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United States Provisional patent application

60/ 479,759, filed June 18, 2003, entitled Integrated
Circuit Devel opnent System the contents of which are
i ncorporated by reference herein. TECHNI CAL FI ELD 10
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designs result in massively regular structures, such as cache memory, because the
exponentially increasing complexity in the low-level details of each new fabrication
technology do not allow much new design in the available time. IC speeds are being
limited by '‘present day architectures, which have an ever increasing need for long
wires and more and more interconnections between chip components. This
increased amount of interconnection is causing a new manufacturing paradigm
where defects in the wiring dominate.

As fabrication technology continues to advance to transistor densities near
one billion transistors on a single die, it is becoming apparent that the steeply rising

design costs, exponentially increasing verification effort, inherent limitations of
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FPGAs (Field Programmable Gate Array). The design
begins by creating 5 a systemnodel, illustrated here
as interconnected functions As, Bs, and Cs. The system
nodel can be nodel ed in any manner; such a nodel i ng
system i ncludes, for exanple, a block diagram a
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Again an RTL description and synthesis is used to develop the logic gate model.

~

Several iterations may be required to ensure the design physically fits onto the target
part. Once the mapping is known, the design is tested to ensure the timing
requirements are met. If the timing design requirements are not initially met, the
structure of the RTL must be altered until both the mapping and the timing
requirements are satisfied. For example, it is quite often necessary to have multiple

repetitions of the same logic which run in parallel to ensure the timing constraints
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the FPGA device is powered on, all the FPGA el enents
are automatically | oaded from the ROMto create the
desired function. 5 Because of the shrinking size of
transi stors and other |IC conmponents, full- custom
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a block diagram illustrating typical processes used to design
ASICs.

FIG. 1B is a block diagram illustrating typical processes used to design
FPGAs.

FIG. 2 is a timing diagram illustrating a data transfer protocol.

FIG. 3 is a block diagram illustrating an abstract view of a data register.

FIG. 4 is a block diagram illustrating another abstract view of a protocol

register according to embodiments of the invention.
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anot her protocol register according to enbodi nents of
the invention. FIG 8 is a schematic diagram of a
protocol register according to enbodinents of the
invention. FIG 9 is a state transition diagram for

the protocol register of FIG 8. 10 FIG 10

i 11 ust pry. 8Sis b 'WRodh! disdfardliofg pedtBedd redsteiethat ipeloles combinational
showing invalid data nenbers. FIG 11 illustrates how

t lngicdat a packets can be combined. FIG 12 is a bl ock

it ogr I OPRbD or o SR ety s I Gfupene

dfo@;@é@ﬁf@b&%sf@ﬁpﬁﬂ@éo&ré@ﬂtdwme obj ect can be
constructed usi n r ot oc |sters FIG 14 i.s a
schemat1& Tdis ad¥ %F%‘E rPga’é‘EfE %P@ﬁ?l@&ﬁ{ﬁrﬁ%‘?ﬁ%ﬂ% Bf
&ﬁgod eﬁﬂs f%’ledm‘i)&ﬁf]ﬂco' registers. FIG 15 is a

sC a ram showi ng an asynchronous

i npl errBIG.a& llstarsch)ématﬁﬂil@rpn@lf epodtoca gegster acchidBg the i s

tjm.n am showi ng pseudo-asynchronous cl ock
l@?‘]&ﬂ% %@’@Verit‘f’nrs a bl ock di agram showi ng a

ps eudorRs. %Ws@aﬁ@ Hsinditid @RBBIAbE R prétocd rBEiSPEOFIG. 8.
register. FIG 18 is a bl ock diagram of an exanpl e

har dwaFEG.dlf) idlostrateswol dbckidagrams obp date paeley shawing nvalid data
| | | gfberatl ng how hardware objects can be defined from
g har dwar e objects. FIGS. 20A-20C are bl ock

d' agr apyG. 11 uskeatd ey tvd d4 padketsype be cbmbaredwar e
objects. FIG 21 is a block diagramil| ustr

an ot heF1G yideis fblockr degipa shoyagthiow apyadifienal 53 ég?@ent can be
at%h%?cg?l@ lv!aﬂf?otnr ating how hardware objects can

one anot her using nessages. 4 WO
2004/ 151368 BEH6E200#4AMKA6Wthg how a hardware object can be

constructed using protocol registers.

FIG. 14 is a schematic diagram showing equivalent combinations of fork,
join and protocol registers. “

FIG. 15 is a schematic diagram showing an asynchronous implementation of
a protocol register.

FIG. 16 is a timing diagram showing pseudo—asynchronous clock generation.

FIG. 17 is a block diagram showing a pseudo-asynchronous implementation
of a protocol register.

FIG. 18 is a block diagram of an example hardware object.

FIG. 19 is a block diagram illustrating how hardware objects can be defined
from existing hardware objects.

FIGS. 20A-20C are block diagrams illustrating different types of hardware
objects.

FIG. 21 is a block diagram illustrating another type of hardware object.

FIG. 22 is a block diagram illustrating how hardware objects can

communicate with one another using messages.



FIG 23 is a block diagramillustrating a nessaging
fork object. FIG 24 is a block diagramillustrating a
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re-configurable chip having a nunber of physically
formed hardware objects. 5 FIG 26 is a block di agram
illustrating an object library used in conjunction
with a re-configurable chip for devel opi ng systens.
FIG 27 is a block diagramillustrating software

obj ect Fits. @33k & bYockflidgrad §lhistratindh awksagirpgogavbject.
illustrating a software nodel of a hardware system
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dgys@g,ﬂprrent. El enents of the devel opnent system
i ncl ude hardware and software objects. These objects

can beFlGs2%iseddockothagradllusimtinghpwspiwgre ehjerts are mapped onto
connecrtged ibB alp software environnment to inplenent
dAFFEPERTIUREYPons. Once in software, the descri ption

def i ne§1G 3 i ndbRadiagash iluapeng héditiofial anfoehatidn that can be
obj ects. These objects are 25 hierarchically conposed
f edesbed kepachispBweEe objers SYSRRRst | evel in the hierarchy

is depgg a{g aﬂ{d.\g.g%lilgﬁa%ll ﬁ%{s@%&t&tﬁb{céﬁés%e@hﬂ&@%pg{g software

har dwar et can the function an

meydiéas for tifpleasamtioh@h apeapefiguretsle ohipa sof t war e

obj ect, the topolo an roperties of the soffware

descr i Eﬁ@gfﬁg‘g) afe ‘g%/g%‘ins %QEF% %ﬂ‘wﬁ%@?ﬁaﬁé&ﬁ% fAnEsreated
of sinBah AN hE dveResd or m the desired functions.

Ust ng enbodi nents of the 30 invention, circuit

desi gners can design hardware systens with little or

n f war e or hardware design,
rm@gﬂ]ﬁgﬁjgﬁlwg@ﬁﬂmre description. 5 WO

2004/ 14168016 YB3 L8R 2R lude a system for an integrated circuit

development. Elements of the development system include hardware and software

objects. These objects can be instanced, ordered, parameterized, and connected in a
software environment to implement different functions. Once in software, the
description defines the topology and properties of a set of objects. These objects are
hierarchically composed from other objects. The lowest level in the hierarchy is
denoted a primitive object. By using a piece of hardware that can both implement
the function and maintain the essential properties of a software object, the topology
and properties of the software description is all that is required to define a piece of
hardware that can perform the desired functions. Using embodiments of the
invention, circuit designers can design hardware systems with little or no knowledge

of hardware or hardware design, requiring only the software description.



Conmuni cat i on Fundanental s Fundanental |y, hardware
objects forned on an | C communi cate with one another

wagionglabectri cal signals. States of el ectri caPCEHUVOI/619510

10

15

20

25

30

are defused to represent 5 data. For instance, an

el ectrical signal having a voltage val ue above a

m d- poi nt between an operating voltage and a ground

ref erence voltage can be considered to represent a

"1" or H GH val ue, while voltages bel ow t he m d- poi nt
vol tage can be considered to be a "0" or LOWval ue.

To ensure signal integrity, only a limted voltage

r Qemmuncaion nEnagmenweh r ef erence is considered to be a
LOW val.ue. Si.m I M .

near ¢ epEpalt At utE oBEel Brrhod b S RIS one
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Meptdspite ‘47’ on BI6 Hosaluey evhile anlfges betdvwhibe weidrpodijveliegs can be

al ong, a paralle], d bus, .which allgws, data t e .
Coomrcha goe T ot CHOpSERG. Thansute PepfRisBRhE opfy dffmitea
SEHRR raRRinBir thd BRuBARREened isddhddabl & b®a DOW value. Similarly
transterred wwthin a particular tinme is determned b

t bualy aidliraitedi withgofangpaedsibe epriatingevoltegeyisaresidened g lGH value.

the daja state is dated. 2 i dat a

t PENSATRES 1B GWCSP&C(% ﬁ%}seanuu&e aﬁ%ﬁg%\‘igﬁ ?th en and how
dat a i g 41r aw&fssioheshdRiwesa Hlgrecilae infiatgrhitahobignarie
typically not thensel ves part_  of the actual ."data"

t pssAied; 8IQW, vabigtis paletpsseried dpiigt EheReAIve S715€ Of BBY pigpds not
dat.a_or [ nsm ssion of the data. For
eggﬁ%?%?dgﬁhégée%ﬁﬁg}%&?%Wth indicate when it is

busy amhitsiesiphals eaeby eankdtraed REwedndbj@ts slong b ipriatlgl data bus,

diagramillustrating a rel ativel trai ghtforward data
¢ Pergradiows datege B trsied o ienedely (g 1) el to a secchd

! ggfn? affSathdity BY ith aBlel th bY¥ tdaRsEEEEWHRIn LsdrBedd¥ time is
asserting an "accept” signal. Simlarly,” a sendin ]
oldptenhinedtly detdat witth h&the buk enditiedraquency at sthaihrige géta state is
valid or invalid. Invalid data may take any val ue and

i $PfRl¥Er  used. 30 Referring to FIG 2, a HI GH accept

si gnal grpdiimat, ehta thakmiRfon R6@LYls Bk @88{ 5 foveei@When and how
receive data. A HGH valid signal indicates that the

ddnta ihoensfercesldfetiveanaibjests. SThamrooals aneypigally not themselves part

P%}-[chLejsazc %ﬁl‘&%a ’%%a%smission, but rather indicate qualities about the data or

synchronize the transmission of the data. For example, a receiving object may
indicate when it is busy and cannot receive data.

FIG. 2 is a timing diagram illustrating a relatively straightforward data
transfer protocol in which the receiving object indicates its availability to receive
data by asserting an “accept” signal. Similarly, a sending object indicates whether
the data it is sending is valid or invalid. Invalid data may take any value and is never
used.

Referring to FIG. 2, a HIGH accept signal indicates that the receiving object
can receive data. A HIGH valid signal indicates that the data has a useful value.
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The clock triggers the valid, accept, and data
signals on its positive edge. The data signals may be
a single bit, or may include several bits of data

si mul taneously sent. Conmon 5 data bus widths are
powers of two, such as 8, 16, 32 or 64. In the first

_C‘illeh%K tHéUdcéﬁat_ah@ QalRDS bdly &re ®3GEHUGH] Héate hrasdfersoagnmibetween a
illustrated i

n FIG 2, the valid bit is driv | G,
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DATAL until 10 cl ock edge 4, e e cept signal is
HiagHpusTwiithscare pewes §hEY O ﬂ¥£dgng£PE§& on clock edge

3 indi . e . e WWishted i
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f FIGn2;, e vadid ditrig dovgnediGH andicatingthet the dgtasignelstare a meaningful
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avatse! Hhcpsons Sepahrd Wohetre® whRh o Wb s R8Ty obiee
anGoRRGAP o RLaaHR @€ THe@dia $BnAd Mmakitdif thetlad@XDATAG Suntil
no 15 transfer occurs because one or both of valid and

acloglpedgerd whemtheTveent istgsr! is SIIGH.  Thstapeapb gigna] wascriven FHGH

facijJitate di.scussi on show Lt cl
oplook 365 RGPl SRR BRI B3R G
t Bxel, AaRMPATX iChrasferell fumptiecehding whjzcetotthereceiving object.
recei ving object indicates readiness to recej e\Mtg1
nAngrien idicalen Bl termgier obfate-hPnglogkedges @ﬂea%‘gait‘ﬁﬁs er oceurs
obi ect | G2 . . . .

o PEBtRdth e g octpr AT, MR O Y BB AOecges no
strafidgeo s hetduse bed sveaith afivalidoukd acodpe afealc@Wanbheaglock is

out put interface. .nterfaces in FIG use

. : T{Je : the 4
sHrstpied i EKF- 28 ferdhitata HPUSHOEPEShOVIng HanTIHpR o1 clock ecges.
| AL LLAGE: priRES] sﬁlg%n'iﬁ‘Fﬁg%gpériegbigtﬁégre&&ﬂ;bm A2k f biabeols

the storad% el ements 52 4 can be updated. If in
aobeptthe seckividig otg¢cd iratietes remdingss threcsive Math ieea pragrikneypledge

in_data, a 25 stora el ements 52 store the val ue on

i ﬁ@gﬁeis&te Rgtgés‘fnﬁg‘fg @ﬂ%ﬁage el ements 52 and 54 may

hol d OReGOs isHBI6cK M , i ateingal pi6tobalireSisted D@ Ohi figister is a
interface presents the ol dest value of storage

ebetmfstesagsXlamentubetwadti ah mpyt intesfage ardsan Qupyfaniseface. The
staorage .e nts .n4 on t . Y, : :

o WF AR LATILE SRR Mo TR I e
( viddsitHe GRbadepl b tPmidicaidtast thd stofigg RRIment 52padiedt cande

H GH, otherwi se 30 _they do not change The storage
elpraied sIf5E asenpt & I Qhetorpae eleperis ﬁﬁ@r%the Vé&?ég’t m_data, and
::S%E%Je ¢ er}g%n?% g’zp %{81%3(& Qaifi@bfi Hl ¥hfa ! RStBAL stofdkd/@ebnts 52 and

54 may hold one or more (valid,data) value pairs. The output interface presents the
oldest value of storage elements 52 on out_valid and the oldest value of storage
elements 54 on out_data. The values on out_valid and out_data are changed to the
next eldest (valid,data) value pair when the signal out_accept is HIGH, otherwise
they do not change The storage elements 56 contain the history of the out_accept

signal and are used to calculate the next value of signal in_accept.
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storage elements 72, 74, and 76 correspond to the
storage elenments 52, 54, and 56 of the protoco
register 50 of FIG 3, which operates simlarly.

Di scussion of these elenments is omtted for brevity.
The storage 5 el enent 78 extends the register 70 to

al so st3.e 8 a'b'l&JkQﬁégr&fl obaedteér proieodli dakLregittdr CleSwhlch includes
Regi ster.50 of FIG stored a history of (valid

a)
peidlage elementséigi 24616, m@i B Hhetorage eleients 73, Fepdr 3 Calfrespond
dat a r [
0 S8 DR A A S RaI P8 3 i
| 6herdtad simiatiyie Dlﬁummﬁ’tgéselelenhénts Bemitikd ﬂ)r\b&tvumy iThe storage
LOWt he (data, packet i r cannot be

R S xteels e T 20 i S50 SRR ol Mkt ey i yatues.
A
dstbees adulstda/tcff (palk(@hta, paiket rid)) eslep du leath mipks agHSH valid value

B3 TR A ApIE 030, % AL SERUAY gy o

bL@W ﬂlé’(ﬂa‘éarﬂaeke‘i MY palr cafﬁ@’t 68 uséd, oflat ﬁ‘nde'flﬁed result may occur.
term nol ogy " nessage acket” and "word" as used her e

i The (latrepacketeid)isa pajr Wherettke packeididvalseingicates e ppsition of the

aﬁ? ?’%}ﬂlgg‘a ?rtl %-ﬂ]aég%f%?ug)t (I)fc cf'é# iﬁtﬁ gg«%ﬁéf eO%Lch gar ! tpacﬁét messages

W@II’ilﬁlj SontABYN G @dtattﬁmb@nﬂa%@hnﬁlmnbbmyi frefisfarsi mgiamllel and the
message packet. In one enbodlnent t he packet-id val ue

| message ﬁ»g]l be bquen yptmt@ Senezel “Brordsy LPrf géta The t%fﬁyno ogy “‘message
I nd S Ept an(an‘ d’t &eusg?h&e?s {RIOG{RRE R ng?bfoaa&? CerlE, odlﬂ@ does

message parti cul ar enbodi nment
Vﬁbﬂ@nﬁétetahfl ppﬁﬁkﬁt stinebtiira dﬁofraate or limitbtions. Thetekiee) raa]luple sets
20 word in a nessagngacket ot her .words woul d

hafdata gamegds amavenced o prsaRbto. st BsTIRY Pftaec packet.

| ndi ca 8 bé&i | eRAE it o) obEo
detern?%e %£ dékgi?Pﬁﬁa&ﬁ18V§m%§%§§?g}d valde thgt e
i beenly aidedayioﬁ of thewstads inéMberahipen admgcltgoum thes$pge packet. In

precedes the curr d, Alternative t.h
Fppstoneepafitient OB Et Proel Rl i 1S Bt
v %Jo'ﬂ&ui‘ DnedsaBb s&&&t ngll1 BaRK Sordsdvéndheds £HIGHe afierfot pket id.

word 1 n a nmeSsage packet. Only the first and | ast word
c ahntgehmsn@pmmpe theu ftrstugq)rdgn a mes$aggIpacksit capbe getermpiged by

o]
ot S AR R b 851 B LOU vy for e
8Qvo‘?(ﬁ tﬂat ec8dds ShSéuFtenBivotdd Allt@nﬁ[\m}oa@ﬂed ritg fisst EIIGHOvabdie for
ut includes |ogic 87 on the ou

i rqhemafcia@teld thnt Hewe RGO NEhe 1913 DiSEeaREERCKAL I indicgtes fhy first
the

ot 124 Fuehet Backel Oty R e Hp Bl ol in bO R emtihed i using o
r gt 1t p&kenid.h t he out accept signal to ensure that,

even if_out valid
FIG. 5 illustrates a protocol register 80 that includes combinational logic.

The protocol register 80 of FIG. 5 is similar to the protocol register 50 of FIG. 3, but
includes logic 87 on the output interface. In the embodiment illustrated in FIG. 5,
the logic 87 is a two-input OR gate. The logic 87 combines the negated out_valid

signal from the register 82 with the out_accept signal to ensure that, even if out_valid
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is illustrated in detail below. FIGS 6A-6E are bl ock
diagrans illustrating a behavior of a series of
protocol registers 80, assenbled into a pipeline 90.
The pipeline 90 includes nine registers, 5 | abel ed

Rl -R9. Each figure 6A - 6E illustrates a different

t iSO PE flheOstotdebt feBistet 88 alviziyp @bilates BQheisea eldeet @ulid,data) pair.
accept signal fromthe next receiving object (not

s Roastiyal usqhfor sechtbehavien ilhistigteddr detaf belosiscr i bed

above, Lvyes + he ent 16 ik d

unabl eF?(gé }égfglg ie bggéka(.ﬁg# %@E (1)1 u Sgg%kcge%%ﬁvég%g?aiséﬁsiog protocol
S EEPIRES 80 isgérﬁbl'bé intal\pépesint OBV Thedipekihed 9@iﬂlchm1bs hine registers,
receiving object is not receivin uring tl-t5, Wt

| helon a1 IoR Be el REVTS o GHE SuHEY aieagd (o bt Tlgg: The

c [ c :

¢ ReHaEP0 Bibsill B6CARERSGRPpnARFR AT kg oBed nbtEown).
ofThe egitsteriviRp obfect, ahéesatitedeborptdriviey thel oup faceapy signafLOW

R2 _and .so .. In this manner, the out accept signal .

