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BACKGROUND I n designing a progranmabl e processor, such as a 5
WVOaF0ae6 ocessi ng (DSP) system two conpeti ng desipgm/gfoabasoar e

processi ng speed and power consunption. Conventional processors include a
variety of hardware designed to increase the speed at which software
instructions are executed. The additional hardware, 10 however, typically
i ncreases the power conRERPYRGH BFFIGEENT oARBWARE Ch@OP&chni que for

i ncreasi ng the speed of a programrabl e processor is a "hardware | oop,"

whi ch may be dedi cated hardware designed to expedite the execution of 15

software instructions within a | oop construct. Fbrdmaqmm m “
't he nunber of clock cycles used topaE@REN software

mreduce
BEAOM ng the

instructions in |local registers, thereby reducing the needi®gefetch the
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| oading early registers in accordance with an enbodi nent of the invention.
| 0 Fi gur e CATVENE ARGk PHCAGEHATS Histlidls vy Vigd ednf iodi dmrdware

10

15

20

designed to increase the speed at which software
instructions are executed. The additional hardware,
however, typically increases the power consumption of the
processor.

One technique for increasing the speed of a
programmable processor is a “hardware loop,” which may be
dedicated hardware designed to expedite the execution of
software instructions within a loop construct. Hardware
loops may reduce the number of clock cycles used to execute
a software loop by caching the instructions in local
registers, thereby reducing the need to fetch the same

instruction from a memory device or instruction cache a
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use of one or nore pipelines in accordance with an enbodi ment of the
invention. Figure 5is a flowdiagramillustrating one exanple use of a

| oop set MPOIXSH¢cti on to determ ne early regi ster 15 val P€IF/US01/4¢06r dance
wi th an enbodi nent of the invention. Figure Gis a circuit block diagram
illustrating one enbodi nent of a hardware |oop unit. Figure 7 is a flow
diagramillustrating the reuse of hardware in accordance wth an enbodi nent
of the invention. 20 DESCRI PPEBNREPEION PF BRAWSNKSdi agramillustrating a
programuabl e processor 2 arranged to support efficient hardware | oops in L
WO 02/ 50616 PCHiys0dd SIUSICS aadrioralandieagudrh anl wnbodi mentaof etdreoiavent i on.
Processor 2 may include a control unit 6 that sends control signhals - to
-pi pel i nes #.pranianhaldiid tp o derys ¢ 1 Cd delet i r yesed 1 iopp dird it Smib @ maraty
facilitate fast hardware | oops without 5 significantly increasing power
consunpt i 4k AL PriaeesSSolord. | N order to support hardware | oops, a processor
2 may support a loop setup instruction that initializes hardware, such as a
har dwar e | oop ufi Y t,] exq jtions for,ihe | oop.
Ent r3v/gaand exit co%udlljet i%nls§%yﬂ%gc]§8é%%q?%gdl%%/&ﬁ%%%% dil]t?%%ésl:ll%%pi,n bottom
and count._The top condition efine a first, instruction (or top) of the
| oop. The abcocﬁroofﬂr}c)%%dﬁdcilbr?%% Jir’fﬁeenqé PostS it YRt Yl (or bottom) of the
| oop. And the count condition may define a nunber of iterations of the

| oop. 15 Entry Of9% Shat dwarfd 3'bopl dREATH ST athe ¢ i35 te2awplemt ch. " A top
mat ch may occur when a program counter (PC) points to the top instruction
of the | odFomEs f Itdvaeliner Rrley | orpl Tt Hclduragrordmndasyitiboin om

mat ch, " which may occur when the PC points to the bottominstruction of a
20 | oop . éypadhinardal iczi nhe henwountorat the first top nmatch and decrenenting
the count at each bottom match, the hardware may keep track of when it has
encauwnt ered t herilqaste botitom bldbck diagram illustrating the efficient

use of one or more pipelines in accordance with an
embodiment of the invention.

Figure 5 is a flow diagram illustrating one example
use of a loop setup instruction to determine early register

15 values in accordance with an embodiment of the invention.

Figure 6 is a circuit block diagram illustrating one
embodiment of a hardware loop unit.

Figure 7 is a flow diagram illustrating the reuse of
hardware in accordance with an embodiment of the invention.

20 DESCRIPTION

FIG. 1 is a block diagram illustrating a programmable

processor 2 arranged to support efficient hardware loops in



WO 112/ s0OGEC PCT/ USOL/ a0S0(i match. In this manner, the | oop conditions
top, bottom and count may define the entry and exit conditions of the
har dwar e WO®p/S0d86 ocessor 2 may i ncl ude one or nore pipel i PEI/EBOaNERG 5
control unit 6. By way of exanple, the pipelines 4 may include one or nore
system pi pelines, one or nore data address generation pipelines, one or
nmore execution unit pipelines, and one or nore additional pipelines as may
be desir e8SFBrIRNGSr il &0 ieMPPEABRIRPAL Pén EhCodtWsntdRnt 6 PO CREF ont r ol
the flow of instructions and/or data through the pipelines 4 during a clock
cycle. FoP wmranpheluddgr iangontgopr sodssiongheft senidsstconttriodn sigoatsol unit 6
may direct the various conponents of the pipelines to decode the
-instructi on angeddnesctdl.y genfaomh tihetcér maspdndilnglel haapemnatl adopncl udi ng,
for exanple, witing the results back to nmenory. Instructions may be | oaded
into a figusttseagdaef mARe MciTetatRi pakitnes Hwand PLeeas§ad nbrough
"subsequent stages. A stage nmay process concurrently with the other 2o
st ages. : : S i pbel.i_ne ri ycl e of
ho Syst ot CPRe L et Ye o e g P oA o ey Baihs 5 PERS "3RG fof 1 ho
pi pelines 4 in_rapid succession. . -.4 WD 1121~116CC PCT/ USO ./ SUSI | (i
FIG 2is a bl&8k®° %éegrr o is|uP€s?trFaPF‘r€8W§*ﬁee%é’r‘%&sé §i BEPCRESPR &c&8¥dance
wi th an enbodi nent qf the invention. - A pipeline 1Q has nultiple stages
that may PHEPPFtafe l&RECGETHR of ShUPCpPrE F%?Fr&@ﬂ?&ﬁ%léﬁﬁiH@rgwéFﬁgle
clock 5 cycle. In pipeline 10, an instruction nmay enter the instruction
fetch (I FFushagé #2hgddragealropstingltodk &yclsetting ienstvuericosxddy t hen
continue down the pipeline during

conditions for the loop. Entry and exit conditions may be

10 defined by loop conditions: top, bottom and count. The top
condition may define a first instruction (or top) of the
loop. The bottom condition may define a last instruction
(or bottom) of the loop. And the count condition may
define a number of iterations of the loop.

15 Entry of a hardware loop may occur at the first “top
match.” A top match may occur when a program counter (PC)
points to the top instruction of the loop. Exit of the
hardware loop may occur at the last “bottom match,” which
may occur when the PC points to the bottom instruction of a

20 loop.

