provide for the first data link by

tralnsf elr_rlt ng ? I‘;)Etl ngt {equest ¥ t hr o:Jgh at sec]E)ndt (r:]om‘ru_nl ca_tlton el erren]E : ttho
a plurality of other state machine elenents of other circuit arrays o e
plurality of circuit arrays and by routing the first data link to a first
comuni cation elenment. 15 In another exenplary enbodi nent, an inventive
self-healing integrated circuit is provided, the integrated circuit
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corrpoz [ tle Glompuinicatien empents ct@lqﬂto\lﬁqumtahﬁ df ifirss Eorhonuotcation einniem the ovi Icle a
second plural & I nks_.. be t C | rcuit el enment
and the se Qnéﬁ%log%eggﬁé %%’i-"?‘é‘g?%b%’s“ﬁ ee%]scaldﬁal .ﬁ;ifé'%%g%gﬁgg(?%&ggg#formnce of
the first faimuit arway. tolarsecondtdirenit exangf the plumbiyorficirewt arrays. | nvent i ve appar at us
comprisgs: 30 2 PlUialidyoiQl ARIBARRI:S, flsl Gk mafhiBTERRm SARLARPTPOSI t &
circuit elenment conprl Si nd) n elenent’ interface and a circuit elenment of a
plurality ofircgit amayi is fettenadaptadypedde fonthedfirstslatatlinkinatinsfermingamenting oupl ed to

the plural ikl ufQIRANelshdobiitinticalibs? B @;Sttotagbg%%ggmﬁezgm@chi ne el ement

adapted to assign a first function to a i bosite circuit element, to
assign a se‘e‘}flﬂli'wefeiﬁ%qﬂﬁdgf other gireyitayrays ebipplrality ef diteyitareysandy, and to
provi de a [%hlri,%tthgg;s@d;ﬂh nkk gpg ﬂfs%brﬁﬂﬁni{:ﬁfoﬁteleﬁﬁm?os' te circuit elenent and

the second conposite circuit elenent; the state machi ne el ement further
adapt ed't o, in respoRsanateergxeraplantesebodinent|an infentiveeselfrhregling qeodied e circuit
el ement, t OiRAR idRotil&, tile iftegfatHaCilc@R cdrpribirghh Fitkt ﬁ.ﬁ’é’lﬁ?%i‘&ﬁndlgds'iugu' t el ement

of the plurality 'of conposite circuit elenents and to provi for a second
data |ink betcwselsmens, 3 Ast eprernsiie sirquit clamentpk the fieskplyralyn af eqseposite ond

conposi te Ciifcaldefenth@¥BAPted to perform a first function; a plurality of communication
elements coupled to the first plurality of composite circuit elements; a second
20  plurality of composite circuit elements coupled to the first composite circuit element
through a first plurality of data links through at least one communication element of
the plurality of communication elements for performance of the first function; and a
state machine element coupled to the first plurality of composite circuit elements and
adapted, in response to an unavailability of the first composite circuit element, to
25  adapt a second composite circuit element of the first plurality of composite circuit
elements to provide the first function and to provide a second plurality of data links
between the second composite circuit element and the second plurality of composite
circuit elements for performance of the first function.
in another exemplary embodiment, an inventive apparatus comprises:
30  aplurality 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



These and additi onal enbodi ments are discussed in greater detail 10 bel ow
Numer ous ot her advantages and features of the present invention will becone
readily apparent fromthe follow ng detail ed description of the invention
and the enbodinents thereof, fromthe clains and fromthe acconmpanying
draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS 15 The objects, features and
advant ages of the present invention will be nore readily appreciated upon
reference to the follow ng disclosure when considered in conjunction with
t he acconpanyi ng draw ngs and exanpl es which forma portion of the
specification, wherein |ike reference-Yderals are used to identify
identical conponents in the various views, and wherein reference nunerals
wi t h al phahekhiae 2@mehoadaptedns assipgn afirst fuacidn t®a fieke b pysitaditedit emknt] ypes,
instantiations. or vari

ﬁgui(gns of a 3e| ect Eid conp nent e odi ms‘{}t in the

vari ous vi &UESIERA SRRIREHENGHOR 1Y 8 S{EGPT FRTROSIS CYEIemet ARTIRPII Y r at i ng, at
a high or dendegtlinklbetveeu ele fimedniposincyircaft ekmeaxadphasecomappanpdsits enbodi nent
in accordance .w,th th achi.ngs .of the present invention. 25 Figure (or
ey o Rt e e s ot AT RERRERE s FFbp R 1o & it S
enbodi ment faul cfclofidadaeposité birduite:lénpant,o agignahe filke fipkdaenta thirdent i on.

Figure (or "FIG.").3.is a blaock diagramillustrati. an exenpl ary.,second
nppar at s, SABBEERIF HeRell it BbAMAT et i ge Al BT R PlYies

i nventi on. f@G secquirdate link Befbwésn'the thindsompadsiegiramt elemastandtthergecami exenpl ary
dat a packet n a rd sequence in accordance with the teachings of the
present i nven ?Sgtﬁg?r%miggﬂgrétme (or "FIG™") 5 is a block diagramillustrating
a first exenplary ciThesgiahd aliditdmel embodiments danliwussed in grieatet deagihi ngs of t he

pr esentmi ”%Sul%w %UlneFr!)l%ugt er(aﬁ(lar'{'telx: Iegiar';a fegtuiress ?th%l ?ecsléliltg}ln? rti%m“irih :l%-gcsotmreati ng a
second exenplary circuit clus I accordance 6t eac rgs of the
present i nveadily epparént fioguthe f¢ltowitg-i€ailed désdriptian bf the knvéntigyr amithé | ustrati ng a
third exemplary. circuit. gl er,.in agcordance with .the teachings of the
oresent i nuBnpsmehisfieteor, Epitheiaialh 416 o R GEcoltoartyind Braifes| 197 011 1o n
greater detail an exenplary conposite circuit elenment wthin an exenplary

circuit cluster in ac&gﬁﬁ.rlgﬁ eg}iprlt&g dﬁﬁ@%ﬂﬁﬁge present invention.
10 Figure (or "FIG') 97Tsa % di'agram of a e ry multiplier
15 The objects, features and advantages of the present invention will be
more readily appreciated upon reference to the following disclosure when considered
in conjunction with the accompanying drawings and examples which form a portion
of the specification, wherein like reference numerals are used to identify identical
components in the various views, and wherein reference numerals with alphabetic
20  characters are utilized to identify additional types, instantiations or variations of a
selected component embodiment in the various views, in which:

Figure (or “FIG.”) 1 is a diagram illustrating, at a high or conceptual
level, resiliency of an exemplary apparatus embodiment in accordance with the
teachings of the present invention.

25 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.

30 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.



configurable elenment in accordance with the teachings of the present
invention. Figure (or "FIG') 10 is a bl ock diagram of an exenplary
triple-ALU configurable elenment in accordance with the teachings of the
present invention. Figure (or "FIG") 11 is a flow diagramillustrating at
a high level an is exenplary conpilation process in accordance with the
teachings of the present invention. Figure (or "FIG") 12 is a flow di agram
illustrating at a high level an exenplary operating systemor process in
accordance with the teachings of the present invention. 20 Figure (or
"FIG") 13 is a block diagramillustragi-ng exenplary conbinational |ogic
circuitry for context availability determ nation within an exenplary

apparatus in accor dagiggre\tbt FF1IGNS sticasltGiagia illhgrafings Eindt eketpladyi on. Figure
(or "FIG"). 14, divided into F| G 14A_FI§ 14B, FIG 14C and FIG 14D, is
a flow di agieihslysiardn pegerdageewith hertprchings of the PresaiE*eSbol i ¢ netlist 25

run-time binding proggse (bNBIGCYEIaH BRI fraButREaE a B&on@lexédiflaryr esent
I nvention. Figure "

(or "FIG") 15 is a flo iagramilluystrating a first
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teachi ngs of the prepigaie (of TMIGTYI7QNa biokld BiagrafmOllustiakitsg a thitdbexemplargi agr am
illustrating an exenplary, 30 comtﬁegl?a:?sti on_and control ,word in accordance

with the t SHEH! Sigerdn aqaptdageewit W8t plhe pregent ipvegtions (o “FIG ") 17 is

a bl ock diagram il | upfguat(bPUFIEGCe Bk ablock AiabiaRailluhding i gietteCddtsiliad ry for
cont ext readi nelss determnatjon within an exenplary . aﬁgar,at us i n accordance
with the t &R AYSOBPOTIRSLIGIES fent Witip An gffm GHEVMEGPSEHAG *) 18 is a

bl ock di agragédrddnteiGAth @e tBathahgh @8 He prézei@ERliGY Circuit cluster in

accordance with the teachin Qof .the present invention. Figqgure (or "FIG")
19 is a'l ock diagr ahﬂgi“m(ﬁé?flg‘t?ﬂg‘ aawoﬁ&‘gf‘ﬁif“ﬁ ap fyqmplacy o ﬁﬁlﬁﬁs embodi ment

i N accor daneefigirdble é16@eiteRatbordincOwvith iR 1QLRIBENST the) prRBdrit dvenfdnl Al LED
DESCRI PTI ON OF EXEMPLARY JENEI‘CEJA;WS 11% VWi | e %hee)Pr esent . iln_v ion is
suscepti bl e of enmbodf 1#8H:Of i Block dagrarm OF A€ ﬁ“PPi?’ét%?g wn in the
drawi ngs anrénfigurdbidéelesienin abweadanes @ith theneadRings bf the pRE¢dtiitveatiaiipl es and
embodi ments thereof, g Lhot BEid49"SE 809 el Hustr g § 38 level an
15 exemplary compilation process in accordance with the teachings of the present
invention.

Figure (or “FIG.”) 12 is a flow diagram illustrating at a high level an
exemplary operating system or process in accordance with the teachings of the present
invention.

20 Figure (or “FIG.”) 13 is a block diagram illustrating exemplary
combinational logic circuitry for context availability determination within an
exemplary apparatus in accordance with the teachings of the present invention.

Figure (or “FIG.”) 14, divided into FIG. 14A, FIG. 148, FIG. 14C and
FIG. 14D, is a flow diagram illustrating an exemplary algorithm or symbolic netlist

25 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

30 configuration and control word in accordance with the teachings of the present

invention.



di sclosure is to be considered as an exenplification of the principles of
the invention and is not intended to limt the invention to the specific
exanpl es and enbodi nents 15 illustrated, and that nunerous variations or
nodi fications fromthe described enbodinents nay be possible and are
considered equivalent. In this respect, before explaining at |east one
enbodi nent consistent with the present invention in detail, it is to be
understood that the invention is not limted in its application to the
details of construction and to the aryangenents of conmponents set forth
above and below, 20 illustrated in tfﬁQ%naMﬁngs or as described in the
exanpl es. Methods, systems and apparatuses consistent with the present

i nvention are capabl Eigsfe @ RBIG. Onigeip hlosk diagemillystrasisgsgemplact | ced and
carri ed OUtcosnﬂmmda%glmmmﬁéoﬁeomeﬁ réaamteg d@?erHﬂQﬁB§Wq1 antdkeiplaRe
phraseol ogy and term nol og erein, as well as the absFract

i ncl uded béPW‘“%‘rneﬂCFQTF’aftqﬁé“H:}EﬁGf‘éé@“%ﬁf‘i’fdléf‘sltﬂe?eﬁt i“&?f“%ﬁ’ﬁd shoul d not be

regarded as 25 IImFigﬁme(foASFlm@l1(361&sé:oabaiagmpms@itmfgm%mt novel features
of the IC archltecture resent_invention is its resiliency,

provi di Ag SRCIRIaRYcERuit SWSteﬁH\ﬂﬁ’F%féﬁ‘ifFl"Yiﬁ‘ the feachings of thaRresit BHEHN ari se

during usage of the Ffguréied “Prapt®ak h blokk HREradNubPRing a8 SxefiflaMi (RS ,
al gorithnms, and other events. The re$I|ItQ§£ and_30 robustness of the
1

i nventive PEPaRplphsmieRdiment inpreofdance with the tgachings of the presentiBYANfien. f abri cati on,
as the inventive ICs fabricated with various defects will nonethel ess be
quite useabl e and -20-_In addition, during operation, this

fully functional
resiliency nay Tdﬂz!-#]? PQ%BTHQMQF'EWMB‘M%&F@QB%M al i ng, because

in the gvent a porti @hiRfthd PRsdntinventichabREEEhtBIe dHlehPodintdt heaes unusabl e,
anot her portjon of the ICis effectively "recruited" or reass ned to take

over and p&HfEEHemmS. Mgrfcars shrivioin thedrayings gadivil brodaserihed berpinpgetatlony  as

di scussed ispectficckafipled @hdenbbikRyis tl@e‘iedfh@ltﬁ tHaGhiQBEndih€ that B@pedsaied, new
control and dat a pat hways gre al so creg# s that the gransferred

oper ati ons b“&Wﬁ‘?’ﬁ&F’e‘Ot‘E caa%l dasamemelification o ‘thPﬁ‘éF‘Pleéo permtentions . such
adaptive masisldoeitehdadeh sﬁitfthdmaédnag td1iY sﬁé‘cﬁw’exiaﬂ:pfegahd tiB®diMentear

real-tbge ﬁ g; ng zf ;he sel ected e djnegt Thlé; lows the ICto
contindé td "58 Rt RYmEroys SpAopseF PPy B G HeseTiPId ci ent conputi ng
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to be understood that the invention is not limited in its application to the details of
construction and to the arrangements of components set forth above and below,
20  illustrated in the drawings, or as described in the examples. Methods, systems and
apparatuses consistent with the present invention are capable of other embodiments
and of being practiced and carried out in various ways. Also, it is to be understood
that the phraseology and terminology employed herein, as well as the abstract
included below, are for the purposes of description and should not be regarded as
25  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
30 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.



applications. As discussed in greater detail below, several features of the
exenpl ary 15 enbodi nents of the present invention enable such resiliency,
continued operation and eventual graceful degradation. First, the IC or

ot her device is conprised of a plurality of "conposite"” circuit elenents
(which conprise various types of conputational elenents, a uniforml/O
interface, and a uniformcontrol structure); these conposite circuit

el enents are effectively interchangeable or fungible, such that in the event
of a 20 loss of functionality of an elenent, its functions can be taken over
by another conposite circuit el enent20either identical or simlar), when
avai l abl e. Second, the plurality of conputational elenents is selected to
enabl e the perf or maniaeddition) during lobsratiam) vhif tesitienaynady beydestditadd ass, t hey are
conmput atiopal |y, C | et e Ehird ontral .functionality. is.distributed anong
a plurali ty“%’fa}fc?r?%qgl%mglcﬁehs ealne, Becapie p Mg cyent 2 gtﬁor"eéclfthezg‘dfso herein as

"st at e nacldamagedloenthatvale ecoinks matsable tanbthempuetionnef thd Bhisrffsttivebuch t hat
control fupctionalit nsferred be and se distributed
controller sr,ecrélgte%eoer éﬁ%‘!—%ﬁr%tt%l{e VEIear{cdd’r?%Sg? Ehg ehgHelly ?tatg? ggrrgs g and/or their
I nt er comnepbitions Ireadditomnds disousde én gleatendedail beldvhas theafoaétemsefe f unctional ity
and any carrespandi ng raout i of .data_and c |l paths, Fifth, all

sel ect ed o;5e:earS %{%&gh%ewa%en UQBaréd;%tag%aé}H‘v%ﬁar Bou ncg&\%\%’dlc’)ﬁ? ﬁla{ tlfglg b es\?lcr(r:ee at the
initial runptatkns camthurgy piyéormeseasesgyvith othed]C epdrationd. Sudlssigptevet |y as may
be needed 1, | AN S biSRLISSRAN S Oinl IS QY Fdel ko B, AePGairRGHBES! ¢ ©
circuit el énents and contimue operaltlons. ~B1E4R gure S a -dragram

i |1 ustrati nigg selkcted embghiment. cdncaptvesahe 1Gwabntitgdd oparste withooydisduptaon exenpl ary
appar at Us : i £ ] C Wit h t . C .ﬂﬁ%' he present

i nventi'lcqn. Jp%g' “}ee I uagtséﬂg? 153{ ‘irbr?%ﬁll%g%g%%?csvrgélﬁlgtfggrﬁgéfag g#‘ hselﬁgl}ic paratus 100,
enbodi ed agprevides §r asgradefid slegraditonof patformpess if i dvichtftdamageitoathel I di scussed
with refer Fi 2 n tidi ; 5 h rently a

Bl ural ity R d SRR . RS ekl f o hOURBRREMT 1LY, U ca
aut onobi | e applidatensvehi cl e, or conputerized or conplex system During tine
period "a", an ICp i j r oy Qi ] k Db i )
functionality, an | C,ﬁl s %ggﬁ%@%ﬁ%@g@ﬁ@ﬂ&gﬁ, %%te{a? E{% ulr‘?)ﬁngf’(%ﬁ)‘l'n%1rg‘I’&GJ ﬁ§§

f unct i ovial iempodiarents@f geriréssnt ih@htion epabde/sudh ragilieocy cominued operatém amd| t i nedi a

functionali 1] { vidi.ng. i i f tionality,
such as t hreg%né‘ﬁﬁggggﬁag{lﬁ%%ﬁé#oﬁa%ﬁge W?\%&ﬁ#{“ggls@ ﬁl@gg%dr&(}op lw’gﬂﬁ' a region
110 (mar kedf \‘/{j:qnhpo'si)c”g:'h):ui@tleh@ts (which comprise various types of computational

elements, a uniform I/O interface, and a uniform control structure); these composite

circuit elements are effectively interchangeable or fungible, such that in the event of a

20  loss of functionality of an element, its functions can be taken over by another
composite circuit element (either identical or similar), when available. Second, the
plurality of computational elements is selected to enable the performance of virtually
any functionality, that is, they are computationally complete. Third, control
functionality is distributed among a plurality of circuit “cluster” controllers, referred

25  to herein as “state machine elements” or “finite state machine elements”, such that
control functionality may be transferred between and among 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

30  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.



portion 102 has becone unusabl e, such as due to physical wear or other
damage to the |C. Such danage nay be determ ned through self-testing or

t hrough ot her nmeans 15 di scussed in greater detail below As ABS is a high
priority function, the functionality perforned within region 110 is then
reassi gned (or bound) to region 112, which previously had been perform ng
video functionality, which has a lower priority for operation in a vehicle
environnment. As discussed in greater detail below, as part of this

reassi gnnent process, new data and control pathways will also be created, so
20 that the newl y assigned regions contifue to conmunicate properly with
other regions of the IC, transparently, as if the reassi gnnent never

occurred. Depending ¥pfie hﬁadn@g}wnﬂus@aﬂn@eomgmar&&}eemm&waewpnal ity
| C portion nue to perform

assigned to this r not con
"te video FESREEHARE mewﬁgﬂ@r hrgﬁfrgewwfxeﬁaqe.w @eﬁth | ower
bandwi dt h Q¢acRiREE6H tht Predért itVenG@s EAs illbstedéd ia Faduré &Rgious ghrtshﬂ!theZS | C 100,

t he hi gher priori ABS functio ntinuye to tion and no
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unusabl e, and thelr functlons ssigned to re i.ons 11E and 120,
respect i velRrality of fingtipnss such as °r°‘%18’ |° i cf taF’tﬂc’aEetS’f ‘§ba PaYPbn 104) generally

could have aatomogherotwlvembteymtdwputdﬂeecpwoatpndmyg&mt IMRuring Aiegtib@nal system

it |sI|keI”, 118 was avail bIe and not . bein etely used by
the tracti o 3{3&5’1“ (,zt'F BWé”d?’eg gpti-lo Ua'(n'r“g l%?’g ﬁ%’g}'fyea n?d cuit -22-

el ement s arpdhwn 1001 SrstvRiingekRtiaY sbrdtbhidctiamlif, S@L(sg@;dobeb@w)pmmmgore of the
| C has ef@ded howeye or ot t}&r i ndi c tion roovided to

na
e aoctt’ YidhR Shmer alipeis b OuRl o tnriC nostion FURih St AVISRER [ or 1
repl aceﬁentﬁmcftleﬁalﬁy(,aﬂﬁiﬂsth}dhghaddﬂeﬂitd)dﬁratﬂs linkent i oned above and as di scussed
in greater detail oW, g ‘Fge ncll

0 the avai.l.ahi] j, f target
destinations for the rpfﬂo 8“?%‘53’} s(g]élffgd”gha‘g( ope‘%eﬁdl ng upon how
t he functi qnaidntly)zlhss baafri \gnele, E\hﬁ agaae&:l;g@ﬁdalfwuaﬁbnmmgmm thé¢ onger
perform op t.he hav | ess bandw dt h), but
still perft"{;ngf‘ 'ﬁ%‘éﬁ“’r@ mayche ‘}é‘éw?'}?g %bﬁ‘fotfsr'r'ﬁlﬁ(?é g“%‘r(ﬁ &t®2%hd not
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Subsequentl dur.in
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reassi gned witct grgviousy h@PbechPBrfoddidg aiddo hidOtioratinp edidhiak ¥ lowe pkibtiy case, as

traction for operation in a vehicle environment. As discussed in greater detail below, as part

of this reassignment process, new data and control pathways will also be created, so

20  that the newly assigned regions continue to communicate properly with other regions
of the IC, transparently, as if the reassignment never occurred. Depending upon the
nature and scope of the new functionality assigned to this region, IC portion 106 may
or may not continue to perform its video functionality, or may perform this
functionality with lower bandwidth or speed. In either case, in spite of damage to the

25 IC 100, the higher priority ABS functions continue to be operational, and no
catastrophic failure has occurred.

Subsequently, during time periad “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

30 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



control (of region 104) generally would have a higher priority than the
operation of the video systemof |IC portion 106, those higher priority
functions are reassigned to 15 the unaffected areas of the IC. In this
instance, it is plausible that the video functionality could cease entirely,
as the remaining usable portions of the IC are performng these higher
priority functions, such as braking and traction control. As nore of the IC
has degraded, however, a warning, signal or other indication also my be
provided to the user, such as to have the vehicle serviced imediately for
| C 20 repl acement, for exanple. Again%QSuch decline in performance is

e

gradual and not catastrophic, with tAé capability for high priority

functions to continue to operate, . despite signifjicant failur wi t hi n many
bor s 1 o of SERE medipanteaiere et R ahseRsad filow). AT porp e Kober ol
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restore th% fa ﬂﬁt}”(r)nr%l iet‘xar_gl{neg/ioob%slrévig%rformad -23- by the danmmged regions
of the IC “H a’c’:é’ngeauence, ERE %P ol ogi cal system the apparatus 100
i s sel frheal i ng, ena®hbsagueatigaiurigg fione peliahd”] degiode $71,1124,| 1IQ6caddd®. A.

Appar atus Architectuge.,, igures - 3 are bl ock,di a ne . llustrating, in
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140 i n accosadeipred wowdghonks 182, 138ar3d andd 36/fredpheativetye dantiis cave castttaotion t ypi cal |y
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more of the IC has degraded, however, a warning, signal or other indication also may

be provided to the user, such as to have the vehicle serviced immediately for IC

20  replacement, for example. Again, such decline in performance is gradual and not
catastrophic, with the capability for high priority functions to continue to operate,
despite significant failures within many portions of the IC that would cause a prior art
IC to fail completely, suddenly, and potentially catastrophically.

The biological parallels in the operation of the apparatus 100 are

25  striking. As in a biological system which can heal itself, such as a neurological
system, in the event of a damage such as a stroke with loss of neurons and
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

30 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



circuit elenments (equivalently referred to and abbreviated as "conposite

el ements” 15 ("CE")) CEA, CEa, CkEc, CEp, CEE, and CEM which perform
different actions and which may be confi gurable or non-configurable
(illustrated and discussed with reference to Figures 5 - 8). The plurality
of conposite circuit elenments 260, wiwth other circuit structures di scussed
below, as a first grouping, are grouped into a corresponding plurality of
circuit "clusters" 200. The various groupings may al so be 20 consi dered
arrays of a plurality of conposite circuit elenents 260, at correspondi ng

| evel s. The apparatus 100, 140 may thepbe logically divided into or
conprised of a plurality of levels, with this lower level referred to as a
"cluster” lg\kd danfdded ?e%éﬂs%tfu?erﬂ'camamn&éhugm R iHadidibYicAlsyGbmCtbt clusters
200 then grouped throu various (second) conmunication el enents 210 and
a second cr@m@msmwtﬁelé hsaling: erabling ongring fpeiogaliy deanitedfidemaet-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

further grouped thro ra t4¥¢ conmuni cati on el enents 190 and
third ckannel (or bugjgidsuflyng) blé&édlhé}ﬁrﬁs ﬁlu@&ﬂﬂ%r in 1ﬁ&@$smgai§vés &hird
grouping, referred to 30 as a "matrix" |evel lurality of matrices 150)

or unit | evétailgemplary firy and pecond apgarasypes Hils 1 Quﬁaf?é?fd@'?c@u’ﬂﬁﬂthﬁ hrough a

fourth Chan&%hmgpafthyﬁre%&r&we%aa t}&&nwmoalb@a@mﬁf 8t pbitionl &an 1840 or device
| evel, as a fourth grouping or arr - The various conmuni cation

channel s (éAsgllustisteds the agparpiys 199, rlﬁet*ﬂ?‘%l)’ d‘_‘E"EEPuwI’QE‘d copguigtenatly yfiaini cat i on
el ements 19Q aaﬂ&mp%%ﬂmﬁ%}fsﬁﬁw@ the PRYalidFof Joﬁ{p%&eearm efiMbntielgoned as

interconnect 155 of the present i'nvention, allown conmmuni cation of data

and conir olAn [RFBPHES e YPRe uBFIoRR aghE o aﬁper&rnmaé’y aLOPRPFIESFrCBit ust er s 200

and other lefentRM P @Rbigh E@ﬁx@o@&a&éaecoa%aahaﬁéua@ahmpe AQrcMRIcERWl Y 1S
enbodi ed as _an integrated circuit ;gfarate | C or part of a

| ar ger syst2@fh Sithas splpplicatierey blbmawpl@ﬂorbfmal"ﬁﬁtf khess arg vgriousch as

coupl ed t 0 tReB8F cdriposhtB cRcit £1eMbits BOR ithstrived h\GFRRLVEPKs of BBIp¥EIEk NMesh, and
so on. The two apparatus enbodi nents 100, 140 differ only in the 10 Iocatlon

(andl or tyEFUibs lempss (esrabairaly sefgirechiorpnd plbrevipted as “composits dememssut i | i zed t o

provi desi npetEgNAEQUERYICHL, CED) QEE Qn&tngrwmexbawai dlqereapamom s ated I Cs or
ot her devi ces, such as exter nal menory F@ﬂ DDR- or externa

comuni cat i"8rchkRanherenfiggrabls erdwg- CPBﬂ@“'ab “S(SrlatePGPd é)@ﬁ\‘séé‘%‘”(‘P’CI -e)). For
appar at us }4@rensdie!Figxrt €5 D&Y, ThOpliaitity of composite circuit elements 260, with

other circuit structures discussed below, as a first grouping, are grouped into a
corresponding plurality of circuit “clusters” 200. The various groupings may also be

20 constdered arrays of a plurality of composite circuit elements 260, at corresponding
levels.

The apparatus 100, 140 may then be logically divided into or

comprised of a plurality of levels, with this lower level referred to as a “cluster” level
(or a first array), with the plurality of circuit clusters 200 then grouped through

25  various (second) communication elements 210 and a second channel (or bus structure)
220 into an intermediate level (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 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

30 asa“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.



been concentrated within a selected matrix 150, while for apparatus 100,
such external 15 I/O has been distributed anong a plurality of matrices 150.
In all other respects, the apparatuses 100, 140 are identical. As a
consequence, any reference to apparatus 100 w |l be understood to nean and
i ncl ude the second enbodinent illustrated as apparatus 140, and apparatus
140 otherwise will not be further discussed as a separate enbodinent. Al so,
while Figures 2 and 3 illustrate two natrices 150, it should be 20
understood that the apparatus 100, 140 nmay i-nclude one or nore matrices 150,
and that exenplary enbodi ments nay inglude any nunber of matrices 150,
dependi ng upon selected applications and vari ous deS|gn parameters, such as
| C area and power gw remen nts { g%fio Fi 3 O uss ctase ndi cat ed
above, the apparatus TOB1S ﬁ%mfn(‘)'ﬂ’icﬁéﬁ"l'5;l B\/sl(ﬁ'gd ﬂst?) d of a
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of (at | east two) communication el ements and
apparatus 140, and apparatus 140 otherwise will not be further discussed as a separate

embodiment. Also, while Figures 2 and 3 illustrate two matrices 150, it should be

20  understood that the apparatus 100, 140 may include one or more matrices 150, and
that exemplary embodiments may include any number of matrices 150, depending
upon selected applications and various design parameters, such as IC area and power
requirements.

Referring to Figures 2 — 3, as indicated above, the apparatus 100 is

25  logically divided into or comprised of a plurality of matrices 150. Each matrix 150 is
coupled through a corresponding plurality of third communication elements 190 and a
fourth communication 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
(“1/0™) 170 and 1/O 180 (of fourth channel (or bus structure) 160). Depending upon

30 the selected embodiment, the fourth channel (or bus structure) 160 (with I[/O 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,



corresponding I/O portions of the bus structures (having conbined contro

and data 15 I1/0O paths), in exenplary enbodi nents, is repeated at each of
the various logical, hierarchical |evels, providing corresponding resiliency
in the event of a failure of any of the various conmunication el enents or
1/0 paths. For selected enbodinments requiring less resiliency or subject to
ot her constraints, however, such one or nore additional sets of

comuni cation el ements and corresponding |I/O are optional and 20 may be
omtted. Each matrix 150, in turn, is logically divided into various

hi erarchical |evels or subgroups, alspgswith circuitry for communi cation
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I n addi ti onf tieSvagiBudgimmtitation elements or /O paths. For selected embodiments
requiring less resiliency or subject to other constraints, however, such one or more
additional sets of communication elements and corresponding ¥/O are optional and

20 may be omitted.

Each matrix 150, in turn, is logically divided into various hierarchical
levels or subgroups, also with circuitry for communication between and among the
various levels, such as the plurality of third communication elements 190 adapted to
perform packet-based routing, self-routing, tunneling, or other types of data,

25  configuration and control communication. More specifically, a matrix 150 is
logically divided 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

30 communication elements 190.