£ ISR 118 VPR IQAPREY6 Aot 1 QUSRI P 1 e riefi 5 s

t Eﬁvds/,% RAWNE AR inY b tHeSERIBAE Bbjelt iFh6d refhvingldutihgel-t9. With
the pipeline 90 holds three valid words 15 of data,
Diefefoce bavlt tDFIGThahpstprape sagon $orerspyenat indagespt signal, and

is considered invalid alid data is 1|l . :
SRR % 48 e Per e i PR e B el L S roffeer R i
| Ayt tacdaptdignabof debidiet Ratagd s@dnUh Bikatieshdpakesut dAscept signal
descri bed ‘above, in each cycle, the pipeline 90 wuses
adrosuthegecedying ebigeiap sequgntiallysehiedawn &’éé’ilRﬁhH@ 9Bpj ect .

The pl . ag ke . ; iar
I P LR AP SRSl B it
(tof dgtal D), D2, dndWd3. MTvepipeline®0chodds ath¢ralaiAthaisis beisidpred invalid.
S Ealichpisuie S ted s ghded bt an B nlidtab oeqrs,afhledgvalid data
i g ﬁﬁ?ﬁget@% 85 ﬁ?—%ﬁ%@ bok &I REGHRA ab 5, 2D EL KRR yvek, the %ipteline 90

pi pe n each cycle that the internmediate ou
aaseydn @it grabptistgnkl fEbin thémeext vareiviigiohjedt. The pipehne 8o else

OB, iR (LT G e b bl o
?gﬁm%%)? RioRftESARIeekd o dith DFis lb@ﬁ’g defit 10)ke Sipeling F0Nd

the internmediate out accept for R2 remains H GH
becaus d'tRBeforsntidimstl, theed drd thtae wordstad velid dete R D2, B #ll

87.0f /FIG 5 is 1o renpve i nvab d '

C RSt Bcpatgolefol BT B R SR bRIREDE, feach cycle
Rlith429hd Midrivditd@lti seeRQiganl iy FHGOD sh(vati€dstaypnitsiprogress to the
is storing nmeaningful data. 30 The action of |ogic 87

i extisaistasd Ibeyohednlogiq 87 il rllows repica R taibe giRdatgdf pven

though out_accept presented to R1 is LOW. In cycles t2 and t3, the intermediate

out_accept for R2 remains HIGH because R2 contains invalid data. The effect of
logic 87 of FIG. 5 is to remove any invalid data words in the pipeline 90 and to
ensure that each register R1-R9 in the pipeline 90 only stops processing if it is
storing meaningful data.

The action of logic 87 is repeated between all registers R1-R9 and allows all
of the invalid data between D1, D2 and D3 to be removed by cycle t5. Note that this
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t hough the out accept signal presented to Rl was held
LOW indicating that the receiving object was not
accepting data. In what would otherw se be wasted
cycl es, enbodi nents of the invention allows the
pipeline to continue usefully processing data. 5 FIG

Tink $liPdth Qe réhR@tavedfhoagipthelont @bcdpe gicBilgyrested iR was
conbi nes aspects of the protocol register 70%FIG 4;2t
3

viheldh LOWE, indigaiéngthabthe paogiving obyped VﬁS@pb@@Pp efn wh
1\%9%19 o?% lf'%%% bF é)?as%%%y!ﬂgé: %Hb%ﬁﬁn&@szof ’%Q ﬂlveﬁ‘lg alm iy élpelme

SpPEeEctrve’si escribed wt

rt@fo%hmfeﬁusteﬁn&l@oceésmg\dmgl c el ement 107 i ncl udes an
OR function that corresggnds %Ie %I of FILG

o° couFE% 7ie niblockglieeren ohamoiaes) sgrThgies fpeets of
l@%&tgp?:q)églgaﬁ)e\%ﬂ ﬁﬁtlogﬁ ‘8“7'0@l #1Ghe $RMPBrotocol register

fun |onaI a schematic di agram
i 100umtiudes storage ldcapdmsni®Rs Hi4, d06,aindd 08 rt@stonedhe respefitye gignals

tl AP, YOI R B S0vk of 108G FLERp! L65PERO & OF fEhotion
glgjt Gt 4R &{(ﬁ‘)rté‘ﬂfguf SDbSIIEY. S, 'dﬂ ddfitseathe @og’ilé element 107 can be

e- trlggered cl ocked, "D' type f||p f
Aftutined ofiahy gomisioateonatf gates tifat providedps sarme ﬁu@@owltﬁén abl e

3' r5 aln gfp f»(;i %‘h taggp%gellt 49 6%1}1535%5111@81? %lglnléﬁta{lgn of agrotocol

WagiktdrNe0enaPd Sinple hidida, aczbﬁucgemwmuwirﬁenmeme irsesation. The
master synchronous cl ock (not shown) to_exp

opmt@pi st U00RELG § wwewﬁragé reghHiers B! ﬁége-tﬂggered

|
e e
f hfpﬁt wiggh oile rallSﬁ‘s? tledpahiveluefto trafsfatat torige owtput on a positive
i o] Lottt >
%‘RE{JIBH? ctbé® nojc gﬁ"ov@ﬁo) q% l%ﬁaﬁﬁﬁ@bdﬁer%f) Bt the Giréihf&anslfét

sto Ing an val I d, dat a, packet _i d
v adiapeed toizph esinFhisichegoes cdoclsa’s 1lil1§trat¢én1@a dalophexampig. n

120 Th 4 and, 148 fo
Pog She ol Tap b ToRash b1 Pt GRL R SRRt of
l %ﬁﬁg ol Nhh@' da&eﬂacﬁet(l\i?{félﬁe falle. PRiS K@glslbld@et Bchéte@kle “side

from the i nput signal in-accept is HGH), or from

t ezigentid 3Qe§ihsﬂ)e’rypmﬂg> -flpps 15229&341 am@l%%ﬁo@@ta segondopgisies set
t at
S T b Biotter WA Bl ] Sl B SEhE 1 6AReAR i

C AER RSP AR niadn Fd3Btdroy2@ Bile mﬁuﬁ)n@ergsl Ant44 hel 148fbanladdgic set
function is not described here. The re

c thed pBewg thegpain segigen L20de @Etloaded with e1thgr a Eva id ]data,packet id)
triple from the input (if signal in_accept is HIGH), or from the side register 130 if

signal in_accept is LOW.
As stated previously, the width of the data value can be any number of bits.
Logic functions 127 and 137 correspond to the logic 87 of FIG. 5 and the
detailed function is not described here. The register 126 creates a copy of out_accept
delayed by one cycle that becomes in_accept (ignoring the action of logic functions

127 and 137).

10



30 del ayed by one cycle that becones in accept
(ignoring the action of logic functions 127 and 137).
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130 is loaded with the input triple when in accept is

H GH, otherw se the side register retains the previous
value triple. The conbination of the multiplexers

142, 144 and 148 and in accept and out accept contro

the action of the nmain register 120. Table 1 shows

t he opghatidefegiter 190 iFBdaded ®ith $heipuripABidenlinM l\/ﬁicept is HIGH,
Protocol out accept in-accept Description Registe

1otherveiss thesideregisteneetainpihe psmwsw@&eéﬂéks Tilz@%ﬁaiaﬁ}% of the

Ql/}ét LH(PN g-rl;(fjf{ g% P_ﬁcﬁfﬁg ﬁﬂdiemi%cglk i ﬁg@ce&f‘? gérﬁfoq khelelon of the

Sﬁ@ﬂbgﬁter updatTable 14pdat e d@tmoﬁ lof thexhale regigiest er 130
H GH LOWfrom side noves tQ in register 120 STARTI NG
regi ster 130 Updat ed Input Bt put interface are

G H G fTonmT mai n T onnected tnhrough NORVAL protocol
I} "R tach®tN| hif GlcSdpRr &q%bl e| 1 showpekdiaftiohhere arle FoR0%0
four states for the E.egmrar:blO

egi ster 11 : NORMAL,| Register 110
STOPPLNG—STORPPED ' ‘
nhe e fegister | SO ati
traﬁs(?‘&];ri nggfr(ﬁgﬁnext val ue t hlq:lﬁufromthe i nput 10

iinterface directly to the output interface. The

STOPPED

S$TOPPI NG sf at e occufNowhen t he Majmtqgiﬂterimésﬁdb@dout

accept._sigpal LOW indicatin e, receivijn
obj é&@W cap &%ﬁﬁi ve dat a, ﬁ’(ﬁle??ﬁég ﬁ?tleﬁllngrfac “STOPPING

iin accept signal has not yet ¢@pgtbOW During the
$TOPPI NG state, a new input value triple may he

accepted -|this is | pdatedl in Da&%@méideéggiémeﬁ(lsc.
Thel—ﬁag:PED S]E(%W | SfrV\Qlerlh both mMovRs OI%QI% r(e)glst%r 520 STARTING

register 130
Updated Input and output interface are

HIGH HIGH from main directly connected through NORMAL
mput main register 120

Table 1 shows that there are four states for the protocol register 110:
NORMAL, STOPPING, STOPPED and STARTING. The NORMAL state is when
the register is operating normally - transferring the next value triple from the input
interface directly to the output interface. The STOPPING state occurs when the
output interface out_accept signal goes LOW, indicating that the receiving object
cannot receive data, and the input interface in_accept signal has not yet gone LOW.
During the STOPPING state, a new input value triple may be accepted — this is
stored in the side register 130. The STOPPED state is when both input and output
interfaces do not transfer any data and both registers 120 and 130 are full of valid
data. The STARTING state, is when the output interface transfers the oldest value
triple, but the input interface has stopped. In the STARTING state the next eldest

value triple, held in the side register 130, is transferred to the main register 120. The
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the ol dest value triple, but the input interface has
stopped. In the STARTING state the next eldest value
triple, held in the side register 130, is transferred
to the main register 120. The 11 WD 2004/ 114166

PCT/ US2004/ 019510 state transition diagramfor the

P&t AaALitiHE BiagtaBi fok Hek hidtc@bVRBisted 110 (5 gifen BITIG. Bgshoheng the
states and the transitions of the out accept si (tgnal
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Eagllie #ldsahitihddes up @ paslet b€itngth 5 Bachomtie thiple\lblabiled as a
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VEOTd RIS { Haeaeeister e shopvshedie packet qopsistied gafp valid an
bﬁ‘f@ﬁﬁd §£18¥\‘Lrﬂ>gest R\t éﬂiadg@ﬁ&%e_s \éﬁﬁgmgtﬂﬁe Yd Gse.l WheWe valid
t e I 'gn IS

e pac I"d" 51 gna undefined, ds are the data )
sisgr@aWs theaekqaidisignal & undefumeal, as are shesdatgignads.t The paeket_id

GBEER e AOEB U T Fhaih O bRy ddest T BTF Bisshen ¢

Hh%grﬂ@& I NESardshfonl dffpatket i@ [ HOW tAHPGHKRtermThe the first
packet view of FIG 10 has abstracted the valid signal

stardinapaskéty drawi ng valid words. This is the nost

Pow ¢ worEuIEY Rt TG b Rt REIRE valid Helfl ofte BPONS
| ansife SalDREEs. TAR i eheGAGE covEnivat dewyofaandlti-wordgpacket.
packet view of FIG 10 the actjon is 15 very Ssi

| e:

each wHH@ §lsshewnihowew oswepallgngh MWW@S&%%CB% ligieth 5

f |l th 5 - hy- | ' i ..
LI g, 4L RO O T s
heetyt dﬂﬁpl‘éﬁédlc::%i g‘dr? 1ﬁwdomMn?hmpammlEk?i mai'fo\e‘ E04v8 gadket aftlength 5.
oper at i on. .uses two CKetl S, an . ea
e RYClE bl EhRyipRis e 00@%§Mthwg§ﬁge&§ IRy Pﬁgl%ri‘é’
gélhgg‘an;glg ﬁé@‘?ﬁ‘é YR sg%r%all th g peiei Rt Ofhe b @al dpkratidne

ation res s 1n a new packet of |ength 5,
each oFi@ull wees tvbpadkgtsAheBd B, cAchHBRing 3 wordssmBdabekidg

11 shows the erati rin ach le fro IO

T EOSTOH N TS L Eo 50 s e SRR B e 11 the
aG6RBiAHRRGukdE SR MckBlofQbidibb, ealh Quut Wotd being A1+BI,
(valid, dat a, packet _id) value triple in cycle T1 is

( W2ABRBI., |A*TBNh cycle T2, no 25 addition can take

36 PSGRH R Pk Gl PR P o B, o

C 3R v RBIL U ah PBE d RehtBe afdithp dtmVAa] 481 duth®. eThe output
(valid,data,packet_id) value triple in cycle T1 is (1,A1+B1,1). Incycle T2, no
addition can take place because B2 is not valid, so A2 waits for B2 until cycle T5
when both A2 and B2 are present and can be added to create the output value triple
(1,A2+B2,1). In cycles T2, T3 and T4 the output value triple is (0,X,X), where X 18
any undefined value, because there was no valid output. In cycle T6, A3 and B3 are
available and the output value triple is (1,A3+B3,1). In cycle T7, B4 is on the input,
but must wait for the A4, creating the invalid output value triple (0,X,X). In cycle

T8, A4 and B4 are combined to create the output value triple (1,A4+B4,1). In cycle

i2



(1, A2+132, 1). In cycles T2, T3 and T4 the out put
value triple is (0,X X), where X is any undefined
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A3 and B3 are available and the output value triple
is (1,A3+B3,1). In cycle T7, B4 is on the input, 30

but nust wait for the A4, creating the invalid output
value triple (O X X). In cycle T8, A4 and B4 are

conbined to create the output value triple

(19 A8s-Bnlthe inplt, B¥ChBst weit HPAZ084AALAhE Savalid output value triple
PCT/ US2004/ 019510 T9, B5 is on the | nput, but nust

Vil X, 2o n sycle T @dwoing S ahd Birepalbe dcenptesite cteatqibe finplyyerd

(Q n cycle T10, both A5 and B5 can be accepted
t@%(?le%?’gj'the final word (1,A5+B5,0). In FIG 11, the

packet i Bid. i1¢) tHe paskebed fickiapy befa by beeitien thepmckettA Avord
word 5 packet-id field, or copied fromthe packet B.
vibacliet_tchield; erpapied drons theynrakat B wordy clhe séBationes syt
L
r frvalid sogidiré nottdestrayeti phitt rpackegeddn dor ditpg paoket hecording to the

relative position of. the.invalid words in t i.ncom n
p%?é%fte@w%ﬁ@ o {tRa AU P ke Rcis: e ft period

p ' i $ord. hORRGSS: packet.
P R B e e o

Fi r st - FIG.Fi2rshow©how (@aRtaddjonalls designediBirst-dm RirgfeOut (FIFO) element

et e i bRl R SEp R ot iro

USleREnf1 AMBsh B s§hdednoud usay ehstendbsk, whedsyaclidogous wiit the
interface and output interface are separately clocked

uinipatyintertep endiewput interfres aresepaspishyiadocked asipg anflepeusdeat,

FI EQ el 1 144 ! ' | i t :
B0, Y7 g LA LAy L B R
whga ihtb @hdFIFO. i Bhef RIFD. gehbteshel ¢ignnl wheraths FIFQ mgfulh&he

push signal when full i|s H CGHis undefined becayse
s behaviqr b pessEmedbe prsh signak when fikis .Pﬁg‘ﬁ ISdlgfl%\f? el some

SENPLY. ] e4: [ L (T

S UG B 8 A A0 At e
silgsatorditionsL Spuilartigtise ttadiimertah EIFOD El@meninl &mpeya po sighal to

is proyided e e FIFO s enpty. 20 Si.m | ar t he

p QUIRPF At %Bf%{g? § Fﬁg 28 EPTH SRS Bigy lfgefl@fm?rl (BB figmpty

e b #Aus] | SisdRgief ih89dp sRASIAMES 15O BRpty signal i

i np %arrrétlr)lt at iughguléglioﬁﬁl}ltm’ﬁﬁdefi ned%y%IS%gs whi | e oF hyesrllcéna.1S

i §i6Heisuhdefomg, Isicguszl somedaplanteatasions gt wids{ingd @luesowhile

shows how the FI FO el e 144 i.s transforned into the
pPﬂ?Bscl&mrertﬁegP% sipnal godt %s&w%dlﬁ?/nsaddi ng | ogic
functi gng. Ahowkhbw thé ETRD@lckdt 1408 tiafsfdahed infSthe peotocol

out data signals correspond ex.actlif to the FI FO )
elregigen SO01 Gnp by 2ddiagdegip inctions 1 0, 141, 142 and 143. The in_data

and out_data signals correspond exactly to the FIFO element 144 input and output
data ports. The inverter 140 ensures that out_valid is HIGH if the FIFO is not
empty, i.e. there is data in the FIFO element 144. The inverter 142 ensures that
in_accept is HIGH if the FIFO is not full, i.e. there is still space available in the
FIFO element 144. The two-input AND logic functions 141 and 143 ensure that any
possible undefined behaviors of the FIFO element 144 are precluded by removing

13
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HGHif the FIFOis not enpty, i.e. there is data in
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in accept is HGHif the FIFOis not full, i.e. there

is still space available in the FIFO elenent 144. The
two-i nput AND | ogic functions 141 and 143 ensure that

any 30 possi bl e undefined behaviors of the FIFO

el ement 144 are precluded by renmoving 13 WO

20R41d5k4 1o fes PEH-PEADALOL BEID clehlrat 144 B dall asd péEIIGH while
push=H GH while FIFO el enent 144 is full and pop=H GH

whie| IFOrdlementiédt ¢d empibit 144 is enpty. FIG 13
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coavaecs FosylS cafpnfi bty Db B bRAS: mrEREA ARy fees
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port, asynchronous nmeans being able to receive a
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bei I t
05 AR RV Fo D8 s
r emdyts baing ablettb eulpat amassagobiplyotheh58adydoalotsputthe only action if

nothing. 20 This i s achieve t he pr.ot | reqister.
1 £lae QIHPYS; I‘H@SS?&@SIS 5ot ready 18 orst?‘@ ﬁédvx@a,@n eﬁﬁgg ﬁ ﬁcb outgut no%hmg.
ASYRCRLORBUS] BEHS 3RRScdt stidia! 156nRivikleita6it! Rl tdnal LOW.

har dwar e obj ect 50 is useful to create hardware _
obj ect FHavieg asyheleondiy nuessages perritpliing the achertsanfiberdsvashebject

' f f o) T ' ' .
PSP ELeRD R eI BP0 B auptB G Nl oheyions and

OfrGehtiesi df% JORGALSEHENETRE Bk QLBY 15 B ¥istledhshdBarrubjebb650 can
isolate the 25 circuitry 151 from any surroundin

cibecoy combination Rfieiraits berpusmis Pretperitegisigisdes and 156 isolate the

circuitry 151 from any surrounding circuitry and thus having unanticipated side-
effects. Further, using asynchronous messages removes any timing issues created
externally since messages can be received and output at any time.