By initializing the count at the first top match and
decrementing the count at each bottom match, the hardware

may keep track of when it has encountered the last bottom



subsequent clock cycles. Typically, another instruction enters the IF stage
12 during a subsequent clock cycle and |0 then conti nues down the pipeline
during suopeeYseGaé cl ock cycles. Simlarly, additional instPCaaiSoosesoent er
the IF stage 12 during subsequent clock cycles respectively. The nunber of
stages in the pipeline may define the nunber of instructions that the

pi peline may service sinmultaneously. 15 The different stages of the

pi pel i ne maycbper atethssf okhows, khst loopi onadiayohe tepchedtdum agdt he | F
stage 12 by a fetch unit 13 and decoded frominstruction registers 15

during theobk€ stgag@ef4neDihicngnthe Abdstage &8nd9mnecak kel endata address
generators 19 may cal cul ate 20 any nenory addresses used to performthe

-operationpafadata addpess generator 19 may contain one or nore arithnetic (
logic units (ALU s) to facilitate the calculation, - 5 WO 02/ SOGGG

/ / i h i ! , )
PCT1 UGl SO BUELOghhe Bageutions anesclSaler Rl iBth RN,

"execution units perform speéci i ons

exanpl e, adding,or nultiplying tw _nunbers. Execution_units nmay contain
speg?alizgankﬁgﬁmﬁPgEf§r S%BegﬁgrﬁFnﬁxFWBESpngFiBﬁEe#ﬁBF&dﬁnﬂﬁyfox
exanple, one_or nore ALU s, floating-point units (FPU) and barrel shifters,

al t hough tRELEEBPENEf OEhBOTRYENELER PIPROLNFENi PBE PH MRFS Fatpect. A
variety of data may be applied to the execution units such as the addresses
gener at edaggrdasagaddrassonOprgendiacsr spndara merei evedutiom menbry or data
retrieved fromdata registers. During wite back stage (WB) 30, the results
may be wpipehibesa aedopyel ocatmber aerddatanal pipelines as may be

desired for a particular implementation. Control unit 6

10 may control the flow of instructions and/or data through
the pipelines 4 during a clock cycle. For example, during
the processing of an instruction, control unit 6 may direct
the various components of the pipelines to decode the
instruction and correctly perform the corresponding

15 operation including, for example, writing the results back
to memory.

Instructions may be loaded into a first stage of one
or more pipelines 4 and processed through subsequent
stages. A stage may process concurrently with the other

20 stages. Data may pass between the stages in pipelines 4
during a cycle of the system. The results of an
instruction may emerge at the end of the pipelines 4 in

raplid succession.



registers external to the pipeline or to data registers in the pipeline
such as architectural registers 32. The 15 stages of pipeline 10 may

i ncl ude owe@ 0YB®re storage circuits, such as a flip-fl oppcCrarsossané ng
data. As nmentioned above, processor 2 may support a |oop setup instruction.
The | oop setup instruction may initialize a hardware |oop by witing the
boundaries of the 20 hardware |l oop (e. g. top and botton) to architectural
regi sters 32. ThE.| gopsset bpochstiiagrhoniiiysalrstingi thakkampaecount in
architectural registers 32, indicating the nunber of tinmes the loop is to
be conpl epedeling in WOCO2HSQSEGHPER/ WO AhpE80ORehRr addichkonnvbReibagp setup
instruction may define an offset, indicating the nunber of instructions

-that foll gwipthenkoop ﬁ@%UBuﬂ@§bHHCEE8?eQeE9E% hgg E%Ei?&éggg loop i's
| e

reached. After the hardware loop is inifialized, t har dware | oop may

operate ig, Lhel.ikn At L I ondition_of .the I o as been
~satisfiedg?éggagb§ %gtﬁgégl %%hhﬁ%gﬁugghépgegggﬁhgoazg%g ieAfgﬁFgectural
regi§ters 32.are genenallé Iogﬂed once an instruction has %onnitted, e.g.,
when’t he T85pCset 6P POPRASPPUdLY oRTexPP5 EREIRB BPYgER36T FhErefore, the
entry and exit conditions stored in architecture registers 32 may not be

updat ed uhBFFreebarsl Tetrghk (dyel esahgyé2pdegdnar pomikAENCLREKI BEFLSet up

instruction enters pipeline 10. Because the entry and exit conditions may
not be up8@ge@gnstruction may then continue down the pipeline during

subsequent clock cycles. Typically, another instruction
enters the IF stage 12 during a subsequent clock cycle and
10 then continues down the pipeline during subsequent clock
cycles. Similarly, additional instructions enter the IF
stage 12 during subsequent clock cycles respectively. The
number of stages in the pipeline may define the number of
instructions that the pipeline may service simultaneously.
15 The different stages of the pipeline may operate as
follows. 1Instructions may be fetched during the IF stage
12 by a fetch unit 13 and decoded from instruction
registers 15 during the DEC stage 14. During the AC stage
18, one or more data address generators 19 may calculate
20 any memory addresses used to perform the operation. A data
address generator 19 may contain one or more arithmetic

logic units (ALU’s) to facilitate the calculation.



15 until several clock cycles have passed, delays on setting up hardware

| oops nmay exist. For exanple, if the first instruction in the |oop enters
pi pel i ne WO 0RSé@se the | oop setup instruction has comm tt edT/WS9e/50506
architectural registers may not be set up to identify the instruction as 20
part of a loop. Mdreover, this may increase as the depth of the pipeline

i ncreases. I n one enbodi nent, processor 2 nmay address these issues by

mai nt ai ni ng a detrial eael pxeegitdoer st34eisn (Elel - YR @2/ €@ S 22N,

PCT/ USOL/ 50506 pi peline. As shown in FIG 2, early registers ETop 34A and

EBot 34B emych@sbéde uhd tkhesdagade sstrage pahtirbenEepk c34C B paSitd®rndn AC
stage. Inplenenting a set of early registers 34 may increase 5 processing

-speed of egsor by .k in r aval.di l; .set |.ties. As
doscri bedabova: socsr ool ok ayereg oy T aca AR g, S BRI S 0

setup instr I ent et i peli.ne _and,.t ti the architectural
'registershgggh%ggpt5hit%o%g§eg?%%ﬁéne§ Fflﬁggﬁgggggrﬁg?rﬁe%Q5 | oaded | ong
before the Igop setug instruc%Lon w,ites to the architectural registers.
For this PEIISHM™PHplFERefPeig tearty 1PEgi"Siars FEGIEe Srhé&™S K8 it takes
to setup hardware | oops. The early registers may be specul ative registers
used 15 t BOEPeALE( Sor fdpasdngreciné valle JFPRY chnfedegrgll magifdrsass.
Unlike the architectural registers, the speculative registers may not be
suppor t edabyholghsybeensicope of the invention is not limited in this

respect. A variety of data may be applied to the execution
units such as the addresses generated by data address

10 generators, data retrieved from memory or data retrieved
from data registers. During write back stage (WB) 30, the
results may be written to a memory location or data
registers external to the pipeline or to data registers in
the pipeline such as architectural registers 32. The

15 stages of pipeline 10 may include one or more storage
circuits, such as a flip-flop, for storing data.

