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TECHNI CA drdildshkgThe present invention relates generally t e Wbl e
| ogic devices fornmed on integrated circuits, and nore speé???%@@ y to a

met hod of inplenmenting a phys 10 ical desli-gn for a dynamcally
reconfigurable logic cir- cuit. BACKGROUND ART Dynam cally reconfigurable

| ogic, also known as 15 Cache Logic, is a digital design technique for
reconfiguring progranmabl e | ogic ci Pafasishicin as SRAM based Fiel d
Programmabl e Gate Arrays (FPGAs) and Conpl ex Programmabl e Logi c Devices
(CPLDs). Dynamically recon- figurable logic exploits the dynam c and
partial 20 reconfi guMEIHOD yO&f ISRAMBFASTHANG-PGRIE IMCAIedBEIGUri ng part of

the FPGA | ogi c whitegtheyy { i ont.j.nue erate
uni nterrupted. The %%ﬁ%é%%ﬁgﬁi@yné%?%%§@§F#§g%%?P%uggg?§ ?85?89Qis
illustrated in Fig. 6, which shows reconfiguration of 25 a portion of the

| ogic inple a . The re placenent logic 120 is stored in an
of f-chip negggéﬁgﬁggL %ﬁgﬁﬁs reconfiguration, only that portion of the

logic to be repl aced, Theconésgutabheehogbn ttbates geeewanilliero All other
| ogic, stati ogic 114 and unused.logi¢ 112, 30 i.s unaffected and

conti nues nd§ﬁ% 9%%%?% ?og9g*ﬁe ggﬁgegiéﬁf%??oﬁnb?PgFgggﬁF i £&TCE i mi zed
since only aapdrmotéospetifheaFPGEAtbsar reohbigufedmpCensaguant by phbeth the

time taken to reconfigure the EPGA .called the reconfjgu-_ration. |atency,
and thgéoff-%%?g g?%% 6e§%Fz% g¥3aﬂ%ﬁ?hg§ ﬁ?fSBfl?HnggSnﬁpgéFsC%th
traditi onal &PGA. design that

BACKGROUND ART
Dynamically reconfigurable logic, also known as
15 Cache Logic, is a digital design technique for
reconfiguring programmable logic circuits such as SRAM-
based Field Programmable Gate Arrays (FPGAs) and Complex
Programmable Logic Devices (CPLDs). Dynamically recon-
figurable logic exploits the dynamic and partial
20 reconfigurability of SRAM-based FPGA's by reconfiguring
part of the FPGA logic while the remainder of the logic
continues to operate uninterrupted.
The concept of dynamically reconfigurable logic
is illustrated in Fig. 6, which shows reconfiguration of
25 a portion of the logic implemented on an FPGA. The re-
placement logic 120 is stored in an off-chip memory 124.
During reconfiguration, only that portion of the logic to
be replaced, reconfigurable logic 116, is overwritten.
All other logic, static logic 114 and unused logic 112,
30 is unaffected and continues normal operation. The con-
figuration bitstream size is minimized since only a por-
tion of the FPGA is reconfigured. Consequently, both the
time taken to reconfigure the FPGA, called the reconfigu-
ration latency, and the off-chip storage size are mini-

35 mized. This contrasts with traditional FPGA design that



WO 01/ 45258 PCTI USOQ 41889 -2 results in a fixed-logic inplenentation of a
circuit that does not change at run-tine. Since FPGA resources are shared

bet ween ayHyisger of different inplenmentations of a |ogi CP&,{]%MH”
Dynam cal | y Reconfigurabl e Logi c provides designers with 1nportant

benefits. Less FPGA resources are used than would result froma
fixed-logic design. This can be exploited to pack nore logic into a given
FPGA or to use fewer or snaller, |ess-expensive FPGAs than would be 10

ot her wi se be ysosslitls] an Eorfsiemeentdy/,c costl enpodrakioreaof andcjponert that

ti C ion, in a systemw de context,
consunption %C’?eosﬁfrl guraa]%g;% ed. 1, qddid | y . ex!

Dynam cal | y Logic provides a level of run-tinme flexibility
normal |y associ at ed widimas GREF cosssoreed eget heraned oopesat i mgndib- speeds

and fine-graig rérp%rfalci thzggr%po_r (r)pecon gwg(%}es ofr ¢ tolrg hé:;llr dware. This

benefit has been ex e conmpu g app |catf1 ons t hat
use FPGAs toDylrlrapIh&midIy amqmtgmmmdgm pmmxmns:oiqznrngzmrxsltMOse

f.UnCti on .Can ?r%) arll% enefrll{:n ti r£ees q:\ %%m‘rl?ﬁ%CI 3 l aﬁvl’?%hila%)?l(g %niPUt er
00

Ai ded Desi gn S provide a goo sol
fixed-1ogi c RREAdesign.t ,Cfmhaslagrferxezﬂrl@e;cﬂe;s:tgﬂre Mg €, cqperbor m

functional sinul.at.i oy create a i cal out per f ost - | ayout
si mul ati on, anc?l&eneratte &t “ééﬁoéﬁﬁ gldjra‘% i%r? ?nst%ﬁ O pe® r%%%l t of

this is that fetea desisgrarl exan Jpecestds ivhe FRGROtYRM siaged wd h a  high
degree f confidence in the FRGA design art of thi r ocess,

aut omatll ¢ FPEATSEHiNS R TS 501 a I}‘Fgeque%l%cyewé?ﬂs%nzocg THGG2 met hods
provi de fast agesipgwretrurdondmarduwnd @i d11e estghafedieedrmaidde: cancer ned
with the details of the target FPGA archi tecture or have expert- know edge

of the FPGA mEnGalSY5itels ™ SRSt FYTEM IS 1) 66 AH 192 1hf i gur abl e

Logi ¢ designLogic provides a level of run-time flexibility normally
associated with microprocessors together with operating

15 speeds and fine-grain parallelism approaching those of
custom hardware. This benefit has been exploited by
reconfigurable computing applications that use FPGAs to
implement application-specific, custom co-processors
whose function can be changed at run-time.