Included in FIG. 13 is an alternative implementation of the hardware object
150. The relationship between hardware object 152 and hardware object 150 will be
described below, but it is important to note that protocol register 157 and 158 can

correspond directly to protocol registers 155 and 156 respectively. Further, circuitry
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FIG 13 is an alternative inplenentation of the

har dwar e obj ect 150. The rel ationship between

har dwar e obj ect 152 and hardware object 150 will be
30 described below, but it is inmportant to note that
protocol register 157 and 158 can correspond directly

t 95PHaY B MenkiBslitd bﬁ&ﬁt@i@l.ar}mréﬁérer&gdée ¢4 ¥&ltdins a simple FIFO
Further, circuitry 14 WD 2004/11416

PCY# wsb@0ata95tool resisterhih eThenration @AFIEQ 164 padprofgpol register

1 . Har dwar e hect 1 I.ns '

200 P BRSPS SiERicEplR fRlsp Bt ey
154uRNEsil BltOahgé efiatehey in doefhtion of batdwakesbjactd Sdevhey

any i nput nessages. In_a_synchronous system this
depraparedihardwaspbiect A5G b@ﬁ\é{ﬁelé hgve paeEpetprjthroughput or
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EF ko B DpUA8 SRLAhLS 0 R0 TRty

t bdsghpdtvaerobjdain62 mahhardwambisy hihhorddentykhebayiors.

har duaflbe GB5Rel rotssofisaiies ot ik by 4 86 igteedl feghfers can
'1%% UsERll fRRRUE Rifin TRRINVREVLRL, aRA AbORSH at HRIbSHnBEries. The

9 1in FIG 13 shows that protocol regi'sters can
, peferedsafbidifents of Sresnvintinh nseprotacalregistasb predesiveinwhenever

not. just. at the boundaries. The 10 preferred
eﬂfﬂﬁh?%&ﬂ%t%'ﬁsetsﬂghﬁﬁ%ﬁ?rron use protocol registers
excl usipyg! v ydsnayehpld jbin ahd RBAEE fedkamdtdnysahsuhdifferent

register. FIG 14 shows a sinple join and sinple fork

f gpwbingtionseeignoipreliegisterser ent  conbi nati ons of

pr ot oc r.eqi . .0l '

o o e B D25 Do L a0 BER B 5o e
bipagkienBindingfdfEIG1 00. Aniesigadeddsaritibdda idetadidn itre dbstrdition of FIG.

13- & o B9 el SBIeFBR MBS BB 01630 | Ghene

C L pPs ARE AR RC el L B3 ARAE AR (HE G BEENS! and
| 46peThesynetirdnzatiohys sarfurtedyy bhly startipgthermitgH geessdge rwhen
ettt hort 16y 281152 DO BR B PR o bR B B g

It %gﬁlﬁfeegﬁg%v}%ﬁjooﬁf‘ﬁpﬁ@%te?ﬁyc% 168 G8H 69 hhirereb@séd wensht Glord of

sages that started the synchronization process.
Tlilee fosshgdsithattstarted 1BSsymoknoaizegooprogessl e messages whi ch

correspgn 0. the cket . bi nding of FI 0, A

rossagd TRdotoRbr R i drete A Rl oaliee P Pygongpd to the

Flpgcket bhdidy ST, | ONA tnheRBhod §3ddsbribddsinsienll ig ghie desérptivasof FIG.

two out put ports 165 and 166, one
13. A fork function 163 in its simplest form has two output ports 165 and 166, one
input port 164 and duplicates an input message received on the input port 164 to both
the output ports 165 and 166. The duplicating process is performed by only starting

" the output message when the input port 164 has the first word of a message, and by

only completing when both output interfaces 165 and 166 have sent the last word of
the message that started the process.

A protocol register 50 of FIG. 3 is shown on FIG. 14 as a filled rectangle. As

an example, rectangle 167 represents a protocol register. FIG. 14 shows all
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25 input port 164 and duplicates an input nmessage
received on the input port 164 to both the output
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performed by only starting the output nmessage when
the input port 164 has the first word of a nessage,
and by only conpleting when both output interfaces
165 and 166 have sent the last word of the nessage
that started the process. 30 A protocol register 50 of

Fbfaivalerit Sopo oM tB8k Jréde thbdams farkfanliljed fagtioanglie effés placing
an exanpl e, rectangle 167 represents a protoco

o] o
r thgipseteeol regigters toesnohebangd the Sinpore0da £anlaingd in detail in the

LSR5 o S U ED] DR PR B s

t het 4pfcot eRls oreancsioar s does not change the function.
As expl ai n.eg in detail in_the _description of F|IG

13,
i nser t Thgdisieaand tamolasies 81 s14 thoxhihak (s dreisiap (& 1s§E # @Fgtocol

q e g . g
s 3AheeSE OSpE R R A hepa o
arqpistéroarel placed @h ahd€C soan thmakaceerpphitocod rédister Hawe
preferred enbodi pents of .the jpventi.on,. t.he . registers

D EPE iU S plerecaboaing §rddhve Sy B yinkg el Gerteuet By
gﬁlgfoﬁﬁlﬁ thiBMf, e@&? b%h&@&@éi%e%éﬂte@és@&ﬁfagg adentioani. Mg

thus simlar timng characteristics. enforcin
t hadwartd @jectvae yoptoictedoisinggyptoceregipiersaas@orts as shown in FIG.

essenti al j dent.i cal | Lf 10 hardware, 0bject r .
3habt iebind Sy bR ok it PRPYALE 18R Fnlie@finction and
| Blebkical pet@rmbtR, indBpdndambiautigiibropebl fgters b the IC were

har dwar e o%t w || have identical function and

esdested amplranens theeredyare plissl ntien ellgs hfwarembirabcigibe re-
Lgc%:l BhRIG r%—%s%a{ﬁ.%edrﬁitﬁ%esﬁ%eaeg{"egﬁg %gintq%ﬂ feﬁfﬁ?@fbrthglglware

ware obj ec is al ware objects to
I gnodeRED4 8dftveare bbjeet whededngadesarehssumei tddekdvieddersicaliyat any
i nportant feature for hardware 15 nodeling a software
obimedn apypl#ee-i nst ances are assuned to behave

i denti ¢3! ¥5 8lvRMbw the Brotbdbl st iﬁ‘%@eméﬂtﬁonlﬁ(ﬁﬁ%. 880an be

how t he protocol register 1 nplenentation 110 in FIG

Cc @Rtehéed toxtarmeprotarot register that psestasgndhromys stogks, ichetand clk2,
uses. asynchronous .cl ocks, clkl and.cl k2 .0or the.

i Apyuhe iRyt %nﬂ%mutilwﬁgﬁ?eas %Sé’eé‘é"se e‘élttﬁ?}@rep‘ii%;‘% 8&?’5“1% a

r L { RSB #ige. THaD-GpdaiRapaekeat 172)178ahaa 74
t(r%?%?éd.a égk%)-‘%??/pe ] il%_-fl ops %1, I21-7_21,%:.17’3 an’)d 174

p eeffomms ayrshraizasion fandtion wWherebyiadrengitiondnp the synchronizer could

transition into.th nchroni zer. coul d {.

R BRI B S i B sy o ancomy

S Y8 VcQRktZRdta-stabletrdita g BaTh Yalid HEGHI or & OWaloltage. The resolution

pi et a-stable voltage into a valid H GH or LOVNvQg|tage.

Tiof theessathypiigers can be random because the original transition will remain stable
over at least two cycles and so the true logic value will always be sampled correctly
on the next cycle after the meta-stable event. In many systems more than two D-type
flip-flops (171, 172 or 173, 174) can be cascaded to reduce the probability of a meta-
stable output voltage, or particular synchronizer elements can be used in place of the
D-type flip-flop 171, 172, 173 and 174.

FIG. 15 shows that the valid and accept signals are explicitly synchronized.

The in_data and in_packet_id signals are sampled synchronously and the action of
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original transition will remain stable 25 over at
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al ways be sanpled correctly on the next cycle after
the neta-stable event. In many systens nore than two
D-type flip-flops (171, 172 or 173, 174) can be

cascaded to reduce the probability of a neta- stable
out put voltage, or particular synchronizer elenents

CAR 108c USEIG. 118 cREBELhef the Bet dEata@euf phékef li@pighdld do not
172, 173 and 174. 30 FIG 15 shows that the valid and

adwope whiy nnu_sala}@dewwc@«mt leye HiGId 9 aitizasfer isppadeitp the
data1 and |tn ar%ig{e {1 Is are sanpl ed
sﬁ?ﬁ%ﬁ]rn&%ﬁg the ac n of 16 WD 2004/ 114166
PEIT / Uﬁﬁ%%l%&ﬁ?@cep& heyid gfgﬂ@ iollﬁ cha&slaJIEtgﬁmhlerrelsy 4 hafic HIGH
the out data and out packet_id. signals do _not
mm:,lﬁe @masapdmprau&%han@ the, gyreBronigess ndganaefpegeset iﬁ%mﬂ the
not
0 m?&(ﬁ'ﬁ%h\%ﬁ‘% e Yﬂen&hélr %&ﬁeﬁzéﬁg rleRfed

accept "l ogic of FIG:- 15 creates
a latch th\azimbedngfce,athb oxjfical hlbd}bd 175 and|ld6 aresL @W5amt177 and 178

thr one. t he, synchroni.zers a nnot be.rese
mﬁiﬁ?ﬂ PHERE me iR B HAR RS B Qasty st B Riespt R e
(,}p ’qrg]lﬁg ottSvAIRCE AW -anl in tdd€e g;v%ﬁIGHt Rheis thdRgister is
It odes™175 and 176 are L and 177 and 17%

aemptisll 2@ reaRtyitg sfag. tHveH@nUés@éldFL@tVﬁwam thehidie state el qut_accept

In.th cent st t r

i & lff%?’ g‘ﬁ qéléeég?ﬁ age }—ﬁ@—rllep‘ ﬁg? Cymg%ﬂh’g %‘F eg! s‘%n Ma%l% goes
1916 this Rt ati@ dstgpatlet Hayv4lge Biplle. vﬂlsm:ﬁegéter 179
means that the state of out accept 1is irrelevant |n

t hesuegsi thatoede 14T wilkgo TRV islone veiftatieacesht Ghihg ngelcqyple. This
V\Aglgﬁrﬂ]]r%f iéa%l dmgrg %zqut d%jt?é\% ?)Q ldg‘cie:pféau t’[th'e%b\ﬁ’ value of node 177 is

dta, pack I pl e tate register
1Z%chﬁiiﬁzw€t(3mgffﬁp flopsle7 Land vil, lev@ﬂudl@/kbaﬂmnglm LBW on node

R e 08 b LBy S 3 Ko
1940 Ry G0 Wl’l%h 260n4Rt Q&UH R §§ %%n Qﬂtl Vﬁﬁlﬂaﬂw&t accept

i
even y resulting in a LOVOn node
natbdsoti ABGHIN (Btdtd Scglidbhly1 8@ualnswra$ thet nadedi7 6\m1&il gl I&;IG}H An the next

o cels So1iaE & franTon dif s ol 11 HISE e e LT so tha
Qféhéﬂs@f'HIOf SR iendt 8edicar Th8BIISPEWIESor hAdde 1MBAE syntlironized

on the next cycle followng a transfer.
Hammgghmdops 1736anid) 1G4, ema@ély@@mﬂtm ina HIGH salue panodg175.

the tr [ O a is Th

o oo B st Sherd Risftrisialitdct FRERAE 16 SOOI R 74 178 are
11Hway § MstathleYvces dirbhsTer Had c@mble@d VA lthkeretbtate dﬁvih'gﬁlode
The state where the critical nodes 175 and 176

ar
HIIZHEHGE stats sehtin gievgnts whereby node 177, 178, 176 and 175 eventually
all return their respective quiescent states of LOW, LOW, HIGH and HIGH. At this

point a new transfer can be started when in_valid goes HIGH.

FIG. 16 is a timing diagram showing how different clock frequencies can be
constructed from a master clock. In FIG. 16 two “asynchronous” frequencies are
generated, in_clk and out_clk. The frequencies are always lower than master_clk,
and do not necessarily have the same mark-space or even coincident clock edges. In

FIG. 16, there are 4 positive clock edges on each of in_clk and out_clk for every 15
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LOWis a rest state where a transfer has conpleted. In
the rest state, having node 175 HIGH starts a chain
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eventually 25 all return their respective qui escent
states of LOW LOW HIGH and HHGH At this point a
new transfer can be started when invalid goes H GH
FIG 16 is a timng diagram showi ng how different

cl ock frequencies can be constructed froma master

Ch&ikve diBekddBes dfnist@ ClRIM MG QNS is AdsBaILE EtCtepSat]ar"Ems
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n’ds:tm rcllsyﬁumaawlydhs oet] ok issancenpblestmel (syiahrongupfq master_clk)

n ivision ratios f ac

én%}?gl qnntﬁ?: PREgHve gggae Ofgﬂaasg?r akgn % ﬁna u%sy nskahrrn(%%]kofl?r an
t Rmﬁrﬁhoﬁ hkth thdxdr dIB teamkeaite ot ¢lke The gtkivg selthgen defscribed
master clk and then used as a mask for an AND function

wirt RIGrdétisknesykag peeedeatyachropousdoghing| k. Sinilarly

the OU%ﬁkﬁﬁ}oﬁ H3 tﬁé‘gltb't oof HAURR: Wé?ﬁé?ﬁé%fbﬂ%gﬁﬂng 8 can be

mast er hat he negative e

megteRdedab kreanda pﬂ@&ﬁohﬁzgﬂtea%w usaskpseodo- aﬂynclﬂblﬁbus IN_CLK and
function with master_clk to create the out. clk. The

c p&:h% SorfBerinnyba QSR ntpFages EssPegively WifBoH, repeatme or
P¥ss %a ﬁQ(a&H&%é‘f 181 P ﬁ] 1e Fifs pslﬂdoigkg‘lféhleﬁ&dstme CLK and

pro co regr ster 1mp emsnt iton 110 in can™b
1DER @K ack gemerateeld’rc&n a MASTERgChKe din_stleen anfdant gkkes as

DSBS By AR e S B R ai R S b emona

ofN ¢RI 9 c?ea&éé%l ﬁrgtogé!t &1@@9 Kkeq. _AI—DD eBpflobPliethe Fhkled

psetdo- asynchronous | K and K are generat ed
f regiomanekBCkR Thikg IV rCIgKk dhe adl@ltlgmﬂ@glk émthg in-shaded region

- it PN TR CLR st G it B! Pre G oo ot

C HRaGRPutdnRf Bt LMmBIvnIie teshededk@BionAechott] by p)iJT |CEI|;K fid @prectly
in the shaded region are clocked u3|ng IN CL

The
adierimedamd|aligaest to thanOUfe CIK sigrade dbe &ytyps flip- ﬂ0p 190 is clocked
using the MASTER_CILK signal.

The logic in the un-shaded region of FIG. 17 is arranged in a manner to

ensure that the operation is identical to the implementation in FIG. 8 if IN_CLK and
A OUT_CLXK are identical, even at the fastest rate where in_clken and out clken are

HIGH permanently. In this case the operation of the logic is clear. Logic gate 191

always outputs a LOW value, as does the D—type flip-flop 190. Logic gates 192, 193
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denoted by MASTER CLK serves to ensure that the
protocol is re-formatted so that the output interface
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correctly forned and aligned to the OUT_CLK signal.
The D-type flip-flop 190 is clocked 25 using the
MASTER CLK signal. The logic in the un-shaded region
of FIG 17 is arranged in a manner to ensure that the
operation is identical to the inplenmentation in FIG 8

| §nd 194K iRRFore P ThdPdss BloBe hitbihkisttd of @M edbcgit ahll@ut_valid are

fastest rate where in cllcen and out clken are H &H
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en an ermare’ not per manent |
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SRR N
I 89LRdel (adPBotGhi? ?Eintlimhé Nexehicbrtameofin ik ‘t%ﬂc[r[ﬁﬁé the output

stat e: I0|c gate 192 renoves the possibility of
dopgdte 493 H@GHut valid when the next in clken has not
yet been asserted by driving out-valid LON and | ogic
gate 193 ensures that the "out accept" is extended
(and not missed) until the next assertion of in clken

by driving the output 10 of gate 193 HI GH Hardware
é@@ww illustrates a functional diagramof a

har dmis??(ligltq LiratbtSa i &gﬂag ﬁréiilrf’ tgg)ﬂéfﬁwall%a(fb rﬁs described

obj ect e CIrCUI a numbe

predRCBArdives dtj@tsincludb eirgiity bowided é:glasrtuaﬂ:&:r oﬁprolm‘ot tegisters.
same regi sters as descri bed ahove. eggF(gsence %f ¢
r a“ap groipce! geasiers san e thesame reeistergiag dpICHRPd pOYVEe The presence o

égg#érg ﬁx?saﬁ{lot%#ect R %/o A ﬁ{e%njéﬁﬁ@ & 91, Qﬁ'r@cﬁé‘reare used to

segment i ng | ong signal wres.
Eaelbndfeaaflebmacaé lmﬂdp@:by segmenimgploeg elgpalewreg s]iﬂchthedimmi object is

) SOMBtA PR HEY 0 Bt AL B R & QUG PbisS The
S aRdiag <|'3'Eﬁ S§88GRmRhicAR ARG e RBEKEHS sen-ﬁlﬂﬁg oGk edsSor BRdsage

contain structions or data, or both. In sone
epw@tsnﬂmespacmm Cant eontean instragtisns r datazordngr elneemect

SRRk BRI Ry S B B B

aRfered by using messages. Once a hardware object receives instructions and
appropriate data, the receiving hardware object can operate on the data to produce
output. The output can then be sent to another object.

In the described development system, hardware objects are generally
medium-grained, i.e., not the most simple function, such as an AND gate, but also
not an overly complex function, which would tend to destroy the universal nature of
the collection of hardware objects. Some examples of medium-grained objects
include IO structures, micro-processors, RAM, and Finite State Machines (FSM).

