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installing an input/output (1/0) nodule with a software accessible
programuabl e | ogi c device. Typically, these nodul es support only one

sof tware application. Moreover  t nodul es tend to communi cate too
slowy with the system pr ocessgﬁ*‘sg%‘g%bi&%r actical Dbenefit for many
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15  data processing, some have attempted to augment existing computer systems by installing
an input/output (I/O) module with a software accessible programmable logic device.
Typically, these modules support only one software application. Moreover, these VO
modules tend to communicate too slowly with the system processor to be of practical
benefit for many implementations that would otherwise be desirable. Reference is made

20  to U.S. Patent Nos. 5,978,862 to Kou, et al.; 5,857,109 to Taylor; 5,692,139 to Shand;
5,535,342 10 Taylor; and 5,036,473 to Butts et al. for more background information on

these arrangements.
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devel opnment has begun to focus on single-chip, nmultiple context 13 AUG 2004
-arrangenents. U S. Patent Nos. 6,011,740 to Trinberger; 5,978,260 to

Tri mber@@mes16ds al ., 5,956,518 to DeHon 5 et al.; 5,915, I3r4eiMufssky et al .
5,838,954 to Trinberger; 5,838,165 to Chatter; 5,646,545 to Trinberger et
al.; and 5,600,263 to Trinberger et al. provide further information

regardi ng these types of chips- Despite these efforts, challenges remain
concerning how to inplenent these nore conplicated designs. These

chal | enges @ ghorR& RSt atibi Besathmdbld GhRIARLY (FPC A idopakaeidliese conpl ex
devices with standard conputing 10 systens and managerent of the devices

wi t h deediogmentdws beginuw, focusemestngleghpesd!tipe conietdrerangemenisblt$.ons in this

area qQf techn V. U Y . I ft.h rese (g i on. i,s a uni que
comput At ST TG T iapera 8RR e TR 8yt S tanth HRHRe 1 or
regongi GUrs MG, PogNATIBPall 9838955 W ThebeloeF, 5838, 185 dehddR};que techni ques
for interfacing wth areconfigurable logic circuit. In still a further

f or m S&40rhidque Tappergdres alwiand 600 1g Tramiesgdreyik pravigy baribded.  Yet ot her

forms, . enbodi ment,s, pbjects, .advantages,  benefits,, features,.and aspects
of ' { hinTBFBStOEFRis NE YRR B0 R BB ARER 19150t RRE R o

descr b@ﬁdcﬁﬂnaﬂéw%%&%n?@u%@hﬁf&:&ﬁ?li%h!&d dédighs, STHIS RN W0aR1/ 61525
PCT/ US01/ 04733 BRI EF DESCRI PTI ON OF THE DRAWRGS FIG 1 is a di agrammatic
vi ew ospegiallyaputeiimeelanant ormigifating esntomplealdevictoyith standi@ copnpuging
diagrammtic view depicting further details of a portion of the system of
F‘% | SYSiCTRY gad @a?%gcgpcf‘f 8</6th5¥‘?350‘?"[|&$ &’o%’é@glsf or utilizing the reconfi

gur abl e | ogihgs, Gherk ia nEESOE MreRE¥GNtHButInGin this Fe®of fechogl! ow chart

showi ng further details of a "Create"” routine for the process of FIG 3. .
FIG 5is a flowchart showng further details of an "Open" routine for the
process 10 shown in FIG 3. Fl %U]@(Moﬁ § menory all ocation diagramfor the
interface menory shown in FIGS. an E FIG 7 is a flow chart show ng
further deQRiklf6rmobf the pAdeheinvemitniiBe uhRfue tb@plIiHE Sf%em S DaMet fosind| G 3. 15

FIG 8 is a flow chart showing further details of a "Read" routine for the
pkoceinglude unique systems and methods for reconfiguring programmable logic. Further forms

include unique techniques for interfacing with a reconfigurable logic circuit. In still a
further form, a unique apparatus with reconfigurable logic is provided. Yet other forms,
embodiments, objects, advantages, benefits, features, and aspects of the presznt invention

will become apparent from the detailed description and drawings contained herein.
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shown in FIG 3. FIG 9 is a flow chart showi ng further details of 3 004
"Close" routine for the process shown in FIG 3. FIG 10 is a flow éh%‘]l[{
show g divikdzer details of a "Rel ease" routine for thep-3Q;di@e88S shown in
FIG 3. FIG | | is a diagrammatic view of another arrangenent of
reconfigurable logic. FIG 12 is a diagranmtic view of another conputing
systemw th yet anothe L.qur i r nt. FIG 13 is a
di agrammati c view dZ}B#CEtF gggﬁ{’#’ﬁﬁp%gb%'kﬁg Bié&g@ on of the system 25
of FIG 12613, 1 i AieA004iN0: 0L G B20RRT LIEOAMAA 32 RETAERRESCR PTI ON
OF SELECTED EVBODI VERTS For the purposes df” pronoting an under st andi ng of
t he princi rHI@sstfatliagrannmaitt\ifio\n,depicefagh&ﬂtcedwaallk ochopohenmids ystetrhe
emOdw‘Iﬁ illustrated in the drawi ngs and specific |language w | be used
to de d-the sane. It will neverthel ess be understood that no |initation
of sthe 5 sqqpesqf, Hb& ahaef%%'pmegsSfofrnﬁﬁﬁhgm&&e&mmbﬁwo@é behat i ons and
further nodifications in the® described ddvice, and any further
appl i cgitcrmnsbowh it Fllﬁplrl nci pI es of the invention as descrl bed herein are
cont enpl at | d nor I ccur to.one skilled e art to which the
i nvention ﬂ@r fse% OW|chart ‘i’”%')'/‘ prheg dstiaaof 8 &i"%’\}\? JP”B'& HRGROESSt em 20 of
one enpeghment of the present 10 invention. System 20 includes conputer
22. Conputer 22 includes processor bus 24 arranged to operatively couple
t oget her a I-“d@uS;isax f18% cbirt Geowing lfudther dewmsls RfatNOpen'(1CRUBY f Gl prR6Ess 26¢,

whi ch are depicted (collectively designated processors
g‘g E ?‘”’b r?’bodi ment, cluster 25 includes up to four (4) PENTIUM I I
m cropr OceﬁQrér@ﬁQHo%dalmbah& &lavragpfo?%eaﬁlé?fh’cc%&9@9@\5159{ Flgs 124 is of
a type suitable to interconnect a” PENTI U 15 m croprocessor cluster.
Ref erent@. i s nade to: Tom Shanl ey, Penti um Pro and PentiumlIl S stem
Architectu |son a.source of nore
S or a1 of®ot & g e ing  GTiC SoRTE P LA B AN DS [ PRRGEREN . and i s
her ebyndwAcRf ey, 8t ed by reference. In anot her enbodi nent, one or nore
PENTIUM I || m croprocessors fromlntel Porati on are utilized with a
cb¥ r espondFifg! §isar flewm ghart phrayoes Swthepdetaflzof 2 iRead"| roudnehier therroetisfrent s, nore
20 processo(r)lfs[GOE as few as one processor may be utilized. Al so, one or nore
proce§'§or'§ he types and from ot her manufacturers can be used. In one
al ternati V?IG.@KM@W cRat Biasviag kot details of a “Close” routine for the process

shown in FIG. 3.
FIG. 10 is a flow chart showing further details of a “Release” routine for the
20  process shown in FIG. 3.
FIG. 11 is a diagrammatic view of another arrangement of reconfigurable logic.
FIG. 12 is a diagrammatic view of another computing system with yet another
reconfigurable logic arrangement.
FIG. 13 is a diagrammatic view depicting further details of a portion of the system

25 of FiG. 12.



si ngl e processor and processor bus 24 is of a noncluster type. Furtmr :ﬁm
it should be understood that processors or CPUs of the present invernt

may i 4g) Mdgs@ne or nore conponents and that processor ft{fﬁ”;‘ﬁﬁ?‘ i ncl ude
one or nore components to manage its 25 operation. uter SO

I ncl udes nenory controller 27 coupled to processor bus 24. Menory

remory bus 2Q@ENRERER BESERHAEN B SeRRRbln OB rennry 28" over

processor ?Hﬁthg‘buqﬁﬁgs maﬁ(roprfbn'ng antutﬂﬁcrfsﬁﬁmng onen cOéTP%(gf tﬂ@‘fidv%ﬁltx%g Mai 1

conponents or part of one or nbre other comp system 20.
menor ;cfQISnmyllleJ% bepradsad thef embrslimentibusratahipahe dtaswmgi,s trldepeciialidzeagy

of vl b Sss 18 Seiipe B e yg'wqgsnki%reﬁas%935%@%@3%%3}%%3%&%“96”E”t
Acyesm%wme i RAMontiy BRretfy ,he%déﬂJGx#P% X\%&%@%ﬁﬁﬁcrﬁ’g{ H§R§/ o tﬁnﬁor

however, other arrangenents of main nenory e utilize
Wi t hodescabdEiePideland ﬁn)afuretmgemlwmublurofchwpnmnplzsof (Brarrmetneibn a2dedcsibed ncl udes

I nput / Qut put bsys . .Subsystem 32 incl udes bri dge 30

opar oLTTEEI e STHBA ST SR 20ara DS CURo 0 SIsHgR TstaT 9 uhieh tsuprertiope! y
coupl gfhd0 5 1/0 bus 34 1/0 bridge 30 serves as a comunication |ink

bet ween processor bus 24 and 1/0 bus 34, providing buffering, reformatting,
arbitrati oﬁl,G-dridBcciiagram:;latiop@mabf ooTsputmef systel 2(hb[éord:mmmﬂncmmfrmmpremni ons
bet ween the huses. @JS 34 oﬁp Lat gvel cgnnect one or % 1/0 devices
th  PREFELDoPYRGE ZhinGiures FBMBHICHS 255 i reoee Sigs Qus 36 rapaed

depi Clhefpetat vé:lk(éouﬂ)lc tbSaheorLises ¥ Sﬁ?&rﬁﬁﬂ’%c@ﬁy URRs Us)I Z6a e’g&“ b be

appreC| ated that nore or fewer 1/0 nodul es 36" may be coupl ‘0 1/0 bus
| 36do ﬁBlrl(‘iﬁmfe-ﬁanfu are; ttﬂwcttﬁdoilcdgelﬁdhsagmitmqssmm R6).dfdreme 27 are

provid m as Si ent or dedicate t . of

conpo%e% e, SRERE 28 e Gle i o Bk BERET IR B croPtore i SoBRot BX4BF bus
@dﬁ?uﬁaﬂbn 22 dGRBces o isatis BEL YypelsuRsKIL td aRatbohebNFPERTIOREOr NDre

ot her O bridges coupled to 1/0 bus 34 and/or processor bus 24 to

dér r eBisoRIPasesey clustrri defergnechis magiego: bmg@ssmlmamm_mmm t ypes.

In 1 her mbodi br,i d and/ or buse ar e. ahsent.
For Bl ATROGIT B Aabiool e Bpiush 89030 S Pbect L v SoMtionat 54
i s ofthid typd épdacfedsd?eﬂmmemalbueama@mmntlaﬁueg RORBE rcoffdend boedtkbreRbls faype.
In this enbodinent, the bandwidth of 1/Obus 34 is |l ess than the bandw dth

oL pr@@é@swb%mczuonmémrbgﬁawmﬁm gu@weroqssm&@m?nted ﬁermmtwnvarqt h of
| ot endefiZps RAR 2l ARy AREFE S onbus ey 3 ) Slast FRIEREMLEBI or *bus

29 I qprbq&ﬁsd?ﬁbﬂ 35 few as one processor may be utilized. Also, one or more processors of other

types and from other manufacturers can be used. In one altemative, computer 22 has only a
single processor and processor bus 24 is of a noncluster type. Furthermore, it should be
understood that processors or CPUs of the present invention may include one or more

components and that processor bus 24 may include one or more components to manage its

]
h

operation.

Computer 22 also includes memory controller 27 coupled to processor bus 24, Memory
controller 27 operatively couples main memory 28 to processor bus 24 via memory bus 29.
Memory controller 27 manages access to main memory 28 over processor bus 24, and may be in
the form of one or more dedicated components or part of one or more other components of
30 system 20. Main memory 28 may be comprised of one or more components of the volatile or
nonvolatile type and may vary in size. For a typical PENTIUM II arrangement of cluster 25,

main memory 28 is typically of the Dynamically Random Access Memory (RAM) type:
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less than the latency tine for a data transfer between one of the deui RES004
on processor bus 24 and one of the devices on I/O bus 34 for this
enbodiw@iiisisfs used herein, "latency tinme" neans a m?ﬁ%‘f{@sﬁfwﬁsm froma
request by a first device to receive data froma secon evice to the start
of receipt of that data by the first device fromthe second device in

response to the request 25 (usually in_terns of. bus .cycles). A i hgly,
e PBRAYSh PRRLFEMERREE of PR ARG YRBGERY Deslizef arith on st P SRR e,
and t Dearpin@ekeht Rf cjlier-kgndwi dth and data bl ock size, which is typically

| ess for transfers between devices on processor bus 24 than transfers
bet ween a d@mmpuaer Bhalpe ocbsled inpyrOupLt4HO) sutdgsiernd 20 B ubs Bitdni S 2 3akludEly LD

mbodi_ment l.sq incl i ti .1/0 bridges to other 1/0
buses PRag A0 ARrRtYels iRl Eudbentbr O T TG PHAET Jois SroneainENoTadpley oan. L0
br dogoran 32 170 BYid98 d0korve £ QUPESm AN RoR UK BEtwkhie pREdsshY P& IParf 8 'bus

varieties, such as _t:'he | ndustry Standard Architecture (I1SA) and/or the
Ext endédprbviding buffeStrgn tdonh st ndiat s chuene apéo6Mhet ggeeatidns to feilparctdesivddar 5 1

3 AUG 2004 WDO.01/61525 PCT/ US01/04733. i t f PENTIUM | | -b d
o OAr B RO GHER O A PR (O BES 34 EPB I EC RncEts, B &8 Mt VO BRCer & m of
1/'0 bpgcddol BudIPViadeD BRJE 5 XL nu®ds 38h BdBuse débic@lsh ars Advanced

Programmabl e Interrupt Controller (APIC) bus is connected to processors 26
and afrolle@ivaPbt designaehd modiries 36)s Itehonddbeaprrecisthe thadtiors onfeweEL/S mbdilege.

Fyrth _ in oth nbagdi ments, 5, diff /0 brjd d/ b

t fbes S Y s GEPRIIEHCTRR 4 0 S0 ipBledinnision: YRsrosr oh 30 maifarn Sopuralicr

PENTI &Madel priVide@isPEombines Esrmiss YOHER R&fphedi@r LSRR kitldf @8mbbndritecart -
y

1/0 nodul e 36b is further designated as a nonvolatile mass nenor :
i nt er macage IfBiagd man eneimpse tiagsacyenawpb ipneageser bys 2hsCeainpe@r 3Adamr a portabl e

conputer -readabl e devi ce.37, ,as schenat, c .depicted in. ElG .]. Vi ce
37" b Gt RO e tfiaine SaRPRRF U VaiP cBhIRe IOV O B P 5r B her
var i episcéSon Bl 4 10Cokespdddingds frovkdd fuetfled MOWNSsT the SaRie GXAfTBed: (ypeVince 37
can be an optically encoded Conpact Disk (CD) or Digital Video D sk (DVD)
of5 t hetherresplpdsmesis oflistinc §ChpT dgestapgior Uihbesesarerabiignet i ¢ hard drive di sk,
portable f [ ve di sk I r Lir {dge;. -and/ a
Ponvol at 1 1 00 ofmPhciny b BRRTURY 1PURRGEPR R elysf s, WO ERE o

Menor gtar{daROM 5 phekA irh gonleh Dt savaizt e(FRIR b &l ug tMRIdh Ythis EmboE)the
El ectricall g Er asabl e Read flash, and/or Static Random
'

Onl Me EEROV) ,
Ac cesRangmiBhwf SR 34 gsﬂf‘ess\xhl%rh%wﬁﬁ%%@( phLRIRCESEOTIWREA ; Wheistbandwiliinis the f ew,
| ) . J ; . o
e ;R Tt SRR wickh Br WRCutL 6 G eyt Ay LiiEy & HedlBREANE) .0

t2gr d AisbMetenny time@orrpdhmnrad@fer beww@apldéfterea agemeobh ipenvesdor ®ub dgiscrypicaltpi t 40

by proceﬁsor QUS 24.. .
less than the latency time for a data transfer between one of the devices on processor bus 24 and

one of the devices on I/O bus 34 for this embodiment. As used herein, “latency time” means a
measure of time from a request by a first device to receive data from a second device to the start
of receipt of that data by the first device from the second device in response to the request
25  (usually in terms of bus cycles). Accordingly, the “total transfer time” for a data block is a
function of latency time, and the product of the bandwidth and data block size, which is
typically less for transfers between devices on processor bus 24 than transfers between a device
on processor-bus 24 and a device on /O bus 34.
This embodiment can also include one or more additional YO bndges o other /O buses
30  coupled to processor bus 24. Alternatively or additionally, an I/O brnidge can be provided to
couple an IO bus of the PCI typc to other varieties, such as the Industry Standard Architecture

(ISA) and/or the Extended Industry Standard Architecture (EISA) type. In one particular
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20 Reconfigurable logic ci rcw t 40 includes programuabl e | ogic 50. ,4}53 Hﬁ[?fh[]ﬂ
herein, progranmable |logic" refers broadly to any form of hardware logic

t hat r@baﬁlggogrammd nore than once, including, but not |limted to, one
or nore Progranmmebl e Logi ¢ Devices (PLDs), Field ProgramiébPt%Eie Arrays
(FPGAs), and/or Dynanically Programeble Gate Arrays (DPGAs), to nane only
a few Programrable logic 50 is coupled to interface nenory 25 60 by

menor y R 2f & RENJILINV H-pasad emgodising angdaijiopelsEISA- ty@ey@hﬁﬁmuicngplmgi c

70 is 3@@%&% apyqusgﬂs?,}md #ﬁsyAﬁgeP%mPHFyé%uah zggc{ arh,g egy 60 and

| ogi ¢ desi gn menor |ve esi ghat In one

enmbodi ngrammabl@riﬁlegupa@bﬁrdalmjl(APICC) B3 s Eorﬁa@cﬂe& (PPR¢ESHBEL BSard zm'/@ A/PIth a
connector. to, renovabl éﬁl nterface to_processor bus 24 of conputer 22. For

this efoduletaats comscisddo die apgitongh BRdgs. df)’rﬁé‘leﬂ'sﬁ”ﬁgll‘r@bm@ﬁimbrhle, 30

of e et § ST REERTBR AR el B IR LS PL BlebR ar Al ot o °

r econf iirioattd RENTUIR! It ipravdidor 4istes uchoummmnh&cwleaan nRuft ed on nore
than one printed wi ring board or card, or otherwise be 6 1 3 AUG 2006 WO

01/ 61525 pCfOmpdylndsns fyriber dasignatedian poag Helatilegyass eramey intedfaed, This
recontjoguif bl ero Qi BY st ARITRN AP oBEOYI ded 83, 2. RErTROENLLY | nstal | ed

subsystem on a no vari ous one O?ﬁ)uter 22.