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

corresponding plurality of circuit clusters 200 (abbreviated and referred to herein



variation, "fast path" connections may be provi ded between adj acent
clusters, 15 illustrated as connections 215 in Figure 2, and di scussed in
greater detail below. The various second and third comruni cation el enents
210, 190 and |evels of comunication channels (bus structures) 160, 195,
220 collectively forman interconnect structure 155 of the present
invention. As indicated above, the second and third conmunication el enents
210, 190 nmay be inplenmented as known or as 20 becomes known in the art for
transfer, routing or switching of data, configuration and control to and
from addressabl e clusters 200. The secgnd and third communication elenents
210, 190 may be inplenented as routing elenents, self-routing el ements,
waypoi nts, Ci rcwt ) hybri d .r,out i ng and cir d el enents,
other swi FEPHESE Wrs rr'ﬁll"cl % dl'f“éhrr'é'r% om&rﬁeggtgﬁm%’?gﬁommm cation
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CONPONENt S jeyels of communication channels {bus structures) 160, 195, 220 collectively form an
interconnect structure 155 of the present invention. As indicated above, the second
and third communication elements 210, 190 may be implemented as known or as

20  becomes known in the art for transfer, routing or swiiching of data, configuration and
control to and from addressable clusters 200. The second and third communication
elements 210, 190 may be implemented as routing elements, self-routing elements,
waypoints, circuit-switched, hybrid routing and circuit-switched elements, other
switch-based communication elements, or other types of communication elements,

25  and are considered equivalent. The various communication channels (bus structures)
160, 195, 220 may be implemented utilizing any conductive paths which may be
available in IC fabrication and processing.

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

30 number “n” selected depending upon the objectives of the selected embodiment. For

113 9!

example, in an exemplary embodiment, 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



within a cluster 200 and data, configuration and control routing fromand to
15 conponents of other clusters 200. In exenplary enbodi nents, a nessage
manager 265 within a cluster 200 or supercluster 185 is also utilized to
provi de inter-cluster communication of configuration and control and
external input and output conmmunication of any type of data, configuration
and control. It should be noted that the selection of the nunber of |evels
within the 20 apparatus 100 may be varied in any given enbodi nent, as a

bal anci ng of the anpbunt of physical interconnect to be utilized in
conparison with routing conplexity, fogj7a given nunber of conputational

el enments. In the exenplary enbodi nent, for the sane nunber of conposite
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mor e contr?rg@&eﬁ or both. In an exenplary enbodinment, the controller or
processor 175 is inplenmented utilizing a coomercially available processor
or micriprocessor, e Within fmgluster 0@ leyelpthg fisst cymanynicatien glsmenty 356 al so may be
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communication of any type of data, configuration and control.
It should be noted that the selection of the number of levels within the
20  apparatus 100 may be varied in any given embodiment, as a balancing of the amount
of physical interconnect to be utilized in comparison with routing complexity, for a
given number of computational elements. In the exemplary embodiment, for the same
number of composite circuit elements 260, the use of four levels (matrix, supercluster,
cluster, and composite circuit element levels) in comparison to three levels (with more
25  components per level), for example, enables a substantial reduction in 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
30  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



t hrough conposite circuit elenents 260. These circuit elenents 260 are
referred to as 15 "conposite" circuit elenents 260 because in the exenplary
enbodi ments, they are conprised of a first, constant or fixed portion, and
a second, variable portion, which may be configurable or non-configurable
(dependi ng upon the type of conposite circuit elenment 260). Mre

particul arly, each conposite circuit elenent 260 is conprised of. (1) a
uni formor constant elenent interface and control 280, which is 20 the same
for every conposite circuit elenment 260; and (2) a selected type of
"conputational” or other circuit elenmept 270 froma plurality of types of
conput ational el enents 270 (configura e or non-configurable), which are
illustrated, and dis in great detail with reference to Flgures 5 -
8. The comPdtilepa)sarralercli may asiaf vulis opaps BoreF FREME BIRSS i y as

25 an el en29) (Addhs@d beldw;uts bnebefitms tcordersybit Buth  IodiExempRrgi rcuit el enents
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circuit element 260). More particularly, each composite circuit element 260 is
comprised of: (1) a uniform or constant element interface and control 280, which is
20  the same for every composite circuit element 260; and (2) a selected type of
“computational” or other circuit element 270 from a plurality of types of
computational elements 270 (configurable or non-configurable), which are illustrated
and discussed in greater detail with reference to Figures 5 - 8.
The computational circuit element 270 (also referred to more simply as
25  anelement 270 or circuit element 270) within composite circuit elements 260 vary by
type and configurability; the computational elements 270 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
30 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 communication elements or interfaces of a plurality of



interface and control 280 presented to other conposite circuit elenments 260,
and 15 having a conputational elenent 270 desi gned for comrunication
functionality, and which may or may not be configurable. In addition, as

di scussed bel ow, additional «circuitry typically enbodied as a state nachi ne
and referred to as a "nmessage manager" circuit 265 is provided within
various or selected clusters 200 to perform external conmunication
functions, such as providing communication interfaces to 20 external nenory,
busses and comuni cation systens, e.g., providing interfaces which conply
Wi th various conmunication and other dgada transfer standards, and may al so
include interfaces for conmunication with other portions of an I C when the

appar at us 10fks! SakiiedhfudbleRaidmBhiniis R s Mg dPRBRAMIAY upON the

sel ected engodl ment, a nessage manager 265 (as dedi cated hardware)” or a
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another IC _and so on. In_exenplary enbodi nents, 30 the nessage_ nanager may
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machi ne el erren}_ls,zgo, as .di scussed i n g{;fgletat er detall below, such as for
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external CQRHBHERE cORphsiieDircais cleRents DE¥Ystite MsdhineREments 290, Bkgevi ded by ot her
conponents coupled to the |nt5rconnect_5 155, and the nessage manager
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W thin a supafesi rdghieds o} Bizicuiél/ sthereisyst er 200 and packet - based conmuni cation
on the interconnection networks {2{&0 195, 160,. 170, 180, essentially

repl acing the first &M By cxupplfdhe Breheammuriralionslempoty L048lstep@) Such as

in  super clhst e impkentéibasGl tfd &f codlpaSiteila ol eRRRhE260| Raviidyd &n ashadi nent, the
nmessage 10 _nal[}ager circuit 265 mag al so be inplenented as % finite state
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Data Wit e diR6is@gpsical Biumtdial sapyatdmachngomd réfaired MWdstat‘message
manager”’ circuit 265 is provided within various or selected clusters 200 to perform
external communication functions, such as providing communication interfaces to
20  external memory, busses and communication systems, e.g., providing interfaces
which comply with various communication and other data transfer standards, and may
also include interfaces for communication with other portions of an IC when the
apparatus 100 is embodied as part of an SOC. For example, depending upon the
selected embodiment, a message manager 265 (as dedicated hardware) or a composite
25  circuit element 260 (having a computational element 270 adapted for a
communication function) may be utilized for such external communication, such as
providing an Ethernet interface, a PCI interface, a PCI Express interface, a USB or
USB2 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,
30 the message manager may also be utilized for communication within the apparatus

100, such as communication between clusters 200 and communication between state



15 nessages cause the payload data in the nessage to be witten to an
address specified in the nessage. Data Wite nessages, for exanple, may be
user task wites, wites to second nenory el ement 255, or wites over the
configuration/control bus 285, such as for witing to the SME 290 and

nodi fyi ng SME 290 executable code, or wites to configure any conposite
circuit element 260 within a cluster 200. In this 20 enbodi nent, also for
exanpl e, the nessage nanager circuit 265 may wite to the SMe 290, to
provi de SME 290 control. Data Copy nmessages cause a Data Wite nessage to
be sent froma specified source addrq%g_to a specified destination address.
Qut goi ng acknow edgenents are generated by the nessage nmanager circuit 265
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message nanager circulit 265, to data back ups on the Interconnect
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col i sion).gecond memory element 255, or writes over the configuration/control bus 2835, such as
for writing to the SME 290 and modifying SME 290 executable code, or writes to
configure any composite circuit element 260 within a cluster 200. In this
20 embodiment, also for example, the message manager circuit 265 may write to the
SME 290, to provide SME 290 control. Data Copy messages cause a Data Write
message to be sent from a specified source address to a specified destination address.
Outgoing acknowledgements are generated by the message manager circuit 265 in
response to an incoming Data Write message requesting a reply, and are themselves
25  Data Write messages. Outgoing messages are assembled in the second memory
element 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
30 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



15 I n anot her exenpl ary enbodi ment, the nessage manager circuit 265 is also
configured or adapted to nanage the nenory-type conposite circuit elenents
260M di stri buted throughout the apparatus 100. For exanple, the nessage
manager circuit 265 is adapted to provide a uniform address space for the
distributed plurality of nmenory conposite circuit elenents. Through this
use of the nessage manager 20 circuit 265, the distributed plurality of
menory-type conposite circuit elenents 260 appears to the other conposite
circuit elements 260 and nay be nmanaged as one |arge nenory array. Each of
t he configurabl e conputational elenment® 270 are conprised of conbinational
logic (i.e., a group of logic gates formng a functional unit, such as an
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i nterface 260y distributed throughout the apparatus 100. For example, the message manager
circuit 265 is adapted to provide a uniform address space for the distributed plurality
of memory composite circuit elements. Through this use of the message manager
20  circuit 2635, the distributed plurality of memory-type composite circuit elements 260
appears to the other composite circuit elements 260 and may be managed as one large
memory array.
Each of the configurable computational elements 270 are comprised of
combinational logic (i.e., a group of logic gates forming a functional unit, such as an
25  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
30 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



15 and control 280 of the conposite circuit elenment 260. As discussed in
greater detail below, each of these configurations, in conjunction with

ot her information such as selected inputs, output destinations and control
information is defined as or conprises a corresponding "context". For
exanpl e, the sanme configuration of elements may have nultiple contexts,
with each context using different inputs and providing outputs 20 to
different locations, or utilizing different constants. Al so for exanple,
different configurations will also provide different contexts, even if the
different configurations wll utili z_ejzt_he sanme inputs and provide outputs
to the sane destinations. The operati’dons and control of conposite circuit
el ements 260,..i s discussed in greater detail. helow w.th reference to Figures
5 - 8 and fgfer?"ﬁl“faé\ﬁi? ﬁ‘é‘“’teﬁté“g&ﬁ%Eﬂéc’é\séﬁte%&’rlf‘ﬁ’étl?‘???@%%l’s 5 and ext er nal
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a corresponding “context”, For example, the same configuration of elements may
have multiple contexts, with each context using different inputs and providing outputs

20  to different locations, or utilizing different constants. Also for example, different
configurations will also provide different contexts, even if the different configurations
will utilize the same inputs and provide outputs to the same destinations. The
operations and control of composite circuit elements 260 is discussed in greater detail
below with reference to Figures 5 — 8 and 16, following the discussion of the internal

25  and external communication and addressing utilized in exemplary embodiments of the
invention.

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

30 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



15 third conmunication elements 190 may al so be consi dered waypoi nts or
gateways, and are one of several comrunication structures utilized in
accordance with the present invention. In a first sel ected enbodi nent
utilizing at least two or nore third comunication elenents 190, each third
comuni cation elenment 190 is coupled to each supercluster 185 of a selected
matrix 150 and to other third comunication 20 el enments 190 (via bus
structure 160), such that comrunication to and from each supercluster 185
may occur through either third conmunication elenent 190. As a result, in
the event of a failure of any one of the third comuni cation el enents 190,
anot her third comuni cation elenent 19 is available to each supercluster

185 of a scel ecﬁgym%deq éf? (Plr ?J\s{sle al ov e ?ei;"enca m Ca O

functional it ofasts para TLni catlon el ement s
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communication elements 190, each third communication element 190 is coupled to
each supercluster 185 of a selected matrix 150 and to other third communication

20  elements 190 (via bus structure 160), such that communication to and from each
supercluster 185 may occur through either third communication element 190. Asa
resuit, in the event of a failure of any one of the third communication elements 190,
another third communication element 190 is available to each supercluster 185 of a
selected matrix 150 to provide identical communication functionality. While

25  illustrated as separate third communication elements 190, it will be understood that
these independent circuits may be combined into one or more larger circuit structures
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,

30  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



15 210. Also as a result, in the event of a failure of a second

communi cation elenent 210, another second communi cation el enment 210 is
avai l abl e to each cluster 200 of a selected supercluster 185 to provide

i dentical comrunication functionality. In a selected enbodi nent, these

i ndependent circuits may be conbined into one or nore larger circuit
structures providing the sane i ndependent comruni cation function. 20 Al so
for exanple, a single, conmbined second conmuni cation element 210 is
utilized, simlarly connected to each cluster 200 and to one or nore third
comuni cation elenments 190. In this gﬂpodinent, each second conmuni cati on

el enent 210 provides multiple and i ndependent conmunication pathways (e.g.,
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selected embodiment, these independent circuits may be combined into one or more
larger circuit structures providing the same independent communication function.

20  Also for example, a single, combined second communication element 210 is utilized,
similarly connected to each cluster 200 and to one or more third communication
elements 190. In this embodiment, each second communication element 210 provides
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

25  links. Apgain, in the event of such a failure, significant functionality is preserved, with
graceful degradation and 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

30  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



15 configuration and control information, to and fromother matrices 150
(via first bus 160 and 1/0O 170, 180), and to and froma plurality of
superclusters 185, via one or nore second conmunication elenents 210 within
each such supercluster 185. In turn, one or nore second comunication

el ements 210 within such a supercluster 185 provides packet routing,
self-routing, tunneling, switching or other transfer of data, 20
configuration and control information, to and fromthe third comrunication
el enents 190, and to and froma plurality of clusters 200 within the
supercluster 185, via one or nore firgd_ communication elenents 250 within
each such cluster 200. In turn, the one or nore first conmunication el enments
250 within i ty t unnel i ng,
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one or more second communication elements 210 w1th1n such a supercluster 185

provides packet routing, self-routing, tunneling, switching or other transfer of data,

20  configuration and control information, to and from the third communication elements
190, and to and from a plurality of clusters 200 within the supercluster 185, via one or
more first communication elements 250 within each such cluster 200.

In turn, the one or more first communication elements 250 within a

cluster 200 provides packet routing, self-routing, tunneling, switching or other

25  transfer of data, configuration and control information to and from 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

30 255 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



15 of a conposite circuit elenment 260 to be coupled concurrently to any
input of a conposite circuit elenment 260 in the exenplary enbodi nents (with
t he exception of conflicts or contentions for the same inputs or outputs),

nore limted or partial interconnections within the cluster 200 may be
provi ded, such as by using a partial interconnect elenent or a distributed
partial interconnect elenent (not separately 20 illustrated). Al so for

exanpl e, in exenplary enbodi ments, the first conmunication elenents 250 may
provide 2 or nore concurrent connections or routing, such as two up |inks
to and two down |inks fromsecond communi cation el enents 210, in addition

to one or nore concurrent connections %o and fromthe conposite circuit

el enents 260 and other conponents of “a cluster 200. Nbre connectivity may
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addressgd daha, 6s‘%'t§ cu%&&e:ﬁ?&%ﬁ W&l %;)(18 e'&%gx?c{uye I{ogangflﬁil]%oBFall a data

transm ssion se ence I'S conprise rds (fields or

data str uctcamgéltemuladdmsnﬂﬁoan ctlelesemnfamm@dmm (viithche exeeptiovoefd 305 or

310 is conflicts or contentions for the same inputs or outputs), more limited or partial
interconnections within the cluster 200 may be provided, such as by using a partial
interconnect element or a distributed partial interconnect element {not separately

20  illustrated). Also for example, in exemplary embodiments, the first communication
elements 250 may provide 2 or more concurrent connections or routing, such as two
up links to and two down links from second communication elements 210, in addition
to one or more concurrent connections to and from the composite circuit elements 260
and other components of a cluster 200. More connectivity may also be provided in

25  any given embodiment, as a trade-off of potential collisions with IC area. In addition,
where less than full interconnectivity is provided, the various communication
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

30 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



15 transmtted sequentially, one after the other. The first word or field
305 conprises the address header with a data start indicator. The address
header may conprise a destination address, or may conprise both a
destination address and a source address (which nay require nore than one
word). Such an address, in the exenplary enbodinents, has the form of
[matri x nunber, supercluster nunber, cluster nunber], 20 with the nunber of
bits utilized to designate the address dependent upon the nunber of

matri ces 150, superclusters 185 and clusters 200 inplenented in the sel ected
enbodi nent. For exanpl e, when eight otsfewer matrices 150 are inpl enented,
and with each matrix 150 containing eight or fewer superclusters 185, and

with each %?1&@&%95&8&%&@&&&%@&&% ?él&lz@d é&{bofdﬁii\é{t FB Ushafipfe, 200, 9 bits

are sufficient to provide addressing as [ MW SSS, CCC]. The data start
i ndi cat or vitherality of feurthy mmw%warelemrmﬁl(aotsmﬁtram Hithrthg ohedpri se a first
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headers or “eh9fuecnts datgand/areprsel Rackes are fo‘ﬁﬁ‘éj PY§t dheaintergongectdpo By the may al so

be utilizedafighs r%i?ﬁ‘%el%éﬂ@%ﬁﬁd cSMATAnR &I LRSI, SecohdBmibRicatdns equent
data words are ol der values, for use in synchrom zation,
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word or fi akslds, SHPEBP rEaluc:1l€é3£ﬂ?frés§iﬁ§ obah&dd.ﬂ{.al RO d JetlakRe 80dsshdegat or, to

indicate that the current rd i | ast data word_ being

S
t r ansf er r edVitiEoyting ot leewmwé a‘édrg%e%%a fvpﬁ’@ iYiars srpciically, éa%frengrw ned val ue

(or other smgaed, apaeﬂsiﬁshmasl@dséau&ncam f&g:oﬁipﬁ@éd%‘ta%u\iﬂﬂ t&)wora'smﬁsmsunnel ing
of data is i Ierrent ed in an exenpl.a enbadi nent as conbi nati on or

hybrid of %Fﬁtaﬁgﬁ%ws}%ﬂﬁ‘i‘ﬂgflgrﬂddf r&h“t’* wads- tieash sgeh ‘Wﬂéosﬁépfq Bularly, the

vari ous; st outdnkrgitRH eéqaiahﬁalg/t Bhe &htes GEBIRIC Thé ARt RbRIBHeld 38Dcomltises®e ond
communi cation elenents 21 provi de for establlshlng one or,  nore

connect i onIgEpvRIACTKIEh %Hﬁ‘ﬁémﬁ‘llﬁ‘é'f’%?rs Bgaddressiigades ayfIPwEise feader of the
first wor ddegtinatib hdiréRbor A cImsiae bbiht @BkhaBieh hddiessUBd @ so@dé sdfr@d path from

a source cl u?uc% may require more than one word). Such an address, in the exemplary

embodiments, has the form of {matrix number, supercluster number, cluster number],

20 with the number of bits utilized to designate the address dependent upon the number
of matrices 150, superclusters 185 and clusters 200 implemented in the selected
embodiment.

For example, when eight or fewer matrices 150 are implemented, and

with each matrix 150 containing eight or fewer superclusters 185, and with each

25  supercluster 185 containing eight or fewer clusters 200, 9 bits are sufficient to provide
addressing as [MMM,SSS,CCC]. The data start indicator within the first 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

30  packets are data words to be routed to the same addressed destination. As a
consequence, all of the “m” words or fields 310 of data following the first field 305

are designated and transmitted as data words, namely, data words 310y, 310, 310,



15 200 to a destination cluster 200. The dedi cated path may be forned by
circuit- switching or other connections within, for exanple, a waypoint or
gateway. The renmining data word (data words 3100, 3101, 3102 through
310(m 1)) arriving at the comunication elenment (third conmunication

el ements 190, second communication elenents 210), may be buffered and then
transferred automatically as a packet on the 20 switched or other dedicated
path established within the comruni cation el enent using the address header.
The dedicated path is maintained until the conpl ete packet has been
transmtted, after which the various th elenments are rel eased for other
comuni cations. A plurality of paths miy be used concurrently to support a

br oadcast de so in.the exenpla enbodi nment , lurality .of such data
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communication element (third communication elements 190, second communication
elements 210), may be buffered and then transferred automatically as a packet on the
20  switched or other dedicated path established within the communication element using
the address header. The dedicated path is maintained until the complete packet has
been transmitted, after which the various path elements are released for other
communications. A plurality of paths may be used concurrently to support a
broadcast mode. Also in the exemplary embodiment, a plurality of such data
25  transmissions may occur concurrently between and among the same communication
elements, such as by using the four uplinks and four downlinks previously mentioned
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
30 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.



290 (or other controller(s) 175 or off-chip controller(s) or processor(s))
performng the binding process (the "binder") assigns actions (i.e
functions or contexts) to the various conposite circuit elenments 260, and
establishes a "virtual" data |inkage or routing between or anong the
conposite circuit elenents 260, nanely, assigning a 20 data |inkage between
one or nore conposite circuit elenents 260, w thout necessarily specifying
how t hat data linkage is to physically occur. The various comrunicati on

el ements (first conmunication el enment 250, second comuni cation el enents
210, third conmmunication elenents 1 Tull interconnect elenment 275 and/or
distributed full interconnec elenent 295) . either clock, cycle-by-cycle or

at any given tine, tHesPPEsta? Srshaammuriction flamanh? HbreeHXesANAVLF route for
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routing between or among the composite circuit elements 260, namely, assigning a

20  data linkage between one or more composite circuit elements 260, without necessarily
specifying how that data linkage is to physically occur. The various communication
elements (first communication element 250, second communication elements 210,
third communication elements 190, full interconnect element 275 and/or distributed
full interconnect element 295), either clock cycle-by-cycle or at any given time, then

25  are adapted to determine the physical route for the corresponding data transfer,
creating the physical data linkage. For example, via switching and/or routing, a first
physical data path or link 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

30 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



i npl emented as a crossbar switch. In cluster 200A, a distributed ful

i nterconnect elenent 295 (as a distributed plurality of circuit conponents)
is utilized to provide conplete interconnections between inputs and out puts
of each of the conposite circuit elenments 260 and ot her cluster conponents

as illustrated. For exanple, the 20 distributed full interconnect el enent
295 may be inplenented as a plurality of multiplexers and/or
derul ti pl exers, such as the nmultiplexer 335 illustrated in Figure 8 for a

sel ected conposite circuit elenment 260. In all other respects, the clusters
200, 200A are identical. As a consegugnce, any reference to a cluster 200

wi Il be understood to nean and i nclude the second enbodi rrent illustrated as
cluster 20 j er 200B in
Figure 7), ggéto%ggg %qumﬂ Eﬁl{/‘g’rtﬁg??%hgﬁo esolf't Sctogr@%p%%g@ cI uster 200A
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structures, such busses or other types of comminication nedia. It should
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application to be run,” selected clusters 200 may conprise gredom nantly
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functionality provided by state nmachine elenments 290 and nessage managers
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distributed full interconnect el enent

complete interconnections between inputs and outputs of each of the composite circuit
elements 260 and other cluster components as itlustrated. For example, the

20  distributed full interconnect element 295 may be implemented as a plurality of
mulitiplexers and/or demultiplexers, such as the multiplexer 335 illustrated in Figure 8
for a selected composite circuit element 260. In all other respects, the clusters 200,
200A are identical. As a consequence, any reference to a cluster 200 will be
understood to mean and include the second embodiment illustrated as cluster 200A

25  (and a third embodiment illustrated as cluster 200B in Figure 7), as one or more
variations of a cluster 200, and cluster 200A (and cluster 200B) otherwise will not be
further discussed as a 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);

30  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



295 may be inplenented as a plurality of switches, pass transistors,

mul tiplexers and/or demultiplexers, for exanple. Also in selected

enbodi ments, as various options or variations, an exenplary cluster 200 may
al so include additional nenory, such as second nmenory 20 el enment 255, which
may be a type of queue, such as a |ong queue, for exanple; may al so include
an intercluster queue 245, such as a FIFQ buffer or other nenory

structure, for transfer of data, control and/or configuration information
bet ween adjacent clusters 200 without utilizing the various first

communi cation el enents 250 and secondgcomuni cation el enents 210 (creating
the "fast path" connections 215 25 illustrated in Figure 2); and nay al so
include a i rRef ni cation
bet ween ¢ ho TORE Y50 et HECARcR BTSSR oiflsosd it A5 Bla A
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Also in selected embodiments, as various options or variations, an

exemplary cluster 200 may also include additional memory, such as second memory
20 element 255, which may be a type of queue, such as a long queue, for example; may
also include an intercluster queue 245, such as a FIFO, buffer or other memory
structure, for transfer of data, control and/or configuration information between
adjacent clusters 200 without utilizing the various first communication elements 250
and second communication elements 210 (creating the “fast path” connections 215
25  illustrated in Figure 2); and may also include a separate or additional communication
structure for communication between the SME 290 and other components within 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 controlier
30  (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



communi cation functions, instruction processing, and all such

non- conput ati onal or other functionality is considered wthin the scope of
a circuit elenment 270 of the invention regardless of nonenclature. Wthin a
cluster 200, the conposite circuit elenments 260 have 20 (conputati onal)

el ements 270, which may be of the sane or different type, and may be
included within the cluster 200 in any selected conbination or mx, and may
be static (nonconfigurable) or configurable. As illustrated in Figure 5,
the elenments 270 are a configurable elenment (type "A") 270A, two
configurable elenments (type "B") 2705 a configurable elenment (type "D")
270D, a configurable el enent (type " % 25 270E, and a configurable or
non-configurable first menory CIrCUIt el ement 270M A conmuni cation circuit
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invention regardless of nomenclature.

Within a cluster 200, the composite circuit elements 260 have

20 (computational) elements 270, which may be of the same or different type, and may
be included within the cluster 200 in any selected combination or mix, and may be
static (nonconfigurable) or configurable. As illustrated in Figure 5, the elements 270
are a configurable element (type “A™) 2704, two configurable elements (type “B”)
270g, a configurable element (type “D”) 270p, a configurable element (type “E”)

25  270g, and a configurable or non-configurable first memory circuit element 270y. A
communication circuit element 270¢ is utilized in the first communication 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

30  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,



functions may include, for exanple, providing an Ethernet interface, a PCl
interface, a PCl Express interface, a USB or USB2 interface, a DDR SDRAM
interface or other type of nmenory interface, a wireless interface, an
interface to another IC, etc. Typically, the nessage nmanager 265 of a given
cluster 200 provides one type of 20 communi cation function, with the nessage
managers 265 of other clusters 200 correspondingly providing other types of
comuni cation functions. For exanple, the nessage nmanager 265 of a first
cluster 200 nay provide a PCl Express interface, while the nessage nmanager
265 of a second cluster 200 may provi gﬁa DDR-2 interface, while the
nessage manager 265 of a th|rd cluster 00 may provide an 25 Ethernet
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SDRAM eflrs communi tation el enen S|m ar to the conposite
functions may include, for example, providing an Ethernet interface, a PCI interface, a

PCI Express interface, a IJSB or USB2 interface, a DDR SDRAM interface or other

type of memory interface, a wireless interface, an interface to another IC, etc.

Typically, the message manager 265 of a given cluster 200 provides one type of

20 communication function, with the message managers 265 of other clusters 200
correspondingly providing other types of communication functions. For exampile, the
message manager 265 of a first cluster 200 may provide a PCI Express interface,
while the message manager 265 of a second cluster 200 may provide a DDR-2
interface, while the message manager 265 of a third cluster 200 may provide an

25  Ethernet interface.

In addition, the message manager 265 may also 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

30  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



circuit elements 260, including an elenent interface and control 280, and a
circuit elenment 270 which, in this case, is a conmunication el enment 270,
whi ch may be configurable or non-configurable, dependi ng upon the sel ected
enbodi ment. For exanple, configuration nmay occur to determ ne switching or
routing paths within the 20 communi cati on el enent 270c. The conmuni cati on

el ement 270c provides for packet swtched data transmi-ssron and reception
to and fromthe interconnect 155, and circuit-sw tched comunication wthin
the cluster 200. Simlarly, the state machi ne el ement 290 al so conprises an
element interface and control 280, with its "conputational" elenent (270)
being the nore 25 specific case of a%tate machine el enent, which al so may
be configurable or non configurable, depending upon the sel ected enbodi nent .
The var i oughamensageanam@ger 264ndsiarponsequenge.0it messagaimansgeS2E), isj;lllstratfe@r a state

machi ne enf §§§ [ registers.
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configurable or non-configurable, depending upon the selected embodiment. For

example, configuration may occur to determine switching or routing paths within the
20 communication element 270¢c. The communication element 270¢ provides for packet
switched data transmission and reception to and from the interconnect 155, and
circuit-switched communication within the cluster 200,
Similarly, the state machine element 290 also comprises an element
interface and control 280, with its “computational” element (270) being the more
25  specific case of a 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 have a plurality
30  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



el ement 250 or a state machine el enent 290, and do not need to acconmpdate
any different type of data reception or transm ssion. In exenplary

enbodi ments, the conposite circuit elenents 260 may i nclude sone form of
identification by type or kind of conposite circuit elenment 260 20 (i.e.,
type of circuit elenent 270 within the conposite circuit element 260), to
facilitate identification by a state nmachi ne el enent ("SME") 290 (or
controller 175). Such identification nay be retained in an avail able nenory
within the cluster 200 in a wde variety of forns, such as hard-wired as a
ROM wi thin a conposite circuit elenen 260 during fabrication, |oaded into
a nenory during a boot process, and so 25 on. Such type identification, for
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different type of data reception or transmission.
In exemplary embodiments, the composite circuit elements 260 may
include some form of identification by type or kind of composite circuit element 260
20 (i.e., type of circuit element 270 within the composite circuit element 260), to
facilitate identification by a state machine element (“SME”) 290 (or a controller 175).
Such identification may be retained in an available memory within the cluster 200 in a
wide variety of forms, such as hard-wired as a ROM within a composite circuit
element 260 during fabrication, loaded into a memory during a boot process, and so
25  on. Such type identification, for example, may be maintained in a memory composite
element 260, second memory 255, or within the memory 330 of the element interface
and contro] 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
30  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



250, and state nmachine element 290 fromwhich it receives input or to which
it provides output, i.e., each conposite circuit elenment 260 and first
comuni cation elenment 250 nay be generally ignorant about its surroundings
and functions. (Depending upon the inplenentation, the state nachi ne

el ement 290 nmay have 20 additional functionality for nonitoring, testing and
controlling other elenents, so that it is know edgeabl e about its

surroundi ngs and functions). As a second result of such wuniformty, each
conposite circuit elenent 260, first comruni cation el enent 250, and state
machi ne el enent 290 nmay be confi gur ed,4 addressed and queried in a uniform
manner, al so without regard to the ty'pg"of el enment (e.g., type of circuit 25
el enent 270). As a, third an e significant result, each conposite circuit
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element 250 may be generally ignorant about its surroundings and functions.

(Depending upon the implementation, the state machine element 290 may have

20 additional functionality for monitoring, testing and controlling other elements, so that
it is knowledgeable about its surroundings and functions). As a second result of such
uniformity, each composite circuit element 260, first communication element 250,
and state machine element 290 may be configured, addressed and queried in a
uniform manner, also without regard to the type of element (e.g., type of circuit

25  element 270).