20 Commercially available Computer Aided Design
(CAD) tools provide a good solution for traditional,
fixed-logic FPGA design. A designer can specify the
logic, perform functional simulation, create a physical
layout, perform post-layout simulation, and generate an

25 FPGA configuration bitstream. The result of this is that
the designer can proceed to the prototype stage with a
high degree of confidence in the FPGA design. As part of
this process, automatic FPGA compilation (floorplanning,
placement and routing) methods provide fast design turn-

30 around and the designer need not be concerned with the
details of the target FPGA architecture or have expert-
knowledge of the FPGA manual place and route methods.

For Dynamically Reconfigurable Logic design
existing, commercial, physical design methods have seri-

35 ous limitations. In order to use these methods, a de-



exi sting, commercial, physical design nethods have seri- 35 ous
limtations. In order to use these nethods, a de WD 01/ 45258 PCTI USOO' 41889

-3 si gnenygyshsdgvel op each different context of the FPGA lgfﬁgg&m 89
i ndependently, as a fixed-1ogic design. The incre- nental design change

capability provided by nbst FPGA vendors3ean be of assistance in this
process by allowi ng 5 designers to make changes in the physical |ayout
wi thout altering the placenent and routing of static logic. For designs
t hat have nardi PESsimBlse vdavisdms gath stichfiesrmntofcontogite, of hilse pf@@Rkdure i s

extrenmely ting GonsWHRE AL d) Ffieu teit _r@%g]- ther - _
f1 oor pl anni ng, 9% acg{al ) ment ta%)d rou'téll n'gl%dTgles Scn d(: ar e'snﬁfukg be ©
performed marerdldly das ians whandratc anabiskhny FREYV idsdUrcesosir eFRGRd by

different co i ir 1 [ - ro .jntinmate
with the detgtjit S of t ftl%ereg%% aes,lislDl ar}cf:%ﬁ‘trggcﬁ{ul?%%rno egsiéé%péeﬁé‘yﬁls}é s of

t he phys$i cal dels afesisgrrametaksdsshamgreeair! yehpr agtv s @nlerlayofunewi tleahinol ogy,
the limtati f r ysi.cal 1 t_hods. be tolerable.

Hovever | 1 or TREIREI by T e S S RS Tt e eur os
and nmay not pEssess dda20 heaid edhrivnowl seddel eofvadaR@h g ciit estalr esnanof

nmet hods, the .esent, . i cal . desi.gn t hods, _ar.e not acceptable..In order
to address t k%‘l lpr’ob hé%h%lsr!tocl%sdunreecel%saerqcicrteénelslrﬁ eElIrber ate Jirb% %@ hodol ogy
into the exi stififg feREA tdesiagragd .| oW as Hararapsr eflidor@lsarpoissy bl ado-

addr ess he veerni fian%s rc%tgi%n cgf tfe behayi or eof a Dynam caI% _
Reconf igur abl"& " LE1% “Fesigif Gand' T bt o%ladbg aut Ot &beh Rt %ﬂ“%%ym cal
desi gn processnulrlilor tat teenpirse tthegoltree tdhinee WA eradnotaste and Sisdat ent
rNgi:oﬁi‘ rgar ;glgé/t %If’gne% :,I\ch%gﬂ :)sqclsgaﬁ_ kiaﬁ‘?gyr;eé%g?#ﬁa%ﬁﬁ%l% Xﬁﬁ'ﬁ%f&%wng to
rewite en- be thoroughly intimate with the details of the target

FPGA architecture and are expert-users of the physical

15 design methods.

For early practitioners of new technology, the
limitations of the present physical design methods may be
tolerable. However, for the majority of designers, who
have time-to-market pressures and may not possess de-

20 tailed knowledge of FPGA architectures and methods, the
present physical design methods are not acceptable. 1In
order to address this problem, it is necessary to inte-
grate design methodology into the existing FPGA design
flow as transparently as possible, to address the verifi-

25 cation of the behavior of a Dynamically Reconfigurable
Logic design, and to provide automation of the physical
design process.

Prior attempts to solve this problem include
U.S. Patent No. 5,781,756 to Hung which discloses a dy-

30 namically and partially reconfigurable FPGA which allows
run-time reconfiguration without having to rewrite en-
tirely the configuration memory cells. The '756 patent
also discloses a method for dynamically and partially
reconfiguring the FPGA configuration without having to

35 rewrite entirely the configuration cells. A memory con-



tirely the configuration nmenory cells. The ' 756 patent also discloses a
nmet hod for dynamcally and partially reconfiguring the FPGA configuration
wi t hout MaYOm$2480 35 rewite entirely the configuration celdrsusod4mssaory con
WO 01/ 45258 PCTI USOQO' 41889 -4 figuration device is included in the FPGA
for controlling the |oading of the dat é4fegi ster and address register of
the FPGA. This device allows the skip over of unchanged configuration

menory cells.. Therefore, only the confi 5 rati |Ls that need.to be
changed wi | 158 53wt tdeerYlC%closnflerll’cgfn%%gélpab%r&é%?l'irl%@gquﬁu?%%f?ﬁ *®¥ oduc-
tion of Run-tHearel dRRetionf iqgfuradbd elddesigns!'s thyr Nab@edddShs ¢ azegi Yayneotuk, and