Some objects are extremely general purpose; others have a fixed functionality.
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operate on the data to produce 25 output. The out put
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devel opnent system hardware objects are generally

medi umgrained, i.e., not the nost sinple function,

such as an AND gate, but also not an overly conpl ex
function, which would tend to destroy the universal
nature of the collection of hardware objects. Sone
eXBiERlsQ8n RhvRMBL it @Rl iReHatodah ®etishesied, 6 dtdiple@ Multiply
structures, mcro-processors, RAM and Finite State .
Mashimelate(WBM) objexsiean a¢jas an ddaror @paylipkisryin gerpe ppplications.
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does not “affect Circuit operation, it is possible to
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circuitry 10 304 and at the boundary. The ability to

plregisers 3pP srayclbfferfagn one pngher sampihiah & thahsomppregistess mgy be
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argpiaPaerotovs regia@isngould be diffepémnintdd byrthgnsmbersof3ht: signals
may di ffer from one another sonewhat, in thgt SO
r é%ﬁ?fsqa@ sEnyiapeshniransiel ExAmple sybiems maygpelpds sevigy types of

h ey 5@?{ or capabilities. 15

T %?%SQqu‘Jiﬁfétg‘?%thc g?%g?séters woul d be differentiated
by t he Hundvo@e obfectd 08 maygutaidsalondnbyt it rmuedhrmbrezsewlitd y
transfer. Ex l.e systens [ ude.several . t of
e e G R S Rt IG5 AR RHRES bin HBS el
BQ)%j dARY308! BB e@taNneyo Pyl 3f thShdFih hreIbl R ts U508l Ukt 2h@ U7, are
assocl ate several hardware objects together. FIG 19

i lihdependentandiat essogiathdeinghis eRemple edthe IBodwatepbigce dMutiple

- U9 Twa .of har d jects 300 d_L
- reeetoecs A Rt ERhan T kAo PR ettt oo fivng more
han ARSI MhRGE capdild, bPpRferfedl a/idbil BsidvagOebjeanaloge. As

associated to create other hardware objects havin .
moHestrated in FIG. 19, hardware objects Ul, U2, U3 and US are associated with one

another to create a hardware object 320. The hardware object 320 could have been
simply formed as a specific stand-alone circuit, with internal communication
between its component pieces. However, using embodiments of the invention,
individual hardware objects do not lose their generality simply because they are
associated with other components. On the contrary, building more powerful
hardware objects from collections of smaller hardware objects is a distinct advantage

of using the inventive concepts contained herein.
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functionality than is capable, or preferred, by
i ndi vi dual hardware objects alone. As illustrated in
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associ ated with one 25 another to create a hardware
obj ect 320. The hardware object 320 coul d have been
sinply fonned as a specific stand-alone circuit, wth
i nternal communi cation between . its conmponent pieces.
However, using enbodi ments of the invention,

i ndi vi PI@' 19%&!1@&@&%@%&3 halawas odj@% 830 li’(ﬁtr[ed by assoc1at1ng
generality si rrpa5 because they are associated wth

oth‘?élﬁrdiwp objeets §15, 8§, Ueandod?+ Hropn 2 fyictignal gtangpeint, it does not
t?llattgg) 1 aamgf%l 1. of%@theﬁ&rawgf e%?é %Z%Cagl\c}%%ﬁ % some]; cases the

ware objects 1 anta

UShaﬁi@i fuRetidrAUBNdons feodm ﬁ@\ﬁh ha:tdWaﬁa dstgebt mﬁr@jmprlsétﬂ) of/@parable
2004/ 114166 PCT/ US2004/ 019 al so

i hadwereandsaghot the Foma%ﬁné?@caaﬁl% hardhare Gpigetp AR\ and hardware
3%% 3%?) dﬁgﬁ*@% F%g%ﬁ@ﬁﬁg?ﬂdrﬁ%%% g%an&!ﬁer dd8e, 1B Cbndnent

es not rmatter that
Uﬁmcﬁom ofdahdrare bbjeot ﬂormddmmvmrc) b]JJecht 330320 onsbarg@bardware
ared, functi anal

th
‘i’ﬁgh% %%%Z’PECEHP edmEmsha gigpa Syrggsggegﬁqsgntgn hardware
%&‘@JZ@ A0 haRRFe GhictB030 BRRE Hat fhidMaEdvRRS caf be shared with

war e obj ect 320 and har dware object 330 operating
oanymﬂgg@mﬂ@pmmmHmdwaﬁ@n%mne@W@ﬂher case, the

ﬁgrg\?\gﬁz(t}% b{oét ?6(2 ggis};rg{? eg(ﬁﬁ’]gpg{ag rg ?%é%go a&gﬁ of which has a

harfewett @ @bl @Etuildd 3041 FEG ST i1RGtrites hirdhatd dbjedrBo0 tHae
present in hardware object 320 and _hardware_ obj ect

5 hudss emsifinly daetion e i arniveh FECN 306 Sharelinly fHction may
FPEAIBBERRG B & REAPE bl B oF b pIREERUERL L il ipgym in
Ie:iﬂghrgglgvdl?r?fbctﬂa‘é%laterﬁ llfqd Iﬁbeidt: aamrtbrm ldatrggl(l)tetfﬁcterbet@&h the

| ustrates a nar Ct { .
i hexdu@@%otaewpemythfsmwa“ﬁqi 08 Seprirsn Bafvesgiobispt 300

Qh4a(§ inogiedY llﬁén‘?(} y ahd Qgﬁ enﬁ'gl il ad by eﬁample the

ware nulti er or er nethods as is well
K moasioriy and ﬂalﬂbleccmnhumﬁte “pﬁlatrmcanbthﬁequlraﬂer witBao passing through

e T

hagdMaT FrofRbEekisRP031¢ Mafdditidaltd BRTocd] FENIErY usdttatdhe boundarles

shitter in its central circuitry 304. In this exanple
t toé thertewmdware ahigcts h Ortodhrer deomranficomnamigatinn spebenssdivathin the

s o bl ReTn ot Sty iErRL PRy el -t

'T%khfté? fhag QomthRidaa) difical 6 ehe &rREhes uing a3@ct Busgaistotalon
rotocol registers used at_the boundaries of the

rellphe gresortandiinder qoglheongpurietpiiipresh 2 %ﬁlilaéhae if
bedesu %d FW' or tpﬁ%p%sets 5% assembling hardware objects and developing systems that

can be implemented, it is relatively unimportant how components within the central
circuitry 304 of any hardware object 300 communicate with one another. The
hardware object 300 of FIG. 20B also includes protocol registers 310, to facilitate
communication between objects.

FIG. 20C illustrates an additional example of a hardware object 300 having

yet other components in the central circuitry 304. In this example, a memory and
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central circuitry 304. For instance, as illustrated in
FIG 20B, the nenory and shifter may communi cate

wa@lpooeaidige t o one anot her using a direct bus prpCDUS1004/019510
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Additionally, the nmenory and shifter could communicate
through a serial line, if 25 desired. For purposes of
assenbl i ng hardware objects and devel opi ng systens

that can be inplenented, it is relatively uninportant

how conmponents wi thin the central circuitry 304 of

AfWite MU HNRY Re ARIiBSHalI3QOuSIoN TN GRS filb hid &ﬂﬁn&ﬂ@dti&dlo gic Unit
The hardware obj ect 300 of FI G 20B al so incl ude

ptAlt ) oThis expraple iliusgaigs thapneteed] qampements @émﬁfﬁﬂ%?étcﬂfﬁwtry 304
bet ween ob ect It 100
TP Bk witol? grd Hirhity Rl A o B AL BB any

Cﬁﬁﬂﬁ)ﬂ@ B# Srotdtolshan de irteghted iwithin tHeypaaﬂ}ﬁlar lhardmmrcs objects 300
exanple, a nmenory_and 21 WO 2004/114166
Ptl,rpmssizez; ArGHmes 6!l catess ovieh NGiPE DERIRROl FegiRifs yl0atthe

U0y PR ) R el v s

ctuma{tenbny Imfwdrfueammlﬂbx O]b_]BCiSIi t ry 304 need to

' t W th h "
Eat.rﬁe n@gﬁv 0 ésmtﬁbrtllgﬁivﬁ% Blb]@étk afn PRy, QWaﬁ% Heﬁﬂ@ﬁﬂe%b?&% are

es. In al nost al cases, homever i ncl ud |ng
pilbisueell. Feyilsrdvae :emcmtﬁ?fleﬂ en thea%@#lﬁr@iﬁ arenid2e 34, B4p, and

It | t.at
oBhE b oA ey ST BoTRRY P U5 SIEM R P4 aRL IR Be
Fb@ectz?;LSO' ihé1M8441BE ESmpIBRL ot M dBAb it Sntiontlatiesw@petion of
to ‘be bounded by the sane boundaries as other

hdrechhdect 3¢bj & mosﬁcailm, the gbjeoti3 SOryspwthe apemery and pplyang of the

A L 1o R RSl LRSS, Mottt e

3590 iﬁstﬂlﬂﬂﬁnﬂé@m Slogstehiegisadrs 3 1 betaueet}m cadtzal cﬁ”émtryéilﬁ)é of the
346. The = object 350 includes the %ﬁf ete ob ects

ahardyes O‘t[qut 344 |a§,reqqyd}t1l]|1& th&nb’é'ﬁm thig jpst 65 s o%;}ect 350
on{}ny usehié g{[dﬁ% k@gﬁﬁsﬁq XU S irnde S SSnibd] e BRI Y equle

one of the central circuitry
t herdvardvigee: 3@9;‘ dhe resminmgmw fitvat oltjbet 38 jaed the]véh@6 of object

is still hound r ot.ocol ster 0,. becaus

t B8 sl oA e ) SR G (6, o e PB4

al r ead)()tgédté tARAuhiBREd BAEsdRler By séﬁﬂﬁ@h@nbﬁ@ﬁ&ﬁ%ssages
the object 350 can use the protocol ister 310 that

vva\dncplmandE itripenoettdrmingoinessage packen n lee arted enfhedgngieof the

0 4 The ning ALU fr ob

whbteBtioF. fpedtothes g b ri uiga Pkt Wbl Bk E

uggdcthfe Jrendmasakd srhiflamayaictndeiaes instrﬁ@adﬂ@] Rk ses, and/or

conmuni cate to one another b sendln%? nchr onous

nglgfggg@tg)n about the message packets themselves. FIG. 22 illustrates two hardware
objects 360, 370 that communicate with one another using messages between their
respective protocol registers 310. Embodiments of the invention do not dictate any
particular message format or require that messages adhere to any certain protocol.
Of course, as a system is being designed an understanding between the sender and

receiver of message structure must be formed so that the sender and the receiver can

interpret the messages correctly.
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whi ch can be inpl enmented usi ng nessage packets in
preferred enbodi nents of the invention, to one

wa@pwtherie6 The nessage packets do not restrict PEEUS2004/019510
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content or structure of the nessage, which may

i nclude data, instructions, addresses, and/or

i nformati on about the nessage packets thenselves. FIG
22 illustrates two hardware 25 objects 360, 370 that
conmuni cate with one anot her using nessages between

their Ah%%@ﬁf?ld %6533 90G BbnthiBRIpSINeH Srd3 10 alsERRaethid ii BIG. 22.
of the invention do not dictate any particular

n&bis @g@mpbrrn@asagﬂ3 §0ehggins avithrratouting §@§é@nédﬁ1@% cedhpg

RN P B5 So R I L LT 8 s

I BEEWRY obgéctdBRIEREE asd fixked atr aeremmﬁgbmbtma“m@ chs gloscribed below,
the sender and the receiver can _ 30 (nterpret aggress

achahgeivase obiset g1y the 36 syRstEaTRRY b9 isighed aunidue
P |
girésg%g 04 1961(?1F ek fed %@e@m u.gu c{ﬁﬁ%ﬁ@&% 3PPased %Hts%'eﬁhg‘ g

so Il lustrat FI G
exafr;aiaﬁdsmasagmpﬂes A beghasuting I'[nfarmactuml, ﬁng m&smr&&O includes

\Mgl ch CouI §<?f' dgst Efn ti on a Qe{?%tgg}g? tﬁlinsﬁ?mthemessageor

h @{/Qi"fﬁ% ﬁlg‘?@f-f&/%ﬁsthﬁtdré B@e n@@%gfe' BRERB niessages according to the
re-configurable chip, as described bel ow, 5 each

h arqmml eerdlojvercthe gmtocmé rdgistera 840 Fan @prmynttseveaglsdléfﬁ@at tpes,

UE]I g d ! e@ io mg}ca a@gﬁ g&%g Mg 2%59& rfl%et ﬁ %%?ﬂdggtettﬁe?format

errmng

e8! Bessdiel €dr ckhRple@idhiaiGng Ate bAB] téiﬂalnmlgenma&g;e etc. The
380 includes flags that can be used to identify the

t ppemple massagerddliod F1G o Birtheninrlydesreserics ehpsirprtiong gad,

t he h| t

S5 BLALTENE] A S Jed BPuEp8A88, oBREEHAE 1nsome
pﬁma‘med tﬁeﬁ@b@iﬁ@@&bﬁe&@nﬂg@uﬁ;&p pasabinese vl odthedhftfuetient and
types, . flags_ can be used to |nd|§§te Whi gﬁ%%ges are

operandeRECa T eSO SenARE Chiest PRBOTGE ARiEct ugh messages
MESSALE wilef ﬁf‘s@gpf @hsgﬁ@st ﬂneésgge SalRuRRbY ecﬁﬁﬁtlﬁh&' cﬁ&ctly

i nstructions, exanpl € nmessage 80 of
fubtﬂ&etedltna:lhmﬂlesdagecsterl es of instructions and

oot ving. o] betagys meR ko Shiret A S Hud % nuimber

I &% €ieMicntrPBbiest 408Y4031 HFY, M09 430 §hglaldhtaQireiier is input
I nstructions and operands recei ved from a sending

olip detobjert 40 tand twolojrputs, APasd A2 prsgghensteds dge orkpaa operate

ot e opeianit maTRELD §F UaRalich "M RuBTRl tfimive

oljbpet 408 ke méskabd Sttahy RILHIR intdBSS 3gGPencho gtkeanmbglemd A2. In
400, whi¢h includes a number 20 of el ementary obj ect

40t mopy hasia Em, fegorkaghicd $02 simply ﬁgwleca&'étdatasffqnégrﬁ d&tq—gtfeam
| %%’o make two streams Al and A2. In other embodiments, the fork object 402 can

perform operations on the incoming stream before parsing it into component streams.
For instance, the fork object 402 may accept a mixed number stream in the data-
stream A and split only integers into stream A1 and floating point numbers into
stream A2. Other embodiments of fork objects 400 can simply split streams without
operating on them, for example all addressed messages within a specified range can

go into output stream A2 and all other messages into output stream Al. In this
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to the object 400, and two outputs, A and A2, are
generated. The fork can operate on any data or

woep@randss i ncl uded in the data-stream A. Wt hi PCT/082004/019510
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fork primtive object 402, the nessage streamA is
split into two conponent streams Al and A2. In its
nost basic form the fork object 402 sinply duplicates
data fromthe data-stream 25 A to nmake two streans Al
and A2. In other enbodinents, the fork object 402 can

P RREY WlinRB f @it ofkey d41€ &M Bidsplit A8 380 PRl of separate
parsing it into conponent streams. For instance,

f parkllelipreassses0 Othey tyreceliforks malndepterrimgderks twlé%hﬁt?eﬁ packets in

th str d t.
05 O St LA 0P i,

egnadi goaitise erfnprforlothess tise réﬂlﬁ)ng:annmamﬂ)l A(lth@ightﬂlustrated as

streans wi thout 30 operating an t(?gg] or ?ﬁ

afElycEeEng e saylantaiatisans dl et fednp @H&e{* ﬂbJeﬁa can be

t t nmessages into

o%el?ﬁgéeﬂéraé dpy At ]{ﬁﬂgs‘%h% 35841 124166 !

PCT/ USPIB.430d &bddwsrthairobiectsat Ol aand d0¢ ohwioperae onrlbomiesrgge

data can be split acro a. nunber .of ara

AT BF 15 PRBE PR FO S OBRIeSy RURIHA ghisets 408 and

Stﬁl?@ Eél{](g)ei"f&é K8 3R sBEAR A IPB kS ulrtRer ﬁmf:th@&ﬁﬁtles The

directi unl ess a routlng command i n the nessa
pavaetancs ofile stneturesef, objict 40hibeinggoimerd efifbe fve @leeﬁg 402, 404,

308, GRS &) e 8 iR e Al P27 e kBl o

Aarallbll tHop kearhglekif 0Bk BEhS stadindi terhpdtkely Bloclga e atter stream
any number of resultant streams. FIG 23 also shows

t lsomtinyleh processy@®4 and 406 can operate on the message

strea J :
S T
n%é%mﬁtlﬁtttb eam: BlitpinostesagBtBl dndrBhéiffctan bdnlgthswivem iheagh they
The 10 inportance of the stru ture of, 400

b &TeRYLILE Al PY R AIRUL FESHBP ot the @ le%%ﬂ Lfcf‘éaml?%?s

and 41%&(}' $1 iRRkatb g« ?g@o&&tt 1ea 'Whl@lll a&@?ts%o %’iﬁlt streams
oper at upon 1n para or exanpl e one

stané juiss themtasrpmitary dtyeab. Sitndes totthe fogk hbjecisdasedmd in FIG 23,

éf;F‘g]Pn e B0 58 A ko LA o eSO R REPIemeR L fsired
i0RS 3enfbn §din FRICBOAW s‘%léhr%ﬁl&ﬁ%rﬂil tBd tvad thpBPmessages. In

d| erent |lengths even though they "were both |nvoked
yhla naserbptlt inpetmessegesimudi be prasent/befage Any eutphf siream starts to

ilLlustrates.a Ql.nin j
BB, S g B b B op Bl 42 e
U'e'nﬁf& o5dabB &Put BicRiagdhad Beehecehvaiak Qﬂbtﬁéﬂcoﬁﬁﬁ@ﬂ fupetion is the
|n 23, the join object 420 can take al nbst an

ahern@t@ ¢aigAfunctien, wiprl aenies the fiest inpayg message to arrive to %ile output.

Once an input message is accepted, another message on the other input waits for the

copy to complete. Generally the “alternate join” function arbitrates fairly according
to a least-recently-used policy, but other variants that have fixed input priority or act
on priority encoded in the input messages are commonly used. The join function,
and its analog the fork function, is extremely useful in an asynchronous compute
system because the function can be used to create a computation order between the

outputs of parallel processes.
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20 function. A common join function is synchronizing
on the two input nessages. In this case both input

wore®gAagass nust be present before any out put stPEHDTS2004/019510
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starts to generate, and once started, the
synchroni zati on process cannot conplete until the
entirety of each input nessage has been received.
Anot her common function is the "alternate join"
function, which copies the first input nessage to

arri vert® JhBoRyiHvtomplex @FiaRgdindtidas talRs&agted b$ combining
accepted, another nessage on the other input waits for

t hardwerspiacts topethtre (The fexdbaelaterys #pandd I hhatween 9Ripqe 422

funckd arhitrat LI (o]

e S R L e S FA
hBy Bnplbvseted. NPiiilaplyi ddidct Y28 cardlsd use@ o Post-PEddeys thaoaghatiof the
in the input nessages are comonly used. The join

f baréq joimobiectAd 6 makiag tedgal un pBiekt 420nery Biych paore complex than
extr. £ i: a I : . .
B AL 225 SR R UL AR B i
c obpett420iiothaditdermbyeknesncds hperatuingepesdaftlypar al | el
processes. 24 WD 2004/114166 PCJ/ US2004/019510. .. FLG

24 sho _Vlflsil@ld&ﬂ%f"@ﬁc"f i‘_}% AR o R TR SRR o gsnea ity and
bY oG] NGk MR 08P RSz 20RLRM.d il PeGE eBdbaakd 24 is
ternms 429 and 430 between objects 422 and 424 all ows

v eotynecesspilyencugtiormpiantes rodximnpusystenspratpemengee diwsthas using

d 4 to. i hpl nted. Sin,l bj 4
o e PAE B ST PR iR
0Bh8pbnche BbjecrBitIg atsg@eﬁlivﬂm coh@infe t6 pr@ets de2Dumelriyisoiletely
e

nore conpl éx than t i nternal basic ioin obj ect 426.