Accor dschgingticallyatepictalindiGe 1) dm:va:e@’a'rc@ulbt: oﬂﬂncadlé&xfdﬂ@toh!@& 36 By, be
considered an integral part of conputer 22. 5 Referrlng addltlonally to
FII@  osemigpndygior, f|°éhez5fva%t¢'@ﬁﬂw easue!q Ygsecskiliaddinithe 30. peexamenier i bed.
Progr aggvahl rtion 54,
oo e A e P REAE Coohd) LROC R b DI VS DRRIP YR

port i aead8nlyPr edalabieytype:; pn@@ﬁmmghandlmgd dnﬁedlss eRtapld ﬁ@;ﬁbyﬁ:‘m@&ﬁsl@ﬁad@r e
of the volatil such as those nanufactured by Xilinx or

FPGA devi

Al tor O YO B MO RN S g a5 eR VIBIE SemiSARESctaR caammc@ﬁwdrpe&tﬁ@n of

di f f ergBrafaNitEREYPOS! nﬁwrﬁaém)%a%wmﬁnmgﬂ& Méfr%rgt ile
configurations of programmable | ogic 50, conpdter inter ace ogi c portion
545andEFR OMhlsctricailydrrasabée Rgagil Onbo'vltmory GHERQ@M) pigaspr agl/anSmde Rangant of

an initialization tion or a reset signal _is applled to
r econf“g‘iﬁ;isolﬁamlo% 5@?’%@&%“ W?—Fkﬂﬂ W?fe&’é‘rﬁ%@&‘%?‘éﬂ & in
connemiyaimé dt /Gl kadute 3@@2&1@&%5‘337 ddﬁ%@l”*fc@&@cﬁ QL P@WS% gglcrator

programabl e Ioglc 50 is operatively coupled to  processor
pr ovi ¢empog¢masd Int@mlaﬂ@nmﬁmmmas (IDE) patdmse wiiit h one or m)re of
processors 26 of

s SOput e 25 e QIpUt nterface lo ort 4 is also
oper at i vel y" CRIPFetf 8 HS@ YrFCPagt ﬁta :l%’dﬁ gt %@bgﬁ‘?c §P°r se of the
bos 84«@6@9&5@%@} ciQBI ANincRRIdE PebgtRfinGbie logic 50. As used hcrem,
“programmable logic™ refers broadly to any form of hardware logic that may be programmed
more than once, including, but not limited to, one or more Programmable Logic Devices
(PLD:s), Field Programmable Gate Arrays (FPGAs), and/or Dynamically Programmable Gate
Arrays (DPGAs), to name only a few. Programmable logic 50 is coupled to interface memory
25 60 by memory bus 64 and design loading logic 70 by bus 74. Design loading logic 70 is
coupled to logic design memory 80 by bus 84. Interface memory 60 and logic design memory
80 are collectively designated local memory 90. In one embodiment, reconfigurable logic
circuit 40 is provided as a unit with a connector to removably interface to processor bus 24 of
computer 22. For this embodiment, the one or more components comprising reconfigurable
30 logic circuit 40 may be mounted to a common printed wiring board with a plugable card edge
connector. For multiple component embodiments of reconfigurable logic circuit 40, such

components may be mounted on more than one printed wiring board or card, or otherwise be
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70 to logic design nenory 80, information can be conmuni cated betwe @ U6 2004
~conputer 22 and 20 | ogic design nenory 80 via conputer interface IogicA
porti design loading logic 70. Logic design nenory 80 is arranged
to stg‘frbeagﬂ%g’ﬂber of core logic designs 86 in nenory Bd',cre{ug/q‘l@ﬂﬁaf whi ch
are individually designated in FIG 2 as Core O, Core 1, Core 2, ..., and
Core n; where "n" is the total nunber of core |ogic designs stored.

Desi gritistgbuted throughawt syssm 2 Op dndeedeadconfgurabds togthesicyit 4%emay he @ videdms a
conmput er_ 22 .Desj ghns h praovide a different 25.configuratiaop of '
ser - dEPPRET P ai LR B oP B ReblaneR T 58 HorAeBhb L Ve 1o
appr OFE:bl'r?JQz_rQl?_g lcBrdiigl ¢ BB G rdtle |oRactkiduieaiethiong miy bdensidefedtinl 0gi C
designs 86 into_ progranmabl e | ogic 50 via bus 84 and 74.” One or nore

desi gnnteg®! part pEAYPPUBD2Lan be schedul ed for application to programmabl e

| ogi ¢ 50. Ly | rf | OCH oLt 6_of progr ble .| ogi g 50
prgvi des aI\ﬁ(::}ﬂg?n’r'Tr')lﬁ1 ia@éﬁogﬁﬁf%ﬁgja?hﬁwef ﬁ‘gﬁ‘?ﬁ ?]fng:&fér%% %Ef”ﬁé‘%caéﬁ'puter
22 andestsiveddetodiefmab@ i6gie0tis provRded with dthaaer intERfiRE YoddPpbsiospam cal |y
all ocated to include one or nore control structures 66, scratch nmenory

space Emonatedaee BeiqRnreon pé.and aser-dafintd progs@nmable legigposimetul Reefeoably,
active _desi] Lok -3 AUG.2004 WO 01/ 61 PCT/ US01/,04733.,.0one _of contr ol
ot r uePHEEnERoRosit b i cOpHEU el ofPor ok PECA feliors ot i v s e %

al | oc#ficed riduf&taee bly Mih0BE AREraPREWEVRE Hnelod mdit olenatvige Bptyeen the given
design 86 _and conputer 22. Scratch nmenory space 67 is available for access
b¥0 us epmbivatine f ddfsrent Klgvicrbmes maxgonpaise Pragsmpable 1¢3ic503 Foonalatilechni que

for NG ' i,gur at i on, of r | ogi c 50
w th POt abeariadli R 1608 o0, ERPUBHRBIRE K5 PO PIIR P ey =
i || usintatfsd 1byictpoaidd Socamitar progiamimdd aspar¥reagaiiaRdfiontopetastioh Mowh potveset or
power-on condition 212 of system 20. From condition 212, conputer 22 maps
r econPr yTRsabtianal dyirplied te rrepnfiguyabla degia cigeyt 4 ay marenfshiydgscibsd derematier
oper at rqation 216, loading logic 70 is configured to |oad
Cor e &49ﬂP§&§¥B%?2%@§b‘e | ogic 50 frommenory 80. Once | oaded, Core 0 10
SEf s- up r eConfgugariakifecd logicopottiidresd bf grogtainmatile idghe 80 W dperanaiudoapledioVvi a
processor bus 24 hy definlnghconputer interface |ogic portion 54 and

menor POCRISEF Pucet 10RJPKIdE 3rifchin e W3 COBYRMT catiPRRAE Waygy h 80e ormppiecd] | v,
e ! SRR P | i . X
re grdcéss@gsﬁﬁf(;&gf: cg,lm udriod c&ﬁﬁdtannéﬁ;sg%maq 8#s4 ifQto lé@@@%ﬁ cbpled

user -define ortion 58 of prog ogl ¢ 50. e
appr ew desegh loading fagic 7 bpbes 34.2BEcaust of the thes B4 abhrectibabf adsigrelasding lggic t i on

of design |l oading |logic 70.and core | ogic design 15 nenory 80 he of, a
 nonvor b e desiEh mede S st r Raan g cor RELTIHREET A por ti on
a[b%ic*@éfﬂ;ﬁ%%%rﬂ%? §neig cbﬁﬁhﬁ:r Hﬁé:‘f&a@ﬂo@@ pER®h RO dedidn Ib&@%g%“h}?d' ment,

| oadi ng |l ogic
Logic design memory 80 is arranged to store a number of core iogic designs 86 in memory 80, a

.. few of which are individually designated in FIG. 2 as Core 0, Core 1, Core 2, . . ., and Core n;
where “n" is the total number of core logic designs stored. Designs 86 can be initiaily provided
to logic design memeory 80 from computer 22. Designs 86 each provide a different

25 configuration of user-defined logic portion 58. Design loading logic 70 is responsive to
appropriate signals or commands to load a selected one of the stored logic designs 86 into
programmable logic 50 via bus 84 and 74. One or more designs 86 in memory 80 can be
scheduled for application to programmable logic 50.

Memory interface logic portion 56 of programmable logic 50 provides a comrnunication

30  pathway from interface memory 60 to computer 22 and user-defined logic portion 58. Interface
memory 60 is dynamically allocated to include one or more control structures 66, scratch

memory space 67, and one or more interface buffers 68. For each scheduled or active design 86,

.



provi ded by a nonvol atile Conpl ex Progranmmabl e Logi c Device (CPLD), 13 AUG 2004
“hard-wired state machine of nmultiple devices, or the |like; and nenory 80

i ncl ugkeppMiS:sor nore nonvol atile flash- type devices. 'ﬁccfrﬁ%}o%a@e
understood that each core | ogic design 86 nay be arranged to 20 configure
conputer interface logic portion 54 and/or nenory interface |ogic portion
56 al on% vm'thluser-def'ne | ogi ¢ (p)ortion 58. Altern t'h.vel%(sk onge inc}erface
| ogi ¢ OPBP FBHE! BAUCAHEF 8P 286 O5F B MERITHRPRY IpBIE RS RL G G 2 allggated
condi LioedinfdrdatidH PERAAND ihRERABNIy HelvAeh QRS oRen REQEGE BERRPLEMphRILE SOaiht h
different core logic designs 86 only alter "user-défined |logic portion 58.

| n st memorpspese 6dhoddilabletfor a¢agseby usse-debpedlogor 318.ons 54, 56 are

latile, that. .initial di nq i.s.not, 25 ired : - up.
A ter compREBnBART AT BRIE° ot eHmasE on TranG g andcuiRaied g o
PO§ ti SRR R of%?é@'ﬁh{n%ﬁ;dlo?g: sl-‘mﬁnﬁuma déstbns SPRARIHBRY | P BoRENGERith

computer 22 and reconfi gurab ogic 50 may take place over processor bus
24. Fprocessartplidyustiajedincids Slomgchrehol KlGadd Premes 2 1 hstarniomn a spetce pRver-one or

6 of t 22 . ite | f i i to 30
RO el T R R R B SR e e s S
Pr 09" ATk Aclipfitcd Bnfhy sERERANSN bBlrhRE9 2. Ol Yk Ridn0RiE? iling Ubsic 48 and

read interface information, such as processing results from programmble
| ogi ccliguredspdoadsCofe atopprogrpmmabble 1dgig 58 from cwimory80. Qoapldaded Lorg01 3

2006 WO 01/.61525 PCT/ USQ110473 ecut.,es a n er. of application
ol r SR esoRE RER RS STEAT 040 BRUGB M fooprimis A vis Pcet b ot PRt er f ace
Pr 0gr @fintreedthPMbOi@trle WHEPokidW Sl4 dnBiesrh@GnIRHASH RETH fithibRYE b I esponsi ve
to requests by application prograns 112 to utilize reconfigurable |ogic

ci r cuprogrmmabdgiagi¢ HP.eThpically. Siosg Pane xzial ontaliatian design that neesomdtisgenibl e
| ogi ' it th h d, | - | | i T inth
o0 e Rel D oF of SR T U7 PP ABSHed B L o e

t o t hfrob@k RIIGUt A desiRhblE Rt deRbAR Joiod SCARIINALEARE Bodi®PD Gnd LéeUbdic 48sikR
convert comunications fromlogic interface program 122 into a T or naf

ridcogmemety #3/bg abonenvwplatddde tp ervideior deadingief, compuardnisefiage oy paripr; 54

enbodj nt nu [ of . .diff.er i driver routine .can.| .
o o And kB ENSEe RleicbddiBh 3o YolBr-b! Hibnd b Iadniie8%0 i
r econgrodided bl @ rloa gdlatikCainpleg Pogrinanbdlediddie Denice (€PLDY, dlkdrdevirddititenes 124

each comuni cate with logic interface program 122 through a common

pr ot Jeahingefimukkiple daviges Rnvbe HkerapddpemenyrBRiRFludes o Praeisdwneolaplediashar to
t he i d i i i . r g’irgﬁtg di fferent
i nt e? cgéﬂ%egbé{%%mgréeg%dg%éﬁ%dsﬁlrgr{a%cggétﬁg ‘czdga'%%%gtmm?ude EZC’ sane,

120" e, confighewapated giitaifatenggicapoetion 54 anFermemdrpingerédck esgiaipbrtnedtalohgrent |

|l ogic interface rogram_lZ% is_integrally 15 conbined with_ device driver

r out i High mﬂ-dsﬁnﬁf BgIcReTHOR pBrg PdterRfEslY oPqegg et ar s {agiG RRIBONS 54 andfor 56 are

configured upon power-up or reset condition 212, subsequent reconfigurations of programmable
logic 50 with different core logic designs 86 only alter user-defined logic portion 58. In still
other embodiments, interface logic portions 54, 56 are nonvolatile, so that initial loading is not
25  required upon power-up.
After computer interface logic portion 54 and memory interface logic portion 56 are
established in operation 216, communication between computer 22 and reconfigurable logic 50
may take place over processor bus 24. For example, by accessing memory addresses in memory
space RL, one or more processors 26 of computer 22 can write interface information to
30 reconfigurable logic circuit 40, such as input data to be processed by programmable logic 50 or
commands to reconfigurable logic circuit 40; and read interface information, such as processing

results from programmable logic 50 or status of reconfigurable logic circuit 40. Computer 22

8



programm ng. In other alternatives, logic interface program 122 can nﬁ!ﬁufﬂﬁ
multiple device drivers in the formof sel ectabl e subroutines, and)é

i ncl udgotghikepsor nore progranmng layers. In FIG 2, ap / rogr ams
112 are designated as APP 1, APP 2, ..., and APP m V\hgk:gﬁ%ni‘%%aot he total

nunber of appl i cation programs 112 under goi ng concurrent execution by 20
conput er ecution” of two g program;
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i nput dafa for processing by the programmable logic 50 with the requested
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to generate corre on ut data ge nt of this .in out put
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per for e dtult a8l ARBrdindIor forefis %Qea.amnt-@ %um%em&.ﬁérehr'&&re‘@&ﬁet Rﬂr‘tr‘ﬁes
portion ®54. and/ or menory Interface logic portion . 3 AUG 2004 WO

01/ 61508 agheusem0g13tiHged rralmgcr’atpplmtbaaorn@msqndrr@pdﬂﬁcgam a:tnoeﬁgmgblc legiccui t
rat e a i nt.ense % ori.t h Such

| |
A0 dhiiens 2T Rese SRR S it drlen P uImes 128 S estprmiis g 108 faiggace

pr ocesgop@m VI GeoUgBGOMMhb® Brotbcot Yl Resdrally Wh W rsRAf &reMGhiRGtion dﬁart)cbne
like. By making a variety of core Iogrc designs 86 and/or | ogic sign

i nst areeesli® o dsapdiated occappeiuveblei lga-cmeegnarin o2 cn@céeteemsatdr faremsfinieHace

and ot herr commonl %ﬁ esecut]%du%%&e@se% St made possi blfe one_enbodi nment
conputBPS22 YHEPETES M th 34 &eéb'EFe{P?rﬁgc’ F&HE%FWWCROSOFT
and | agyess.i pideéd, as endalegh@eletdbddsmaht, Bi¥eerhtdreace BfARYarHQ 22 is integrall

W NDOW5- conpat | ble interface prot ocol for application progr ams 112. For

t Hbs comborfidieith deyiegyidvarqeetitcaldd torrsgYidem }gglqatawlqﬁé@glanyerérr@ar d

Applicatl 29 ”5

or ogr det e REARE 105 Whled SRR T ATt Ll B BETES.
ot her c&ﬁfeﬁ,dhmwmom dfistkeerablatsubpatiats, mgd&ystcm rmé/oernoe@pro@t-ar@rﬁtm osypdrs.m
rel ati onshi ps to | ogi.c interface program 122 can be utilized. After

oper ati on A &IGp2pplisaterrregimsndsrafesignetasssling AR or+ h'ljj ABBF:220.
g R SR A e R P RLoASR B 6
ciz0cuicomplter B2 opanatd bersinh HomicuR vt exletutiprodttivo B8 more programs refcrs to starting

and managing execution of the two or more programs by the computer at the same time, even

~ though the computer may only perform instructions for one of the programs at a time.
Concurrent execution includes, but is not limited to multitasking of two or more programs
through context switching, time slicing, or another mode, and/or multiprocessing of two or more
25  programs by simultaneously executing each program on a different CPU.

Typically, an application program 112 provides input data for processing by the
programmable logic 50 with the requested core logic design 86, and programmable logic 50
processes the input data to generate corresponding output data. Management of this input and
output data for each requesting application program 112 are among the tasks performed by logic

30  interface program 122, computer interface logic portion 54, and/or memory interface logic

portion 56.



bl ock 232, logic interface program 122 generates various read/ wri te‘l 7 AUG 2004
accesses to nenory space RL of reconfigurable logic circuit 40.

Reconfa@u@bise 1 ogic circuit 40 interprets and respondsd@usdihgsg nmenory
accesses in operations block 234 via conputer logic interface portion 54.

As part of operation 230, logic interface program 122, conputer interface
| ogi ¢ portigon a%o a54’ic or, @ rggmoqlatbileolnoof .1 he%S 1S .lcoraf[i ur?d lt 0
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112. In one enbodi nent, context switching is performed by changing the

conf i §0ETAPL@UdesTYRIidg tTaASFERYIOECISUG FoISOreEpgiiomer Hathesst kdee oerdeteoging, desi gn
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program 122. For exanple, these inputs may relate to the neéd for
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f dat. | at i f. th | ogi igns. In still
anot nrsdontialife i dn MICHOAET. g in§35% re08iam itk gesdleogni ze
when pRAMRSE WIRD@WS-dsmpdidle Mideica pFordde? fdppheaidiresand 10! EoffHid ciently

by 30 processing with no or limted context sw tching. Nonetheless,
al t er embpdigneahthegit et acerirpgram 23 providona stendardiApphicaigor Brggram berfat

prd orj r.other.inputs. Yet .other enbod]ments provide tiple
Clohe eSA 0T e e ARG arelfeanSh BRiasiof Gttt Bhrerelif vemtig M onstifras

| 0gi Csystkrd INOhKehele: V(A OiheBdinBEdi e (s LS I dgctalinY &)sehbsanV @ Bpammtidn 2.

