ce3e,""#D& T,6, T, , HARDWARE LOOPS BACKGROUND ' This invention rel ates
to hardware | oops inplenented 5 in a programuabl e processor. | n designing i
progr ameRheRsgesessor, such as a digital signal processi pgrfUfpfisssy st em

two conpeting design goals are processing speed and power consunption.
Conventional processors include a variety of hardware 1o designed to

i ncrease the speed at which software instructions are executed. The

addi ti onal ver, ty es the power consunption of
t he pr ocestmmmmmmwmw\eque for H?%V&eﬁ% :Edc?lfrsz speed of a s5 programmuabl e
processor is a s« fgapdware | oop," which may be dedi cated hardware designed to
expedite the execution of software instructions within a |loop construct.

Har dwar e | oops may reduce the nunbesacKcrduNik cycl es used to execute a
software | oop by caching the instructions 1n |ocal 2o registers, thereby

reduci ng the neggh 4 0 &0t dher S d NS r&%dmé rl%&?s e AR £e or

instruction cache a pIurallty of tinmes. - war e 1 oops 1 ntroduce
several nge |nclude avoi di ng penalties such as
setuﬁﬁpengﬁ{ oﬁ“ﬁraﬁﬁﬁ' B%L%$|e§§ Setup penalties are the [|oss of
perf or mance (qu W%¥ an Jncrease in Q5ESSIH 5 tine) associated with
setting up a harthvief T 960 SiIEd Tendt i ' E% e | oss of
performance (again, usually an i ncrease in processing tinme) associated with
a branch. %P DESCR M TN O TRESAINGS 1SR, SysEem, B lCRRRaFiaE i | | ustrat i ng
an exanpl e of a pipelined programrabl e processor according to an enbodi nent
of the inwueEgigan.gd&HE 2ré prodecingisgmpednand ystweart | gopampexdanpl e 15
execution pipeline for the programabl e processor in accordance with an
enbodi mentcsdvdiel ML et odewsdits Oihcllde & varidtow olf agimdnaddd ustrating
exenplary timng

10 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

”

15 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

20 registers, thereby reducing the need to fetch the same

instruction from a memory device or instruction cache a

plurality of times.
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of when early registers may be | oaded in accordance wth an enbodi nent of
the present invention. 20 FIG 4 is a flow diagramillustrating how a | oop
setup i nsypuslibgde Ny be used to determne early register P&ﬂd&ﬁﬁmu’/n
accordance wth an enbodi nent of the present invention. - 5is
a circuit block diagramillustrating one enbodinent of a har dwar e I oop
unit. FIG 6 is a flow di agramillustrati ng a node of operation involving

adj ust ment  of i ccordance 'th rese i nvention.
FIG 7is a flglgvgda/a%]?%rrﬁ? uth |ng 2 Wey© ]6“1‘ Jltf%é’)ﬁthn]bb%ft%r al
register Vc§1 Uff) i n accordance wth an enbodi rrent of the present invention.
FIG 8 is &9 %1gjrr<‘;1‘f1:lr‘|1 ¢ LAY Jrrl‘ﬂ; RENa b TIat iR 39 SRYURF updating the
archi tectural count ister values in accordance with an enbodi nent of the
present | MRS F‘?JG mreh penapliinagr avetup usenaltigs tawre tihe ng

advant ages realized by the use of early registers in accordance with an
enbodi nentlads tdie preSemancyeiswnll g5k icidhss in fpoycaldagi@am
illustrating an efficient way of adjusting an early count value in
accorglance: mid 1 £ ik ot tiofsddheiny aged haw@Miomodp G 11 is a bl ock
diagramillustrating counters in a circuit in accordance w th an enbodi nent

of the presgi L0y VeHASD pddGtilds iSrd fhoW siagsampdltysidoald ng a
hybri d node of op%ratl on |np accorldance Wi t}L an enbodernent(yﬁ# r?(%ée pr esent
i nventi on. a&%ln, usually an increase in processing time) associated

with a branch.

10 DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram illustrating an example of a
pipelined programmable processor according to an embodiment
of the invention.

FIG. 2 is a block diagram illustrating an example

15 execution pipeline for the programmable processor in
accordance with an embodiment of the present invention.

FIG. 3 is flow diagram illustrating exemplary timing
of when early registers may be loaded in accordance with an
embodiment of the present invention.

20 FIG. 4 is a flow diagram illustrating how a loop setup
instruction may be used to determine early register values

in accordance with an embodiment of the present invention.



FIG 13 is a block diagramillustrating a hybrid circuit having counters
only in the first n - 1 execution stages in accordance with an enbodi nent
of the prweantdosvention. 5 FIG 14 a bl ock diagram il | ustecatisogsashar dwar e
| oop unit in accordance with an enbodi mrent of the present invention. FIG
15 is a diagramillustrating a scenario in accordance with an enbodi nent of
the present invention. 10 FIG 16 is a flow diagramillustrating a scenario

| accordance vitd, an eobodl (L 11 NSy PELSM | PYEOLLON: 1 B} Gnd 7 s

anot her flow diagramillustrating a scenario”1n accordance

enbodi rn::nteer%l qﬁhe rﬁ{%ﬁnt i nventi on 15 FIG 18 is a diagramillustrating
anot her sc®RaTH" Rt of FPARELHFE h AP eMbbldi ment of the present invention.
FIG 19 is a flow diagramillustrating the other scenario. FIG 20 is a

f1 ow di agram i |78t rat1fg? bbt AW sEb#BF B st b s e 2ty dartedei eh an

enbodi nent of the present invention. FIG 21 is a flow diagramillustrating
a node of oppeati¢mniiveldenecadigstmert cobi¢asrly | vepisternscordance with an
enbodi ment of the present invention. -4 FIG 22 is a flow diagram

i1l ussratiagrerdates obiopetiatipnesont dedeetthon and dealing with a single
instruction zero offset loop in accordance with an a enbodi nent of the

present inventiprg, 57 FL &S £8éw-dZa3&ranei Pl @skr &t agsydilystrating a
nunber of hardware | oop units connected to one another in
updating architectural register values in accordance with
an embodiment of the present invention.
FIG. 8 is a flow diagram illustrating an alternative

10 way of updating the architectural count register values in
accordance with an embodiment of the present invention.

FIG. 9 is a flow diagram illustrating the timing
advantages realized by the use of early registers in
accordance with an embodiment of the present invention.

15 FIG. 10 is a flow diagram illustrating an efficient
way of adjusting an early count value in accordance with an
embodiment of the present invention.

FIG. 11 is a block diagram illustrating counters in a
circuit in accordance with an embodiment of the present

20 invention.

FIG. 12 is a flow diagram illustrating a hybrid mode
of operation in accordance with an embodiment of the

present invention.



accordance wth an enbodi nent of the present invention. FIG 24 is block

di agram showi ng power saving circuitry in accordance with an enbodi nent of
the presgpy ob/obdivention. DESCRIPTION Figure 1 is a bl ockpgagedigsss
illustrating a programmabl e processor 2 arranged to support efficient 15
har dware | oops without significantly increasing power consunption. |In order
to support hardware | oops, a processor 2 nay support a | oop setup
instruction th jni.tjalizes .the hardware, setting entry._and exit

condi ti ons for %ﬁﬁ’je' I"oopS foiﬁrﬂcﬁﬁ/ L3P TEN thﬁ‘(])]l'?%lrtaltd%g ﬁa}‘%’ﬁ’él fined by

| oop conditions: top, bottomand count. The top condition defines the first
i nstructi 64T & dRVIGHY £9WYEL STIRE WotkorhbCofditsitom defli f&eckd omast
instruction (or bottom -5 of a |l oop. And the count condition defines
t he nunbemstaigsst dratdannrdinacheriltdopn Erbodigfend lndr dir e@deseptmay occur at
the first "top match." A top match may occur when the program counter 5
(PO is pdnstentgdm. the top instruction of a loop. Exit of a hardware | oop
may occur at the last "bottommatch."” A bottom match may occur when the PC
i's pgj nting togte ot tPBINSE IdiG A Af 18 dtaQR iRy d Halv@lad Ngdghe count
at the first top match and o decrenenting the count at each bottom match,

t he hardwar %ﬁg% : i eNGOo d | ast bottom

mat ch. I\rll\k?ltIﬁ'ltrsn%L %rlari%ﬁcgcibrt({ e %&\@Q%ﬁdiet%}b%?}ﬁfg% %ft[hgempyné%eg%unt may define
the entry .,and exit conditions of a hardware |oop. 15 Processor 2 may

i ncl ude art™&X&cut9"on pipeline 4 and a control unit 6. Control unit 6 nay
control the flow of instructions and/qr data through pipeline 4 during a
clock cycle. FlG%xadmlie aitiatFathd frisdeddbify & Saenattd détion, contro
unit 6 may direct the various 20 conponents of the pipeline to decode the

i nstruct i eecarfiange ectliily grerdmradinentc o ddyomtiarprdpamatandii amel udi ng,
for exanple, witing the results back to nenory. -6 I nstructions may be
| oaded i nto a fEIGt 156 age aofflow diagram illustrating a scenario in

accordance with an embodiment of the present invention.
FIG. 17 is another flow diagram illustrating a
scenario in accordance with an embodiment of the present
invention.
15 FIG. 18 is a diagram illustrating another scenario in
accordance with an embodiment of the present invention.
FIG. 19 is a flow diagram illustrating the other
scenario.
FIG. 20 is a flow diagram illustrating both scenarios
20 in accordance with an embodiment of the present invention.
FIG. 21 is a flow diagram illustrating a mode of
operation for detecting a zero offset loop in accordance

with an embodiment of the present invention.



pi peline 4 and processed through subsequent stages. A stage nay process
concurrently with the other stages. Data nay pass between the stages in
pi pel i newWodysdope a cycle of 5 the system The results of pafykgigissisct i on
may energe at the end of the pipeline 4 in rapid succession. Control unit 6
may include hardware | oop unit 8 that, as described below, may facilitate
fast hardware | oops without significantly increasing power consunption of
10 processor 2. FEIG, 2. s _a_hlock diagram.illustrating an exanpl e pipeline.
A pipeline 10 KaS mf4 it51 & sfaéi’ e??ﬁ#%}lﬁle#irﬁtﬁgﬁe e P08t Pén of multiple
instructions during a single c¢lock cycle. In pipeline 10, an instruction
may 15 enP@rerlaﬁéoinn§Prru@ﬁ9:@ﬁtfl&gci@“@?/|d)ea§{ld’§eWlethd@r iSAg9defirst cl ock
cycle. The instruction nay then continue down the pipeline during
subsequentingltagic téyel esroAndtisert iLoopr et iagrrarmianest erd thhen F st age 12
after a previous instruction has exited. Thus, typically another 20
i nstruct i embaaimestt ke thestpagaeh? durviehd imnsubsequent cl ock cycle and then
continues down the pipeline during subsequent clock cycles. Simlarly,
addi tsi onal i nstereet.i o entec bhe Hicukael abdaehy 11N uSHhsequgnty cl ock _7 _
cycles respectively. The nunber of stages in the pipeline may define the
pumber of JARiiicl Hirdidle hRSPIRS NS LAY It Hemirgngously.  The
stages of t olTo

di fferent e pipeline may operate as ws. I'nstructions may
be fetched during the .l F stage, 12 .b f uni.t 13 and_decoded from
i nstruct i GFFPEGPECE Y (’i’ﬁ’ri%ﬁﬁ)otdﬁgyeﬂgcogfi %g’g PECSBIN AGVERELIRE st age 18,
data address generators 19 may cal cul ate_any nenory addresses used to
performthe opdit&-i gf. 10 %ﬂ‘%‘n&lﬁ%a@ké&ﬁ"‘iw POIFEs SGERTY - EX n) 22 and
28, execution units 23 and 29 may perform specified operations such as, for
exanpl e, addiovgtary i taqeopidag cenw irkinisey smbpddametnitor fuihtes prys ednt ai n
speci al i zed hardware for :

10 invention.

DESCRIPTION

Figufe 1 is a block diagram illustrating a

programmable processor 2 arranged to support efficient
15 hardware loops without significantly increasing power
consumption.

In order to support hardware loops, a processor 2 may
support a loop setup instruction that initializes the
hardware by setting entry and exit conditions for the loop.