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)

30  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



transferred to other available first comunication el enents 250 and state
machi ne elenents 290, as needed. The full interconnect el ement 275 and/ or
distributed full interconnect elenent 295, which respectively may be

i mpl enented as a full crossbar switch or as 20 anot her arrangenent of
switches, nultiplexers, denultiplexers, or other transistor arrangenents,
provides for any output of any conposite circuit element 260, first

comuni cation el ement 250, and state machine el ement 290 to be coupl ed to
any input of any (other) conmposite circuit element 260, first conmunication
el ement 250, and state machine el enenj, 290, and/or to be coupled to any

ot her conponent within 25 its cluster 00 or, via intercluster queue 245, to
the full er 7 fuI nect
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The full interconnect element 275 and/or distributed full interconnect

element 295, which respectively may be implemented as a full crossbar switch or as

20  another arrangement of switches, multiplexers, demultiplexers, or other transistor
arrangements, provides for any output of any composite circuit element 260, first
communication element 250, and state machine element 290 to be coupled to any
input of any (other) composite circuit element 260, first communication element 250,
and state machine element 290, and/or to be coupled to any other component within

25  its cluster 200 or, via intercluster queue 245, to the 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

30 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



comuni cation el ement 250, or switch the outputs directly to the state
machi ne elenent 290. In the sel ected enbodi nent di scussed below with
reference to Figure 8, internal feedback nay be provided from any stage
within a conputational elenent 270, and the conputational elenment 270
outputs are provided to an output nenory (or 20 output queue or register)
315 and then directly to the full interconnect elenent -275,- for sw tching
to other conposite circuit elenents 260, to the state nachi ne el enent 290,
or to the first comunication elenents 250. Simlarly, inputs to a conposite
circuit elenment 260 may be provided in a plurality of ways, such as fromthe
full interconnect element 275 or dist®ibuted full interconnect el ement 295,
or directly from25 the full interconnect el enent 275 and ot her sources,
such as fr @68, ey conimypivatign elethent@iP, and Statet thechitezlement 290 mey bEenent 290,
and/or fir i ionality
TRy Do | Py b B e and e rpose troul e 280, e S e e e

dest i nat i oplsmeRAS0danshsiatamiaghingelsment280.do wanaHel@ad corcurngay. ithravghofulladdr esses
for each C@rﬂér%lnea ?exﬁéﬁpb'f'?%]ﬂ&/or%ﬁﬁﬁﬂe l%telrcﬁ.&l{ewae&a@:ﬁ'z@s gifor glipout put queue
315 (Figure 8) ut 1st rOV|de or t correspondi address, with
the ful b i n@rem,sdn ﬁ'é@tlt el¢raent 260 znfrlswm c@mplate andrconcvrigng Cﬁmlgumpﬁt@r connect

el ement 298¢ GRE LinSshel Al cohlpBsiteifchit QQ&th'Q@ﬁG'%Et'cBﬁH-.Fﬂ:aﬁQQ ERfgntsFOr  this
enbodi nent, when one out put froma conposite circuit ment 260 is to be
applied as25hpnd stats Whé’etemﬁﬂéﬁ%o (¢ exceptaanraf potentipleogpflicts260, t hese

addi ti onal redu{}glgta%lmonq% JPYdsdRflopequential ly. In other exenplary

enbodi ment s i tional out put fan- out be provided, such that an

out put of one conposPerendingaippr the|seleetad emh@émnﬁyﬂls@ummfror@encur rently into
a pl ur alo { Yobost BiEuiCATRER 66 nfiy ok YiltciRlGHR Bhifalit? BPwadl 39 o¥ bfich 4l

i nterconnect el enent 27 stributed f i nterconnect el enent 295 or

ot her conmyfithirgthe WPSPFG’@'(PH?SE@ mmﬁe%h%snleﬁgnplpmpsalmpuas\whw utilized,

with the @ﬁﬁkhﬂﬁm'Qﬂmﬁﬁ&?hﬂﬂg&%8?%&y%@5ﬁhﬂﬁd%&w§€&ﬂ% éﬁﬁﬂﬁﬂﬁﬂ& upon recei pt
of data. 10 For source-based communi cation, inplenented in an exenplary

enbodi nent £legsar 48 yatsfh@sas‘/e%vllcbﬂieeamt%ntr@malé?eéb@%wanFlv: CHMPOBIE i n i nput

queues  32QirclEVQENer 990 Csem@ﬁ% aﬁﬁns foShORMIRAErcBiheRt AEMERIEY oPus or
communi cation |ines of i nterconnect el ement 275 or distributed

full infer distiifatad full é'ﬁ%‘ﬁ?n@Q'Be'eW 295, 5witeh the oytpuls dikerldy oot ik pondi ng i nput
queue 320 dehsfulichEsh ABEMS50IRawAEE thelotitphR diey B tBOULE MAdBREINat ed for one

or nore of its contexts and, 1f _sog, when mam)rly

element 290. In the selected embodiment discussed below with reference to Figure 8,
internal feedback may be provided from any stage within a computational element
270, and the computational element 270 outputs are provided to an output memory (or

20  output queue or register) 315 and then directly to the full interconnect element 275,
for switching to other composite circuit elements 260, to the state machine element
290, or to the first communication elements 250. Similarly, inputs to a composite
circuit element 260 may be provided in a plurality of ways, such as from the full
interconnect element 275 or distributed full interconnect element 295, or directly from

25  the full interconnect element 275 and other sources, such as from second memory
element 255, the state machine element 290, and/or first communication elements
250.

This communication functionality may be implemented based upon

either or both data sources and/or data destinations. For destination-based

30 communication, destination addresses for each context are typically stored in a
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



space is available, receives the corresponding data. This source-based
communi cation provides ease of nulticasting or broadcasting, as any and all
destinations are enabled to concurrently receive any data of interest
transmtted on the selected data |lines. Handshaking protocols nmay al so be
utilized, with the destination sending or not 20 sending a denial or other
unavailability nmessage when it is unable to receive the data transmtted
(thereby providing for the source to resend the data at another tine). In
anot her exenpl ary enbodi ment, no handshaking or other type of comunication
acknow edgenent is utilized. Physi cal Q@ta i nks may be established at run
tinme, as part of the binding process, wth all correspondi ng conputati onal
25 processes ut a nee ut data
avai | abi | i t?teff %g%ggeﬁ\ef?g:glcgﬂ?@r\?’\é %ofg’e °8“fsp§’ﬁf‘g%8§g5&n§u%lhac§§csf ement ati on
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execut e (e.qgother cormuainaigstiuctuyes. Handahahnglgrot@okseﬁaralsmbd:utglzlemsmﬁx and 6,
the full i t I t nnect el errent
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represent generally Ehesawqmebasedcqrmmmmtmamrmlrmwritdfdmaaexahplmtyer 200, such
as, for ex i t of. an osite
circuit el 26@0?“5%18 ?&%%89%8%%{ ‘é’:ﬁg < cla ;‘t a@% cghf?‘ere%"rlgfﬁ('fq‘?ﬁ%gpnents 260,
to the statX@0mErtnyrseurse erm'mesm@mtpuoortihslmslsbager smagsratR@dinepof theo ei t her
(or both) &9{&}{@4@ I eue 245, for
dat a transft{édr l;Itﬁ'lt;')mor ‘!f'r(rﬁ%%zg? FB@H%U&? fﬁpgfg%uhg&%{ﬁﬁ Eﬁaﬁ orﬁ)ybet ween t he
st at e machiinemhgdeatthe SWRspodits mpdat quaye Pordstesinings wibeter thedrenent 260
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for transf epagsfis aaitable) repmf‘@rthacqrmsporqmda@s , Thip sonsce-treshamyaenicatingd so on;
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conmmuni cati‘on bet ween conmmuni atl (0]
to concurrently receive any data of interest transmitted on the selected data lines.

Handshaking protocols may also be utilized, with the destination sending or not
20  sending a denial or other unavailability message when it is unable to receive the data
transmitted (thereby providing for the source to resend the data at another time).

In another exemplary embodiment, no handshaking or other type of
communication acknowledgement is utilized. Physical data links may be established
at run time, as part of the binding process, with all corresponding computational

25  processes allowed to execute, without a need to determine input data availability or
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.

30 Inaddition, 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



and the various nmenories within the cluster 200 (e.g., second nmenory el enent
255 and the other nenories within the various conponents of the cluster
200); and any other comrunication between or anpbng conbi nati ons of
components within a cluster 200. It will be understood by those of skil I
in the art that a wide variety of 20 communi cation structures and

communi cation nedia are available, and all such variations are considered
equi val ent and within the scope of the present invention. The state nachi ne
el ement (SME) 290 functions as a (conparatively small) mcroprocessor (or

m crocontrol ler), such as a Rl SC processor, for execution of instructions,
determ nation of conditions and evenrép'operating system 25 managenent, and
control of the conposite circuit elenments 260. The SME 290 can be utilized
t o i npl enentilized dercapeatignoyyithing clyster RAG | vatheriber peraionspsuchaher wi se st at el ess
dat af | ow opghAbhieRond ePa'fi@nsCQH&Qé! o Qi1 ExbichiteQL 8 TR S Witchile state machi ne
el ement 290 is ad apteg function as a sequentral processor, and its

operations are augn@ﬂ‘tt@é‘lwoﬁf@ to Sigpieesi X 4G, the il indereonasetelemEt wi t hi n t he
same cl ust ens 2R0istibRed B0 iSMEoRA: BlefRniTBY dRAYIGstdNEIcRRIaIlTERPEMe MRY UL | ze

the second menory el enment 255, a menmory composite circuit el ement 260M or a
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may be inplenented as a plurality of ueues aving sufficient depth
to store i KRSTPE CHFL %FFPE‘H 2%a0 C%Pieﬁt%@éewﬁtpﬁﬂtesct“é?ﬁé eleﬁﬁ@ﬁl%@ el enent

290. The S'\(Eth@%ﬁteﬂﬁ%/chﬁie'ellérﬁ&lt Q@O’ t&fhe%@sa%@%ﬁ:?g& §6§'0E€dJélEher ghrebmpts 260 to
perform cal cul ations or other functions be needed in its 5

execut i on cflrstF?@mﬁﬁﬁgﬁlcmlerg%W%orﬂate&&weaﬂuqva 2&6@&%&1 trapsferdeders, for

exanpl &y g GhélfusiRENI0) BoBMBARMorARBVRE O dtE nfafthé BlembEMINS Of
conput ations, such as deferni nations of conditionals, represented in
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The SME 29QomB¥inhich d1éhéhts)C 5t OhicdtREIbELRES HRISME D96 atd/Aifr &f bdupt er nal
menory, sucfggas to define and kee;lg track of 10 its control functions. As

previ ous| y TFEAOTBNBIsationtlements §5G fordtagsfengfsontol ipformatian, ageriepApeYa st ate

nmachi ne el eeRpBises;AMd séﬂn&:@ﬁirﬂdn%tmﬁ bawednthe meBafd Man PP PENING290 i s
illustrated as hawl(r)lﬁ% in addition_.to dlrect access.to the el enent

i nterfae AMEBERYNREY bP: Frogmynieatiop hpyeen the E?‘FB‘E?H““EFP%%?{F@“’%BSQW a
conf i gur at iaaf (Heaafi6 @ métsried8Gihin a;ecéurs&elzoc:@rmeédnamnmry RRmeat 355 st nenory

el et 2N D nenasiol Vit TR Yarfous Tomionants b the 2lustas 200); S any
other communication between or among combinations of components within a cluster
200. It will be understood by those of skill in the art that a wide variety of
20 communication structures and communication media are available, and all such
variations are considered equivalent and within the scope of the present invention.
The state machine element (SME) 290 functions as a (comparatively
small) microprocessor (or microcontrotler), such as a RISC processor, for execution
of instructions, determination of conditions and events, operating system
25 management, and control of the composite circuit elements 260. The SME 290 can be
utilized to implement legacy C programs and implement stafe for otherwise stateless
dataflow operations of the composite circuit elements 260. The state machine
clement 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
30 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



correspondi ng nmenory accesses for instruction/code processing and ot her data
access. Alternatively to the use of the configuration/control bus 285, such
comuni cation rmay be provided via the full interconnect el enent 275 or
distributed full interconnect elenent 295, for exanple. 20 The state

machi ne el ement 290 is utilized to inplenent a hardware operating system
and in a supervisory node, has access to all of the resources within its
cluster 200, thereby able to program control, and nonitor all of the
conposite circuit elenents 260 within the cluster 200. For inplenmentations
in which one or nore clusters 200 do. §of have a state nachi ne el enent 290
included within the cluster 25 200, one or nore other state nmachine el enents
290 of oth s ations. In
addi 11 on 1 o R e e O R P e i
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function as'l'hasﬁtegmo}'l“meéqm@ﬁaﬁ%ﬁerfw C@’éﬂ’ﬁl fwictiens ofcgmpuiationssuchpér at i ng
system of M@enaﬂwrebwéoacﬁaor(awr@%kamfn'ﬁ&grxmmgawguag&%ﬁ% conposi te

circuit elenments 260), either with or wthout other Tontrollers 175. In

exenpl ary &tesosnipsyelas Wapﬁ@@sw YO8, eigy ThaRMERPOmay alsohae f uncti ons,

such  perf Qpidi%e t&X%} S{Ebpf}%s HiRERAPmenBS! &lch 30 tPAdefihe THT kédp tRRRbF O | €1,
and determ ning and pg ng functional and nonfunctional conposite ci rcwt

el ement!§ 240 caniepl Sgnsapns. Wently meptipned,opyesy cippier Wbisaequigd &f t he SME

290 i s al sqaexpliat ABAhink c3nfat 899, detail below with reference to Figures 8 -
14. For example, the SME 290 may start a bound task of the conpasite

circuit el ements 260ngddition, thestate machine cleygent 39 isd Husteatedps bavisgdpend an

action or taedltly.%tal&et Q:fces% tsa{me%én%uﬁérfawhﬁd &BBPMH0 Al EmpdfEL Of an
overal | task), halt a task free its resources (such as to | oad and run

a higher prireit eloments RGO (‘S%?O@SP%IRWF@% Peso28H. 2 diregt enpegtionde & node, and
move a saskdioneaney Qﬁﬁlehpfﬁy (%Hdl&lséé%hdarﬁerﬁ&ym%ﬁrfeﬁf ﬁﬁ%fﬁclflﬁﬁzt ing of the

conposite circuit el enent urrentl efformng the task). The nessage
manager 2650rgspoRdies memery eqcasserfor ZGUU%{W@/@@%ET@@PS&II“E and ptherl@tazmpss

embodi ment SyitehiatiVEll hd AR GisE OF the QURREU AR ORI pLE R kudhdnfifufiddigh at us 100,
such may be provided via the full interconnect element 275 or distributed full interconnect
element 295, for example.

20 The state machine element 290 is utilized to implement a hardware
operating system, and in a supervisory mode, has access to all of the resources within
its cluster 200, thereby able to program, control, and monitor ail of the composite
circuit elements 260 within the cluster 200. For implementations in which one or
more clusters 200 do not have a state machine element 290 included within the cluster

25 200, one or more other state machine elements 290 of other clusters 200 will perform
these functions and operations. In addition to task control, the state machine 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

30 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



as for an Ethernet interface, a nenory interface (e.g., DDR-2 SDRAM, a PCl -
Express interface, etc. The nessage nanager 265 is coupled directly to the
SME 290, and nore generally, also may be coupled to the full interconnect
el ement 275 or distributed full interconnect element 295, the first

communi cation el enments 250, 20 and/or the conposite circuit elenents 260
(not separately illustrated). For exanple, data words provided by the ful

i nt erconnect el enent 275 nay be output by the nessage manager 265 for
storage in an external nenory. Simlarly, also for exanple, incom ng data,
configuration or control may be transferred to the SME 290 (or stored in
second nenory el ement 255), such as toZprovide instructions for the SME 290,
or 25 transferred to a conposite circuit elenment 260, for use and

consunpt i orsontrolles awpuingithe oReratingsysiea thbqﬁppmnad%k@mpnmwm@dam nt, the
Tessage MRRRERA cafifoliit c,r@m%ae&.%ebe@ Lithel Wi %?aﬁﬂa.t%m&xmfmschannel or

bus 220 (of the interconnect [n an exenplary embodi nent, as an
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of a secorfi$tad]bglopevith grferengedte Figuresr Henpl ary enbodi nent, not all nessage
managers 265 in a 5FHPé){aHi)le1% SNIE 29Ma9@ﬁﬁta%uﬂ&ta9ﬁ Qi’ih@%o ?Ss‘} enal

comuni cati on. For examF in one alternative enbodiment utilizing four
matrices 130reuisalementa 260 withinghe eluster0gmspediarasks susgeng angction or pC) - expr ess

interfages ﬂzﬂ&?ioﬁ%?ﬁ‘%@rﬂp&shfe QLelt L1BReATR86 @Q%a%?ﬁg%éal?fi@k) RAlt $ta¥k and
correspondi ng clusters 200 (one per supercluster 185, in an enbodi nent in

whi ch superf&edstresourcepéuch 25 tpigadand myncaihighrs pripety task). sest ok ty pegformn ¢ hj s

four matri xmmu%;eadw Bode& a6mERE A Xk dPfhothRr REAWNASEENY tdp&fdRiRlf. of one or
two DDR-2 interftaces inplenented throu(gh t he nessage nmanagers 265 of one or

two corresp8iidesh th@lcﬁg‘%ﬁ"? cirgpip elements 26@ eyrantly peréoraning thetaskdhi ni ng cl ust ers

200 whi ch have corr egpehittsiige FRHSRE 265, TRIB IR SIRP 20 hitd ke8bR1 d)@dterPr OVi di Ng
i nt erfacesog)nd caontrol for gxt ernal conmuni cation. For these remnaining

cluster® 2 ofiments, isyitlized g comewnisationexigsnal tthe appasatus A0S Fuh data to
t hese ot heras@hiknt RA&EmAGkkeiTade, A theklry AtedfacdClg DXPRISSDRAM), a PCI-

Express interface, etc. The message manager 265 is coupled directly to the SME 290,

and more generally, also may be coupled to the full interconnect element 275 or
distributed full interconnect element 295, the first communication elements 250,

20  and/or the composite circuit elements 260 (not separately illustrated). For exampie,
data words provided by the full interconnect element 275 may be output by the
message manager 265 for storage in an external memory. Similarly, also for example,
incoming data, configuration or control may be transferred to the SME 290 (or stored
in second memory element 255), such as to provide instructions for the SME 290, or

25  transferred to a composite circuit element 260, for use and consumption in
computations. In addition, in an exemplary embodiment, 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

30  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



interfaces for storage in nmenory or external comrunication on a PCl-express
bus, respectively, either through second comruni cation el enents 210
(supercluster-level) or third comunication elenments 190 (matrix-1evel).
The nessage nmanager 265 may be inplenmented in a wide variety of 20 ways,
dependi ng upon the selected enbodinent. In a first sel ected enbodi nent, the
nmessage nmanager 265 is inplenented as a finite state machi ne and i npl enents
comuni cati on standards, such as those nentioned above. \Wen inplenented as
a state machine, the nmessage nmanager 265 may be inpl enented separately or
conbined as a part of the SME 290. ImssL second sel ected enbodi nent, the
nmessage manager 25 265 is inplenented as dedi cated conputational 1ogic
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to type " DjhpRfRled a{}e#ugmeﬁree& %@Fnaﬂ?é&%%%ﬁe Hﬁ%@ém?o%ﬂﬁ%tclusters
(correspondlng to tyP ' The” SME 290 may al so termne and report
at anot her 2P9.nfs apesp tiﬂh@'em%@g dpgers 3P0 Ufucrlthevq:rqssqsmndzrcmnrsgagro | onger
10 functi odAgeeddd B3 hikh aRdndt Iﬁ%v:&1ﬁ§:n§b?ﬁ5@ta'n9@§ntm1 forlktBRFFC- t ype el ement may
be transferred to a BREO-type el ement of another cluster 200. Continuing to
refer to Ficompwaication e thesh Eemzining glugiersc0). Beip parrsporpding mgssageecei ve i nput
and_pr oyi d%ﬁug&yiss(@ﬁaswruara% tHeGe SALH dhRads idotm RIBHRI2 &PﬁcﬁCéxbress or
indirectly via the full interconnect el enent 275 or distributed ful

i nt er connecgterfaregfog ﬁ@mgezwenf%ﬁr atemal cammupicgtions o p Bebexgaeibugs: (1) to

and from t h&pédiively, either through second communication elements 210 (supercluster-level)

rn

or third communication elements 190 (matrix-level).
The message manager 265 may be implemented in a wide variety of
20  ways, depending upon the selected embodiment. In a first selected embodiment, the
message manager 265 is implemented as a finite state machine and implements
communication standards, such as those mentioned above. When implemented as a
state machine, the message manager 265 may be implemented separately or combined
as a part of the SME 290. In a second selected embodiment, the message manager
25 265 is implemented as dedicated computational logic gates, also for the provision of a
communication 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
30 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)



comuni cation elenments 250 (for input fromother clusters 200, such as input
of data, instructions or other control information for use by the SME 290
or for queuing data for use by conposite circuit elenments 260); (2) to and
fromone or nore conposite circuit elenents 260 (including nmenory conposite
circuit elenment 260M within the 20 sanme cluster 200; (3) to and fromthe
SME 290; or (4) to and fromthe nessage manager 265. Figure 7 is a block
diagramillustrating a third exenplary cluster 200B enbodinment in
accordance with the teachings of the present invention, as another

variation of a cluster 200. In this enbodinent, the cluster 200B contains
conposite 25 circuit elenments 260 havﬁﬁg communi cation functionality, such
as to provide external communication functionality, e.g., for the

communi cat itsiypasded pomHantiavyilaby iy ehthe somprsitgLireHitelements 204 wihindisr i x 150 as

i Il ustrat ediysier b00) Wrisdin ihSnd Eln&ih%.SF&@&dblﬁPﬂa} thedRusiftedAistepR00,t he nessage
manager 265 is not utiljized for such external conmunication, which instead

i s provi dedhaiMR230 gyidstsrmine thatthelusiar havere spphsyrale barre shiftegh@gent s 30
260, whi ch ef@enbRocEPbATIHE BblyBe OA)DTOL QWD cGiighbiti triple-ADUStyperbodi ment , each
conmmuni cation conposite element 260 is utilized to prqvide a standard 1/0
interface CiBIENEASArEsANNELS RN It AL TWnoReF ] E"F‘Plﬁrqoaf%%mé.‘gﬁ’é‘fﬁ’ﬁiyﬁg 100, such
as DDR-2 ofeleifeht Romr&pondifif & type ©S7) 270, ddélbdrifigiablefit @0FdHAE CHREYT)CONPOSi t e
el enents 260 have additional input and output bus or nedia structures
to provi de YRSEHFMER orrgenoading totype D )00 29M ons centeny agddresnghlemamary out si de
the cl ust ercledf¥ht (cbireupghdihf @ fypé SK™) Z@YMINe GME 290 Sk AR HoterRide akependi ng
upon the sel ected enbodi nment gg&itionﬁk 5 c?nnupicg%hﬂn c? osite el enents
260 may be EROFY at 2epiherdime thatthe BREG-tvar plementof 45 glusien0fhismp 19185 cat ast r ophi ¢
;ai | Er EI.Od_' ][f?@tib?iﬁﬁ bﬁfpeﬂ?,%ﬁ&ﬁézt%e :ﬁa&tiehwifﬁm%pem&@hﬁy biedenlti cal , agc;lS
urther differ,. from er in.use of a i nt erconnect el enent
rather t haﬁraQSfa‘i“‘sqotPiagé#'g(é'tmﬂ qqerl“?ﬂté?ri’@ﬁ’ﬁéﬁlt’méﬁgdpent 295. As a consequence,
any reference to a Cbhtisig (2G8fentd Higlres $iamis, sheo@boridomemary dérdent ncl ude t he
third 1 o odi ment i.llustrated as, clyster 2008,. as varj.ati,on or nore
Spect 11 o o8 i et A Bistioe Hhurik R ore Som e Bets sbfieBee bl 1 hot e
further di a¢uskrec]yada thefal adterdcenneerddatiént@ni or ditriBited Fid] iner¢vahed, however,

that the first er 200 enbodi nent y al.so be utilized for the
conmuni 'csatiegeﬁnelnﬁ#ﬁﬁ?r(?ﬁ’a‘? &PV%@’O RIS £ AR m?%a'?iﬁg%‘f'é{&? é'& matrix 150 as
i 'l ustrat eccommunicgtioreeldmendts 25®(fot inputdtans bther chiders LO® RLcH asiaprwSdataf t he sane

matrix, s qusrtr%lctlilgr}s%; other control information for use by the SME 290 or for queuing data

for use by composite circuit elements 260); (2) to and from one or more composite
circuit elements 260 (including memory composite circuit element 260y) within the

20 same cluster 200; (3) to and from the SME 290; or (4) to and from the message
manager 265,

Figure 7 is a block diagram illustrating a third exemplary cluster 200B
embodiment in accordance with the teachings of the present invention, as another
variation of a cluster 200. In this embodiment, the cluster 200B contains composite

25  circuit elements 260 having communication functionality, 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
opticn, the message manager 265 is not utilized for such external communication,
which instead is provided within dedicated communication composite circuit elements

30 260, which may be configurable or nonconfigurable. In this embodiment, each
communication composite element 260 is utilized to provide a standard 1/0 interface

for (external)} communication to and from the apparatus 100, such as DDR-2 or PCl-e



and cluster addressing, and because of the sane elenent interface and
control 280, any other cluster 200 (or conposite circuit elenent 260) may
comuni cate with the comunication conposite elenents 260 and its cluster
201, or comunicate with a cluster 200 having a nessage manager 265 with an
external conmunication interface, 20 in same nmanner as any communi cation
with any other conposite circuit elenent 260 or cluster 200. As a result,
when a cluster 200 or conposite circuit element 260 has a conmuni cation
external to the apparatus 100, all that is required is for that cluster 200
or conposite circuit element 260 to haye the address of the corresponding
conmuni cati on conp05|te el ements 260 (Wth the interface correspondlng to

the 25 sel ect form.af. co nlcatlo and/or its or the
address of 'ge‘g‘fcﬁ%t%‘radgﬁ’(?n’ R8s 35“5‘5’6‘8’0%%%88?“ %g@Wﬁ' Nhe interface
cor r espondiaddjtibml ﬁdmtmeimpmcbuﬁ ormdmfstnmrrammlpmand@mchﬁueﬁfamddhesﬂel ng may be
provi ded b yari.o CcO onen S W ¢ 0 uch as the nessage
manager é ?Qnﬁngfflgcf um?a lpﬁguﬁsﬁF@Te °@‘€?ﬁm&h?§’é u%%g ‘Crents 250, for
exanpl e. Smodnnmntcetiasraélemelmﬂm caepemdmgsnpdamﬂmedyctecBéhlbmcbmlentedeldtmngh vi rtual
addr essi .ng, Vi a e . 269 | ust er 20 via a
cormun &t conisersdmaR s ElReRBRRY o 8F Bufled S REed Wt Bh s £

el ement 260mcmedy from qamuol_atnyfailuret Herll otheorespecisothe cbisteey 2000 @0QBhael ocati on or
type of - SGaentis, SI7GRARliOLRI BRGer S0 FXAT LrundnflTAGS RAGuOr COPOSI te
circuit elenent 2 es not need any i nformation concerning Whet her its
ext er nal c@ibraiar shanondistsibuled ffull mteDRRNQDRIAMeDY 2955 Aaeaccam@tmmrm. protocol ,
e ! MR VSRS 200N BE und AALAY e AP RRRBIRI MR 100 S a1y,
for internal communication, a conposi Circult e errent 60 al so does not
need any |Nﬁtbpdfatenbkhlu@fm1€<bﬂsrnlmgerﬂ963m§m wanstlommmsmﬁms': efani t hi n anot her

conposi te %Hs@’béo,%hqgﬁ%r %&%{ i@&d& aﬁJ&%ﬁﬁ%Fbe ﬁlh’ﬁéf cﬁEcu@&@ adh s%;agal d ferent

cl uster I gure I'agram ustrating a tourth exenplary
circuit cIeu@pélmem)d@sliwlthb%mtddarheefewr,tthattthfeﬁltswcﬁcrr@g egfbodimenpmex ent

i nvention Al dd Yor theQ ﬁu@ﬁfﬂﬂ:‘ Yiitvy Bh FpALTel s fromthe
cluster enﬁ-ég?’ﬁents Frscgsge prgg{;%fl}glfﬂ&} rllltytchaz'fiéﬁlh‘t%rse %@%%é{}écﬁ%{s a degree
of inter nalmﬁléig}ﬁﬁhvuswqdhﬂﬂ@ﬂ? durth exenplary circuit cluster 200C

di vi deqqi nto a plurakjf Sodifd iy & ganﬁé Py 201B,
201C and 201D, with egc%egcl)ﬁépgrg cﬁa\%?t?\ e#ﬁ&%ﬁpom{%&gﬂ u?ct el enent s
260 (as |||an@t:lmape@%drwgmr@r!@cw@pf @@lsw elemery antenfeceiand spion 388t 275, 295

15 (whi ch nRy of€r ditkie 290 (B SIrhid3ie Sfbuit ARMENVDAD) nfQ BB Elak PRt Rl WEEN €aCh

zone 201

communication composite elements 260 and its cluster 201, or communicate with a
cluster 200 having a message manager 265 with an external communication interface,

20 in same manner as any communication with any other composite circuit element 260
or cluster 200, As a result, when a cluster 200 or composite circuit element 260 has a
communication external to the apparatus 100, all that is required is for that cluster 200
or composite circuit element 260 to have the address of the corresponding
communication composite elements 260 (with the interface corresponding to the

25  selected form of communication) and/or its cluster 201, or the address of a cluster 200
having a message manager 265 with the interface 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

30 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



occurring through a plurality of cluster queues 245A (which are effectively
identical to the previously described intercluster queues 245). The cl uster
gueues 245A are utilized for conmunication within a cluster 200C, and not
merely for "fast track” comrunication between clusters 200. The full or

di stributed interconnect 275, 295 is 20 al so source-based, as described in
greater detail below, with each destination conposite circuoi't el ement 260
nonitoring the interconnect 275, 295 for conmunication(s) fromits
correspondi ng data source. As an equivalent alternative, the full or

di stributed interconnect 275, 295 may ge destinati on-based, as descri bed
herein. 25 The circuit cluster 200C do8S$ not include first conmunication

el enents 250. I|nstead, conmunication with other clusters 200, superclusters
185, mmt r fhegtempd interfacg., Fag sxampleoARMAPTER0 B OPBoRit cirsuit lemepdOe pus) (via

second chap&alot h&d aRY nfEinidlioh LbRlermmOWhétheraG eRIFRAl ShiRMubidEIHAD withe nMessage
manager 265, _ which provides the additional packet-based and

ci r cui t - swittEMR GPRSM GRSt phRthemret RiptFplopravhers these intesfaces ey R nmuni cat i on

el ements 2%tatelas heQfpphiafus 100D SfhilaflyClof Gitdrhal cBmeiRMation,@Qompbtitest rated as
CEO t hr ough, CE1 oggl ed to the full or. distributed _interconnect 275,

- , ar
205 as desE&HFPH ﬂb?rgszﬁ@a goesfjot peed any, gfpranating concsring Whethes ing fr om - 57-

each conpogbieubichhdh ik welna@diier eifpositd Girditlidntdnt 6@ UARINAASMARE t hr ough
cluster qug‘ges 245%(}61 as illustrated, provide comruni cati on between and
anong t he ¢asiepg0 or g?“’?b“i“%?r?@gnposi te circuit elements 260 within the

circuit cluster 200Crighwpisciakiblock dR@raed Umbedting Ueb@sh Sdadlay eirtuipl enented as
mul tiple 5l uni gbqr ectiongl porilt)hst usitg‘ggsag%t ype of menor h‘a?? di scussed
herein, andM§FE209GasrAenss With the tashites oL theBseRG YRR al P "‘ﬁht hs in both
di r ections ekehpegircdio taste?2I0J differs fioapthe cis@Nymbl@himeMadisomsad thin a cluster
2 et bR e RS el St RGP RO b . o . gt
an adj acentexehplatyesdrciid Okistea2a0Odieided intda plaraditcyfdonss 201, fihepaed &0 any ot her
Four commutbisadlbR B0 € aist FITRE i <At e ROh noyink i sSigrae SRtk er quoue
245A15 pr o\eletieeatst260 (Rxaliurinitaid whivh apadduplet toascpant: RGitdnnéag7s, 29at a source)
From zoffe s0teBeg s o SSEbhFal Fnd yid iRuntedsn ek veingaturons 581 T nB 1 on).
| n an exenplcarringtionghpitraligadhlustetigicaes 2ZAsau@vhitehate affenivhlyddeaitighit
to the previously described intercluster queues 245). The cluster queues 245A are
utilized for communication within a cluster 200C, and not merely for “fast track”
communication between clusters 200. The full or distributed interconnect 275, 295 is
20  also source-based, as described in greater detail below, with each destination
composite circuit element 260 monitoring the interconnect 275, 295 for
communication(s) from its corresponding data source. As an equivalent alternative,
the full or distributed interconnect 275, 295 may be destination-based, as described
herein.
25 The circuit cluster 200C does not include first communication
elements 250. Instead, communication with other clusters 200, superclusters 1885,
matrices 150, or external 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
30  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



contexts, providing eight virtual connections across each cluster queue 245A
in each direction and for each conmunication path. Accordingly, for this
enbodi ment, cluster gqueues 245A and nessage nanager circuit 265 are al so
consi dered "communication el enents” within the scope 20 of the present
invention. Figure 19 is a block diagramillustrating an exenplary third
apparatus enbodi nent, conprising a supercluster 185C, in accordance with
the teachings of the present invention. Using this topology for a circuit
cluster 200C, the circuit clusters 200C may be effectively tiled or arrayed
wi th each other, to forma superclusteg 185, 25 illustrated as supercluster
185C, having sixteen circuit clusters 200 illustrated as CO through C 15.