I ndeed, in a further enbodinent, logic interface program 122 is arranged .

t 0 hasistam gilaranshipe sulpgr veutese preptmdR2E car battibzsde | ogi ¢ designs by
mul tiple LOgL a I Qg | . incl uded.in reconfigur e logic
it cult “aoRTREpIREhF 16 Bostst F1 GFnds MR BB R A 800 220ty e

routi MFQQO,S@&MwnGZ%ﬂchHBMe pefiBfmmde of tadks B logh MogahaimEbce 1ol ¢ 50
with ditferent | ozgi c designs 86. Even_ if different application program

rldqueeresatns bjask Z3Randgaeondiguablolgeic creyit R in pprjrkons bipek 23 dnmiretptians 122

i nst ' di ' o rJau r ' f h
ool | DEPRRSE B brob 36 £ elferalos Vel RAOMALLELEL B Rl sGRE)
gi verRLefueshiigympbledbbiy ciduftler Recéddipuratilea Peyk civduetdleinidnpestang régpard Oro
different core |logic designs, each of these 10 instantjations qr

"i nstBATSEEMPLY AEEHERITPRFTAINI MG TSd VithePRRMIFH IQBIGdRICHYCS BRJFEN Pt er f ace

program 1lgg a#rB%g?crL{i‘&'Fﬁ@%giBﬁuﬁ%@c@g}g%r Insizlfz‘HEénjaﬁxﬁ cﬂnﬁ&?ﬁ%@‘i’?ﬁ‘ié’ GelRr m ne
if a given i RSt antT af i on or I nstanc 1 0gi ¢ ofe5|gn req F B3
20t | VL, iooakbmaihiarign of uesedvednhguredde perdodicallyi siviich beswvadnroeedlpgicsdehiegslB6d. | n

i oraagBE dougs AT B i AR PrLACheRe BoE s BB USHIBI | ot -
and ' l[ﬂ'gig\%n'isr]tlg.r TR 6fe PMBOEFEN, context switching is performed by changing the _
configuration of programmable logic 50 from one requested core logic design 86 to next, based
on the passage of a uniform time interval between each change. In another embodiment, the
25  timing of context switching may vary depending on the core logic design and/or inputs from
logic interface program 122. For example, these inputs may relate to the need for additional
time 10 process a given core logic design that handles larger amounts of data relative to another
of the core logic designs. In still another embodiment, logic interface program 122 is arranged
to recognize when requests by application programs 112 can be addressed more efficiently by
30  processing with no or limited context switching. Nonetheless, alternative embodiments may
include context switching regardless of priority or other inputs. Yet other embodiments provide

for multiple context switching modes and an option of no context switching as part of logic

i0



15 122/ reconfigurable logic circuit 40 may be nodeled as a "server" 1f0fg 2004
these clients. In one exanple directed to multiple instances of a conmon
core ' sign, an encryption core logic design is by a
nurrbelr"‘sp Pﬁ?lgg:’ application prograns 112 that is enbodi el{ﬁqﬁ&a@g%}defi ned

| ogi c portion 58 of programmable |ogic 50. This design partially or
conpletely encrypts data provided to the reconfigurable logic circuit 40
and remqrr)ége pieeramidd ulepdgnpidarthes cobrpunest. logicuniaripeeorressor 1Bbs 24, 1t
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Pr 0gr b $fdnimabl el olgi @/ 1ot 50 164 fiderrif MdcohfipuabRabgiclcatuieac indtagoes). - Logic
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58.is configu Wity ¢ b -0 it need not 25 change.
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space 128 with a few representative qgverflow segnents designated by

r ef er eeheduledmdn spaesppagdence X9 thismapabiiyginstageesandier viney pragiam inicHashsesent
overf | £ or r i i p t . descri bed
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i m§ er flazkedonfigunabld logic dcen MDomS, B2 raodbl&d dshatseoet’t fspiome clients.ogi ¢ desi gn

i nstances 2 and 5 schedul ed for execution by progra bl e Iogi ¢ 50. During

¢ 9
cont ext swilk ERF FRARRIEWIEFEE & Bl Bs@acsspha comMAYFre (REF §F5181- A8t ances,
t he si : BV : f.f 1 cl ; i i -out put ,
and/ o £y Bt HBISRiCHCIEY isledu RRd by o uhiErior R pREAIATTbEme) 11g hat i€
Accor dinbgligd ioussridefined tgicepirsod 38bf prograi2Bable hegic 58. Tbsdlesignipartially or

programuabl e I ogic 50 is again allocated (o process. that particular
D ont cRPmpleial EnAEPE<eta TRV Beh i ME REGANEEAPS EEEH o &) AP NP EE R ot be

125 RPN AP A S, SrAdady gt na wccatuene 8
design might be requested a number of times by different application programs or the same
application program multiple times with different input data for each request. Accordingly,
logic interface program 122 tracks a separate designator for each instance; however, once the
corresponding user-defined logic portion 58 is configured with the encryption logic, it need not

25  change. Furthermore, when multiple instances of a common design are indicated along with
scheduling of other designs, logic interface program 122 can be arranged to provide the option
of processing each of these instances consecutively to reduce overhead that might otherwise
occur due to-swapping different core logic designs in and out of programmable logic 50.
Nonetheless, in other embodiments, it may be more advantageous to provide context switching

30  without adjustment for multiple instances of the same design, or to otherwise adjust allocation as

would occur to those skilled in the art.
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15 I't shoul d be understood that application prograns 112 requests t @3 AyG 2004
utilize reconfigurable logic circuit 40 may result in a nunber of

coexi s figs1yis tual programinterfaces. Each of these wi oR4-99r am
interfaces communi cates with reconfigurable |ogic ci rc\tﬁc{ﬁg%ht hr30ugh a set

of standard routines or functions of logic interface programthat treat
each | ogi c.desi g{}: i nst ance i nne onparable to a logical file. These

routines af88! CQBI9SEFE Iggh%ﬁgﬁéf"fa }‘?gloﬁ‘l‘:&érﬁ“‘?é% PIRY1§i6$ T@_e aé'?‘:i_‘b’é‘i‘{f _
| Nt er Ha&@oRT MeMBrY shade [ANARaTRehbS 2 i bdbiePloORIHATL nu&%&@‘iﬁﬁs argjs%nf;béa?- like

manner. Logic int'erface program I22 communi cates these st@andar
commamgsidry R0t Fegn S deploatoangbvediBow ceerdodiy\spacer LK winle a 14 re fdeseincae vel oiverdliow

| ogi oty TR E R ae-eshstes 12t d2PSAER oghl. Soprran Togagete ° ©
progr ?dﬁi&ghteo\)cﬂ%\g sOEnéMO{drebie lraem?g,gr B mE hdt Qe @ahep@gse%él@itne read or

write access to 25 nmenory space RL by vite driver routine If a valid
accessonnscitat woh edytineed Ol ifggirda S e menesgl 28be | 28duepredéhi i e facedis formaaosor dance

with the_.co ngd,. [equest r _dat.a caonmuni cated by_ conputer 22. Operations
232, OEGPE SPIRSHR WPECTHAEeR HC CERRR TOFIEHeE ke TRAN RS FRARCFUOVE | ous
rout i pRsrMmhigiseit Bb EDLARE cBR RN At et Biwkd é&w%giéu&@%\ﬁs%rxs ikaggag? desi gn
is loaded into 30 reconfigurable logic circurt 40 fromc rrpute% 2 th the

Cr eat @§@oees, Desizgrof meyneriyH@ rB8dOnatdbe suffiditrarno descddshed input compecaridior st h
the flow chart .of FIG 4. Routine 31 tarts with _designatio t age 2.
Ao o7 8h of & egiier il b L HERNIES BFECRSHoF T SUDENiSAS0 2201280 AL
2004 ME) B24EHARI B LSRAL6RA833 5098 BEATh AASCAIPINRECP IR Yark@EPcdriext
available in logic d°eS|gn mendry SO_"In one enbodinent, "this test is .
per f dNeesihdigss| wgdther embndimerds.suoly oasnflop2spashimal nobheneziesmrnor mepnd: f t he

f . ilable I i.c desi 0 si
o potlaist BaR [RRATSAR lorR  FiPRl ot ERGMETE O FE R bo

partilagjcw@{mqg_rrpl etely perforned by conputer 5 interface | ogic portion 54
and/ or design loading logic 70. |f menory space is available in |logic
dési gn menldsioutd be padarstaed S0 applivatinn eogrimé 1§32 rgueke® wtiizsustpnfigarabbay

| ogi re desi j . 1.0qi esi.an .menor.y 80 in stage.322.-The execution
of 1258 G50t R0k 84 i e S ST kB PSS A AT SE e
cont rnahuslfpré@8nGinichfabésf cveem i og e QWi th2ecdnfi@ 160 13 g BRI Y 4D28roaBHAQEr M 1/ 0
devi ce such as conputer readable device 37 to |ogic design nmenory 80 via
10 coAndesk ropy pes o Jeectiony PE9gis inesfacs proggam thap, reabeaghAeeiF Ggsien TBlanandin bus

o1 USRS HSREBR ORI, SRR AP P ARG T

dosi gn FGo3.elogin ihtedhee gtogdagn] IEmmnygeSChd Widdbal program interfaces in a file-like
manner. Logic interface program 122 communicates these standard commands/functions
through device driver routine 124. Device driver routine 124 generates each read or write access
to which reconfigurable logic circuit 40 responds. Computer interface logic portion 54 of
programmable logic 50 monitors processor bus 24 for an appropriate read or write access to

25 memory space RL by device driver routine 124. If a valid access is detected, reconfigurable
logic circuit 40 responds in accordance with the command, request, or data cormmunicated by
computer 22.

Operations 232, 234 are further described in terms of the tasks performed for various

routines of logic interface program 122 as follows. A new core logic design is loaded into

30  reconfigurable logic circuit 40 from computer 22 with the Create(Core Design) routiﬁc 310 as

further described in connection with the flow chart of FIG. 4. Routine 310 starts with

designation stage 312. From stage 312, routine 310 continues with conditional 314 that
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may be used in other routines of logic interface program 122. Routi ne3 M‘G’ZUU&
then halts, returning to operation 230 of process 210 of FIG 3. Fro
operation 230, process 210 continues with 15 conditional 236. Conditi onal
236 t QAR5 pover-down or reset has occurred. If a REEUSHAII or reset
condition has not occurred, then |l oop 220 is engaged to return to operation
230 to process the next task of logic interface program 122 in operations
bl ock d2@Zmated wheden tiegnorabae it egiibeiin ¢agid d&ken meopey &D.i Dﬂﬁn&)&r@t@jﬂuﬂ&# | f

a power-down or_reset conditiqgn has occurred process 210 hal ts.

Ret ur RS EESt & RESiRATES By Apeia mierdace pregram 122 whish apainiaing grrears; af i %ﬂ?%t Pbgi ¢

Memmor Yndiflory shaM'd/ARaB1e On Y a&%%%gﬂ% Solhonab, sHwRRdhlioRR2 1316

t est ow nmenvr Space is avai e I'n maln nmenory
depi ctledlwmaﬂe&mﬁbdlm\tﬁrrsf dhm/\zcxrmmr be ppRdly dr2Bmplaelypdefonoee bl IcOinsregrrent s
128a and 128b for X. an Y | ogi c_designs, respectiv

I
overf |naﬁrf§cﬁdeélcm§w g‘h@‘?ﬂ’?%{ SN lpeﬂms logie3iy légmcrﬂjégaqra i ﬁvg{eaaééné%cm. ch
i ndi catgs, %e&?dék?bero%ﬁng%éé b&n%@afﬁa ig@ﬁ&bm @M ng;l@cse%aw?@g' ng

i ndi cat18n st age routi ne alts contr returng
oper alégic des3gh mﬁmrp&@ssstagm?z fTﬁetemsnd:atcérsmoaémﬁrhtﬂuﬁdec\xemﬁﬁcnmgmanew

space is available in main rre ry e,x,‘fis tested b¥ condi tional 316,
rout i ABFe3GCASHER HOEY la%cgft% émcmr ag¢ REperand 22 @gwl%mémoaté-%rogram

122 dip&6k §n ggedetv&%r&%ﬂﬁ%%fgém#ﬂ@r feG@tie 4S5 &Hﬁ@%e&%%& Godgsi gn to

mai n menory For 2 depiction, may be such a
dedi gnomphwer dm&réatmlmglt iportionf Sahuc T, |l oaglineg loges'ﬂOgand\Ams 8east recently used

| ud f | terf 122 t terf 60
Lt ough: moREyn SIGremies Jih a8 oLt off SR oA rHASE PSR G B v ||
be 13,1 uAl:@n%QQéln I@}/f@fjiﬁgﬁcﬁ%(cu%ydgﬁliZ§§Lo?€€pllnarbﬂ@%ckl'3nQﬁc‘?ﬁér?rSOQl%ta' |

her ei naf t in connection with | dw chart of routine Z10 showmn in FIG
5 andxﬂalyéaermndawotdcraguamso:ff !Fglainlﬁr.fao&fptrmrasrt Bge R3ROipe 6¢Qtlﬁlma:&$0cnmuges

Wi th stages. 3%@0% 324, Zﬁ ?F rig._ed previ.ous, éé outln 310 thenhhalts
and cBheRSHH P rHP T BT & PGPSR edY URESA S 80\5’1“‘1°ﬁwﬁ G 3.5
Rp3It | BEndiéhaly¥6 bEoh EiRBALIO 6de s TTRAPoweE-dbivARS rdser IHs @t G@ed. Off adWRRRBRAT | at e
| oadi ng of a nunber of desired core |ogic designs 86 in nenor 80 Once a

desi r edresggiondities ihgnneeodcyred.ttereldop A20nsrrnggeegioo retu mwralmn

interface tp that i,gn stabllsh e act vatln

| et aReterfe el 1 6Be i TR to R Ra0N oPBakings bipdk 212 874, 205 Lﬁwf%‘%
descr |da@edcikdhi @ inRpkiadidonyblodk RBe. [l apwwehaownedr rEdetottiass hamcmemr y
diagramof FIG 6. 10 Routine 410 begins with st age 412: where 'ID is the

| D of pepcewr’dOlhelis.c design previously created with Cr eat e(Core Design)
ribut I he 31ﬁbtu%gg tg)&ondﬁor?al §?Jt 8Ff=ﬁ'§j 4 f'sB«raéctiX nl)?é/\?aklabllérirqrﬂgﬁc ?r%?nory 80,

routine 310 continues with conditional 316. Conditional 316 test whether overflow memory
. space [28 is available in main memory 28. As depicted in FIG. 2, overflow memory space 128
includes overflow segments 128a and 128b for Core X and Core Y logic designs, respectively.
If overflow space is not available, routine 310 continues with stage 318 which indicates a failure
25  of the Create function and retumns a corresponding indication. From stage 318, routine 310 halts
and control retumns to operation-230 of process 210.
If it is determined that overflow memory space is available in main memory 28, as tested
by conditional 316, routine 310 continues at stage 320. In stage 320, logic interface program
122 directs the transfer of the least recently used core logic design to main memory 28. For the
30 FIG. 2 depiction, Core X or Core Y may be such a design. The determination of which logic
design was least recently used includes a reference by logic interface program 122 to interface

memory 60 through memory interface logic portion 56 of programmable logic 50, as will be
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412, routine 410 continues with stage 413 that establishes a
| ogical/virtual programinterface for an instance of core logic de%ﬁgwﬁlzﬂﬂ&

W th W &lﬁnterface program 122. Stage 413 al so assigns a uni que instance
i dent P16 PD for that instance. After openi ng a progr& Vi@ Pace in
stage 413, 15 routine 410 continues with conditional 414 to test whether
programmabl e logic 50 is available to execute the core |logic design ID

cor r €Xplamtidrip sreatardetandwirsinafsrie donmstiamedthiBR flolf cHait dfsoutinead I0ahben i he

core i ign ecified i s. | oaded_into progranmable |logic 50 in
ot ng1ER End R emBB et M 1 AtGrGRGE HalLORHRF GO0 FeTamaF vitbgrages
i nt eshaeadBRegs 888ciBed bevRxRGUESLR 3186hetIg 238 c@ﬁfr&erS%}n%%B%gQ%}i?ﬁ the

core logic design specified by ID according to its assigne ority
| evel23Plof prpesisat)d ss8owmin EIGI 3.her stage 416 or 418 is conpleted, routine

410 halts @n trol_returns to eration 230 of process 210. Regardl ess
of whi ch Soac 14 bf rEPSACEs BumPE P eda oo ca 47 ancippEPa leadies Phn | D
st or athuinibePBN&YsYredQoteSogieideYidhe d6 i bgynl L Yicl hnto
programmabl e | ogic 50 Vi a I5ad?%§5%%g?%§§%'g?kggﬁgaﬁ%QED?égagﬁgﬂ'?oading.
Thi s stosrdiingepeocids g vimudl poessamenttifage @3hapgesigoris astebiiihee oy baivatingm | ogi ¢
i nterifng%gi rQgram. 22 Vtﬁ’ qev.i %1% driver raouti r}& %’ 4 to, design | oading
| ogi ¢ TR0 St PEF S 'REEAFHER WBYE GRsPHPo R LB J0utins&ilgdunhsadi ng [ ogi ¢
70t Hederibed ANCInRB&idn@iIREHY 06K cAAR of P1G I A G Wesh @Y Bh-daskengted by 1D
via bus 84 and 74 either immediately for stage 416 or i n accordance with

the Benuprif ) begingvite siage #h2:svkaye ‘HA'Ss thasiD of ¢ bwre logis devén pizeioGslgat e( Cor e

Desi i RE, en(1\D) routine ,he repeated. a number_ of 30 times
Do St Eftarck 8 BN Rt 41 SRS 2 o B P FBO gl Fromsitee! by, o
desi gIe,irosirROcontihliesshigvbidcbe 1 REE e § wcﬂlﬂiﬁaﬂgfogﬁmﬂqé%@tf& t he
Create(Core Design) and Open(ID) operations nay be conbined into a single

r out FhEISERNCY B kAre MgigiesisHiD withHegic interfece piogram il 3As Stagd 413 3lsARKGIABAM WO
01/ 6 I ne. formof.this conbi ned apprqach, a n core
. &lﬁééﬁ l%g% 1 égﬂ%‘?ﬁ? rtl'plbﬁla?ms& CE. Lft%li %ocnllrg_rga? BI'OérZ}I‘E ﬁﬁ?r?%ﬁ,m alﬁae g

| ogi c design IS recontrgura '0gi C

desi gotinadtGoarinuds tivhidoatitidnalng I4emneN $detter priRHabRAogiOYDS LMDl to
attg%ts to | oad the same_program.instantiate a new i nstance, but do not

r el oREHIEhGRNE (ogic Aes e D rgraspendingriathonavdy mpenedsinsianeenl Badhit is

est k 1 NS . . re.loagic designs 86, |ogic
ot o e i 00 SR b bE DR Raltd o ERisEarp R 105 P e B ng
cont4ldl. Kivisioouaveilgific ahd s¢hridater apaineuwf teti€ stedfe\iragRanmy e kxéduterthace
Iogich qrtion.54 and nenFrX interface. logic portion 56 of progranmable

| 0gi ¥ %‘@’ © 8 Pl er PHATGER) PO COB AP FES B AR BbY ID arcasdinatets assEmed t s

ol RS kS Y O R £ PR LGSR 1 oo

control returns to operation 230 of process 210. ’
Regardless of which stage 416 or 418 is executed by routine 410, core logic design ID

stored in memory 80 is activated either to be immediately loaded into programmable logic 50
via loading logic 70 or scheduled for such loading. This loading process includes sending

25  appropriate direction from logic interface program 122 via device driver routine 124 to design
loading logic 70 through computer interface logic portion 54. Design loading logic 70 then
transfers the appropriate core logic design 86 designated by ID via bus 84 and 74 either
immediately for stage 416 or in accordance with the schedule established in stage 418. As in the
case of the Create(Core Design) routine, the Open(ID) routine may be repeated a number of

30  tmes to establish a number of coexisting program interfaces for different logic design instances.