As mentioned above, processor 2 may support a loop
setup instruction. The loop setup instruction may
initialize a hardware loop by writing the boundaries of the

20 hardware loop (e.g. top and bottom) to architectural
registers 32. The loop setup instruction may also
initialize a count in architectural registers 32,

indicating the number of times the loop is to be completed.



instruction set. Therefore, program code may not be used to access the
specul ative registers. For this reason, a 20 programmer may not be able to
nove dat VO mR2/s66eout of the specul ative regi sters the sanepeaysohsisohie or
she could with architectural registers. - 8 WO 02/ SUGGG PCT/ USULI a0SUG
Loading early registers may be done in several different ways. For

instance, the early registers may be - | oaded sinply as a result of

per f or m ngha2dedtiiar, - thastpaet FehUPegnstenchbve mayt defanehanect ural
registers. 5 1n other words, the systemmay instruct the architectural

regi st ersoffsébadinhecetnhgntbicohusbre ofhenstegcstens ahdtasoaloesult, the
early registers nmay be updated. Yet another way to load the registers is to

-l oad themhsomspmeeyupl ingthartwendserbhe syst espnBY tatchobpeidata from
1o nenory, |load the architectural registers with that data, and update the

early registehsq.Tha rRERbLEM mﬁa&awggguh%gr €gi Shek 1 ORYes 0 lthgads from

‘menory, however, is that they nay introduce | oop setup penalties. These

P tab! S on IR Re! GBECAUSC bRELBUSL AT BRYCTLAL! 1D EnRLRELKES Y | TN

data’is availa o avol enal'tres, op set up
i nstruction .be used.to_load, the early reqgisters before_t
architectﬁ?%$?¥é8PsPZrghﬁeﬁoﬁPiP?Sn?e?ﬁe%PSFgéﬁFﬁgﬁ8X8ﬁp?ebPF§8§%rates t he

syntax for 20 invoking an exenplary | oop setup nachi ne instruction: LSETUP

(PC Rel atT9ESHop1thCCREPAt PEBABotPORF COUter = fY g _

Architectural registers 32 are generally loaded once
an instruction has committed, e.g., when the loop setup
10 instruction exits the WB stage 30. Therefore, the entry
and exit conditions stored in architecture registers 32 may
not be updated until several clock cycles have passed from
when the loop setup instruction enters pipeline 10.
Because the entry and exit conditions may not be updated
15 until several clock cycles have passed, delays on setting
up hardware loops may exist. For example, if the first
instruction in the loop enters pipeline 10 before the loop
setup instruction has committed, the architectural
registers may not be set up to identify the instruction as
20 part of a loop. Moreover, this may increase as the depth
of the pipeline increases.
In one embodiment, processor 2 may address these

issues by maintaining a set of early regisfers 34 in the



WO U2/ 506(i C PCT/ 1JS01/ SUSOG The PC Rel ative Top specifies the distance
fromthe current instruction to the start of the loop (the Start Ofset).
The PC RevaiRf®68ott om specifies the distance fromthe cumcavisol/sesbs uct i on
to the end of the loop (the End 5 Ofset). In addition, the Counter

vari abl e may specify a counter register and a | oop count indicating the
nunber of iterations in the loop. FIG 3 is a flowdiagramillustrating the
timng of PRBRULRAG - eafPySheyrsiar §I6n Accopdanceeiishcas EfiopdiBddntnadf 1o
the invention. As described, the |oop setup instruction nmay contain | oop
condi ti on§Bph BAB heynrebidecdontheakdeepda sopgeakiéleaBdna Batt amyval ue.
Coll ectively, these three values may define entry and exit conditions of a
-har dwar e lrespdeldnThe eedpt.val ue may represent the nunber of iterations
that the loop will nake. Once the | oop setup instruction enters AC (38),

t he count vaIugmﬁygmggtmﬁ'tge@egooghgaggptI@?g%gggg @ggﬁay'QEEE@EEX witing

‘to the ECnt register nay be done via a regis nmove fromrdata registers.

| 08¢ 20cmde-0aPsEatlon: §0BGEGIL.T 015! GEATRY e LLLGR i P deta

contai ned“in por nt egi ster 0 4fi on (DAQ

plpe"ne'lhgpngggsﬁgrgéngﬂté%g.lnAé hgscriﬁghog %ggk(geveral clock

cycles may pass between the time a loop setup instruction
enters the pipeline and the time the architectural
registers are written. However, the early registers may be

10 loaded long before the loop setup instruction writes to the
architectural registers. For this reason, implementing
early registers may reduce the time it takes to setup
hardware loops.

The early registers may be speculative registers used

15 to predict or speculate the value of architectural
registers. Unlike the architectural registers, the
speculative registers may not be supported by the system’s
instruction set. Therefore, program code may not be used
to access the speculative registers. For this reason, a

20 programmer may not be able to move data in or out of the
speculative registers the same way that he or she could

with architectural registers.



PCT/ US41/ SOSOG one of the pipelines may be used to cal cul ate the count
value fromthe |loop setup instruction. The top and bottom val ues nmay
i ndi cat e WRI¥M6phst ruction is the top of the | oop, and whiPCE/iSaEs0506
is the bottomof the |oop. The top and bottom values in the | oop setup
i nstruction, however, may be program counter (PC) relative. Therefor
cal culation (40) in AC stage may be used to obtain the top and botto
val ues that w FPagéngr eerdy regEFopr39magniicEBone34B segieskars
respectively. 1o After the |oop setup instruction enters EX 1 (41),
and bot t odiY&kuestmapyise WEbt enstantbe Eheped4AyardgEBetr34Bakeest ers

(42). In

accordance with an enbodi nent of the invention, systemreso

tion 5

e, a
m

the top

urces

-may be efibstieat kympnpl ereat edsull® bhi pelZoFRARG" a REyAged for additional
system hardware to handl e hardware | oops nmay be avoi déd. As nenti oned

above, thanQQQCQQBQiEE§?§tQE ﬁob@rgﬁaiﬁelggngg%Fgﬁﬁﬁ%ngbggggk%ég

"setup instruction. By e

iciently reusing ont

har dvr o ThogtALD §7-BRG o) a9 eBfone ot RgFaRCP! Fhet FAEPRGorRE=eRt i

har dwar e

use of one_or re pipelines in accordance with an enbodi nent of the
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be fetched during the |F stage by a fetch unit and decoded frominstruction
regi st er s2¥ndt TSABWA) 8ORI RGTLHeTPEESERH§emay. DAt upAREegoei n¥ett he | oop
setup instruction may be piped to available ALU s (50, 51) in differ
pi pel i nesargther way to load the registers is to load them from

10

15

20

ent

memory. In other words, the system may fetch the data from

memory, load the architectural registers with that data,
and update the early registers.

The problem with regular register moves or loads from
memory, however, 1s that they may introduce loop setup
penalties. These penalties may occur because the system
may stall the pipeline until the data is available to be
written. To avoid these penalties, a loop setup
instruction may be used to lcad the early registers before
the architectural registers get written.