Peter Y.K eu i sclgses the., matchin f two. successive circuit

confi gur at i (()%se 3%)(%0 | o Se'(i%velcceo %oe ﬁgsal% ert%v?ﬁe?r%[ upcRared
~reconfigu- raadrfoinidta®e @amde it el zed. Theradded) ngn py oeledueenf cgat ai ns
three steps: 1). Representing the co nents in _the successive circuits
as nodds | n RGBT L GIBpPee ot IRP IR Bebt R ERFortEach node
in one 15 configurati an ddrttewenosdepd et henof tieed comd t Gus el h@Nprofaki ng
into account_the values of the weights; 3) insert- ing RCMix_and RC_Dmux
to produce & Bhisindt i s tR%CErPgl%‘ﬁﬁl? § tPFSEHHT | guiY rkeRegi ons.
However, i n dihe-zover atdyndasiign aidcesser this. neehhyoioseussebetree the
physi cal 20 design process. It is the object of the present invention to

provi de desi®HerTE i tH St HEL T VIt Briemt F igPR hedUphysPRal C8esign for a

dynanigal |y recand il alingdragies Comikoh ted Natel) 0b dega@ +8¥&hf Ofu-
automatic enjoyed in 25 traditional,, fixed-logic design. It is a further
obj ect of tHEGIRFeAtiTsh 33* i CWHRHEEZ 9t hoth M3 Hpl-BRe T PgSau pRysi cal

design that cghistings ditdde tdeeddpl Bred gt d Qih 0fnd hendesbfpohsntor L£Ct,
t hat does not violate any electrical rules in_the target .
the two successive circuits as nodes in a bipartite
graph; 2) computing the best match for each node in one
15 configuration with a node in the other configuration,
taking into account the values of the weights; 3) insert-
ing RC-Mux and RC_Dmux to produce a combined circuit with
explicit reconfigurable regions. However, in the overall
design process, this matching occurs before the physical
20 design process.

It is the object of the present invention to
provide designers with a method for implementing the
physical design for a dynamically reconfigurable logic
circuit that provides a level of automatic enjoyed in

25 traditional, fixed-logic design.

It is a further object of the invention to
provide a method of implementing a physical design that
ensures that the implementation of the design is correct,
that does not violate any electrical rules in the target

30 device, and will protect against run-time contention for

FPGA resources.

SUMMARY OF THE INVENTION
The above objects have been achieved by a

35 method for implementing the manual and automatic physical



30 device, and will protect against run-time contention for FPGA
resources. SUVMARY OF THE | NVENTI ON The above obj ects have been achi eved by
a 35 net wso1f45258i npl enenti ng t he manual and aut omati ¢ phy®CTAISOMNDS8Y/ 45258
PCT/ US00/ 41889 -5 design of dynamically reconfigurable |ogic applications.
The nmethod is carried out using softwarethat forns a physical design flow
to take a design specification from a schematic or high-1level description

| anguage (H 5 1 hrou : c Lgucat i i .ea ihl.es. . met hod
| vol ves 1 oadtRooh Hos Unrmeburty SPRaRei Qhr Y obE e Ahb R e s
and a set of Thecoathgdrabl eamated ouvontiexhsg, sobrpilcenghescfoatust he

reconfi gurabl e nacros | aci and routing.an.initial .device context

Contai ning 18TV RECHh: EraPointr 8 ot BRCt By PR PBF SaiATe Shner ol and

for each of &hechenmanftgurablieghriieres, dapdatpngohhéandewgee (cionhext by

arbitrarily | ecting a text .for ach reconfiqurable macro, placing and
routingéthe E%yoag%egodggggec88%%8§Fa ﬁanr%ﬁgﬁgfﬁ mt%é&ﬁﬁdatﬁﬁﬁ and plac 15
i ng steps unthethalll infrolhesr eeadfhguanabkeigacnetcantexthathavne lbees pl aced

and routed. Then, _after.the_conpilation rocess is_complete, full, partial
and increnenf%? bBiFé?&égngaﬁfggggﬂérﬁtgag ?%erﬁﬁPﬁgdggFa%hg BP&SEnt

i nvention freestdets20csinghelagl eaahFBEAcspeecktbafeonshbecataer®sand al | ows
them to focui on syst8n1level i ssues. No eégert | evel know - edge of
dynani ¢ r ecoRtfgurabfee| bgrE M HpfBneRt AL FOndEY 1 CEPERNAREI COBLGHE Y
required to yse thetpaeseatrbN¥eAtektOfprashkhgeknvenkicam idsasicros

i ndustry-standard desi 25 entry formats. Since many of the key design
steps can beanaug8ﬁa??gg 9§IEgﬁlgeFPﬂg?EHﬁaBéesgégaoﬁy PRGN f§St he

need to manuaklyceopdtetxtheyphepessesiol tkoetphiagnengonthacerent, and
routing. Theeggihggcggfgggrg£ geggckgyegiacing and routing the up-
dated device context and repeating the updating and plac-
15 ing steps until all of the reconfigurable macro contexts
have been placed and routed. Then, after the compilation
process is complete, full, partial and incremental
bitstreams are generated.
The method of the present invention frees de-
20 signers from FPGA-gpecific considerations and allows them
to focus on system level issues. No expert level knowl-
edge of dynamic reconfigurable logic implementation or
FPGA architecture is required to use the present inven-
tion, as the invention uses industry-standard design
25 entry formats. Since many of the key design steps can be
automatic, valuable time can be saved by eliminating the
need to manually conduct the processes of floorplanning,
placement, and routing. The method of the present inven-
tion provides designers with a straightforward path from
30 Dynamically Reconfigurable Logic concept to FPGA imple-
mentation so as to allow them to meet time-to-market

constraints.



tion provides designers with a straightforward path from 30 Dynam cal ly
Reconfi gurabl e Logic concept to FPGA inple- nentation so as to allow them
to neet tW@BL4BS%rar ket constraints. WO 01/45258 PCT/ USOO/MIIg8%00/41889 BRI EF
DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a block diagramof the Dynam cally

Reconfigurabl e Logic design specification"used in the nethod of the
present invention. 5 Fig. 2 is a block diagramof the Dynamcally

Reconf i gur abl i i i fi.cati ig. 1 em ploying Design
R RS O Y dBr s, i

Netlists use e presen invention. Fig. 3 is a block
di agram of the Dynam cdldy. 10iReconfoguratderdrogt BhysheadmDesign Process

used in the . t.he present. invention..Fig..4 is a block diagram of
t he Dynam cal%%é&%@c%%ﬁa}%uer ;&b?gel o%élégl%])gsél%enckﬁb(gva%ls%% 1ilsrl‘E(?hlerl P%})l/%i cal