It should be appreciated that in other embodiments, the Create(Core Design) and Open(ID)

operations may be combined into a single routine or function with or without other operations.
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10 corresponding core logic design is added from | ow towards high ”qnﬁﬂpGZWL
where the ellipsis between structures 66 represent |ike structures tha

are novofeysto preserve clarity. Fromthe highest adgreggolemey ds | ower
addresses of nenory 60, interface control buffers 68 arc allocated in sets
for each instance |11 D of a core nenory design. Again, an ellipses is shown

b interface buffers 68 Li ke buf h
pecr APoaFIy T pf 8y rolbeEEd gPipheh PUBY T8I0 152 BBt RERh RO REPER S8t ur os

66 andopiptcatfiass, oidf § RER: &RignSins@s@niBAREYd TPRERNSYtd e rddinbS bueL8dedhat
dynam cal |y chg;}ges in size depending on the nunber of allocated control
st r uctalemplsae leatthie sarme fpaegramunsientsate 8. nep iBsiaged, blugda nettrelwad thegfceigner

detail a representative cont tructure entry set.69a for e. of the
Cont rol st Apay Betgienaig By €l Adh s BB mped Tt fogiafts BD% ohe of
I nser feagelobizf dekivnt BONok RS inte#fica pelRsaraNat afo @fetrsihd Qedbhiskiashi@r a( | D=Core 1).
Entry 66a specifies a unique identifier to designate Core | as the
cor r espoasHongingsgngobesiciereftrand hetegfage puffarts) 68 véx compterinterfpcesidic | ncl udes
data specifyin he ti f _las e the instance |1 The information
' entPial 9 oohy HReafles 85 oo MR ogied0 e gk Tl BRas
| east boaeSNileynodp 60 id diastaagfe BEOmMOts lowWestidda:sS iis KiBhdst GdrBssalFeP each
illustrates in greater detail a representative interface buffer set 69b.
| nt er fissgance B that haebeegapened inaseardanes Wik epvtinee LBuF eaepl sBucitiedeathed t o
thg | Qqi i i nece.JI. re 1 |ogic ign.wth the control
15 uc B e R g Lol ORGP P 188 6o B P BPL Bt he £BSBSA [
poi nt eewtdeatsiragesdsfdsaspiebentdikastirungred dekit @sSnotthowh €6 prreaveeREly Bonmdhe i nput
buffer 68a of set 69b, Entry 66d of set 69a specifies the size of the .
i nput hihestcaddese towarep fayysi ggresies 9 megrpry 6P wierbge coriral buffezstaScpre pienaind
entri : ' ral,. st - - IS stored
ini ngﬁ%quscfr £ g&%ﬁ%“%%%ﬁ%ﬁ@?%#@rd Q%gﬁ)’cg‘s”g?‘ héﬁjg@/‘% é?%eocq&ﬁ%é'aéfnst ance
| | D ofinttiace tiffees 68 loagpreseadilgrbulfess tharear¥\hbt gietifidhil§ Dhetried td prebevé ur t her
de§cri @%d hﬁr einafter. 15 1 3 AUG 2004 WO O 16%525 PCT/ US01/ 0473; Entry 66e
coRtaFiGy- BEMSER AP Fpgtustest intertace,Bpkigrs 03¢ STAHLMEMEFY $RIGE 44

. ¢#fr ess of

out pu ' [ t, k i s the
R P e ol o S s i SR e L

t hr ougtuaudes 6&9nd GagrigBfbuffers 68 correspondi ng control structure 66. Data

is read fr%o‘#ﬂlg%t buf fer 688 bﬁ con;puter. 22 W t{] t he Read Ilgé Euncti on
to 5 be fuFttie? IHHEUREP HLereRiET SFAUATEPTeSSAIRtY e SaP IRl sUarsiise FHBY €L farene

r esul betheRbAireadrBN:réY 68 CBRé SrtSF setl8dRark RriaRPAH ol Rite B4R iMfokRafidiefoFor e
| logic design for instance IM Entry 66g of control structure entry set
693 spdesignaed Ehee klogra desigadBFEose b Entgt Ghasppeifites unig8e idshtifiertter f ace

2;‘;{ gécs?gntazee&?fe Y 880 Rhab8N5£i2 e Sikh Y& HE BafRR1aP REGHEL By MRS 28 Of

includes data specifying the time of last use of the instance IID. The information in entry 66b
can be referenced to determine which logic design is the least recently used in stage 320 of
routine 310.

25 FIG. 6 also illustrates in greater detail a representative interface buffer set 69b. Interface
buffer set 69b includes the interface buffers 68 allocated to the logic design instance IID of the
Core 1 logic design with the control structure entry set 69a. Entry 66¢ of control structure entry
set 69a is a pointer that specifies the starting address in interface memory 60 of input buffer 68a
of set 69b. Entry 66d of set 69a specifies the size of the input buffer 68c. Accordingly, input

30 buffer 68ais allocated through entries 66¢, 66d of the comresponding control structure 66. Data
is stored in input buffer 68a by computer 22 for processing by the requested instance IID of the

Core 1 logic design via the Write(IID) function to be further described hereinafter.
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buffer 6Sc. The state buffer nmay be used for the storage of inter rreqii3a$l% 004
results during context 10 switching, to provide overflow for input buffer
68a a r put buffer 68b, or as would otherw se o t hose skilled
in th%@t@gg her control structures 66 and interface ﬁ’fﬁﬂ‘é"i’“é@?of menory
60 are configured |ike sets 69a, 69b, respectively, for each instance |ID.
I n ot her enbodinents, the nunber and type of entries for control

st r uct ur es EBBY %8¢ of spyirol sirkeinressntry §e69puistsaicimerdo thepuamingiaddes$ ateutpant r ol
15 bu iffere id..n [_apd e nd_i ndeed .oay vary from
one t Ic’)'gft(?(ﬁeséE'g’gjxf trﬁ?I %g?&, %l’fhrgge%b' c%‘rlgu{gggf)%c‘@%ssi% E‘%e SEo?lgﬁﬁn%lﬁg:ésqrggn

i nst apeesdinlgly, @0Huv duifat 68Mis aBocedamroddtifen@iesi68e WHE A e ofes pati BEhdol D

for storing both input and output data. The allocatjon and storage of

val uesiryciire 88ntdaga isgead remraspp Gufisr 6&mlncamnpyterrBnvith thet RerdélIPMf yrsyioh éo
perfo boG fac ram 22 via device driv

ol | PO CeskRRRY Blrei e P op LA R RE RIS oblhedP iBer Pingdl ogi o

por t i da bbinpOt biFfer@BRIWIAT theTood 1 146 Besi ACRRKEkiaNgE YID.t he al | ocati on of
scratch space 67 follows fromthe size, |ocation, and nunber of buffers

defined byEwExROHP! eomital sructyreranstysetdaopeciRes b siandn sastdresstod asirse Beffon 230
oL P! G55SRl O LLdB. Enety 66h Y dhfibl ikl HBEE {2 Qi OBOL BF {05 D OCK

232 is fur déescri’bed 1'n connection w routin ed’ 1’'n the

f | ow buffer 8ar Thekiatd $affef mal bel Bed FE)the Sotdgaf itenddfaidasshios amehd eonéavi de
i nput data from a_requesting application program 112 for processing by
rl@e onFYik e FRPIOgleco verfiQw for inputpufer 683 @andiar antpalcuifes 68Brerms Mldnd devi ce

dri velind Qi ci&:%u}?oﬂ‘tho;@ﬂ'ﬁclil?%ﬁ%é %'P) function is only perfornmed after the

correspondl ng | nstance has been instantiated. Fromthe designation in.
stage 512a0theoubntred strodidfes EGEnd imiesfadd Buffer 06816t mematy Gllde.cohflieg@ddikei onal
514a, routine 510a tests whether the_30 particular core |logic design I1D
has pEisdPat §74 sespexievaly ifeneasy inyancrd iy hererpbadinenty ibapr@ber 3 ¥Pept cui t
40. 3 L QL] .G, OF j nor e
f act c?rIII gj.;bs ut: '#t{%ts graés/m%gr?gi ngl uagé L%%téﬁ}tféé aeﬁﬂl \?nebgg%/?dgﬁ?t@%?ﬁg%e{&%@%g?[t he
M&r i dusfeascdd may ibashfieressin nibeSarilGp2 00 iWRed MG 1a2H (BMTdndS0hO 853 Jod 1D,

t he appunt of tine since iven instance |1 D has been given hardware
or | ordiISTent gse IREsF desiEnsronlote Ssien SaBFSS dBRE VeI & OPBRIR RTTE s t5edo.

and/ ofy dnh@sigy@ MBIbt ib¥n®bof iR aWB oBrguPHira NEhe RIALDRRAY StofZeMAVRIRS hHST @
few I'n one form priority is determ ned based on a status flag that is

updatcedirdl semwctureeb tortepchedibsed irstanco llDhong be petfdrasw dndonaoraged bylidgithe core
00, S5 loRiat G5 L08R DA UL L 58 L Shedbe SO0 L nel314e
P R R Lt PRI AR RSHTERS r i 0. 1
space 67 follows from the size, location, and number of buffers defined by each of control
structures 66.
Referring again to operation 230 of process 210 shown in FIG. 3, a Write(IID) function
of operations block 232 is further described in connection with routine 510a detailed in the flow
25  chart of FIG. 7. Write(IID) routine 510z is performed to provide input data from a requesting
application program 112 for processing by reconfigurable logic circuit 40 via logic interface
program 122 and device driver routine 124. The Write(IID) function is only performed after the
corresponding instance IID has been instantiated. From the designation in stage 512a, routine
510a continues with conditional 514a. In conditional 514a, routine 510a tests whether the
30 particular core iogic design IID has priority for execution by the hardware of reconfigurable

logic circutt 40. Such prionty may be dynamic or static and may be based on one or more

factors. Such factors can include, the relative priority level PL of the various active instances
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| oaded, stage 518a is engaged which waits until the appropriate coreq 3 ggg !0t
~design specified by IDis swtched into the programmable logic 50 in

accor aagegsibi h the schedul er routine of logic 10 interf@gpsi@gzam 122.
Typically this wait is for the next context switch. Stage 5'9a Is next
encountered in which data to be processed for the Wite(lID) operation is
pushegPSn o the orres ondionvg i. nput wrfler of i ntﬁrf ce buff.[erEs;l 68. If the
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protocol -" ff frelcBe: RERIRERN ihREndeNED dodehvi RELARCA il b coldilibml sager

type, as tested by conditional 520a, then routine 510a continues with stage
522a troutapdila chetinuee mibspoddiong! Tidrewhighiasisduhdtpgs. hRevrespendrp gorcHegic
returns to.process, 210 to awail,the 20 operation. Li.kewises. . f the
ost GFeIEB R o PedetrrEh LG ina o e or R inbaf LI IRt b e
eager |daue8, stiddey] sh Neerzabdd RRichhOAsItilMRSpphiobREk|cYrd IOzl ReRGSpedified BOM t he
negative branch of conditional 520a. Returning to conditional 514a, if the
i nst afi@ds pwihegantoribe plegrammpblsregiy 5P on ageardangs with eheetchedyar roulahof ogid ne

5 ' i s .l 3 he..l - h | d
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di d ha¥@upkdréd int Which 8ataRs be@dodesRuifeetle Mo @(IHDS spwadtions o pubhed ihfvahe enul at es
the corresponding core logic design ID. This in‘put data nmay be stored in a
cor r espaexPondine dfrupirEen ofjnteriage pulfers §8. 1fijhe et olrongiionalid | Gads affigmgetive,

condi t,i.on 2a .S € | I t-QC as
cond {10 ane 32684 BB EHSESD KM E AL BrdnimBARR IBERSDE fHen e
condi il ONploc&de @irettherd sidpe Sihtfan chebiemuivabiawh obubadicona sappl i ed in

stage 534a. The Wite(lID) routine 510 then returns. _Ljkew se, if_fhe
pkdtocol t Roetng S Hixthen resHmes yyra prgipsol ‘Fﬁé‘hc?%‘t"?’}?é-sgé'\‘) Copditiopat c?iz{);éct ly

from i bi.i : ) 2 1525
T BB e, AL BRR(S Plr cEROGIl AR AR appled HAHRA Y 43 P s

descr rdigikeisnOL onnéeigeo prowvddi.” Habe proeocsll o tiebegiagd ediance Hbeisfof dw aigen t  of
FIG S Read(11D) routin Ob,is perf d to obtgin o ut data, rel ating
ot hiy/RSr BHESEH R CRTeIoREL SIPRVI by AREoT PN T HEEDerRoP ARYA™DT ane
or  npLe s\s\g,ﬁaiﬁé kbodibRELiERNRoLlin @S RRAMHS e Rurkd {0 brbQUE 216 1S3V tHeldeRW se, a
Read(TTD) “funcfion i3 5 ofly performed after the correspondi ng instance IID
h2s beperaiiotst ikt wist af theFestmftcoeditional 382 isovegati ve-shaigeths pzptocelos npief tBd 0b

conti Qgg%? t)yp\!ic:[ [rflleg?hr!:dIFOElfiil('?en? JOaSr]éf'ut%hs et iytl(i) 81%%1‘.555.!]16% N E}Ieorqcrrg%ti'{r@granch of
conditional 520a.
Returning to conditional 514a, if the instance IID does not have priority for hardware
execution, then routine 510a continues with stage 530a. In stage 530a, the input data that would
25  have been processed by reconfigurable logic circuit 40 if instance IID did have priority, is
instead provided to a software routine that emulates the corresponding core logic design ID.
This input data may be stored in a corresponding software input buffer for the emulation routine.
Next, conditional 532a is encountered which performs the same protocol test as conditional
520a. If the protoco! is of the eager type as tested by conditional 532a, then the software
30  emulation routine is applied in stage 534a. The Write(IID) routine 510 then retumns. Likewise,

if the protocol type is not of the eager type, then routine 510 retumns directly from the negative

branch of conditional 532a.



same test as conditional 514a of routine 510a, regarding whether ther3 aug 0
particular core logic design 11D has priority for execution by the
har dwicep1fissseconfigurable logic circuit 40. If the cor ' esi gn
instance |11 D does have priority as tested by conditiongﬁTg%%%hﬁ?gutine 510b
10 continues wth conditional 516b, which tests whether the correspondi ng
core logic Si is |opaded.in pr mmble logic 50. If the core logic
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i 5 al §A3GkrbRAdEstdrih ' Qbieae
di%r ec?l g%%gbcondi 'Eir(gnfg‘lgd?% b fr"’oﬁsgtaﬁgé affi rsnli%9 l:?\li}'éc'E lrdg!r?gh Fgéﬂghoeg%?%iﬁgﬁga
516b. inGeagdi X! 2braktis2 § D pramvindesswitih eorsBitien g 508 nc Gbndiashaldd 46 padotnisahal s
520a, 532a of rqﬁtinq glOﬁ ta dg&ﬁrnine_if the instance IIDis of the
eager SAMAIES 3 FoRgiHopgl pdAa phauLng 193, Frgazding (whther the Putclarsare logisedestaren
st agerrbaAb phidr PR ' i | Of jeC
A 3 A R e T e ot
eagerlogyplesigs insartce dI goesdradte priorigy as324kd by leemdiriond] i5déb Fb0bngs iibeeds
iyectly fromthe affir ive hranch of conditional K 520b to stage _540b. In
iPageC%'ﬁBb“:s Y*ﬁ%cw@%@?& 3Fot 31 egiarherher s SErsPORsting Frredor 8sphll iy
Out PUbaddlih BFoimhabRY baeS00UF fHelcorB oRddsines : i a device
dri verar o_tjt ?noe'” 111214 to bg&ZS ret urcgédl%t’%y‘%éﬁgﬁggggggggzglﬁr:ggg%%ﬁe?éti on .
pr ogreperalivd .51 Retiuengaged whicboyrlistunohtie @pbddpriaid cdrb o gind¢sagrespetified dgdp inot
have prjority for_ hardwar execution, then routin Ob continues with
condivisAE] ke b PropRET s 1B PrCY AR BE i he oG SIBRE onal
520b.inleffatdiproklesd 128, TOREAIY BNAkaiDRABr ihe RROASH¥E swiltRL RioBiife SAMARSET
instance 11D, then routine 510b continues with stage 534b to apply the
daul gesusressoth gendetiorab 2 df 8B psted seuditibnarf 168 sxpf 5B 4lve. thasisahedsd2P t o

provi de t he out dat a t .reguestin ligation ro m 112 produced
by 1% SRR VR D i ArBed b B R SRR PR & sBgntne Plemostael of
condidifeottato &3dhidnal sE0D frdralthe/afinnbate bankhef diahimaesldd) i s eager, then
routi ne 510b proceeds 18 1 3 AUG 2004 WO 01/61525 PCT/ US01/ 04733 directly

from the &fgnditipnal §0mpramides Be sematirploce3ey as gorditigeal 53200, SpRaef mutinkl Ob

: : f . ' bot h
Fi oo 10 e ARERING bR BD REF U BRECRRR ISR engt T A8 oy

2P pe ehgerayse, HeaGemsi IIbiderkbagercdddmcPp kpSiddand®totdipondingebatiegic dadign.i nput
in stage 519a or 530a, 5 resgect_i vely, as part of the performance of the
Wi t &QUEps§ S ueemiieusy Btagadd8p-difigsynceddds gbthe cager type as tested by

conditional 520b, then routine 510b proceeds directly from the affirmative branch of conditional

520b to stage 540b. In stage 540b, the processed output data is pulled from the corresponding

output buffer of interface buffers 68 by interface program 122 via device driver routine 124 to be
25  retumned to the corresponding application program 112,

Retuming to conditional 514b, if the instance I[D does not have priority for hardware
execution, then routine 510b continues with conditional 532b, which performs the same protoco!
test as conditional 520b. If the test of conditional 532b is negative, that is a noneager instance
IID, then routine 510b continues with stage 534b to apply the emulation software. Routine

30 proceeds from stage 534b to stage 542b to provide the output data to the requesting application
program 112 produced by the software routine emulating the core logic design. If the test of

conditional 532b is affirmative, that is the instance IID is cager, then routine 510b proceeds
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the data has already been processed, it need only be retrieved in thez Au; 700
correspondi ng stages 540b, 542b of the Read(l11D) routine 510b. In

cont r ao,01f6@d252 noneager type of instance IM Wite(llD) ﬁ{%ldhb_ﬂ 510a
inputs the data in the respective stage 519a or 530a vvitﬁgu appl1cation.