20 Entry and exit conditions may be defined by loop
conditions: top, bottom and count. The top condition
defines the first instruction (or top) of a loop. The

bottom condition defines the last instruction (or bottom)



perform ng the operations including, for exanple, one or 15 nore arithnetic
logic units (ALU s), floating-point units (FPU) and barrel shifters,

al t hough wb®2580pe of the present invention is not Ilnltedcwnmbhhg31espect.
A variety of data may be applied to the execution units such as the
addresses generated by data address generators, data 20 retrieved from
menory or data retrieved fromdata registers. During wite back stage (WB)

30, the resy beAPM'Eﬁ d'&)rf@ étéer%){.%/ dr?%‘et J?rhn or data re%i
e

i st
ext er nal tot prpelrne or a registers in frne such
as archrtectur % %ers t:f The stages of . pipeli ne 10 may |ncI ude one
or more stiorHgE %99 Wk stPSUkPRis a flip-flop, for storing data. As
ment i oned above processor 2 may support a loop 5 setup instruction. The
| oop setup i nstERREY R mRyhaFAYd e |£%0Et Hea h @ @Rl 2 dgpe b %at t' 1 rep t he
boundaries of the hardware |oop (e. g. top and bottom to architectural
regi st ers 3¢ 't he? piqelmatech They | @opus ethgn i et rpodd cam neEyurat esio
initialize a count in architectural registers 32, 10 indicating the nunber
of tisres t{mc) oop peinvike tonHetesh imstatiattion, ot he 166, settit of
instruction may define an offset, indicating the nunber of instructions

that fol | oyrhesdap P@éﬂ&n&%“%éé&% o0 Hef of £t hey dORuRfmd g, 100m i s

reached. After the hardvvare oop is initialized, the 15 hardware | oop may

operate | dhePiBel iedD dntid e, i sondl (i hEnd o Lagp. has been

satisfied (e count equal o zer Archi tectural
registers 3 are neraII I\d%td nce an instruction has commtted, e.g.,
at the comIUIBAHT t%cq%%n st ag?®B0. Therefore, the entry and exit
condi ti ons stored in architecture registers 32 nay not be updated until
several clock cB¥IEihRelHRGN? reriWhedt t e | Hbpst top match and

10 decrementing the count at each bottom match, the hardware
may keep track of when it has encountered the last bottom
match. In this manner, the loop conditions top, bottom and
count may define the entry and exit conditions of a
hardware loop.

15 Processor 2 may include an execution pipeline 4 and a
control unit 6. Control unit 6 may control the flow of
instructions and/or data through pipeline 4 during a clock
cycle. For example, during the processing of an
instruction, control unit 6 may direct the various

20 components of the pipeline to decode the instruction and
correctly perform the corresponding operation including,

for example, writing the results back to memory.



setup instruction enters pipeline 10. Because the entry _g and exit
conditions may not be updated until several clock cycles have passed,

restrictiWge2@esetting up hardware | oops may exist. For exgiRbfsessf the
first instruction in the loop enters pipeline 10 before the |oop setup 5

instruction has conmtted, the architectural registers nmay not be set up to
identify the instruction as part of a |oop. Mreover, this problem may

i ncrease as th th of the eline in S n_one_ enbodi

processor f;“}ﬁl trfbo?%erggyt g%???‘%ﬁ%% ]n’faﬁ%t%‘farﬁ%gog‘sset of
early reglsters 34, 35 and 36 in the pipeline. shown in FIG 2, early

regi st er s IERPL L hPEBRT BT HEG T elegh rﬁ‘%@r‘iﬁ%ﬁaéi‘sﬂ%@ wh | e ECnt 36

may reside in AC stage. Inplenenting a set of early registers 34, 35 and 36

15 may i ncv¥eag mroqeEssdags spercuofept by eskith tthéyotheiucs tapes. avigatth ng

| oop set up penalties. As described above, several clock cycles may pass

bet ween t heay ipess boopeset tipe | sisdgest 110npHpd Bise thedypt ied i ecydlck the tine
the architectural registers are witten. However, the early 20 registers

may be | oaged dpngehef orige theshpep setam i DSt Fukstd o Wy t&@fet g the
architectural registers. For this reason, inplenenting early Tegisters may

reduce theuid iEd lof akes {0, SELYD Dy VRIS b 0QpScesdln,  The early

regi sters nay e specu registers used to predi i et or speculate t he

val ue of archi t@ct ulgé:)ai ngtséeraésy H%illf et}tgaer vgacpeltfocééjrgl eﬁgltsners t he

as described below, may facilitate fast hardware loops
without significantly increasing power consumption of
10 processor 2.

FIG. 2 is a block diagram illustrating an example
pipeline. A pipeline 10 has multiple stages that may
facilitate execution of multiple instructions during a
single clock cycle. In pipeline 10, an instruction may

15 enter the instruction fetch (IF) stage 12 during a first
clock cycle. The instruction may then continue down the
pipeline during subsequent clock cycles. Another
instruction may enter the IF stage 12 after a previous
instruction has exited. Thus, typically another

20 instruction enters the IF stage 12 during a subsequent
clock cycle and then continues down the pipeline during
subsequent clock cycles. Similarly, additional

instructions enter the IF stage 12 during subsequent clock



specul ative registers may not be supported by the system s 5 instruction
set. Therefore, program code may not be used to access the specul ative

regi st er syoh@h2dohi s reason, a programer nay not be able pprARygsdRta in or
out of the speculative registers the same way that he or she could with

architectural registers. to Loading early registers may be done in several
different ways. For instance, the early registers nmay be | oaded sinply as a

result of f orm a.re [ structlon reqi.ster tot

archi tectu aclrlergeges eercstl‘?e%%’t hefr}1 SndF e Iihete%)}satgeerﬁ br?sthe[lltnr?e
architectural regl sters to |lo (ﬁg t he contents sone ot her. register, and
as a resul®®4% E?)kaeed?%% Hat A&t mdPeddyn e ddoad t he

registers is a "pop" fromnenory. In other vvords the systemmay fetch the
data fromSfiiGe digutltaretshytectural registers with that data, and
update 20 the early registers. The problemw th regular regi ster noves or
pops, however, The tdiaffdhmayt neyagerd rafdude |pdige lsietaumapergddiage akhese
penal ti es may occur because the systemmay stall the -11 pi peline

untils t he fomvaes. orinpoppedtomatmay aviddati® dur gy Wrid tigh.stkyavoi d
these penalties, a loop setup instruction may be used to |oad the early

registers el & thaa ot 3rala IR el Mdeiksts ch The fol | ow ng

exanpl e illustrates the syntax for invoking an exenplary |oop setup nachine

b Rel ot | % LSSLEe-I;:S l($l es Jlfrgil%}?sjéﬁl}% Jat—f% m]taz#’ll V%qu_ fﬁ@ C%LH“ aCﬂz’le i(oTPﬁe

PC Rel ati ve op Speci e curre Nsttuct

start of t qu_% (ancgcf Start O‘fset%ﬁt 0 The PC Rel gtive Bottom specifies
the dista B TRAT RO IR R D% G PHhEYEIY (t he End
O fset). In addition, the Counter variable nmay specify a counter register

and a | cop ARSI NI | Yy R FiUfddie gperation.

10 During the execution stages (EX 1 - EX n) 22 and 28,
execution units 23 and 29 may perform specified operations
such as, for example, adding or multiplying two numbers.
Execution units may contain specialized hardware for
performing the operations including, for example, one or

15 more arithmetic logic units (ALU’s), floating-point units
(FPU) and barrel shifters, although the scope of the
present 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 generators, data

20 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



iterations in the loop. 15 FIG 3 is a flowdiagramillustrating the timng
when early registers get |oaded in accordance with an enbodi nent of the

present i\WyWeRlhge. As described, the |oop setup instructi @ap/iRY1/&3% ai n
| oop conditions in the formof a count value, a top value, and a bottom

value. 20 Collectively, these three values may define entry and exit
conditions of a hardware | oop. -12 The count value may represent the

nunber of i.terations that the. l.gop wll nake. Once the | qop setup
i nstruct i STPEEESs SAER 38 ,ali%%ceg‘iﬁﬂra\?alﬁfé?%?&frﬁe i t TP A Bt

register (39). Initially witing to the ECnt register may 5 be done via a
regi ster mOPEHENEM Pamey éd}‘@t‘lﬂg% VEN I TG R THIS Figituigispelsush 1 n one
node of operation, the ECnt register nay be witten with data contained in
PREG r egi stseres fldae fHiaR, 6)or rsudwimA@adigpel i ne. The top and bottom val ues
may indicate which 10 instruction is the top of the | oop, and which
instruction isaAshendiiicradfaddie,| gpcelw 1 @p mand ipigara wallursp in the

| oop setup instruction, however, nay be program counter (PC) relative.

Ther ef or e, s Al iG1H B @ drft0) THE Aoy %&%u?)&rm:ﬂ{&@ﬁ&f) ain the top and
bottom values that will 15 be witten to ETop 34 and EBot 35 registers

respect i Vel c;Aitee e, 0AMSAIIIN JASYYICHAN ENLALS FX L ADL ddie top

and bottom values may be witten to e "ETop regi sters ( 42
) . The E regi ster 34 nmay, be | qaded t int .tq the 2o first instruction
of the Io-oE S PR 9P 1 o9 C‘_‘Icl“\:’e ot%?cetgolné)teo 35 455 ded to
point to the |ast instruction of the |oop (or, bottomof a | oop). The ECnt

regi ster FEIEFHS 1Yaddd the HRGIAPS he TSRS HResinsfFuction

may also initialize a count in architectural registers 32,

10 indicating the number of times the loop is to be completed.
In addition, the loop setup instruction may define an
offset, indicating the number of instructions that follow
the loop setup instruction before the top of the loop is
reached. After the hardware loop is initialized, the

15 hardware loop may operate in the pipeline 10 until the exit
condition of the loop has been satisfied (e.g. a bottom
match with count equal to zero).

Architectural registers 32 are generally loaded once

an instruction has committed, e.g., at the conclusion of

20 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



that the circuit is to go through the |Ioop. In one enbodi nent, ECnt 36
counts downward, decrenenting as the circuit’ goes through the loop. FIG 4

is a flowdipa@soagn i |l ustrating one node of 5 operation of phgfi€WEdc331 00p
unit 8 when a | oop setup instruction is received and processed by pipeline

10. According to one format, the |oop setup instruction may specify several
setup variables including a Start Ofset (S-Ofset) and an End O f set
(E-Ofset). The .S-Ofset, may 10 speci fy the, di stance jin the instruction

St eam 1+ S 15400 R Tt A torbs FRIRES B i A b 196K he
loop. Simlarly, the E-Ofset may specify the distance in the instruction
stream fr SHAUFS TGO RAFEINSIFUHT Prians 1de Jedhinhsir Jrandwaie the | oop.
15 For instance, if the first instruction in the loop is the instruction

i mredi at elypors! maM REisie. | dogr ssstamplivstifucthieorfindten nder®t@drseitn woul d
be the width of the |oop setup instruction. If, in the instruction stream
there i s dbe ilnsiy wwitieans etpekeind HO [eofpisetile | nsdpy usdtign 20 and t he
first instruction in the loop, then the SO fset would be the width of the

| oop sset UR NsAStIdGLdrO M B8 b drtel o) | R Uatditite SHubd Brddgiddeddafp, are two
i nstructions between |oop setup and the first instruction, then the S -14

O fset \AD%CUE%VMI%% f d NGy d AOPr LD I NSEIpGLH d;%élh@ 4,
instructions. As s O\M‘Fpi n FIG 4, }?he S—égfseset an(g{]lf%‘ set are typically
specified. by a | setup i,nstructi néé% 5 However tiﬂ?e | pop-.setup
i nstructi &r?yoﬁ)'ec?f re%o‘feh’g’ O et P S VY PR 55 G & %&fﬁ#&} TPo) .
Therefore, the PC val ue nust also be determ ned (45). The PC value and S
O fset mayheH R e d 1o° 3%t ate ETop regi ster data (46). Moreover, the
PC val ue and E-Ofset may be used to 1o calcul ate EBot register data (47).
Once cal cul at ed t3e &MPgdimngist RTWRAIE IR FEXIReRGPND thRsear |y
regi sters (48)
10 restrictions by maintaining a set of early registers 34, 35
and 36 in the pipeline. As shown in FIG. 2, early
registers ETop 34 and EBot 35 may reside in the decode
stage while ECnt 36 may reside in AC stage.
Implementing a set of early registers 34, 35 and 36
15 may increase processing speed of processor 2 by reducing or
avoiding loop set up penalties. As described above,
several 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
20 registers may be 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.

-10 -



Conparing FIG 4 with FIG 2 illustrates exenplary timng when witing the
ETop and EBot registers. Steps 15 (44) and (45) may occur in DEC stage 14.
Cal cul at i\wg925834ps (46) and (47) may occur in AC stage 18pcthRopiaase. the
wite step (48) may occur in EX 1 stage 22, although the scope of the
invention is not limted in this respect. Once | oaded, the early registers
may be used to set up 20 hardware loops. FIG 5 is a block diagram

illustrating o e j Ire o) dware | 0o nit 8 connected to an
instruction fetch ?%)%ji%n%g%%t%ﬁ%a}ga%%dseﬁe%%%t%‘? of Pt Petihe™F 1n one
enbodi nent, the early registers may be -15 used to detect a loop in
the streamOPIFEtF T oPREEF 2t o hardiis e 52T RGE Y Hed with one or
nore |l oop instructions. Once | oaded, the | oop instructions may be issued
agai n and ZgfE StErHm | Yoblkerdwrarcithigctufal hee®l sats, ridd sters det ect
an instruction |loop, then one or nore of the |oop instructions may be

f et ched ordpecnicet Dye | FeginsteSd manchdthdre | sgyeorteapant edhey §ysuanitas dwar e

|l oop unit 8. Inplenenting early registers nmay introduce several 1lo

chal | ngesindfudtisé@nset . ONEh&hed b L0106 # 64 ¥ 4l UsSdl biva ¥ heotisee afse&nr |y
regi sters arises because the early register data nmay need to be adj usted.