Desi gnn Processthofd Fifg.tle tfederny. inventaidst ock di agram of the

Reconfi gurabl e Hard- I 0 nmpi | ation .fl ow nmet hod. used in the Physical

Desi gn Process of Fi g!VBE%.g’FiCZS.l%El‘sblaocﬁTo FEH HYr%m of© t RS Recon-
figurabl e Loexraahniceptalss: Kigyr ideddwn ppedi &idat 26h BESTF MPDEL ReR-

CARRYI NG QUT 'EHE I _NVENTI .ON 'ttzlgiref erence to Fig. 1, ad% am cal | y Recon-
figurabl e Lo &¥Bes Jirs s i g $et oHIT Quirant s daer e R 5% el ude
static | ogi c itAranicbrr.econfi gurabl e 25 | ogi ¢ 150. Each of the static 140
and reconfigurable 150 _logic circuits consists of_a network of ﬂrcuit

macros. Each macro is &% rcdit BIEMH HHRET 3R ptesEit LHHREFRLY ogi ¢
resour a® i n Reedrarigpir AREA [asild tretdiies ] el @S Brod &g Cu 9ad 19 t1e
storage elen%%&hdﬂté¥r¥§é\g¥ séﬂg(ﬁﬂéention.
Fig. 4 is a block diagram of the Dynamically
Reconfigurable Logic Design Flow used in the Physical
Designn Process of Fig. 3.
15 Fig. 5 is a block diagram of the Reconfigurable
Hard-Macro compilation flow method used in the Physical
Design Process of Fig. 3.
Fig. 6 is a block diagram of the Dynamic Recon-
figurable Logic concept as known in the prior art.
20
BEST MODE FOR CARRYING OUT THE INVENTION
With reference to Fig. 1, a Dynamically Recon-
figurable Logic Design for using reconfigurable macros is
shown to include static logic 140 and reconfigurable
25 logic 150. Each of the static 140 and reconfigurable 150
logic circuits consists of a network of circuit macros.
Each macro is a circuit element that represents a basic
logic resource in the target FPGA architecture, such as a
logic gate or a storage element. Alternatively circuit
30 macros may be hierarchical, containing other hierarchical
macros or circuit elements or both. Macro A 141, macro B
142, macro C 143, and macro D 144 make up a network of
static macros, while macro E 155 and macro F 156 make up
a network of reconfigurable macros. FPGA input 133 is

35 shown to be supplied to macro A 141 of the static logic



30 macros may be hierarchical, containing other hierarchical macros or
circuit elenents or both. Macro A 141, macro B 142, macro C 143, and nacro

D 144 makgolwRssesget work of static macros, while macro E 1g6t “/Hgf%ro F
156 make up a network of reconfigurable macros. FPGA i nput 1@\% I's 35 shown

to be supplied to macro A 141 of the stati’e | ogic WD 01/ 45258

PCTI USOO' 41889 -7 network. FPGA output 134 is produced from macro C 144 of
the static logic, while FPGA output 135 is produced from macro F 156 of

t he reconfi gur@b¥erk ogi EPGAheukinek o534res pPro@reeAntreednarrhi § LAé of

ynami cal |y Reconti gur ablsof. Loghey DophaR: obhioa: DYam cab L yoRRGantLar abl e

Logic Design, a reconfigurable macro is ad i onal I ne socl at ed
W th each recomt¥qur abbe afictloc arecontiourabple hegio- cBheexésroerare

confi gurati ons, . EACH, HBCL O3 CONLEN L5 U8 A0nfLOEH, a8 B NEL YOIk 0L Circuit
S driRe FRE T

macros. Macro contexts represent an ine t rent~cirrcurt
confi guriati onsocgihaPesigrconfi gurabl e nmacro nmay i nplenent. The set of

macro contexts associatged wd gm{(%ﬂr%i 198591%?%{%?&5% %gsgg nglégme FPGA

resources. Consequently, only one cro con can actrve on’tfhe
FPGA at any imstantiguwrablesnadhe mmcaddithanable definedonfhgapabheedre

called static..mmc S] y_reside on the FPGA during run
time. The inp le{n%n%%fshll O%Q%C?H%P%%}é%%@?ﬁ%?%%} o f n%n%t%in ChEcd5 8nd a
particul ar commextxfsr eackomei@@razoindngur abhehnmecooi sonakkedia devi ce

cont ext, , Each.. deyice context jis defined.by the statjc logic in the design
and t het Sel ec J|“r(l)(:ﬁe{o&fs & pAT T acr)]gn%%:rr%u:b HP3%t °5 f orM2GER ?8]8i3ﬁ?{{5§urabl e
macr 0. Reconfreuraddret nacd odef haw et el d1 pferénncti omal t coohexgyarabi bes

sLatl e meros g eve.s sl e onal scom e e patle meros

contain a fixed 1 oyi CHE
reconfi gur ablmaameraonsexied | aesbdyatted with a reconfigurable macro

share the same FPGA resources. Consequently, only one

15 macro context can be active on the FPGA at any instant in
time. The macros that are not reconfigurable are called
static macros since they permanently reside on the FPGA
during run time. The implementation of a design contain-
ing static macros and a particular context for each re-

20 configurable macro is called a device context. Each
device context is defined by the static logic in the
design and the selection of a particular macro context
for each reconfigurable macro. Reconfigurable macros
have multiple functional contexts while static macros

25 have a single functional context. While static macros
contain a fixed logic network, reconfigurable macros do
not. Instead each reconfigurable macro is defined by a
set of macro contexts.