Instead, the Read(ED) routine 510b processes the input data in stage 522b
or 534h, r.espectiv . 10 The C_ ose(l routine 610 is detailed in the
f1ow cHERFHY ‘Ef)’”ﬁk@a?é.xmf[tvei@a'ﬁfé‘rcffdf’ f’)&b 1Q 8128e Pt | §owingsH O retypeno

| NSt angGcdsk P @hftbOfhirfor@anded sddedy2gst abl i shed with the Open(lD) routine.
Fromthe identifier 612, routine 610 continues with stage 613. In stage

613, the coRgerringodotieElEm 7iand Bainckoudll Deiuadeknsd that Routsianee GIDoF Be 4hgs

W th cond'tti onal 614.0.I n cog?.’;ti Oﬁ@%l g_‘14, Iq(i%i ¢c interface program 122 _
tests et er HTPEFSHAS '? Hasonf? 9" aREmegpsse _ e‘éﬁ?‘?é’?ﬁbﬁﬁ?‘ﬁ@ 15295580804 ¢
gESI Ortedgectitdl y,'atg Pgﬁ%gtuﬁ?p&fﬂﬁhah&%ﬁ% & ri e i) Hﬁtiﬁgglsé? “A%éwggéwéb%ﬁ&age

15. In stage , ag is set to indicate configurable I's free
t o acdbpdatahes degadptdsemyprocdised, if heeg andinbe erieeddn ther coresplrdirgnakged 5408nd/ or

2 R MR Lyl o e NS, Bl S
condi trb@ii! 5104 4nps tHe ALK iﬁ'\ilﬁ’é‘ﬁelsp&}-ﬁ: rsﬁﬁggt%%[ & ma"mﬁwﬁ?ﬁgﬁlﬂgfﬁn.i Fhsftaf €0UESt

pending to utilize programmable | ogic . Such request’s are mal ntai ned
as parhe Bead(HP) sexigwfl 10b prengsien ehef iopud dag i stageciRhoe Spémgespective?@. | f there

LI aor P s BB P ne DI e FORRE St B SeluiSkrramanio 0
execUlstiagr Py elotd faperdihdatde MOWTIAEe Gdfgd af LI Fh e with 1Re bﬁgﬁ(‘ﬂ)flSSi gn

can be executed. If there is a request pending, stage 620 is engaged. In .
st age r@gme} bgine theridem e 6L prroguinmé Hodnirecuvik siags 6 5% hindwdger6 3o Ukicoes t 0

| oad L COrl ogh-C. 25 desj oy rogr ammabl e,.l. oqi 0, or serve
anot hggs BEfer ¥ far O DNs £RHE R Bl 1D BLAREATTR Portig L 68 plrcond el
det er Gilmadgibyntefaet progriat 1 B &stsveieihen EITH MAs B dry AlRthnE@€b MR okr@spRRBIN3L | ON
230 of process 210 as depicted in FIG 3. The Rel ease(ID) routine 710 of

op2r afPiEriegio dosign Iy Ak haves the enly instange.trputing LY eonginues Wishseged! $.nlnmge 10.

Rout i Y/ j : f. ok . e t . asi r caore Logic 30
oot 68T 5 hog 5 P UMERL bt Sa Be RetiC RORIETD oo AR dBlegt s gt
requi beseatiifat caalditidnabB bhartior 3 6 ffroitinz0 1® begiemirs ghekDogie detign esh bd r St

W th Lﬁr}g qlCl ose(l1P) routine 610. Fromthe identifier 712, routine 710
pr ocedded. oRautinsed IPithen proceeds frare siags 627 oy peerbivr Frsuitdentanditinal @4 or use

by a d&hdlichaf 6 ePRRe 9%@&@?@J&Q&V&gﬂt./spﬁ;%gﬁlg%fufn%? B{ FMFLIQ% c

desi gn. Routine 710 then proceeds to stage 0 purge‘tire releas core
| 2Yyi cSdeSudrrefuesn mt onageined ab pagt of the stiggduleronynedor ik mmnfow eeddraw space
may be accgnp] i shed by marking the

22222#%@5't%@%@%5 s Sogs B Rreosadhy LupCEHLNCIANEE AKYIRIN BF 1 o

take geitdMimitle BRSSO, PHisF1a389h BB réddf WhdFdAeLiking ¥dnQltional 414 of routine 410 to
determine if a logic design can be executed. If there is 2 request pending, stage 620 is engaged.
In stage 620 logic interface program 122 executes its scheduler routine to load another core logic

25  design into programmable logic 50 or serve another instance [ID. From the execution of either
stage 618 or 620 as determined by conditional 616, routine 610 halts and retums to operation
230 of process 210 as depicted in FIG. 3.

The Release(ID) routine 710 of operations 232 is further detailed by the flow chart

depicted in FIG. 10. Routine 710 is performed to release resources set aside for core logic

30  design ID established with the Create(Core Design) routine 310, and requires that all instances
IID for core logic design ID be closed first with the Close(IID) routine 610. From the identificr

712, routine 710 proceeds to stage 714 to free the core logic design identifier ID for use by a
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5 stage 716, routine 710 halts, returning control to operation 230 qf3 AUG 2004
process 210. It should be appreciated that in other enbodi nents, the

Cl oseild He1853d Rel ease(I D) operations may be conbi ned Ejd:li}’l%ﬂ%fﬁgﬁ'gl e
routine or function with or without other operations. In one form all

I nstances | Mof the core logic design ID are closed and the core |l ogic

desi gn nor ace released Ln response to execution of this combined
Fout | e SreTb e ADEE esieh KBETTe 41 LERRRSRISBI G G0 10 Biree dheTe At O anot her
enbodioBRMesih ftdif sRITESERtogic MaBE nWorWBEMAd hh Jﬂ@dﬂ&@&ﬁé&%&%ﬁh%am
represent |like features of previously described enbodlnents.
Recormeganabt.eThis giucgecingr bt accomplisbed by avacting Jealsiosianid memecosacgur bl e

| ogi ircuit 40 of system 20.. Reconfi ble |agic circuit 140 i d
or oorFRBIE Py aF et B Pao e OR R 1952 GHER SeTei S A ace

may heagel 7006, RURANRI7R0 Halts, GOMPAih B Bokteol 16 opSraGES ST ofiPtscedd 286 11Rhd 1§ bEaSE Of
system 20. Programuabl e | ogic 150 i ncl udes conputer interface |ogic 154,

menorapprasiaied Wiekin ghtcemplimand. the &ilog@iPhantl Regisc(IPo opemtiof8magbaput er

interface |1 pgjic. 154,is coupled to copputer 22 rocessoy bus 24 d

| oaa Sl s gy BulR B el SRR PRt By e RRERE o dedti Bbd 1 or
CONPUAKEndBTEY bAGR dofdiogiddisidnaD &4 cidib arldhhe @B 10618 HesiBn RaHP9pdegi ¢ 70
of reconfigurable logic circurt 40. 20 Menory interface 156 is coupled to

i nt ertlgasedip aeapPnseslo drpcyrnnofyhis gembineg4quined  164b. Interface nmenory 160

i,§ conpri f . evi ce . devi c 6Qa anpd nof devi ce 160b.
B r P G, T e T e R o i 4007 B RS e i
cont nglensiohPwheredike k6Recncd GGMer S feptdsbnipagesuks 6Rprelblbly f8ekiteat er f ace

buffers 168a, 168b, respectively. For the depicted exanple, nenory device
160a cgthodisetsnReeanfigurable gk aeed 4Qds DBerchangestie withuesanfigunabBalotisr a Core

11o dgsi ' 60h. St : tructure. b and
ot ort L TRioP P PO AERGE 09 R AT FRRL BBl ke FP 167
par t iitedacd wisiocohpiter 32y wihiat sndintedfiice npgite] fon edifiple sy esiptisg iwone of the

dgvi ces 160a, 160b,on one off buse,)s 164a, 164b (a | ocal access node), while
A REKESSPS bEs A4 a8 bbdie cpsreOlicypism ¢t Piegragpable logighad includepcasmpytie ot her

bus méﬁa%c]igéi@ 2, ﬁﬁﬁﬁﬁmﬁrﬁéﬁf%ﬁ?%q%aanvﬁmq{s#-tﬂﬁfe&%g§%c gggio%s?%eﬁd@ﬁ of 30

progranmmabl e~ ogi ¢ 50 Tgure esign, user-defined
| ogi entprdadei Jopic384 is aougleot vl dompuaresbysproatssbr inpdant 6d=lin glodicok70i it lersf ace

buf f .168a,; d t 2 t el devi ce 160b
oi mul {4 TEPgE rRERALS (P51 PR EPBRUIE MirTgF MERBPGIondg busst an8 AL
2004 4 P 1da83A8 s RGY d1S0ddiirblAblel REiCqruigg ed with the Core 2 1ogic

design, "user-defined logic portion 58 can |ocally access scratch space

1B7b and/ Memeryanteaizee bf fseroupled8b intematecoempotyel602% roemorydmseel 6dazndess

devi ?&b.lg?grfa%ie nnye.!rltlc?rr)}el%ldsil‘. Xémpn'scd of two devices, memory device 160a and memory
device 160b. Each of memory devices 160a and 160b includes one or more corresponding
control structures 166a, 166b, scratch spaces 1672, 167b, and interface buffers 168a, 168b,

respectively. For the depicted example, memory device 160a stores control structure 166a and

interface buffers 168a for a Core 1 logic design and memory device 160b stores control structure

J
wh

166b and interface buffers 168b for a Core 2 logic design. Memory interface 156 is partitioned
so that user-defined logic portion 158 can access one of the devices 160a, 160b on one of buses
1642, 164b (a local access mode), while computer 22 can access the other of the devices 160a,
160b on the other bus 164a, 164b (a remote access mode). For instance, during operation of

30 programmable logic 50 while configured with the Core 1 design, user-defined logic portion 58
can locally access scratch space 167a, and/or interface buffers 1682; and computer 22 can

remotely access device 160b simultaneously. Likewise during operation of programmable logic
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This parallel access capability permts logic interface program 122 {9 9 AUG 20 []L
send/receive 5 interface information with respect to a first one of device
160a, nﬁgg/ lggu e the executing user- defined |ogic portion 58 of

progra Pi2?3 ogi ¢ 50 utilizes the interface informati o HHMNEBscr at ch
space 167a, 167b of a second one of the devices 160a, 160b. Accordingly,
greater efficiencies can be realized in conparison to a techni que where
acceséSD@Onfﬁ@deéthftm@ormhw deBigrbysevriefinsbivgist pirti @25 H rarupelt ekt ned

| ogi c on rmt at..a en tinme. Typically, 10 renote access
by “coRpat: [cbr8Bs 4855""’ "BFﬁfﬁfﬁ Wf%gghs b ERhETBRHSER rcap 7o R Y aese sxviseed

| ogi clﬁpgglmuqxane‘iﬁs@[e seeki ng access to one of devices 160a or 160b. It
shoul d be understood, that nultiple.control structures and correspondi ng
interface Thistgasallsl famcsmﬂptabﬂitbpcmtsa{nyesmndgccn:eommblﬂuorscmui!tdcewcor rrermry
d ce a_ and 160b. For such. arrangenents o] xt . sw.tchi ng ma

o angher RS PPRac vt ifpeetiB g g PR koislibounls s fae as e

devi cgefl@daoa0 horRiAS8 FHpracanthafl® Mgid3d ke XRNRlefracd Q{for?ﬂﬁ'ffoﬁﬁmd/&w tching
between four different logic designs with the sequence Core | |ogic design,

Core scrajchgpacedéds, dﬁTb%ﬁécwﬂddg\e@fdmegmeséﬁQh oo Actedinglydgsiagm;
|nter i t1Q r the eS| s coul d be

et renein Sp Bl g et loatiP e AR Ee? arainia FEan e ThESeor o 2
and cemeyénlya@hcpuckesagmxssroaafdmbeoﬁ&96@1an5@ iTBERiNe IR &Qed BRE, tT9pRRAYI de
the 20 |l ocal Il renpote access alternatlon Alternatively of addltlonally, nor e

n TORPIGBGREFSD RIS 2oigEhvanaianyy yhee pathxoempates @3 enhwsemdefinbe lamer at ed
V‘“h Q%ish sgfaﬂ:{e@ L%c&%??ééné@ﬁﬁ%&?lﬂf%r Ll%pondence wi th the particular |

core Togic eS|gn 8i ng execut erface logic 154 is al so

coupl ed t oltlsbadd bg uhdgsmoamawmaltipﬂtSco}ﬂrél sthRadeNghd do@@isSonkd{fk inserfz@bpl €d to
| ogi c df% g) rrem)ry 180 via bus 184, Logic design nenory 180 25 incl udes
one ofuifss Ty HP?I‘%S%WYMQ{%"&%@'&V anICHRE ‘éf‘r"‘cr%rléoﬁéflﬂ/b@%ﬂf@ nenory

devi c&3h L89RoerldhtOR l@frtbsQ%ql ma @aﬁé}%Qd%QfPJrﬁat %chﬁtlbé ﬁ?l@nc}fc devi ces

1 180b 1 ncl ude at east one fias vice Tor 1nitral or age of
dor e dcoeisanallesifomesch Jedco méOa)andTIﬁOb \Byl ety dfenondieitng extenple cfor ddfiextcan

include Static Ra ces Dynami_c Random Access I\/Em)ry
( DRAMW R MEdirLY nfgaﬁd@%f%i%c IS e ey Corpk iagne destgsh {-ors2 woul d
30 oGepic &QOE@&@33551L::|cﬁ§iichnar‘écf@or%rdtlomg%ﬁuﬁQnﬁ:rﬂahéﬂﬁoﬁﬂﬂlo‘ﬁ%} the rétlS

regardlggp e nunber of times a flash mendry of devices 180b may
r ew ianddrpre BHegiodesigns qumidby sioeedi ih enedeary dewicd 3622 aalths mtvéaceasfmet:brer

e, BT 9 e SRS B SR PO M b B0
aol i ﬂb&al/réxﬂot@ﬁeceﬁﬁbl@é}hm AM%aﬁWdlﬁoﬂﬁﬂltﬁﬁl]%&g&eﬂh% Bl ARERMy BOviSoVi de
storage for core |logic designs that are expec to change nore frequently
el atsRgRehvng aseparaigpecess bus may be operated with local and remote access modes in
. correspondence with the particular core logic design being executed.
Computer interface logic 154 is also coupled to loading logic 170 via bus 174. Loading

logic 170 is coupled to logic design memory 180 via bus 184. Logic design memory 180
25  includes one or more volatile memory devices 180a and one or more nonvolatile memory

devices 180b. In one embodiment. the one or more nonvolatile memory devices 180b include at

least one flash memory device for initial storage of core logic designs. The one or more volatile

memory devices 180a can include Static Random Access Memory (SRAM), Dynamic Random

Access Memory (DRAM), a combination of these, and/or such other type of memory as would
30  occur tothose skilled in the art. Because a limit typically exists regarding the number of times a

flash memory of devices 180b may be rewniten, the one or more volatile devices 180a can scrve

as another means to store core logic designs; and thereby can be utilized to reduce the likelihood
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designs stored in nonvolatile devices 180b. Accordingly, logic int elf a@_@z
program 122 and/or device driver routine 124 can be arranged to pr \;i Q[H

optio r.ding the formof core logic 5 design storage desired.
Furth&r@r@%’?“?t shoul d be appreciated that SRAM and DRARFTAHBRI4GBYi ces 180a
can often provide greater storage density than flash nmenory type devices
180b, facilitating the local storage of nore core |ogic design
i nf or AEtERGNNG FUad 2 it |Ih goe cabedinponpotasie gysteansPaQreofrranyed eproerdeodi ment
of th resent invention where |ike reference nunerals refer to |ike
F eat urBESS T8y MRS S ais b ARG G RS0 47 FRAEE mor 'SPSTEIN BRI F R Furadesic
conputievigrddicied HescvioRele 46ViEINBO6! WQBordirdlly Th&Re ivherfRNSEBRZ0 0 Al 500

y

i ncl udes reconfigurable logic circuit 240 operatively coupled to nenory bus
29 al deiticamin ver redtine [Pdreen pe 28 angdsitopyosidmen oplier regarding e ffacesf wirt hodiot h

ot g e PR FRBE s Syl Shrrested i skardane DpAM gt 2% ©"
Ref er ddvigesad0h EdrDoRe probRiefhr&aterktraf &S] HinasR QS [gééé (l){aeélaﬁgbl ogi ¢

i ncl udes programmabl e | ogic 250, interface menory 260, "c
270, Badamedhs losabijerageof mormewe fegiedesgromjor2@ionncl udes two separately

accessi bl egjnt.gr.face stora nenor i 60a,and , 260Db. previously .
descri bed !f:fod: lﬁé&%sﬁlilat%:‘cf Ogﬁyg'?efééfterinrﬁ%grqg 388"’5’{6’}1%‘8% r‘ih5§m26’@d"‘é"rﬂ9’°“260b
can eahdte ke esidientein@deRls RN OfikRARIEFESHYvibYN§ Y &HBEQ e nft3BRdnped of one
or nore 20 conponents. Each interface storage nenory 260a and 260b is

sk ectystesn yOQ thgpides cempuensd? ¢s desgsbeinippnaectionfveite itG.i ks of wtdm Gobaksoswi t ch

230a ; ivel.y, . h. hus. switch 230a and 23Qh is coypled to
pus. 2R R Ron T ERRAE e CPE DT Bl ol i remibinets ddeleme g ilhmarm r om
the rmepestisyaMemoey taeplist DT agafaRIWiY b3EPMeRor? B0P2Y hid PREB:Yr Bit2429. Bus
switches 230a and 230b can be controll ed i ndependent of one anot her by

cor r SBHHSERFRFSTOPAGI MermeRwlyer reconimgnadlealegicodnit 3300y enematrhere poaesso2$ 0
incluges control interface 254, menory interface 256, and user- defined
| ogi ¢ 258. Programmabl e | ogic 250 may be conprised of one or nore devices
dfs the tyRederdegadihedall ntccPithds] teoonViurible esontirgut 240 mcludgi c circuit 40
or 140, or ohrerw’ se. configured as would occur to those skilled in the

art . PEOFRTBIOIPRICTR0emaiaCe snemary 2Oy core IRss logicidifoayd oBe Biesge @86y one
O MA@rBAl RURKS ZOPirdlide! Budledaratlly 5&%855;%ﬁ%g'aé@&auoegna#&ae%%bsgna?ggg-

Bus switch 230c¢ is coupled to nmeno one or nor e pathways
Cont 260b. A prévams]describddiorimmeoiargd 66 aad d 60t inehfapationay mEheri¢s2ddaangwi t ch

230c. 1) 1 A 200 01/ 61525 PCT/ US01/ 04733 Control interface 254
is c&&é‘?’ éﬂ) %" g’&FB“ '%%{afjf aﬁ‘%wé OFAPEHPY YRS FHAOANINISES of Ang g Rore
20  components. Each interface storage memory 260a and 260b is selectively coupled to memory
bus 29 by a different isolating bus switch 230a and 230b, respectively. Each bus switch 230a
- and 230b is coupled to bus 29 by one or more pathways 29a as needed to transmit data to and
from the respective interface storage memory 260a or 260b via memory bus 29. Bus switches
230a and 230b can be controlled independent of one another by corresponding control pathways
25 23laand 231b. '
Programmable logic 250 includes control interface 254, memory interface 256, and user-
~ defired logic 258. Programmable logic 250 may be comprised of one or more devices of the
type described in connection with reconfigurable logic circuit 40 or 140, or otherwise configured
as would occur to those skilled in the art. Control interface 254 is directly coupled to memory
30  bus 29 by one or more pathways 29b and is also coupled to an isolating bus switch 230c. Bus
switch 230c is coupled to memory bus 29 by one or more pathways 29c. Control interface 254

also includes a control pathway 23 Ic to bus switch 230c.
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coupled to core storage 280 by bus 284. Core |oading |logic 270 can g AyG 200
configured the sanme as design loading logic 70 or 170; and core storage