Each of the L& 1 i I‘CUI t

ciust or s 2080 (bt ST ER 2o %‘ﬁ%‘qs&r it WA el

super cl ust aqusuek@36A 6t mﬂiustcatmprqxidelqomwmtlm beteeen mmwmnnus: ation
el ements 2 ni cation

ol ormonts 190 R OB G HOOREElEh® 285 Gulh (PGl e ST T
supercl uster 185C. Rdlyeicailnghegnster queuq€|2g@pﬁ@rel®pl¢mnt¢dﬂssn@tib|@di ment, the

ol Ust er sUSHERrecdd Ao By B 5 biERGH S URE.SOTUBY Cald g0 i L adj acent

clusters 2 as’a nore generalized type of

i ntercl ustemplﬂr@@@d tqn@wd@evwmmmrmnom paths lpéaoﬂpﬁeqcabn&:bmwer queues 245A
provi de comgyii Rt S&*‘lﬁgf’%ﬁ-ﬁ&e afibh Githin CAtHs’iér%OCZQR&ﬁQ s adj acent
circuit clusters or intercluster comunication e Cluster queues
245A may becEyrphe penyels, asepfraonicaioniiem other daga sTPRSh PTRELVERT qisits 5 in each
direction, 4 Qe of | [ an

exenpl ary emg%g%]?r‘édr?(o n %e‘?’{%peﬁgj? Z?Opgn%gd?learaﬁginetﬁgg{crg A prg\?ln%selr one
comruni Wat imesre gueles @rﬁ‘h S0 @ny etder destinatignk dn@ypxwlmg&ygqoépmné egdor di nat es,
for  examlduads iskerssAUFHALS o RAnBLANLH BRnE HBREAA e tFupen Ci roul t
cluster 200C and an adjacent "nort hwest rcwt uster 200C, cluster
queue(s) 243anplgnejuster %M%@pméeémmmwwwnmmé@m zne@0B cl ust er
200C and an,adjiAg & @@Eérﬂ2019'(5§¥H§taﬁésﬂﬁ$tﬁﬂh) %9990\&1&%@ queue(s) 245A3
and 245A4 provide comrunl cation between circuit cluster 200C and an

adj acent " \wegmuniqatiey, pathg fromizepe 2 (as gdlataspyrse)de ZO%@J@(@W%‘BAS provi des
conmuni Gat 'cQEhrBﬁBx\ge R ake bi&&ﬁbl&ry%‘rﬂb’%&ﬁﬁen? QR ANteryRe®MAAALo hasTRikt hvest ™

circuit cluster Simlarly. the cluster queue(s) 245A1 i (Wwhich may 15
be consi dercéﬂteiﬁférRf%*ﬂ“’&r?‘%j"%@hfm’éﬁ@ﬂé?ﬂ%GE‘)h e eucdmtuiticdst i on

bet ween direction and for each communication path.

Accordingly, for this embodiment, cluster queues 245A and message

manager circuit 265 are also considered “communication elements” within the scope
20 of the present invention.

Figure 19 is a block diagram illustrating an exemplary third apparatus
embodiment, comprising a supercluster 185C, in accordance with the teachings of the
present invention. Using this topology for a circuit cluster 200C, the circuit clusters
200C may be effectively tiled or arrayed with each other, to form a supercluster 185,

25  illustrated as supercluster 185C, 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

30  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



circuit cluster 200C and an adjacent "northeast" circuit cluster 200C,
cluster queue(s) 245A10 and 245A9 (which may be considered part of an

adj acent cluster 200C) provide conmunication between circuit cluster 200C
and an adjacent "east" circuit cluster 200C, cluster queue(s) 245A8 (which
may be considered part of an adjacent 20 cluster 200C) provides

communi cati on between circuit cluster 200C and an adjacent™~"sout heast"
circuit cluster 200C, and cluster queue(s) 245A6 and 245A7 (which may be
considered part of an adjacent cluster 200C) provide comunicati on between
circuit cluster 200C and an adj acent "south" circuit cluster 200C. In
addition, for data routing assi gnment'ss,s‘such as in the run-time 25 binding
descri bed bel ow, rather than routing data or other information through a
second comPaicxediasa mare aesralizadtype obinterclusierqueyas@e) Asikystragd, thwd/ or

through a delipidal CRETEY §idiRs DPIA BloPNR RbmARRich@orPbet e cisdihiCdihstercl ust er 200,
routing may occur through a nessage manager 265 to or from a supercl uster

185 or a ci40Bhiapd it pdjpcept cirswit clusiess 30PCr Fiof intggclugiercomuapnicatiodthe onposi t e

circuit el IRk qd&kRs MIA Ay Be STHPRMEAES IroRle dRDEr A6 cBmEluhddlibn ﬁAtHsﬁt er 200C
t hrough any of the various cluster queues 245A, using either the

sour ce- Bas éf sash difsetions denepding ga the selspted ambedimsnt. JoRe¥APIGdBAR| bed herei n.

Thi s use oOfexehpBiyedmBbaaH@s, tRE pdighesal LIRS fileUsi R AGREVMO bRt | ON has the -59-
potenti al advantage of reduce Ia,tengé, conpared to use of the first

: d. )
comuni cat i RMusfatiempath ipeach dissgtion. Yisingtynical pecarpphitscogrdingiey fofequi red for

assenbl y i nkemplePaGH@iguchd(§235A5PFbvides tQRAAUMBMiADARRALRLGREIBHeAS they are
generated. The supercluster 185C and circuit cluster 20QC otherw se

function ast%862ad phadiasrat drorthpvest” gigpitelustes 200 rdpsist apgus (97458 ARdii t ¢l ust er

200, respecisuepividdcomitlink@tivn bawYen @icait CRGRr ﬁm(ﬁandsdﬁﬁﬂ{débﬁts‘h&&h”l85 or to a
circuit cluster 200 %Ug%lclﬂlbe understood to_correspondi ngly. pean and i ncl ude

a super cl ust&m laser e PHEH queRp§E A 209 _Efsﬁ“é%’?}%iﬁ frepyticEifure 8 is a
bl ock di agri@fvdehlcitodit @LitBR00T B8 A bejacehetést” @RuR¥RRARE 300C, sa@EReRt te Circuit
el ement 260 wit gl gn exe({rgl ary cluster 200 jn _accor gz%gfcje Wi t hd_t he to
Leachi ngs GRS 24588 BIVIdeh GURPPBstoRbeM D SirFuit disien 7 0B oan adierent
conposi te cisb@bivestetieiilusgd Q000 NPinliRaAy, Mo clRbenfRhesN245A, poshidngagont rol 280
and a cir cui t el,grrelin 27 aé?al SQ [H?‘f e?éoe& to %;5 a conput ati onal el ement
270), whi ch*SEnYRqTat Bl 9 20 aaent Gilsish FENPLR ATBYUFAtoR T but which
may al so beciguit oleen?d0fldratinedieem therthieastatircudt BB R00@, dtastdriq@emiedd)] e or
nonconf i gur@tgl e c ni cat.ion el enent, cont.i gur.abl e or nconfi gurabl e
Fini o statEoRuct A ar CHAR Majas CHEdared sAT oG af Hifcentiostor 200C3
provide communication between circuit cluster 200C and an adjacent “east” circuit
cluster 200C, cluster queue(s) 245A3 (which may be considered part of an adjacent
20  cluster 200C) provides communication between circuit cluster 200C and an adjacent
“southeast” circuit cluster 200C, and cluster queue(s) 245A4 and 245A5 (which may
be considered part of an adjacent cluster 200C) provide communication between
circuit cluster 200C and an adjacent “south” circuit cluster 200C.
In addition, for data routing assignmenits, such as in the run-time
25  binding described 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
30 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



nonconfi gurabl e nenory el enent, or may be other forns of circuitry selected
for any particular application of an apparatus 100. In an exenplary

enbodi ment, the elenent interface and control 280 conprises: (1) an el enent
controller 325; (2) a nmenory 330 (such as a content 20 addressabl e nenory
("CAM') or random access nenory such as SDRAM which stores contexts and
control information (e.g., configuration words); (3) input queues 320 (as a
formof nenory); and (4) output queues (or registers) 315 (also as a form of
menory). In other exenplary enbodi nents, the elenent interface and contro
280 may include the elenment controll ety 325, the nenory 330, and either the
i nput queues 25 320 or the output queues 315, but not both. In additional
exenpl ary teh e.a ro i ncl ude
the nmenor y%g?sag él%g;:ﬁa%e of gd{u%l:c? g?cng{lf&'ﬁqﬁar&?t% uﬁ)%gﬂhg 9{5&1 cannjt%nlcf'itrir;@gryu eues 315,
but not t heleeah¥, insofar at)tnluhxpl@%rds re rioheequired foe pssembbydntperpackence a SME
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capability for output data, such or Inter thin the 5
conposite circuit el E@msmloﬁdlﬁﬁmpﬂ‘@@ﬁmm’g senpdetailangxegplate SVE 290,

to the ”E%%ﬁa%sz{éﬁ:%&%e&@ﬁn 260 wilttn b Exenldiaty ¢ {i\ QEFYY b RhariRl SRS 250, in
addition to Br oviding output data to the full i1nterconnect elenment 275 or

di st ri bigt edeachings of the presei iaventien. ofveiliustrasal inKiguie Bt the perdpese giscuit he nenory
330, input e@’éﬁ?éﬁ?%og%frﬁgéjarpéﬂnﬂ%t 1&9&%%31&1&@28@&& m}&ﬂ%‘f@n%t 350 any form

of mam)ry, i ncl ud 1 ng O wwthout limtation any of the rT'erT'OI’tYIl es ment i oned
previ ousl y (alsyesfereed toane spmpapiondl clamenti AR, whighduisenessly anopliser a plurality

of inputs 36aphatiGnal Qﬁmeﬁpﬂﬁﬂ \QMEﬁlHJa? aEb Ibeuhbn&hﬁgﬁasle%zﬁpuﬂah&mt rated as an
exenpl ary four i nputs each havi ng oné 16-bit data word.

Al ternati vétgment, ﬁéoaﬁ&vﬁblﬁﬁynwovﬁ@wble gqmrnmagatioe elenent @ coniguralje or

desi gnafsi NGoAcdii@GRBRI IR statda@@ 8l fent, IS b Wilnfigi@dRSr320 may be

i ndependent from each other or nay be dependent uPon each_other, such as
usi ng 2 nonconfigurable memory element, or may be other forms of circuitry selected for any

particular application of an apparatus 100.
In an exemplary embodiment, the element interface and control 280

comprises: (1) an element controller 325; (2) a memory 330 (such as a content

20  addressable memory (“CAM”) or random access memory such as SDRAM) which
stores contexts and control information (e.g., configuration words); (3) input queues
320 (as a form of memory); and {(4) output queues (or registers) 315 (also as a form of
memory). In other exemplary embodiments, the element interface and control 280
may include the element controller 325, the memory 330, and either the input queues

25 320 or the output queues 315, but not both. In additional exemplary embodiments,
the element interface and control 280 may include the memory 330, and either the
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

30 elements 260, with the composite circuit elements 260 allowed to freely and/or

continuously execute an assigned context.



inputs for a conbined 32-bit data word. In exenplary enbodi nents, input
queues 320 are provided for each of the inputs into the circuit el enent
270, with each of the input queues 320 providing a separate queue for each
context which may be utilized 20 by the circuit elenment 270. In addition,
the i nput queues 320 may be inplenented as "short queues”, having a depth
of I or 2 data words, although deeper queues and other forns of nenory are
wi thin the scope of the invention. For an exenplary enbodi nent, eight
contexts are utilized, for each of 4 inputs, with a depth of at |east 2
data words. Contexts may al so be conbiged, such as to inplenent a | arger
queue, 25 e.g., 16 words, for a sel e¢f8a context. The i nput queues 320 may
receive data fromany of a plurality of input, sources, depending upon the
switching arr angenen‘gﬁne%‘i“quérabﬂier melegted pmppdimenfs, ‘E‘ﬁFlFmePﬁf‘@F‘léffnnect

el enent 27 and¢onttbB190i hayt A1sb inbluble hMbRICHANIRST s@lteiRIdlerdOR 380WGh As: (1) from
the first comrunicatiagn eIenEntsﬁégo %for in@u{_L{on1othen clusters 200);
(2) 30 frofPodmYF SHBFRFsJTansIstors FpUSRIerersqrdempllipixertel oVt ditschel udi ng
menory conpaittig caphtiligfor 2aPM)dat, futhas fdrenteralEfe€dbdeit @ithidQRe (3) fromthe

second nenory el enent. 255; 4) fromthe nessage mapage 5 or (5) from
e SNES06TRSRE Schienent 2B yprovidine v e Dol S S ikt | on of a
val ue or caitpagt s@anagef 265, vatauBs firss sehimasicitipnelehlendl 250, @ additidntto On or an

event). As illustrated in FEi e 8, the inpu eues .320 . receive data from
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busses 1of tithoutingitation e bf the memi2Pptypey memjpued préeibasly Ancload @AM 6 om a
circuit el tM270 al so may be fed back to be provided as an i nput,

t hrough the T nput queues 320, or directly within the circuitry of the

el ement 270, via anThuinputquewtst32Bipngyidd ephentity3finpuenidsanedhabove, or sinply

via the fulclonilo |bﬁlet3rc%3ré | n_an, ex | ar dinent, two

ect rent 275, e
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320 are provided for each of the inputs into the circuit element 270, with each of the
input queues 320 providing a separate queue for each context which may be utilized

20 by the circuit element 270. In addition, the input queues 320 may be implemented as
“short queues”, having a depth of 1 or 2 data words, although deeper queues and other
forms of memory are within the scope of the invention. For an exemplargl(
embodiment, eight contexts are utilized, for each of 4 inputs, with a depth of at least 2
data words. Contexts may also be combined, such as to implement a larger queue,

25 e.g., 16 words, for a selected context.

The input queues 320 may receive data from any of a plurality 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)

30  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



out put queues 315 for a conbined 32-bit data word. The contexts may al so be
conbi ned, such as to inplenent a | arger queue, e.g., 8-16 words, for a
selected context. In addition to storing output data, the output queues 315
(utilizing an 20 incorporated state nachine) may al so replicate output data,
such as providing the sane output data to additional contexts for
distribution to additional destinations. A plurality of outputs 375 are
provi ded fromthe out put queues 315 of the circuit elenent 270, illustrated
as two outputs, also each having a wdth of one 16- bit data word (or w der,
as discussed above, such as for incluson of a placeholder bit, 25 control
information, or other data). The outputs 375 al so may be |ndependent from
each ot her or tputs for
2 Combi med R o0 St SRERSER b 0Al BACHALRE of SRR Aol O3 vingY: O
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combined, such as to implement a larger queue, e.g., 8-16 words, for a selected

context. In addition to storing output data, the output queues 315 (utilizing an

20  incorporated state machine) may also replicate output data, such as providing the
same output data to additional contexts for distribution to additional destinations.

A plurality of outputs 375 are provided from the output queues 315 of

the circuit element 270, illustrated as two outputs, also each having a width of one 16-
bit data word (or wider, as discussed above, such as for inclusion of a placeholder bit,

25  control information, or other data). The outputs 375 also 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

30 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



FeRAM ROM EPROM or EPPROM or any other type of nmenory, storage nedi um

or data storage apparatus or circuit, which is known or which beconmes known,
dependi ng upon the sel ected enbodi nent. 20 The nenory 330 is utilized in the
exenpl ary enbodi nents to store both contexts and control information,
utilized to configure the configurable element 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
addi tion, through the 25 state machi ne_el ement 290, such configuration words
may be altered, deleted, supplantedf6added, and so on, and by nodifying
various bits within the configyration wor t he execution of operations by

d
the circui EOBPOSHEFEMEMP60u) Withinghgeamesiystes 2P d3) toths SMERM (Sushdsage of
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or data storage apparatus or circuit, which is known or which becomes known,
depending upon the selected embodiment.
20 The memory 330 is utilized in the exemplary embodiments to store
both contexts and control information, utilized to configure the configurabie element
270 and direct its operations. Such contexts and control information is stored as a
configuration word in the exemplary embodiments, as a plurality of information
fields, and is discussed below with reference to Figure 16. In addition, through the
25  state machine element 290, such configuration words may be altered, deleted,
supplanted, added, and so on, and by modifying various bits within the configuration
word, the execution of operations by the circuit element 270 may alsc 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
30 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” bottieneck which limits the execution capabilities



returning to the first context for continued execution of the first code
using the first code pointer and the stored, interimresults. This use of
time multiplexed contexts further allows interleaving of tasks and usage of
resources which otherwi se mght be 20 idle, allowing tasks to share
resources and increasing the overall resource utilization of the IC. The

el ement controller 325 may be i nplenented through conbinational |ogic gates
and/or as a finite state machine, and is utilized to control how the
circuit element 270 is configured and when the circuit el enent 270 operates,
25 utilizing the configuration word (@ntexts and control information)
stored in nenory 330. Moire specifically, in exenplary enbodi nents, the

circuit el %ﬁ%&aﬁ&&e@&%aﬁﬂ&d, RRSEAN mERbARes330 Yanchibh s b Rfe, WB§N it has data

at its inputs, when it has an available destination to store or consune the
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flow oper ghpdhenPRISE, PR e rality of conditions and priorities (and
other information -64- stored as one or nore configuration words in nenory

330). For exanple, whaluppotnd loga) sioragsef eantexisalsq allowsfaysigrificant 886t i on, t he
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(e.g., contmnelmichinetenyenobot ltowahnlGiseadSMyseratn) Folbxdntyde, atSME 20Xt rene, the
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el ement 278 SETHCRE By© Od‘rqf%éls%%ﬂ%lft@h@%%@gfgg%?daggg%g‘%rhotgﬁ“ execution of a
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conf i gur abkeumingmp thedirstaatexefoe vemtime @it cation dfitheuist adde dising the first
code pointer and the stored, interim results. This use of time multiplexed contexts
further allows interleaving of tasks and usage of resources which otherwise might be
20 idle, allowing tasks to share resources and increasing the overall resource utilization
of the IC.
The element controller 325 may be implemented through
combinational logic gates and/or as a finite state machine, and is utilized to control
how the circuit element 270 is configured and when the circuit element 270 operates,
25 utilizing the configuration word (contexts and control information) stored in memory
330. More specifically, in exemplary 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
30  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



Figures 9 and 10. Figure 9 is a block diagram of an exenplary
multiplier-type configurable elenent 270F, and Figure 10 is a bl ock di agram
of an exenplary triple- ALU-type configurable elenment 2700. As illustrated,
each has four 16-bit inputs 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 provided for
node sel ection of corresponding multiplexers, demrmultiplexers, and other
switching elenents to i nplenment the selected configuration. As illustrated
in Figure 9, the exenplary multiplier-type configurable 25 elenment 270F is
configurable for several operating nod€s, such as for 32-bit

mul tiplication, 16-bit rmultiplication, accumnulatio and m xtures of 16- and
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configurable element 270, and Flgu:e 10 is a block diagram of an exemplary triple-

ALU-type configurable element 2705. As illustrated, each has four 16-bit inputs 365

20  and two 16-bit outputs 375, and depending upon the context, each is capable of
utilizing all inputs 365 and outputs 375. The configuration corresponding to a
selected context is provided for mode selection of corresponding multiplexers,
demultiplexers, and other switching elements to implement the selected configuration.

As illustrated in Figure 9, the exemplary multiplier-type configurable

25  element 270¢ is configurable for several operating modes, such as for 32-bit
multiplication, 16-bit multiplication, accumulation, and mixtures of 16- and 32-bit
arithmetic. As a brief, high-level explanation, the multiplier-type configurable
element 270F 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

30 adder/subtracter 382 and the multiplier 38]1. 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



its output), performlogical functions (NOT, AND, OR XOR), and may perform
condi tional or unconditional data flow. As illustrated in Figure 10,
dependi ng upon 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 value of the input or pass the input, also depending on the
configuration bits. The status multiplexer 396 generates a status word
using flag bits fromeach of the ALUs 390, 391 and 392, which may be
provided to the SME 290, in which ongdlag bit designates a carry or
conparison, a second flag 25 bit indicates the result is the npst
significan : egative one
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375, and f provi g swappi ng of 1 nputs before being copied to
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the foll ow ng discussion is ver ' evel for purposes o | ai ning the
pr esent!0j nwetput adbagk withhise P'&ﬂeﬁhz Bewmdhe ¢pit Becupuiiation mstersf%o any
conput er sysligkek 39t work, workstation, processing device, one or nore

m croprocessors, electronic design automation ("EDA") tools, electronic
system | evel to ("ESsiNustratsddn Figpre 10R%e sxemplaryttapler fldedynel, t he net hod
begi ns, St%f)ﬁﬁé.lfraﬁ)@e ABHentW70] is c%%k‘@&&bl@'?oroafwﬁgv%‘:&?&fﬁ!ﬁ%ér@ﬁn ﬁemaanlgl ng, step
405. Such an algorithm mmay be expressed in a wde variety of ways, froma
mat hemat i cﬂ“lﬂé%’{l?fpﬁii‘bﬁ‘”ﬂ andsublagtion (Weéﬁn@mew maskiag. arghmetls’ f or a

M Cr Oprigces$&hging %d gefor-ghﬁnﬂtegﬁ{écfdh ﬁe‘efeamaltyqﬂpldﬁgrt geconposed
into a plural |% t asks step 410, which are high |evel descrl ptions of

a functioncep qsvmglsme@l?aﬁo H9YSEHUbR AOTNIFNR RASS AR Valle (RopYing dyipT B fo
Tr ansf or matiis @Qtput), perform logical functions (NOT, AND, OR, XOR), and may perform

conditional or unconditional data flow. As illustrated in Figure 10, depending upon

the configuration bits, each of the shifters 393, 394, and 395 shift their corresponding

20 inputs left (positive) or right (negative) by the designated amounts. The ABS blocks
389, 399 either compute the absolute value of the input or pass the input, also
depending on the configuration bits. The status multiplexer 396 generates a status
word using flag bits from each of the ALUs 390, 391 and 392, which may be provided
to the SME 290, in which one flag bit designates a carry or comparison, a second flag

25  bit indicates the result is the most significant bit, a third flag bit indicates the result is
a negative one (-1), and a fourth flag bit indicates the result is zero. The condition-
swap multiplexers 397 and 398 are utilized to provide conditional execution on inputs
I, Iz, 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.

30 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),



(IPFFT). Atask is then selected fromthe plurality of tasks and is 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 algorithnms which wll
al so be running concurrently on the apparatus 100. The selected task is
then converted or deconposed into one or nore actions to be perfornmed by a
conposite circuit elenent 260 (including conputational, state nmachine,
and/ or comuni cation conposite el enents 260, 290, 250) to execute 25 the
task, step 420. As nentioned above, an "action" is the type of function or
activity to be perfornmed by a conposﬁﬁe circuit elenent 260, such as

mul tiplication, bit manipulation, and instruction processing, for exanple,
and may be ber@%h'@etéarne@qdp%u@mlet%emtsb mementaleraentyiprestammabld be execut ed
by @ Pr OCCS 5ol elfmblChhilnidfibh ORMERIs e, 3N ASI C or FPGA to-achi eve the
sane result. For exanple, an FFT_30 t ask nay be deconposed into a plurality
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circuit pr gwat inyondion. e geppilatiop prpcessmayrhs pedfprngdusiigcions) , once

assi gned araemPﬁlmstem drlneaeorﬁm&dnﬁaﬁcﬁ hﬂ&césbﬁgh%ee #nPbr MofoONfiguration of
one or nmore of thé el ements 270). e one or nore actions (or

i NSt ruct i oNRIFIOPRRESSRTS; %?féroetfrdeﬁlﬂgta\atBMI@h(é‘ﬁDiAé’) elseeletspnineysigasieytled an
action o demtdifh @lols{e@ction 1D"), step 425, which is a sufficiently unique
identifier to differentiate the actlonﬁg instruction) from other actions

(or instructions) foReferins wdiigue bl theywpthodrbrginsgstprt sop 480, with i on 1D are

utilized i Refekt@nlofan highRtb fF cBRPMNRGRPH05! Budli Sdigsatmigiyoe Wi th reference
to Figure 14. Each actjon (or mstructmné‘ i s_then mapped or assigned as one

or nore cORPERES ing WEﬂ‘fé’aﬁFtyr?éP’@Y%éWHb%inﬁ e@w%ﬂ%sc'éwécr?etﬁtassowec type of

conposi t e Gir bEjeitlcod €l @R To{ SmidrOprbeessthy, foi mple.stm aA@RithB e ddOErtddo any
specific congoa te circuit elements 260 or R@CI fic addr esses within the
od

ar chi t et urd deqogppsedipte apluralitnd| “fasks”, fen bl whigh anechigh fevelfesenntiont onmi | at i on

which is nQIfatfmr@doﬁ@r Edsh,GubiRgs Mo%@qnmeurea%unaormﬁmbﬁ a

nultlpllcatlF%l:l, and ition ac |on instruction) may be nmapped as a
Atask 1s then selected from the plurallty of tasks and is assigned a task

identifier (“task [D™), step 415, which is typically a sufficiently unique identifier to
differentiate the task from the other instances of tasks of the same algorithm or from

20  tasks of other algorithms which will also be running concurrently on the apparatus
100.