The following example illustrates the syntax for

invoking an exemplary loop setup machine instruction:

LSETUP (PC Relative Top, PC Relative Bottom) Counter =X



5 that the |loop conditions may all be calculated in parallel. For instance,
in one particular enbodinent, an ALU 52 in a first pipeline (e.g. a first
DAG pi pelWO&82/6@y6 ray be used to pass the count val ue and may/yser/fenen any
necessary shifting or calculation. In addition, an ALU 50 in a |0 second

pi peline (e. g. a second DAG pipeline 62) may be used to cal cul ate the
bottom val ue of a |oop fromthe |oop setup instruction. Mreover, an ALU 51
in a thirdPpi pel RpdatevegTopnepreentaraethendi heahranéhonnithe54uokeatsyst em
pi peline 64) may be used to calculate the top value of a loop from15 the

| oop setupnshsuebtonohe thet btsrtapfiethet heopodpheosdiakicongsceay) be
calculated in parallel. Mreover, the respective ALUs nmay all be resources
‘that are @kai PabRelwhetrbeBoekonokptbersyst eAei aisenhtgurednt erhhandl e

har dwar e | oops. Thus, by reusing these avail able resources, the 20 forgoing

| npl ement gtk 9an FBYn 8V PLE L YBACEBS ALY chACHBABRS 1 Boparndnar epho handl e
“hardware | oops. After the | oop conditions have been cal cul ated, these

condition e it ; S o] iz WO U2/ SUGH i
Pt UsU 107 SOREh: spotur anivesegrer s iiiat fREERES pay ShEFt Y atimy e
| oaded to i to the first .instruction of .the [oop ( top of the | oop).
The EBot ?gg?g%ﬁrrﬁﬁﬁ§ﬁ%§ 8% 8a 88ptSOB%anngbc?ﬁéggag%eiHE?PEEtPSn of the
| oop (or bottog%of a, s The ECnt register 34C may be | oaded to

&oopl.

speci fy theShahb@Ps ot FREsIPRBt the loop is to be repeated. In one

enbodi ment, ECnt 34C counts downward, decrenenting each tine a bottom nmatch
is encounteredfIfn Addstpofilew dipgrag théushrebingetheobpméoaddfions 10 to
the early registers 34, this data nay al so be piped to a set of

archi tectloadlinggeastbysr8gishatrsmay getomdahtenwibht he wmbbeiback sfage. In
accordance with another enbodi nent of the invention, this data may be pi ped

downoa nubheriwfeavabhabl Bspupekbirnbsad, | bhéhisoprBaetp LWBteLcAPHE 15 of the
architectural registers 32 nay be witten in parallel. Mreover, additional

storage haagwesRréshchogs addhitopal fhiPnd! pOsh BRY,DE.HAREGEERAT YAt O
carry the l'oop conditions to WB. In one particular enbodiment, a first

DLPee 19 et PIE, B IPLERE, SRLoURy 5y OG0 oL
values may define entry and exit conditions of a hardware
loop.

15 The count value may represent the number of iterations
that the loop will make. Once the loop setup instruction
enters AC (38), the count value may be written to the ECnt
register (39). Initially writing to the ECnt register may
be done via a register move from data registers. In one

20 mode of operation, the ECnt register may be written with

data contained in pointer registers (PREGS) of a data

address generation (DAG) pipeline. If necessary, an ALU in

- 10 -



pi peline (e.g., DAG pipeline 62) may be used to carry the top variable to
an architectural register 32B. Mreover, a - 13 WO 02/ ~O !l

PCT/ USO WBuseohé rd pi pel ine (e.g., system pipeline 64) megThSOUSEdst 0
carry the bottomvariable to an architectural register 32C. These
respective-pi-pelines - may -all be resources that are avail abl e whet her or not
the systemis arranged to handle 5 hardware | oops. Thus, by reusing these
avai | abl eonesofir tas, ptibelfiargomag bepheseEntat icadcnaytavahd ubnacessary
increases in hardware to handl e hardware | oops. Reusing the pipelines

real i zes sgygeakragvantagesp EetubnshameactibnQonly a single pipeline were
used to calculate 10 the |l oop conditions, it mght take several clock

‘cycles to perfepm abl, RRELSIRLYNCILEULA! QRS (USR] FhAghe ALU. Mreover,
if only a single pipeline were used to propagate the |oop conditions, it

may take gddii],@palchack yeles ko passobie data b B, EeL Lhese reasons,

"the reuse™ o itional pipelines may p or i nproved system

per f or mance avoi di ng these additiopal |oop setup penalties. In addition,
as déscrib@dE§8098F%P@u§¥n3%§xg?PPng gﬁﬁeFPﬁe§nﬁa§°FEQWi¥8 HePediiction in
hardware within the processor. Mreover, it may facilitate witing 20 | oop
condi ti on§heolPRB SELtHEr d NEEGUSTEAPE | ROPSTVEI) eMAYFPE PSOpEal £PERTEiragr am
illustrating one node of operation of calculating early register values in
accor dancéP@i t heantémsodi Fdvetredpreneai padntilationcddOdi ng A6 ehegkor nat
the | oop setup instruction may specify - 19 WO 112/ S06(( PCT/USOL /50506
several smbypbeansabl ¢® iohdtladid nieatSparhdObbseom SaQuksethat will

be written to ETop 34A and EBot 34B registers respectively.
10 After the loop setup instruction enters EX 1 (41), the top
and bottom values may be written to the ETop 34A and EBot
34B registers (42).
In accordance with an embodiment of the invention,
system resources may be efficiently implemented. 1In this
15 manner, the need for additional system hardware to handle
hardware loops may be avoided. As mentioned above, the
loop conditions of a hardware loop may be contained in a
loop setup instruction. By efficiently reusing available
ALU’s contained in the processor, hardware loops may be set

20 up without the need for dedicated hardware loop ALU’s.

FIG. 4 is a block diagram illustrating the efficient
use of one or more pipelines in accordance with an

embodiment of the invention. A loop setup instruction may

- 11 -



and an End Ofset (E-Ofset). The S-Ofset may specify the distance in the
instruction streamfromthe | oop setup instruction to the first instruction
in the |o8P028068Hmi | arly, the E-Ofset may specify the di #arcsei/se506 he
instruction streamfromthe |oop setup instruction to the last instruction
in the loop. For instance, if the first instruction in the loop is the
instruction inmmediately following the |oop setup to instruction, then the
S Offset WBuFAtBBeghduiiaghtbe Ehesteep bet apfehshr ustitonnd Hecbrethe
instruction stream there is one instruction between the | oop setup

i nstructi nomndnsheuttish ragisuetrisorinbn thewhpopnrthgnthkepBeObisge woul d
be the width of the |oop setup instruction and the 15 one instruction.