If the pipelifle-duisteser ¥p&8y Bk BYENagi b Pl Pel F L' 5 LU F&UPPEY at i ons
may need to be termnated. If this termnation occurs after an early 15
regi ster h i b its respective architectural register
has been vﬁ?%%%&n%eﬁéfh%eogﬁ ygéi;ég?ts erﬁov at(ga%yl%e%% ?%t boeég:jeusted. In
ot her words, because the early registers are itten early, a term nation
'n the pi RITHE TotBF X THES TobD HAS TORRI 1RRd B" iy Poqtie ot ) ust ment

of the early register data. FIG 6 is a flow diagramillustrating a node of

oper at i on Wbl a4 ¢yl BRIF Uk e NEePISERFFy registers. In -16 particul ar,
FIG 6 illustrates the timng involved in
10 Loading early registers may be done in several
different ways. For instance, the early registers may be

loaded simply as a result of performing a regular
instruction register move to the architectural registers.
In other words, the system may instruct the architectural
15 registers to load the contents of some other register, and
as a result the early registers may be updated. Yet
another way to load the registers is a “pop” from memory.
In other words, the system may fetch the data from memory,
load the architectural registers with that data, and update
20 the early registers.
The problem with regular register moves or pops,
however, is that they may introduce loop setup penalties.

These penalties may occur because the system may stall the
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adj usting ETop EBot, ECnt registers. As shown in FIG 6, the early
registers may get witten (76). In one enbodinent of FIG 6, the early 5
regi stersw?rogugagrci fically the ETop, EBot, and EGht regi sherfshBfss oW in
FIG 2). It atermnate in the pipeline (80) occurs before the
architectural registers have been witten (82), then the unaborted
instructions nmay be drained fromthe pipeline (83), and the early registers
| 0 may be adjusted Wi LEd NG ata contained in their respective
&?lgiebismee e gﬂ{sﬂ& e Todd P Bherdtibn [A(RIARS 9 A G

archi tect counterparts Ooperati

6 may be particularly useful when dealing with back-to-back hardware | oops.
1f, for i EREI ﬂ?@gc,ted"sec%%oa‘f?f\cl)g; t?r}éeﬁeerﬂﬁr}?a]t@tfsl% BefRe /8t Wmits, a first

| oop might still need to execute its remaining instructions in the

pi pel i ne. MR Hjisamery theefude @G Lt mandtesrd shars dafaate with
this transition by adjusting early register values accordingly. FIG 7

i1l ustrat ehea avashicfeaipded i npdistearsidtectwirtaler?20 regi ster value with the
Early Count (ECnt) data. Data may be witten to an ECnt Register (90) in

any ranner descridetbEhoving Theangdy 1lagi siitdRtthdayyitian sent down the
pipeline (92) so that it gets witten to the architectural -17 count

register (93o1ditd gh B stpoery Thedp sié\:tgy%a\’crﬁi‘ﬁbs%%éqﬂtu&ﬂi%rﬁ“ on of the
| oop (94) the ECnt Register data nay be decrenented (96) and re-sent down

t he pipeline (%‘%)ETJQ'Q)SC:Ré@g@@goéymgaam)éwﬁtmt hdunkdpes f0op has 5 finished

its last iteration trates an“alternative way of updating
the architect |_count register. Rather_than sending the ECnt data down
the pi pel ITIE 1 15 ERich UF 1 TR RS 01T S GO CAHEE T dThe e n
illustrated in FIG 8 sends the ECnt 10 data once. Then, in subsequent

i terationsisFLRUREjQppto athe nytary 0% dhreckarentthsa tStRRE RELsaft) + o adj ust

t he .
10 The PC Relative Bottom specifies the distance from the

current instruction to the end of the loop (the End
Offset). 1In addition, the Counter variable may specify a
counter register and a loop count indicating the number of
iterations in the loop.

15 FIG. 3 is a flow diagram illustrating the timing when
early registers get loaded in accordance with an embodiment
of the present invention. As described, the loop setup
instruction may contain loop conditions in the form of a
count value, a top value, and a bottom value.

20 Céllectively, these three values may define entry and exit

conditions of a hardware loop.
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architectural count register. In FTG 8, data may be witten to an ECnt
Regi ster (90) in any nmanner descri bed above. The ECnt register data 15 may

then be sgalpydwee the pipeline (92) so that it gets wittearhRei/837
architectural count register (93) during WB stage. In subsequent iterations

of the loop (94), a single valid decrenent bit may be sent (102) to
decrenent the architectural count register (104). This process may 20

continue until e inished its |ast .iteration 8), . . FIG 9is a
f1 ow di agram i I#Hﬁtéogﬁﬁn%%é {}'ill E“ﬁ\bnrgeﬂaE vsaer{falcagte%e rneuélilkl’ezreaé %fttefﬁatﬂsoé“%f
early registers.. As -18 | shown in FIG. 9, loop entry/exit conditions
may be | o i o PR 1S r Y1t e (1) Sers st TYL R y/ exi t
conditions may then be detected (|1 22) before a |oop setup instruction has
commi t t ed §2MS AL A ®ist | HrE tRUECHa Fusyima e rbgrayt igrteasenito ddu tBonal

chal | enges. Adjustnment of the ECnt register nmay be done any tine there is a
term nati oreafstde pidel i nenriaokly ovel ficop theithy fEGtshezhistes may be
because valid instructions nmay still be in the pipeline and these valid 10
i nstraicti aes doéghtviod]jaistedietar avdect tomldoounted it €rcorddiengdce t hey
commt. One way of correcting the ECnt register data follow ng a

termnation, is d0rfd e thgpd NStd UctiPshdeiie dhed&rdd N athd 0 conmi t
and then wite the ECnt register with 15 its architectural counterpart.

However, tip a%q it | ' ?{9 is |less

t han t he tlil%rrlgt irqtaélqla esla?%%aﬁ%%n t et%?ggllt%kyneégﬁ Cr}ieo :}f%glter?zl%%és/(; an
efficient way, of adjusti n ear) ou al.ue.. As shown, after a |oop
setup 20 i Jr‘?ﬁ:eﬁ%ntj%%? 2[?%(?.'6\ St etck(‘ai é,/qjhpee]e]eﬂefy count register may be
witten (182). At this point, the ECht data nay_ be sent down the pipeline

(184). 1f a terThhadtoR ARSIt ural ugh by tatfigats udtiths may be drai ned
186) and the
( %o instruction is the top of the loop, and which instruction

is the bottom of the loop. The top and bottom values in
the loop setup instruction, however, may be program counter
(PC) relative. Therefofe, a calculation (40) in AC stage
may be used to obtain the top and bottom values that will
15 be written to ETop 34 and EBot 35 registers respectively.
After the loop setup instruction enters EX 1 (41), the top
and bottom values may be written to the ETop 34 and EBot 35
registers (42).
The ETop register 34 may be loaded to point to the
20 first instruction of the loop (or top of the loop). The
EBot register 35 may be loaded to point to the last
instruction of the loop (or bottom of a loop). The ECnt

register 36 may be loaded to specify the number of times
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-19 ECnt register may be witten with the data in its architectural
counterpart (187). At each bottommatch (190) a valid decrenent bit may be

sent downyphgpopel i ne (192). When an instruction that 5 gaygRey syl id bit
to be sent exits each pipe stage (194), a valid decrenent bit may be

removed fromthe counter at that exited pipe stage (196). In other words,
the counters may be increnented when a valid bit is sent (e. g. at 192) and

an indiv!q%%#hgﬁgpgg& Hﬂg (?3&;q§5§$§ Q%F?jf%&3201196 when t he

i nstructi on cause e Va decre 0 seht®®kits the pipe

stage. If a termnatioqon qccurs in the pipeline (198), the early count
regi st er ﬁﬁ‘?%"ﬁ&]%s%@%(l%%)cwq%éjoﬁﬁw'o SEHEMETddA R @nttif ts in the

counter at the termnation 15 stage. This adjustnment value may al so be

r epr esent &4 fiawitth@aess gdutquah ddimtiarorf every pipe stage that resides

| ater in the pipeline than the stage where the termnation occurred. The
steps in FIG X¥IGwmy rispeatfldvenbiclgmsn uritlids taddt ilmpprienstadectdfons have
exited the pipeline (200). 20 The ECnt register may be decrenented at every

bot t M Maicple et idh JIOThvEFyrdassod himitghs theed eopoogHamygy , rat her than
propagate the whole ECnt val ue down the pipeline after every bottom match

only a singls® NRltibr 120 receivd®HAfIBiMod ds dBh PG iSRG o the pipeline.

In this manner, a hardware reduction rmay be realized in the DSP system The

oo oh ol ISR P IaS, SR B VIR AREG S

counters @%éé?¥y)§%veral setup variables including a Start Offset
(S-Offset) and an End Offset (E-Offset). The S-Offset may

10 specify the distance in the instruction stream from the
loop setup instruction to the first instruction in the
loop. Similarly, the E-Offset may specify the distance in
the instruction stream from the loop setup instruction to
the last instruction in the loop.

15 For instance, if the first instruction in the loop is
the instruction immediately following the loop setup
instruction, then the 8-0ffset would be the width of the
loop setup instruction. If, in the instruction stream,
there is one instruction between the loop setup instruction

20 and the first instruction in the loop, then the S-Offset
would be the width of the loop setup instruction and the
one instruction. Similarly, if there are two instructions

between loop setup and the first instruction, then the S-
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running tab on differences between an early count register and its
architectural counterpart. FIG 11 is a block diagramillustrating counters
in a cirGyplyeysfesshown, counters nmay be nmintained at evepyrARofiadge of a
pi pel i ne a?t er DEC (210, 211, 212 and 213). Therefore, a single valid
decrenent bit may be propagated down the pipeline to account for the
difference between the early count register and its architectural

count er par The counter nay,be ¢ ected to the input of a multjplexer 15
R L S S Clode gty e i P A R S R
the early count register 36. In other enbodinents, a term nation nmay not
occur at def? aiFiStHgesondr may be restricted when a certain instruction
resides in a certain stage. In such 20 enbodi nents, the circuit hardware
may be reduced AF FRWn it eiE®t | hg HouBEdet tand E-QYffsathare a
termnation is restricted. -21 The wi dth of counters 210, 211, 212
and 213 neiyyiecal ersokasf neddey. a Fosop nsdtane e ncotirdteiror?2 101498y be a onebi t
counter and 211 nay be a two-bit counter. The mnimal depth of counters 2|2

and 243 maowiepend e theophedeip of ndt Bxecitn Wpsd afiass tHd dimsdtidel i ne.
Counter 210 may be a one-bit counter because it always has a val ue of

either 1 of Qe RS ¢+RSTAACErarh t &ﬁ%@rv e of *%e"if‘; & mat ch

i nstructi one]izag{lcu%rent%y in A%faV\hcen t he i?s(%)ructrl; on eaﬁle’s%&t q{%e counter
returns tq zero. t (211 and. th t count (e.9.. for,stage EX 2)
may be t\/\o‘fabji © Bt ga?}'sl%](g gtf? h&o%%%rﬁlﬂgequcg%gé of eee‘]{ocr evsaél%{e iar{lvden ion is not
limted in this respect. This is because counter 211 (e. g. the EX 1

counter) rfyt IRl MEBEIRR VAFER o7 st BTop St Ere TR tfave a

maxi nrum val ue of 15 three. The EX 3 counter has a nmaxi mum val ue of four,
hence, it (B nediPEeperr bitRe Bf nva ke yand HrQhkaet irae koumed s£qe. g. EX
4 to EX 6) nmay be three-bit counters capable of representing between five
to seven vwHlmslatespEiRot vedyisRer Thetzo(liller Vimktd dakcwlctedt age may be
determ ned by considering the maxi num val ue that the counter may need to

hol d. Thi sed®yy G4 BSPONIdd ©a they Gss evihiefén the tKwRed Sl Sidteers
instruction | oop. Thus, the depth of the counters 22 may sinply
correspond gy the number of stages between the counter and AC. Again,
however, ti1e size may al so depend on whether a term nation may occur in a

part bl ar, 305y 58 SO A0FS, Y BRE TPSH LONIANGS SRRy mde o
counters ré?%fgémhﬁ%nt£¥ﬁting the ETop and EBot registers. Steps
15 (44) and (45) may occur in DEC stage 14. Calculations
steps (46) and (47) may occur in AC stage 18. Therefore,
the write step (48) may occur in EX 1 stage 22, although
the scope of the invention is not limited in this respect.
Once loaded, the early registers may be used to set up
20 hardware loops. FIG. 5 is a block diagram illustrating one
embodiment of a hardware loop unit 8 connected to an

instruction fetch (IF) unit 50 and a decoder unit 52 of

pipeline 10. In one embodiment, the early registers may be
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sel ected stages of the pipeline my be used to adjust the early count
register if the penalty associated with draining the pipeline is greater

t han the \bg%@,g@)og)enal ty. 10 However, if the drain penaltypigusesfishan or
e branch penalty, then the instructions in the pipeline nmay be

equal to t

allowed to commt so that the early count register may be adjusted fromits

architectural counterpart. System operation may be chosen dependi ng on
where in th% it%el 'er]ceeCJtS tl1e t er.m q:%%i 0

having 3 &XELTE STHGEE dhy B drihi Wed 55 5He YerMST4H o 88c in EX3
stage or VB stage;. but the pipeline may not, be drained and the early
count er mEPIFe BeFAATR 1% dhe eé’rri'icﬁ‘égleidor‘f”ﬁg‘c&n? 98F FF S HOOBX 3 st age.
FIG 12 is a flow diagramillustrating a hybrid node of operation. As
shown, a dagRractimgnsdj Wcan agad, ddetlopd dastzegtiionsg maar fenat i on