The selected task is then converted or decomposed into one or more
actions to be performed by a composite circuit element 260 (including computational,
state machine, and/or communication composite elements 260, 290, 250) to execute

25  the task, step 420. As mentioned above, an “action” is the type of function or activity
to be performed by a composite circuit element 260, such as multiplication, bit
manipulation, 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

30 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



single context to an ALU-type conposite el enent 260 (a conposite el enment 260
havi ng an ALU-type circuit elenent 270), and not to a specific ALU-type
conposite elenent 260 within a specific cluster 200. Mre conplicated
actions (or instructions) 20 may be nmapped to nultiple contexts of nultiple
types of conposite circuit elenents 260. Later, as part of the binding
process, one or nore specific conposite circuit elenents 260 of the
selected type will be assigned to performthe action (or, equivalently,
execute the instruction), as one or nore of its (or their) available
contexts. This distinction is inportap% as it allows the action (or
instruction) to be 25 assigned initial y to one or nore conposite circuit

cl ement s 260° Chge HoAE Saulr PFGR AR R PR E~Ba KPus 100, In
addi tion, absccbmihgtﬁtaedsed h’cr@n,ah@teany“anhﬁdifmcﬂcm” or timtivitge@anadde bi ndi ng
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t hrough "genéeéric or s poi n e irstal'so use °the 15 task
and action e@mnphmmuuwmum)ldndraddmgn pnmoésrsnsjmtim)sw imehapped Baas | nput or

output lin 9eeco?l?e&?{o”&n“ﬁibﬂg%eoion%?ﬁ’e élgiﬁ go E o‘?rﬁJ s? Qein’b gbhe
conpi l ation procesS Ina W variety o oW ng any of
vari ous st dpzing Egp\l_ék&mplcé;’puit plement 270), and not to a specific ALU-type composite
element 260 within a specific cluster 200, More complicated actions (or instructions)
20  may be mapped to multiple contexts of muitiple types of composite circuit elements
260. Later, as part of the binding process, one or more specific composite circuit
elements 260 of the selected type will be assigned to perform the action (or,
equivalently, execute the instruction), as one or more of its (or their) available
contexts. This distinction is important, as it allows the action (or instruction) to be
25  assigned initially 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,
30  with other contexts potentially remaining available for assignment of other actions (or

instructions).



determ nation nmay be perforned follow ng either step 440 or 445, such as
when all actions (or instructions) for a task have been determ ned and
mapped to the types of 20 conposite circuit elenents 260, or when al
actions (or instructions) and tasks have been determ ned and mapped to the
types of conposite circuit el enents 260. The conpil ation process al so
determ nes any timng constraints in the programor algorithmwhich would
correspondingly require a degree of proximty or locality of execution by
t he various conposite circuit elenments 260, and provi des 25 correspondi ng
regi onal constraints for the affectedG%asks and/ or actions (or
instructions), step 440. For exanple, "for various timng requirenents, sone

processes may need to be executed within a sjingle cluster 200 or within a
fh ligyesy f

group of clusters 20V Paf ¥iihis Professs CoEesRepdtiec arghach 8100 (efi § any del ays
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determination may be performed following either step 440 or 445, such as when all
actions (or instructions) for a task have been determined and mapped to the types of
20  composite circuit elements 260, or when all actions (or instructions) and tasks have
been determined and mapped to the types of composite circuit elements 260.
The compilation process also determines any timing constraints in the
program or algorithm which would correspondingly require a degree of proximity or
locality of execution by the various composite circuit elements 260, and provides
25  corresponding regional constraints for the affected tasks and/or actions (or
instructions), step 440. For example, for various timing requirements, some 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
30 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



whi ch have then been synbolically (generically or non-specifically) nmapped
to types of conposite circuit elenments 260 and synbolically Iinked by
either data input 20 sources or data output destinations (or both) (e.g.,

usi ng synbolic pointers), the nmethod generates a conmposite circuit el enment
and routing "synbolic netlist"” or synbolic conpilation, step 455. This
synbolic netlist, listing or conpilation conprises a plurality of synbolic
netlist elenents, with each such synbolic netlist elenment corresponding to
and containing informati on for execution of each action of 25 each task of
the algorithmor program Mre particukarly, each synbolic netlist elenent
contains information concerning: (1) t e task ID;, (2) the action ID;, (3) one
needed 1 onidaiofy TRER Aok st pdloE it n apis MW Snlla OO 7" Fe
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mappi ngs arkd Cbmnuﬁb@sﬂem@oﬂhﬁrmlyodsfeﬂuevtteéleaéii mdlmratcsasklpctWRitbhHMy be

opti m zgd ftpiﬁ(l %its{ f—.ﬁg%%slwlaﬁd s€ach of  which may result in a different

synbol i c net r exanple, as nentioned above, a task to be perforned
by a triple- ALU-t ype Whamndishsks heveelmnprozwewtqpr@pewhb@t theesglseiddt o t hree

singl e ALU-giaoph RPR=h oEner@BHRS & prfllity Yhiali§ ahltb&idh@¥bdnstructions),

which have then been symbolically (generically or non-specifically} mapped to types

of composite circuit elements 260 and symbolically linked by either data input

20  sources or data output destinations (or both) (e.g., using symbolic pointers), the
method generates a composite circuit element and routing “symbolic netlist” or
symbolic compilation, step 455. This symbolic netlist, listing or compilation
comprises a plurality of symbolic netlist elements, with each such symbolic netlist
element corresponding to and containing information for execution of each action of

25  each task of the algorithm or program. More particularly, cach symbolic netlist
element contains information concerning: (1) the task ID; (2) the action ID; (3) one
or more types of composite circuit elements 260 and the number of contexts 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)

30  linkage information; and (5) any regional (i.e., proximity) constraints for the

corresponding tasks or actions (or instructions). In addition, the compilation method



potentially decrease bandwi dth or speed of performance, it may all ow
performance by 20 the apparatus 100 when ot her, higher priority algorithns
are utilizing all available contexts of all available triple-ALUtype
conposite elenents 260. Simlarly, a task to be perfornmed by an ALU-type
conposite elenent 260 may instead be mapped to a plurality of addition- and
mul tiplication- type conposite elenents 260, creating yet another mapping
and linking variation. 25 As a result of these nmappi ng and |inking
variations which are available, any selected algorithmmy have multiple
synbolic netlists generated, each optj.mzed or selected for a different
goal , such as speed of performance, power mnimzation, ability to run with
di m ni shed resources, safety, redundanc conflict resolutlon and so on.
For exanpl ds anpBeable torgy pbtheivatieus circuit and intercopaset topolgeinsidescskad 30 portion of

the 1Cis dmagaiudigob tdviberlchiBteP PEICTRI oG ElubtBMJo topBlSgiRe | onger has

sufficient IC resources to run, another (sub-optimal) version of the ABS
functionality may bAsppalesBatiyedo FEBPIAS fornelRs more tygrsef SOMPORIFE SFeHKr t ant
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consequences under circunstances in whjc another |G such as a standard

ni cr opr Sced®@raisosirapped o “raskpAdinitigps” fhlbbweﬁg Sushb Berro-4eEinitioss” gener at i on
in step 45Qx“ﬁ$}sn€semés§>etnh@1|ry pr@%ﬁ@ﬂe&ﬁ&l@:rﬁh&ﬁﬁs%mﬁéwmh&y Ral

al gorithns are to be canpil or, .as di scussed above, additional versions
or al t er nat"apeed fogypeg %e?@eqsaa CHPYLFIERens %éoemfidvlbfél haygBested, step 455, and

if so, the cBRtHAAIAAYWARE Mm&{aﬁané}%nsmﬂ,@ Irah ) m albeasgaaaingr t her

al gorithns or versions_of algorithns are be iled in step 455, the

met hod may SYBR@HC Ireé‘tsurﬁmsﬂe*éfﬁp'&s@ IFFd reay ‘Gd%‘i‘P&’F‘i' weaf@ygiféwfwg‘u%h 12 is a flow
di agr amoi | lcdftaingtail Bgthalcompbii@ltldntenetypd An@X@npdsaé Mem@ﬂtelﬁrﬂcfagélg system or
process in _%cordance W th tgl? ,)(L)eachl ngs of t{;@ resgg i nvention. It

shoul d be UNGERPOZSY SRRt ERLFE Pﬁlwhﬁgpmr%% - oveh Sbtaey grepfigiiYevel for
purposes  Qlccaphi dfivagoddlevdls, 8eeds mdppRigivafidus agbrililii b1 91264 Gorbei ng

per f or ned E‘%/l_the varloys 15 %NES 290, alternatively, this operating system
functi onal iSFARBEMEIReIBEXIBRFed by one or nore additional controllers 175.

The process begins, MMdédver)Ghoté indy bt afulthisetsdflsticH ReprRpandlingagtd0 bei ng
pOveT €0, 0. U BRIkt 20 S o W LHLR, apel hep SNSLamSuch a0 -
di gi tal assiltiouhy reddlt in a different symbolic netlist. For example, as mentioned above, a
task to be performed by a triple-ALU-type composite element 260 may instead be
mapped to three single ALU-type composite elements 260. While this could
potentially decrease bandwidth or speed of performance, it may allow performance by
20  the apparatus 100 when other, higher priority algorithms are utilizing all available
contexts of all available triple-ALU-type composite elements 260, Similarly, a task to
be performed by an ALU-type composite element 260 may instead be mapped to a
plurality of addition- and muitiplication- type composite elements 260, creating yet
another mapping and linking variation.
25 As a result of these mapping and linking variations which are
available, any selected algorithm may have multiple symbolic netlists generated, each
optimized or selected for a different goal, such as speed of performance, 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
30 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



20 MP3 pl ayer, and so on. A self-test is performed, step 505, typically by
each of the state machine elenents 290, which may test thenselves and, in
exenplary enbodi ments, the various conposite circuit elenments 260, first
comuni cation elements 250, full interconnect elenent(s) 275 or distributed
full interconnect elenents 295, other state machine el enents 290, and ot her
| ogi ¢, conmuni cation or 25 nenory elenments within their correspondi ng
clusters 200 or other clusters 200 (e.g., for those clusters 200

i npl enented wi thout corresponding SMEs 290). There are a w de variety of
methods to determi ne whether these var4ous conponents are operating
properly. In an exenplary enbodi nent, %e operational determnation is

per f or med i I th c S ir t el ement
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per f or med lﬁyd,aetpmﬁfmﬁ% of conposite CI rcwt el enments of the sane circuit
el enent type. For exanple, each of the various types of conposite circuit

el ements, including the types of elenents 270, nmay each perform a diagnostic
self-teggt, foll owed By @perpting Sgstemei r corr espondi ng results. If the results
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be part of the same iy BrocBS3@Eha ERIM/ R J08 wHAl Ligaritls fogncti ons are
performed as part of the boot process of
being powered on, such as part of an SOC or within another system, such as a vehicle,

a computer, a complex system, a mobile telephone, a personal digital assistant, an

20 MP3 player, and so on. A self-test is performed, step 505, typically by each of the
state machine elements 290, which may test themselves and, in exemplary
embodiments, 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, communication or

25 memory elements within their corresponding clusters 200 or other clusters 200 (e.g.,
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

30  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,



20 the operating systemin steps 515 and 520. One or nore of the SMEs 290
creates a nmap or list of available apparatus 100 resources, such as a |i st
within a cluster 200 or supercluster 185 of which conposite circuit

el enents 260, first comunication elenments 250, and ot her conponents are
functioning properly, step 515 (e.g., simlar to creating a bad or good
sector map for a nenory or disk drive). Step 515 may be 25 perforned, for
exanpl e, by each SME 290 for its corresponding cluster 200, or by one or
nore SMEs 290 (pre-designated or as determned in the boot program for an
entire supercluster 185 or matrix 150.,,In an exenpl ary enbodi nent, step 515
is perfornmed by conbinational |ogic e?enents as illustrated in and as

di scussed below. with reference to 13, whi b ocated or
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Two significant functions are performed as part of the boot process of
20  the operating system in steps 515 and 520. One or more of the SMEs 290 creates a
map or list of available apparatus 100 resources, such as a list within a cluster 200 or
supercluster 185 of which composite circuit elements 260, first communication
elements 250, and other components are functioning properly, step 515 (e.g., similar
to creating a bad or good sector map for a memory or disk drive). Step 515 may be
25  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
30 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



20 Once all tasks and actions (or instructions) are bound (assigned and

| i nked), the apparatus 100 commences execution or running of the

correspondi ng prograns or operations, step 535, such as operating the ABS
and traction control systens, playing a video for passengers, and providing
a real-time navigational display for the driver. The binding (assigning and
| i nking) process is discussed in 25 detail below with reference to Figure
14. The control of the program (or operational) execution process in each
conposite circuit elenent 260 is discussed in greater detail belowwth
reference to Figure 16. The operating_systemmay also determne that new or
different functionality is needed step 540, such as when a user or
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SMEs 290
260 (which also correspondingly links the inputs of these data destinations to the

outputs of the selected composite circuit element 260 (as a data source)).

20 ~ Once all tasks and actions (or instructions) are bound (assigned and
linked), the apparatus 100 commences execution or running of the corresponding
programs or operations, step 535, such as operating the ABS and traction control
systems, playing a video for passengers, and providing a real-time navigational
display for the driver, The binding (assigning and linking) process is discussed in

25  detail below with reference to Figure 14. The control of the program (or operational)
execution process in each composite circuit element 260 is discussed in greater detail
below with reference to Figure 16.

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

30  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



20 or controllers 175) correspondingly nodifies the map or list of avail able
resources, step 560, rebinds the affected tasks and actions (or
instructions) using the nodified list or nmap, step 565, and the apparatus
100 continues to operate with these various changes. Wen no such damage or
| oss of functionality has occurred in step 25 555, or follow ng step 565,
the nmethod proceeds to step 570. In step 570, the apparatus 100 nay
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
havi ng the apparatus 100, the apparat% 100 may shut down or power off,
return step 575. 30 Not separately i’l'l'istrated in Figure 12, in another
exenplary enbodinment, the plurality of conmposite. circuit el enents 260 may
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changes in availability of resources, step 555. For example, the self-test may reveal
that a BREO-type circuit element 270 is no longer functioning properly, and therefore
should no longer be available for use within the apparatus 100. When such damage or
loss of functionality occurs in step 555, the operating system (through the SMEs 290
20  or controllers 175) correspondingly modifies the map or list of available resources,
step 560, rebinds the affected tasks and actions (or instructions) using the modified
list or map, step 565, and the apparatus 100 continues to operate with these various
changes.
When no such damage or loss of functionality has occurred in step
25 555, or following step 565, the method proceeds to step 570. In step 570, the
apparatus 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.
30 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



20 of the rebinding of the correspondi ng tasks or instructions of step 565.
If it has been determ ned that the data has been corrupted, the controlling
task is notified so that the appropriate action can be taken. This binding
process is explained in detail below 1. Resource Availability Figure 13 is
a block diagramillustrating exenplary conbinational 25 logic circuitry 600
for context availability determnation within an exenplary apparatus 100 in
accordance with the teachings of the present invention. Such <circuitry 600
may be included within each conposite circuit elenent 260, such as wthin a
circuit element 270, an elenent controbder 325, wthin a SME 290, or as

separate conbinational |ogic (not separately i I I ustrated in Figure 8). As
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or that either
it is removed from the list or map of available resources, and its assigned functionality

is moved or loaded to another available component and re-routed, separately or as part
20  of the rebinding of the corresponding tasks or instructions of step 565. If it has been
determined that the data has been corrupted, the controlling task is notified so that the
appropriate action can be taken. This binding process is explained in detail below.
1. Resource Availability
Figure 13 is a block diagram illustrating exemplary combinational
25  logic circuitry 600 for context availability determination within an exemplary
apparatus 100 in accordance with the teachings of the present invention. Such
circuitry 600 may be included within each composite 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
30  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



20 the context is not available or that the conposite circuit elenment 260 is
not working properly (logic |ow or zero). A second, controller (SVE 290)
condition bit is utilized to indicate whether the SME 290 (within the
cluster 200) is operational (logic high or one) or non-operational (logic

| ow or zero), also as determ ned fromthe various exenplary 25 self-test
processes di scussed above, and nay be stored in any of the various nenories
wi thin the conposite 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, contrqgller condition bit (via the plurality
of AND gates 6100, 6101, through 610I,6I1), such that the result of the

second AND operation_ indicates that the context is both 30 avai].able and
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particularly, Usetdls §001urality of AND gates 6050, 605), through 605m.1y, such that the
result of the AND operation indicates that the context is both available and that the
composite circuit element 260 is working properly (logic high or one), or that either
20 the context is not available or that the composite circuit element 260 is not working
properly (logic low or zero).
A second, controller (SME 290) condition bit is utilized to indicate
whether the SME 290 (within the cluster 200) is operational (logic high or one) or
non-operational (logic low or zero), also as determined from the various exemplary
25  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 610q, 6104, through 610¢m.13),
such that the result of the second AND operation indicates that the context is both
30  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



20 determ ning whet her a supercluster 185 or cluster 200 has availability to
satisfy a regional constraint, such as when a nunber of operations nust be
performed with timng constraints using certain types of conposite circuit
el ements 260 within a cluster 200 or supercluster 185. In addition, using
such conbi national logic circuitry, conposite circuit elenent 260
availability is determ ned and nmai ntai ned rapidly, 25 concurrently and in
parallel for all clusters 200, with delays only fromseveral AND and ADD
operations (e.g., two AND del ays and four ADD delays total for an entire
matrix 150). As an alternative for avakbability determ nation, the SME 290
may be wutilized to poll or examne the various registers of all of the

menories 3 the: r p } i j i n 260 within
The ol ust or 100 Qi ua L ROp 2R KRS ANDThE ok B PRIS  roui

el ement 26(erformedhasia ingletcombingdiANId pperatiomhsving at leastdhied IIGVBS(sRBMIY hen
adding up rggtohdiibf 'Bite;ﬁfa@eédfﬂec%gbi;ﬁéﬁ Bit). e rédifls BPE sdcohdAND /8- Such

avail abi ity determ nation may op-down in the matrix hierarchy, such as

initiated pemtipnoreachoenitedmaybe adinds srchay byusing déereghrit adleshid P98 or a

control ler sNiE2bo oPBth@PéJn%hbl'g, ﬂr@vi&iﬁ@ B bér O fRdeAloBit% s prbEdingsiit | | ustrated
y

in Figure 13 or rovi ded each of the SMEs 290 within each cluster

+ as 0 b
200. It wi |qlr°5é62§5ﬁa$m(w1@ aVOkBESME 280 | | in the electronic arts that

there are innunerabl eyspMsiraddd, BEPHoEHsDfhal Bbftinud Mg iheaRhdik hiersleh £ RAIRNAL | ON,
usi ng conbi national, conditional or control |ogic which are

ont r o g al | of
consi der ed theB0beT o frea Rontexte ReFompasite Gt ermepiZ6graddediosstherdat st 2.

Synbol i ¢ NetF}Jé Stcofpobid UTRRt elentbdf Sooldithifla CIIRA200) enfddE8d tokéifler 1148, 14C and
14D, is a flow 10 dlagran1jILustrat|n& an_exenplar% a#gorlthnlor synbolic
net | i st'% urkeeh trpe Bf pRIRRRYIte Frepiedlemen 240 withinaweergjustsr {8 heaadiedhgs of the

present i nvggdthd?Tor aBK tyipe ol B&fposite citdif AdRsnt 260 WithinCARhtriW30! drnaifdnl Ty
ate_machi ne el enments 290 distributed throughout the

associ at ed egldtcp th ;«5133 nt s, N

appar at us 185°d REEBFT{AT Fasb tyPe aficrmppiis Sirrghelement 208 ithinthe 2gRa Y3 ned by one
or nore ?ddidoi Thade dldﬁﬂifoh@ﬂA?ﬁ&)péﬂaﬁonﬁr?@hb&i%eéﬁrf&ﬂﬁﬁﬂé ?@ﬁcaﬂiﬁ@?ﬁl’,ﬂg?i g_nat ed
as a master, controller. for e appar af us, . In 1tign e bindin
process il 1GSe %él{’eé?s ?Wgé’éblﬁf’“gﬁg TPqsfe F‘Hcé‘“a{:r'?m%tﬂaféz’rcé’egg‘r‘f?géorﬁ%? numa?ous
variati gns dperatibfi€andBindecibt agitral bethait abréspbeding@SMIEa g0 cABairekaled equi val ent
and within the scope qQ resgnt i nvention ast Q@ﬁsuch vari ation

f. th At
is also di stYALEIY gapnssfor gachEIRE PLIoEPO lbeo%}mf}?g*eab% meY, ke dIHTH or s a

run-ti me bidndinf¥@ntained at each level, namely, at a cluster 200 level, a supercluster 185 level, a
matrix 150 level, and an apparatus level.
Such counts at these various levels are particularly useful for

20  determining whether a supercluster 185 or cluster 200 has availability to satisfy a
regional constraint, such as when a number of operations must be performed with
timing constraints using certain types of composite circuit elements 260 within a
cluster 200 or supercluster 185. In addition, using such combinational logic circuitry,
composite circuit element 260 availability is determined and maintained rapidly,

25 concurrently and in parallel for all clusters 200, with delays only from several AND
and ADD operations (e.g., two AND delays and four ADD delays total for an 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

30  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.



20 operation of an algorithm provided as a synbolic netlist, which may be
considered simlar to a place and route operation for progranmbl e
resources with programmable routing. In this case, the programrmabl e
resources thensel ves have been placed on the 1C and the binding process
then assigns an action (or instruction) (as part of a task) to one or nore
contexts of one or nore avail able resources, and provides the 25
correspondi ng routing or |inkage of inputs and outputs. In contrast with
prior art place and route nethodol ogi es, which may take hours or days to
run, the nethodol ogy of the inventioqsoperates quite rapidly, on the scale

of mcroseconds or mlliseconds to seconds. Referring to Figure 14A (FIG

14A), the t.hod. hegj n start ste 00 30 with the determ,nation and/or
mai nt enancgﬁiﬁt? a‘iaﬂg"g{)’acﬁafeé‘ﬁ'i"}af‘?g} “?BEﬁZ‘?'q%’\m '8:5%%“?%2“ CE‘&?Hf)tb%gi te circuit
el ement 260pitigedbes alaktyr adntioller (Ghithtredy, bei qeeipadted SBIE 2%0ngt adhtbller | evel s, as

di scussed ve. e firs or.next).action (i.e. functi or instruction),
as -79- syﬁgé’ Pﬁb%{éﬂ'\l%l“ %F mn@? fh% SHFINES légﬂm{%‘ 'Blﬁnf%g? g?"rc??ntrol ler, step
705, whi ch preydedey eacteofthe BB 290 stithiradaehl cl5MES2(O At will bnspparentor €

controllersg, 175, .for ex | e.. The signated SNE 290 or cantrol.ler 175 then
et er mi oo Uiepre T in B¢ B FrimetthER Wontimaes SEr R PR 1 egi onal
or proxi m tayaitabiisy detemiinatiine psin’d éhmtdtgiondl, @aditiophdce edstrd logic,alleyd 715. When
the action (,or instructi.on). doe at..i.ncl ude a.regional. constraint in step
710, the ac“g}}wc?nar g r?getdre c‘ﬂagﬁfaq%sw’f)l}'%\ﬁ/’leé‘é?etogEhae%gﬁsﬁggrlg %Qog‘r and a cluster

| evel having sufficient 2v8ynbbli¢ NetlisoAssisnamtces for the instruction, step
750, such as a sufficjen r. of i,l,a nt ext,s, forothe one or nore
types of conposite Cli:l gﬁel td”meulﬁe)%étﬁtgglééa‘%r g%/fl?c}(edg a?nﬁ)(lt‘*ﬁ)élssalyiFT?)“(')I ic netlist.

t 0 The BIVE(kdgr® lustratinganaxamphiy dgaitmstoe s¥rsholGtlasBingirisbinding acti on (or
instructio . 0 e il ab nmposite circuit . el ements 260 in the
cluster(s) ryr%%gs ‘ggg‘é’ﬁ‘ﬁaf’gg,(’”‘%eg e:ite!(’)c??'l&g °ﬂi}§ pg%%nrtel%‘%gﬁ |’r?6d|%f1 6 mat i on
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the present invention. At least one such variation is also discussed below.

As mentioned above, the apparatus 100 performs a run-time binding
20 operation of an algorithm provided as a symbolic netlist, which may be considered
similar to a place and route operation for programmable resources with programmable
routing. In this case, the programmabie resources themselves have been placed on the
1C, and the binding process then assigns an action (or instruction) (as part of a task) to
one or more contexts of one or more available resources, and provides the
25  corresponding routing or linkage of inputs and outputs. In contrast with prior art
place and route methodologies, which may take hours or 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,
30  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



20 task I D, action ID, with corresponding |inkage information (either data
source for inputs or data destination for outputs, also by task ID and
action ID). Following the assignnment, the availability count is nodified,
step 760, such as automatically nodified as described above for Figure 13,
or by decrenmenting a count nmaintained in a register when, for exanple, the
various counts are nmaintained by a designated SME 25 290 or controller 175.
The net hod then deternm nes whether all actions (or instructions) have been
assigned, step 765. Wien there are actions (or instructions) remaining to be
assigned, the nethod then determ nes whet her there are avail abl e resources
remai ni ng, step 770. When there are avail able resources remaining in step

770, the 30yAmbhOFetliflinbhis) RreHr&RdelAs aditltet EHUBNIBS step FOEChRIBImAREe aSSi gni ng
t he next action (or, instruction). Wien there are ng nmpre actjons (or

i nstruct i orfglf°f5wsﬁﬁ’ﬁsiggaﬁcs§W30£§P§%%,coretﬁ@l%l%&wﬁe‘aee'sdéfhfo step 800

t o conmenceie¥ighdted SME 70 dricofitrolidr it MK tHe@ HeterMihesObhdthe tiRssckig eflnétfdnioens (or

i nstructi onsg. V,\hein thgre are actions (or i nstructlgcrs) renmai ni ng to be

assi gned i iSTEEEMRAudes 3 reginpal or proximity qapstaingy siep A} and Hsgupreessds n st ep
770, indi cabisteg 71 haWHeh&he &tisf(GGhRbcidr) dbést b indRide AQkgibal 3bhstrain@iroper at e on

t he appar at us 0.as currentl|y configur or available), an error or
excepti on ﬁéeé’sé ethF§°tb‘Eh@FH‘Ls ,t'°§"? @ﬁg‘%‘%’% téﬁd“‘“’l‘ﬂ%“ﬁ‘e"r“ﬁ@c?‘?fé? %’ﬁg, return
step 78|0, ﬁvfm@@uﬁl&[ﬁﬁﬂh\iaﬁlaﬁiﬁw ti:f:‘fesd&fce‘éhﬂtl‘ieeihﬁﬁicﬁdn,mdjbglsamulcﬁaﬂﬂm be f
currently as ned. |n that. event, there are many poteptial courses o
St on | LortieShpsmumbihes aoeiabliianinsdRi:be B GO AR OF omRAE HERP el ot e
| ower 10 prelamidnty240mgvidedinahe ppbaicinetist. whi ch are consum ng or utili zing

resources, to make 100 e | ect rogr r _operations and allow
the sel lgjct ed progr amﬁS%@%@e"%ﬁe ?W&ae@f)@é{?tgtt@?@@&’gﬁﬁa%? ﬁ%‘i""?‘?fstances,

t he desi gnahaohcGdA t&80e o moraivhilabld @mpbsite ¢imyit eklreats 26004 berclwer&) on of t he
progr am whi able tq be assi.gned w thout renmpving, such. ot her

pr ogr ans. |2%Bb{¥l?iﬁ/e?£?8§f%{ﬂg &e e et‘??é)yl/’dlgﬁéf}(}%rgfatgoﬂgc otnﬁgf“ 2 °?’gl?egt5§k1 Ppar atus 100
W th nore ribsaatvoadb, arsl the sslect foodestinaticssp task 112 dndagppiondB) irothe  \When t he

750, the mihowopFeaRi 30 Bhbeh tier o b RpRmer e b it Such o
regi onals constargicomposie dimkie elelnent 2600the Secohd mesoanlement 25§ amotlersuper cl ust er
20 region ]in%&?tagéesaglteitg He §I\|/IE 2&8 and the composite circuit element 260. The
amount and location of the stored information may vary among selected
embodiments. In an exemplary embodiment, the action (or instruction) is stored
locally in the memory 330 (or otherwise within the cluster 200) as a configuration,
20 task ID, action ID, with corresponding linkage information (either data source for
inputs or data destination for outputs, also by task ID and action ID): Following the
assignment, the availability count is modified, step 760, such as automatically
modified as described above for Figure 13, or by decrementing a count maintained in
a register when, for example, the various counts are maintained by a designated SME
25 290 or controller 175,
The method 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 '
30  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



li 12 end region region 2 cluster actions 13, 14 25 13 14 end region end
region 30 in which a supercluster regional (proximty) constraint

i ncorporates two cluster-level regional constraints, each of which has

i ncl uded actions (or instructions) subject to the constraint ("constrained
actions"). As nentioned above, zone 201 constraints may also be utilized.
As illustrated in this exanple, actions (or instructions) 11 and 12 (as
synbolic netlist elenments) nust be assigned within the sanme cluster 200, and
actions 35 (or instructions) 13 and 14 (as synbolic netlist el enents) nust
be assigned within the same cluster Z@0 (as Region 2, which may be the sane
or a different cluster than the -81- Region | cluster of 11 and 12). Both
clusters 20Q0Q. r i e r r S i por at ed

W thi ¢ he epsaRHE A medE bbby fy SPsE RonRR ik by (% GG EP T2 e
SME 290 or al @fthe@bdigned hetiorgdocinstrustiens)whet her the constraint is a

supercl uster constr aj i ; I f : Lt rai ned
actions to be assigne Wﬂﬁ%%gtaﬁég S (ﬁéggtuﬁ{el%é§ ug}azr?}lﬁgjg?e %ﬂlgﬁaflhe regi onal
const r ai nt steg 76arbutithergree 0d owreavailpble respurdesn steh @7Qdndigatimgdbiat 8¥E 290 or
control l.er i [ I ilable
uper ol dat &g BB HRSpby Ror B RIS URFE o FRAbh A AOafime P! | 12

const r ai nt configiredopavailable); ad egprprexesption mepyekis geheraied.ovgp IS, st e

super cl us t heSméehod @)Q&i .bﬁi@;traﬁm s'iépeﬁo?%(lhe Eﬂﬁﬂo@%@&sﬁgﬁﬂe ge?&tedwoé}ﬁmm en the
constraint is not a supercluster constrdint in step 715, the constrained

actions ar €apw0obbe estently aggignedy I thatsvente thgesrase maopoteptiat pouresstoft he fir st

cluster cQB§dd FHoPkxdnihlé,thdQiRaRE SV SIGURBAEOILE 1 75 fhay ldblefeqBuEr €d by the
previ ous constraint), such as the various clusters which neet the Region I

const r ai’nt PHPOREOHRRKHT eperafings WhirhSEe ¢InsuRisg o1 POIEZing ©sQurifolodnakey

desi gnat ed rgém ¢GH1RE SRR prégrBM of dperatldh aR® Xlioww fle s@kctd@ pfdgkidt & - | evel
constrai ned actions, if are provided to all available clusters 200

whi ch neet SEffatgRILthe &Pﬂéﬁa&/i%ﬁgf’ het 1optapssssthe designated SMB 280 8iper cl ust ers, i f
required R¥nkdiRr PYSMaP d8led ARSthERIcBlidn ofIMCHrogam! WiBicl Alal B abkhaisé er s whi ch
meet the Re;i éigr{zadzwithout removing such other programs. In other instances, it may indicate
15  that a larger apparatus 100 with more resources is needed for the selected application.
When the selected action (or instruction) includes a regional constraint
in step 710, the method proceeds to step 715, as illustrated in FIG. 14B. Sucha
regional constraint may take the form of, for example:

region 3 supercluster
20 region 1 cluster actions I1l, 12
Il
I2
end region
region 2 cluster actions I3, 14
25 I3
14
end region
end region

30 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

35  (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



constraint of the exanple, and those clusters 200 are also tenporarily

desi gnated as candidates, step 730. In addition, those superclusters or
clusters which had previously 20 been candi dates, but now do not contain
sufficient available clusters to neet these additional constraints, nmay now
be rel eased and no | onger designated as candidates for the regional
constraints. Wiile not separately illustrated, the sane nethodol ogy may

al so be enpl oyed for any zone 201 constraints. Wen there are additional
constraints to be processed, step 735, the nethod returns to step 730, and
continues 25 the tenporary designatiog process. Wien no further constraints
need to be processed in step 735, the nethod determ nes whether one or nore

nmat ches ( suypgidn Uahfer FNTAM 129! BStHENuhRY 206 howh\RY.EnBe 68 i BEshe St ep 740.
When one or nore matches have been found jn step 740, _the desi ghat ed SMVE

290 or contSPBYTFIsten psincaparated Withip theupgRESIE] LSRRI gns the 30

constrained actions (®ktep NS rth&ads%astdeMEMc&Qb@@émdwm&bﬂﬂh@, set,
rel eases all, the other  tentative assignnents, roceeds to step 760, to

modi fy t he VReHier Hhsi PRIt e pupe 'eftcreawﬁrﬁwaé"*tlﬂbwa%@. reRtrEARe 15 oess, as
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many pot entdraiarksubw:am oohloaa:iUpemusEﬁsrasemd‘r@dta stbﬁmez@iesalgjmgde;sm 290 or

T T oeloo oF e B SRwfis pite p bR PR3P 125 BERREHAE, o | a1 .