A Dynamically Reconfigurable Logic Design can

30 be specified using industry-standard design entry formats
such as VHDL, Verilog, or Schematic Capture. The recon-
figurable logic in the design is described by a set of
independent netlists for each context of each reconfigur-
able macro. The initial device context is described as a

35 netlist that includes all of the static logic in the



set of macro contexts. A Dynami cally Reconfigurable Logic Design can 30 be
specified using industry-standard design entry formats such as VHDL,

Veri | og, ﬁoﬁ&?@mﬂ“ c Capture. The recon- figurable |ogic ﬂdi‘/ﬂ%‘bﬁmijs%ai gn is

described by a set of independent netlists for each context of eac
reconfigur- able macro. The initial devi€® context is described as a 35
netlist that includes all of the static logic in the WO 01/ 45258

PCTI USOO' 41889 -8 design, and the initial context to be used for each
confi gur abl e desdige., Wch thef drdriice lt ¢arRitext2 ta hee juded tfet et ext netli st

or desi gn netlhst JH%Ackides ey et ilide Blestad g 4TRcs 05480 and an
initial context nacro for each of fhe recon I gurabl’e macros, macro E 155
and nmacro FtiBg. cPmd exdc aveftilgntalsire desciors reate isdcH defimediddy shaet of

macro netlis : iC f a .part.i_cul rq ¢ ext.
Wth refer en?:l%tth’%%ll—sl ;O§6§t%tacﬁ% %[?f\g%csalqﬁﬁng%ﬁ anlolegr%lcaglss@% t teqrbarcgrgéent

i nventi én i s fslrowachAD fexpleainsetn falmousb ichenedesiggn remtry BtiEgh ldhd s
entered usin ny i try-standard design-entry format. A design. entry
specifies t h%la er)s(?l gﬂqﬁgt'l i srft%eléf%%r%lf? élr%i]aoclreo mr%;tﬁ()lsst@sremeacg%ré%%lcrhe%f t he
reconfi gur ablby macrkss ofTheadesingt llistwetlldSst 166 archdthe fradriccineidfsis 16

are supplied_as__inputs to the FPGA physical design tools 18. The physi-
cal design t GoFP§*: célrléiruglg rfoorcotnﬁee%%dnpi | ation of both the static and

reconfigurabl e | ogi c | witthe réefssrgmcaNtchim d.hea ,phitsd @&ly sliesd groé oindrs
framewgrk, the key st 20 of conpi.atiqn, including floor plannin
pl acement and*C (?y&tsl Rg, “Ehn pﬁéasﬁé]r?&%e&&ﬁé)ﬁh%% fq%or ut &%t?’ﬁ?%ﬂgqt i's
in the physi edovegsit@ie tdeali drireitirgn safed hi2s iy eessred rusticharipe et hod

of the present invention is i e-. nent ed. tomati on of the conpil ation
process rrean%nfillﬁac‘ttri”Ssttl‘?éld%égm ST TR e vEd BTt t het reti Ferfdht™f or

det ai | ed specifies the design netlist 14 and the macro netlists 16

for each of the reconfigurable macros. The design

15 netlist 14 and the macro netlists 16 are supplied as
inputs to the FPGA physical design tools 18. The physi-
cal design tools 18 are used for the compilation of both
the static and reconfigurable logic in the design.
Within the physical design tools framework, the key step

20 of compilation, including floor planning, placement and
routing, can be performed manually or automatically. It
is in the physical design tool function of this process
in which the method of the present invention is imple-
mented. Automation of the compilation process means that

25 the designer is relieved of the requirement for detailed
knowledge of FPGA architectures and tools. Automation
also enables fast design turnaround and ensures that the
electrical design rules for the target architecture are
not violated and also protects against run-time conten-

30 tion for FPGA resources. The physical tools include the
capability to generate configuration, and reconfigura-
tion, bitstreams for both static and reconfigurable logic
within the design. 1In Fig. 3 there are two different
software tool flows. One software tool flow is for the

35 creation of reconfigurable hard macros, designated macro



know edge of FPGA architectures and tools. Automation also enables fast
desi gn turnaround and ensures that the electrical design rules for the

target anghilgeksre are not violated and al so protects aggfsoidskot | Me
conten 30 tion tTor FPGA resources. The physical tools include tqhe

capability to generate configuration, andS9reconfigura- tion, bitstreans for
both static and reconfigurable logic wthin the design. In Fig. 3 there
are two different software tool flows. One software tool flowis for the
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reconfi gur ablEheharahamey of & sieddrafigwabhathaofd stat¥e 1ogstmhbad bacro in

fixed logic ' j hat it r [ | acenent and
Fout~ i ng i nierRRt bR P b {OF gt EREArEh Yoot ire FRLS oL gRem
reconfi gur abltératara thadnrds ai ffar@nmtadrp tdattdain hakacemdn t phed cootext s,
each which is ' T - 1l nfigurabl e nmacro
context on trs%enaq ;&?g%éf&%o&aﬁ%ﬁ Igg% t%%g%%f%(% e%%‘ﬁ‘ﬁ%%?%%ﬁ‘%' naalg?%%v ave
different fuict immainftiontrestilss hacbmiagur abd edhafereracros tlave idifhder ent
functional and.structural contexts. ‘I"ﬂrléaic@ciro flow 22 and the design flow
20 can be uséd*im epen(fentﬁy. © A%t nativel ys 3 R e rd Y oW R PR WS ed
inplicitly inidn tdfe tdesimgrcdrd ovwiryalsiep phag g ¢ dret areic ran coiid exdrdet | | sts
together, wth t edesi\gﬁp e the cre- ati

r econf ﬁg)urablaé: F e eo'geb&khsféoe]}eg%gp%f%abs]a%t%?ﬁ?%aftF‘-i“fl‘? chjsg%)?ﬂ?mbf t he
Dynami cal | y Recanfiiqialaldaentd-aogl ¢ Resirghi Juoaibl A hesied thadrés ynadei s used to
store 20 the iefé?oenfeg{gcu(rﬁglt e .haraglcrrac(g 0S afé er tﬁ_e%o have been com pil ed.
The end resul r[ Yt Btoc B SHoWH T H 2 Fi 155 a colrf BT on of
configurati orfland Jecond itQ atesign flow 20 can be used independently.
Alternatively, the macro flow can be used implicitly in
15 the design flow by supplying the macro context netlists
together with the design netlist, in which case the cre-
ation of reconfigurable hard macros will be performed
automatically, as part of the Dynamically Reconfigurable
Logic Design flow. A user library 24 is used to store
20 the reconfigurable hard macros after they have been com-
piled.
The end result of the design process shown in
Fig. 3 is a collection of configuration and reconfigura-
tion bitstream files. Three different types of bitstream
25 files are generated. The design bitstream 30 is a full
configuration bitstream for the target FPGA. The design
bitstream 30 includes the static logic in the design and
the initial context for each reconfigurable macro. The
design bitstream 30 is used as the initial configuration
30 for the FPGA on power up or system re-set. The second
type of bitstream is called a partial bitstream 32. One
partial bitstream 32 is generated for each reconfigurable
macro context in the cash logic design. Partial
bitstreams contain only the configuration data relating