280 campohespesfigured the same as |ogic design nenory § @; £39;3
Alternatively, core loading |logic 270 and/or core stor age § can be 5

configured with such other arrangerrent as would occur to those skilled in
the art. tro erface 254 of rammabl e | ogic 250 is |ikew se
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FI Gs. 260b iantk m3nnayplesattied mn o(bnrﬁcystbremlm()ﬂemsryn:entccdeﬁlzraddetEOb/kﬁf previ ously

descri be ces s 26 can ytilize reconfigurable |ogic
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reconfigurable logic circuit 240°via processor bus 24, 25 nenoty controller
215 amdlude mpwtkiwsrug@lrc Fomtchesiphse, an@oonﬂcr@an::aluffer $togiwes farone or e tore

t d th I
ronor B SR As BERF 0 PLETEr B0 B h ResP P B BV ENB0BL e by one or

rmr e of PrUSRsfefhsd REiC2IB M beC@faﬁabgaJmcLah@ ok lu8EtSd¥ihed N e BRI ON to/from
reconfigurabl e |ogic “circuit 240 and/or direct operati on of reconfigurable

| ogi cC@rrfrsemldlnalaoumdaﬁn@islggWg?StSmn desopfigured withmpeypr spae ¢0ts) logiGiegigns r ol
e S AL B B So R0 B AR RS, by )
29b. cﬂﬂﬁéﬁloﬁl»@ﬂﬁms(? Qu'Odobﬁ, wfnﬂﬁ ouFaiR| Rcutddh&s SRSt in tikeartlesi gnat ed
Temery Spal%ffgrsn)no g%ﬁcr]élli tcf\ FL!I%SZ?(2)?1112??3Ogéc?il?o%SOfigégS?%jdllg ﬁthSdescu bed. As
_previously described, one or more processors 26 can utilize reconfigurable logic circuit 240 to
perform auxiliary processing as directed by one or more applications being executed by
computer 22. Processor(s) 26 access reconfigurable logic circuit 240 via processor bus 24,
25  memory controller 27, and memory bus 29. Typically, reconfigurable logic circuit 240 is
mapped to a designated memory space or spaces that do not overlap main memory 28. A
reconfigurable logic interface program executed by one-or more of processors 26 can be
configured to transmit information to/from reconfigurable logic circuit 240 and/or direct
operation of reconfigurable logic circuit 240 by accessing the designated memory space(s).
30  Control interface 254 of programmable logic 250 determines when such access is occurring by

monitoring selected signal(s) of memory bus 29 via pathway(s) 29b. These signals could be, for

example, addresses in the designated memory space(s).
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Some of these signals can correspond to commands to reconfigurable [10hirgg ) dﬂm
circuit 240 to perform various operations. Such commands can be configure

to fagidbfi@ks performance of previously described proc ,g§m,‘{4?ﬂt| nes,
and/ or operations, using reconfigurable logic circuit 240 in place of

reconfigurabl e Iogl c circuit 40 or 140. One set of commands can direct the
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control pathways 23 Ta and 20 231b. Such commands coul d be used, for

exanptiesct conpling afpathwtay(s) 26b. Skeh poremaodssttqulaﬂbs gsedoedhe madmmf aead

bus. R e DR bR e Fhotay Snatp cle i o by REMaR o~

NMENDI jo@findOlith AenABGAbLIENBEK cieirRYobus 29. Still other comands of th| S
set could cause nenory interface 256 to direct the 25 transm ssion of data

bét ween i ndeethetiet of opmpandepany bedected tpbomanageens @f sntrmncanegiy260250

over the res gective |oca Qus,..2064a. or cribed
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respective local nmenory bus 264a or 264b, and renote access over nenory

bus Jgterfase Bscemid conralFnaess bepaw. mernerydus 28iand tjtefereane mPRated tbéqqséen

| | o
o 1 g gl BTG 87 BECARR8 3004 L PROLTA Ui BSHELO, OB SRYPESlagnd
12001 C231®SiSubh tsmaRindgcane b tueet, fyr exanipia]éd theadetn@in®f 28prel lvasly described

correspondi ng nenory interface inforpation in one of 6 rface storage
n«ennrﬁt@gi(@@anq)}:\/rgség))zwugngs witksresenhgurable logic circuit 24 hen not active, bus

switches 230a and 230b isolate the respective interface storage memories 260a and 260b from
memory bus 29.
Still other commands of this set could cause memory interface 256 to direct the

25  ransmission of data between interface storage memory 260a or 260b and programmabile logic
250 over the respective local memory bus 264a or 264b. As described in connection with
reconfigurable logic circuit 140, each interface storage memory 260a or 260b can be switched
between local access via the respective local memory bus 264a or 264b, and remote access over
memory bus 29 via bus switch 230a or 230b. The capability to altemate between local and

30  remote access facilitates multitasking between several different logic designs with user-defined
logic 258. Accordingly, when a logic design is being executed by user-defined logic 238, the

corresponding memory interface information in one of interface storage memories 260a or 260b
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interface storage nenory can be renotely accessed via nenory bus 29 and

t he cqgé%igg_’ggh ng bus switch 230a or 230b. The isolation provided by bus
swi tch 4, 230b, and 230c nakes it unnecessary to bBET@S0HEH3 t hr ough
programmabl e | ogic 250. Likew se, programable | ogic 250 interfaces need
not be configured with dedicated data 5 isolation logic. Furthernore, this
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al ter h Jioent, ; t €40 a0t e Lagi oI5 and/ or
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i n ansiAppianeaisiyooenSgereid fwith twid egmatescbrelagiruddsi gnd\ShCvith@ne @ esre eidwi r ed

l ogic. forminstead of being configured in programmble | ogic 50, 150 or
250, USHSE PIOESTYS S5uied RYHRAMRIHEAA 0 SR EP RS IPIREECS Witk ipskinces Pl e
arbodid¥esis, one or nore reconfigurable logic circuits according to the

present 1nvention can be connected to processor bus 24 as described in
connect i onBegaube oriputer iaretfagadogic SApkSd, atdh2¥4, aed orfricgy iratifaellogic S6ciFGui t S

accor di 0 the.present inyention can be connected.to menory bus 29 as
descrar"ﬁg%é?lc "8@”‘%&:’69 R %{rﬁq'ﬁ"&}’ f5an F?f“?/’é_ie%b?rt‘%‘rm@ﬁb%?‘%ﬁt‘%f’”‘bﬂ% or
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can be configured as an 110 nodule either "With or vithout
r ecorfrompdesiseefdr sprogsorecigigicdastgns. I enacadtemetive dmbodimant esserorkaliof24 and/ or

R orderitie e gale ok 6 o5 SR AehaR) GierfaPH fogkd 56.1sh, &f2365n R
downloaded from computer 22 upon power-up. In another altemative embodiment, computer
interface logic 54, 154, or 254 and/or memory interface logic 56, 156, or 256 is partially or
completely provided in an Application Specific Integrated Circuit (ASIC). or other hardwired
logic form instead of being configured in programmable Jogic 50, 150 or 250, respectively.

25 It should be understood that in an alternative embodiment, one or more recon{igurable
logic circuits according to the present invention can be connected to processor bus 24 as
described in connection with FIG. 1 and one or more other reconfigurable logic circuits
according to the present invention can be connected to memory bus 29 as described in
connection with FIG. 12, In yet other embodiments, one or more reconfigurable logic circuits

30  according to the present invention can be configured as an /O modute either with or without

other reconfigurable logic circuits that are connected to processor bus 24 and/or memory bus 29.

Furthermore, a reconfigurable logic circuit of the present invention can be configured as an

2
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menory space is accessible by the loading logic to 30 selectively | oad one
or noNE of the | ogi ¢ designs into the programmabl e | ogic. The nenory

devi ces § A € o SR o TR BRSO T Al BoRUGLE cfedlber of

interface c‘ont
20  configured with a computer interface. This circuit includes programmable logic, a first memory

to dynamically store a number of logic designs each selected to configure the programmable

logic, and a second memory to dynamically store interface control information for each of the

logic designs. This information relates to one or more buffers allocated in the second memory

for each of the logic designs. These buffers are provided to transmit data through the computer
25  interface.

In still a further embodiment, a reconfigurable logic circuit includes programmable logic,
design loading logic connected to the programmable logic, and one or more memory devices,
These memory devices include a first memory space operable to store a number of logic designs
for the programmable logic. The first memory space is accessible by the loading logic to

30  selectively load one or more of the logic designs into the programmable logic. The memory

devices also include a second memory space operable to storc a number of interface control
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the logic interface programthat are each operable to configure the
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eachcigeuit. eﬁwmdzdlﬁtcafﬁ@%)l@@i@d1sQ'Bq:>dhfswE:h@tHc@g requelgs iotmitronapglicagon opuke dat a
to the reconfigurable logic circuit for a selected one of the praogram

i nt efqeicdesignsnficRIPEIHEIRINE 1081 ghhenRals| iRteriags BrogramisaRsTablt KLICeEUiEHY of

t he granmabl e | ogi c
af t e%ﬁ |cs§i§%hgl]gsﬂﬁag%?rgﬁé§#ggg{ ng rgg%\{e at a\f\#@c}?ﬁ%}ﬁ%ﬂ?{;@onfi gurabl e logic

3 ci r cuild yétahotHaeembbdiniead apnaisdeemptiesf agcecuaht er lebhione pppliesionng;
closing the selected program interface after reading with t e interface

pr ogPEIEF2MARY @ legifEiterdice PReSTRIGB HTATRIIET T4 S aregen SUFRDIF 198IAF 4B aci ng
a figst m%ﬂﬁlcgi)rc;é]ﬁmlnggl'e%ggﬁhrgg?oc\m R nforfli stdfiedlea PRt S8HndMn the local

memory with the logic interface program that are each operable to configure the programmable
logic; operating two or more coexisting program interfaces between one or more of the

25  application programs and the reconfigurable logic circuit with the interface program, where the
program interfaces each correspond to a selected one of the logic designs; writing input data to
the reconfigurable logic circuit for a setected one of the program interfaces; configuring the
programmable logic with the selected one of the logic designs; processing the input.data with the

_ programmable logic after this configuration; reading output data from the reconfigurable logic

30  circuit for the selected program interface after this processing; closing the selected program

interface after reading with the interface program, where other of the program interfaces rematn

open; and replacing a first one of the logic designs with a different logic design.
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device _is upl ed t he npr.ogr ic t ' face information
For Goprirtnafis el hdpiyd Foa AR Eonl rfaed bRk ol

| € “Sécon e cirCul i ncl udes a

HECoRdonfiiivible et Eigcian OTIR BRLONEEHAS prodrif Alsbhat a Jourttsrouting (deleed vély t he
program‘ra%l e logic. The second bus swtch couples the second interface
meno¢lgse? sregiftedione off ghanpresram Brieranss cstallished 3id e AB Yol ce is coupled to

the _ A further embodiment of the present invention includes an apparatus that comprises a
reconfigurable logic circuit configured to communicate through a memory bus of a computer.
This circuit includes programmable logic, a first interface memory circuit, a second interface

25  memory circuit and memory interface logic. The first interface memory circuit includes a first
memory device and a first bus switch that is controlled by the programmable logic. The first bus
switch couples the first interface memory circuit to the memory bus and the first memory device
is coupled to the programmable logic to store interface information for a first logic design. The
second interface memory circuit includes a second memory device and a second bus switch that

30  is controlled by the programmable logic. The second bus switch couples the second interface
memory circuit to the memory bus and the second memory device is coupled to the

programmable logic to store interface information for a second logic design. The memory

28



programmabl e logic to store interface information for a second |ogid 3 Aug 7004
design. The nenory 28 1 3 AUG 2004 WO 01161525 PCT/ US01/ 04733 |nterface

| 0gi ¢ e gRiikAneousl y provides |ocal access to the interfaggsdphpsmtion in
the first nenory device by the programuabl e | ogic and rerm?e access to the
interface information in the second nenory device through the second bus
swi tch configuration of the progra ble logic with the first logic
desi g‘ﬁ‘crg‘ﬁ‘? For?écrsr’rﬁlr”bg“et%é Yy PERGSS ToRt!ecE éém[%df‘i?”ia%" EEAMPPNAY AEd1 T8¢ change
accesse MBALSE IR by EF@%%%% nesle\éha'?erh&ee}.l:cé%@ﬁé .Berfh&em'f [ibRfine
information in the econd nenory device with the programmab ' ogi ¢ and

re rmtsscmui:resmot)odm through fllzceecondbor svatdhoduring Ctolné ghiiatist oﬁﬂmprquehemabée

t hrough. the fi bus switc resp onse to configuring. th rammabl e

| ogi dBglernth e Feudesia dF%g?cpa%'& RO ety A e s et "a system
| BC1 YelaseeaREQGRERS o Bt QREGAR) ﬁromeuaéa%e&@p&%c%te&&%maﬁ&r inchester,

a nenory controller coupled to“the processor bus, a nenory bus connected to
t he rsetmrdyrncromyrdﬂﬁoerwula&sy:sogmnnmmbwndeemda tcocyshe theemerfacbus, and a

reconfjgurabl e c device |n | udi,n ammab| e Io ic and first

[ nt _er'ﬁéog@ e B ancsary e et Brrdnen B s bBEIR S PP GRECTRINS bus by
a fi rlﬁég ﬁMhSlSﬁbu@@@utﬁnﬁﬁc §dcbad 1ddid Béigpe menory is  connected to the
menory by a second bus switch controlled by the progranmable logic. In

15 addit ilom suBrferttm qmﬂmélrpﬂUczesyssm il e mmrmwrtﬁmabpanableaoupd:redmtcgl the
mconfi%urabléﬁ i ¢ _devi ce 1 th%qpr essor E rn::rrt)r%rt ontroll er, and
g¥or ¢ ‘F‘ﬁB‘P@’ CIHE §§%Ctué’ %B‘é’§essé?ﬁ hAdr9B Yfﬂh‘é BINECER DI ed
tot h& PRGBS S roM¥r, A ysIB AU AYEPIHnnBEEE 881h_ Nk Gk y BB U dod e BbHfi gubabii | e
coupl ed to the one or nore processors by the input/output bridge and the

i nputl¢gmtﬂpuf-e ingluslingaprogesaynatie 0gif ancha fipyt @ueésmrscmpahsﬂmyommatb@ t he
reconf I 0?1'!19(:[1]&)%)' l%cdeVIO(T\'e bUSE) %rgll bri.lSt W%(g ! aéﬂc I'S lnIEIfCE aacnd tmO l't he
i nput?"o R AY eedhd eﬁé 'tpr?ﬁ £ d—F sat’6r Yhn the

fir stcohxaaceaaqy thd MemofY busiiibd tezahd en§s»amh ERl@Ned @pmﬂ.d ﬁt@'ﬁvi‘&ﬂﬁatﬂdz loget.ilA this
Ibgem fication are herein incorporated by reference as I if each individual

bl REGHIPBPRSIOr FRATE REOSEHINS @aﬂm%vﬂqﬂelh@ apeeypled i thy regen ligprbledpeia dryige

11 7P R b3 RIERRE Al SRNTRARGS ] TRk R B hARagecr
descmh pigudiontpuhbussaledso tite freceseorsh et @gussutpiil bridderaatiiavdngniduipot

restrictive in character, it being uggerstood that only ég}s preferred
embodiasuif SRR i IERUMAR@refsssors By thedprul gpsputhridg £840¢F Vi 'BPHUPY RYhanges,

and gpdi A} E?ttoﬁg%{ l]te']ﬁ%\fc%%@ u‘%éf@fsrhawt% Pk f19uraEQQO$1e\ﬁ@C‘iEé QiR aaf%stdef' ned

herein or ng clains are e5| re e p?ot ect ed.
20  latency time and to the input/output module with a second latency time that is greater lhan the

first latency time.

All publications and patent applications cited in this specification are herein incorporated
by reference as if each individual publication or patent application were specifically and
individually indicated to be incorporated by reference. While the invention has been iliustrated

25  and described in detail in the drawings and foregoing description, the same is to be considcred as
illustrative and not restrictive in character, it being understood that only the preferred
embodiment has been shown and described and that all equivalents, changes, and modifications
that come within the spirit of the inventions as defined herein or by the following claims are

desired to be protected.



1 3 AUG 200G What is clainmed is: 1. A systemconprising: a reconfi gggm%m
|l ogic circuit including progranmable logic, a first nenory and a s

menory, said first menory being arranged to store a nunber of |ogic designs
each operable to configure said programmable |ogic; a conmputer coupled to
said rec LqQULghleg;d 00ic circuit, said conputer being operable to
concurrently execute one or nore application prograns and an interface
program the one or nore application prograns generating a nunber of
requests fo utjldze, sal is{ng:confi gurable logic circuit, the interface
program bei ng responsive t6 the requests to open a nunber of coexisting
progr am i nt er f aesnfigetable dogit diwuid ingluding progesmapmblei legit. iadinst preoynaand 2and sai d
reconfigu I GGl i t i - arresponding to
omeof ¢ risE Al Sal e ot BRAHE A ol FRLARES! SBE deigh cRAEC

r econf i guepabible tb ogifigureisaid pragramnmbledsgianse to the interface program

provi des a nunbper of interface f f-er sl 2 S, h Ve {nterface
buffer corr esap%orrl" |u%6c¥u8%8rt1€§ag4 Q?%fgﬁ%rﬁlga Ebgﬁﬁtkﬁrﬁ lggﬁgg%@&?%n mgﬁ@eﬁ%l% each
provi ded tortwufremtly dyedufesime ios mopapplizhton mogrins sddatiderfames pioggpmbéeween t he
conputer and the. r «%confi urabl e tI o%i C ﬁi rcf‘.trji t. ?i t'm\e S %cgnf'xl Cﬁ]; b?el aim1l,
wher ei n s¥i"P"F RPNRFICH RFOREITS BEURETHOE &L BT [SRRTSt R YIS ST oo g 1 ogi ¢
coupl ed blegieereuits the dntpfag pagrmitiemgrasposivanaths adqdests to spenvammbgr ¢fo cont r ol

| oadi ng of said progra bl ogi ¢ with any of. the |ogic desi.gns in

acoor danceRrTE T FrBe e fig Pt N el PR ethrst SFHE S ner ei n
sai d r econrtingigtrable doghcadicait,cher rogrim imerfacéd eatitcormpspoadiagnoadak ef dhalogicar r ay
configure&i to inc ude.e}_first yortion with logic to interface with said
conput er , SFERELYRY MBI IEMWOPR | ogic to interface with said second nenory,

and a third pehdréifthetreconfiguratié Bpic ¢iredn) fnl regporsd té the dcatucelprogamy t h one of

the logic designs. 4. The_.systemof claim1l, wherein the sgecond nenory
i ncl udes %fo‘rlﬁ?s ““H’é’ﬁ'&)‘f@“‘ﬁf&%g‘éﬁerwnﬁw %° Plﬁfm&héacgf’“tfrl‘%aée ib'rﬁt?%(rface buffers

for a firgdregdndiag tddne of dgpmgflatin@racesndda second menory device with a
second one of tFe Jnt %rfac bufferE 1{‘0[ a sscond one of Ihﬁ Io%ig desi gns,
and sai d recont!guP&H é’“?"b%fié““t‘:"fai‘:ﬁ pifer fyopsiebls Lo figyF date pepsing REBE® Bt cess to
sai d fir sgompiRABidthélR¥bTRuRYIeIRickiRI@Ir ammabl e | ogi ¢ and said second nenory
device by said conputer during operation of said progranmable logic in
accordance with the first one of the |ogic designs. 30

2, The system of claim 1, wherein said reconfigurable logic circuit includes design

loading logic coupled between said programmable logic and said first memory to control
loading of said programmable logic with any of the logic designs in accordance with the

interface program.