3. Run- Ti macBonsdiceprotided\reai]l alaklalsle clustes 200 whidhahéat eiel famtsludterve been assi gned
in step 76 t.he iaons i nstr connected or._routed, to
ot bl | sh apreeot REMAZS of Bl TRHetblebn 3R SR PR SEsEiT 2o dur  ng
operation chch dchappénaiclstei:Odhitl meestbe Btgion heosehint bedie pragpleandr
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out put i nformation ored he cont |gura con. or t he
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poi nters, one acti poi nt1ng to anot'her "task I D and
action | D &y tks prigerious canstraint), such as the various clusters which meet the Region 2

constraint of the example, and those clusters 200 are aiso temporarily designated as
candidates, step 730. In addition, those superclusters or clusters which had previously
20  been candidates, but now do not contain sufficient available clusters to meet these
additional constraints, may now be released and no longer designated as candidates
for the regional constraints. While not separately illustrated, the same methodology
may also be employed for any zone 201 constraints. When there are additional
constraints to be processed, step 735, the method returns to step 730, and continues
25  the temporary designation 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
30  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



source (for input data) or data destination (to provide output data). Such
information is stored synbolically or generically, because until the action
(or instruction) has been 20 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 wth
the exenplary enbodi ments, such data source or data destination information
is 25 utilized to connect the data ingyts (for the input queues 320) of a
conposite circuit elenment 260, for each context, wth the data out puts 375
(via out puf, S. anat h S] it el ement
260 (or the S?%% m§l:1:§t)mg[oti1atqm ge?e%e%tl onfthm i may gg{ b% %)?Pfa% Jél{(; ﬁ)g
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begi ns, sté’bl%wyb&sﬁsﬁlglllqggwfatf@dllYS in FIG 14C. In the exenpl ary enbodi nent
illustrated in Figure 14G, ﬁ@@_m@mn% "bottom up", beginning at the
cluster 200 |evel (or zone ustier 200C | evel s and proceeding to
hi gher 'Pevel s (super¥hgn pldactiong (ordestiugtians) kavs peensaspigestia stanctos, té‘epar ately
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is stored symbolically or generically, because until the action (or instruction) has been

20  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

25  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-

30  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



has a SME 290, then another SME 290 within the supercluster 185 nmay be
utilized. As indicated above, these source (or destination) task and action
IDs, 20 in selected enbodi nents, are stored in the nenory 330 of the

el enment interface and control 280 of the conmposite circuit elenment 260. In
alternative enbodi ments, the source (or destination) task and action
identifiers may be stored in other nenory elenents, such as a nenory-type
conposite circuit elenent 260M second nmenory el enment 255, or other nenory
el ements which may be included within a cluster 200. 25 To facilitate
routing, the nmenory 330 (or other nmemdf3~ el enent) may be inplenented as a
content addressable nenory ("CAM'), as nentioned above, or as any other
type of neermbydimEon swdnesforl a/superchstee p8BDaNd diwnit chuter BGOGthaddta r st | evel of
hi erarchy, a SVE 290 exam.ne 255, 260M etc.)
within 1t ouRats may e ""i“H‘é's?‘e’“’“g%"Sr@‘é"“&g ea‘err?“nqaf“ %&9{\% and action
identifier soxméspbmrbng fullsdr dissbhwehingxtonptdi@7E.@¥posite circuit el ement 260
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SME 290 establishes these internal cluster connections via
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be routed in step 820, the method
As indicated above, these source (or destination) task and action IDs,

20 in selected embodiments, are stored in the memory 330 of the element interface and
control 280 of the composite circuit element 260. In alternative embodiments, the
source (or destination) task and action identifiers may be stored in other memory
elements, such as a memory-type composite circuit element 260y, second memory
element 255, or other memory elements which may be included within a cluster 200.

25  To facilitate routing, the memory 330 (or other memory element) may be
implemented as a content addressable memory (“CAM?™), as mentioned above, or as
any other type of memory. Consequently, in step 805, for routing at a first level of
hierarchy, a SME 290 may examine all of the memories (330, 255, 260w, etc.) within
its cluster 200 by these source (or destination) task and action identifiers of the first

30  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



continues iteratively, returning to step 800, with a SME 290 or ot her
controller selecting the next action (or instruction) to be routed. 20 Wen
the matching action (or instruction) (having the corresponding task and
action identifiers) of a second context of a conposite circuit element 260
has not been found within a nenory (330, 255, 260M etc.) of its cluster
200, in step 810, the SME 290 then knows that the correspondi ng data source
or destination is not wthin its cluster 200 (referred to as a first
cluster 200). As a consequence, in step 25 825, the SME 290 both: (1) routes
the selected, first context to the peg4phery of the first cluster 200 (to
one of the first communication el enents 250 for data transnission via

i nterconnect..155, thraqu t he f i.ntercon enent 275, distributed
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knows t hat i R Xt 1 2 Of . i i or data which
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in step 84CGlemdne2Zearclistrigitd Adlinwfconhest slewmont296! Hetlewing@@pBd &t wlent hi s second
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communi cation el enents ansm ssi on a I nterconnect 155,
t hr ough t hecofiiiues jteragyalprrpfaotinglogtapf00, with a SME 290 or other controller

selecting the next action (or instruction) to be routed.

20 When the matching action (or instruction) (having the corresponding
task and action identifiers) of a second context of a composite circuit element 260 has
not been found within a memory (330, 255, 260y, etc.) of its cluster 200, in step 810,
the SME 290 then knows that the corresponding data source or destination is not
within its cluster 200 (referred to as a first cluster 200). As a consequence, in step

25 825, the SME 290 both: (1) routes the selected, first context to the periphery of the
first cluster 200 (to one of the first communication elements 250 for data transmission
via interconnect 155, through the full interconnect element 275, distributed 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

30 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



275, distributed full interconnect el enent 295, the nessage nmanager 265, or
otherwise directly to the first communication elenent 250), and transmts a
correspondi ng 20 nessage to the supercluster controller (designated SVE 290
or controller 175), indicating or providing information that it has the
second context having the matching or corresponding action (or

instruction). The supercluster controller, in turn, creates a corresponding
| i nkage between the first cluster 200 and the second cluster 200, for the
correspondi ng contexts, step 845, such as by storing correspondi ng routing
25 information in a second comuni catigq. el enent 210, and the
cluster-to-cluster routing is conplete. Fromthe perspective of the SME 290

of the SeCaignehibin! Plof Al perdpkive il 208 b50e HOTRISP 206 rbikinfRY Pr 0ceed

with routln% I t's other contexts (actions (or instructidns)), if any,
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vari ation, giills @ ifscithspURERE!BHe ARG 820\GitRhe MWpdcilhief Ne SVES 290
within the super cl uster formall such routing within a cluster

200C or wi teRniolier (esignpted SME)23¢or ropwpller 337 thengprpeeeringig ktep 830.var i ous
cl uster squeues 245A }Befr@rrééeﬂ\&dtaqoﬁa%@el&de% Mﬁga%oseémw coﬁéxt)mov' de: (1)

corresponding routing wwthin a sel ected zone uch as directly from
CE4 to CES5 stPS330dhe pyneeclusisrooptseller ffpnsmyts ageqyss %ﬁl@a’ tp gl dpther glusters2 75, 295;

(2) corre%@whngnm,sacngtwlwf&tﬁos%edm;@asb@Id@&ﬂhtnewﬁeaieﬂhe%oc such as
directly from CE4 to CE12 via the full or distributed interconnects 275,

295 and cl ferewopdiagactipriasinsuctios) lSéQﬁakéslpemmfﬁbmr BerPHes $80a233el ect ed

adj acent Cis0y] dic. yIf&%ﬁﬁng?m@ec&iaq&easfhﬂafcﬁgt WhehloaBbEésd Angnot her
conposite circuit el enent 260 of another cluster 200C wthin the

super cl 'dst &usteasE00, po2 tatend eiurtent00qhasithe Bachigeoneerepening ationsor 295, any

i nterveni ngnitﬂn@f@q)t(pe 7R Te utBl(6F deithRiioh) 1240 a@ﬁ@h ideﬁcm&bamu firs?
peri pher al clus gg ge 245A,. such as 245A10 corr ndi g routing to

a sel ected coﬁtﬁﬁ éﬁi' comedof eng @ ‘@I%?ﬂ’@?‘“’fﬁf@'@ RNt rcl uster

185C, s uc h m s€tohé 6luktyr twmﬂmbﬁ%\ﬁmaﬂmké&hd E6HIPASE the s@ﬁ:&&w desiha@oRNt 260 of
anot her 4%?200C VI the full dlsthébuted interconnects 275, 295,

any int er v Yhighés to eiﬁ‘ﬁ@§ t%?’LfEl‘%?n"(ﬁ'EFé 8t clusier 2005 Ag 2cppicgusncs a
pluraliisy Ghs@egBiRhikY fkod SIIESIOOME @1ea8codd2Risted DOD fo'i)es G0 kécRRMPOREAT outing
2 nessage. RHEGERPHS Of WG o sl 2 hor At Do FIRGHREHP M ol it er
queues 245450 &ndataedne@issibnGlidlimteetonted U85, I AgH the tflil]l AndiOsinecetntinig sel ect ed
context) i SZ??, Ajls?t}-iguted full interconnect element 295, the message manager 265, or otherwise
directly to the first communication element 250), and transmits a corresponding
20 message to the supercluster controller (designated SME 290 or controller 175),
indicating or providing information that it has the second context having the matching
or corresponding action (or instruction). The supercluster controller, in turn, creates a
corresponding linkage between the first cluster 200 and the second cluster 200, for the
corresponding contexts, step 845, such as by storing corresponding routing
25 information in a second communication element 210, and the cluster-to-cluster
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 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
30  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



destination for a selected context of data producing conposite circuit

el ement 260, and is in turn a data source for either a selected context of
a data consumi ng 20 conposite circuit el enent 260 or another sel ected
context of a cluster queue 245A (such as for data routing through a
plurality of cluster queues 245A, such as for data routing between clusters
200C, for exanple, using either source- or destination-based conmunication,
as described herein). In step 835, when none of these other clusters 200
within the selected, 25 first supercluster 185 has the matching or
correspondi ng action (or instruction)géwith the source (or destination)
task and action identifiers of the first context) in a second context of
one of its r ol | er then
L A A e e o L
super cl ust €Es to X85, for exaemnled'wt the fdl er distributedsinteagasinens 285, 208502) As a

consequenc sl
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ot her '%ct?‘tﬁﬁ‘ﬁd‘&?fﬂﬁ@ﬂb’éhﬁ'ébﬁé‘wemém&fé%% spelorsaditgstly Gomi (@l 1865. Havi ng

recei ved a,{ou LoHpdsRe eislit diclieit 288 b Bl CluSeCnt Ao Mesfihe I N step 865,
the matrix control ?er transmts a request or query to all ot her) clusters

200 10 wi fisirijuted éntergennegts 285, 296 panyriplgovenigrkzone gnzans) elustel gHeHes whet her t he

cor r espondp4x aRd i n:ﬁ b phfsiity UEpd | SudOCRERD 248400 @) their menories
(330, 255, 260M ¢ )‘?r i 1P t?ou{J rﬁjﬂlra Ut?LS;:ﬂ\t hird Ievel(ggf hi erarchy. This

routing reEfti'E@Poqﬁ‘ﬂ&B rBE‘“tgr‘aﬁs"FﬁcF‘f é'(‘)‘SteU?qogc‘t’ll“th Bsaoswrhingbesuperclystsrc| ust er s

200, onsMaysdee vid ARsdthdd Mehagbesuper cl uster  controllers. Wen one of these
ot her clusters 200, as a second cluster 200, has the 15 matching or

correspondi ng act i orFqr §kample: WhrntTPEAg thrpugh any phthechistes guguee 24 a@st i nat i on)
task and agdiicia diekediqhéileerss qwﬁecoirb; hdlﬁg@éleefé&c@&x@ isgagmd context of one

of its conposite circuit elenents , Step 870, this second cluster 200
t hen knows d¢stingtion{fpia selected context of data producmg composite circuit element 260,
and is in turn a data source for either a selected context of a data consuming
20  composite circuit element 260 or another selected context of a cluster queue 245A
(such as for data routing through a plurality of cluster queues 245A, such as for data
routing between clusters 200C, for example, using either source- or destination-based
communication, as described herein).
In step 835, when none of these other clusters 200 within the selected,
25  first supercluster 185 has the matching or corresponding action (or instruction) (with
the source (or destination) task and action identifiers of the first context) in a second
context of one of its composite circuit elements 260, the supercluster controller then
knows that the corresponding data source or destination is not within its supercluster
185 (referred to as a first supercluster 185). As a consequence, in step 860 (illustrated
30 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



second context is the source or destination for data which is to be routed
to or from another, first cluster 200. As a consequence, in step 875, the
second SME 290 of the 20 second cluster 200 routes this second context to

t he periphery of the second cluster 200 (to one of the first comunication
el ements 250 for data transm ssion via interconnect 155, through the ful

i nterconnect elenent 275, distributed full interconnect elenent 295, the
nmessage manager 265, or otherwise directly to the first comrunication

el ement 250), and transmits a correspondi ng nessage to the matrix 25
control |l er (designated SME 290 or contgpller 175), indicating or providing
information that it has the second context having the matching or
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| evel ofs hmeds}ﬁmg:ds:yconEﬁpmmmgacﬁ@rr@pmtruanpt: et, lhas mesbugea(@deswlai&ﬁo Ord )
r.out i ete, and the

method r ot dPkenRaRIPRE s 820 Bl oA SR BRe 3¢ B Bhess for ot her
actions, asompysilzeineiediethenBr260]dnp 37O} thixkecoridah@ter 200 theh &pews thasthisps 865 -
880, as neegceocrixﬁ conte)tttP}sethae gggcgtoy gesgiga?tidn%gre c!la'ta which is to be routed to or from
another, first cluster 200. As a consequence, in step 875, the second SME 290 of the
20  second cluster 200 routes this second context to the periphery of the second cluster
200 {to one of the first communication elements 250 for data transmission via
interconnect 155, through the full interconnect element 2735, distributed full
interconnect element 295, the message manager 265, or otherwise directly to the first
communication element 250), and transmits a corresponding message to the matrix
25  controller (designated SME 290 or controller 175), indicating or providing
information that it has the second context having the matching or corresponding
action (or instruction). The matrix controller, in turn, creates a corresponding 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
30  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



As all actions (or instructions) had been assigned previously, the matching
or corresponding action (or instruction) is in a second context of a 20
conposite circuit elenent 260 in a cluster 200 of a supercluster 185 of one
of the matrices 150, and the nethod searches up to the matrix or apparatus
| evel , as needed, w th those corresponding matrix- or apparatus-I|evel
controllers (designated SME 290 or controller 175) routing to their
correspondi ng peripheries (e.g., third comruni cation el enents 190 and any

i nterveni ng second comruni cation el enents 25 210) using interconnect 155
and transmtting queries to their corﬁgspondl ng lower- |evel superclusters
185 and clusters 200. As a result, all actions (or instructions) becone
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shoul d al s@cwemv@dmﬁgﬂ%}s@wfssonatnmmwb@et@)mm@rth%ﬁe%c@mgtftmm st at us

for the paE rlp%bﬂy%hﬂe&ﬁ&mﬂﬁ)( 1@b§10e Qﬁoﬂ@éfft% 154 cbabdAafion SlkfBnt8 95, when al |
of tasks have been routed. The run status, as di scussed below, is a field

utiliza® i O (Qgemrigles arpenEABIUsste thepthes matior- Iy ek conmallern (Wishr v 330) and
utilized byisd Bay 8t £GBREnateiGMP DO BF Ldroilerd 75 RatlRE ﬁﬁms@%nw&txtp% the circuit

el enent 27Q shoul d execute a sel ected context (i, formthe

cor r espondfiRg2 seerdsantext i anpther matix 1 50;of theclenise ¢80 t"'h ‘PWé‘at"aéhé has been

fully conf hﬁ&hﬁ:@or%r}é@p@r{dmg’ﬂ‘é‘&ﬂoﬁ@&1ﬁsQﬁxc!161§tf6HR)tuh %ﬁt)a Rafh®ed.and rout ed,
such that it may be ready to execute, provid at other conditions are

al so net, B§rerdysEemthe H?éﬁpﬁwveﬁ@er‘l‘fﬁg%%t% %Er%%? oppmraber T3 ¢fithed to start

or stops Seh?s@hﬁé;xh%@kﬁs roﬁfmglé chpRiy, Qﬁi@xe%ﬁ'ﬂﬂ»ﬁ&&dﬂs%’éhﬂo%&%fl&z@&oto | oad a )
new task inits 1E})\Face In addition, it wll be apparent to t hose of skill in

the el ect r 69tiaug the gouting procsss{oRBWET astionsps meY BmeeSF -2hd theagbetberbl ogy of
Figure 14 xRy iePPdee BRI 853 — 880, as needed, at the apparatus 100 level.

As all actions (or instructions) had been assigned previously, the

matching or corresponding action (or instruction) is in a second context of a

20 composite circuit element 260 in a cluster 200 of a supercluster 185 of one of the
matrices 150, and the method searches up to the matrix or apparatus level, as needed,
with those corresponding matrix- or apparatus-level controllers (designated SME 290
or controller 175) routing to their corresponding peripheries (e.g., third
communication elements 190 and any intervening second communication elements

25  210) using interconnect 155 and transmitting queries to their corresponding lower-
level superclusters 185 and clusters 200.

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

30 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



equivalently and are within the scope of the present invention. For exanple,
in the event that the actions (or instructions) are not stored locally in a
menory 330, or in a 20 nenory conposite el ement 260, or in second nenory

el ement 255, but are stored centrally in a separate nenory, a top-down
approach may be utilized. Continuing wth the exanple, a top-Ievel
controller such as a matrix-level controller (designated SME 290 or
controller 175) may initiate the routing process, exam ning the stored and

| i nked actions (or instructions), determning the routing within and between
the 25 various clusters, and passing tRe.various configurations (as
contexts) to the affected conposite circuit elements 260. As another

variation, 4doertomrdiieyers mrre%él@srmé HHEtﬁés fo?tﬂé%ﬁiciﬁralr %ﬁhm%@é}; gl ler
(desi gnat ed SME 290 or controlle ly transmt

cor r espondi WQC%@Fﬁe@ﬁ%a‘{%ﬁwq&h?{‘llﬁﬁfﬁl Rﬁ‘?ﬁ?m ) allg Wwhich h%"%@‘mﬁml ch then

initiate themainfisith BE rU QL SRS 835, tﬂ@ﬁ@ﬁb@@%tﬁﬂ%’%tﬂ%ﬁﬂ% tagiesrseeca%dt o FIGs. 14C
and 14D. 30 Al'so, while one or nore controllers e ut|I|zed to
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the use s0f BueLHbOTRS. qilshouldraldbk ActePthii F50DWRICh 368 of &fblek @trugol Ution. In
t hese circunstances, any, of the -90- plurality of SMEs 290 (of the
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super cl ust ahskd BEveeah k&ltdLr, matri x 150 control | er, or apparatus 100

controller. In the eyent of harm or damage to a given SME 290, innumerable
other SMEs 290 are aJ&Fybiaus.@s discysied Jf 2 figldailized iaghe 5 sj gni ficantly,

the time i %ﬁﬁg‘tﬂﬁhcfrp«i/onﬁf'fbﬁa a@ﬁmmﬁa@a uﬁﬂdm&@tstsom.dqmﬁe@sy tHeeldmangar with
respect to the F n‘gg @‘-‘r‘ actiops instruction _@% " and proceeds quite
rapi di y!® aoptolies 3521q ?FE’H“"CUH%‘B‘?W%‘E‘W“ elpment2ddshouldexgatep selectsdy ocess

Wi thin eacdanektskeperféith thE@brr@ﬁaﬁthactﬁﬁPQﬂ(ﬂhlﬁGasHPi@Ehd‘iJ&&:sfﬂh&ﬁﬂﬁrtaﬁf
cluster-, EE efl,jﬁter-f_ and f@j i "n" | ved, ﬁpe Wor st case
amount of t e k%k‘fed(&r‘ aﬁﬁ% ?fc‘{‘?tﬁ’ﬁ ions} a3 sigied and (Putsd el o 4 4+ 2
cl ock or cqnaumahy Wrea&y&tmwcdtarprm&ﬁagﬁmﬁeecod‘ﬂendnrsamci:hetdaﬁnd routing to

be conpl et 0 cOorL ondi n her of each This is in
sharp cont rcg s\ﬁﬁﬁgﬁoﬁrl 'ad tr“ﬁgf“?ﬁ[f E%F?ﬂ%@‘iﬂ&?fﬁwp\ﬂﬁ%‘ﬁd gl o% out i ng
tine, ats a t61pﬂtgmal‘§blebtﬁd task uiﬁlCIﬁ asouo lodd d<zibvataﬁk iniifs piyelei M zed, is

non-determ ni stic redi ct rou b 15.An ther
advantage of this as ?éﬁﬁé ﬁ%’i"ﬁ@qﬁﬁ@& Skgl?mtthgelef)troé‘é% i nvention

i s the abi |lthity dutbassf wriatiouk df@h&memaﬁksg)eofmmé HOﬂﬁy(beﬁmplemtcmddtl ons) to a

IF’I)log rality OJqunrglte trI)(!) grlecrl S’glilxﬁth%lt %tsgorp% 0%818 present ln\PC%ElE)III CP cl)raerxlau%ble n tﬁt ers 200 are

event that the actions (or instructions) are not stored locally in a memory 330,orina

20 memory composite element 260, or in second memory element 255, but are stored
centrally in a separate memory, a top-down approach may be utilized. Continuing
with the example, a top-level controiler such as a matrix-level controller (designated
SME 290 or controller 175) may initiate the routing process, examining the stored and
linked actions (or instructions), determining the routing within and between the

25  various clusters, and passing the various configurations (as contexts) to the affected
composite circuit elements 260. As another variation, the top-level controller such as
a matrix-level controller (designated SME 290 or controller 175) may simply 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.

30 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 a designated

SME 290 is a more robust and resilient solution. In these circumstances, any of the



required to be the sane, and nmay be quite different, with different m xes of
types of conposite circuit elenments 260, w thout inpacting the ability to
programthe resulting 20 device. For exanple, any cluster 200 with many
multiplier-type conposite circuit elements 260 wll sinply have nore

avai lability for assignment of nultiplication operations, such that those
types of actions (or instructions) wll automatically gravitate to those
types of clusters 200. In addition, the assignment and binding tine would
be the sane for both honbgeneous or heterogeneous clusters 200. 25 As

di scussed above with reference to Fi gE in the event of damage to or
failure of one or nore corrponents wi t A n a cluster 200, such as a conposite
circuit eleme t he Ius or t i ndi vi dual conponent
may be degﬂuﬁfﬁgﬁmﬁ %@M@é eé’é’"ﬁ?’i’g{} g Bltb‘Fae“y iﬁcﬂ‘éﬁterf H@@é“@i RLBt ances, any
t asks and/ ok vasi@isireles of peichitef U8 tcntid)leraMmairignsd comralleradriappdrtds conposi t e
circuit el nt 260 shqul d 30 | aced with .one re other conposite
circuit el g@wgo%o’% g’ﬁ&"f'ﬁl §RWE§M maﬁ"e}ofa(ﬁ‘?‘ﬁspdsﬁrﬁf Zgé'avﬁ"ﬂ'émeréheety of ways.
-91 Fi gur eth¢iSME§2%0 ér) aldilabl ta afsuoivady aftheseirbleb.ustrating a first exenpl ary
re-assi gnnent and r din cess in cordance with. t t eachi ngs of the
presentgJ i nventi on. lﬁm? 5 &‘Fg ea{BW‘éezg?ﬁr&?taﬁ'F’iuﬂa’t\ﬂ‘?ﬁ°‘§'f'§5rc§fﬁ§ such as
due to a f &illnamewith redpefcatd thanalmbermg actiin {dremnnua@omp?E’ axtid psmceeda‘.SlVEs 290 (from
within the Sa lgiyugst er dgontcl@rgg fﬂectaed b f‘{l argﬁlqa e orwthal lure, or
from anot hg cre) 15’ S or e§|ln HhRAETT EEXEY ¥osi t e
circuit el acbmtus&ﬁm(asl?mmamaplleadﬂpeqdmg mn%}ﬁ;umbed of dustex:lmptnhMmherrent
controller ‘atfec Q ite CII‘CUIt el ement Oto st op
execut i ng a'?qzé%tgﬁtléﬂf STEp v%lﬁ' ""f/splccﬁgla1 U St Mg peéc?‘htgxztr th status bit.
The SNVHO 28Btrumioh)is aymcallwr.’mnls Irot 4ra+ ﬂrmk:@hgemmpxttdt@nl dycles dokatRages ty ce

conposi te %ég%iulmtted nd rou ttcs) bg leagft%d go {he ?rres o gpgg)%a{lésteof%l I gui t

el enent (s) pro uci-ng fie af f ect ed
conposi t e tavelc dihis ie iresharpt cadGst vatlamo%ﬁmu‘ﬁlng nﬁmﬁdom&shmmmﬂeheer m nes whi ch

(11 any) ol hihe GRIPAY Bl b LRI SR PoRl 88N 3L APk Serh et e over

the affecte nctiona 100 een performed
by the affemlmaamdpmdwabhavamﬂabhe conposite circuit elenment 260), and 15

copi es Ghe cont exts ghafadd S RIBInRR S il lbeGL fingonposi te

circuit  elenent 26 e ava| abl e conposite
circuit elperenminvsitichG thefabilite tezssign appwutshiasks ahdeaiony forlindptuetiorshtoext s, st ep

920. In an pﬁéﬁ{lghf%é{eﬁg&%gﬁsr@ﬁ'&em b8 mbl partRulfRY, GhALS 280G Nt A N 2

t r ansf or maf Fo
required to be the same, and may be quite different, with different mixes of types of

composite circuit elements 260, without impacting the ability to program the resulting

20 device. For example, any cluster 200 with many multiplier-type composite circuit
elements 260 will simply have more availability for assignment of multiplication
operations, such that those types of actions (or instructions) will automatically
gravitate to those types of clusters 200. In addition, the assignment and binding time
would be the same for both homogeneous or heterogeneous clusters 200.

25 As discussed above with reference to Figure 1, in the event of damage
to or failure of one 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

30  be placed with one or more other composite circuit elements 260, and this may be

performed in a wide variety of ways.



whi ch indicates which conposite circuit elements 260 have availability and
have the 20 requisite type of circuit elenent 270 for such a transfer of
functionality. The SME 290 nay al so copy the contents of the associated

i nput queues 320 to the input queues 320 of the available conposite circuit
el ements 260, step 925; alternatively, for certain types of real-tine data,
the input data may be discarded or, equivalently, allowed to remain in the
associ ated i nput queues, with operations resum ng at the 25 avail abl e
conposite circuit elenent(s) 260 using newy produced data. The SME 290 then
re-routes the connections to and fromthe available conposite circuit

el ements 260, step 930, such as by doj4g. source (or destination) task and
action identifier searches as discussed above and, in addition, if both
source and destinatig kg not
stored, performng a %’ g’gr ﬁﬁo@%hgmg‘é?ec eglll'%f:rta{lnggr\gmwae?ﬂ)s&?uctl ons) in
ot her nenoré-assigBEnbandyethinding pregessiin @CQIdPWMIﬂE‘IhGMb@EQ@@hE prgsaét er mi ne

the correspandiify Maha MARSbhRaH Qaam(g%th s%awc@eﬁ)chtaedeém @it e routing.
Q her routin cg steps as di scussed above al so ma - utilized as needed
1

(e.g., for %ﬁt‘i"ﬁg‘“B@& fdEtesting, speprmog HMEsy %?0§¥reﬁ \9@5“ thergamgiglusiEn0  t hen

resets the 7g9ifaamened BPieWamahebidiltre! ot Rfm hd¥fhdr emaéi 800)38hrEPGH €XtS, o
re-enable the execution of the affected actions (or instructions) by t he

avai | abl e dsipratssttbe affsqied Gomposisheirpuitslemegh260asquaypilaple. senPQpmamicht and

re- bi ndi ng d%&@ﬁﬁ%lé?ﬁéﬁt%&ﬂrolfe?ﬁﬁ&ﬂméaﬁéc?d& BfPosiletiRuil eARA FgRH0ach, the
task nmay be re-assigned and re-bound (e.g as illustrated in Flgures 12 -

14) and, g|5¥Pé"r?xf"ﬂ’é‘“§1a¥’é@'ﬂtéﬁtst%‘??p?}ﬂem’sca'&f wilizing the gay statuy bit| B8 MEng acti ons

(or i nstr uobh sl d t.lra.rﬁﬁutaeslﬁbﬁ otﬂq: fidkediatd B iFcARMMARRO ciRd O has the
advantage of preservin | ocal i constraints, as such constraints wl|

be to ifcl GEERHRZON: 9 ‘ﬁ’é‘ Q%CI@O&H’PF‘ ’CE"éFlef“ﬁE‘ﬁ)@éPl“bﬂgl? Prodiciggdate i on, as

the durati QAd @hndféreing ass ktwufréeiedaaﬂpbslmlragt AERERDB0] steg I3 Ahe WMED I €Spect
to the nu gr of actions |nstvgct|ons t his re-assi gnnent

r e- bi ndi ng “pY frEadeteppies i-gchr(éfﬁm er fPPROSICHE WA FlepeRts ae@ Pﬁrﬁval&g’ﬁ. cularly
WnelnI th Zs NysRE o?ér thd festactuacionalis ((? Ithé ﬁﬁlgﬁmmyanﬁ%lh hﬁszb&arrpar ati \{ gl yI

snma part 0 roc one O e desi.ghate S \'4 al SO

direct the p@’ff%"r‘?ﬁ‘i‘tbyctbﬁ?& Cﬁ?"dﬁ’?’ ‘B’fa"‘f‘ﬁé eefPF’é’B?‘ ’%Bﬁﬁ@ﬁ?bg%q?’rag‘al t el ement
260 t 0 15St @ppiexe. dbhtegks dlokedCiaMeEnbmoryl 33008 tHelaffactB® 6Ptk irkdie | i nked dat a

source conppsite, _circuit el enment 6Q to direct the source conposite
circuit el 5%(5’!?(“ &0 '?@@BPB“?f%'Bemﬁé‘ﬁ%q}ﬁfg&‘eﬁf"éab SEPEROSHE FEM Y ng it to the

aff ect ed celpest(t)E260idfehs dantl tepewhick G8e availble contexts, step 920. In an

exemplary embodiment, the SME 290 may store and maintain a transformation table,

which indicates which composite circuit elements 260 have availability and have the
20  requisite type of circuit element 270 for such a transfer of functionality. The SME
290 may also copy the contents of the associated input queues 320 to the input queues
320 of the available composite circuit elements 260, step 925; alternatively, for
certain types of real-time data, the input data may be discarded or, equivalently,
allowed to remain in the associated input queues, with operations resuming at the
25  available composite circuit element(s) 260 using newly produced data.