Seteppedt (vihsn i) @nngtputpuh end issaiof apliddatrl t y of the join

obj ect 420, i s Ly ot ' s

ndeperdary A 8B RrER AREH oBh B FpREF Sion or on another
C giaRAn aGpeighiferwand &ptivae FIGy2 ailllstralesamieangilechip 460

asynchronous nmessages as described jn FIGS. 21, an
S hATiSE 20URbe HavEsEEly fomen M&%C?%O%@&r%? &bl eﬁtéf’%%ﬁﬂﬁi s
S %([:H(‘?PS raieoﬁ%ectgﬁ’ gg Iagﬂ'azliélgil' 3 d We&fpréﬂagol\é@?b@fkt, which

proto registers as descri ove ensures tha
evai faveahapopenics obpthet praidcehl regatesy ddsenrad dbove.ompinharsl output

| pirBARR vt puntartge fothe ghio B e et R FStcols,
g?ﬁ&ﬁasct%ﬁ bl PREvRAESNALE o0 BRLHAS4SPBYREIudhg

Icon or on another 15 substrate in a )
s prdicglarized adeatcabfrctsr S4mrograpsndd th psripmm the naticular
exanpl e chip 450 having a nunber of physically forned
iﬁgﬁ%ﬁﬁggp O%dr dwar e obj ects 454 and 455. The

obj ect sraparticilaf L BNEGEES 4bY aflBl 55 forMed oh itk 450 can vary
bet ween protocol registers, which can have the

prdependingen the typernsepplicstion served by dreehyp 4ls dlpwest, moden
a*%gc\ﬁgblolgpeg léetln gﬂo%o& l{fte&%targe numbers of physical objects, thus making the

applicability wide-ranging. Because the hardware objects on the hardware chip 4501

can be relatively easily configured and re-configured, the chip 450 can be referred to
as a Re-configurable Standard Part, or RSP. The total number of physical hardware
object instances implemented on the RSP may be on the order of 100 - 100,000 or

more. The total number of different physical hardware objects (in this example only

two) will be much fewer, for example on the order of 10. Of course, any number of
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pi ns 458 provide an interface to the chip 450.
St andard communi cation protocols, 20 such as USB or

wo-2008i4166 coul d be connected to the chip 450 bRCT/US2004/019510
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including particularized hardware objects 454
programed to performthe particular connection
protocols. The particular m x of objects 454 and 455
formed on the chip 450 can vary depending on the type

of application served by the chip 450. However, nodern
2Bpb 861130 AEinBSr GTaHarEwHIE Objecty @4 bé AhElemBkiad 6h $heORSP without
physi cal objects, thus nmaking the applicability
wileldatingnfgomdhe Beedivssoperdtsipserpddicsinect s on the

har dwage chip 450 ‘ - easi £ i
and re-¢ 33%?%“& ‘ggl,(:h?l %@“%ﬁ? %‘%@%%%‘y%e&rde éeé? red’ t)%%glgr
aRrBes catbé gptirpizbdfovipanidalad ngdts. AcomSin ckhrpleas ahding-off on-

nunber of physical hardware_  object_instances .

i PRI ERREPRIY GapATIY AR cmmua%%émbcﬁ"%rﬁ@ & egapplss am BBP having a
1004408 8%00%1%@%&8%05%&9 | bt paeEh Qf adlield, SKigREs and
physi ca ar re-objects (in I's exanple only two)
Wirtulltigdersyeotidfbe wsefil inghe BSR(Pligitab fignbEPocetsinghmatl@t. of
course, any nunber of .25 WD 2004&%541q$u. "
Pt s06m A8Y98 Tipre P TFmeig eI RRET P REr AP EHng
OB BEkS Wi Q@rhﬁ%{ﬁkg‘ér@fﬂ-% A ButRriBSReMbdrR @Hékets is more
deviating fromthe Tnventive concepts descri bed
henpértant Byangetenathagaival compatptomr e obj ects are made
on a base RSP, particular RSPs can be optim zed for
particul ar markets. A common exanple is trading-off

ORoftwafdbedt®&nOry capacity for conputation hardware.
For exanple, an RSP having a nultitude of caonput

te
physi c&nch frediead sars pisets erasdrfined serbridments ghtheppyatign gllow
mul tipl i ) [ ) f i . el )
UL P B R lrboh BB BLEA e objcts
NOTEmerh hip deseriptiyn wdodddd batouaeR §iP, descritethabove, andid ifulty
mar kets, where storing |arge data-sets and buffer'ng

N BFAEBFRMSACIEEY SPSCHIGRYPE™1S PIAfYEFd ARE SR giegal archiecture.

! g . . he
G B Rinel PSP s i 1s SRR ARG IS ot

i nvent iTorcredtt the systymtof imstetconipetdoiiardwiary objeots) fiwage a
descrj ption_of intercqonnected hardwaye pbjects.  ..15

e ey O (R G RS BRGSGE DARS ChiFoRgsary. An
desahhRbAYYBlusBRel A FId. bY. ANRELREWE that HEl¥ iSPESlidctibn of
systemis produced, using a very general architecture.

Otibearp obsrantre, Ct4nd IRSPhe libtaenobjscts arepredefivadrollegtips of
L %?i&ﬁﬁ?%%%ﬁ%&f@f%%ﬁégf i eer eté;ri]s ensc\ésotf e %iqde%&fs&g‘%ﬂé‘ ﬁxcottc?«%ls and

encapsulation of each hardware object as described above enables software object

descriptions of the hardware objects to be already built-in to the hardware object.
Essential properties of a software object that are embodied in the invention
include independent execution, asynchronous messaging between objects,
encapsulation and insensitivity to context.
Independent execution is a critical quality that removes software from the
operation of the underlying hardware it runs on, allowing many different software

architectures to be effectively implemented with no hardware restrictions.
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descriptions of the hardware object definitions are
stored in an object library. An 20 exanple library is

WO kdowst#ied ed in FIG 26. Illustrated in that fPOQUUS2004019510
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a collection of library objects, A, B, C and D. The
library objects are pre-defined collections of

prinmtive object descriptions. The existence of the

uni que nessagi ng protocols and encapsul ati on of each

har dwar e obj ect as descri bed above enabl es software

obj ect Asgﬁ‘(_ﬁﬁéﬂdﬁs inf3Sagitfe 1 MEp Sl BesRsONjaBEWS tHeGoR®are
already built-in to the hardware object. 25 Essenti al
pdessaiptionto lof indepenflenief all gbjhedraditipap] timengdntes indeprdyare

t .in i OF i i N . . .
Ok SRR foBE oL e SRR B 01 ey g
angthieREBWSTe] tathdr Yhdntha® gt eedl-tinleTdiefieedibynh nexdetidfl ppocessor
acritical quality that renoves software fromthe

ofEflet i on of the underlying hardware it runs on,

al | ow i : [ r

e of f eopdRilibh ahPLRARA Wb Rex o B0Lb RGN dEkclso have
r édentica tlinonional2ty MO p2Aoddahtd il RCTAUSADO g ic@blbdation of the

chronoys nessagi ng | S ippqrtant because.i [ ] ows
¢ RSr Hen emgraeeot o ol wus B R R Rt ipulag e (g9 Once s
t RerdiwapdbtjbQnah bk bliiN@at SSUes in hardware design.
Further, 1't forces any real-tine software
f unce i basbuiltyinteocdpsuletign,i citly defined in the

software, rather than having "real-tinme" defined by a

numbr SoPSERSERELe §PntEXtey el es. Encapsul ation and

i nsepsiy jer\éit;ewncfei% E&ﬂH?Xt all ow the software objects to
have identica Funct"onality and performance

I ndeperaantunifatdsheyrhysioasly, | ocati on of the hardware
i mpl ementation on an | C and i ndependent of the

par t ¢ cig genujrely sgplecatehlee a  hardware obj ect can be

bui | § tcha ; 10Si gas built-in encapsul ati on, IS
i nsensitrve 0% €snt ext, oper at es i ndependently,
CoOMMINicaRbE anPpeyAplekignousl y, i's genuinely

re-locatable,” 15 can be ancgb size, = can be any

c dinip redatie)y easy tp buldhardvorsi apiash herigngg ipobympipliwaread

OBl 0Ly A05 g EOL MR A TR O P

Opregbm@Xih@(WOH). Thus the hardware objects have software descriptions that
rigidly adhere to the OOP principals.

There is no functional difference between an object in a hardware view and in

a software view. All hardware objects can be considered purely as instantiations of
the Object Library software primitives. All software objects can be considered as
pure descriptions of fully encapsulated hardware objects. In embodiments of the
invention, there is a full, provable, one-to-one mapping between the hardware and
software views. The hardware/software dichotomy in the described development
system is a true bottom-up construction based on rules and relations of the protocol
registers and the base hardware objects. All the software behaviors and all the
hardware specific information of the hardware objects are contained within the

object definition - they are stored centrally and can be inherited. This allows new
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Programm ng (OOP). Thus the hardware objects have
software descriptions that 20 rigidly adhere to the
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bet ween an object in a hardware view and in a
software view. Al hardware objects can be consi dered
purely as instantiations of the Qbject Library
software primtives. Al software objects can be

consi dered as pure descriptions of fully encapsul ated

hghidMa Lo LREREA, Since AIIRAORAINRIRUEleO find RatRRs A Béinhenited from

thére is a full’, provable, one-to-one mappi ng between

t the chdd thwtameesand softvvare VI ews. The

har dwa f '

ool bR IR PP AT LSy

baisieéts,ahrek b %1@1%1@91!)1&&11’@6 $ypbf#1t ane dpk of etidh bemg type #2.
regi sters and the base_hardware, objects A%@ %
sOneaehiectfeisalacsedn thedibiay, thgeb Jeﬁtalitifi%i? availsble tpibg used by

C
R R e e e S S R
cesitectbh yf aher aﬂlth'e oibjebts[ whitelobjddtils 1sad, ¢cdlmst1<|sremf oty and
2004/.114166 PCT/ S2004/ 019510 obj. ect
sPredyend dose nﬂ%ﬁ’ Y SBOR PTG SIS %&fafghlcal
' Hiﬁfdntslﬁ? Efe@%?g\ e bl %@@D'P%rbﬁb?ﬁé%nﬁﬁﬁ as filHeritate for example.

ustra obj ect I's made of four
i Sbﬁwmmbwmrpd umthel lipeary ob¢dsaat be limhiteddo @rHI!mVQ:PbJ ects,

bei n div #1, and -ong .of. whj

#IOW S Eﬂﬁ‘é%%la?% m@b%ff%;egdie SfiRItioR,W ﬁmgr ary, St%lgﬁer Iibrary
OQb]%EttB hfoﬁg kfithl sonVaiditabEintefcdaBedts@Prilytivelstduty.

obj'ects. For exanple, object B, simlar to object A

. s al sSOﬁW@mba@ ierarehy @@iﬁodﬂuﬁﬁffate@tlﬁﬂ(}pﬂ rwlxl?h/@lows a
hm%t Sdf (%W 1v%1 g)%l gtgtggﬁ)encl(t)%d lfgerﬁpéhk %ﬁ& Iﬁrgcg ta%%ﬁtgzla}eeﬁﬁ &t 860. The

p "sd)ﬂﬂilvirb‘éﬁj e0b4 62k Simplyestng plﬁrﬁftﬁzblobj‘ﬂct Wlﬂleesbftwatﬂ‘okp&ts 464
preserve all_ the OOP properties, such as inheritance

f@nd é&@a@fﬁlnéadef@n%‘f’?m@r‘%?d}f%lﬁ%’e §PJGPTédTGF}?PCf1H%1Y1 i brary
te 2HEY Bével of
gfslrbgttwfa%eolé% %’&ghé fib J%Hgtﬂe red? ggﬁu}% yelo
i rhiHerl@Sar&mJtshecmdm tﬂmreyall afbh@hmd@aml spncgﬁmlhs &nﬂrmlatlons are
addltlonal i nterconn cted rimtiv e Sof.t war
st rasm AR e g e PP, b & 3P it s
S I!yl‘ffpaﬁéd Ofn Rhbtilel ¥ ©HRE EMriry<ah be@eesloped in C+,
:agt\‘ﬁgﬂra@ﬁa nt oﬁg sg’ftvvare obj erct 460. The p15
sdﬁ‘tagvarmymcthﬁcanotlﬁﬁa@ bingphge.a single printive
obj ect, while software objects 464 and 466 are nade
fromtwo and three primtive objects, respectively.
New software objects for the library can be created by
defining a new |l evel of hierarchy and abstraction.

SiSystemadeivelopmene har dware specific rul es and rel ations
are

An example software model of a complete system is illustrated in FIG. 28.
That figure illustrates an MPEG2 decoder object 470 assembled from a collection of
hardware primitives and pre-defined software objects from a video decoder portion
of an object library. The video decoder library 480 includes the individual primitive
objects P1-P7, along with a motion object 472 and a decompress object 476. The
motion object 472 is created from two primitives P3 and P5, while the decompress

object 474 is created from three primitives, P2, P4, and P6. The P6 primitive is a
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inherited fromthe children, the hardware information
for the new software object is 20 automatically
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devel oped in C++, Java, or any other another QOOP
Language. System devel opnent 25 An exanpl e software
model of a conplete systemis illustrated in FIG 28.
That figure illustrates an MPEQ decoder object 470
assenbl ed froma collection of hardware primtives

afflcRE Disleltt (REInS Thinstdrer @Y ETY ?nﬁﬁ@f@ ébjddtdeeintdeesddrand P7
portion of an object library, The video decoder

| ptgriapuf/ongmt priitieediectie Avsainblingtie dseoder ¢4 also djldes ysing

P1- P7
o8 Bl A8 Mo AT Bk SR oA AR IHRERERE E8he off:
t ¥BipRiidnidry] ¥eshdr3earld afé5g1vwh1bélewt1ﬂn eef&eﬁwmrtbeﬁnplampmnon of

474 is created fromthree primtives, P2, P4, and P6.
THe dogodti nitive is a 28 WD 2004/ 114166

F’CT / US%@Q%M@ Wbdel Auacess i SELEOOPRILARiol ARE QisiBm: the

primtive object. Primtive 1 "an are
| bbjetts out independentiyt andfthe bpdedit simphg aenﬂ)d:qtlng of hbjedicinstarges.

470 al | d i
whiena Syie s w2 o E e redst dis pophgRapAle os
; E%e@e BE{BHwWare Ft hd3@he SRIRIhBInfIaflby ?éE]IuHSJI nhH the model

erence to the inplenmentation of he decoder The
sofﬁarmtle'omdmrdwareFl G 28 is a true OOP descri ption of
the sy ects r.un i
code | n§f’ ﬁﬁ?@wi’feééﬂ tFleléﬁ?téfﬁaS?lT f&ﬁ}vg a%@gs‘ﬁ&ﬁﬁlge
ahEMIHaBNOH; SctsIR Tedatdie thelkbtlsh iS ?ad smﬁtam A8ETG. 23) to
is both executable as a i ece of software_ and _has the

stpalie ederdware piodhett ilp aperaden mewnike sisisnt fesignsadesigns the

ief fslté:ﬂ& gl?qtdey Iggir‘] th hi@ rug];ff? ?%pg%b%?u%cﬁ?f frbﬁ‘@hﬁ L ééﬁa&fhwh

Ol REH Svérs gicefit® d].redtly@rcml pi@rRrtics olﬁﬁ&pﬂﬁﬂeﬂylﬂng phys@EBFhardware
450 FI G 25) to nmke a %rdware

0 ,gb]egfts, Jﬁere@f@,nwl@qgethg RS grileé ﬁg?cng)g%ﬁqﬁﬁgsqqﬁiesystem the
fs &géﬁ%%ég%?ﬁ{e’ de@ﬁi@%}s%?g\ff’ll? 1?@3'%19 Bt @1@ %‘E(gﬂe?t‘i;es@f HeChd dérlying

] ect turn, were
gehgsied ddrddiaredijeqts buidtrinp ﬂ"dn;sehtacteearm‘spcorwem;mﬁieml the d@lred

h | . bj. Th f wh h
GetTehe tHaserTHos PR LB SYeTbm PP RPEpEYIIE
ofre15h\?e1§|§1§{eﬁi@gs@¥§{eg fdbéds, al ready have the properties

the underlying physical hardware Oé ects built-in.
Thi s duArecxtantpdrr meppog sstee if lostratekinddSi. 2Ravhish dustrates the

t Hﬁ%ﬂ@ﬁ gr | ngnjgcl'}yéﬁb ?!FI@ aiéjbelrrlge m%B e%corﬁo H%lﬁ H?(pgf FYé. 25

to yield system chip 480 programmed to be an MPEG2 decoder. Each of the
primitive objects P1-P7 of the decoder object 470 is assigned to one of the hardware
objects 454 and 455 of the RSP 450. The properties of the underlying physical
hardware objects 454 and 455 when configured to be the primitive objects P1-P9 are
the same properties used to develep the decoder 470 from the object library 480
(FIG. 28). Object P1 of the decoder 470 and the programmed physical hardware
object 454 labeled “1” on RSP 450 are both input objects, accepting input messages
to the system. Similarly, the object P7 and the programmed physical object 455

labeled “7” is an output object, which delivers the decoded video.
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20 relatively sinple assignnent process. An exanple
mappi ng systemis illustrated in FIG 29, which
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bei ng mapped onto the RSP 450 of FIG 25 to yield
system chip 480 programmed to be an MPE&Q decoder.
Each of the primitive objects Pl-P7 of the decoder
obj ect 470 is assigned to one of the hardware 25
obj ects 454 and 455 of the RSP 450. The properties of

t he ungigs hyinfteyeRibysisal, P4had Beabmpebing elicdetbhpess odest 474
when configured to be the primtive objects Pl- PQWg{‘%”

t dre dirantly pepprstioitse pisipal bardeprs peathisbeled SHer 44

fromt.he obj.ec i,Rpa . j :
SPROG v S oh 305 e Aot Brorkiles dE Afcolipredt objec
objertmAhdideabaliedR SE45@QhRSR ad 82 shndedregionidfipuBimilarly, the
obj ects, accepting input. nessages. 30.t0 e. system
SPHLtiC gpject %}g%’ic%omlsa%tifs tlﬁfl&&}ﬂ&h%@dls &ﬁfﬁg&%ﬁpped to
opj | tsAabd L@t | . i te&archical
1 AP R st ol 7 AU BT heU e ¢ aremes
PEbpbifi20 04{He 1GIA objdeed T ismndintamed opalet BSPAS0,phowndn B
cqQnpri si ng e deconpress object 474 are directly
nﬂ}f&@%r%oqmee physi cal hardware objects |abeled "2",

4 anqﬁ'é BramesEO2F4 bVEIGY 291 fhitexRRIPpIdwEs maAkRd as being off-chip
hi erarchical properties of the deconpress object 474
i & theisofraimeedodsh ant eo RSPt 25Ped pothe Y FH) cratigginstead the

regian 474. Siml atl the 5 priJntive objects P3 and
P@Qg&ﬁ@}@pﬁdna('}k%c?‘ﬁgﬁogh 8151163%6472 is directly mapped
to twaophy ﬂi&@iysihanﬁwﬁe ebjeers US4 hadheb 2 on tHR'R$MAS0 & used
respectively. The hierarchical _properties of the

i ey pryoiplentT imprameniation; Jedaefald isdikeinbatmpny By sicelbdware
in.the .sha i .

o R A0 pISSRIR O B0 o o
t hRysefsti@ren apdelemeinidwsdodksratestio savepedenn t he RSP

TR0l 11 ehmeraihedgbey e the TRGEEIF PoIcHa IBISIE FoTH P Evare
OBLREL Sesétidh Hindoh A ﬂrggerggap A8 ish Ay R %ardwre S¥REMas
syt e [ ndeed, ik

m i enént at | on. it i1s ely that nany
p hyditiond] praettyacquirentehiscspecifichlly:raotonfigutatienl binfitpeprogram that

unused physjcal hardware abjects. may be turned off. or
e R T
S A¥EIRONRT the LS EEEH HRRAhARLRY 8 HIMEthB AbAWAELiIsPBhR&te. In one

inherently contain the software object description,
f emboiliprena nfitheioysativn, dkere Adetily Paeu¢ripn of e dhigcdWatheone

OB i) BRSSP TP pgamens,
are many different topologies and mixes of underlying physical hardware objects that
can be programmed (using the configuration binary attached to the object) to create
an object. In the latter case, the object is said to have different incarnations.