-Similarlylaif therenhfsepbintinsheucbbpnsebapWesbtkaepisgt Hayapd the first
instruction, then the S Ofset would be width of the | oop setup i nstruction

and the tP@yéHSEBUQ{thméblé\SAﬁb‘a‘éﬂ (59, F58 5y &E@f%%fcsgggéﬂ%'ésmset are

20 typically specified by a |oop setup instruction wever

I t t f th

counter (P& h%?%?gﬁeégﬁﬁi%ﬁs G hi0 B sGe e UBE i Rl () eiThe PC
value and S - % U2/ s 0§C£ PCT/USU [ SUSI | G Offset may then be used
to cal cul ate ETOp f%ﬁFi?S? data96R 2T kOFROTEr SMPRELBEN VAl 8B ARH E20X f set

may be used to calculate EBot register dataa$77) Once cal cul ated, the
early regi8teridath Rbpehéntr(et8n RofikateBRrFyProglsREr 6§0) may be

used to pass the count value and may perform any necessary
shifting or calculation. In addition, an ALU 50 in a

10 second pipeline (e.g. a second DAG pipeline 62) may be used
to calculate the bottom value of a loop from the loop setup
instruction. Moreover, an ALU 51 in a third pipeline (e.qg.
one contained in the branch unit 54 of a system pipeline
©64) may be used to calculate the top value of a loop from

15 the loop setup instruction. In this manner, the loop
conditions may be calculated in parallel. Moreover, the
respective ALU’s may all be resources that are available
whether or not the system is configured to handle hardware
loops. Thus, by reusing these available resources, the

20 forgoing implementation may avoid unnecessary increases in
hardware to handle hardware loops.

After the loop conditions have been calculated, these

conditions may be written to a set of early (or

- 12 -



5 (78). Again, by reusing available ALUs in the system the early register
data may be calculated in parallel, and done so w thout an unnecessary

har dwar e Woeesawes. Conparing FIG 5 with FIG 2 il ustratreg/esoesyroar y
timng when witing the ETop and EBot registers. Steps to (74) and (75) may
occur in DEC stage 14. Calcul ations steps (76) and (77) may occur in AC
stage 18. Therefore, the wite step (78) may occur in EX 1 stage 22A. Once
| oaded, theecadlafiveyi stegristeay Bd .us@thet @Topt neyikaredwaria egpde FIG 6 is
a block diagramillustrating one 15 enbodi nent of a hardware |oop unit 7

connect edlbadad itestpoicit @b feeCFildsk) iwritrubd iand oF deeodejopunidry 17 of
pi peline 10. In one enbodinent, the early registers nmay be used to detect a

-loop in tIB@prffeQmeOfloidSﬁt.rU(Tthieoﬁﬁo%gre QR handwang 86,0y, faen ke | oaded

with one or nore |oop 20 instructions. ce |l oaded, the |loop instructions

oy be | spuer:aga) nand A0aln ramdagh iy sopius, e @gharaiupre oop

‘is detect then one or nore of the lo

PCT/ OS01/ SOSQLr i Rstr iions may be _fetched only once by |F ynit 13, and

t hen?isssugaopépea?%&l ﬁnrtorﬁeﬁé‘rsé r g4l?:o6rﬁyurlﬁet tpadedgty Sipfcalr}‘lﬁ’l i agr am
illustrating the reuse of hardware _in accordance with an enbodi nent of the
i nvent i onPUBPEE; Rf AVEasafiie th&RGwaeeP wisert oa Do dePsatest -i ndtr 981§ on i s
received, a first loop condition and a second | oop condition may be

cal cul at edmpadjamealt) e[ECNt03 44ndorods. dowese rebndiedremsnirdyndheacdl cul at ed,
for instance, using first and second arithnmetic logic units (ALUS).

Mor eover , ttimet he b tAlogs manchr s @adoundiefifeer.ent pi pelines. Alternatively,
addi tional | oop conditions nay be cal cul ated using additional ALUs residing

in other avail abl edgiipgldnnes woiee nighe nleoe 1cenditidons paveeen £ cul at ed
(102 and 15 104), they may be witten to specul ative registers (106G and

usedot 0 seb WRed RandWalgyilseeRs kn,addiildl ot Re QAR Cd iptiip% Ry, be
propagated to a set of architectural registers via a first ‘pipeline and a
second pig%kig% architectural registers 32 that may get written in
the write back stage. In accordance with another
embodiment of the invention, this data may be piped down a
number of available pipelines. In thls manner, two or more
15 of the architectural registers 32 may be written in
parallel. Moreover, additional storage hardware (such as
additional flip-flops) may be unnecessary to carry the loop
conditions to WB.
In one particular embodiment, a first pipeline (e.g.,
20 DAG pipeline 60) may be used to carry the count variable to
an architectural register 32A. 1In addition, a second
pipeline (e.g., DAG pipeline 62) may be used to carry the

top variable to an architectural register 32B. Moreover, a

- 13 -



respectively (108 and 110). If additional |oop conditions 20 need to be
propagat ed, additional pipelines may be used. Once propagated, the | oop
condi ti oORRH0dEe witten to a set of architectural regi StPETAISPLI®Pe - |~
WO 421 SOC(~C PCT/ US01/ 50506 Cal cul ating | oop conditions froma | oop setup

i nstructi en-may-require-the use of one or nore ALUs. Mreover, propagating
the calculated conditions to a set of architectural registers nay require
storage cthtudtpypéking. (B.g.7| gstkappiptlever g4pi paysbagesetoroevery | oop
condition. By efficiently inplenenting avail abl e system resources, hardware

| oops maychergetne wbthewt vhheapeedehornaddihi epak whandwage skeepzAkyUs and
flip-flops. Various enbodi nents of the invention have been 10 descri bed.

-For exanp&ﬁes%hfe use; escpag@gﬁb na%gt5§§'peogag Mregggthgtaaﬁardware

| oop cont ext | ementation Wt a processor. The

processor be. i nted_in riety, of systenms in di ner al

“pur pose c%ﬁ%%%?%bengé?gﬁf 8FgPP§I¥%§ BV%Eg@s? g?sy&Pd BgB§Egonputers,
per sonal dlgltal assi stants (PDA s) and ceIIuIar phones. In thi s context,
the Peuseldf H%Fﬁmé?%palscﬁggéd RBovEUFAYILENPESdRFEIhERE S o facilitat e
efficient hardware | oops. In such a system the processor may be coupled to

a nenory #egpeecesuchhasfargoirpASHPAeRBRyaliéencBagr agodtati ¢ random access
menory (SRAM that stores an operating system and ot her software
appl i cat i onsecdhegeyandcotheesenpodemdntseate wahHile thedseopelobpthe
foll owi ng cl ai ns.
Reusing the pipelines realizes several advantages. For
ingtance, if only a single pipeline were used to calculate
10 the loop conditions, it might take several clock cycles to
perform all necessary calculations using a single ALU.
Moreover, if only a single pipeline were used to propagate
the loop conditions, it may take additional clock cycles to
pass the data to WB. For these reasons, the reuse of
15 additional pipelines may provide for improved system
performance by avoiding these additional loop setup
penalties. 1In addition, as described above, reusing
existing pipelines may realize a reduction in hardware
within the processor. Moreover, it may facilitate writing

20 loop conditions to two or more registers in parallel.