35 to a particular macro context and the interconnection of



tion bitstreamfiles. Three different types of bitstream 25 files are
generated. The design bitstream 30 is a full configuration bitstreamfor
t he targeo HR&S8 The design bitstream 30 includes the stacrasba¢gisg i n the
design and the initial context for each_ reconfigurable nacro. The design
bitstream 30 is used as the initial confirgaration 30 for the FPGA on power
up or systemre-set. The second type of bitstreamis called a parti al
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can be applied to_the targe FPGA irrespective of .the macro context. that
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reconfiguration bitstrians 34 contain th%' confi tion dat.a needed to
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reconfi gur abkenfiguiaeion Ba@a dcddes mot taow fidhen Sindllaldanstaps t hat
are normal ly perforned as part of the FPGA desi.gn_pro- cess., For fixed
| ogi ¢ desi gnSOPFEXFaydGP 5?‘&5%%‘% ¥ thgn BePP&Fﬁg’aﬂB‘éFf GEE PHIREFNS t o t he
physi cab desigarstep 15 18. Post |ayout sinulation is perforned once the
desi gn has been placed and_rquted. In the D%@gntcally_Reconfig- urabl e

Logi ¢ Desi gn Fl ow descFitBed3h&PEs &CfulSROMo e 1Mhd AP 155 S5 ddiident | y
verify each de¥i eer&anteXbel@briiedrBEADa2? The t3f ttwayre desigan Jdow 20 for

creating the conplete Dynam cally Reconfigurable Logic Design is shown
cess. For a fixed logic design, pre-layout simulation is
performed before proceeding to the physical design step

15 18. Post layout simulation is performed once the design
has been placed and routed. In the Dynamically Reconfig-
urable Logic Design Flow described here, simulation can
be used to independently verify each device context for a
FPGA.

20 The software design flow 20 for creating the
complete Dynamically Reconfigurable Logic Design 1s shown
in Fig. 4. The design flow process 20 begins with the
step 40 of reading the design netlist. Any macros in the
design netlist 14 that correspond to a reconfigurable

25 hard macro context will have been previously compiled and
stored in the user library 24 by the macroflow process,
which will be later described with reference to Fig. 5.
The macros in the design netlist 14 that correspond to
reconfigurable hard macro context are designated as con-

30 text netlists 36 and will also be read from the user
library during this step. In addition, under user direc-
tion, macros in the design netlist 14 can be associated
with reconfigurable macros that do not yet contain any

placement or routing information. These reconfigurable



in Fig. 4. The design flow process 20 begins with the step 40 of reading
the design netlist. Any macros in the design netlist 14 that correspond to
a reconf iw@oedskss 25 hard nacro context will have been prewcaussog/4cssopi | ed
and stored in the user library 24 by thﬁ macr of | ow process, which will be
| ater described with reference to Fig. 5°-"The macros in the design netlist
14 t hat correspond to reconfrgurable hard macro context are designated as

con 30 text t t nd_w Iso read fromthe ser | i during
Iﬁ%aﬁgg AT nOtué/é %alntﬁgﬁ B gﬁﬁf q?fﬁ%

this step. Ption, undér 17 eC
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or routing ka&mrm&tﬂdnt&re6khawo &&eﬂE@@ﬁB gwm&bh@x&okhxﬁﬁoﬁo&ﬂmaCnce t he
design petlist 14 _and a on text netlists 36 ha been read, the

next st&p |nCPW€ll§t&8ﬁpPF8F Sﬁ 5?055§§r§§9? TEFORT S I |l e hard

macros for thacmagtﬁoulaher@aomﬁb@ub&bh@d@ﬂﬁlgmmabxé sHFecindaty the
user. Wth reference to Fi , the software tool flow for creating a
reconfigurabF?eﬁéE dn§¥r5%F5u§ﬁ6Wn Wity TREEYER ST & dd ng a the _
reconfi gur abke ftQaker dodacEQod2 foy Wsed thhic0lh e g idesian d w0 and is
al so used after the stg 40 of readlggethe design . netlists in order to
charge reconfR§iPabPe SEGFT -nmadrds MerteS edoftisgiiall @ REPIRGHEP e

macro fibow pregasmacz2d begiirs usiekih piherstep 6 elegiegdimg. he s8ig afs macro
15 context netlists 36, under the direction of the user, that will form

t he reconflgéﬂéﬁlésﬁéréfﬁﬁErG eQFEEPaldl off reReigenta drstlidtsts 36 have

been read, anpteiptecesSvridesd $beRnEZgEHR i %@%}:ﬁ@ts@@t neiddd to
ensure that .each context has_ the sane i nput and out put ports. Gener 20

ally, this nmeBh8 FRECTLAFYE2RAEG aétr&rnaﬁm% ar@cad@eda §low process
22 begins with the step 60 of reading the set of macro

15 context netlists 36, under the direction of the user,
that will form the reconfigurable hard macro. Once all
of the context netlists 36 have been read, a pre-process-
ing step 62 modifies each context netlist to ensure that
each context has the same input and output ports. Gener-

20 ally, this means that input and output ports are added to
context netlists in order that each context has the same
input and output connections when included within a par-
ticular device context. The next step 64 in the compila-
tion process 1is to find the macro context that will re-

25 quire the most FPGA resources to implement. The size of
this context, when placed and routed, will define a
bounding box within which all other contexts will be
placed and routed. Once the largest context has been
selected, the next step 66 is to place and route the

30 largest context on the FPGA. The placement and routing
of all other contexts is an iterative procedure compris-
ing the steps of calculating a placement match between
the context and the initial context, and placing and
routing that context on the FPGA. For each context, the