The SME 290 then re-routes the connections to and from the available
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

30  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



the contents of the associated i nput queues 320 to the newly assigned,
avai l abl e 20 conposite circuit elenents 260, and reset the run status bits
for the transferred contexts of the avail able conposite circuit elenents
260. As a consequence, a programor algorithmthat has been conpiled as a
synbolic netlist for the apparatus 100 has been assigned and routed within
the apparatus 100, creating all of the conposite circuit el enent 260
configurations (stored 25 as contexts) and data path connections (via ful

i nterconnect el enent 275, distributed full interconnect el enent 295, or
i nterconnect 155). Wiile the apparatu 100 has been designed to enable such
assi gnnent and routing inreal tine, is not required to be perfornmed in

real-tine rmed. i dvan h, .a and
Fout ng i e Bnseeles. S BRirah R Rl o e o B0k ound. ¢ ne
30 oper at |then naﬁetalmd ccmﬁpbmdmg)funesmmhlls@ﬂtlwtltahsfarréd‘la)nmx}lmltcﬂtehmaHJGO may now be
explalned r ti.o Executlon Figure 16 is
a di agram |'f xec “""t‘?ﬂge %tﬁecg%% ?rg va mrchQw?g 5 avg %’le CURRPYF word 1000 in
accor dancemwut hlenieet(s)ééﬁmmghe miasmbmnqmt esdaret-bmdmg ptocess.madsend] fehwist rat ed in

Fi gure 0exerrplary configuration word 1000 is conprised of a 5

pl urali ?’data fields, and conprises at least two or nore of the

fol |l ow ng data fi eIInis,seqondap;;romhdﬁue1ashma@|berlea$sngmdhmgwbctundl(legl. eld 1010; a

Lask O 11 8lilfAfin B335 -0 W GBh heX0R0 2SS iihaal or sour ce)

address fiel nat i n osite circuit
el enent zwallwl@mpmctlmdommmm)S) vuhh bopssigoedito thérhofThis appmlach 4880; a

f " 10 field
1090 an ol 1adhEnsbeclt el b 15l koM, o Bith SRS BT ) 10
opti on# ipeluded wxylufl |th;=I task]3%86ns (@ninsipedtions) Insadlitéony eatlty disiagionl of ®60; an
ti | ¢ ti |
oPLLONal 18ubt o B8R ke OOl ATk OMSInd S 58RI 20 0Pt ona
const ant mineectiprs) thisoe3ssignmest argkiedinrflingproenss p@mials rapidlynetitcont r ol wor d
1000 it ut }nldlrﬁﬁ%lgr%tlcﬁlagﬁ‘t glgﬂif%éirpt{hf Bmﬁb&%gge? técf"acth)ﬁs &:’r 'ilﬁﬂ"u&tho%k)enent 260.

It will be apparent to Int ectronic arts
addi ti onal ls@‘pmpm\relx soalt sAnpart efahistrrdcesseone afdipedegignated SHHES 298 nagypl i cat i ons

and 0‘?& EChiLy EfecOine b imeRfLdntbAg: %B%ﬁ*&ﬁta‘i‘éctwgorgﬁlnﬁ@%cdlﬂéi%%rz%‘?cF’ system

and all such varirations are wt e scope resent invention. A
plural ity #6pexsantingaligontextsywsangmit amess#gsrtoétudhlke@mtemurcmcenmﬂslm| zed 20 by

the el enent; GRRIdRNIE26828 dlrfet SRNOLRE cbiiBosiO Rl BiiBhEAR) 366 AXGF Ut i on of a

producing data and transferring it to the affected composite circuit element 260, copy
the contents of the associated input queues 320 to the newly assigned, available

20 composite circuit elements 260, and reset the run status bits for the transferred
contexts of the available composite circuit elements 260.

As a consequence, a program or algorithm that has been compiled as a
symbolic netlist for the apparatus 100 has been assigned and routed within the
apparatus 100, creating all of the composite circuit element 260 configurations (stored

25  as contexts) and data path connections (via full interconnect element 275, distributed
full interconnect element 295, or interconnect 155). While the apparatus 100 has been
designed 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

30 operation of and control of execution within the apparatus 100 may now be explained.



configurable el enment 270. Each configuration word is indexed by the context
nunber. The one or nore configuration bits which control how the
configurable elenment 270 is to be configured or how data is to be
interpreted is or are stored in elenent configuration field 1010.

Simlarly, the assigned and routed (bound) actions 25 (or instructions) are
stored as the corresponding task ID, in field 1015, and the action IDin
field 1020. The data output and/or data input |ocations, as bound
destination (and/or source) addresses, are stored in field 1025.
Alternatively, the data input and/or.gata output pointers (as
source/destination task IDs and action I Ds) nmay be 30 stored, dependi ng upon

the net hodol ogy i npl Wﬂhg&aft&roﬂ%ﬁﬂﬁhﬁh CofiroPHE EXWutibR  €xanpl e, when an
entire task is re-assigne re- bound de Novo, New routing i nformation
will be generated, r&u#iue L6 pmdiagmmilpsigtingen gremplasy sefisraiosandour ce and

-94- desti rt«'atm&rw,rafmom A&Brdaﬁ_&ewt'ﬂﬁmltélbﬁlggm&'ﬁ'esénk flvesticy @asutilized to
control whether and wh gi ven _context is executed (for a corresponding

action to HB"%S’@qudPﬁkﬂﬂ“%W ttwemn'ae"mnf@u@ﬁewoﬂwoo hemPRedof tipts are

servi ced byplédBtyydaid Heidsamel oRvprRed 4Udast o mose Mtﬂumm.ﬁ@dme or nore
desti nation cgsgresses 5 The el enment controll er 325,

enbodi nent Sieldso Ay seder: ppgigmentce atfog fjeld b%ttoeétaé'i‘ugl’éhélrﬁlé a"such as AND,

OR and INVEBE&R[[QﬂtelasmzoW&hnarda\(mcteorasomes)tﬂdttre(saﬁga\tems (debigRating@xecut es or
does not execute), based upon the valhjﬂm the blts stored in the various

fields (e.dlestinpyas (orsguise) site) iRt € FAnd conies s atieP4l on  and
control worgork®@eld oLy ﬁgnélﬁ&amlﬁ{pﬁt Xt SﬂYﬁéla 1@333Iaqc§mft@nd¢tﬁgrtamsd"b ustrating

exenpl a CtFE‘P i onal Ql 00 for co b r eadi_ness
det er ni W)a/tt |tp W@n?ﬂ’t%%’@ﬁ%ﬁ%ﬁsér@% &é@’& 52 [ %}gr’t 5\ APORtQ
t eachi ngs girickifefi¢la @ 085itaniopend] s@fe refy ﬁ&i\l(\i/f\;?ﬂ&dolﬁhﬁmﬁicxt ??m 1d6$;anf | ow g
envi ronnent nt ext%’& ‘gw execyt e e s sufficienf i nput ata
and a suff |°<?F’8?F§ tpore 55%? %fb‘?%“’ﬁ LEfETYR, Fliddrquoﬁ" qpfign églﬁfef i ng out put
data. As t ha@d’p&ie@d €080y kid i ept[d’mﬁwoﬁtstaﬁtdnod'éﬁ”fclcﬁﬂ}mnd’l dftgrdiwrtdnrtg e i nput queues
320 into the gonf .. gqur abl e, el errgrito i e?lef nlficta i nput LESI) bits
(1035) desiGR4EE? Gprphyeg Hof t}tu§1 570t ‘Ef‘c §°‘Eff’f 1S RELTPOS e sel ect ed
cont extis | rriradid eleim@nit 2600 dt wilpbd apparues tﬁt&@ oﬁfl&ll addperdirtde prtothade a first
si gnal , ref rred to_as " hin |nd cat i that therels
sufficient 2gdiigng! orfﬁw?rtfge?%dg A '%ﬂ'&le?t °P‘W8 u&ﬁ'é Sapg@%t daxanpl e, in
t he el enentobdeetitvesaifltier seBdbed a?ﬁﬂ’atus 100 and any incorporated system, and all such
variations are within the scope of the present invention.
A plurality of configuration words, one for each context, are utilized
20 by the element controller 325 to control the configuration and execution of a
configurable element 270. Each configuration word is indexed by the context
number. The one or more configuration bits which control how the configurable
element 270 is to be configured or how data is to be interpreted is or are stored in
element configuration field 1010. Similarly, the assigned and routed (bound) actions
25  (or instructions) are stored as the corresponding task ID, in field 1015, and the action
ID in field 1020.
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
30  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



of the SI bits are inverted, and each of the inverted SI bits and its
corresponding EI signal are ORed (OR gates 11100 through 1110"), wth al

of their corresponding OR results (four results for four inputs) then ANDed
toget her (AND gate 1115), to provide a "data input ready" signal, such that
the AND result (data input ready) 25 indicates that there is sufficient data
avail able at the inputs which will be utilized by the selected context.
More specifically, the data input ready signal is provided when (1) there

i s enough input data at the significant inputs, and (2) any other remaining
input is not significant. Simlarly, gf there are nultiple output queues 315
and outputs 375 30 fromthe configurable el enent 270, the significant out put
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the selected context. In addition, the input queues 320 are adapted to provide a first
signal, referred to as “enough input” (“EI"), indicating that there is sufficient data in
20  the corresponding input queues 320. For example, in the element controller 325, each
of the SI bits are inverted, and each of the inverted SI bits and its corresponding EI
signal are ORed (OR gates 1110, through 1110,), with all of their corresponding OR
results (four results for four inputs) then ANDed together (AND gate 1115), to
provide a “data input ready” signal, such that the AND result (data input ready)
25  indicates that there is sufficient data available at the inputs which will be utilized by
the selected context. More specifically, the data input 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
30 from the configurable element 270, the significant cutput (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



The run status stored in field 1050 indi cates whether the context has been
enabl ed for execution, and may be set follow ng data input-output routing in
the binding process, or set (or reset) at other tinmes by the SME 290. For
exanple, the task (of which the selected context is a part) may still be in
the process of being 25 configured and routed for other configurable

el ements 270, and should not be enabled wuntil such routing is conplete. In
ot her circunstances, one of the SMES 290 may have halted a task, for
possi bl e resunption at another tinme, or nmay be in the process of deleting
tasks. As a consequence, the elenent controller 325 will execute a context
only when enabl ed, as indicated by the run status in field 1050. 30 The SME

290 may al sepmldeuz&ma&ete%atﬁm@rﬁ&@nal gea&mabbﬁ@ Ha%t QiffidiehNspagdt i onal field
1060) to control context execution based on varjious condltlons or ot her
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data input(s) and data output(s) are ready, and is zero otherwise. Alternatively, as
illustrated in Figure 17, the data input ready and data output ready results may be
ANDed with other fields (state ready and run status, discussed below), to provide an

20  overall indication that the context is ready for execution (a “context ready” signal).

The run status stored in field 1050 indicates whether the context has.

been enabled for execution, and may be set following data input-output routing in the
binding process, or set (or reset) at other times by the SME 290. For example, the
task (of which the selected context is a part) may still be in the process of being

25  configured and routed for other configurable elements 270, and should not be enabled
until such routing is complete. In other circumstances, one of the SMEs 290 may
have halted a task, for possible resumption at another time, or may be in the process
of deleting tasks. As a consequence, the element controller 325 will execute a context
only when enabled, as indicated by the run status in field 1050.

30 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



utilized as part of arbitration anong potential execution of a plurality of
contexts. Wen a context has been executed, the last context bit is set
(and the last context bits of the other contexts are reset to zero). In the
event of conpeting contexts which are ready for execution, the |ast context
bit is utilized to determne if one of the contexts 25 just executed, and if
so, allows the other context to execute, to avoid one context from

conpl etely dom nating execution in the configurable element 270. In
addition, in the event of conpeting contexts which did not just execute,
one or nore optional priority bits ( épred in field 1055) may be utilized
to arbitrate and allow the higher pridority context to execute first. 30 In
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20 In a selected embodiment, the optional context field 1070 may be
utilized as part of arbitration among potential execution of a plurality of contexts.
When a context has been executed, the last context bit is set (and the last context bits
of the other contexts are reset to zero). In the event of competing contexts which are
ready for execution, the last context bit is utilized to determine if one of the contexts

25 just executed, 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.

30 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



sequence are not executed during this sequential output replication. If the
next context is the sanme as the current context, then execution of the
forking (output duplication) has been conpleted. Wen no fork is indicated
in field 1030, the elenment controller 325 sinply determ nes what other
contexts may be ready for execution, and 25 proceeds accordingly. In a

sel ected enbodi nent, an optional "interrupts" field 1075 may al so be
provided. This field may 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. 30 Also in a

sel ected enbodi nent, an optional constant node field 1085 nay be utilized,
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addi ti on, dkdhetcaief when therepe or more bits of the fork field 1030 md:cate another context,
the current output will be provided (copied sequentially) as the output for that context,
avoiding a need to re-execute a context based on the same data to provide the same
20  output, just to a different location. Other contexts which are not part of the “fork”
sequence are not executed during this sequential output replication. If the next
context is the same as the current context, then execution of the forking (output
duplication) has been completed. When no fork is indicated in field 1030, the element
controller 325 simply determines what other contexts may be ready for execution, and
25  proceeds accordingly.

In a selected embodiment, an optional “interrupts™ field 1075 may also
be provided. This field may 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.

30 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



are reassigned, new control and data pathways are al so created, so that the
transferred operations continue to performseaniessly with other IC
operations. Such adaptive resilience and self-healing may occur in

real -time or near real-tine, depending upon the selected enbodi nent. Such
resiliency provides for a graceful degradation of 25 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 nethod for resilient and adaptiveggntegrated circuitry with

sel f-healing capabilities. Although the invention has been described with

respect to 3 aquihgaﬁmagg' 5L §n@rlﬂf‘e{]ngo%mm%agcts&rpgpe't,fg@a&s%@ nerely
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materials, and structural variations, to providé athorough understandi ng
of enbodi meWp$r mpre qeastanta@dues- i nvention. One skilled in the relevant art

will - recognize, hOWa\GIoonddainct hs AINRALEIRIY e Qhe Elgﬁcﬁtrh\éﬁﬁ$lié?!32§ﬂﬁ%'be
practiced without one or nore of the specific details, or with ofher
appar at us, bsymplemgnted ysiagisplusality of eespbjaationeldogigetes.ivdlich evgluatethe et ¢, | n

ot her i nst anpess fiel detid DNFfighitalithe it &htrol WEHIGDOG ahd oftfer ERRIGASiRAP are not
specifically shown or described in detail to avord _obscuring aspects of

enbodi nent sopgach kentgite hen thevasious Selds angd tbrtisignakindicate that g icoRiext i gures are

not drawn tusfeadyPardfoRl Bk lrch, BRlelQfert BaAfFHEMBRI0AdsThd ddMdigutioRPbpCessor " as
used herein may be any type of controller or 10 processor, and may be
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herein, a pPPYEESE Hrresilignt; preyiding adaptatiom far manpdacuring defets, aws whichuit ("1¢C'),
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circuits ("ASICs"), field 20 programmabl e gate arra¥s ("FPGAs"), adaptive
conputing | ]&I,S effeiyely A rapiRenSF Spasmgned to take over and perform the functions of

the damaged portion. The present invention allows a single component to be switched
20  out, and does not have the fixed wiring of the prior art. In addition, as the functions
are reassigned, new control and data pathways are also created, so that the transferred
operations continue to perform seamlessly with other IC operations. Such adaptive
resilience and self-healing may occur in real-time or near real-time, depending upon
the selected embodiment. Such resiliency provides for a graceful degradation of
25  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

30 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



(such as RAM DRAM and ROM), and other 1Cs and conponents. As a
consequence, as used herein, the term processor should be understood to
equi valently nean and include a single IC, or arrangenent of custom I Cs,
ASI Cs, processors, mcroprocessors, controllers, FPGAs, adaptive conputing
I Cs, or some other 25 grouping of integrated circuits which performthe
functions di scussed below, with associated nenory, such as m croprocessor
menory or additional RAM DRAM SDRAM SRAM MRAM ROM FLASH, EPROM or
E2PROM A processor (such as processor 1215), with its associated nenory,
may be adapted or configured (via proggamm ng, FPGA interconnection, or
hard-wiring) to performthe nethodol ogies 30 of the invention. For exanple,
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hard di sk dompenentst dmnecrted: Iarrameldeaa@a;hlbed mgclhagmchras rentadlgrspredi a such
microprocessors, digital signal processors ("DSPs"), paralle] processors, multiple core
processors, custom ICs, application specific integrated circuits ("AS{Cs"), field
20 programmable gate arrays ("FPGAs"), adaptive computing ICs, associated memory
(such as RAM, DRAM and ROM), and other ICs and components. Asa
consequence, as used herein, the term processor should be understood to equivalently
mean and include a single IC, or arrangement of custom ICs, ASICs, processors,
microprocessors, controllers, FPGAs, adaptive computing ICs, or some other
25  grouping of integrated circuits which perform the functions discussed below, with
associated memory, such as microprocessor memory or additional RAM, DRAM,
SDRAM, SRAM, MRAM, ROM, FLASH, EPROM or E’PROM. 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
30  of the invention. For example, the methodology may be programmed and stored, in a
processor/controlier 175 with its associated memory (and/or other memeory) and other

equivalent components, as a set of program instructions or other code (or equivalent



as a floppy disk, a COROM a CD-RW digital versatile disk (DvVD) 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 selected enbodinent. In addition, such conputer readable
medi a i ncl udes any form of 25 communi cation nedi a whi ch enbodi es conput er
readabl e i nstructions, data structures, program nodules or other data in a
data signal or nodul ated signal, such as an electronmagnetic or optical
carrier wave or other transport nechanism including any information
delivery nedia, which may encode data @g-other information in a signal
wred or wirelessly, including el ectromagnetic, optical, acoustic, RF or 30

infrared S'mﬁkama{l& o?ﬂer%?c%%rmffomé efiBokeQftioR Viteh B § Frlocidife various | ook

up tables, paraneters Iclents ther information and data, prograns
or i nst r uct oRsrasive (igeL,-popsrediomeand Sinoiariag b Equivaleptip when thpwresse215and ot her
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pr ocessor/ co pro r anmed USI ng software and data struct ures
of the i nvesHstosniCsasASICaalse may Pe deugreds onfigured apddpr herd-9ired 10 et hodol ogy of

the present ldd?&ﬁé}ﬁuﬁrlnetﬁédo@og‘}%%’?e%%?ﬁ%n FO&xah mﬁkeﬁbﬁf&e&%} Hﬁ?b@f the

present 1 nvention nmay be enbddi ed as software rovi des such
pr ogr anmi ngimeMemgrted asian arrapgemeghef pragesspry sonfrallers, E‘FCFPIPTQGQSERfﬁ’lQﬁ% and/ or

metadata eqhadi ey ollbdhyelGORRYE & a0 0RRIRr B IpHssh®, Midhlakon, retadata

may also be utilized to define the various data Structures of a | ook up
tabl e or a aReshyleprogrammad; devgnedeadarisa or spnfiguref fRimplemedthsour ce or obj ect

code, by wayembdQIA S Re AREntint HUhjuntddH Wil 4 RBmosour ce code further may be
conpiled into some formof instructions or object caode (ingluding assenbly

| anguage?i nst ruct i ons MFMIF A Yefcherdh W‘H‘f‘b@%ﬁ’b‘ﬁ? a datpeposeRy\(8F e, sour ce

code or nmnet aaﬂsaae)oﬁxay B& eb&EQN anf VB berQUT fER, REluaiR QelindsladSconfifiyert ype  of
code, such as C++, SystenC, LISA XM., Java, Brew, S and its 15

vari ati ons e%otber m%@l“*%adé‘?leyﬁlﬁ‘lﬁ‘ﬁF‘%’%&%fFifl‘%’r@?‘B% dgyicesey gtherstoragepraci e, or

any ot her Emuﬁ;f:atﬁyh%mmr@ﬂ;ri@r&ua:aﬁmmhm dThfofthdffont ARreéntip&héwmal ity
di scussed herein i ncl udi, ng}evarl ous hardware definition or hardware

model i ng | aRGtRigR becomey availgBlejip thy futugg,imcludiag, butngylimited fo, 2 MEMAXY abase fil es

(e.9., GBS inkegrdied @lrcﬁxﬁ"(ﬂ@?}{%ﬂﬁﬁmo@y por€iom &£ dntigiegratedViRGit ftick @4hkr uct
"sof tware construct " or "software", as used 20 e ui val e tlxgﬂerel n, rreans

and refers [ W“ﬁ??fér“é{mﬁﬁaml“%ﬁﬁ@r e theg polaple og ?R)’VOW‘ hWhether synt ax or
Si gnat ur es, reptvable Pf Avi-Ekatovable Gacludiag WithGitlingtatidn RANI/ FIVA Sig, DRAM,

SDRAM, SRAM, MRAM, FeRAM, ROM, EPROM or E?PROM, or any other form
of memory device, such as a magnetic hard drive, an optical drive, a magnetic disk or

20  tape drive, a hard disk drive, other machine-readable storage or memory media such
as a floppy disk, a CDROM, a CD-RW, digital versatile disk {DVD) or other optical
memory, or any other type of memory, storage medium, or data storage apparatus or
circuit, which is known or which becomes known, depending upon the selected
embodiment. In addition, such computer readable media includes any form of

25  communication media which embodies computer readable instructions, 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

30 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



associ ated functionality or nethodol ogy specified (when instantiated or

| oaded into a processor or conputer and executed, including the processor
1215, for exanple). The software, netadata, or other source code of the
present invention 25 and any resulting bit file (object code, database, or
| ook up table) may be enbodied w thin any tangible storage nedium such as
any of the conputer or other nmachi ne- readabl e data storage nedia, as
conput er -readabl e i nstructions, data structures, program nodul es or other
data, such as discussed above with respect to the nenory 1220, e.g., a

fl oppy disk, a COROM a CD-RW a DVD.jgiomagnetic hard drive, an 30 optical
drive, or any other type of data storage apparatus or nedium as nentioned

above. - 10%sf th¥otlvwided bithe pfede invBRMo)CarldBhe? Wit BFltaBles KRAVM dafabsRY becone
known in the art, and may include inpedance nmatching capability, voltage

transl ati offtl¥Sor a | ow vol tage processor to interface with a higher voltage

control bus, and var AQudicateM 4ol B HBELISHcENPol(cR 195 is progiaminel kst t O turn
various |ine or&{(]:é)nnectors on ?lr 5 in response to signali qg_fromthe
1

.of f g
processor . SPHwvarEand fan streqiwres 9fthe invention for gxgmple S8 pedorm g serailetien ecei ve
and/ or &r angdifiddoflgy BRthe fReck R iRddntipnt As bREnseYSIBENtheSHGRmAE Al HERGDEY

hard-wiring, IR or. RF signaling, for ex le, to receive informati on such as
al gori t hns ed?’est?ﬂh’ﬁi"?’}"r?ﬁ,%“ﬁ‘yd?e %@ﬂtﬂdé‘?‘ S%Fl{g‘"i: W@ﬁ?‘ri’{%‘f" %?(,Sé‘c%y provi de
connect i on pkdgrandfihglof Rehed insBustions, SUEK W0 det 61 insteicHbes Sid/drgltddata USi Ng any
sel ected ar%@i_e ture. By 10 way, of exanpl d. not limtation, such
archi tectuf °?s'ﬁ'€ Mg & ?%?E‘F‘?Veéaglﬁd%ﬁﬂﬂﬁAw{t@& Hrtadaty gAYy a&ﬂ?," Enhanced
| SA (El SA) ulliged thdefise &5 aii@ls datarubrarek Uf €look MpAdbldOUSa ddtsiasfh@iical Conponent
| nt er connect éPCE{ ggs, S@N bus, or any, ot her connunlcat{on or._signaling
medi um'%sudtftude ptaydeta e PEBRY soce & 2bisP) Gode, by, yaYctdxamp eFfd W¥¥n. The 1/0
inter Ij acg Meitatién.| SRlreEITe e?m n&@@éﬁoﬁbiléﬁ)ﬁto@ﬁ@ﬁ&gﬂﬁ Bﬁiﬂ@trdldﬂioﬁﬁ?(rt he art, to
provi de data. co ni catji on be en the processor and the network, using any
Bopl i cabl o SCieGHTRAr Anpindige ssgRbIAnEHEe YRFPIEs Poortgusngh RPRaRE:
st andar ds, Thesoftwata solireabde o rhétadita bf the pbdn® hiventRal MiERcanbddie@gghout thi s
specification to %on enﬁodi "o h @ ggqgkgf t", . or pecific
Bnbodi menf™Y WS RESTRTR] 45 Er et Aok ML, dera Bt SIpRgH s
char actier i satidtiofie GeCg.] QU I ror prophietaty wisivastdf SIJLY, BBDOCHa0RNér dny othiee| uded i n at
| east one Spboginent of Hhﬁagresgnh i@venébo and Eot.neceai?rily in al
enbodi ment SPEAEOFUPPHE 2GRS Wt RECYTEAPT ﬁxycch‘a Prdiseysses PER: same
enbodi nent .indudiddresriong Rardivas definition or hardware modeling languages (e.g., Verilog,
VHDL, RTL) and resulting database files (e.g., GDSII). As a consequence, a
“construct”, “program construct”, “software construct” or “software”, as used
20 equivalently herein, means and refers to any programming language, of any kind, with
any syntax or signatures, which provides or can be interpreted to provide the
associated functionality or methodology specified (when instantiated or loaded into a
processor or computer and executed, including the processor 1215, for example).
The software, metadata, or other source code of the present invention
25  and any resulting bit file (object code, database, or look up table) may be embodied
within any tangible storage medium, such as any of the computer or other machine-
readable data storage media, as computer-readable instructions, data structures,
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
30  optical drive, or any other type of data storage apparatus or medium, as mentioned

above.



particul ar features, structures, or characteristics of any specific

enbodi nent of the present invention nmay be conbined in any suitable manner
and in any suitable 25 conbination with one or nore other enbodi nents,

i ncluding the use of selected features wthout correspondi ng use of other
features. In addition, many nodifications nmay be nade to adapt a particul ar
application, situation or material to the essential scope and spirit of the
present invention. It is to be understood that other -variations and

nodi fications of the enbodi ments of the present invention described and 30
illustrated herein are possible in lighs.of the teachings herein and are to
be considered part of the spirit and scope of the present invention. -103-
It will also be appr ﬁrgﬁ f I icted in the
Fi gures can al so be ?%Iq}e&rrg’ t{rﬁggs 855?["%“ eg.tegraas?cgsggo?ﬁggtgg%ﬁeg manner, or
even renoJvedwalin t’nemdeareldna)nmp@dabhwdmecmtﬂammcapalsbw,, voltagedmanglatiansef ul i n
accordance | | QHE! nat i ons of
conponent s f\éllfgen)a ‘Z%Bgié\% %S&rtg%@QJgézcg%é{ho lglllﬁe%lg%[ ﬁ??{%éllq{ugga?lgl curar | y for
enbodi nent sswmhmgmhhanssmamtttaonstosb toctornvanigbs kines of colinsctostan reffponent s i s
uncl ear or I t ‘L herein,
it nso IiHQI 'toéfsglié‘élg&a“fm]g ﬁ%n?‘%g %9&:0: ,‘,Jﬁ.%dﬁ’fuon tﬁe?ub%{&}fag #%@9 ?@mans and
i ncl udes aradapted Boecagye andéhrrtensmmblgnals e)dahall)smnbﬂ:sylateai smh asrt:h@nstl c
coupling: RGO 8 REMAGHI R o BhyBIEREN: fkoRlaRRERLA [V Tor such a |
o direct orin Ercal Uk o a BT 1C coupl i ng, connection
or attachnmigqnthmnfdrumlplgmgrﬁoegxmnly fI’m: H@dntctfmmanprsvrdndommm}nt s which
are couple el gnal
arrows in taﬁlg t%’r a%bﬁég%?g%kggg étﬂﬁur glgitrrl' age%%%%%ﬁéﬁteefga%l% y, and not
limtingg uwmhesexanleand set lgpitationi gush Iaschnmtlads inglsdChndustnabtandesd of conponent s
O S1ens wt Mnlcae pRAS RS ERAa YEA DhiS ) B SROR Rl EenRUfiENt | VENt oD
particularly ere y to separate or I'ne is unclear or
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Reference throughout this specification to “one embodiment”, “an

embodiment”, or a specific “embodiment” means that a particular feature, structure,

20  or characteristic described in connection with the embodiment is included in at least
one embodiment of the present invention and not necessarily in all embodiments, and
further, are not necessarily referring to the same embodiment. Furthermore, the
particular features, structures, or characteristics of any specific embodiment of the
present invention may be combined in any suitable manner and in any suitable

25  combination with one or more other emboediments, including the use of selected
features without 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

30 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.