(230) occurs before the nth stage. However, if termnation (230) occurs

occurrfed. LN _one cas:f:Pr7 a pipeline
rs

20

after theiss2®d againt st agmitrhefirdhd dapsthaucdwaares. | IThHusg [difpelhene may be
allowed to flow through the pipeline and conmmt (232). The early registers

may then ke rupdateefl sdidts tdwac gl aar niddwiuctarashillc’Ryd, Urdtere @hat @yart s

(233). The variable n may 5 define the point at which allow ng instructions
to flow tygugh 4 he, pipeld ng Jakes @h MmN Lo rdddRd &3 Rk LHequal to

the branch penalty (234). FIG 13 illustrates a hybrid circuit having

counters ik Y d 1T h hEXSRIN AagRvaIe St Sl me Aldgy 10 the

pi pel ine to execute its 1nstructions ermnation i

instruction has entered the nth execution stage. However, the circuit may

adj ust an B4 f‘count register following a termnation if an instruction
has not entered the nth execution stage. Again, the variable n may 15
define the poi MMeken ehdl e hof §HST Y iMs I FqBIFe HGEGR 1t he
pi pel i ne takes an anount of time | ess than or

10 challenges. For instance, one challenge introduced by the

use of early registers arises because the early register
data may need to be adjusted. If the pipeline must service
an event, the pipeline’s current operations may need to be
terminated. If this termination occurs after an early
15 register has been written, but before its respective
architectural register has been written, then the early
register data may need to be adjusted. In other words,
because the early registers are written early, a
termination in the pipeline before the loop has committed
20 may require an adjustment of the early register data.
FIG. 6 is a flow diagram illustrating a mode of

operation involving adjustment of early registers. 1In
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equal to the branch penalty. In other cases, the variable n may reside nuch
earlier in the pipeline (e.g. where the branch penalty is larger). 20

Addi ti onalglee@meRar dware, such as | oop registers and | oopppyfiseifeszmay
facilitate fast hardware | oops. Loop hardware as described herein, may

provi de several advantages. In sone inplenentations, |oop hardware may - 24
hi de branch penalties. In addition, |oop hardware nmay save power by
renovi ng the need t Ss ry, devi ces such as cache or,SRAM for every
iteration po%rtalcfugLoap]?' Ia:kth]?(IfEhe? m?ytirh%tefsoo ardidte HEEt Y8 d el ow may
have very few 5 progranmng restrictions. Mreover, |oop hardware may
renove al iagjjrﬂfb?ﬁ”}geg@??l?:tﬁ; s tHAT et SR Ier wi se exi st in program nenory.
Referring again to FIG 1, illustrated is a programmbl e processor 2 having
an execution pifelshewn amdFi©. 6 corhe otawhy treayimns otayirdet 6 may i ncl ude
hardware | oop unit 8. Hardware |loop unit 8 may include one or nore sets of

| oop buf f ersiiciosmeCt @d. | NIsesnesembod Foeh t | @h, FIGe hardvareatpp unit may

i nclude one or nore single 15 instruction |oop registers. A collection of

| oop Duf f efesyiafe s doOPspegl Bi@iBlyeyhe BT@S! iBEdty, hend agndardware. This
collection may facilitate fast hardware | oops. Referring again to FIG 5,

i 11 ustrat eddSsed Ofks dighdm.sheys N pn eppodi vents i & fiardyare | oop

unit 8 20 connected to an instruction fetch unit 50 and a decoder unit 52

of pipeline .. 1 ns t t njt oV n f nunber of
i nput s tonkfJr‘})éea‘]hlar%éd1 érg)cl%%%u%%1?%&%—!5%%%@%&?%%%0%%%?8& %/Stg%ﬂ%ri se a
HU|tlp|eX%§n2§ Beéﬁswritten (82), then the unaborted instructions may

be drained from the pipeline (83), and the early registers
10 may be adjusted by writing the data contained in their
respective architectural counterparts (84).

The mode of operation illustrated in FIG. 6 may be
particularly useful when dealing with back-to-back hardware
loops. 1If, for instance, a second loop is terminated

15 before it commits, a first loop might still need to execute
its remaining instructions in the pipeline. The adjustment
technique in FIG. 6 provides a way to deal with this
transition by adjusting early register values accordingly.

FIG. 7 illustrates a way of updating the architectural

20 register value with the Early Count (ECnt) data. Data may
be written to an ECnt Register (90) in any manner described
above. The ECnt register data may then sent down the

pipeline (92) so that it gets written to the architectural
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connected to | oop hardware 54. Loop hardware 54 nmay contain one or nore
sets of |loop buffers and/or one or nore | oop registers. Mreover, the sets

of | oop RubbHBISedmay i nclude a defined nunber of buffers cafpesiirgsin
series. 5 Each set of |oop buffers may have an associ ated | oop register.

FIG 14 is another block diagramillustrating one enbodi nent of a hardware
| oop unit 8. Again, hardware | oop unit 8 nmay be connected to an instruction

fetch uni @ 10,a._d own e lL.oop unit 8 ma

i ncl ude agnggt'ggg%gFe568%%gnn8%3e g Fgéﬁehargﬁgpé Eo%ﬁ ﬁgrdmareynay

i ncl ude a set of buffers 27 273 and 274 connected in series.
These bufFBEEeﬁﬁﬁngr&$F&€ Fﬁﬁu?f%Ghﬁ iPﬁQr (P4) nizhei BCakeReFAGLERUI ti pl exers

260 and 280, in turn, may provide inputs to nultiplexer 290. Qutput of

mul ti pl ex8pteonaynpeheecasrnented 1§64 rBEp reegeateoros thehpéRefinebe
connected back to the input of multiplexer 260. The output of hardware | oop
unit 8 may 9@l evi Bbisnpuioces samdgcodarine Mplttilpitbeelo260hamy have a
plurality of inputs. These may include an input froma register (e. g. an

enmul at or Fnsticletd amsr e@isst éreratdoan (98put fromthe fetch unit 50. In
addition, nultiplexer 260 may have an input fromthe - 26 | oop

instruction regirgtesg &Q@u@%fa&%%ta%r%EE%Q%aQ&v@D%%yOB@ehpﬁ%&@W%r%hEOOP
units. Exenplary FIG 14 illustrates | oop hardware conprised of a 4-deep

set of QEUB#EEQE%r ﬁ AR PGl A3LT UCHLQR 2 %%thEQBdl “@%%r F%§¥

nunber of ers an instruction registers cou be us

enbodi nent s exe des of operatlon | oop .buffers. are inplenented
T two i FREReAPREo s PP LR ond ey L teteR18h oF tnd Tdo)

the mode of operation illustrated in FIG. 8 sends the ECnt
10 data once. Then, in subsequent iterations of the loop, a

single valid decrement bit may be sent to adjust the

architectural count register.

In FIG. 8, data may be written to an ECnt Register

(90) in any manner described above. The ECnt register data
15 may then be sent down the pipeline (92) so that it gets

written to the architectural count register (93) during WB

stage. In subsequent iterations of the loop (94), a single

valid decrement bit may be sent (102) to decrement the

architectural count register (104). This process may
20 continue until the loop has finished its last iteration
(98) .

FIG. 9 is a flow diagram illustrating the timing

advantages realized by the use of early registers. As
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every instruction in the loop fits in the loop buffer. In 1o another
scenario, every instruction in the |oop does not fit in the |loop buffer.

Each scerggifydogs di scussed in turn. FIG 15 is a dlagrantbé+g§&ﬁﬁ§hng one
scenario. As shown, a 4-deep set of |oop buffers nmay be J

three-instruction Ioop (12-14). As such, one of the |oop buffers and the
VTop register may not be | oaded with any dat a. Instructions [2-14 may be
execut ed again and ain uyntil the exit condition of the i s met
shown, th&"&¥f* Eoﬁg%t'gn #& PhEPERY ?é&teSBPQlFFﬁBstﬁéyIEe ﬁ??ﬁﬁgtlon 20
is issued. fromthe | oop buffer FIG 16 is a flow diagramillustrating one
scenari o. 1R§OsRoRRL Oﬁeﬁﬁﬁéﬂ‘6ﬁ§1ﬁ§§r§e (LeQhed FBE6F, SRKIYr ucti ons may be
| oaded into a set of |oop buffers (302), and the - 27 menory devi ce
may be st&ht&d/e304) cogddltiiong may #ﬁ#@r9end?t§ﬁ§eddé166&ebe§avengs to the
DSP system After loading the instructions into the set of buffers (302),

t he i nstr liobbosetopy ins tsulesdgne hialsy comaied etir da2ihe set of 5 buffers
(306). The instructions may be issued over and over again until the exit

condisti on of thgjueenngs iRt BCARBregikier hédyl pragehitetddliewodaagr am
illustrating one scenario. As shown, instructions may be issued (310) lo

I nstructi %H%l %% ! 0?@?%‘&&%& o%etth%f ECAEP r@ EE%% ) gy4}oe %o
y be I

devi ce nm I"ed | oop count be initialize (312) As

|ong as the, exi tgzg)tt%' J 9 of (isilagn s %Othggtortg%ﬁgelghﬁr okoqR gount may

be decre nd "the |ns uctions nma SUE ma set of

| oop buff rs (322). The V|ce may be stalled until the | oop count

reaches a HQH P@&nﬁUﬁE@ﬁn;efg16) lﬁbF@@V%@ %ﬁcﬁﬁfebeagéﬁtned such that the
next instruction after the |oop may be imediately ready in the fetch unit
when the Hospriesions gied stidlt les imather pireddneogpdexiesgerallig may be
avoi ded. I n other enbodinents, a loop count is initialized (312) to zero.

Adjustnenﬁné$2®phmmMajmﬂghtiaddmsmemhethechdmpc¢amaﬂ catinér rekhastéecr enent
as shown in FIG 17. Still - 28 ot her enbodi ments wi |l becone apparent

in light ebiRkGConckSthéy commit.
One way of correcting the ECnt register data following
a termination is to allow the instructions before the
termination to commit and then write the ECnt register with
15 its architectural counterpart. However, this may add an
additional penalty if the branch penalty is less than the
time it takes to drain the pipeline.
FIG. 10 illustrates an efficient way of adjusting an
early count value. As shown, after a loop setup
20 instruction enters AC stage (180), the early count register
may be written (182). At this point, the ECnt data may be
sent down the pipeline (184). If a termination (185)

occurs, unaborted instructions may be drained (186) and the
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FIG 18 is a diagramillustrating another scenario. As shown, a 4-deep set
of loop buffers may be | oaded with 5 tour instructions of a loop (12-15).

I n addi tiQg.g282930P register may be | oaded with the addresgrAfsol/igsnext
instruction 1n the | oop. VIop may be an address register that resides in

the pipeline (see FIG 2, 37). During subsequent iterations of the |oop,
instructions [2-25 may 10 executed while 16 is being fetched. 16 may then

be i mredi |,y ready for execution after, 1.5 has en executed. The exit
condi ti onaérrcglytybreegtlh%tc%d“@ﬁr %d"lilt%treaﬁ i otfl}‘etﬁlga o FG 19 is a flow
diagramillustrating the scenario of 15 FIG 18. As shown, a first subset
of i nstru@GBHLSRPIRL | SRRIEETRAT al 'eh) of buffers (330), as the first
subset of instructions is issued (332). Next, the starting address of the
second subset dft jastly deetitors macibe(l1¥Aded vadtisl deanfimany 4i3349awand t he
second subset may be issued (336). 20 During subsequent iterations of the
| oop (the beurdsert afowr erlet ipmise bisiaeng( 1A )i .neditmn tare isnd truoomidint itdmt 338) ),
the first subset of instructions may be issued fromthe set of - 29

buf fess (3HYserhid erdihied secONEL BHSEInt @i NGt higsk (4Qe (fiE second
subset may then be issued (344). A node of operation in accordance with

FIG 19 may y£ald 26 SEUueR By ay i vd DSEARE S h EVES W td By he 5

first subset 1s Issued froma set 3§1(E1§]ets)uffers, power rmay be saved 1f the

menory devi.ce is .not,firing, addi ti on,- fet.chin ecqnd subset while a
first subse aetl ses)? rs](:seuc}e eraei/gsn% Ané]em tzjlcejé#)o'op Ipnenoatl(i}efreg"foa}i(;fls ’o(r)f:g1 eer%ooucﬁe'?%ﬁ , the

| oop buffer have a depth that correspqnds to at |east the 1o branch
bonal Uy, | TR Ba et 1R ol 41 tF W 1P ot chiah Y hiE o gt St nay
be hidden behind the issuance of the first subset of instructions. This may
i ncrease taE e dEvidiea bspounrgemay thnhae @itiri ot € - hovildver, where
power saving is a nore inportant design feature (e.g. for

10 196) when the instruction that caused the valid decrement

bit to be sent exits the pipe stage.