35 matching algorithm will first seek to place components



context netlists in order that each context has the sane input and out put
connections when included within a par- ticular device context. The next
step 64 iWOtMES2S8npil a- tion process is to find the macro eonuUsoco4188%at wil |
re 25 quire the nost FPGA resources to iqﬁ%enent. The size of this

context, when placed and routed, will defihe a bounding box wi thin which
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are anylg emai Imyogwheomd x4 51 72hef t ot 89t t Aec besicat ehdaf eputha ki tial con-
text 74, and %ﬁéing an%@routing the context. 66, contin- ues until all of
t he contexts CHERR PRACRTantCRES¥but EdtPehRe®hf] 2BY FRE2EBATEXt s have

been placed amsht&ous erz, thendee@nfhgupatt onabandreBCERehagibesn eenpil ed
and is stored 70 in user library 24 for use in the dynam ically
reconfigurabl%e¥%97%'d%%@Q%%?Clng and routing the context 66, contin-

ues until all of the contexts have been placed and

15 routed. Once all of the contexts have been placed and
routed, the reconfiguration hard macro has been compiled
and is stored 70 in user library 24 for use in the dynam-
ically reconfigurable logic designs.

Referring back to Fig. 4, after the step of

20 compiling the reconfigurable soft macros into reconfigur-
able hard macros 22, the next step is to lock all the
resources for the reconfigurable macros 44 and then to
place and route the initial device context containing the
initial contexts of reconfigurable macros 45. For a

25 reconfigurable hard macro, the placement and routing
information for all contexts is used to determine what
resources (e.g., bus segments, bus computer connections,
core cell or portions of core cells, etc.) relative to
the placement of the initial context, are to be locked

30 off, or reserved, from use by static logic. This ensures
that there will not be any contention for FPGA resources
between static logic and reconfigurable logic. Blocking
of resources occurs the first time a reconfigurable macro
context is placed and may require that static logic, that

35 has already been placed, be moved from reserved FPGA



Referring back to Fig. 4, after the step of 20 conpiling the reconfigurable
soft macros into reconfigur- able hard macros 22, the next step is to | ock

all the weepMsegs for the reconfigurable nacros 44 and thp@r,bgm/‘@#@ce and
route the initial device context containing the initial contexts o

reconfigurable macros 45. For a 25 recorfigurable hard macro, the

pl acenent and routing information for all contexts is used to determ ne

what resources (e.g., bus segnents, bus_conputer connections, core cell
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occurs the figsl; ddd@ & raeOnhi g€ IBEr Oy € ext c d may
require that staltl c |l ogic, thrgat 35 has al re%%yﬂgéeen p%g?:gié ggg?rgved from

reser ved FPGAWD D17 4555 8 ST/ US04 1889 all resawreeesyiShncetbal y t he
detai | ed res%&@éli*%rgylﬂ@%m@% eé(tr@éo &995% Q%%\Jﬂ%g@féotgrﬁe

| ocked fromuse by static logic, optible an use o resources can be
achi eved in twlﬁ%cﬂeﬁﬁnt %?Wﬁh@’ofr@tmftgmbgbbe Baffienacigs noan

requi rement for al{ f@%fﬁ#é{ &h@a C%rkseq @%&9 9oxy %tgtlc

reconfi gurable ‘hard acro t reconfrguarable
hard macr os claIGIma&Becnq'se:mdairmstWams and can be int erspersed with static

| ogi ¢ ngeros and routing, . elgpﬁlf o(y]g nl% of the n|t|aI de-
vice context is conplete, acenen oca |on Fhe Cal |
contexts of atice memrm|@omm atrlee m[ﬁq:eﬂeeht nbd>¢atid>1ys(onetheeach
comiext of e, e ant oy e plabed Al D ek, | geat on o
routing of sté&tfiimddginpliscidlko defe nededdr @abhtext of a reconfigur—
able macro will be placed at the same location as the
15 initial context of that macro). 1In addition, the place-
ment and routing of static logic is also defined for all
device contexts. However, the user can intervene at this
point and modify the placement and routing of static and
reconfigurable logic manually. Any changes made to
20 placement of a reconfigurable macro context will cause
the placement of all other context of that macro to shift
to the same location. Since the I/0 port connections on
a reconfigurable macro may or may not be at the same
location on the FPGA for all contexts, each context may
25 have different physical routing connecting it to static
logic macros. Consequently, each context placement of a
reconfigurable macro has associated physical routing for
connection to other static macros within a device con-
text. For connections between different reconfigurable
30 macros, care is taken to ensure that the same physical
routing is used, regardless of the particular contexts
are connected.
The compilation process continues by the itera-
tive process of updating the device context and compil-

35 ing. To update the device context, a context is selected
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15 of contexts. The process continues until all of the

contexts have been selected, updated and placed and

routed. Finally, after the compilation process i1s com-

plete, the software automatically, or under user direc-

tion, generates the full, partial, and incremental

20 bitstreams.



15 of contexts. The process continues until all of the contexts have been
sel ected, updated and placed and routed. Finally, after the conpilation
process ™ odsPpl ete, the software automatically, or undecTusseo/4risy ec-
tion, generates the full, partial, and increnental 20 bitstreanms. WD

01/ 45258 PCT/ US00/ 41889 -15 Clains 1. “ASwet hod for i npl ementing a

physi cal design for a dynamcally reconfigurable logic circuit, 5
conprising: reading a design netli st tgit.includes a set of static macros
and a set of reconfigurable macro contexfe™® reading each of a plurality of
reconfigurabl e macros, each of the reconfigurable macros corresponding 10
to one of the set of reconfigurable macro contexts in the  design netlist,
pl aci ng and ﬁouti g TE R PRl 1TRHEREN MG &t PRYF £ A0 SRTIER diPt Ife | ogi ¢
circuit, thedyhiatdiala1devireeonFartexbieontrjii rg Aha d,nitial macro cont ext
for the set 15 of static macros and for each of the plurality of

reconf i gur abFETR&ES3EY ‘det er mi ni ng whether all of the reconfigurable macro

contexts have been pl aceddand ROUleed grseleatigty thateXind RN i gusablsr macro
context 20 if all of the reconfigurable macro contexts have not been