3. The system of claim 1, wherein said reconfigurable logic circuit is a field
programmable gate array configured to include a first portion with logic to interface with said
computer, a second portion with logic to interface with said second memory, and a third

portion to be variably configured in accordance with one of the logic designs.

4, The system of claim 1, wherein the second memory includes a first memory device
with a first one of the interface buffers for a first one of the logic designs and a second
memory device with a second one of the interface buffers for a second one of the logic
designs, and said reconfigurable logic circuit provides for simultaneous access to said first
memory device by said programmable logic and said second memory device by said
computer during operation of said programmable logic in accordance with the first one of the

logic designs.
30



1 3 AUG 2004 5. The systemof claim1, wherein the interface bufferz VG204
i nclude an input buffer, an output buffer, and a state buffer for é%ﬂ %%
the interfaces. 6. The systemof claim11l, wherein said conputer includes
one or nore processors, a nmain nenory, and an input/output bridge coupled

t oget her sby aTRé SeRMmITClaln$, withdiflthe idi@Hcé BuifdPdiinclBdd HABput Buf@Upl ed to an
i nput/out put bus having a bandwidth that is |less than a bandw dth of said

pr ocessoPutpdutter,en PHEsg Fos serbunt Eheyiggifaces- s connected to said processor
bus and mapped to one or nore nenory | ocations accessible by the one or
nore processors. 7. The system of claim6, wherein said interface program
i s operabl e t dhaprsenislain ], whres sadeompuise inclidesaBe PHIQEPEPCAHPTH: drenory t o
store i Nhemfi&Rry, A5 RbhtRA MRS BbipleAERALr by BFFBENsok Bud Wid - 8. A system
conprising: a dla%tal processor bus operable to interconnect a processor

cl ust er ; inpat/quinubbrideg s eppled toogiiepuatpdus baving abapdrigihyhat iressdhangopr e

process OBzﬁndGJEHﬁPWsQidga?oc%%ngJs%Q{%fii}i Q}Ug?a%x%blquéi.? isFilecht%d idiRbdssBRI N

menory by said processor bus, at |eaSt one of said one or nore processors
bei ng opbisanil mapred teyerecs snosaingmers desationg geagkitde bl enciemaseproggssdraput / out put
bri dge coupled to said processor bus; an input/output bus coupled to said
i nput/output bridge to isolate said input/output bus from said processor
bus; an Vnput Fesypiem ofpldin & wherrin waidl intsriaes pogram istoperablg te allpgate amnd wher ei n

at | east o&glgci\pfnerﬁ@éyql}%%g?n §id HRh ﬁ'lcglro / S§t%%[iﬁtelf£&rf§f{)ﬁﬁa?iog ¥hén Lafi s%@délq

reconfi gur e logirc device wt irst latency tinme and to sal

i nput / oumpmeryriofilll e with a second latency time, said second |atency tinme
bei ng greater than said first latency tine. 9. The system of claim 8,
wherein said reconfigurable |ogic device includes progranmable logic, a
first meBory Acysemrcemarigihgiral ity of | ogi c designs operable to configure

sai d progranngg%ﬁylg@%&Brﬁgggﬂagg&ﬁﬁ%m€§g¥%%38g§k995§?1o provi de at | east

one interface r ea esigns. 10. The system of

claim9, wher ermonfigaraiiledogigdevinenbl e |1 ogic includes a volatile field

pr ogr ammabl e gﬁ&ﬁjﬁ&&ﬁy; 31 1 3 AUG 2004 said reconfigurable |ogic device
atile Toad

i ncl udes nonvo ing | ogic coupled between . _
one or more processors coupled to said reconfigurable logic device and said main

memory by said processor bus, at least one of said one or more processors being operable to
access said reconfigurable logic device;

an input/output bridge coupled to said processor bus;

an input/output bus coupled to said input/output bridge to isolate said input/output
bus from said processor bus;

an input/output module coupled to said input/output bus; and

wherein at least one of said one or more processors transfers data to said
reconfigurable logic device with a first latency time and to said input/output module with a

second latency time, said second latency time being greater than said first latency time.

9. The system of claim 8, wherein said reconfigurable logic device includes
programmable logic, a first memory to store a plurality of logic designs operable to configure
said programmable logic, and a second memory operable to provide at least one interface

buffer for each of the logic designs.

10. The system of claim 9, wherein:

said programmable logic includes a volatile field programmable gate array;
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said programmable logic and said first nenory to | oad said progrannapjguﬁ 2004
logic with a selected one the |ogic designs; and said programmable |o

is progranmed to include a first portion with logic to interface vvlth sald
conputer, a second portion with logic to interface with said second

nmenory, and asaidvetshipRhble Mid RvRE inéREEARMYOIS M foh@ikE RPicicBuperhsance with
the selected one of the logic _designs. 11. The system of claim8, wherein
sai d at fashrrperamwale logirand rid Hrst memery e be@g%iﬂgsrﬁ@mablﬁéqg&o%h%o access said
reconfi g%@i&h%nm@qc@é&y‘gﬁ@am nmappi ng sai d reconfigurable logic device to
one or nore nenory locations. 12. The systemof claim8, wherein said

i nput / out put BSPIPEra@mable fagic if pioarammed sineludas Grstpostinn withslogipdt ates with a
first bapdwadl ok c%ﬁipgtef @Qb&ﬁ@g&rﬁbﬁ wilh BgRRE ndrfise With Eh.@sec&%cond bandwi dt h
| ess than said first bandwi d An apparat us, conprising

reconf i gmpraweanﬂ@ghlcd Reirtiqnip be Easwblyganfqudon acsavdanse vithdhe %cmetsé QPF o conput er

i nt erfactfﬁel g&confl gurable logic circuit including progranmabl e |ogic;

a first ne dl I ce operatively coupled to said programmable logic to
store first |nterface information for a first |ogic design; a second
menmory dgyvi cer g}gnp store
second |§1terfa%gs?ig'tn 3?%%4}?) kﬁ]dsgrdgdé%ggr%g f{;ﬂﬂé HO?E Arg&g&’fri%ory

i nt er f aceperablgite a@p@rsalldIreconﬁglgabfmlloglaudemﬂshyynqwmg|Sdé rch@f?ﬂuw&@deﬁs to said
first i %ft@f&&m PJHBM:?'I&MB said first menory by said programmable

| ogi ¢ and renote access to sai 0 second interface i nformation in said
second nenory through said nmenory |nterface | ogic during configuration of
said pro a”“"?im (i i ge access
nodes togz'rsl mul ta set(%rﬁg 39/“"‘%?%&“5%1 %gia gtgougg%gg?glgg {ant erface

i nf or mat pro¢esson busepierites sdtbradi rmmdtwandwsashmpwfpntpgﬂwmm@ \Mﬂg#c and renot e
access t%cérf?ib J\L?&tleispfaﬁ fi@68¢ bdndfRymation in said first nmenory through
said nmenory interface [ogic in response to configuring said programable
logic with said second |ogic design. 14. The apparatus of claim 13, wherein

sai d TenpLy | LG %J AR, éo nﬁ.ﬁgsa @&%?gk}me Ioic v&ﬂg Red R,reomumaat@ renot e

access n inc I ct a local acce sal progrannab e logic. 32
1 3 AUG @méh 4 Bompiites uapmfsamdseooﬂﬁw@hlmhoalscnrwmn@vmngm d menory interface
logic is at JamRﬁBlE'lc?lJ y defined by said programmable | ogic and said
first rrermry |ce I'S coupled to said nenory

a ﬁrst memory device operatively coupled to said programmable logic to store first
interface information for a first logic design;

a second memory device operatively coupled to said programmable logic to store
second interface information for a second logic design; and

memory interface logic operable to simultaneously provide local access to said first
interface information in said first memory by said programmable logic and remote access to
said second interface information in said second memory through said memory interface logic
during configuration of said programmable logic with the first logic design, and change
access modes to simultaneously provide local access to said second interface information in
said second memory with said programmable logic and remote access to said first interface
information in said first memory through said memory interface logic in response to

configuring said programmable logic with said second logic design.

14, The apparatus of claim 13, wherein said memory interface logic is operable to
provide priority to a remote access when in conflict with a local access by said programmable

logic.
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interface logic by a first nenory bus and said second nenory deV|ce ﬂi
coupled to said nenory interface |ogic by a second nenory bus. éUGZ%L
apparatus of claim 13, wherein said first nmenory device is arranged with a
scratch space for selective access by said progranmable |ogic and said

first intgerf aq:leeda;ipﬂrmg ?ﬁ&lblﬁﬂﬂi, ﬂﬁérf:id@ﬁd thefdtgerfade 1&;}@*& ierail‘ I@ﬁs@pzﬁﬂﬂty" ol

structur terface contrql structures .each includin ointer to
an i nput gflﬁ!?F‘fg% ogrAmEahl B&g %&815@3 %"51‘713“‘9’9{ devippis FoplRd 1R paid %&?‘H’g ,
further memacd 55Oy a figR Hiéhhbgf budadidsaRiN8coRll MERIoR) deRice RBeMESoand a mai n
menory coupl ed together by a processor cluster bus, said processor cluster

bus bei nﬁ‘%%ﬂ%@%@gécal?yoaﬁe%@ﬁ?q‘@@f%i e logic circuit to provide the
conputer interface. 18. The apparatus of claim 13, wherein said
reconfigurable logic circuit includes a nonvolatile nenory to store a
pluralitf-of Gheaparrams of JejmclSgqwhsrein said fEst memoYIdaYiFs & caagediith poadi ng | ogi c,
sai d | oagifich Jpagifer LRLMG &%B&C&ﬁﬁar%ﬁﬂi\ﬁ%}e RRlcAnPiAPfiAMRPL& | 0gi ¢ and sai d
nonvol atil e memory to control desi gnated one of the different

| ogi ¢ deisfegmationtincludes a apmber of u%erfamwlssitrw@wea spigd inderface el BIUPWESC circuit
Conf'guréghﬂkhﬂx%H§BHH#E§&1mbﬁ%@ﬁ&@ﬁ@an&ﬁbﬂbﬁﬁ&onf'gurable logic circuit

i ncl udi ng progra logic, a first nenory to dynam cally store a nunber
of logic designs each selected to configure said progranmable logic; a
second mpDr Y iBATLEALIIShARG bRBEEIARGNHARE Lith ohd¥rqidiR! | on For each
of the logic des) gns, the interface conttol information relating to one or
mor e buf Presessoas dnd@anaitimemorysaniedstegasiiad byre pisegssdrsusicnbis, wid prpeessopgi ¢ desi gns
to transgderdat feitd (RPN i @id]e SANPHLRL loghe UEif BoRovickhe BRPuRPPar at us of
claim 19ml rergeleBﬁ és%l steoz%dﬂe ﬁ@“y %s?g currt ﬁer(bopler abelc H?g store a .
scratch @ﬁﬁ@@ accessi bl e by said progranmable |logic. 21. The apparatus of
claim 20, wherein the scratch space is dynamcally allocated in said

second nmenory in an address space between the interface control information
for eachl®bf t Hee appagius ofidaimglds whatein s4ié regprfigyrabledesic ¢irsbftancdudes? each of the
| ogi c de AH@ I L 3Qiopwherein the
one or n@drng&gmf fh% Fli)r)ﬁr?c d“;19 gﬁhﬁﬁﬁglﬁaﬁuﬁ? gi@déstn%ﬁ ag({]m%u?lh% %nf er for each
of the |logdiog Wgisi gidsloadhs logihéela&wmaﬁweb'fee@ paid moalzmmhleﬂ@wn@ﬁ@m nterface
contr ol hdH QLR kA BloRR ba &lﬁshaedesirgﬂa%&o %ﬂhgramara.@ logileRisignsf i St poi nter

to the inpu er an secon olnte e out

19. An apparatus, comprising: a reconfigurable logic circuit configured with a computer
interface, said reconfigurable logic circuit including

programmable logic;

a first memory to dynamically store a number of logic designs each selected to
configure said programmable logic;

a second memory to dynamically store interface control information for each of the
logic designs, the interface control information relating to one or more buffers allocated in
said second memory for each of the logic designs to transmit data through said computer

interface.

20. The apparatus of claim 19, wherein said second memory is further operable to store a

scratch space accessible by said programmable logic.

21. The apparatus of claim 20, wherein the scratch space is dynamically allocated in said
second memory in an address space between the interface control information for each of the
logic designs and the one or more buffers for each of the logic designs.

33



buffer, and data relating to size of each of the input buffer and th

out put buffer. 24. The apparatus of claim 19, wherein the interfaceTgoq‘“ﬁrm’*
information includes data relating to tinme of |ast use of a respective one
of the |l ogic designs. 25. The apparatus of claim 24, wherein the interface

control pnfor mad igparahld o ¢16kRS] Rwh&PinGhe ch i BBrei bl iifclude ah Mpud Bugfer especti ve
one of the | ogic designs. The g@pparat us of claim 19, further conprising

26.
a conput & agjoufpubbuites "'ﬁ?ﬁh@?tbﬁrl?ﬁi“e ®P% and a main nenory coupl ed toget her
by a processor cluster bus, said processor cluster bus being coupled to

said conmputer interface of said reconfigurable | Q(:i_i c circuit., 27. The
appar at ug3-of Chasnparats ofelained 2, wherrly the inGrlagecapirg) termabeR, 19r sgehcbthsind sai d

pr ogr ammMpf3cCeliphiificlides b HEke BoifiteV Rl tRd inp R bhiit&!afld RO SIS Be@aipet array, and
said reconfigurable logic circuit includes nonvolatile |oading |ogic

coupl ed beffeneand datarelating togjreeheag of thegppug buffg asdihe owfwh\Puffer i | e menory to
control |oading of a designated one of the |ogic designs. 28. An
apparatus, conprising: a reconfigurable |ogic circuit including

progr am@bl e Thegyipetatud e¢laim 1% wb¢raig theopledfacesarted informagos irlgdesdagr ammabl e

logic, apdpe Ghe SALE ullEIFoe iV bRSE didlohiblspls a first nemory space

operable to Store a nu ogl ¢ design said programmabl e | ogic,
said first menory space being accessible by said |oading logic to

sel ectively | aadiitndlor HRRL24kndehthd ABHEe B8Rt Wordalioh figheesnfge amrabl e

| ogi c; and a sec MENory space operable to store a nun%er of Interface
control designadentifier forthe respastivecamo ofithe dagia designgdi f f er ent i nst ance of one of -
the |l ogi c designs, said second nenory space being accessible by said
programuabl e | ogic. 29. The apparatus of claim 28, wherein said one or nore
menory dé&i ce3hé spphuatie of elaim 19% Buthernempriong o temputes with 90 9 WAIGi ce def i ni ng

said fir S Hﬁ& 18, 0EesGral m 28,
wherein g%ﬁ‘g}?ﬁé{éanrgﬁﬁ%gepg&%u@gup _e%g'?’ gagg({casw%rl%%&) gﬁns'?r%ﬁ% Fe(;girc and

oper abl eclusterd twateingieoupled tpsaid eoinpute; teirfaes of sefd sécgniigufablsipgiacigeuit r st nenory
space into said programmable logic to configure said programmuable |ogic

with first interface logic and second interface logic. 31. The apparatus
of cl ai n2B0, The sdpenatusofigrins]Ryhereipsaid fire meworyhs aonypltiegsdsaibus coupled to
said fir i.n | ogi Phesfl i Lishrd N herLace 1 ogic and said
| oadi ng 31;0 ﬁfnté“%é%g%é? g?%h%c?q@ ore gﬁ%{}%‘ria}#g?%g%tg tzhg rﬁldc’gi?c designs in said
first nmeronfigsphtdogianiduitandidessmyoldtile inading dopie Jogpled bdtecenseidabl e t o access
said s ecgl%%ra%?n%[ex%sitp &c%aid nonvolatile memory to control loading of a designated one of

the logic designs.

28. An apparatus, comprising: a reconfigurable logic circuit including programmabie
logic, design loading logic connected to said programmable logic, and one or more memory
devices including;

a first memory space operable to store a number of logic designs for said
programmable logic, said first memory space being accessible by said loading logic to
selectively load one or more of said logic designs into said programmable logic; and

a second memory space operable to store a number of interface control structures
each corresponding to a different instance of one of the logic designs, said second memory

space being accessible by said programmable logic.

29, The apparatus of claim 28, wherein said one or more memory devices includes at

least one nonvolatile memory device defining said first memory space.
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32. The apparatus of claim 28, wherein the interface control struct rngGZM&
each include a data buffer. 33. The apparatus of claim 28, wherein 't
interface control structures each include an identifier for the one of the
| ogi ¢ designs, a pointer to a buffer space, and data representative of

time of j@st UECapphratub6r QIR 23f whet€in kg idadifHE MglNScouplrd tdsatet hod, conpri sing:
operating a conputer coupled to a, reconfi ggrabl?gjél ogi Cc Ci rcu&att, t he

reconf i gPfPgBMEable fgicandioperable tq lagd ong iopgors b said ipgisrieHensSEME SalGfinst st enory
devi ce, RABHod spRE HME sAPHRBERmmABNY IR to SbiFTghRGailipFphankdbay fogie Svith Hr@r mation in
the first nmenory device for a first logic design and second interface

i nf or mat nEFEassIoiR andwedntRE3E1381F or a second | ogi ¢ design; providing

si mul t aneous access to the first interface information by the programuable

| ogic and the _second interface_ information by the conmputer during operation
of the ¥k ogr Bheapparatup plglaim; 39, Gisthescamprauing 4 ©OMPEKEWHD A BEOCESYi S desi gn;  and

provi di ng,3jel JafGAURAREESTc 4 WHRRISARONS ihBirek Gt addnhiansmingon by the
programmable I ogic and the first interface informtion by the conputer

during olseicapersrrteIP storqrnesr Bgrearhthetipgic designe injspid St sregamewass e e second
| ogi c degl.gfy l%lfface-[&%; {gﬁbg}me Rf acEds@dai RfondmtnfofRepa&OnPri si ng accessing the

first rrem)ry.lglew ce the conmputer while the progranmable logic is
configured with the first |ogic design. 36. The nmethod of claim 34, further

conpri si g chapol Pﬂ'aﬁs BPASmR, e &S fhe liRertd€ o dulrb PliructlREBAY i4l8Me GQa@nd t he
second nenory de\? ce I n response to reconfiguration of the progranmable

| ogi c. 3®ffer.3 AUG 2004 37. The method of claim 34, wherein the first
interface information includes a first input buffer and a first output
buffer and the second interface information includes a second input buffer
and a setbnd Bha3rperatys pf daim 28gwhereip thedntprdase eonteol giusiuses caghjpglderanconpri si ng:

executi ngeanf: R e oﬁulﬂp ngﬁ%gig%ég‘;&&Elat% bifig sg'%]e,i dNdQht 3G HFesRERGRAM ON the

conput er; and establishing two C¢ sting progr I nterfaces between the
conput er oftime affiast useof afongofr thdlogicldesgns. circuit with the interface program
a first one of the programinterfaces being for the first |ogic design and

a second one of the programinterfaces being for the second | ogic design.
34. A method, comprising:

operating a computer coupled to a reconfigurable logic circuit, the reconfigurable
logic circuit including programmable logic, a first memory device, and a second memory
device;

storing first interface information in the first memory device for a first logic design
and second interface information in the second memory for a second logic design;

providing simultaneous access to the first interface information by the programmable
logic and the second interface information by the computer during operation of the
programmable logic in accordance with the first logic design; and

providing simultaneous access to the second interface information by the
programmable logic and the first interface information by the computer during operation of

the programmable logic in accordance with the second logic design.