Each incarnation of an object has exactly the same software object built-in,
but each has different possible hardware topologies and mixes which then creates
different performance and resource utilization which can be traded by the user
choosing particular incarnations.

FIG. 30 illustrates the additional information that can be attached to one

software object incarnation. A software object 490 is illustrated, which could be any
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makes the hardware performthe desired function; the
anmount of hardware resource 20 needed; and the
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connected. In one enbodinent of the invention, there
is only one version of the object with one possible
under | yi ng physical hardware object topology. In other
enbodi nents, there are many different topol ogi es and
m xes of underlying physical hardware objects that

CBpelR 0B ABMRbn( B ieRemblaehS@RbIGUITALIFFIGDR818AY the software
attached to the object) to create 25 an object. In the

| abjeetr490ds devalonsdobplasistcal kardwptg abjechipelagyfis elaser, and a list of
i ncarnations. FEach | [ ' .
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hasnigivnh @sley theoms kdpobogyaan valératetto podeo g kpifosbrformesce target,

which then creates different performance and re oirce
ueRq Mgk hegretwhcrhe BHOEE e POIRFEFLTR PaPRed @%@F ¥ ogfp,be haggiware
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additional I'nformati on that can be attache 0 one
sabtavtica limhit ecthe nombenal jrotocol Aegistetswhatecan b @stochg@ with each

illustrated, [ ld.b 3 200 1416
b a1 S5 oty e it BETeRenies Crde fe e T
eXRBRb s A8 CalERardw redbidet. Gn (ﬁ&?r wsrds, heis f’fﬂlfalgbr\/iﬁipﬁssible that

object 490 1s devel oped, a physical hardware obj ect
t opul basdviase objosteam, andRIP 45Q issliregily canmaeied ta otery othehardware

are. generated. The connecti on.rul.es. ify the .

iR 30 AR oMo ap TE e (i BE bt 492 is used

t @l efsetahbiobiEeS that SR Wehnksr @RIahetheR(Teeetaaipleto msetdnd

nmust ‘be nmet when the primtjve objects are mapped

dibpenance rrayirementsheambgy and effcainhatamd pbe digectly connected do

d | | e : r ]

R

Eﬁt@l&l@@@ khat 6@ 1aikeveswédnad .daad Abé (tasdeedwdre dbjectshpeatdi’) must be
ardware object. Therefore, there igs a correspandi ng.

| Bbett coopRcd.cipe ATt & fAnGF UeSREb b At e Olher Objects

h j g h 3

| BE e BLREpy Qe A e fsparle b to dgrup o7

456nnestions; esspegtiveyniie praztice, of lewdwgremblests thafradevaetalirectly

object used in the software object. Therefore, the.

" aisted TGk raBRuR g S esSrbShen (oA G e R an

o0&kt SorlBalind MHhmBRIsNE e REBoPRRENEIe dbif. exanpl e to

meet performance requirenments) can be, and objects

t hat nelerbsowrce biet 4¥nedicates oynmeny ead wbat tpe ofide @hydcadbe

- BrESPRGSbiERts eREEEP A0 ki RE joph ey B RO RAN, Qe
betieefiofh WiRndhéshtdnh Wheliny dbsrrhed, ahjeeiphSulepolidckertah be used

must be directly connected, i.e., have a connectign

| dheg tiaclesraveilakle Fspourchnen anR AR A5 Qisddreventschelsystam gesignsr from

g{&g&a% i%%ﬁge?ﬁe%PgQQEg b 6ber 2P s TR¥ e fhrad SRILGLES N a kb1 O

Both the connection rules 492 and the resource list 494 can easily be inferred
from child primitives in a software object using inheritance. Only primitive objects
have a defined topology.

A binaries list 496 is a list of micro-code or microinstructions that is loaded
into instruction memory or configuration registers in the physical hardware object,

and controls how the particular physical hardware object should operate. For
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connections, respectively. In practice, if hardware
objects that are not directly connected need to
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an 20 address or routing conmands to the desired

har dware object. A resource |list 494 indicates how

many and what type of the physical hardware objects

on the RSP 450 formthe topol ogy of the software

obj ect incarnation. Wien the systemis being

dgR{-80€ the RiEE b canHe@Sor6N BLikSFuERA obder 45 Gsht, Wikatthe

tracks avail abl e resources on an RSP 450, and prevents

t herdwprt dbjeat esgngwéad thedirstigstaxsertadgs the demscddst gpiruction
er of t hat are physically avail abl e.
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Into instruction menory or configuration
r egi st &i pratticet, the timaris dial 496&»71dil\map1eald35b]>eesibred ma@me type of
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stored In instruction order so that,
harabessrfgstobjtiatizes al ofithe hardwere Qbh@ta‘ foragtinitiabstatgc Ongphysical

s the desired firs nst tion [
e G G T opbr &1 s Reb T S 8 Bl ctlolpat wi
S @fifoWRkiBal Bo&E tnithd) d@dtrulcfionsS aTHe mﬁhpmﬂﬁ'ﬁdmohh fre hﬁrﬁ@@bﬁed to
5 objects on the RSP 450, the configured RSP 450 w

0 p@usafdee tordevdl pinasieslish#0A te e loaded o thy RSE o dhe. bllilaﬁles list
%r? % dgl.strlbhpe% tg 'tlﬂeaﬁ 'dl?/?ddai ﬁflrdéfgr% \Mééc!ts ﬁ%‘%ﬁ%@é;%@ gﬁcket

0 lijr&bdﬁtﬂ dedcyiped @IﬁovBOV)nce fthe iﬁlrs'aplm bithe binpreodre feated ynto their
| ocated either on_or off the RSP 450. Vh%g %he RSE
oY gl olecion iRl GoRcRo SHTUD OBFIgice Bt 18 Frs input datd

initi aI I%H )@fla[utnﬂﬁ A5 HURES u@pd fdSatt Q fally f)lr(‘;gfa'nﬁhed

state. re object may be configured
ORystened 111uletrd:ted: on®lGa 3flu rﬁcﬂw 1300 heginwby partitioningdhd rrabley into

6 CORDPEL BB B 6ot ATSeN e af. Pichif 5 figpieeL o the
| 'd%glgﬁgﬁtén‘i’ iPLptoRadetol Msand H«%lgﬁﬁ?b Qde%l@;a&l AR deSiEner

l'ist™ can be dlstrlbuted to the individual hardware i
ohieteonmes) i thge tatﬁethnrsglsag @om@ﬂe@ﬂn et pessnbivche ey ingedpeision

ahqye e first t he Dhi e

i %Sé {W?Ssaﬁyﬁg’ﬂ Q;}tsdqup e%egi gor 2 ﬁlgcﬁjse%{(’: cgcl),]es g@gﬁq exist or

t @ RREfRoBmaN@ ihédrfatiodlis ﬁééd%& the ﬂéﬂigﬂé@b@a create them in a process
532 and store the newly created objects in the library. After the design is complete

and all the necessary objects are included in the library the design is tested in a
process 540. The design is checked in a process 550. If the design does not pass the
design test, for example the connection rules cannot be met, the flow 500 loops back
and new object incarnations can be created and the design tested. Once the design is
complete, a list of hardware constraints from the RSP 450 is matched with the design
features to be mapped onto the programmed RSP in a process 560, as described

above.
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A flowchart expl aining the processes used to create a
fully programmed systemis illustrated in FIG 31. A
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conmponent parts in a process 510. Next, library
objects are inported into the 20 design systemin a
process 520. As the design is being devel oped, the
designer determnes if there are the correct software
objects present in the library in a decision  530. If

necessanihoihdded 6f this énveatio heSRRiculd B welk arfldedot igh data
obj ect does not yet exist or a new perfornance
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RSP in a process 560, as descri bed above. 32 WD
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hi gh-definition video encodi d processi ster
A FEBIETIERIFHOR G opedh the31pe 1S alfepet thy g, oL U gjevelopment
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t @ shgtem, whichgambehs pamplex pares hngkrn@jfmacq:syls@m&tbatm a

t he
n@gﬁ qgean %F&g @Hh%¢%mgre c%qdﬁgg%%%;pro ﬁ%ﬁf?@wmﬁ
eldefhifioh erudey t@édriﬁgﬂﬁd Dgeriera] Plipaas BC des (Srdréﬁtéd)mth 4%ollection
Usi ng enbodinents of the jnvention, softwar

h &Ff Bitaerastingaysicalhgrdwase pbjects. The combination ofe a un1que general-
purpose chip, the RSP, coupled with a software library of objects allows the user to

quickly design and test a system that could not be designed nearly as easily, or with

as much performance, using present day tools.

Example Implementation
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i mpl ementation, are' one and the sane. This allows the
user of the devel opnent systemto wite prograns

waigioagidas@ndard tool s and | anguages and t hen tRCT/US2004/019510
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directly inplenment themin hardware, with all its
attendant perfornmance benefits. Users of enbodi nents

of the invention do not need to have any hardware 20

know edge or expertise. Such a user sinply wites or
mani pul ates software to create a system which can be

as CconplEs. @S 3y,4andi3zghHperatormmanalsyllicens rélitateloedmyplex

a custom | C can provide today. Once the system,.s
debipeieanbe byt wsing EmplerRbiasty t e Eamply ot anonesijgh gonvolves

{ Ry A AUD Feifr IEBRERS AHEDPSESibE of i iwb3uehBal ehitidbn in
a collectio of pre-existing physical hardware

othjeaiths dorhhia ic eqtivabatt komubifplisation inube feqeenay d@Bain, and is used
purpose chip, the RSP, .coupled wi,th a software |ibrary

o Gapeetapsaineemivnl S Breas e eht b G EHd 1 oot

A SHRIRL Bl sty Fhopbal BE 1eREPAGH N@EHL the@PnPEElibY object so
or wth as ruch performance, using present day toaols.

3thaExenpthen bnphadwateaniltipligTanbe kopuusy avideut having global
PCT/ US2004/019510. FJ &S, 32, 33, 34 and 35 ]|

CFOEEA P Rt BF s ury o MRSt B! e same
byidet using sinple objects. The exanpl e object is one

whi ch convolves two streans together to create a

filt er EGVEr siogis asonyelstionprimtieabicct Chhere Pip ST Arofgeol
the.ti oML | - i 0.n LRLJ i.on..l
PSSy AR BBk VO BB e
mabbéled euf il @hd yane Thastades in fiediardvgare bbjett iebas Bardware

comuni cati on systens. The goal of the desjgn is t

c rediirlier gad epmgddent Tscapppeions %%eth%%f“f% P@%?Wéﬁ%%@md to
h LA an.be kept busy w thout having
g?é%%?ﬁﬁlgcﬁgé‘gt gﬁéraﬁ ich broadcast the same value to
many coppoaept objects at the sane tinme. 10 FIG 32
shows a ‘¢onvol ution primtive object. There are six
protocol,,, Fagi sters formng three input ports (| abel ed

ui, w and y) .and three output ports (labeled w +1,

ui +1 anbay ™) WiThdicircuitry in the hardware object

5 ol S L BLL 2 30 995 800 e BBt o o

P&hd 8t iﬁkﬁisfé?lkl'tﬁ’é"f)ﬂﬁﬁit%%&!éd%s‘CW +1 =w 15 U+l =

U Yi+l =ul * W + Yi

FIG. 33 shows pseudo-code for convolution primitive object of FIG. 32. The

ports are declared as being INPORT or OUTPORT connections of type CHANNEL.
The local variables ui, wi and yi are declared as being type integer. The first code
line in the procedure is a join function of channel a and channel b. The join function
does not complete until both channels a and b have valid inputs. The value received
on channel a is assigned to the variable ui and the value received on channel b is
assigned to the variable wi. The next two lines copy ui and wi to the output channels
d and e respectively. The line “c—yi” is equivalent to another join function with the
output of the multiply hardware, and could have been incorporated in the first line by
using “join(a—ui,b—wi,c—yi)”, but separating the two as shown in FIG. 33 allows

the multiply hardware to proceed even if the input on channel ¢ has not yet occurred.

The final line indicates the value ui*wi+yi being output on channel f.
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FIG 32 also shows a schematic view of the object
which illustrates the input and output ports and the

w@eooniti419e | abel ed as "CP". FIG 33 shows pseuRCFUse4/019510
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for convolution primtive object of FIG 32. The
ports are declared as being | NPORT or OUTPORT
connections of type CHANNEL. 20 The | ocal vari abl es
ui, wi and yi are declared as being type integer. The
first code line in the procedure is a join function of

channel a apiGciedhoels the oth&ieprjoitive bhject used in thiwexangle. There
complete until both channels a and b_have valid

i AsUive. (offthe siraavadlableLampinsel registesnionmEng o igpyigwrty flaheled u
t I

| Eod B3 HBULEP bt pAdib O N 6 (RS TR A
capwate abjebt \id Jukmﬁehﬁrmarp multiznn®hs c@medtiasdn ¢he hardware
respectivel line "c--2yi' is equivalent to
aRbieree ‘?}Pf%f/g“F té’tHebfgnWﬂfarfopﬁ‘éfmgo‘?ﬂebag’tonﬁf the multiply
hardmare agg coul d have been incorporated in the

first IWszﬂe V¥ using "join(a->ui,b-->wm,c->yi)", but
separ atj,ng=the two as shown in FIG 33 allows the

mul tiply* ardmare to proceed even if the input on

channel y¢, #ag *nat yet occurred. The final line

i ndi cates the val ue ui *wi +yi bei ng out put .on channel

f. 34 WIG2B0dsd dbiGR Wmmewm lgpatgect Mh@;h Bastsresibe input

t he ot he [ ve.obhj e o ere
afRd f”iltpg{lfcg{s at“ﬂéh%Pngiygq"f‘bfgq &) Bd;o%o r egi ot s%ét%ésﬁ}
form ngIGVes §HpREthoROtht $w ?ﬂﬁﬁﬂvﬁﬁoﬁjdzc’cs RITIGS. B2 andi34 bieee
out put ports (|l abeled w + ui +i _and

c IcFmbmedym B tpnﬁmy th gFeaiethe corpjoliion; @J?O&si\l)o’@ﬁbatwéquf\%er o
T
gypgﬁléegh@?srrema £ ooigtg}g %ﬁtl\lvﬁ’ }%ééf)fittlltﬂ?ewﬂﬁfﬁds‘ﬂﬁgf% AdARbFE the

ure orm erations:

V\ﬁ)éﬁformewce 0 B distatdd b thd pEnifive’ obécts; nGt bBtheabamectibomsf the
a schematic view of the object which illustrates the
|ﬂbﬁﬁ'“@ﬁu§output ports and the prinitive |abeled as

S AL AR Pine (!HIILIVBIIuEl)lX Ob_]eELI % vgﬁ bgnar & ulﬂﬁ% the

tvvo pri mtive obj ects

conbined in a topol cre he conv Iutlon

obj ect. Note that al’ Uf H“ReW ém]f ecptTé remain

poi nt - poi nt whi ch keeps “he wiring sinple and al | ows

the  paf iy RNGS cknPR iths bahRd thit vﬁ@&mﬁr i(fiatd M€o for >3 for
obj ects, not by the connections of t | obal w ring.

Trsanlﬁlmntyt burin efreal istrearning sy sierh ewore i tvalqugs Gy the Tyt forecan be

se&. IP we expand the series, each of the output terms is given by the following sets

of equations:
y(0) = u(0)* w(0)
y(@) =u(0)*w(h) +u(l) * w(0)
¥(2) = u(0)* w(2) +u(l)* w(l) +u(2) * w(0)
y(3) = u(0) * w(3) +u(l) * w(2) +u(2) * w(l) + u(3) * w(0)
(@) =u®)*w3)+u(2)* w2) +u3)* w(l)
y(5) =u(2)*wi3)+u(3)*w(2)
y(6) =u(3)* w(3)
To show that the topology of FIG. 35 generates these terms correctly, first
examine the output y(0). The output y(0) is created by the yi+1 output of primitive

object 600, which is simply u(0)*w(0) as desired. Next examine the output y(1).
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i 15 y(j) = > u(k)W(j -k) 0<j<7 x--O In the FIG 35
exanple it is assuned that w(i) and u(i) are zero for

WO 2®4ftonesi nplicity, but in a real stream ng SPGI/EN2004/019510
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nore input values than the first four can be wused. If
we expand the series, each of the output terns is

given by the follow ng sets of equations: Y(O = u(0)
* wW0) Y(I) =u(0) * w1l) +u(l) * w(0) y(2) = u(0) *
W2) +u(l) * w1) +u(2) * WO 20 y(3) =u (O * W3
+0hé bubpﬁ‘?%(l)‘ig(c&éatéd WY the vi; o0put 3f prrkdtive Wogert 601U fvhjchiis the
\/\/5?3) +u(2) * w2) +u(3) * wl) y(5) =u(2) * Wm3) +

u lt“‘m-w(Z])c y(6) = u(3) * wM(3) To show that the

topol ogy of FIG 35 er at.es S L et correctly,
first examne the og(ﬁgﬁtyiﬂy('ozféﬁﬁfﬁé Bltput y(O isy

c th e . Of: Py RN j: ‘
B BRI 1y U B R0 L P DS 80P
output. @bkt 6003md\WDjRO0Y deddte bs RUbBWSS2004/ 019510 The
output y(1l) is created byGthe | +1 output of primtive
obj ect 601, which is t hewi enet®on: 601 = * 600 602

Y(1) = Y;+1 u(l) ~"t+1 +gsub]=I t he above equation the
superscript indicates the’ arzf(iﬁ?:ul ar object that

creates that 5 output. et 600(and obj ect 602
operate as follows: w600 = w(0) u6l = u(0) 602 _ 600

Y Bylcomhingthegst Your Bguasinmp itrigsachdhatast f our equati ons

it is seen that: Y(I é@ﬁ%@%.‘%@%@@ﬁ‘%@i * Ww(1) This

process of Gaussi an s for the rest
f afhid (R6c QY bPBhSssian elimination continues for the rest for the outputs

v(2)...y(6).