FIG. 5 is a flow diagram illustrating one mode of
operation of calculating early register values in
accordance with an embodiment of the invention. According

to one format, the loop setup instruction may specify

- 14 -



- 18 wo 02i ancco PCT/ USOL/ SO50C What is clainmed is: 1 1. A nethod
conprising: 2 propagating a first loop condition of a hardware loop 3 via a
first pipEDip8o@t a pi peli ned processor; and propagati ng #CIASONI0O0P
condition via a second 5 pipeline of the pipelined processor. 1 2. The
met hod of claim1, further conprising: 2 witing the |loop conditions to a
first set of 3 registers prior to propagating the |oop conditions, and 4
Witing t REVEESs SEHdit ivendabdes dacdmdliser 205thnteifStserts (@it set)
propagating the loop conditions. 1 3. The nethod of claim1l1, wherein the
first andasécemd E2d OdfsedndEt-Odiisedr)e pThpagaiCad sient parvaldpelcifly £hdA

met hod of claim 1, further conprising propagating a third |l oop condition
‘via a thiddspiapeld de. thedinkheuaktiked sofretiiffod ther thef Ry sing
generating 2 the loop conditions of the hardware | oop prior to witing 3

the 1oop ¢aRELIANSN @ RS iFfish S8 Rfr @it 85S the 1Rop. WO U2/ 5U6CG
"PCT/ USUL/ ~USUC 1 6. The nethod of claimb5, wherein generating the |loop 2

condi.ti ong. ri |_cyl_atd at _| e t 3.conditions from

prog?an1c§ﬁ%$gErP Va?%&e%dgﬁgggﬁ Qaﬁb%gkjggﬁiﬁﬁeiﬁ§§%§%?FO&P f%?. A et hod

conprising: % calculatin% a first kpog_condition.of a hardware | oop 3 from
0 fihes

a | oop se ERSTEGL: iS5 a8 g o OLP P ¢ 8 HESGEE nite ithe first
pi peline; and 5 calculating a second | oop condition of the hardware 6 | oop
fromthe 1865 SESHFUCHLCRUEti GheudioR-a second 7 arithnetic logic unit in a
second pipeline. 1 8 The nethod of claim?7, further conprising witing the
2 first and sedowd ingépncendilti she tfdratf imsttrsettioh 3nr édiestleroe. ik 9. The
met hod of claim 7, further conprising:
the instruction immediately following the loop setup
10 instruction, then the S5-0Offset would be the width of the
loop setup instruction. If, in the instruction stream,
there is one instruction between the loop setup instruction
and the first instruction in the loop, then the S-Offset
would be the width of the loop setup instruction and the
15 one instruction. Similarly, if there are two instructions
between loop setup and the first instruction, then the S-
Offset would be width of the loop setup instruction and the
two instructions.
As shown in FIG. 5, the S-0Offset and E-Offset are
20 typically specified by a loop setup instruction (74).
However, the loop-setup instruction specifies the offsets

relative to the program counter (PC). Therefore, the PC

value may also be determined (75). The PC value and S-

_15_



2 calculating a third | oop condition of the hardware 3 | oop fromthe | oop
setup instruction using a third arithmetic logic unit in a third pipeline;
and 5 wiwongsedse first, second and third | oop conditions Hoa/6sodsésos st set
of registers. - 20 WO (12/s0C(il PCT/U S01 /SOS06 1 10. The net hod of
claim7, wherein calculating the first 2 |loop condition and cal cul ating the
second | oop condition 3 occur in parallel. 1 11. The nethod of claim S8,
further coffsesi mgypthpagadki nged tbechilealakeopTepndiehieret-odatgsecond set
of registers via a 3 first pipeline. 1 12. The nethod of claim 11, further
conpri si ng7py opagatkBge?,t heseeond:LaopnaoRdbirR ! Ralhesecandrset of
registers 3 via a second pipeline. 1 13. An apparatus conprising: 2 a first
-pi pel i ne | i ir rthmatic legic 3 it _an on i peline
el udi o 2 Saeang SPPEnaSeRa it Bare nrt. ande siegnerEEtintrBooupl ed to
t he pipelines, the.contral .6 unit. adapt to; 7 calculate a first |oop
-conditione%¥i¥ ﬁggﬁﬁg?é gaF8OEaVrBﬁ1EBFggﬁnsEPuﬁﬁﬁngﬁFggtFSﬁlEE?ﬁj t he
first 9 ar%égnetic logic unit in the first piEeLine; and - 21 WO

02/ SP1 GGG! PErF USBPRLTRY SBE FEucdngupr¥adlaPriecBhll’ Fodp EBRJISYPERMf thie
hardware 11 |l oop froma | oop setup instruction using the second 12

arit hnet i eardyi €cghpterndee geyord prpehiatedlindpaThélapparatiugook cl ai m
13, the apparatus further 2 conprising a first set of registers coupled to
the contreb Bithptif whenenecebeacgnhrobwanet insrkustber adapted to wite 4
the first and second | oop conditions of the hardware loop 5 to the first

set of registecsmpdrihg FThe.apparahusief ¢l aimii4rathe éRBR«@%E? further 2
conprising a third pipeline coupled to the control unit, 3 the third

pi peline {nglydi peed LRikdngrikhAMRELE EﬂgiEBHEiEggﬁs%@?sconﬁgghsunit

further adapted to: 5 calcufate a third [oop condifion of t ardwar e | oop

6 hem Lheskoop,§elyB) i RSLIUELLQN HShBE LhgLNiGd akLingRLLe T 1 00l c unit

in the third pipeline, e frrst, Second an fhlrasloop
Concl | onseoka VBP BRGOIRTT KESP BTG LESLe 35k 96 M oRiSieisil 16 The
the write step (78) may occur in EX 1 stage 22A.
Once loaded, the early registers may be used to set up
hardware loops. FIG. 6 is a block diagram illustrating one
15 embodiment of a hardware loop unit 7 connected to an
instruction fetch (IF) unit 13 and a decoder unit 17 of
pipeline 10. 1In one embodiment, the early registers may be
used to detect a loop in the stream of instructions 84.
Loop hardware 86 may then be loaded with one or more loop
20 instructions. Once loaded, the loop instructions may be

issued again and again from loop hardware. Thus, if a

hardware loop is detected, then one or more of the loop
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2 conprising a second set of registers coupled to the control 3 unit,
wherein the control unit is further adapted to - 22 WO 02/ SOCGC