35. The method of claim 34, further comprising accessing the first memory device with

the computer while the programmable logic is configured with the first logic design.

36. The method of claim 34, further comprising changing a mode of access to the first
memory device and the second memory device in response to reconfiguration of the

programmable logic.
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39. The nethod of claim 34, wherein the first interface information

i ncludes a control structure, a scratch space, a first interface bL%ﬂWﬁzma
and a second interface buffer and further conprising: storing an
identifier for the first logic design, a first pointer to the first

i nterfacegy, buTl'ﬁﬁﬁeth@d a&madztp.@l}cdﬁueme&“est]gﬁﬂ@faseilcﬁmﬂaﬁmglt:@mc&eeﬁkugingpetr, dat a
represen t_use, for rst_logic sign, a ata

relati nggl{ﬁgeg??‘lzae ST OUE By 04 PR CesPRUB IS AT PlaFion Mo S s Pt er f ace
buf f er i puffependOqtbsmdloutdut bifFfedlr €. 40. A system conprising: a reconfigurable
l ogic circuit including programmble |ogic and a |ocal nenory, said |ocal
menory bei ng operable to store interface information relating to a nunber

of | ogi c38 desTRdVheth6d ofSRid 30 fadker dBMpHsthg! 0Qi C; a conputer coupled to said
reconfigurable logic circuit, said conputer |nclud|ng one oOr nore

processors anBKeSURIORE PRIARIE PPRIGREANAPEaNs2ad an trstags PIRFRAB oBthifcessor s, sai d
conput er . Hgjule a@er abl e to execute one or nore application prograns and a
interface program the one or nore plication prograns being operable to
generate a nuffiRblishizg twosqeidding program m@rfi@s befrveerytag enuira Asbhe | ogi ¢

circuit, thfighAbR 4 &rcartm@tm iReHAS p'f'c%?é?lp'ﬂsﬂréf%né&thé ﬂ;}egra@.qma&etcssto control
application of the 1Togic emg s to said programmable | ogic, the interface

progr am braRg{gr @B@F%lﬂ%’ degjen andeserapg|ope aﬁthwasremantﬁré%ti beingfgedei n said main

menory  {Qpadusk iy, of said local menory. 41. The system of claim 40,
wherein said Iocal nmenory includes one or nore nmenory devices operable to
store the interface informati on and one or nore other nenory devices

oper abl e3§ o sfrwﬁeal&poﬂc%@mﬁ%ame fit s futPfA8e MborMPHdR iRIIRE 2 GBI Y devi ces
bei ng nonvol ati | e. . The systemof claim41l, wherein the.

i nt erfac&tr%wc@ﬁawqclssnﬂ%ﬁmt@ter&*:ﬁbqf&arrﬁlﬁése&ond wtesface butlerandyfuthead one of
the | ogi Gresingns stored in said one or nore other menory devices based on
the interface rnformati on and sel ectively store said | east recently used
one of the | 8efing aaddngifier fprihe frstilogisifevign  Hisk aoipter wdhefingeintsrisenory to | oad

a di ffergife a%géo%d si%tegfbtwsecam HteHEL% bRffer Bt £reple Al BMDEYIafl8Y fES of said
| ocal nenory a.néSt em of claim4l, wherein the reconfigurable |ogic

circuit Ihﬁ(ﬁr%h?&f& q‘-‘&i&’éh datp eedating Eﬂﬁﬁ?lf’éé‘eﬁ'@ﬂ\rﬁ@fﬁcg By fer apdthg pecpist e ot her

menory depydesyRintid dnRbgaprebl e 1ogic. 44. The system of claim 40,
wherein the interface programis operable to establish a nunber of

coexi sting programinterfaces in response to the requests, the program
interfacgs eaGh&GRIbmpRAAEI Ny to a different one of the logic designs.

a reconfigurable logic circuit including programmable logic and a local memory, said
local memory being operable to store interface information relating to a number of logic
designs for said programmable logic;

a computer coupled to said reconfigurable logic circuit, said computer including one
or more processors and a main memory coupled to said one or more processors, said
computer being operable to execute one or more application programs and a interface
program, the one or more application programs being operable to generate a number of
requests to utilize said reconfigurable logic circuit, the interface program being responsive to
the requests to control application of the logic designs to said programmable logic, the
interface program being operable to selectively allocate a memory space in said main memory

for overflow of said local memory.

41, The system of claim 40, wherein said local memory includes one or mere memory

devices operable to store the interface information and one or more other memory devices

operable to store the logic designs, the one or more other memory devices being nonvolatile.
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45. The system of claim 40, wherein said conputer includes a procesa%r @yﬂ
to couple said main nenory and said one or nore processors together, A 0
i nput/out put bridge coupled to said processor bus, and an input/output bus
coupled to said input/output bridge. 46. The system of claim40, wherein

t he i nt e acertieniQemof ¢19m 41NGhereia shedntddide@Fogtdm isiopéralé acktdpfnbar s al | ocat ed
in said | ocal nenory, agg ggid i.nterface ﬁéo ramis @gerable to store data
i nt endedePsbiecy uspd ang phithp (pgicdesisns sazed ig s F nqge QBCRIPRIRPTY ARYIES 26 of t he

one of gae& dAuhd RfeffadeSinfortiatiohiafd @Mctively §1616 GAiM RaltheetBfl wed dnk of fenet hod,
conprising: executing at | east one application @ro%gan1and an interface
pr ogr am ‘8B designa L said menpasy; sraggiof saidnaip ReReny doufeab  ditlersgt logie P8R P i ncl udi ng

progr ammaf die bPbe oBRAmembig Rl icd¥RIBAY local Hetfoky)g several |ogic designs in
the I ocal nenory with the interface program the |ogic designs each being

operable to configure the progranmmable |ogic; opening two or nore

coexi stifg ProgsRh Bfaaihlaﬁ%h&eah\ﬁfeerew&lhﬁﬁme lo@RStre QN cludRMadm@t i on program
and the reconfu%urable logic circuit with the interface programafter said

st or i ng, loBiREoypled petern srihorepE agrenthes mepepeleyseand gaid erogragmaBletedic-one of t he
| ogi c designs; witing input data to the reconfigurable logic circuit for a
sel ected one of the program interfaces; configuring the Eéo%rannable | ogi c
wi th t hetsel ethesysten af Jrim40e whesgin dhedatgrfeans program soayablalp ehalishfput data with

the progy MR BediRfk progtaufhtetiaded iREHoh QU5 tHRGequediS A AhiddHacgtat a from
the reconfigurable logiC circuit for the seleé{ed one of the program

i nt er f actash efrieapondiag & piifereriaing gf thaogic desighss 2004 cl osi ng the sel ected one
of the programinterfaces after said reading with the interface program
other of the programinterfaces renaining open; and replacing a first one.
of the I¥gic ger ofileim 4, whereia seif ompygerdncindss yproceseer bhie cigtlfiod of cl ai m
47, wher gl {infilGL0RMRIE Sid er'ﬂ'ﬁf@pt@@e@&'{'ﬂom,ra}‘n iRl bREEe coBRBP! | Si Ng:
allocating a nenory space In the main nendry with the interface program
det er ni niorsgjd ardcesaertbup,and pn input{pytpyt Biscowpled th said HpndowtRi brides stored in the
| ocal menmory with the interface program and storing the |east recently
used one of the logic designs in the menory space to provide space in the
| ocal netfory The sysem obelaimdy whesgin shedetsifens infagnativ inchdesiomber & ai m 47,
further QPR bakBY allocated in said local memory, and said interface program is operable to

store data intended for one of said buffers in said memory space when the size of the one of

the buffers is insufficient to receive the data.

47. A method, comprising:

executing at least one application program and an interface program on a computer
coupled to a reconfigurable logic circuit including programmable logic and a local memory;

storing several logic designs in the local memory with the interface program, the logic
designs each being operable to configure the programmable logic;

opening two or more coexisting program interfaces between the at least one
application program and the reconfigurable logic circuit with the interface program after said
storing, the program interfaces each corresponding to a selected one of the logic designs;

writing input data to the reconfigurable logic circuit for a selected one of the program
interfaces;

configuring the programmable logic with the selected one of the logic designs;

processing the input data with the programmable logic after said configuring;

reading output data from the reconfigurable logic circuit for the selected one of the

program interfaces after said processing;
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desi gnated one of the |logic designs; and determ ning status of the'r

with the interface program and performng a software routine to enul ate

t he designated one of the logic designs in response to a first status of
the request; GachgGRdelcdied bADoftteprBrR iAErRE et QG @adthd With the idaticgnat ed one
of the logic designs in response to a second status of the request. 50.
The met H5eBER: thes phtha progigvipterfaces FF_é“aé‘%‘Fge‘lPF'é&“@)ne of the logic designs is
the same for re?ﬁ&}fg Pfirst §iR PR W5 AesiBhEW DL BifereRtliogid Besigiet hod of claim 47,
wherein the selected one of the logic designs is different for each of the
programinterfaces. 52. The method of claim47, wherein the interface

progr am jgncl ugl@snenddi ot Shairk PLWHBRInttRe coXiPARr cRBGG hiif theRbBGhAMrihet er f ace, a
second routine to wite data to the reconfigurable logic circuit for the
speci f i e@mpriggs-am i nterface, a third routine to read information fromthe

reconfi gurab'ﬁxokmfg;&nﬁh{o%paceﬁ%em BOBsT Wik thalhRasRProgimr face, and a

fourth routine to ose ‘the specified programinterface. 53. The nethod of

cl ai m 52, whedetsimininge lpast iepantly esed oagplihe logisidgdians siored ip the leglmeRYYt o
provi de g ehake I gngdesign to the reconfigurable logic circuit and a
sixth rdﬁ?ﬁﬁgito rgﬁggg’the designated | ogic design. 38 1 3 AUG 2004 54. A
met hod, conprtaringghe legsbreatntisigsed ope frhe beicdstignsdethe FePIOBYPATTADI e | ogi C;
concur r entli¥e SXEGH HeNGkal WomS 18aEaRBR} loﬁﬁtd'eﬁ%. programs with the conputer,
the applicatron prograns each generating at Teast one of a plurality of
requests to utilize the programmable |ogic device during said executing;
processifg t hgyel EanRSlrSlafh 4 #rthePlontptSingPP! 1 Cation programs with an
interface program executed by the conputer; and controlling the
progr anmabl e Mroyiog airagkest inethe intecfasepregrpm fyprasest ¢ta wikha fesimaed prgeel
progra JRhG. davi ce a nunber of times during said executing in
accordgﬁﬁgkﬁffﬁg?ﬁé requests. 55. The nmethod of claimb54, establishing a
number of coedetesmining stesHf shnreavess iithckesintgrfags Progimsigt er f ace programin
response to t0erLRANeSifvard l%?tirlﬁértg_gﬁlﬁﬁk'ﬂ_’f&t&Eib?&&ﬁon%%?ﬂxe%d&ﬁ@ﬁﬁﬂl ng to a

0

desi gnat ed one of a nunber ogi ¢ designs for the programrmabl e | ogic.
response to a first status of the request; and

providing a request to the interface programto process data with ay %AH%@W*

configuring the programmable logic with the designated one of the logic designs in

response to a second status of the request.

50. The method of claim 47, wherein the selected one of the logic designs is the same for

each of the program interfaces.

51. The method of claim 47, wherein the selected one of the logic designs is different for

each of the program interfaces.

52. The method of claim 47, wherein the interface program includes a first routine to
open a specified program interface, a second routine to write data to the reconfigurable logic
circuit for the specified program interface, a third routine to read information from the
reconfigurable logic circuit for the specified program interface, and a fourth routine to close

the specified program interface.

53. The method of claim 52, wherein the interface program includes a fifth routine to
provide a designated logic design to the reconfigurable logic circuit and a sixth routine to

remove the designated logic design.
38



56. The nethod of claim55, wherein the conputer is coupled to a
reconfigurable logic circuit including the progranmable |ogic and & 3l 8600t
menory, and further conprising storing the logic designs in the |ocal
menory with the interface program 57. The method of claim54, wherein the
i nterfacsy progqRMoiNehipelgisg:a first routine to open a specified program
interface, a second routine to wite data for the specified program
interface, a qRTHiBE 7 SAMAULE cOupledda arogepminaplslogitie speci fied program
interface, an@néudfeRtl Eltcit@iglohd 6r mbre appIRSRonPrsraROGiH the Sorfudd! tBen | nt er f ace.
58. The nethod of claimb54, wherein the conmputer includes_a main nmenory and
the pr oApplisaiabProgiEs pechigenesBinglablaast enepfia plusalicnphsqupsts ntileate her
CONPI i Si fGgraikbih BgicRe N MRIngQhidkQiGngdesi gns in the local menory;
allocating a menory space in the main nenory with the interface program
det er i ni ng aPrpeeasing thecapstsyf aacbof BisaprlicaioneprossynT™ tfed igRERSRSRE" i n t he

| ocal m@;&edwtf‘&m& [-Rherface program and storing the |east recently
used one of theé logic gesi gns in the nenory space to provide space in the
:c ocalh nenory gostrpllagitha prorrasmabisdpgic with thgrintertage programereronfigire @rai m 54,

urt her L S0 S erm n : ; ; soci at ed
W th 5 d e o e e R ot fur e
routi ne reguestsul ate t he designated | ogic design in response to a first
status of the one of the requests; and configuring the programable |ogic
with the designated |logic design in response to a second status of the one
of lthg r uesths. malind ofhlaioyéd; isgfablishing p anmbe of cagiisting pograe ierbgesatitabl e | ogi ¢
i ncl udes, a. r : e 1S
el udedEin o AR e ok R g ¢ g
circuit toadesigratedmot ofhenmber pfrlegic destans {or diseregrnemable legisr e i nterface
informati on and a second nenory operable to store a nunber of |ogic designs
for the programmable logic. 61. A conputer-readabl e device storing a
nunbe][ o0f6. i nsTheuretthagies claom SBywdetsit bacamputer isconpled ora rewpufeweble logig

reconfig liogi ' ' i I i LESH $todidac! udi n
progr amr%%?gh%gl&?lg %rrgb%&v%}%% %ﬁ%‘?g%@ ngétﬁf)o?% agd %@ro Ellg?gllﬁog?ﬂéd%desi gng
each opethalsige dewgnsdo thieilepal memers withdly interfadsipsograiyyi ¢, t he instructions being
arranged to provide a interface programresponsive to requests to utilize

the reconfigurable logic circuit froma nunber of
57. The method of claim 54, wherein the interface program includes a first routine to

open a specified program interface, a second routine to write data for the specified program
interface, a third routine to read data for the specified program interface, and a fourth routine

to close the specified program interface.

58. The method of claim 54, wherein the computer includes a main memory and the
programmable logic is coupled to a local memory, and further comprising:

storing a number of logic designs in the local memory;

allocating a memory space in the main memory with the interface program;

determining a least recently used one of the logic designs stored in the local memory
with the interface program; and

storing the least recently used one of the logic designs in the memory space to

provide space in the local memory to load another logic design.

59. The method of claim 54, further comprising;:

determining status of one of the requests associated with a designated logic design;

and
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application prograns executed by the conputer, the interface progra$3AU62mL
conprising: a first routine executable a nunber of tines to open a
correspondi ng nunber of coexisting programinterfaces between the
application prograns and the reconfigurable logic circuit, said program
interfaces eaphf@in@igiadbfi@ark @sutitedf dnfillteiht 0&ki@htel RPicUeoigh mresbhR tb9gic Wi th
a corresgondinggﬂge of %Fnunbe[ of instances of one or nore of several

| ogi ¢ dedfsyffam S50l teSeAUEE 289 provi de i nput data to the reconfigurable

| ogi ¢ circuit cénfiguingStit HofRtmabe Soghf wikitdhe dig@@lea Baid Hesiph atesponengd by said
first routine for procesglng bg t he programmabl e 1 ogi c when configured
with sai SRt TS 99 ObME TEHHeSi d i nstances: a third routine to request
output data fromthe reconfigurable logic circuit for said selected one of
said programinterfaces, .said output data being generated by the

progr ammBbl e iTByMethodheliflaBnti Wierdt ths progeammabls lpeis psidesifdte of said

I NSt ancegiogARthadlefo@id alrhy, HRYrb R enh IS RER G invBded if h AEnfgurdRabdit €d one of
said programinterfaces established with said first routine, said fourth
routine FiEat Hy the meanfigyralls jogicrirswt Bifherindydess Sest mgmary opgrable thgorgeyi ce of

cl ai m 61neMA6E REPmbtHR and b SEOAE ReREPIHAMIE W $EE nEABR bF RER dsifdsfts routine
to renbve a designated one of said programinterfaces eSstablished with said

first rOgersamegble lggie device of claim 62, wherein the interface program
includes a sixth routine 40 1 3 AUG 2004 executed one or nore tines to
store the |l ogic designs. 64. The device of claim6l, wherein the interface
program Pk opéreampeerisadabledieriphyoringaa nymbergfl instrpetipna K exqcatiandtyet of t he

appl i cat | i a.desi . lidinRlinedesi gns,
R S L i R A el

of the | pyemmablsilepinsandm lpeabpemen te $org amimber of logia desigprdiaetaenesble tand t o
B e A e T
devi ce oProgtagiraspeusivath esqeests to hlizzdbgraccafiguallt lngicscirquitfipm amemberypfand t he
SRR 3y GRELEAN oL GRS Space 1
a first routine executable a number of times to open a corresponding number of
coexisting program interfaces between the application programs and the reconfigurable logic
circuit, said program interfaces each providing for configuration of the programmable logic
with a corresponding one of a number of instances of one or more of several logic designs;
a second routine to provide input data to the reconfigurable logic circuit for a selected
one of said program interfaces opened by said first routine for processing by the
programmable logic when configured with said corresponding one of said instances;
a third routine to request output data from the reconfigurable logic circuit for said
selected one of said program interfaces, said output data being generated by the
programmable logic when configured by said corresponding one of said instances; and
a fourth routine to selectively close a specified one of said program interfaces
established with said first routine, said fourth routine leaving other of said program interfaces

open.

62. The device of claim 61, wherein the interface program further comprises a fifth
routine to remove a designated one of said program interfaces established with said first

routine.

63. The device of claim 62, wherein the interface program includes a sixth routine
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executed one or more times to store the logic designs.

64. The device of claim 61, wherein the interface program is operable to determine status
of a request from one of the application programs to implement a designated one of the logic
designs, to initiate execution of a software routine to emulate the designated one of the logic
designs in response to a first status indication, and to initiate configuration of the
programmable logic with the designated one of the logic designs in response to a second

status indication.
65. The device of claim 61, wherein the computer includes a main memory and the

interface program is operable to allocate and manage a memory space in the main memory for

overflow from the local memory.
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