Implementation of the described system is straightforward to produce in light
of the above disclosure. As always, implementation details are left to the system
designer. Individual selection of particular hardware objects, protocol registers,
message formats, etc., are implementation specific and may need to be discovered
empirically. This invention represents a pioneering paradigm shift in the way
systems are designed and implemented compared to present methods.

Thus, although particular embodiments for an inte grated circuit development
system including hardware and software objects has been discussed, it is not
intended that such specific references be considered limitations on the scope of this
invention, but rather the scope is determined by the following claims and their

equivalents.
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10 y(2)...y(6). Inplenentation of the described system
is straightforward to produce in light of the above

waele@ehodes e. As al ways, inplenmentation detail sP@r/Es1084/019510
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to the system designer. Individual selection of
particul ar hardware objects, protocol registers, 15
nmessage formats, etc., are inplenentation specific and
may need to be discovered enpirically. This invention
represents a pioneering paradigmshift in the way
Sysiaeitelamed &esi gned and i npl enmented conpared to
present methods. Thus, although particul ar enbodi nents
for an integrated circuit devel opment system

i ncluding h Qﬁgg Qghﬁ has been
dlscus%ed [ hIS %g?&g ]%%ﬁgg t a%héich specific
ref er encies pbﬁalagwrmfsmwgecﬂdmms fok storiag aset difeiam; apiznef

this. invention, but rather_the sgope i erm ne o
t HEIHRE 8wRHGtE N Fatonspet fedats, a8 Ao ppL S % dber?{up ina

2 Q’ﬁ)‘ﬁ? é)% 080 BET g§%9@%lgﬁge5t%oa pr¥¥idhs bet oflidth gﬁgj als@bseduent set

ware register on a chip,” conprising: a first
pbfidahiiang of storage el ements for storing a set of

data, a SI nal 5 S val'dit of, the

set of alalé“; te ]é]ﬁa s&glga[qdﬁfﬁ atlgggl?ﬁt]af? ﬁﬁtgfaﬁ gmeﬁl%s can be
OF R @by HREBLRAER 586t @ dat a Tel atlve to a previous
set of data and a subsequent set of data; and an

updat e i nput signal indicating that values in the

storags el egnts, cap. B eplaned Rubhesphsaauent

set of “data vvare regi ste

f ur t hek seApHIGERNG of 3tosaadngitiiforlsioking @fcopy setad elata a signal
elements for storing a copy set_ of data,. a S

sisignifyipeagalidyeapt tesipredt Cqméefs?fd‘ra&j apdp sigaak Slﬁl%d%& a,
a I [ he
Oy e o SpF bLE My KR GIA RGP 3R oPlay
addi t i enaddigoml agaea@I dematt sgtctuetido edrd the :update nt[imtes1gna1 and
updat e i nput gnal and . to genera an. u te ou

.t@ a%nerattmn upéted@# Hyet grﬁgﬁﬁﬁ@ Hog! H atg i gggﬁ”@} by

,ty a first set of one or nore |lagic elenents

struc ured to generate a first signal to cause, when
t he updétra sett e oa;mgnauoglcselamsms seuctured e genpgate affirst signal to

ggse W en the upgr:\{ge out%ufa signal is asserted, a new set of copy data, a new signal
signifying membership in the group, and a new signal signifying a validity of the
new set of copy data to be loaded into the second plurality of storage elements; and
a second set of one or more logic elements structured to generate a second
signal to cause, when the update input signal is asserted and the update output signal
is de-asserted, the copy set of data presently stored in the second plurality of storage

elements to be loaded into the first plurality of storage elements.

3. The hardware register of claim 1 wherein the first and second

pluralities of

storage elements comprise edge-triggered flip flops.
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20 signifying nmenbership in the group, and a new
signal signifying a validity of the new set of copy

walaioa/114a6bhe | oaded into the second plurality oPCHUSIAYE19510
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el ements; and a second set of one or nore |ogic

el ements structured to generate a second signal to
cause, when the update input signal is asserted and
the update output signal is de-asserted, the copy set
of data presently stored in the second plurality of

storagg. 25 ghemmdivardregiser boedia 1iwHeteih ke first st of logic
plurality of stora &e el enments. 3. The hardware
r elgmeniscoptpris¢sa R fyprsionibAvinge first and second

pluralities

edge- trlggerg% g@@%@g@%ggﬁﬂﬁg%agg%gg@g%ﬁ%7sz &mﬁyﬁ%
PEEMBSARGAMGIR6U0f the céﬁlsgesdn af data w«eiamxeg:bsiﬂmr setf o€ flata,m 1
wherein the first .set o %tﬁ grrents conpo S an
R functlonaﬁﬁvmﬁémmﬁc?ﬂﬂgf ppdat ﬁﬁpgﬂﬂgg‘ém'egated
si gnal of tgﬁoﬁﬂpgpal signifying nenbership in a group

of the copy set "of data relative to other sets of
data, 5 a second input coupled to the update output

ol o m 3 °F urtbf Bedshiein o bl REBEFe Y gl baving

i nput coupl adir$tGniil cOuIBdto A odtpe oFeeRAomd pludlity ¥f @fisters,
registers, 10 a second input' coupl ed aﬁﬁrl mary i nput

to the har dmp@ndewgpemple ﬁp@ma@amp@bt@ @bartiwa@rreglster

o Ao e

har dwar e reghsﬁ;ﬁntc@fplaitaltm ButphiusfitheORcgnngr i si ng an OR
function 15 having: a first i nput coupled to a
negated signal of the signal signifying menmbership in

a groug of t"['?x@ haltdg&ra?éjr g?s‘ier%ff cﬁ%@ Fﬁ‘gﬁ d{-ﬁ%ﬁﬁn M@R function

sets of "data, a second i nput coup
| hpvihgsi gnal , and an out put. 7. The hardvvare

register ofca|m6vvh |ntheotu cou
an input of tlfrﬁtén%&f’?? 8 2 §?g?1t951;gé£‘@1i B#ré’ﬁﬁlgng 51gn1¥y1ng
membership in a group of the stored set of data relative to other sets of data,
a second input coupled to the update input signal, and

an output.

7. The hardware register of claim 6 wherein the output is coupled to an

input of the additional storage element.

8. The hardware register of claim 6 wherein the output is coupled to an

enable input of the first plurality of storage elements.

9. A method of implementing a protocol register, comprising:
parallel loading data into a first and a second set of storage elements,
the data including an indicator of the validity of the data, and including an indicator

of a position of the data being a member of a group;,
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8. The hardware register of claim®6 wherein the output
is coupled to an 25 enable input of the first

wp@bkanaldilsey of storage el enments. 9. A nethod ofPCT/US2004/019510
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i npl enenting a protocol register, conprising: parallel
| oading data into a first and a second set of storage
el ements, the data including an indicator of the
validity of the data, and including an indicator 30
of a position of the data being a nenber of a group;

38 WD 2004/ bd bty PITH AS2R0YAL AGAALIng e@elblﬁ'ty’l@"aareééivmg
accept signal indicating an ability of a receivi

obhiecttthatigeormscied et ewputial ﬂafnpretﬂcghﬁegmer faccpp
register to e% %%t a%%xgd ?crc%% O%Ha[‘ d?caﬁﬁ%gﬂgblﬁﬁpﬁghe receiving

si gnal i ndi catl recer ving - object
t objacrce atc@aﬂﬁa, thésecond mcdpmgmlﬂ) tecsivgd afterrtbe dirst edcept signal;

after the first ac nal arln the firs
accept si gnﬁ?mﬁﬁﬁlgttﬁg %ﬁ’Bt %@PZB{“? egsr‘?%icl’n AR SRR
the data inhahh %ﬁé éathn I%tli’ﬁé’s%f &hRFE RleteWi8hdnBe, first

first accept si and the second accept signal are
baxtdaptcbgr%andtle&pcqmmbép@lﬂghai@m hethrdevasskated; i nt o t he

first d . t
S0 AR oo AR e
befehheARSAIhHs first cheﬁﬁﬁ%r[bg afkPihd sk dcbépt kighsltars Bbth@kserted;

storage elenments into t second set of storage
el ement s vméqadumsiata frem thefspict of gaeage |6L€n%f‘élisd§50éhtﬂ ggpond set

r 8?%%’1%%%% 6%1’??21 Bé glrs§ a&%ﬁl §1 al ?sséeegsggl%d #9he second accept

at a € Second set of storage
ekigA®ng sssanel; ah@adl ng a new set of data into the f| rst
set of storage el ements when the fir st accep

signal is as¥einmedhest of Adadpdissecandsepet Sé‘?régf’a‘i’lem%ms and
d ?oaﬂﬁ%ear ﬁe%_g set %\?\gatg Iﬁfto ;ﬁ%{ #9060 br bﬁ'g%%meﬁ’cér&ﬁb‘ﬁrthe first accept

compri ng new into the second
Seitgnﬂfls siseftagmdeﬂhe seoohd avdephsigaal S daradsertertli cat es t hat
the data presently stored in the second set of storage
elements 20 is invalid. 11. The nethod of claim 10,

furt heﬁocorfmle%&éegod & s, lrgadi- bgmpAYImgat a into the
first set of storage el enents when a srgnal indicates

that the datbvaysdeamsiing yevedaa gdo ihe sehendset of st@@ge elements when
g}agigﬁg@ncei {gg Et@? t cﬂ?{ﬁ? I?Srgé néy s{ored 1n2the g;:rc]:gném %storage elements

is invalid.

11. The method of claim 10, further comprising:
always loading new data into the first set of storage elements when a
signal indicates that the data presently stored in the first set of storage elements is

invalid.

12.  The method of claim 9, further comprising:
always loading new data into the first set of storage elements when a
signal indicates that the data presently stored in the first set of storage elements is

invalid.
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al ways | oading new data into the first set of storage
el ements when a signal indicates that the data

w@e@gantibey stored in the first set of storage PCUBORWDE019510
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is 30 invalid. 39 WD 2004/114166 PCT/ US2004/ 019510

13. A data interface protocol, conprising: a plurality

of data signals including a group indicator to

indicate the nenbership of the data signals in a

group and a relative position of the data signals in
the grosip; A @ty dkdrehes pgiddoltc@nipidingat e the, validity

of the data signals; and an accept signal to indi,cg,te
that the pl aphirplity ofdagaignalsiipriadiag 3 gioupHadicgigr jofndicate the
S| I n I WM i & ;
SRR i 50 AEEE ikh By GBI b orty 2Ny signals
whetheigfouphe data signals and 10 valid signal can
further be repl.aced when_.the_ acc signal is

de- asser t ed2&RHd gigaal tg Jndicptethgy: 31?‘%12%0%89 g@@é}gﬁl@]& angly

The data ingg Bééﬁ)ﬁsigﬁé?tt@ﬁﬁkca%f th&t tBé Elu%ﬁit%é‘lﬁﬁﬂﬁh Bigh#18 and the
group indicator s “a single packet identifier signal.
15alidssigil eanlbe eeplaved mithcanepr plisdity olbdatz sighals.15 wher ei n
the packet identifier signal is de-asserted only on a
final elenment of a group of data sets. 17. The data

interfage protesRlineifasd pbidcdorMiamel3nwhertinthé d&h eigRalk and
in a 20 subsequent group of data sets can be

deeled sigral ¢am furtiies bp septaced wihen theraceept siggakis detasserteg and the

transi.tigned fr de-asserted state to an asserted
V%? o }Ségﬁ%¥g&%ipeline el ement, conprising: an

i nput interface including registers to store a

plurality of data 25 signals jncludin

. gro o .
i ndi catlér t d b datadateefaeniEotas AR dHM! %Wﬁ?rﬁ’él tg‘gg%‘?up indicator is
Si ' : : a relative position of the
dg%g@ée?%éﬁgftsla?lﬂﬁgﬁglgg?gup, a valid signal to indicate
the validity of the data signals, and an accept signal

to indicate_that the lurali f. data, Si ls and.. .
the valPd .siT%’ﬁ %Iatadﬁf‘?rfﬁ x Prgmcgt%foc?wq ‘é{hﬂsaﬂﬁ? B?‘%eg’tdﬁmlﬁer
OfsignSiAik Ae 5 QRRE nly3h #8nal element of a group of data sets.

17.  The data interface protocol of claim 15 wherein a first element in a
subsequent group of data sets can be determined by the packet identifier signal

having transitioned from a de-asserted state to an asserted state.

18. A data pipeline element, comprising:
an input interface including registers to store a plurality of data
signals including a group indicator to indicate the membership of the data signals in
a group and a relative position of the data signals in the group, a valid signal to
indicate the validity of the data signals, and an accept signal to indicate that the
plurality of data signals and the valid signal can be replaced with a new plurality of
data signals. '
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pi peline elenent of claim 18, further conprising an

w@eaopai4ieé nterface. 20. A data pipeline conpriBCTYSA04/019510
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plurality of the pipeline elements of 5 claim 20

connected in sequence, the pipeline capable of having

nore than one data set value in transit, wherein: the

pipeline is logically enpty if all the valid signals

of all the data sets in transit are de-asserted; the

pi pel i ne. i s Theldataifipeink eldheeny af ¢l6ins i grfaltBer@bngplrisinizfad output

dat a sets intransit are .10 asserted; and an i nput

i ARteHige e accept signal to the plpellne is de-asserted

only if the pipelineis full. 21. Ajoin elenent,

conprising: 15 a first input interface including first

regi st @0s t A\ ddteppehinptompdisitga pluralfty o theghpeding ietpmeeings of

incl.uding a up indicator. to indi at t he menber sh
oA 0P e i Rating A Sbiobing BPrTE ofbiige Dt gt obe data

r@&g%h%qn%gﬁhpwa&ég>the first data signals in the

first group, a valid signal to indicate the validity

of t he thd pipelingas ogisadiyanmpty Hradl thevalstugnals ef ajhhe dafg sets in

te t hat Ee plurality of first data signals and
?Féléﬁﬁﬁ% can be 20 replaced with a new

pl ur aI ithe/pipélire ik Fill Hallahe { A SialPoreticn data RPY tin transit are

interface |nclud|ng second registers to store a

plagseaiediapd of second data signals including a group

I ndi cat

data ol iRl 4R R T b Afer R BRI e

oflpﬂ@eﬁﬂmﬂnd data signals in the second group, a

valid signal to indicate the validity of the second

data 25 signals, and an accept signal to indicate that

t he plqgallgy(ﬂﬁ ﬁﬁﬁﬁ@oﬁ1ﬁ§m§'9nals and the valid

signal can be rep aced MA a new plurality of second

data signal & fuannpultlpmfacmmehrﬁaxget‘;lrstangls}em to store apiluralyty of

cQ he i nterfaces and.t he out pyt

S Bl b pBu tRaRE SR e s pfhe first
g rd%boﬁgrféfls Hat st 868 ¥&dla 1AMIsiioh BEthet st ddtd Siknd1HBikhe first
interface, the second input interface, or both the

f igreup, arvdh@ sigoaldo indigaie thervaliditnettbe fust dop shoyaly, aundiarsarcept

P%Tén%? 0 1 1jce(1)t:<lé %hajf Qhe plurality of first data signals and the valid signal can be

replaced with a new plurality of first data signals;

a second input interface including second registers to store a plurality
of second data signals including a group indicator to indicate the membership of the
second data signals in a second group and a relative position of the second data
signals in the second group, a valid signal to indicate the validity of the second data
signals, and an accept signal to indicate that the plurality of second data signals and
the valid signal can be replaced with a new plurality of second data signals;

an output interface; and

join circuitry coupled to the input interfaces and to the output
interface and structured to operate only on complete groups of data received from
either the first input interface, the second input interface, or both the first and second

input interfaces.
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22. The join elenent of claim21 wherein the join
circuitry is structured to performa function on a

w@aionAwlee conbi nati on on the group of data onPE€TES2004/019510
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first input interface and the group of data on the

second input interface. 5 23. The join el enment of

claim22, wherein the join circuitry is structured to

begin the conbination after receiving a first data

el ement fromthe group of data on the first input

interface and a first data el enment fromthe group of

data on the second in i.nterface, }11 .24.. The join

el emeng2of &hajoi QIQmWﬁéfrc@lﬁl Fhwhergindhe jqir Girgyy jgstructured to
éé &S ﬁ%cu{n? or§ hghﬁ %1&6?@01&% dhédd @8 gFHﬂIp)bf @fdeﬁfn the first input
celrvin as enment romth group of data

omtéﬂf@efand gte groyuof date en flececaxddnputlisistiactat a el ement

fromthe group of data on the second input interface.

15 25. The join elenment of claim21 wherein the join

Circuibgy i Th§§d1ﬁ' Efeﬁfeﬁgoit&ampﬁ flepdiR g bR Witcftry is structured

function on the group of data on the first input

i it eedfimthe camdtutahen a@ercr@pﬁmmg deftrat cbana lemelstefm ¢hei gipup of data

W ?lée{ﬁrs;wgu IBe#afﬁ ?‘%’Lﬁﬁ ?d?etlge fr}en ar egg ogg)g afaon the

tg&oga%iﬁtgfter%g.a from V\,hl chever input interface
earliest presents a first data elenment. 27. The join
el ement of claim 25, vvherei n the join circuitry is

structyped Tﬁ écilg oIt e ems %élﬁ Hle%hycngzﬁllhﬁ{) iﬁtsmlcmred

recei Vi ng a I"ect e

| B8 fnkAGR: codthination ondi aftee km&mnﬁg olastdzn ele@®6nt fndvarted group of
both 'the first and second

t f
£ Phigron s Ars IHbRETERRAN 8MSDUER §IomaHE ARG R o R P R data bn the

| | 30 is structured to arbitrate the
|3 dg’cr:ltaﬂﬁo&%ﬁ% WO 2004/ 114166 PCT/ US2004/ 019510 29.

The join element of claim28 wherein the join

Chat s, | o bt B ey ol Saia Zhierm feafh el "Gt fored t
ClRifRme 8 sYBGIRI findthe dnothd gfdub@iidhiaon the Sitst UGt r@eHfAce and the

5°select the input interface at random
group of data on the second input interface.

26.  The join element of claim 25, wherein the join circuitry is structured
to select the group of data from whichever input interface earliest presents a first data

element.

27.  The join element of claim 25, wherein the join circuitry is structured
to make a new selection only after receiving a last data element on the selected input

interface.