If a termination occurs in the pipeline (198), the
early count register may be adjusted (188) by the number of
valid decrement bits in the counter at the termination

15 stage. This adjustment value may also be represented in
the respective counter of every pipe stage that resides
later in the pipeline than the stage where the termination
occurred. The steps in FIG. 10 may repeat themselves until
all loop instructions have exited the pipeline (200).

20 The ECnt register may be decremented at every bottom
match (e.g. for every pass through the loop). However,
rather than propagate the whole ECnt value down the

pipeline after every bottom match, only a single valid
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15 circuits inplemented in battery powered devices), deeper buffers may be
nore useful. The first subset of instructions may be the nunber of
instructiygeiees fit in the set of Ioop buffers. The secpgfssres of
instructions may be the next instruction 20 in the |oop foll ow ng those

| oaded in the buffers. Alternatively, the second subset may be a plurality

of instructions that follow those |loaded in the buffers. - FIG 20
is a nore ge er di I TS the cenarl scrl bed above.
As shown, Q%Cpcl r's l'\é%et g‘? |nséternuct(%%ns may %léjﬁ aded |n’tgca %Set of

buffers (35 and| sued (352 | f, all |nstruc ns of the loaq into
the 5 | oo Ter 3(35645‘%" rg%fi%‘}fo? X iR% Wred i It (Egs%) and the

i nstructions may be conti nuously |ssued fromthe set of buffers (356) until
the exit cEofdia%-on The gt (BHagjountgrymay menidar vahishdesfranant oop do
not fit into 10 the loop buffer (354), then a second subset of instructions
may be i sduidcs (@@)tmmsmmmdimm@mmftnmmum riciseodsitteay be

| oaded into a register (362). On subsequent iterations of the |oop (as

defi ned bytd e esdrdt cormk tawth ( 34 )set hef faduitspbaedy ofedpnsd ructi ons may
be 15 issued fromthe set of buffers (366) while the second subset is

f et ched frﬁﬁﬂtﬁ{@fﬂa& 358)di fher Sfcon b suRsal dRYed BN Ru S i (0) . In
(6]

t he scenario |G 18, a request for the address pointed by op may be

rrade every, ! 0 In this manner, a first subset
i nstruct |do%§rr}§£(gh spat %‘%Bl%ﬁc%ﬁbhi ng a second subset of
instructlons - tie . the fir subset, of instructions in the
| oop has been ol't?ﬁsl%at]cttejdg ?H@%‘%{&h@/w L{_h]a SO r AR et et essed
and an alignment buffer prinmed with the second subset of instructions. The
al i gnment GHEFEE mayAS HPE mFRUIPIRLF (RAY R it fepRA B h P EBEY he width
of each instruction). If the second subset includes a plurality of
i nstructi eimngd hef g wapelinemyfimr DEGNEHLIn 2T, 21yramht213) .

Therefore, a single valid decrement bit may be propagated

down the pipeline to account for the difference between the

early count register and its architectural counterpart.

The counter may be connected to the input of a multiplexer
15 220. Multiplexer 220 may determine which counter, if any,

is used to adjust the early count register 36.

In other embodiments, a termination may not occur at
certain stages, or may be restricted when a certain
instruction resides in a certain stage. In such

20 embodiments, the circuit hardware may be reduced by not
implementing counters in the stages where a termination is

restricted.
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buffer with the first instruction of the second subset being an instruction
associated with a VTop register. to Operation nmay further include

request i Rgploh/rdpext instruction follow ng that associ at edppifyReias Whil e
the instruction associated with VTop is dispatched. For exanple, in one

node of operation, the instruction associated wth VIop is a 64-bit
instruction. As that 64 15 bit instruction is dispatched, the next 64-bit

i nstruction (as.,defin by. al i gnment i ry) y b et ched., By
repeating thi ss]'ﬂohveerW Cﬁ%‘ o‘#erc%%%]fs aé%ég%s’t e%ﬁ%(glé]p%tw iBfstructi ons
in a fast and ef{i cient manner. Prjor art programmabl e processor systens
that 20 i @31 IR odiRE MRS YRR T CORIMBLT 5L G iTaY s 3 e
operating code. However, it is highly desirable to provide for hardware

| oops t hattHaveourdysr fang pt blyrmeanri IRy & ekt ormuntier ondlherbudiiment | a
systemin accordance - 32 with the present invention may have only one
programi rmppgEstef ctowntedhe2 52 rapid 2EStma ¢ tdepemmhyorbecHehatunilbdear syt em
cannot have a branch on a | oop bottom Fast hardware | oops may have

Situad i onsebalE oh | 90pgSs hwffercical pspd nind Nvatd@add:om1 These 1sd taati ons
m ght include invalidation where a | oop buffer has been populated with a

condi ti onalp AnanCh.o sy b Qs MYe Bfa PRIA | DNy a P&l s cgierf&p puifers

may be invalidated if one of the first ninstructions inaloopis a

condi ti onal_ byranch. The_var | abl y_ defjne the depth of the set of
| oop buff 2?% {A%o?her%s)]ft%gﬁ%hé%he%qé o%p\?%iu e?PnQarile rjialgua?L rbeOfi fval i dati on
i's when an ev%b . Is recejved while a | oop, buffer is being |]oaded. In

addi ti on, Bf% n:}rb%*f?lé‘?th% 1% CEERRTELY vl Aat iR ook IR B ISNC for

sel f-nodi fyi ng code. Thus, other nodes of operation involve invalidating a
| oop buf f ereaifres AG t highe oFoumese T ERE Uek | ZC ar i se.

10 Counter 211 and the next counter (e.g. for stage EX 2)
may be two-bit counters, although the scope of the present
invention is not limited in this respect. This is because
counter 211 (e.g. the EX 1 counter) may have a maximum
value of two, the EX 2 counter may have a maximum value of

15 three. The EX 3 counter has a maximum value of four,
hence, it may need three bits. Similarly, the next three
counters (e.g. EX 4 to EX 6) may be three-bit counters
capable of representing between five to seven values
respectively.

20 The counter width for each stage may be determined by
considering the maximum value that the counter may need to
hold. This may correspond to the case where the loop is a

single instruction loop. Thus, the depth of the counters
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Zero offset |oops may introduce additional challenges. Ofsets may refer to
t he di stance between the | oop setup 20 instruction and the first or | ast

i nstruct iwg obadoke | oop. In prior art systens, offsets arpciR&esHKa3sYy tO
facilitate setup of hardware | oops or to account for programm ng exceptions

in the system Facilitating zero offset |oops, - 33 however, is highly
advant ageous because it may reduce processi ng time. Even in a systemthat

| 1 eMeNt 8RN 1RO RIS ARG LOOR Ul Zoefr%tffseﬁoe't%og%lt rai se

chal | enges. ance, t st em (?’escrl bed Jabove tine the

early reglsters ar . the first struction of a
zero of f &9 r?d@,wzfté 8’3,9( i rl?o,&@vefhu SitéEE R ﬁ‘g@longll SRGTSt the

| oop exits DEC even before Etop and Ebot get witten, the circuit may

ef fecti veldp 1hethiessa Q@A Medcdllingdes FRISHEUARTF RIS ci I cui t
arrangenments have been designed to detect and deal with zero offset |oops.

I n one node elomgpertatdesn mehe rsttameegf fosaintEeSsof fset) in a | oop setup
instruction is conpared to a known 15 value to detect zero offset: In this
manner, early deioatidromofe aZ@pereffiset is0ep hydrfiacivayt alfeddjustdng
particul ar enbodi nent, the S-offset is conpared to 4, where 4 refers to the

four byteghef & ?@duw&téq@ﬁ&n @Tféecﬁﬁltrﬁ:(étx%d1re%1@.'h% %ftf tele | 0Op may
be set up even before the 20 early registers get witten.” FIG 21 is a flow

di agram t Qat; dd¢l qistsrtadt araf im0l fb%r é]q"%tdeg‘% %gjégl) A€l eof fset

| oop. As shown, | 00 etup |ns(tiyf ction ma ecod s-of f set

- 34 early count register if the penalty associated with

draining the pipeline is greater than the branch penalty.

10 However, if the drain penalty is less than or equal to the
branch penalty, then the instructions in the pipeline may
be allowed to commit so that the early count register may
be adjusted from its architectural counterpart. System
operation may be chosen depending on where in the pipeline

15 the termination occurred. In one case, a pipeline having 3
execute stages may be drained if the termination occurs in
EX3 stage or WB stage; but the pipeline may not be drained
and the early counter may be adjusted if the termination
occurs before the EX 3 stage.

20 FIG. 12 is a flow diagram illustrating a hybrid mode
of operation. As shown, a counter may adjust an early
count value (228) if a termination (230) occurs before the

nth stage. However, if termination (230) occurs after the
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may then be conpared to a defined nunber (382) (the defined nunber
corresponding to the width of the | oop setup instruction). In this manner,

a zero of{68b4l0e9p May be detected even before the early pegishglssoet
witten. If 5 zero offset |loop is detected (384), the next n instructions

in the loop my be issued and | oaded into a | oop buffer (386) as described
above. FIG 22 is a flow diagramthat illustrates a node of operation for
detecting_and deal i wi t.h the special case 10 of.a sjingle instruction zero
of foet 108, HETThoME™ st ot SEh U PRt r et Vo FHP DHv e dUBta (368) . 1
zero offset .is detected (390), and the Start O fset equals the End O fset
(392), t héd1v&idhdice Slpst Hhatiauelh Ithsp Hidr Hdg @nslicomBILyE pedidr-medB94) .
Zero of fset nmay be detected when the s 15 offset equals the width of the

| oop set ugamst meetisdrer sAmavnghen st upstated (Widh e e tdetiecttddkiwhen t he
s-of fset and e-offset are the sane. Special hardware may facilitate setting
up and exeocuthing cdaigleunmsinpactisonA330p aThRuivaldiynbde posaibl e. 20
Referring again to FIG 14, the |l oop register 296 may be used for this

specisal casFinEhihe Pt I whimh RE IRAFIEY B t¥tdtdadisndd Epvhar dwar e

(such as loop register 296) with the single instruction, and repeatedly

I ssuing - t%%oughf t:r%atpiiﬂés.l{ir&éc@a%so% qrr}d?ﬂftdvc\ﬁr eciln%oﬁglég E}t&%ry@f | the

exit condition o e'single Instruction [oop is met. e instruction

| oop may be det ect and then perf.aqrne hol ding the instruction in
decode in & e%Pa% IQﬁﬂ§éﬁm§%qi§ﬁ%wﬁ%%%Fster 296 (see FIG 14). In
addi tion, nennéy devi ces may not be accessed and everythi ng upstream nay be
stall ed to savéffowdr INdrEdv@EteSsisndwhiie G b ARG IS SHS nay be
i ssued out of |oop instruction

in the first n - 1 execution stages. The circuit may allow

10 the pipeline to execute its instructions following a
termination if an instruction has entered the n*® execution
stage. However, the circuit may adjust an early count
register following a termination if an instruction has not
entered the n™ execution stage. Again, the variable n may

15 define the point at which allowing instructions to flow
through the pipeline takes an amount of time less than or
equal to the branch penalty. In other cases, the variable
n may reside much earlier in the pipeline (e.g. where the
branch penalty is larger).

20 Additional loop hardware, such as loop registers and
loop buffers, may facilitate fast hardware loops. Loop
hardware as described herein, may provide several

advantages. In some implementations, loop hardware may
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regi ster 296, the instruction fetch unit 50 may be free to 1o fetch the
next instruction (e. g. froma cache). Thus, when the single instruction

| oop has WpRRhsiag execution the next instruction may alreggy, Re1idsi he
instruction fetch unit 50, resulting in zero penalty loop exit. In summary,

zero of fset hardware | oops may be broken 15 into three cases. In the first
case, a zero offset single instruction | oop may be i mediately issued out
of decode ,\i op. instruction register.. In the second case, a zero

of fset n- ih\és T gjcgta:%loérz1 Ipoeonpaltr%alye%e i%gead%cg’ttell%/n’de]toeocﬁg‘ L0400 ToFpl etel y
into an n-dee et of loo Q3{fers. 20 And in the third case, a zero offset

| oop may BEYW | BT et el ThEFT5E MR (ARG BICR 1B | oop

| oaded into an n-deep set of |oop buffers. The next instruction may then be
associ at efFafheh o rieqji stegry -1tggration |9f ghed ambodiFiErthe yr@ge har dwar e
as described herein, may be inplenented in a pipeline. This may be nuch
nor e advarnthageoyy thrardwand et 1 ged Mdlarvs nay daoschery nfeone node of
operation, loop instructions may be 5 stored in | oop hardware such that the
i nst rauct i Qs g afnnelrid)nesk {01 Gl s I Wt v oundsdy .hakitiwa r@ymde nor e
advant ageous than aligning instructions to an address boundary. Once

ali gned 1 G AbyNATHAIAN DRANEAT St {dhs A DAY eI Ofn

i nstructions may be hecessary 1o when they are subsequently issued

| oop hard Tp ' instructions to an instruction boundary, a set of
instructigﬁ%§ﬁ§§ 5@$%%§ﬁéd in an order of execution into the |oop hardware

and the address of the next jnstr ion may, be staored in an address
register. In 1 ']?]irb‘?l,a%ajsréc%%gﬁc][s&é‘tn]m %/]r%s"tsrttﬁ?t'edﬂslshﬁl be | oaded in

order of execution into a nmenory device. Loading instructions in an order
of execut IRGPITRTNGR) MERP@RRFIRE 2 having an execution pipeline 4 and

10 a control unit 6. Control unit 6 may include hardware loop
unit 8.