di ctates otherwi se. 25 The foregoing description of illustrated enbodi nents
of the present invention, including what is described in the summary or in
the abstract, is not intended to be exhaustive or to limt the invention to
the precise forns disclosed herein. Fromthe foregoing, it wll be observed
that nunerous variations and nodifications my be effected w thout
departing fromthe spirit and scope of the 30 novel concept of the
invention. It is to be understood that no limtation with respect to the

specific methods and apparatus illustrated herein is intended or should be
-104- inferred. It is, of course, intdndled to cover by the appended cl ai ns
all such nodifications as fall within the scope of the clains. - 105- It is

c: ai med: 1. An appar &iwitl sl e dppiebigtedahddlobk & b of theColeme i &ébidiéddiﬁUitl

el ements, each conposite circuit el ement conprising a correspondi ng el enent
i nterface ﬂ&ﬁggge%%?p%ﬁfmpﬁﬂnﬁt O MmeEr & e%’f‘mggﬁf‘?ﬁ‘r‘%‘?’i* BfVRircuit

el ement typasdovedat Fendery Gsdretabld ih@itdin €dses1an inal ¥ ubfulih ab@addnconehi nput and
at least one qutput, .a.fir C osite circuit elenment of the plurality of
Composi t e dRPRLTHE" apmlisin sl e RpEpinaHpr it oBparaert 952 of ¢ he

pl ural ity ofithin the ytdpeeif dieeinteritippairticalSledondh wdimeass inewkich & séfaratbemrent of
the pluralit I t '

of. CONPAS etC|rcuit FLenEpts .hgvin @ zeqf.p CLQS It el ement
type of t h&" BPRIGPLSHeEety eamRonsnis et gy prdadiscrmiblty J¥ Fadiogy e fhuni cat i on
el enent s cokgkmt“dompled® hexelsy, dclidyngaih its oafdasifbrenscuticas ‘tecouglingfrent s; and a
state machi,ne el epent coupl.e (%? th lurality of .c osite circuit
el enent s anﬁmipgab ehemﬁﬂfragﬁ i“i’@u a%ﬁﬁ%ﬁ?rclﬁfhir?%dg?té'ﬁén E{CL"fﬁé"st ate machine
el ement adceighetit doophss icOiineatidn drSittactmhéndor idaptinfor eqiabilisyrfr@sudhea Ci rcui t
el ement, taq.assign.a second,action to the.second conposite circuit element,
and 1 o Br o oF BHielalqegica SmERl oLmseheris S Plipe ot on Poissfment.
comuni cat iimudingitegially fofmédenipodérns aridycoafpofi@iidwhich afd cvpleti®fdsit s, fromthe
at | east oqﬁ %ﬁ%£§h50f the first conposite circuit element to the at |east
one input &F°P bRYRYIBbsite circuit elenment. 2. The apparatus of
claim 1, wherein theFpithyrfotd, ynpéigwil arows indhedmingsfigsecshoplditees at | east
one of the cgr?sliéegélg onrgy g}':errr(l:;')'igxly, Stlde nrgte mmtgr}/g? Sr?l'ess otherwise specifically noted.
15 Combinations of components of steps will also be considered within the scope of the
present invention, particularly where the ability to separate or combine is unclear or
foreseeable, The disjunctive term “or”, as used herein and throughout the claims that
follow, is generally intended to mean “and/or”, having both conjunctive and
disjunctive meanings {and is not confined to an “exclusive or” meaning), uniless
20  otherwise indicated. As used in the description herein and throughout the claims that
follow, “a”, “an”, and “the” include plural references unless the context clearly
dictates otherwise. Also as used in the description herein and throughout the claims
that follow, the meaning of “in” includes “in” and *“on” unless the context clearly
dictates otherwise.
25 The foregoing description of illustrated embodiments of the present
invention, including what is described in the summary or in the abstract, is not
intended to be exhaustive or to limit the invention to the precise forms disclosed
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
30  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



a plurality of configurable elenment types, a nenory elenent type, a
plurality of communication el enent types; and a plurality of

non- confi gurabl e el enent types. 3. The apparatus of claim 2, wherein the
first circuit elenent type is a first configurable elenment type of the
plurality of configurable el enent types, the second circuit elenent type is
a second configurable elenent type of the plurality of configurable elenent
types, and wherein the state machine elenent is further adapted to assign
the first action as a first configuration of the first conposite circuit

el ement and assign the second action-gg-a second configuration of the
second conposite circuit elenment. - 106 4. The apparatus of claim 3,

wher ei n t heingdralde HTR OB s i REERIN th Sovebby theappciadd Eidimd 41 KK ai n the first
configuration and_flrs% configurable el enent type froma first synbolic

netlist el efefficalinns ayiallpyithin e scoreRidher 1Nt i gur ati on and second
configurable circuit elenent type froma second synbolic netlist el enent
during a run-tinme binding of the first action and the second action. 5. The
apparatus of claim4, wherein the first synbolic netlist element further
conprises a pointer designating the first virtual data link as a data
comuni cation to the at |east one input of the second conposite circuit

el enent. 6. The apparatus of claim4, wherein the second synbolic netli st

el ement further conprises a pointer designating the virtual data link as a
data communi cation fromthe at |east one output of the first conposite
circuit elenent. 7. The apparatus of claiml, wherein the state nachine
elenent is further adapted to assign the first action to the first
conposite circuit elenent and assign the second action to the second
conposite circuit elenent followng a determ nation that both the first
conposite circuit elenent and the second conposite circuit elenent are
operating properly. 8. The apparatus of claim7, wherein the operational
determnation is at |east one of the follow ng determ nations: a periodic
di agnostic perfornmed by at | east one conposite circuit elenent of the
plurality of conposite circuit elenents; a background di agnostic perfornmed
as a selected context of at |east one conposite circuit el enent of the
plurality of conmposite circuit elenments; or a conparison test perfornmed by a
plurality of conposite circuit elenents of the



sanme circuit elenment type. 9. The apparatus of claim1l, wherein the state
machi ne el enment is further adapted, 1in response to a detected fault of the
first conposite circuit elenment, to assign the first action to a third
conposite circuit elenent of the plurality of conposite circuit el enents,
the third conposite circuit elenent having a circuit elenment of the first
circuit elenent type, and the state nﬁ,%hi ne elenent further adapted to
provi de for a second virtual data -107-"I'i nk through a conmmuni cati on

el ement, of the plurality of comunication elenents, from the at |east one
out put of 'i'ﬁ@'af'?‘é)q‘d conposite circuit elenment to the at |east one input of
the second conposite circuit elenent. 10. The apparatus of claim1l, wherein
the state nachine elenent is further adapted, in response to a detected
fault of the fiASAPPR[FNSFAMREEE ent, to assign the first action to a third

conposi te circuw plurdlitp Beedmsdsité Biecuitlcldn@dnitd, y of conposite circuit el enents,
the third conposite circujt elenent havi_ggg@a circuit elenent of a third

circuit el ement®afl FUMPOSiHE Cireit elerpet comREFing:a cereshanding glemeat intefack ed to

provi de f qinda ddpfesgondinigtdivalit siamant df aloldrbftp Odrcait eleM@RLpp&AL | on el ement,  of
the plurality of communicatiqn ele romthe at | east one qutput of

) nts, f
the third conp&@Fh EoEPositgictroy] &lement hayng aleagt ope input anrkatileast engputpe second

conposi t e £firktCddimpoSiteIRAI elefbnt ditRe PRRALYT dSmPbsitelcAtin diémenb Bafhdiat he state
machi ne el enent is further adaﬁhrgg to use a stored transfornmation table

having a rEft&reHenentiyre ofthe Webeirquit elemeptiypes.el ement for transfer of

the first acti Qsecdrd cohigosh® RRERidiEmett oftha iplirdiity attehPbsiteedelit emepgPONdi ng
el enent interface

conprises: a fir ry coupled to the correspondi ng
circui t el YR seeRy piqud plemanbivpe °§*§ia§m§&ﬁ UPYrAeREMItRESl i ty of
confi gurati ons AsuraRty 0P siHAMLhibatioh AinfertScoLpRded BEEINiraRp b cthpoRite Gifvupl ed to
the corresponding circuit elenent; and a second nenory coupled to the

cor r espondf'$IBeRP A0 3 Stale Siachine elamend seupigy to H@r’rﬂ\"@"%(d’é%‘?'ﬁ@sﬂt% cituivi de a

plurality fémém®thd AL BRIrdIS) ofdBinenunittidn éI6mEMS, thé SfateMBEHISE SB8mEAt CUi t
element. 13. The apparatus of claim 12, wherein each correspondi ng context

defines a ad@ﬁﬁﬂit@amn dhrshaction o g fird spHRest Frevitelementel enent , and eit her
one or nore datigabdighh seSodlaefish BIthOSEtoRd cHMPEsitd lrduitarbmert, st i nations. 14,
The apparatus of claim 13, wherein the elenment controller 1s further adapted
to to provide for a first virfual 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.

2. The apparatus of claim 1, wherein the plurality of circuit element types comprises
at least one of the following circuit element types:

a plurality of configurable element types,

a memory element type,

a plurality of communication element types; and

a plurality of non-configurable element types.

3. The apparatus of claim 2, wherein the first 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.



store a current state of a partial execution of a first context in the first
menory, execute a second context, and retrieve the current state and resune
execution of the first context. - 108 15. The apparatus of claim 12, wherein
each comuni cation elenment of the plurality of comrunication el enents
further conprises: a corresponding elenment interface; and a corresponding
communi cation circuit element. 16. Theqapparatus of claim 12, wherein the
state machine el ement further conprises: a corresponding elenment interface;
and a corresponding state nmachine circuit elenment. 17. The apparatus of
claim12, wherein the elenent interface further conprises: a third nenory
coupl ed t gt he Therppartatuslcf piaim 3, wieeih lthe statewmauhine adtmpdrg ¢ fushgrradaptedd a
plurality  of, outpu ueues for d output fromthe circuit elenent. 18. The
Popar at us BPoBIufa el Staiab«0irS ahiteoie RMebl Fef hhS rsvEWoR o 'a

se: ect eg awtlistelement atridﬁo pbqarnath@atsgco;nﬂ comyu\m‘osand eeclﬁinde:ﬁgﬁ@ramdmuni on of the
selected cgnte the circuit el enept en a sel ected | nput qu

correspo ncﬂ?%e'i%yp?ﬁ%’"%% peng 3ymbglm@g{%pﬂ3@e?tmi19 gay rﬁlmwl?@ﬁﬁwg of g]egft'fj?%ed

out put quedstiorcand epecahdrgtibm t he sel ected context has capacity to store
out put data, and when a status bit corresponding to the selected context is
set for execution. 19. The apparatus of claim 18, wherein the el enent
control | ers.i s flnetdpparaagay clafin 4 ovharsibithe farsisymboignealish elefreht fusthe@f cont ext s

whi ch are ready for .execution apd sel correspondi ng context for
execut | on BEPITR OpibteEAoyarRung e FoR ek dalR BAmyBRafondp Tan 1.
wher ei n t hat leasbéreriaput ohthergebavedtngosite timak elepeat.of the fol | owi ng
arbitration nethods: a round-robin, a priority, a nost recently executed, a
| east recently executed, or a schedul ed execution. 21. The apparatus of

claim 1, vhereiThetdpparatusrctolain A} etidrein eheCsutphd sysbolia nkilistsslern@ifurthecoupl ed to
the circuit elenent, the first no apted tq store a. plurality of

cont | gur at PERISELA bt dpratng Regue faa faae. Bai8 comauicelion B a3 ed <o
the circuileastbagoubut ¢ tieefroiwbniposits gircoibelehmedt.t o the circuit elenent, the
second nmenory adapted to provide a plurality of input queues for data input
to the circuit elenent; and a third nmenory coupled to the circuit el enent,

the third menoriheapparatd df elainpn OVhaleinahepdtateanddhine@iemert i furtheraidapted or  dat a
U Ut e Boeat ! STEh st oot P Broul BrRPAI st Yo S 1+ wherein
action to the second composite circuit element following a determination that both the

first composite circuit element and the second composite circuit element are operating
properly.

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 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



menory coupled to the circuit elenent, the first nmenory adapted to store a
plurality of configurations as correspondi ng contexts; an el enent
controller coupled to the circuit elenent; a second nenory coupled to the
circuit elenment, the second nenory adapted to provide a plurality of output
queues for data output fromthe circuit elenent. 23. The apparatus of claim
1, wherein the plurality of connunicq;ﬁﬁn el enments further conprise: a
plurality of first comunication elenents, the plurality of first

conmuni cat j el ements adgpted both_.to route at |east one first data word
ond o swi FRATafe A5 pmyRERRoEasR L e RIS LR BOR YN Sl Bt

el ement cahebedastené batppt ofitied ihiry compositeicuit elerménitdsltHe ot leRborissinpdt to the
plurality connunlca%ion el ements, the full interconnect elenent

ﬁf fi rat |
adapt ed t d"¢ 88PN CAMPOIGTE FBMEM onposite circuit el ement of the plurality
of conposite circuit elenents to any input of another conposite circuit

el enent of, the plurali f .cC osite circuit elenents.o o the plurality
of Tirst cBmureaepame i 3: Wasrein s rhne S rer IS 29308k of n ¢ ho
full interisessponde tﬁlaamdtl led' fauld bfthe 'ghubijﬂﬂit eml gt@aﬁigﬂt&ﬁiﬁtﬂaafon%\ht chfes, I
pass transjstors ti xer r tiplexers. .25 The apparatus of claim
53, wher o1 i Fmase ofciftsienasnl abhe Bty o cobsits Sip gements PEMIDE The
appar at us @mpokitd ¢hci elewlzat kaving deirdult kelerient éfrzctbind eieduital e typesargitapt ed t o
provi de at | east one of e follow hysi.cal , data |ipnks: lurality of
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plurality of comunication elements. further conprise:. a rality of secon
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adapt ed t cconpabite circut elehdt.at | east one third data word between a first
array of the plurality of conposite circuit elenents and a second array of

the plurality of conposite circuit elenents. - 110 28. The apparatus of
cl ai m 23, wher efhe dpberaplswf @lairh Y10,0fheseintheststa tmazhine leimuiit & fuithertadagte¢ onpri se:
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at | east aemneitiortchngfet of thefidt actioan adj acent second array of the plurality
of conposite circuit elenents.
12.  The apparatus of claim 1, wherein each corresponding element interface
comprises:
a first memory coupled to the corresponding circuit element, the first 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.

14, The apparatus of claim 13, wherein the element controller is further adapted to
store a current state of a partial execution of a first context in the first memory, execute a

second context, and retrieve the current state and resume execution of the first context.



29. The apparatus of claim 23, wherein the state machine elenent is further
adapted to provide for the first virtual data |link through either a
selected first comrunication elenent of the plurality of first

comuni cation el ements or through the full interconnect elenment. 30. The
apparatus of claim1l1l, wherein the plur aI ity of conmunication el enments
further conprise: a pI urality of first!O%omunication elenents, the plurality
of first comunication elenents adapted both to route at | east one first
data word %@nd tfbespparatusaf claini2, wheeein eagiosrnraerication eémenhaf the plurdliyr connect
el ement c [ to the
pl urali tycHgP &?ﬁru g&@&g%#&&g#q&gﬁrgme&e @%&o}égﬁqrﬁt}. éret(l:%nﬁ%rggﬁ Q&%eh%ﬁfa adapt ed
to concuregaspopding gpmeuicatienngitcutt elemeht.t he correspondi ng out puts of the
plurality of conposite circuit elenments to at |east two of the

correspondi ng i nputs of the plurality of conposite circuit elenents or to
the pluralibty dihefapparatuswiiaim datwheneia therntate sacBine eBimenhfysthentcamprisés:cl ai m 1,
further c i n I e machi ne
el cermnt, theresbdingaRen SR AAPS ofidspthind AR etnrebtDfashete Ton
interface to an external bus or an exter naI menory. 32. The apparatus of
claim1l, farth i PESS, i the state
machi ne elfgnen?{het%ﬁgmalu?sdgglg'rﬁ&na e%ﬁf%&ﬁﬂtﬁéﬁa&gf@%&ggﬂ\?ﬁ%e aé)unl form
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el enent s plurality of circuit

el enent tfé% %Qﬁ%@ﬁgghéﬁ g%agghﬁfpmf@npﬁ%r? P?I%@mg?]tg circuit elenent types:
- 111 a configurable arithnetic logic unit, a configurable nultiplier, a
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el ement, a config |er a configura arrel shifter, a
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ext er nal retactsisontegbia skfdr executiom. pl ural ity of conposite circuit elenents

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.

20.  The apparatus of claim 19, wherein the arbitration implements at least one of the
following arbitration methods: a round-robin, a priority, a most recently executed, a least

recently executed, or a scheduled execution.

21. The apparatus of claim 1, 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 input queues for data input to the circuit element; and

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 element.



t hrough at | east one communi cation elenment of the plurality of conmmunication
el enrents. 36. The apparatus of claim 1, wherein the state machi ne el enent
further conprises: a finite state machine circuit; and a nmenory adapted to
store state information. 37. The apparatus of claim1l, wherein the sel ected
comuni cation elenment is further adapted to determne fromthe first
virtual data link at |east one first sical data link, of a plurality of
physical data links, fromthe at |east ‘one output of the first conposite
circuit elenent to the at | east one input of the second conposite circuit
el ement. 38. The apparatus of claim 37, wherein the sel ected conmmunication
el ement i 2. f urtheappadaptet diaind 1 cwiesatia thdaembntrigteifice ammpibysiadinét dat a | i nks
at a selected tine or sel

cted cl.pc cle usjn routing table stored
" & cor r QREEMAEP R ieps BRUE e art AR5 el Se aplhade s A BB o
pl ural i t y @hfigoatons iat eocesponding ebrdtaxtsitah aemnent adatpdlledcduplesitto the girevit odi cal [y a
t hen currerllt st.ate canﬁmsi n reng)?g,tste to.a ﬂelt ect{eg_lfault t 0 r%r{eﬁve t he
stored statd & FERBTMETOD SHBIEdtP i gerigement fesesand rale™y srtethe
appar at us tofpravidai apliraliwioé vetpat dueeesioe datatoutpot fegrh fleecicaitplemeats: a first
menory coupled to the circuit elenent, the first nenory adapted to store at
| east one configuration as a correspondi ng context; and a second nenory
coupl ed t @3 he Therappatatusedf elaintl, whdrein stecplodlityefrosrymaniagtioncklénsents ovi de a
plurality fof i nput .qﬂueues for data input -112- to the circuit elenent. 41.
The appar a{"ﬁr%er MM 'm 1, wherein the state machine el ement is further

adapted to prcvplomelityof fiat éamratniqetips elalentiathe dlurality bhirstugimniundcatien ect ed
comuni cat j,on e . first conposite

I f

circuit eleé%ﬁ'ﬁs ggg‘{%%%géﬁ rtp? re&é‘Ee[eati%?él s'ﬂe;ftﬂfto%fa V?’{’J'%qga%tgégfiw mc%rlr%agg?'?ee circuit
el ement, asedondheatemord;laadst ate machine element is further adapted to

i de f i f the first i d.th tjaon. 42. A
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t e each conposite circuit.elenen ri si.ng. an_ el enen
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each corrpoﬁrict:ieelehemsitds any mpetindf ahathengnadositeecisuit eleenentpfithe plachlitof| east one
output, the

| urali of circupt elenent_types conprisin plurality of
confi gur ab?ogdg’ﬁ'g‘?’r@?ﬁ“'ttﬁ?ﬂ]aeg% Qﬁ? tnel p?lfrﬁlﬂgf’{:fgﬁtrfg’e}mlg’l'%ﬁ%%?le %U%I ed to the
plurality of composite circuit elements, the full interconnect element
adapted t %4 OUpIlh% a%rﬁXra?uusté? %fain('lj t2:-},awI];e|rtg,'irs1 ttheC um?esr‘l:cgn%egtl Jle(::rHtlargt is distributed

among a plurality of switches, pass transistors, multiplexers or demultiplexers.

25. The apparatus of claim 23, wherein the full interconnect element is a crossbar

switch.

26.  The apparatus of claim 23, 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.

27. The apparatus of claim 23, wherein the plurality of communication elements
further comprise:

a plurality of second communication elements, the plurality of second
communication elements adapted to route or switch at least one third data word between
a first array of the plurality of composite circuit elements and a second array of the

plurality of composite circuit elements.



el ement of the plurality of conposite circuit elenents to any input of a
second conposite <circuit elenent of the plurality of conposite circuit

el enents; a plurality of first comunication elenments coupled to the full
interconnect elenent; a state nachine el enent coupled to the plurality of
conposite circuit elenents, to the full interconnect elenent, and to the
plurality of first comunication el erddfs; and an interconnect coupled to
the plurality of circuit arrays, the interconnect conprising a plurality of
second comuni cation elenents coupled to the plurality of first

conmuni cat,kon : [ n all i enent s
adapt ed ttgl& t rghgg@;ﬁgrgt’gg tghg?@mé%wrhf I;és{'} 9’%@'@%& &ac%ﬁ{m?égﬁgﬁ 8@@‘8% circuit
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el enent s loaeithing datd wordtto an mdjacent sbeomerarray phthe pluraltheofpdompmbite gircot ci rcui t

el enent t Pe[%?entsto assign a second action to a second conposite circuit

el enent o he plurality of conposite circuit elenents having a second
circuit elenment type of the plurality of circuit - 113 elenent types, and to
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confi gur alglemesrt.enent type of the plurality of configurable elenent types,
and wherein the state machine elenent is further adapted to assign the
first action as a first configuration of the first conposite circuit el enent
and assi gr30t he The eppardtuaof cleim fsvierae tterpdureliy b cumratnicatioo elementssecond
conposi tef&'r{e??&% r?l enent. 45. The apparatus of claim44, wherein the state
machi ne el ement 18 Yurt her adapted to obtain the first configuration and
first confi gur aldhealdy effesitcomppmidatiomelamints sthe plundlity ofdirstcetmimusicatdrerent  and

type from I aiE ARt RR el e PR RSB A R B RS ng of the
first actsecondadath b, setond action. 46. The apparatus of claim43, wherein

the first datali.%ﬁ_' a, fi Vi I I? Link. .. Ihe. tus of
cl'ai m 46, wher &MisaeEt QpED: UbEH B Bl Komepéie oitFs BRARHE
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 piurality of

composite circuit elements or to the plurality of first communication elements.

31.  The apparatus of claim 1, 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.

32.  The apparatus of claim 1, further comprising: a message manager circuit coupled
to the state machine element, the message manager circuit adapted to provide a uniform

address space for a distributed plurality of memory composite circuit elements.

33.  The apparatus of claim 1, wherein the plurality of circuit element types comprise
at least two of the following circuit element types:



conprises a pointer designating the first virtual data link as a data
comuni cation between the at | east one output of the first conposite
circuit element and the at | east one input of the second conposite circuit
el ement. 48. The apparatus of claim43, wherein the state machine elenent is
further adapted, in response to a detected fault of the first conposite
circuit elenment, to assign the first -ldttion to a third conposite circuit

el enent of the plurality of conposite circuit elenents, and the state

machi ne el ement cbofigunable anthpetcliogio upit,avéatéigidraile anutiptien d cdafigurdblekit f r om t he
at | east output of the.third conpasite circuit element to the at |east
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cl ai m 43, Galhss eultipiierfa catfigetablechamatdiiftee, e¢onfigurtibleflodkhe thblesa circuit array
is further adapte rovide for.the first data link b ransferring a routing
request , tpﬁoﬁ%% a@%S%‘B%‘S“&%@RH'%A‘? rog?reﬂ%%?f’ol%@”ébtﬂ ‘ﬁ'ﬂ'&('tyf"' of ot her

st at e nmachrithenetid logic litenents of other circuit arrays of the plurality of
circuit arrays and by routing the first data link to a first communi cation

el ement. 50. The apparatus of claim42, wherein each correspondi ng el ement

i nt er f ace 34confihé apparatas of tlaim Tevherein theustdte chatching Bt isesppladitotbe ci r cui t

el enent, the first nenpr dapt e o store lurality of configurations as
corres pon(?r%ﬂ'tyc%rﬁog?f)g',e %rﬁu@Flgﬁ’f?Hg “t“é’BQSH ?td??sgPR%BﬂBrlngﬁ'g?t@"t eén%gtjes pondi ng
circuit -eltenpoality@hcoramasicatioth eteenmenty, coupled to the corresponding circuit

el enent, the second nenory adapted to provide a plurality of input queues
for data input to the corresponding circuit elenent. 51. The apparatus of

cl ai m 50, 36her Fhea apparbtus of claiaphmtiendn therstata madhihe element isanrdxtegnaiat i on of t he

correspondi circuit elenent, an j t.her, on r_nore data input. sources or
one. or " morRRRIBLRTA ierdrsPaClo Sl 2 spPatiee it 4PBFE 5O wher o1 n
t he el enentirough &trnéast end corhinanicationidnsens of the plukdlitydofrenBiunicativrpéledeite. t he
circuit element, the third nenory adapted to provide a plurality of output
queues for data output fromthe circuit elenment. 53. The apparatus of claim
50, wher ei38. t h&helapparatus @bdbinDl, lwheréis theddgie ethchihe Bletnens RirtBeit athpgieed: ext  of

the plurali of .contexts, to direct an execution of the sel ected context
byt he. o, Ante SereRaHTRG Aty cprod Bied AeRRRH B ueB s PETRRG ng t ot he
sel ected context has input data and when a status bit corresponding to the
sel ected nt e is se r. execution. 54. The apparatus of claim42,
wher e n thE el SRBAPPT AL SR Lafsr 8 e tlpciet Bphiniaton siefentis firfer

adapted to determine from the first virtual data link at least one first physical data link, of

a plurality of physical data links, from the at least one output of the first composite circuit

element to the at least one input of the second composite circuit element.

38.  The apparatus of claim 37, wherein the selected communication element is
further adapted to create the plurality of physical data links at a selected time or a
selected clock cycle using a routing table stored in a corresponding memory.

39. The apparatus of claim 1, wherein the plurality of composite circuit elements are
adapted to store periodically a then current state and, in response to a detected fault, to

retrieve the stored state and recommence operation using the stored state.

40. The apparatus of claim 1, wherein the element interface comprises: a first
memory coupled to the circuit element, the first memory adapted to store at least one
configuration as a corresponding context; and a second memeory coupled to the circuit
element, the second memory adapted to provide a plurality of input queues for data input



menory coupled to the circuit elenent, the first nmenory adapted to store a
plurality of configurations as correspondi ng contexts; an el enent
controller coupled to the circuit elenent; a second nenory coupled to the
circuit elenment, the second nenory adapted to provide a plurality of output
queues for data output fromthe circuit elenent. 55. The apparatus of claim
42, wherein the plurality of first coeri2nication elenents are adapted both
to route at least one first data word and to switch at | east one second
dat a wor dto thekitbuibdlemddte apparatus of claim 42, wherein the plurality of
second communi cation elenents are adapted to route, switch, or provide
hybrid routing and swtching of at |east one data word fromthe first

circuit adnay the bjysarstasoficlaii T,ahicteimthedyate Machind eleaipoisdltier aapmédi m 42,
d to buffer at .least one
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59. The apparatus of claim42, further conprising: a nessage nanager circuit

coupled to the state nachine el enent, the nmessage nmanager circuit adapted to
provi de &2uni fm’fappammeean@-pa@e for a distributed plurality of memory

t tu lity of
Cireuit arr aysd SRRl e, e BT oy S Ao ol gal® i r ol ¢
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circuit element of the plurality of composite circuit elements;
a plurality of first communication elements coupled to the full interconnect
element;
a state machine element coupled to the plurality of composite circuit elements, to
the full interconnect element, and to the plurality of first communication elements; and
an interconnect coupled to the plurality of circuit arrays, the interconnect
comprising a plurality of second communication 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.

43.  The apparatus of claim 42, 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



el enments, to the full interconnect elenent, and to the plurality of first
comuni cation elenents, the state nmachine el enent adapted to assign a first
action to a first configurable conposite circuit element of a first circuit
el ement type of the plurality of configurable circuit elenent types, to
assign a second action to a second configurable conposite circuit el enent
of a second circuit elenent type of tHé3plurality of configurable - 116
circuit element types, and to provide for a first data link froma first

out put of eterenptypesilant yo povide fdrpaufirst data linidrofi the tat lasimeeiduiput bf thafitst el enent
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first comelemephiti on el enent of the plurality of first conmmuni cation

el enents. 61. The apparatus of claim®60, wherein the state nachi ne el enent
is further adapted, 1in response to a detected fault of the first
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apparatus of claim60, wherein the plurality of first conmunication el enents
47.  The apparatus of claim 46, wherein the first symbolic netlist element further
comprises a pointer designating the first virtual data link as a data communication
between the at least one output of the first composite circuit element and the at least one
input of the second composite circuit element.

48. The apparatus of claim 43, 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.

49.  The apparatus of claim 43, wherein a first state machine element of the first
circuit array is further adapted provide for the first data link by transferring a routing
request, through a second communication element, to a plurality of other state machine



are adapted both to route at | east one first data word and to switch at

| east one second data word. -117- 66. The apparatus of claim®60, further
conprising: a plurality of second conmunication el enents coupled to the
plurality of first comunication elenents, the plurality of second

conmmuni cation el enments adapted to route, switch, or provide hybrid routing
and switching of at |east one data werld4froma first circuit array to a
second circuit array of the plurality of circuit arrays. 67. The apparatus
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and a circuit elenment of a plurality of circuit element types, each

conposite circuit elenent having at |east one input and at | east one out put,
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third memory coupled to the circuit element, the third memory adapted to provide a
plurality of output queues for data output from the circuit element.

53.  The apparatus of claim 50, 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.

54.  The apparatus of claim 42, 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.

55.  The apparatus of claim 42, wherein the plurality of first communication elements
are adapted both to route at least one first data word and to switch at least one second
data word.



el enment; a state machine el enment coupled to the plurality of conposite
circuit elenents, to the full interconnect elenent, and to the plurality of
first conmunication elenents, the state nachine el enent adapted to assign a
first action to a first conposite circuit elenment of a first circuit

el ement type of the plurality of circuit elenment types, to assign a second
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first comBbsit Ana@ppamaius cehenieing:;, to assign the first function to a third
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circuit ebmpesibg: - 119 73. The apparatus of claim 71, further conprising:
a plurality of configurable composite circuit elements, each composite circuit
element comprising an element interface and a configurable circuit element of a plurality
of configurable circuit element types, each composite circuit element having a plurality of
inputs and a plurality of outputs; an interconnect element coupled to the plurality of
configurable composite circuit elements, the interconnect element adapted to couple an
output of a first configurable compaosite circuit element of the plurality of configurable
composite circuit elements to an input of a second configurable composite circuit
element of the plurality of configurable composite circuit elements;
a plurality of first communication elements coupled to the interconnect element;
and a state machine element coupled to the plurality of configurable composite circuit
elements, to the full interconnect element, and to the plurality of first communication
elements, the state machine element adapted to assign a first action to a first
configurable composite 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



a plurality of first communication elenents, the plurality of first

communi cation elenents adapted both to route at | east one first data word
and to switch at |east one second data word; and a full interconnect

el enent coupled to the plurality of conposite circuit elements and to the
plurality of first communication elenents, the full interconnect elenent
adapted to couple any output of a compdéite circuit element of the plurality
of conposite circuit elenents to any input of another conposite circuit
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62.  The apparatus of claim 60, wherein each element interface comprises: a first
memory coupled to the corresponding configurable circuit element, the first memory
adapted to store a plurality of configurations as corresponding contexts;

an element controller coupled to the corresponding configurable circuit element;
and a second memory coupled to the corresponding configurable circuit element, the
second memory adapted to provide a plurality of input queues for data input to the
corresponding configurable circuit element.

63.  The apparatus of claim 62, 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 element.

64. The apparatus of claim 62, 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.

65. The apparatus of claim 60, wherein the plurality of first communication elements
are adapted both to route at least one first data word and to switch at least one second
data word.
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66. The apparatus of claim 60, further comprising:

a plurality of second communication elements coupled to the plurality of first
communication elements, the plurality of second communication elements adapted to
route, switch, or provide hybrid routing and switching of at least one data word from a
first circuit array to a second circuit array of the plurality of circuit arrays.

67.  The apparatus of claim 60, further comprising:

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.

68. The apparatus of claim 60, 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.

69.  The apparatus of claim 60, further comprising:

a message manager circuit coupled to the state machine element, the message
manager circuit adapted to provide a uniform address space for a distributed plurality of
memory composite circuit elements.

70.  Anintegrated circuit comprising:

a plurality of circuit arrays, each circuit array of the plurality of circuit arrays
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, each composite circuit element having at least one input and at least one output,
the plurality of circuit element types comprising a plurality of configurable element types;

a full interconnect element coupled to the plurality of composite circuit elements,
the full interconnect element adapted to couple any output of a first composite circuit
element of the plurality of composite circuit elements to any input of a second composite
circuit element of the plurality of composite circuit elements;
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a plurality of first communication elements coupled to the full interconnect
element; a state machine element coupled to the plurality of composite circuit elements,
to the full interconnect element, and to the plurality of first 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 to a third composite circuit element of the
plurality of composite circuit elements and 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; and an interconnect coupled to the plurality of circuit
arrays, the interconnect comprising a plurality of second communication 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.

71. 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, each composite circuit element having an input and an output; 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 of a first element type of the plurality of element types, to assign a second
function to a second compaosite circuit element of a second element type of the plurality
of element types, and to provide a first data link from the output of the first composite
circuit element to the input of the second composite circuit element.

72.  The apparatus of claim 71, 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
efement.
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73.  The apparatus of claim 71, 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 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 first communication elements.

74.  An apparatus comprising:

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.