28.  The join element of claim 26, wherein both the first and second input
interfaces present a first data element simultaneously, and wherein the join circuitry

is structured to arbitrate the selection.
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31. The join elenent of claim28 wherein the join
circuitry is structured to select the input interface

w@ewendilng to a priority. 10 32. A fork el enenPCT/US2004/019510
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conprising an input interface including registers to

store a plurality of data signals including a group

i ndicator to indicate the nenbership of the data

signals in a group and a relative position of the

data signals in the group, a valid signal to indicate

the vabpdi t whefioih bRnttat 6f Ghig28 wheehrthafoiacieyitry $§ gnatured to
to.indicate that the 15 plurality of data signals and

t prdeqrahs wpys igiraface hat wes f’:@sﬁpgc@g@ywqdh a new plurality

of data signals; a set of forking circuitry coupl ed

to the input interface and structured to operate only

on conpBlet e The geipsleafentiaf daineZdivhedirf the foit kechirpus structured to
int erfgc.e; a fipst output interface; and 20 a second

oS phs put iptgace ggan fork el enent of claim 32

wherein the forking circuitry is structured to

duplicate the group of data on the input interface and

to sendlthe Tmm@iegm%ﬂo@ldn@& whetsn the jein cogeipnts structured to
inte&fﬁce agd to the §F%§Rp q%tgut interface. 25 34.
TRECH PR OB P O PN Y i n t he for ki ng

circuitry is structured to begin duplicating after
receiving a first data signal of a group on the input

i nterfdée. Jofogkelement pRIIENSB RNt Of clai m 33 wherein

t he forking_gi [ [ . 3 .
duplicating agf“gpgl rllJ h{stéerﬁ%lez%dlg&ﬁ%g%g&%%? g; %P%nr%flu%}ltyaomata
gsigugls amclidieg b igt@ip indidat¥¥Qod0fiddtd Hklfbmbership of the data signals in
ey 004! O19510, outpul Lntertage, Jnd send g 3.l

[ : : [ f ' ;

of Bt RS ey G B uRa ool Bl R SHRRLIoAaBAE Gl he

c phyalitgiofidataaipnialspud tfeoralidisignbt camdwuspipcaicedipt inevy pdurelity of
or, more pieces of data as a data word froma

pFRRSIEMRE: stage that is coupled to the data interface,

the one or nogeor BHECESr@trFedublddie thdinpt idtcMRss AdPstructured
packet identifier; an input for accepting an

i halpreaateonlyodn eomplbiegraups of dathéec&c&@é;ftceﬂmﬂ@ putugiedace;

a first output interface; and .

a second output interface.

33. The fork element of claim 32 wherein the forking circuitry is
structured to duplicate the group of data on the input interface and to send the

duplicated group to the first output interface and to the second output interface.
34.  The fork element of claim 33 wherein the forking circuitry is
structured to begin duplicating after receiving a first data signal of a group on the

input interface.

35.  The fork element of claim 33 wherein the forking circuitry is
structured to end duplicating after sending a last data signal of a group on the first
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10 an input for accepting an indication of an ability
for a subsequent stage that is coupled to the data

wo paoenfdee to accept the data word transferredPdT/o80041€19510
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data interface; a loading circuit structured to cause
the data interface to load a next data word fromthe
preceding stage if either the indication of the

ability for the 15 subsequent stage to accept the data
word is positive, or if the accepted data word is not

V ghith 8 infifdc@amBsdndingdeh® AhtaGignaliof a glonp ohdliestcbnd output
detect the start of a new nessage packet fromthe
nisyfge. packet identifier. 20 37. The data interface

of claim 36 wherein the packet detect circuit is
Structured to detect a data state transition in the
messagga6.packedata deafickif@racodptimgfsireahs ofiddtaomowdrdaatd time, the
t he ssage packet identifier of a second data word.
3BUCIYYGE CARPESISt er f ace of cl ai m 36 wherein the packet
det ect g h{éﬁik‘ Fdr sifulfmeSislyAdctptiith 4R dragdit iplebedof data as a data
de- asserted nessage packet identifier as a | ast data
weiodd fromea preesBiagysagratbiias cogded Miibe dath anterizass theeae of more

claim erei.n the packet,detect. circuit i
sPWﬁﬁ%ﬁd@#ﬁwSﬁfiH’@rﬁw a%erpa%%é??ng@eﬁ%ssglge :chket
i dent i fh @fput RtactPhing vl iddieation BF a Welidity S0the Beptrd Fargeord;

packet as a first word in_a subsequent nessage packet. .
44 WO 20dput for peeentiog Audrtewion phen abiligoior A spbsequRit stage that is

bj eGt i - .
o A P PR o
genefale an input accept signal independent of any

informati on fromthe sending opject, the input

i nt er f adeading eiequirdycErdde @é\ﬁe_%gﬂ% Plt?%f?ce tfiRed et data
AL Bk Rear om0 ShipepDob sty

c halisgguens ttage® aokyt thé daa woetsipesitiye,aordbitha asesptadrdatanyord is

message packet; and an output interface coupled
b&f > core and a receiving object, the output

i nt er f gog sl EEWiRitsBudBRANE Hbtest tHAk@rt\@hindwSheBade packet
i ndependent of any 10 information fromthe receiving

olfijoec theamehsagernackeiridantifier.send one or nore nessage
packets to the receiving object. 41. The hardware
obj ect of claim40 wherein the one or nore data

37.  The data interface of claim 36 wherein the packet detect circuit is
structured to detect a data state transition in the message packet identifier of a first

data word and the message packet identifier of a second data word.

38.  The data interface of claim 36 wherein the packet detect circuit is
structured to identify a de-asserted message packet identifier as a last data word in a

message packet.

39.  The data interface of claim 38 wherein the packet detect circuit is
structured to identify an asserted message packet identifier that follows the last word

in a message packet as a first word in a subsequent message packet.
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packets sent to the receiving object are identical to
the one or nore nessage packets 15 accepted fromthe

waenditnge®bj ect. 42. The hardware object of clBCTHULD04/019510
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wherei n one of the nessage packets fromthe sending
obj ect includes data, a signal signifying a validity
of the data, and a signal identifying membership in a
nessage packet and a relative position 20 in the
message packet. 43. The hardware object of claim40
wher ei B0t he AMRséw@eR obieked a sitRyrateNcotiptesing@r e t han one
data sets. 25 44. The hardware object of claim40

wher ei n t he 2 BjPBE interéce CP%ple%EOrwpdmwbﬂ@t Pt grusgired to

Jg‘rgeg%g af! ;ﬁ‘gﬁ? B%EBE 511%%{1 %{H g\él\}gfrégt %fgajn B?lgtuﬁ{ fr&lﬂj%e sending
V\:bbfeeﬂ thetitygut Gitpefade stacmrédstosteapt bue eﬂmbn: megsdgapackets from the

message packet not synchronous to a clock of a
r RIS YeShj ect. 30 45 WD 2004/ 114166

PCT/ US2004/ Qf'r BBLO: cot coulit @Qﬁ@ﬁ@ﬁﬁn@é@fa@@ EndPfnfhabdMAGange

wherein the object core” conprises: first core
petateis onlystften cacaivang 4 date pelriaaey rmSSfagﬁ sacklet;fand mati on; an
i nt ernal protocol int face qg% the first .core

portion; ang" gutp E’é%‘-’& ¢ SBI}Pée eeéth%he 6;8{Fpa[né1 F 1‘t6861¥lﬁé object,

| ptceduilt ie ARG uctudElof ﬁﬁ&a@rhddatzﬁaﬂidcsﬁgﬁa@ ¢hdePerfdlett GHle@y
on second information. The hardwar e obj ect of

C IiﬁPWﬂQHM dereedivingobtestald stiugiused teeend eng efanpreangssage
ﬁée{s%gtﬂlil %célgmgft})%&e% pput interface. 10 48. The

War'e obj 66t dim 47 wherein the internal
protocol |nterface can be configured to be a second
input interface to the hardware object.

har dwafté: objléehagvags abirstas i AS et the %}%%86{10% flata
: %%&eﬁsas%ﬁt fo Bé %?Eﬁlir%adbééc@ at%tlﬁ 1cHI 6 é)oxf.eh& AR ssage packets

ace ware o ect o] alm 49 erein
thecaptﬁddi*mlthemendmg@bject.nterface can be configured to
be a second output interface to the hardware object.
20 51. A system conprising: a first hardware object

formed on agsubstmRt@idware object of claim 40 wherein one of the message
packets from the sending object includes data, a signal signifying a validity of the
data, and a signal identifying membership in a message packet and a relative position

in the message packet.

43.  The hardware object of claim 40 wherein the message packet

may include more than one data sets.

44.  The hardware object of claim 40 wherein the object core is

structured to receive a message packet not synchronous to a clock of the object core.

45.  The hardware object of claim 40 wherein the object core is

structured to send a message packet not synchronous to a clock of a receiving object.
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a second hardware object fornmed on the substrate; and
a protocol register coupled between the first and

waewmenttibar dware objects, the protocol regi stRBCT/US2004/019510
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including a first data register for storing nessage
data, a 25 second data register for storing a
validity signal, and a third data register for storing
a packet nenbership signal. 52. The systemof claim
51 wherein the first hardware object includes the
protocol regs St eThe BRd#are\WBjet00f¢13ibd 46 G/herein the object core
PCT/ US2004/ 019510° 53. The system of claim 51 wherein
t panpsts§t'ocol regi ster is separate fromboth the first

har dwar e obj iﬁ d Sbrmatiof:

The system O&EF%% Eﬁlﬁj (r&g]?%d!taﬁ({g ig?%?%@% rerérll%ter
passes an & megefitpratbgpidhtetfacd Mpfedrtstherﬁmdmc portion; and
object indicating the abilit rot ocol

regi ster to28Ces f’or&é’f’étlonéﬁo‘yl’ﬁfb ﬁi‘“%lfpreiioﬁ?lrﬁl?ﬁface and
VWAL, gcghggﬁbnhﬁxgpnerated by the second
har 3‘3?%{0 eﬁﬁ&@ﬂl% 56. The 1system of claimb54 wherein
t he accept si gnal i S generat ed by the protocol

register af tocol |ves ert

valid si gna Eﬁe f]@g’? 4%3816%“ ﬁ%tpﬁgtggd

U dridee s ﬂa@nﬁdamks%cme tlﬁhé ﬁﬁﬁt Mitdigacasynchronous
nessages, the software object inplenented by a
configured hardware object, the hardware object

conpri si ng: pr r

sof twar e mef' god ‘fh f ef flwa?e%bﬁé& OfEﬂ?{l é” Z?ﬂ’leck:%ﬁg?eggte%al protocol
t Bfterificolcat B chrfpiusddeo baradsesdﬂmpmtr ig@rface tochahgdwateatbgect.
only after receiving a data set in any nessage packet,
the object core 20 configured to execute all the

met hods of yhe SE"E;EY@T DB Edof CRim 18 SyHbAH YRY frotocol
obj ect of claim er conprising one or nore
phﬂ&ﬁﬁﬁhskbgm@dﬁrﬁnthmtuehcbuqmahnaﬁwa separ at e
software nmethod interface. 25 59. The hardware object

of claim58 wherein the object core is coupled to the

one or norespr ot qgEk,IIRRFSHSES RBRIM UD iR thd iBternal protocol
par al | el execut e software et hods.

interface can be configured to be a second output interface to the hardware object.

51. A system, comprising:

a first hardware object formed on a substrate;

a second hardware object formed on the substrate; and

a protocol register coupled between the first and second hardware
objects, the protocol register including a first data register for storing message data, a
second data register for storing a validity signal, and a third data register for storing a

packet membership signal.

52.  The system of claim 51 wherein the first hardware object

includes the protocol register.
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60. The hardware object of claim57 wherein the object
core 30 conprises one or nore internal protocol

WO e@us14ar6. 47 WO 2004/ 114166 PCT/ US2004/ 01951BCT/632004/019510
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The hardware object of claim®60 wherein one or nore of
the internal protocol registers are configured to
realize software nethods. 62. The hardware object of
claim6l wherein nore than one 5 software object can
execute in parallel. 63. The hardware object of claim

57, further sgonprheipRenodLclain 5Miherdiatidvrsecshpgstsis
executing in concert to realize the software oﬁégct. )

10 64. scpaeatt Gpenketlcths fire herdsyare phjes anpl the sroopd hardware object.
conprising a second hardware object having one or

nore internal protocol registers that are configured

to realizess0ft The eystamh hbclsim Ghevhetein theeretotolregibter passes an

hardwar e obj ect and a porfion of .the second hardware
obj ect a%@awg@ fhthe éﬁ%@@ﬁ%e PRispt indicpting SPP\%& ¢f e Protocol

obj ect 88 accEBeadiar dwar e obj ect of claim 61,
furthefegiéo?rrpriag% Eg a second hardware object having

one or nore internal protocol registers that are

fi d | i { t hods, wher e
or i on of The AP PYHeAR bk e of Bt Al o Fiarls spperaed
the segomk RastivRh@vabioBfkt. execute in concert to

realize the software object. 20 66. A nethod of
performng a function on a systemthat includes a

plurality oﬁghar MRL Gt QR BEhfn 5k WhePBh gl%daﬁg%"gi%ﬁlitiﬁgenemted

sendi ng asynchronousS’ nessages to one

pl ur al by Yheprotvaolhepiser afirehé protecol Paceives s dé-averted valid signal.
obj ect methods. 25 67. An integrated circuit
devel opment system conprising: a library of

descriptiong,of a plaur.al B‘ﬁéctq{avﬁ%rlﬁ b& BB Babe irﬁ%fcgdby

structured t0 operate on message packets and eac
objcetinhaswhelgon@isahdsyadey, the saftvaare objeetinmileméntédbyla ngnfigured
characteristics; and a _nodel er that references the

| hdarase objecti é‘e%‘%&’@fﬁ‘iﬂﬁﬁdt‘%mg&lé‘é‘ﬁt a 30 command to

create an insh&pcs rOfisteNBatkalig a488GatdthRBS int@hidet O
accept a co nd tolink two or nore of the created

i nstances. 48 ofecP@el¢duplabe tRCIoUSRD Reister 9Bd stru@ered to

;l' Eﬁqx}qgg\létealtgspoﬁy gftesr gctelevrlrl]lg 21 dgtlaas!etrtl}l%%y Vl\l'ilqeesgaegle rf)aglye?, thcle Qtr)j%crtycore

configured to execute all the methods of the software object.

58.  The hardware object of claim 57, further comprising one or

more protocol registers that each realize a separate software method interface.

59.  The hardware object of claim 58 wherein the object core is
coupled to the one or more protocol registers and structured to parallel execute

software methods.

60.  The hardware object of claim 57 wherein the object core

comprises one or more internal protocol registers.
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conprises a collection of software objects. 5 69. The
devel opnent system of claim68 wherein the collection

w@boo430fibevar e obj ects i s hierarchical havi ng aPCT/US2004/019510
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plurality of primtive objects at a bottomof the
hierarchy, wherein each primtive object is associated
Wi th one or nore portions of physical hardware

obj ects. 10 70. The devel opnent system of claim 69
wherein one of the collection of software objects can
conpri se anyg] nunieg h@lware@bigcabi ¢1xin060 pihierditt onecor more of the
obj ects, wherein the association of the one software
oivieedl prefocel segisiarstiye eqfieBteato repliznsoftwasgrsthidsons of
the primtive objects. 15 71. The devel opnent system

of claim®67, further conprising an output nodul e
structured &» geMgs hirdware obicpof clhinh 61 efhemdin mhethan one
created jnstances. 72. Tffe devel opment system of claim
79ofiree ebisct 99e egeqyitt BarlEli s execut abl e wi t hout
conpilation. 20 73. The devel opnent systemof claim71
wherein the output file is a software object. 74. The
devel opnent 63yst &he birdwhwi abj&t ofbleie 5, fukben doppaisipg one or

conpr | a .25 collecti.on of software obj
CRERChR R RE Bl erine 18 antise gt s RRERTBas,
and i s useable as a software object. 75. A nethod for

programm ng a collection of physically instanced. .

har dwar e obféct s The bandwiass ghject 26 clagm ééoﬁuﬁhiwm@rlsmg a second
PCT/.US2004/ 019510 acc I '

AR PR sl BP0 R S M
ahstizagdfivais nthdde ewhdrsinalec adirb éirsd hardevanbplgedtand egpottion of
software object including: a |list of, h%r d\/\%e oogjb. ects
uthsdepandhsedware hisckexsspie &t consey tp regfizg thesgitwareqhyect.
connecting the listed hardware objects, and an
instruction file to be |oaded into the |listed hardware

obj ects; acespt i Miehardemer ohyedtoil cimith efurthkt exnpromgy second

hysi cal | y instanced hardware ob
P he)alrdware ob% ect having one or more internal pr$

tggglsrégisters that are configured to
realize software methods, wherein a portion of the first hardware object and a portion

of the second hardware object execute in concert to realize the software object.

66. A method of performing a function on a system that includes a
plurality of hardware objects, the method comprising sending asynchronous
messages to one or more of the plurality of hardware objects to invoke software

object methods.

67.  An integrated circuit development system, comprising:

a library of descriptions of a plurality of hardware objects each
structured to operate on message packets and each object having relatively similar
electrical loading characteristics; and

a modeler that references the library and is structured to accept a
command to create an instance of one of the descriptions, and to accept a command

to link two or more of the created instances.
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10 allocating an identifier to each of the physically
i nstanced hardware objects fromthe |ist of hardware

wo@bjoeaiHps and creating an initialization file POF/US1964/019510
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col l ection of physically instanced hardware objects
using the identifiers to replace synbolic information
inthe instruction files. 15 76. The system of cl aim
75, further conprising storing the initialization
file in a nmenory. 77. The systemof claim 76 wherein
the nenory is one of the physically 20 instanced

har dwar e obj ects. 78. The system of claim 76 whereij

the nefdry |T§Ie§éb%lﬁﬂﬁ@1tfsb’ﬁ?ﬁlt0ﬁ glaitp iy svheagin ghy lﬁ@@rafn@@aer
t f cl 75
m%é?@ﬁﬁgéﬁghggﬁik pﬁé@fcgﬁ y'?ﬁs?gkgedc ﬁg?hmare

objects is a Read Only Menory containing boot-up

instructlons 80. -The system qf . cl aim. 75 erel one
of the BhysﬂgléldlevelPP@F‘ng%Em ‘1%5(]36‘%38@’13?6?18 &l C?(gb%ft

L Qoft®ar ob %&Eseis REAL AR e Wi ed ity RRGHDO 8bjebR aBPbottom of

i nstructi
the hierarchy, Wherem each primitive object is associated with one or more portions

of physical hardware objects.

70.  The development system of claim 69 wherein one of the collection of
software objects can comprise any number of a plurality of primitive objects,
wherein the association of the one software object is created by aggregating the

associations of the primitive objects.

71.  The development system of claim 67, further comprising an output

module structured to generate an output file of all the created instances.

72.  The development system of claim 71 wherein the output file is

executable without compilation.

73.  The development system of claim 71 wherein the output file is a

software object.

74. The development system of claim 71 wherein the library comprises a
collection of software objects and wherein the output file can be added to the library

and is useable as a software object.

75. A method for programming a collection of physically instanced

hardware objects, comprisiﬂg:
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accepting a collection of software objects which themselves are
collections of abstractions of the instanced hardware objects, each software object
including:
a list of hardware objects used in the software object,
a list of rules for connecting the listed hardware objects, and
an instruction file to be loaded into the listed hardware
objects;
accepting a description of the collection of physically instanced
hardware objects;
allocating an identifier to each of the physically instanced hardware
objects from the list of hardware objects; and
| creating an initialization file for the collection of physically instanced
hardware objects using the identifiers to replace symbolic information in the

instruction files.

76.  The system of claim 75, further comprising storing the initialization

file in a memory.

77. The system of claim 76 wherein the memory is one of the physically

instanced hardware objects.

78. The system of claim 76 wherein the memory is separate from the

physically instanced hardware objects.

79. The system of claim 75 wherein one of the physically instanced

hardware objects is a Read Only Memory containing boot-up instructions.
80. The system of claim 75 wherein one of the physically instanced

hardware objects is reset to be a state machine structured to load boot-up

instructions.
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