PCT/ 11 SOIWe®ma/sdd66 4 propagate at | east one of the | oop condidr/osua/ssmet he
second 5 set of registers via the first pipeline. 1 17. The apparatus of
claim 16, -the cont+ol-uni-t further 2 adapted to propagate at |east one of
the I oop conditions to 3 the second set of registers via the second

pi pel i ne. ihst&ucHienapparatiss faft el rokh.yt kcappar atrusafiur tier 26onpri si ng
a second setofregisters coupled to the control3 unit, the control

uni t f ur t hemagapised <0 o008} & Al [18asteneofits, 1R opnditions to thes

second set of registersviathefirst pipeline;6 propagate at | eastoneofthe

-l oop conditiong{:0 the7 se t i .at econd. pi pel i ne; ands
propagate at | east'or?egLfS t %e%ﬁo%g\’p%oar?g‘{atnl{ g%sl Sgrﬁ%xeelglig%oendr esue$e ot

regi stersyiathethird pipeline. 1 19. The a .atus of_claim 14, wherein the
first set \{lgfrdﬁ’arrggil& &ggcogld@nfﬁeé’iﬂ%ﬁ iVe %ﬂg&%é{f@fgt of Jd© MW HPpH ™0t us of

claim 13, wherein at |east one of the 2 pipelines is a data address

generat i o SgiFelfiVae Lab ez hardyg ey mbigega PEHPUSE TS (IH196- Tu GE. o Hes
apparatus of claim 13, wherein at |east one of the 2 pipelines is a system
pi pel i ne. receized, An dpatatierrc amdidiingy arseta ofequagl stars, a first 2

pi peline, and a second pipeline; and 3 a control unit coupled to the set of

regi st er s,conlig t4 ohi msty piepelailmelattd hen geaeid el palineand hiw4aontrol unit 5
adapted to: 6 propagate at |east one |loop condition of a hardware 7 loop to

the set ofrhee@ shers tiichd e f idstcpiRaldteel, and 8 nyepagat &;Atnd east one
| oop condition of the hardware 9 |oop to the set of registers via the

second pi peldsieanly 23coHe ARRAAIUS: @cogcﬂcaiu'ﬂi?t%’ WheIB N bhe Sffe0f 2

registers are a second set of registers,” the apparatus '3 further including

a first s f registers .c ed to,.t 4 cont.raol,.unit, wherein the control
uni t i s fﬁlﬁhte%eer Ag'gﬂésp%n%a/sge%gge W d{lﬁfeﬁ:enl% R

6 Wwite elo pFEoﬁﬂ%%bns of the hardware
|l oop to the 7 first set of, registers prior tQ propagating at
the | oop COGETPGHY LY REHEISHI s et GORGSHars. TR bt CAlGHIESSS | oAl r
PCT/ US(I 1/ SO5UG 1 24. The apparatus of claim 22, wherein at |east one of
the 2 pi péiSitAds 3 ifigned Addhtesegeidratiropthiggeldvsdlable 25 The
apparatus of claim22, wherein at |east one of the 2 pipelines is a system
pi pel i ne. pipelines.
Once the loop conditions have been calculated (102 and
15 104), they may be written to speculative registers (106)
and used to set up a hardware loop. In addition, the loop
conditions may be propagated to a set of architectural
registers via a first pipeline and a second pipeline
respectively (108 and 110). If additional loop conditions
20 need to be propagated, additional pipelines may be used.

Once propagated, the loop conditions may be written to a

set of architectural registers (112).

- 17 -
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1 26. A systemconprising: 2 a static random access nenory device; 3 a
processor coupled to the static random access nenory 9 device, wherein the
processorwoOmeludes a first set of 5 registers, a first pipEvus)/sesosecond
pi peline, and a 6 control unit adapted to: 7 calculate a first |oop
condition of a hardware loop 8 froma | oop setup instruction using a first
arithnmetic 9 logic unit in the first pipeline, 10 calculate a second | oop
condition of tKkelrmarldtme loep thodidmanse frwwp asdiagp iswstumict i on using a
second arithnmetic 12 logic unit in the second pipeline; and 13 wite the
first andisetonaticop regndidduwins: afhd hesel b hargwade nlcaep Atwd.he first set
of registers. 1 27. The system of claim 26, the processor including a 2

-third pi pelbireevde mapddgelt iwy ttHeurdaheiu 1adant @briditiond to aMA2/0( 6(
PCT/ USUL1/ SI'1 S06 3 calculate a third | oop condition of the hardware | oop

o R S e D A NS AT S0 sl

‘the third pipeline; and 6 wite thefirs tions

of 7 _.the har re. oaop t.0 irst set of registers. .1 28. A system

conpfi si ng: fg gftlﬁpﬂc artar?yoé%Ja&l&?s Sqrr:eargoer’y %&/iecvee;rYB 2% occoé?éb 1 ¥bupl ed
to the static ndom access .nenory 4 device, wherein the processor includes
a first se¥ fg%tgtyeﬁﬁplfn?é%ﬁ@ Ser ey it T2 SUESte i pel i ne, a
6 second %%peline, and a control unit adapted to: 7 wite |oop conditions
of a har dREFEWEESp W@ st sgtam vorthayi dther steegl Fiaspaghatic imnd east

one of the loop conditions to the 1o second set of registers via the first
pi pel i ne; hamdwil eprigpaydd satenideddtirorfd agfs t he | oop conditions to the 12
second set of registers via the second pipeline. 1 29. The systemof claim
28, the processtrifdius ketbodimeeltwdioT thd hinvdmiipel inR&e theecontrol unit
further 3 adapted to propagate at |east one of the |oop conditions to 4 the
secqnd sele@bri@@E! eV ickal o, hithd RRR)d F dware not
traditionally used in a hardware loop context has been
described for implementation within a processor. The
processor may be implemented in a variety of systems
including general purpose computing systems, digital
15 processing systems, laptop computers, personal digital
assistants (PDA’s) and cellular phones. In this context,
the reuse of hardware discussed above may be readily used
to facilitate efficient hardware loops. In such a system,
the processor may be coupled to a memory device, such as a
20 FLASH memory device or a static random access memory (SRAM)
that stores an operating system and other software

applications. These and other embodiments are within the

scope of the following claims.
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WO U2/501(1 PCT/LISUL/ S(ISU6 1 30. The systemof claim ?8, the control unit
further2 adapted to:3 calculate afirst |oop conditionof the hardware
| oopf r omwsiOloeBes et upi nstruction using afirst arithnetich HOYIH1B06806 | N
thefirst pipeline; and6 cal cul ate asecond | oop conditionof the hardware
| oop7 fromthe | oop setup instruction usinga second arithnetic8 |logic unit
in thesecond pipeline. - 27 .AY. A .AF; &. AFN9. AYa&E. AY; &2. AY;
Y. AFN&GE. ABN2tAEaYcAhhNreAYA¥.cAY(9. A Al ;
&Y. Aa9. A( & A&E. A3U& A&E. A& Al . A(&E. ANE. A; 2. A(92. AY(&E ) 2BDQ(Y
Ug{ val gb] X] ca] saheahea] ealgalicahe’ a]ca]ca]cTa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]cAa]ca]cAa]cAa]cAa]caU]ca]caU]ca W X g 3R1
ar{vgl gb] X ca] al;s@m?] %aleq%ceah%%lacehﬁam%ﬁalélfcg] eabksakeal ealeal cal ca
]ca]ca]ca]ca]c cal ca] caJca] ca] ca] ca!
E{ Oi 5uM f L3nRzupkf a calcalcalcalcalga ca]ca cal cal ca] ca] caU] cay
'ca]cg]ca]cafca]gaféév% k %%]%aFLgfcaﬁkg ﬁgﬁ?rY5§ | wmhc”Y] ] ca] ca
L caf ca] o] ca] ApRA 123%]9%] %%c%% by EpEp! S8 %ilc‘i%%°%]l°a]a°%]e%a%°a“ el cal cal €
#?2#B#| wr mhc” ]ca]ca]ca]ca]cagca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca] cl] ca] @3]3 UreapPéalas) papeafearc RFeaeBaPFd#######$S) $+3, YSZSdSx$$$! % %86
%&?&uU&&&S$" ' (D(| wmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]calc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca! D(b(k(n((")")))
AR KRB} S, M~ - - T----3.n. zupkfa\VVca]ca]ca]ca]ca]ca]caLﬂca]ca]caV
]ca]%ﬁ}f?pca]cahéah@ahoa]@&]eah@aﬂQa]@aktabeaboab@abaahea]caU]ca]ca]cal