Hardware loop unit 8 may include one or more sets of
loop buffers connected in series. In addition, the
hardware loop unit may include one or more single

15 instruction loop registers. A collection of loop buffers
and/or loop registers may collectively be loop hardware.
This collection may facilitate fast hardware loops.

Referring again to FIG. 5, illustrated is a block

diagram showing an embodiment of a hardware loop unit 8

20 connected to an instruction fetch unit 50 and a decoder
unit 52 of pipeline 10. Instruction fetch unit 50 may
provide one of a number of inputs to the hardware loop unit

8. Hardware loop unit 8 may comprise a multiplexer 56
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may conprise | oading n sequential instructions into n buffers, where nis a
positive integer. Morreover, the n 20 sequential instructions may be any
sequent i ayyolgaabgescti ons including the first n instructi ongcefyser/hadp or the
| ast n instructions of a |oop. - 37 I n ot her enbodi nents (as shown in
FI GS. 23A - 23C), a nunber of hardware | oop units nmay be inplenented. The
out put of any of the nunber of hardware | oop units may be connected to the
respectivediysiir & ©Ohe1 Obp "RA LA Aer5 b, hajcgaf@rﬁam%?rmzr Smay N this
manner, a second hardware ?oop unit may be | oaded via the output of a first
har dwar e | i t gal i Y Provi savi pgs insofar_as a
menory dev‘?‘%gt%%& n% éA\f‘i@]!?e O%% %%%o%%) %(gegg%lgjg%%{%aaﬁlaav@%e ?%eoporuﬁ??r.eto I n
some cases, a plurality of |oop units_may be us to service nested | oops
Corcorne: stk THERS 200 (MREROVER avh® TO0D Gia 1T HA S Hbr  ror o
instructions that are aligned in an outer hardware |oop unit. Mreover, the
i nner har g9 cd ImfineRhyNHEP S a@fe P WL Seh dFORN e Hee A 5L Tl FFiHeR -
instructions fromthe outer hardware | oop unit to the input of the inner
har dwar e |EBoph et .of nleep | bubides mapothnerms,asgrdimlependeed plurality of
hardware | oop units may be inplenented. However, if two or nore independent
hardwar e |oopistets are used in the 20 sane DSP system a restriction may
be used. For instance, when both | oops have the sanme bottom i nstruction,

one of the | oopsr@my pe;sefhbereAsnibek W LErdwop 1V Ehouing hise - 38

restriction the circuit m ght encounter two bottom matches and not know

whi ch one g,@?gﬁg[ﬁ%%ngf F%haf gﬁr%é@ﬂ%r?{t aper 34 ofy, | Wa%%vfazr , O%fé%mp

;
managemnent re | oops. ardware | oops are 5 ‘ena

an EBot 1 GOTST o} Y 56 CONPRTEH (501 Hb PO TGl Whh Bt
natc?b a decoder {not shown). '
Hardware loop unit 8 may include a multiplexer 260
connected to loop hardware. Loop hardware may include a
set of loop buffers 271, 272, 273 and 274 connected in
series. These buffers may provide input to another
15 multiplexer 280. Multiplexers 260 and 280, in turn, may
provide inputs to multiplexer 290. Output of multiplexer
290 may be connected to a loop register 296, which may be
connected back to the input of multiplexer 260. The output
of hardware loop unit 8 may provide input to a decoder.
20 Multiplexer 260 may have a plurality of inputs. These

may include an input from a register (e.g. an emulator
instruction register) and an input from the fetch unit 50.

In addition, multiplexer 260 may have an input from the
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However, when hardware | oops are disabled, any switching in the conparator
circuits may be nerely a waste of power. to Therefore, it nmay be

advant agegua2isvosi sabl e bottom match and top nmatch conpar aefuseifedsd t s when
a hardware | oop is disabled. By choosing inputs to a conparator to disable
t he conparator when the hardware | oop is disabled, power may be conserved.
15 FIG 24 is an exenplary enbodi nent show ng power saving circuitry. ETop
regi ster 400, And SRl ¢80 HKS) AL TBIPSGT VI BHAH R ORG ffo,2 number of
inputs to nuF?ipIexef%JAO4 éﬁ%’406.aThe ouﬁbE{ o?rnéitip exerén%b4 and 406
may be in S .t opparators 4 and 410. The 20 other input to conparators
408 and 4 gﬁﬁ%§?§%he 5%n%?§haégiﬁ§dt of nultiplexer 412. The inputs of

mul ti pl exer 41 may conme_from the programcqunter 414 and a | ogp djsable
signal 416 fro%%ﬂtpﬁrﬁ%ﬂﬁﬂ tl4 ra&%qspﬂ &F&Ss 1APP hagEvate cosprised 412 may
be arranged such that when hardware | oops are disabl ed, the output of

mul ti pl exef #A-deem ey et aapmbufdesst pod ¢ shnieplidedmicigerand 406.

This may ensure that no switching occurs in conparators 408 or 410 when the
5 harsdwar edgispear e Hiveatd vd.anyn nowmbeenteddibveifier st lmeds/mre | oop di sabl e
signal 416 may be sent to nultiplexers 404, 406 and 412. However, an

inverter (iRRitraitawon Medgidterd codlid Heefuyerl M totpleax sk @iy ves the
signal. In this manner, the output of 10 nultiplexes 412 may be different

than that of myfiglaxers AGhand A6 Men ivd,00Rdl SRS gaal is sent to

the circuit. FIG 24 also’illustrates an exenplary circuit for i1ncrenenting

oo S L S PRI, AR, I 47 BRAE T

decr enent regrster. us I's necessary, the
adjustnents signal (e. g. the clobher count 422) may adjyst_the EQnt

BCbor di ngISy S CRAIT R 1Ts 1 RR TS e(EHE Shrt] EEShparkdt or 424
may send a signal 425 so 20 indicating. FIG 24 also_illustrates how bottom

mat cHes afd At IrRGENAT iRy P detidStaRchimin dokhs HP ARPdéXct s t hat

t he program counter 412 and ETop register have the sane - 40
fit in the loop buffer. Each scenario is discussed in

turn.
FIG. 15 is a diagram illustrating one scenario. As
shown, a 4-deep set of loop buffers may be loaded with a
15 three-instruction loop (I2-I4). As such, one of the loop
buffers and the VTop register may not be loaded with any
data. Instructions I2-I4 may be executed again and again,
until the exit condition of the loop is met. As shown, the
exit condition may be checked every time the I4 instruction
20 is issued from the loop buffer.
FIG. 16 is a flow diagram illustrating one scenario.
As shown, instructions may be issued (300), instructions

may be loaded into a set of loop buffers (302), and the
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val ue, a Top Match signal 428 may be sent. \Wen conparator 408 detects
that the program counter and the EBot regi ster have the sane value, a

Bott om Maygha5iepal 430 may be sent. y Finally, FIG 24 apggshi/ussr ates a
VTop register 432 5 inplenmented in a pipeline. As described, herein, VTop

may be an address register holding the address of a next instruction
followng a plurality of instructions |oaded into | oop hardware (not

shown). Vari %$g'nﬂy f ihveng{Qn h t escriped. For
exanpl e, %ﬁﬁg} us a?lmaréﬁﬁg%ﬁ&%gghnlq é%ﬂﬁavgﬁgggﬁgg%gggi%5%“?%?

i npl ementation wthjin a processor. The processor be inplemented in a
vari oty ofia ST 4 AR g amsisal “h o SP T Gy YIRmeoaf gid al
processi ng systens, |aptop conputers, personal digital 15 assistants

(PDA' s) arddnsfizcigisresinia, the seomfetufferns hattilar £hwops di scussed
above may be readily used to increase processing speed w thout

si gni fi cantdst rnurdrieass mp yp doeers uberesrepttilon. i dsuesichran sfst et tdfe processor
may be coupled to a nenory device, such as a FLASH nenory device 20 or a
stati ramioiieaas e aeNOIthd SRAMridtatorsd aias v ioparat idig s aiem and

ot her software applications. These and other enbodinents are within the

scope of tdhgf old oM Nehidl Rite bk condMn i ol MBshd Sis ek A net hod
conprising: 2 decoding a | oop-setup instruction; 3 detecting a zero offset
| oop fron1&ﬁﬁﬂlpop setup 9 instruction; and

FIG. 17 is another flow diagram illustrating one
scenario. As shown, instructions may be issued (310),

10 instructions may be loaded into a set of loop buffers
(314), a memory device may be stalled (316), and a loop
count may be initialized (312). As long as the exit
condition of the loop is not met (318), the loop count may
be decremented (320) and the instructions may be issued

15 from a set of loop buffers (322). The memory device may be
stalled until the loop count reaches a defined number X
(316) . Moreover, X may be defined such that the next
instruction after the loop may be immediately ready in the
fetch unit when the loop has finished. 1In this manner, a

20 loop exit penalty may be avoided.

In other embodiments, a loop count is initialized
(312) to zero. Adjustment (320) would then increment the

loop count rather than decrement as shown in FIG 17. Still
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5 issuing a next instruction follow ng the |oop-setup 6 instruction as a
first instruction in a loop. 1 2. The nethod as in claim1, wherein the
zero of fagdob/e@Rs 2 is detected before | oop conditions of phgkegRsget
witten 3 to a set of registers. 1 3. The nethod as in claiml, the nethod
further 2 conprising: 3 |loading | oop hardware with instructions, the first
4 instruction | oaded into the |oop hardware being the next 5 instruction
fol | owi N0 gihe SAHDREMAINSHIUC Helomel appaltn M1 . IdE Glrglym S, the
met hod further 2 conprising: 3 issuing at | east sone the instructions
fromthe iSqup har dwar e during a subsequent iteration of the |oop. - 92

1 5. The méthod as in claiml, the nethod further 2 conprising: 3 detecting

a single instryctjon |oop fromthe 1 Qqop 4 setup instruction. 1 6. The
method as in c#ﬁrridm 3,8 tlti FreHRET 3 S atoms idditge 3 988 d S -a | oop
register with the next instruction 4 followng the | oop setup instruction.
1 7. The A6t 86@Was ian Lcldden cett I oo dUifiatremay dsnpidasiadywidh ssui ng
the next instruction fromthe |oop register 4 during subsequent iterations
of the | odpurl iBstiveteitwdfas ilwod AITA-T5)wherla rRddie izer,0 aoffTogt is 2
detected by conparing a start offset value in the loop 3 setup instruction

to a definedinwdEicmayl b I0wigEMWIath ahd hdd@Igs &f WS eidktt he zero of fset
is 2 detected by conparing a start offset value in the | oop 3 setup

i nstructi gn&Gudig oM Al 19fe R OORRE Wy 1o IS HAGdN regidier 1 10.
An apparatus conprising: 2 a control unit adapted to detect a zero offset

| oop 3 Trqp.a 1,990 f&l h i*{bﬁé rrpéi%]ei]]%%e ULt #100p hargyar el jl, The

apparatus as 1n clarm e oop hardwar€ Z'i ncl'udes at l"east two

| oop buffers coupled.in rallel, d 3 the control unit i apted to
i ssue instS @ﬁ%‘r‘?@%ar?&q A5 gg’set?jsoé’rpe c}fnsttH:élqtﬁsor”isucIféi' st o the at

| east two 5 |oop buffers, the first instruction |oaded into the buffers
bei fd a neFEIHES 1htilsh FolioRsidd Heidws sethfp Makstthifgr iksn. 1 12. The

apparatus as in claim1l, wherein the control. unit 2 is adapted to issue
i nstructi amnefdiernalhe dezoly bidd e dudri @ & ffidsddudnrts ibemmataxmrudfed.he

| oop. 1 13. The apparatus as in claim 10, wherein the control unit 2 is
adapt ed t ondeteadtt adidiglieod nedy wed icedkeep.dukitdy ierapparatass s i n
claim 13, wherein | oop hardware 2 includes a single instruction |oop

regi ster, jgpgh.the - 99

FIG. 19 is a flow diagram illustrating the scenario of
15 FIG. 18. As shown, a first subset of instructions may be
loaded into a set of buffers (330), as the first subset of
instructions is issued (332). Next, the starting address
of the second subset of instructions may be loaded into a
register (334) and the second subset may be issued (336).
20 During subsequent iterations of the loop (the number of
iterations being defined by the exit condition (338)), the

first subset of instructions may be issued from the set of
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3 control unit is adapted to issue a next instruction 4 follow ng the |oop
setup instruction and | oad the next 5 instruction into the single

i nstructiywgohQsasregister after 6 detecting a zero of f set pgr/ighRi6337
instruction loop. 1 15. The apparatus as in claim14, wherein the control
unit 2 is adapted to issue the next instruction fromthe single 3
instruction | oop register on a subsequent iteration of the 4 loop. 1 16. A
system conprd.si.ng: S ry. device; .an a.pr.oce r.coupled to the
menory de |uc£ef,se£v1ﬁ2e932e4|® t"f%g\ﬂfngcrqgec essegcoo\rﬁalC nscqbﬁs gcs %as cb([;eﬁtr}goﬁcse%rﬁ}}e&;dapt ed to:
5 decode a | oop-setup instruction; 6 detect zero offset | oop fromthe