pl aced and r &GBEAC TRFEOPNGChE G&H OF EGTOBE PSR oAt MRt next

nmacro context, placi ng2adinQuidaRth e supdatred jdeyvigre L dtqurrn the
logic circuit, repeatln%{the steps of determning, selecting, updating and
pl aci ng and F8GEPRg GRCH C&l IEhef reren frere R LU Mais % Sne e SHMSd™I have

been phaced aRdone of the set of reconfigurable macro contexts in the
design netlist,
placing and routing an initial device context
on a location on the logic circuit, the initial device
context containing the initial macro context for the set
15 of static macros and for each of the plurality of
reconfigurable macros,
determining whether all of the reconfigurable
macro contexts have been placed and routed,
selecting a next reconfigurable macro context
20 if all of the reconfigurable macro contexts have not been
placed and routed,
updating the device context based on the
selected next macro context,
placing and routing the updated device context
25 on the logic circuit,
repeating the steps of determining, selecting,
updating and placing and routing until all of the
reconfigurable macro contexts have been placed and
routed,
30 generating a set of bitstreams for the logic

circuit.



routed, 30 generating a set of bitstreans for the logic <circuit. WO

01/ 45258 PCT/ US00/ 41889 -16 2. A nethod for inplenenting a physical design
for a dywamwidsds8y reconfigurable logic circuit, as in cl apaw/isoo/sigsst her
conprising the steps of: conpiling each gI6 a plurality of reconfigurable 5
macros prior to reading the design netlist, and storing the reconfigurable
macros in a user |library. 10 3. A nethod for inplenenting a physical

design for a- dyngm r f i gu e logic.circuit, as.in claim2,
wherein the szt'eps%’of&e?glrfypq I]foﬁrgqerﬁa@hé“g%ttlhneg %T dPRM %/afofde?Je%%n??@u? abl e
macr os i ncl udvnamsading a esain ofguwaitlext]l gowetd istsguite setiofcldfmcont ext

netlists corr i Q.a .parti.cul ar reconfigurabl e macro, nodifying
each cont ext fﬁlet cllllr}%!t Qzl%rllrtlpfrh%-lsne% to}fe Sgtoerﬁsexqfo'netl ists so that each of a

first set of contexts duwagidisameset of d nutrandwwhutepatt sgudble

selecting a largest caontext from.the firsf set of contexts, placing and
g RSy siient® o rgrfélg 1% cé%ﬁlr%irf?t]s]eﬁte'ct?rh% a next context

routingthe Imargest context” on
fromthe first set of <=XHrdont extes,raalrclilAlidgla npl@csent 4l bet ween
t he next corlti%>1<_,tarand the | argest context, placing and routing the next
context on the Io&'c circuit, and 30 repeating the steps of selecting and
placing and routing for all of the contexts in the first set of contexts.

10 3. A method for implementing a physical design for a
dynamically reconfigurable logic circuit, as in claim 2,
wherein the steps of compiling each of the plurality of
reconfigurable macros include:

reading a set of context netlists, the set of

15 context netlists corresponding to a particular

reconfigurable macro,

modifying each context netlist in the set of
context netlists so that each of a first set of contexts
has a same set of input and output ports,

20 selecting a largest context from the first set
of contexts,

placing and routing the largest context on the
logic circuit,

selecting a next context from the first set of

25 contexts,

calculating a placement match between the next
context and the largest context,

placing and routing the next context on the
logic circuit, and

30 repeating the steps of selecting and placing
and routing for all of the contexts in the first set of

contexts.
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gener at €d i nClA5déES ‘a it O hi St RS iPRIIRR LA B CHFPELF i gurati on

data relatipgilnr aPparddBiHar-HRE«sepntrexdli 25 aha Awet hod for
i npl enenting a physical design for a dynamcally reconfigurable_|ogic

circuit, as iHFOFLYAYE PG h M SetPTMDi LR erer af’FiMEl udes a

third bitstreamddhatyd neddudes a set of configuration data for 30
transformng a first device context into a second device context. WO

01/ 45258 PCTI USOO 41889 -18 8. A nethod for inplenenting a physical design
for a 1meconfigurable macro conprising: reading a set of context netlists,

the set of context netlists corresponding to a particul ar,
5. A method for implementing a physical design for a

dynamically reconfigurable logic circuit, as in claim 1,
wherein the set of bitstreams generated includes a first
bitstream that includes a set of static logic and a set
15 of initial contexts, each initial context corresponding

to one of the plurality of reconfigurable macros.

6. A method for implementing a physical design for a

20 dynamically reconfigurable logic circuit, as in claim 1,
wherein the set of bitstreams generated includes a second
bitstream that includes a set of configuration data

relating to a particular macro context.

25
7. A method for implementing a physical design for a
dynamically reconfigurable logic circuit, as in claim 1,
wherein the set of bitstreams generated includes a third
bitstream that includes a set of configuration data for
30 transforming a first device context into a second device

context.



5 reconfigurable macro froma plurality of reconfigurable nmacros,

nodi fyi ng each context netlist in the set of context netlists so that each
of a firswooeys268 contexts has a sane set of input and owquuseo@igss, 10
selecting a largest context fromthe first set of contexts, placing and
routing the | argest context on the |Ogi_C,19C_i rcuit, 15 selecting a next
context fromthe first set of contexts, calculating a placenent nmatch

beteen Lhe next, £ SKLa ol U1ge) aLaTsl, oM Sl ol pelng, andouling e
and pl aci ng b bigurgo T@rmatto aforihrel €omyexts in the first set of
contexts. reading a set of context netlists, the set of
context netlists corresponding to a particular
5 reconfigurable macro from a plurality of reconfigurable
macros,
modifying each context netlist in the set of

context netlists so that each of a first set of contexts

has a same set of input and output ports,

10
selecting a largest context from the first set
of contexts,
placing and routing the largest context on the
logic circuit,
15 selecting a next context from the first set of
contexts,
calculating a placement match between the next
context and the largest context,
placing and routing the next context on the
20 logic circuit, and

repeating the steps of selecting and placing
and routing for all of the contexts in the first set of

contexts.