1
0Y00Q00001" 1#1R1k i h¥11H111bb} xenidtYbheakhca)] ¢akeal Galkcalrcal cal ca] cal ca] ¢

a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca'11282e2223

cal da] caf Al Caf oo Cal cal el £a] Cacal ) C4T ool Al ol Cal el CAl ol ] caf Moo

]ca] ca]calJc cal ca] caj a) cal ca] cal 6M566
666677785868; 8“8 . '
900{ 8| 9: H.:::: F ﬁﬁgAgﬁfc&f g]cgf &8P Eal Cafc 8FCAPSarEd] €4 ca] ca] ca] ca] ca

cal ca ca ca) cal ca]calca] cal calca aljcalcalcal . +;.i;;:::; <<; <<<R<<<
L::L—:L %%Eiéfﬁkﬁﬁ# ] IR 83%@3]g&?@af@&ﬁ&&ﬁéﬁfca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]calAA A" AAABBBsBBB! C_CCC
DDBDz DSEEEE* F* Fj FnFWFFFF5GgGGz upkf a\ W ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca! GGE HdHHH
LIT108JJIRIII KhEMKeKhkKKKKKICLEL mMlvh vpereio” Yhic diasltc @ncajseabea] ca] ca] ca]
caj] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! hM
i MO@x ( PeBBBPCHaRR: RaRdRire} R+BRRBRESUSSRTpagaI[lerinhc” Y] ] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] c
a] ca] ca! TTUUU#UUUUUVL VVWVVWWGW-WWNKWKe XE XXXY?Y~YYYZ{ vqgl gb] X] ] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] cal

ca] cg] ca] ga! Zzézmé%%kh' ¥ ]ch]a]lH h _flﬁ %le@k@a %Jéll%%%gﬂ}o}e{: 5 ¢31¥oR] X] 1] ca]
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10 10 conditions comprise calculating at least one of the loop
3 conditions from program counter relative data in a loop
4 setup instruction.
1 7. A method comprising:

ro

calculating a first loop condition of a hardware loop

3 from a loop setup instruction using a first arithmetic

4 logic unit in a first pipeline; and

5 calculating a second loop condition of the hardware

6 loop from the loop setup instruction using a second

7 arithmetic logic unit in a second pipeline.

1 8. The method of claim 7, further comprising writing the
2 first and second loop conditions to a first set of

3 registers.

1 9. The method of claim 7, further comprising:

2 calculating a third loop condition of the hardware

3 loop from the loop setup instruction using a third

4 arithmetic logic unit in a third pipeline; and

5 writing the first, second and third loop conditions to
6 a first set of registers.
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1 11. The method of claim 8, further comprising propagating
2 the first loop condition to a second set of registers via a
3 first pipeline.

1 12. The method of claim 11, further comprising propagating
2 the second loop condition to the second set of registers

3 via a second pipeline.

1 13. An apparatus comprising:

2 a first pipeline including a first arithmetic logic

3 unit and a second pipeline including a second arithmetic

4 logic unit, and

5 a control unit coupled to the pipelines, the control

6 unit adapted to:

7 calculate a first loop condition of a hardware

8 loop from a loop setup instruction using the first

9 arithmetic logic unit in the first pipeline; and
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2 comprising a first set of registers coupled to the control
3 unit, wherein the control unit is further adapted to write
4 the first and second loop conditions of the hardware loop
5 to the first set of registers.
1 15. The apparatus of claim 14, the apparatus further
2 comprising a third pipeline coupled to the control unit,
3 the third pipeline including a third arithmetic logic unit,
4 the control unit further adapted to:
5 calculate a third loop condition of the hardware loop
6 from the loop setup instruction using the third arithmetic
7 logic unit in the third pipeline; and
8 write the first, second and third loop conditidns of
9 the hardware loop to the first set of registers.
1 16. The apparatus of claim 14, the apparatus further
2 comprising a second set of registers coupled to the control
3 unit, wherein the control unit is further adapted to
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2 adapted to propagate at least one of the loop conditions to
3 the second set of registers via the second pipeline.

1 18. The apparatus of claim 15, the apparatus further

2 comprising a second set of registers coupled to the control
3 unit, the control unit further adapted to:

4 propagate at least one of the loop conditions to the

5 second set of registers via the first pipeline;

6 propagate at least one of the loop conditions to the

7 second set of registers via the second pipeline; and

8 propagate at least one of the loop conditions to the

9 second set of registers via the third pipeline.

1 19. The apparatus of claim 14, wherein the first set of

2 registers are speculative registers.

1 20. The apparatus of claim 13, wherein at least one of the
2 pipelines is a data address generation pipeline.
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first pipeline and e second pilpeline, the control unit

5 adapted to:

6 propagate at least one loop condition of a hardware

7 loop to the set of registers via the first pipeline; and

8 propagate at least one loop condition of the hardware
9 loop to the set of registers via the second pipeline.

1 23. The apparatus of claim 22, wherein the set of

2 registers are a second set of registers, the apparatus

3 further including a first set of registers coupled to the
4 control unit, wherein the control unit is further adapted
5 to:

6 write the loop conditions of the hardware loop to the
7 first set of registers prior to propagating at least one of

8 the loop conditions to the second set of registers.
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i 26. A system comprising:
2 a static random access memory device;
3 a processor coupled to the static random access memory
4 device, wherein the processor includes a first set of
5 registers, a first pipeline, a second pipeline, and a
6 control unit adapted to:
7 calculate a first loop condition of a hardware loop
8 from a loop setup instruction using a first arithmetic
9 logic unit in the first pipeline,
10 calculate a second loop condition of the hardware loop
11 from the loop setup instruction using a second arithmetic
12 logic unit in the second pipeline; and
13 write the first and second loop conditions of the
14 hardware loop to the first set of registers.
1 27. The system of claim 26, the processor including a

2 third pipeline, the control unit further adapted to:
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5 registers, a second set of registers, a first pipeline, a

6 second pipeline, and a control unit adapted to:

7 write loop conditions of a hardware loop to the first

8 set of registers;

9 propagate at least one of the loop conditions to the
10 second set of registers via the first pipeline; and
11 propagate at least one of the loop conditions to the
12 second set of registers via the second pipeline.

1 29. The system of claim 28, the processor further

2 including a third pipeline, the control unit further

3 adapted to propagate at least one of the loop conditions to

4 the second set of registers via the third pipeline.
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