| oop set upt A4 st riRkg i BiFoMhF I % tﬁlﬁ& at?%sitsrsl}lﬁq o %%1° owi ng t he

| oop-setup 9 instruction as a first instruction in a loop. 1 17. The system
as in cla m16,A et t¢Rexnialinumacerdancgigpitdd Bl detded@@tt he zero

of fset | oop before loop 3 conditions of the loop get witten to a set of
regi st ers.reaize sevdrdB.admtsagtem a1 nirdtamed,6,ewdeyr diimet Hehecont r ol
unit is 2 adapted to load the | oop hardware with instructions, the 3 first

i nstrauct i ofy dpadad 4t oid hiesdwap fissndviareetbed Hou hfe s Nedwdmsiawdd on
following the | oop setup instruction. 1 19. The systemas in claim18,
wherein the oty ol fidedSr@ AoAULD d hdiSSHeralg ] eas! IR iQdn t he
instructions fromthe 3 | oop hardware during subsequent iterations of the

| oop. 1 20._,The. syste i n i . rei r.ol sund.f.d

adapted t ofeate rhelcl% ag s:’l[%f'gt?%& i Sn@%uﬂ%nl%pﬂf %oém%kg%%o% 3 L£{sge eudps'ﬁ[lgy
instruction. 1 21. The s stggkgs in flain120 t@e s stq: further 2

conpri si ng I BEe rERRIRFATHG 1 n PhePtort Tt s o “PBted to | oad
the loop register with the next instruction 4 after detecting a single

i nstructi ke AY skave oypdentlpthafhcayneprnds it @taikfRast Wierein the
control unit is 2 adapted to issue the next instruction fromthe |oop 3
regi 51 er duramch spsndbeyuenthus erthe qreniliheassoplatedigvith fetgiginghe
systemas in claim16, wherein the control unit is 2 adapted to detect the
zero of f sethdys €OFpar sulgs @t shay tbs lofddet ethired | théd hesdwnpresedfipche
instruction to a defined 4 nunber. 1 24. The systemas in claim23, wherein

the defineg; bl Lo €08 f eSHOREScE Dot die WKH & ey thec Q0 SEtdilspeed

i nstruction.
of the DSP system. In other embodiments, however, where

power saving is a more important design feature (e.g. for
15 circuits implemented in battery powered devices), deeper
buffers may be more useful.

The first subset of instructions may be the number of
instructions that fit in the set of loop buffers. The
second subset of instructions may be the next instruction

20 in the loop following those loaded in the buffers.
Alternatively, the second subset may be a plurality of

instructions that follow those loaded in the buffers.
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2 25. A nethod conprising: 2 decoding a | oop-setup instruction; 3 detecting

fromthe |l oop setup instruction that the top A and bottomof a |loop are

poi nti ng o biwesane instruction; 5 and 6 perform ng a si pghR;sbiledss¥ction

| oop. 1 26. The nethod of claim25 wherein performing a single 2

instruction | oop conprises: 3 issuing an instruction out of a decode stage;

4 | oading the instruction into a loop register; and 5 reissuing the

instruction fr h Qp .regi.ster. 7.-.1The t hod as .in.clai.m 26,

wherein the i nﬁ(;tuc%do(r%‘%osa g‘%afef iiesntejrlaﬁlstfrlt?é"f idoI%,d}taﬁ\e lﬁﬂgt éccfaf%dﬂ%er
conprising: - 47 ., 1 fetching a second _instruction that follows the

. single 2 i AN Q0 SESCIE e ARy Sret Hod SBOW @ &iiksi7 subse th@thod

further 2 conprising: 3 issuing the second instruction after the first 4

i nstruct i gHEBIBdams dlass diand Fadsd tidd copategifstarf fe® débiedntunber of

times. 1 29. The nethod of claim25, wherein the |oop setup 2 instruction

i ncl udes asstwyd (FFXet afd sl endtofdcdeiognsamd I hehdroeipn fdigt detdiang-He om t he

| oop setup instruction that the 4 top and bottom of the | oop are pointing

to the samdp ivisAAdict (3BY )GOMHdS &6 iy ddvigd haly e stantedffset is 6

equal to the end offset. 1 30. The nmethod of claim25, further conprising:

2 detectingeznr o il fHAPINRE dROMSLIE dAUHIAR 1B &iotsui ng

the next instruction immedi ately followng the 5 | oop Setup instruction as

the first instyucti i e f.set .single Jnstruct. Joop., - 48
1 31. The trpeet ot o%fgtiuaflkrﬁ%%, (%ne’gr ngfnntSldlettzr{c%]i%rf{gL 13z er o Ctoi’f‘;cl‘lsog'? Z %ger}:pri ses

conparing a start offset to a defined nunber. 1 32. The nethod of claim
31, wherei Pitect | ng zero offset 2 conprises conparing a start offset to

the width of the loop 3 setup instruction. 1 33. An apparatus conprising: 2
a control unit Hdaptledhd dttedtctivm £9 I dap ® inedft rlicdt id6HEQ hat t he

top and bottomof a | oop are pointing 4 to the sanme instruction; and 5 | oop
har dwar e. the34locthéowipfrar atifst Jasithe & MB3;onvherudisett hef |igoi Uraridwes e
i ncl udes atl east onesingle instruction |oop3 register, and whereinthe
control umdy itse adapiet] (360)0add arhd nsiantciigpraddias g hef sil@eci nstructi on
| oop register5 after detecting fronthe | oopsetup instruction that the6 top
and bot t om0ft tihal 000 axBPUNtIdHdP & ARG il UEd2oN.  on
subsequent iterations of the loop (as defined by the exit
condition (364)), the first subset of instructions may be
15 issued from the set of buffers (366) while the second
subset is fetched from memory (368). The second subset may
then be issued (370).
In the scenario of FIG. 18, a request for the address
pointed by VTop may be made every time there is a bottom
20 match. In this manner, a first subset of instructions may

be dispatched while fetching a second subset of

instructions.
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99 1 35. The apparatus as in claim34, wherein the control unit 2 is
adapted to issue the instruction fromthe single 3 instruction | oop

regi ster Wo orluiggpati ons of the loop. 4 1 36. The appar at us pa§/iso/edzar m 33,
wherein the control unit 2 is adapted to detect a zero offset |loop fromthe

| oop setup 3 instruction, and issue a next instruction i mediately
followng the | oop setup instruction as the first 5 instruction in a zero

of fset singl e I5LaNeti . | 080 £ 1 37 o JUS ARDAT AfAS- A5, | 5y 60 g0, wher el n

detecting a zer fset | 0op conprises conparin set to a
defined 3 nhunber. 38. The apparatus as in claim37, wherein the defined 2
nunber cor A JHA RSP HELSRAE L | bS] PSP Y (HATS GHLE95%8. A
system conprising: 2 an SRAM nenpry device;, and 3 a processor coupled to
the menor PRVizEce R A t e Al pyyrenrt huffey wiekned cwhEl ofheinit adapt ed
+ to: 5 decode a | oop-setup instruction; - 50 1 detect fromthe | oop
setup i nstsemindsilhset tde nsopuahntobst t dhhefakidmnarkzupbentmarg to t he
same 3 instruction: and 4 performa single instruction |oop. 1 40. The

syst esn of ded MBPeiphe bystenrtishde(depempding neh 2cive siki@tle dNséadgt i on
| oop register, wherein performng a 3 single instruction |oop conprises: 4

I ssuing a {00p-hMSfSNFLT Ofif O e Ofe B0 MG COMSs ST 2081 Rad 98l PBLELE: 4 POPr
instruction into a loop register; and 6 reissuing the |loop instruction from

the | ' .1 41, ' ' j I
anit io 2 TrenEeidngt Y op BUPAETEE Smap 5o Py lded HOFT AL Lo HRERE S

t i nst ion,,and i t _inst ti i diately fol] ow th
Toop set ub T HETT deTBnt S TRESH TAPEEUTRATT Ut | The | e GoRer BBt TS et oingl 6
instruction |oop. 1 42. The systemas in _claim4l, wherein detecting a zero
2 of fset |RRbGoHprinekrachbali agsaciated withar YEBOR HR¥IFERTS nunber. -51

10 Operation may further include requesting the next
instruction following that associated with VTop while the
instruction associated with VTop is dispatched. For
example, in one mode of operation, the instruction
associated with VTop is a 64-bit instruction. As that 64-

15 bit instruction is dispatched, the next 64-bit instruction
(as defined by alignment in memory) may be fetched. By
repeating this over and over again, a DSP system may
dispatch instructions in a fast and efficient manner.

Prior art programmable processor systems that

20 implement hardware loops may require many restrictions in
the operating code. However, it is highly desirable to
provide for hardware loops that have very few programming

restrictions. In one embodiment, a system in accordance
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1 43. The systemas in claim42, wherein the defined nunber 2 corresponds
to the wwdth of the | oop setup instruction. 3 44. The systemas in claim
40, wher ayg oblpmokoop 4 instruction is a first instructi onpcthgopsssy ol unit
being 5 further adapted to: 6 fetch a second instruction that follows the
single instruction loop. 1 45. The systemas in claim44, the control unit
being 2 further adapted to: 3 issue the second instruction after the first

4 instructj Q'B has @:@},e&ﬁ a&waa& fdrpm RavRORNN§TicHe b1 finged nunber
of tines. -l ?) y kza n%,gA\AsleSQ%B?As}%e

| SAf\é? /’iﬁs/{e\étﬁ EEA%ST@ AS@E 75 ’%59%%‘%% SRELRE, TRV 3K Hoasr A LA ue
r sQ ~yt o] EYPYFTRLERPER da G AR PEa ) &Q]O(Pa]bc‘:’é-(] ¢R4] ca] ca] ca] ca] ca] ca] ca

+ ] ca] ca] ca] c"aU] ca] cMa] c”a] c™a] c”al] ca] caU ca . { 2] r J*N~Em | ~

| wrnhe”Y] c] ca] EaFcafea @ Cal ' aR% ] éa"@aFéé]‘J@al@aﬂ c&eag éallegPca] ca] cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ~
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10908 (0)- Ylo%l)& @1) 10968 ( l\/[?_l
ven in a system that implements early registers and

loop buffers, zero offset loops may raise challenges. For
5 instance, in the system described above, by the time the
early registers are written (e.g., in Ex 1) the first
instruction of a zero offset loop may already be in AC.
Thus, since the beginning of the loop exits DEC even before
Etop and Ebot get written, the circuit may effectively
10 “miss” a top match.

Special modes of operation and circuit arrangements
have been designed to detect and deal with zero offset
loops. In one mode of dperation the start offset (S-
offset) in a loop setup instruction is compared to a known

15 value to detect zero offset. In this manner, early
detection of a zero offset loop is facilitated. 1In a
particular embodiment, the S-offset is compared to 4, where
4 refers to the four bytes of a 32 bit instruction. Once
detected, a zero offset loop may be set up even before the

20 early registers get written.

FIG. 21 is a flow diagram that illustrates a mode of
operation for detecting a zero offset loop. As shown, a

loop setup instruction may be decoded (380). The s-offset
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10%K&f()-3100@&f%?-@#10%ﬁ&ﬁ -2cmiE~ @103 , 210%<& ()- O#10%& ()-3
. - 10%<& ()Plﬂil'fé@)k O(r)r-eSF)OIW&@ O PhrogReth afy the @PrRs fsvhWrs’ () - 10< 10<
10<S : 10%<& ()-!C 610%<7<& ()-FF410%& () - 3&10%<& ()- @B _@
10310% u&ipstyrugtdenis ()N ymagnEr,! [@ muu&iHset loop may be
10% u& ()-!'s10% u& ()-@MNMdE] _@ 1010% u& ()-3 10% u& () -
410% u&' ( Bedei¥du&ven He flii¥9 udiq )edrdlvl @¥%qi&ters fedEjwr@tien. If
5 zero offset loop is detected (384), the next n instructions
in the loop may be issued and loaded into a loop buffer
(386) as described above.
FIG. 22 is a flow diagram that illustrates a mode of
operation for detecting and dealing with the special case
10 of a single instruction zero offset loop. As shown, a loop
setup instruction may be decoded (388). If zero offset is
detected (390), and the Start Offset equals the End Offset
(392), then a single instruction loop may be immediately
performed (394). Zero offset may be detected when the s-
15 offset equals the width of the loop setup instruction. A
single instruction loop may be detected when the s~offset
and e-offset are the same.
Special hardware may facilitate setting up and
executing a single instruction loop as quickly as possible.
20 Referring again to FIG. 14, the loop register 296 may be
used for this special case. Thus, step (394) may be

performed by loading loop hardware (such as loop register

296) with the single instruction, and repeatedly issuing
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the single instruction loop has finished execution the next

instruction may already be in the instruction fetch unit
50, resulting in zero penalty loop exit.
In summary, zero offset hardware loops may be broken
15 into three cases. In the first case, a zero offset single
instruction loop may be immediately issued out of decode
via a loop instruction register. In the second case, a
zero offset n-instruction loop may be immediately detected
and loaded completely into an n-deep set of loop buffers.
20 And in the third case, a zero offset loop may be
immediately detected and the first n-instructions of that
loop loaded into an n-deep set of loop buffers. The next

instruction may then be associated with a VTop register.
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advantageous than aligning instructions to an address
boundary. Once aligned to an instruction boundary in loop
hardware, no alignment of instructions may be necessary
10 when they are subsequently issued from the loop hardware.
To align instructions to an instruction boundary, a
set of instructions may be loaded in an order of execution
into the loop hardware and the address of the next
instruction may be stored in an address register. 1In
15 addition, a second set of instructions may be loaded in
order of execution into a memory device. Loading
instructions in an order of execution into loop hardware
may comprise loading n sequential instructions into n
buffers, where n is a positive integer. Moreover, the n
20 sequential instructions may be any sequential instructions

including the first n instructions of a loop or the last n

instructions of a loop.

-~37 -



10 10<F 10% & ()- L10% & ()-"s10% & ()-s10% & ()- 100 100 100 f 10%0& () -
9[ 999: A: m dEbC 10 10<YI 10% & ()- FS109% & () - YOL0% & ()" 109% & ()-Y

10% & () m:::K ::dEbC 10 10<F@

109% & () o 3088%%8 Y 1100 & ()- YMO% & ()- @10% & ()- 1004% (32

| 6<r <<<<dEbC 10 10< 0"10%& ()-3 - 10% & ()- Y+SLON & ()-V)"! 100/4 % 0)-F
109% & ()- | %#10% & () - < = ======>xmbC 10 10<s’ | 10%& ()-3 10{ 10 10(

f10% & () -1 6rpo d 0
o188, 1) PR SRR A oo 1SRG,

109%<&' () - 31.0%< 222 E 10<3S#s10%<&' (),- F9! %<& ()-F
10%&'8- ”ﬂﬁf&' f)Tl %g(%% %ﬁf&' Y %\{ %@%% T.. 0

10<0" 10%<&' -F 0%&'( F+10%< n%f %) ﬁf)(mlO%:&' -10%<& () - W10%<& () -A
BGBBBBBBB @fbb/&“%)theld@ IR ()00? SGR&3) D4

109%<&' () - 3210%<&' Q BBBBCBC~CaBnbC 10 10< "10%&' ()-!"10%{& ()-

s10%& () - EProReed g 1R (9 spreiy q inpute D DODEEL O XED other

5 hardware loop units. In this manner, a second hardware
loop unit may be loaded via the output of a first hardware
loop unit. Again, this may provide power savings insofar
as a memory device is not fired up to load the second
hardware loop unit.

10 In some cases, a plurality of loop units may be used
to service nested loops (or coincident loops). An inner
hardware loop unit may hold one or more instructions that
are aligned in an outer hardware loop unit. Moreover, the
inner hardware loop unit may be loaded by sending the

15 aligned instructions from the outer hardware loop unit to
the input of the inner hardware loop unit.

In still other embodiments, an independent plurality
of hardware loop units may be implemented. However, if two
or more independent hardware loop units are used in the

20 same DSP system, a restriction may be used. For instance,
when both loops have the same bottom instruction, one of

the loops may be defined as the outer loop. Without this
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account for each top match. Likewise, an EBot register may
be compared to the PC to account for each bottom match.
However, when hardware loops are disabled, any switching in
the comparator circuits may be merely a waste of power.

10 Therefore, it may be advantageoﬁs to disable bottom match
and top match comparator circuits when a hardware loop is
disabled. By choosing inputs to a comparator to disable
the comparator when the hardware loop is disabled, power
may be conserved.

15 FIG. 24 is an exemplary embodiment showing power
saving circuitry. ETop register 400 and EBot register 402
respectively provide one of a number of inputs to
multiplexers 404 and 406. The output of multiplexers 404
and 406 may be inputs to comparators 408 and 410. The

20 other input to comparators 408 and 410 may come from the
output of multiplexer 412. The inputs of multiplexer 412
may come from the program counter 414 and a loop disable

signal 416 from a control unit. Multiplexers 404, 406 and

-39 ~



10F: 109%& ()-F mlO% ()- 109% ()- 109 ()- @O% ()-!s10% ()- Q RcRRRSI SAEnbC
10 10 , 109& () - @10% () -

1098 () - WU dooS: | 10%&' () - 91098 () -1 SySSSTTTaBNbC 10 10 pE@iRoiess

+ 109 ()-! 41 9% $109& ()- F@H! 109%& ()-& 109%& ()- 3109%& () - T- U4Ue UUUUUUaVK@
10 10 10 10 10 :f109% ()-!3 6MBLOY () -

FA109& ()- Y, 2g109%& () - 03" 109%& () - UUUUVKVV\A/dEVK@ 10 10 10 10%& () -

1090 & 10 10
10#1%/&'( )]4)%)%4(:?/@&' (%E@%,fi%é%&s" %ix Esil 109 %ﬁ%li )H%‘lo0 ggg( )ng @

Y! 10%0& dEVK 10 1 09 -| 0%0 %& ()-

& 10%& dﬁﬁf&éag%f(x o % X f7 15 1‘?)13’%’E Pty

1090 & ()() $10% & Ql - 109 3(/3&9 +10%0& ( )10%3&'1(}2 4Zp2vzwz>]iy222{ ZZhC
10 10 1F109¢ Qutry o@%‘“&‘} ¥$Ls 191 ﬂfbdl is may ensure

(f10%& () -3s6& 10%& ()-ZZ[=[z[[[dEDC 10 10
1|:f &l ocy&'t(})a.’q:ggcacmq’gchm@cmqt}rq: J.qg.o)@nqqrators 408 or 410 when the

5 hardware loops are disabled.

In one embodiment, the same loop disable signal 416
may be sent to multiplexers 404, 406 and 412. However, an
inverter (not shown) may invert a bit before multiplexer
412 receives the signal. In this manner, the output of

10 multiplexer 412 may be different than that of multiplexers
404 and 406 when a loop disable signal is sent to the
circuit.

FIG. 24 also illustrates an exemplary circuit for
incrementing an ECnt register 418. On each pass of the

15 loop, multiplexer 420 may decrement the ECnt register. .
However, if adjustment is necessary, the adjustments signal
(e.g. the clobber count 422) may adjust the ECnt
accordingly. Once the loop has finished its last
iteration, comparator 424 may send a signal 425 so

20 indicating.

FIG. 24 also illustrates how bottom matches and top
matches may be detected. When comparator 410 detects that

the program counter 412 and ETop register have the same
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€(&()- ( () FIG. (24(2150 fllustrates a VTop register 432

5 implemented in a pipeline. As described, herein, VTop may
be an address register holding the address of a next
instruction following a plurality of instructions loaded
into loop hardware (not shown).

Various embodiments of the invention have been

10 described. For example, numerous hardware loop techniques
have been described for implementation within a processor.
The processor may be implemented in a variety of systems
including general purpose computing systems, digital
processing systems, laptop computers, personal digital

15 assistants (PDA’s) and cellular phones. In this context,
the hardware loops discussed above may be readily used to
increase processing speed without significantly increasing
power consumption. In such a system, the processor may be
coupled to a memory device, such as a FLASH memory device

20 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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10!'0 s issuing a next instruction following the loop-setup
6 instruction as a first instruction in a loop.
1 2. The method as in claim 1, wherein the zero offset loop
2 is detected before loop conditions of the loop get written
3 to a set of registers.
1 3. The method as in claim 1, the method further
2 comprising:
3 loading loop hardware with instructions, the first
4 instruction loaded into the loop hardware being the next
5 instruction following the loop setup instruction.
1 4. The method as in claim 3, the method further
2 comprising:
3 issuing at least some of the instructions from the

4 loop hardware during a subsequent iteration of the loop.
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1 6. The method as in claim 5, the method further

2 comprising:

3 loading a loop register with the next instruction

4 following the loop setup instruction.

1 7. The method as in claim 6, the method further

2 comprising:

3 issuing the next instruction from the loop register
4 during subsequent iterations of the loop.

1 8. The method as in claim 1, wherein the zero offset is
2 detected by comparing a start offset value in the loop

3 setup instruction to a defined number.

1 9. The method as in claim 8, wherein the zero offset is
2 detected by comparing a start offset value in the loop

3 setup instruction to the width of the loop setup

4 instruction.
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4 loop hardware.

1 11. The apparatus as in claim 10, wherein loop hardware

2 includes at least two loop buffers coupled in parallel, and
3 the control unit is adapted to issue instructions and load
4 at least some of the instructions into the at least two

5 loop buffers, the first instruction loaded into the buffers
6 being a next instruction following the loop setup

7 instruction.

1 12. The apparatus as in claim 11, wherein the control unit
2 is adapted to issue instructions from the loop buffers for
3 a subsequent iteration of the loop.

1 13. The apparatus as in claim 10, wherein the control unit
2 is adapted to detect a single instruction loop.

1 14. The apparatus as in claim 13, wherein loop hardware

2 includes a single instruction loop register, and the
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6 detecting a zero o fset single instruction loop.

1 15. The apparatus as in claim 14, wherein the control unit
2 is adapted to issue the next instruction from the single

3 instruction loop register on a subsequent iteration of the
4 loop.

1 16. A system comprising:

2 a SRAM memory device; and

3 a processor coupled to the memory device, wherein the
4 processor includes a control unit adapted to:

5 decode a loop-setup instruction;

6 detect a zero offset loop from the loop setup

7 instruction; and

8 issue a next instruction following the loop-setup
9 instruction as a first instruction in a loop.

1 17. The system as in claim 16, wherein the control unit is

2 adapted to detect the zero offset loop before loop

3 conditions of the loop get written to a set of registers.
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4 next instruction following the loop setup instruction.

1 19. The system as in claim 18, wherein the control unit is
2 adapted to issue at least some of the instructions from the
3 loop hardware during subsequent iterations of the loop.

1 20. The system as in claim 16, wherein the control unit is
2 adapted to detect a single instruction loop from the loop

3 setup instruction.

1 21. The system as in claim 20, the system further

2 comprising a loop register, wherein the control unit is

3 adapted to load the loop register with the next instruction
4 after detecting a single instruction zero offset loop.

1 22. The system as in claim 21, wherein the control unit is
2 adapted to issue the next instruction from the loop

3 register during a subsequent iteration of the loop.
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1 24. The system as in claim 23, wherein the defined number
2 corresponds to the width of the loop setup instruction.
1 25. A method comprising:
2 decoding a loop-setup instruction;
3 detecting from the loop setup instruction that the top
4 and bottom of a loop are pointing to the same instruction;
5 and
6 performing a single instruction loop.
1 26. The method of claim 25 wherein performing a single
2 instruction loop comprises:
3 issuing an instruction out of a decode stage;
4 loading the instruction into a loop register; and
5 reissuihg the instruction from the loop register.
1 27. The method as in claim 26, wherein the instruction is
2 a first instruction, the method further comprising:
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1 28. The method as in claim 27, the method further

2 comprising:

3 issuing the second instruction after the first

4 instruction has been reissuing from the loop register a
5 defined number of times.

1 29. The method of claim 25, wherein the loop setup

2 instruction includes a start offset and an end offset, and
3 wherein detecting from the loop setup instruction that the
4 top and bottom of the loop are pointing to the same

5 instruction comprises determining that the start offset is
6 equal to the end offset.

1 30. The method of claim 25, further comprising:

2 detecting zero offset from the loop setup instruction,
3 and

4 issuing the next instruction immediately following the
5 loop setup instruction as the first instruction in a zero

6 offset single instruction loop.
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3 setup instruction.

1 33. An apparatus comprising:

2 a control unit adapted to detect from a loop setup

3 instruction that the top and bottom of a loop are pointing
4 to the same instruction; and

5 loop hardware.

1 34. The apparatus as in claim 33, wherein the loop

2 hardware includes at least one single instruction loop

3 register, and wherein the control unit is adapted to load
4 an instruction into the single instruction loop register
5 after detecting from the loop setup instruction that the
6 top and bottom of the loop are pointing to the same

7 instruction.
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1 36. The apparatus as in claim 33, wherein the control unit
2 is adapted to detect a zero offset loop from the loop setup
3 instruction, and issue a next instruction immediately
4 following the loop setup instruction as the first
5 instruction in a zero offset single instruction loop.
1 37. The apparatus as in claim 36, wherein detecting a zero
2 offset loop comprises comparing a start offset to a defined
3 number.
1 38. The apparatus as in claim 37, wherein the defined
2 number corresponds to the width of the loop setup
3 instruction.
1 39. A system comprising:
2 an SRAM memory device; and
3 a processor coupled to the memory device, wherein the
4 processor includes a control unit adapted to:
5 decode a loop-setup instruction;
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1 40. The system of claim 39, the system further comprising
2 a single instruction loop register, wherein performing a

3 single instruction loop comprises:

4 issuing a loop instruction out of a decode stage;

5 loading the loop instruction into a loop register; and
6 reissuing the loop instruction from the loop register.
1 41. The system as in claim 39, wherein the control unit is
2 further adapted to detect a zero offset loop from the loop
3 setup instruction, and issue a next instruction immediately
4 following the loop setup instruction as the first

5 instruction in a zero offset single instruction loop.

1 42. The system as in claim 41, wherein detecting a zero

2 offset loop comprises comparing a start offset to a defined
3 number.
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3 issue the second instruction after the first
4 instruction has been reissuing from the loop register a

5 defined number of times.
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