WD 02/ 37271 HARDWARE LOOPS Q 3 MAY 2005 PCT/ USOL/ 45357 BACKGROUND Thi s
invention relates to hardware |oops inplenented 5 in a pipgrvayTeds e
processor. In designing a programuabl e processor, such as a digital signa
processiwgof/PBP) system two conpeting design goals arePSTEE94373RG speed
and power consunption. Conventional processors include a variety of
hardware to designed to increase the speed at which software instructions

are executed. The additi onal hgggﬁﬁﬁﬁghé£§2§¥er, typically increases the
power consunption of the proc - ni que for increasing the speed
of a 15 progranmabl e processor is a "hardware |oop,"” which may be

dedi cated hardware designed to expedite the execution of software

instructions within a | oop constryctychissgware |oops may reduce the number
of clock cycles used to execute -a—séirmaré | oop by caching the

instructions in local 20" registers,, t dyghpg theiemedted fetch the
same instructhba iﬂﬁﬁﬂélﬁﬁng?§a8%3i3 hgéggﬁg%guctign caghe a plurality of
times.

5 in a programmable processor.

In designing a programmable processor, such as a
digital signal processing (DSP) system, two competing
design goals are processing speed and power consumption.
Convehtional processors include a variety of hardware

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.

TN

*166166*

h | WAMRNAD

*G00002*




1 [0.3 MAY 2 WO 02/37271 PCT/ USQ /45357 Hardware | oops int @&dgg@ ver al
chal | enges. These chall enges include avoiding penalties SJ" up
penal ti esYW 0B¥73Rch penalties. Setup penalties are the | O%T%SOQEQ:I@Y mance
(usually an increase in processing 5 tine) associated with setting up a
hardware |l oop. Simlarly, branch penalties are the | oss of perfornmance
(again, usually an increase in processing tine) associated wth a branch.
10 DESCRI PTI ON Ha®rwg NG F$ G ntirpduae bbovkral aghabliéhyast r arhegean

exanpl e of a pipelined programrabl e processor according to an enbodi nent
of the i nartilamgdd Gnelide aavbbdkngi pgnabtiésusteatangsanugxamle 15
execution pipeline for the programmabl e processor in accordance with an
enbodi mentpenfa Ithiee PreseftancepehoeiES G Setop fhowy ti pgsamyil Eﬂgt rating
exenplary timng of when early registers may %e | oaded 1 n accordance with

N oToodiE Of SOerPERSRIL {0YER 19 an 2nEbGsd 1 BrbRYGLg0 AT

illustrating how a | oop set
5 time) associated with setting up a hardware loop.
Similarly, branch penalties are the loss of performance

(again, 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.



instruction may be used to determne early register values in accordance

wi th an enbodi ment of the present invention. 2 (0 3 MAY 2013NRA0 2087271
PCT/ USOL/ 45357 FIG 5 is a circuit block diagramillustrating one

enbodi meRp @fs7gihardware loop unit. FIG 6 is a flow di agt@U$4§8Yrating a
node of operation involving adjustnent of early registers in 5 accordance
with the present invention. FIG 7 is a flowdiagramillustrating a way of
updating architectural register values in accordance w th _an odi nent of
the present i mightiors A GLEYiE LISy ‘gliaa%"?ao{?nli uusst’[rraattlinn(%1 %n% ternative
10 way of updating the architectural count register values in accordance
Wi th an epbediiwett off thergurdsom jopriidh: FIG 9 is a flow di agram
illustrating the timng advantages realized by the use of early registers
in accordance- ! he ans estbodbwredit a @f at hiel ueseatingvemedn. o5 FIG 10 is a
flow diagramillustrating an efficient way of adjusting an early count

val ue in Cegé)a{tgfmeil?ﬂléfv _gabeginent of thelpresghstensehdion. FIG 11
is a bloc iagram il lustrating counters in a

5 accordance with the present invention.

FIG. 7 is a flow diagram illustrating a way of
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.



i it i i 20 invention. FIG
circuit in accordance with an enbodi ment of the present _
12 is a flow diagramillustrating a hybrid node of operatldﬂ3|MN6 rdance

with an enWwodiziseri of the present invention. 3 JO 3 MAY 20
PCT/USQ /45357 FIG 13 is a block diagramillustrating a hy
havi ng counters only in the first n - 1 execution stages

bk ikt

n accordance

i i i i bl ock di agram
with an enbodi ment of the present invention. 5 FIG 14 a .
illustrating a Haf@wakr® imop blodk diegeanr daneet wat ingnaenhgdigent of the
present invention. FIG 15 is a diagramillustrating a scenario in

accor dance adidduizn reaxhiogh nesin € rd eh B esentnd n¥eptiop. - %Oeﬁlg.tégﬁisoa

flow diagramillustrating a scenario in accordance with an

enpodi

t he presen@ﬂd@éﬁﬂﬂdﬂbccéﬁé%néé'Jf&&ﬂgﬁrgﬂbééfﬁggkaQEaﬁ%él#ﬁ%é%%&;ﬂg 15

scenari o in accordance with an enbodi ment o “prese
FIG 18 isjiawWnagr@millustrating another scenario in

5 FIG. 14 a block diagram illustrating a hardware loop

unit in accordance with an embodiment of the pre

invention.

FIG. 15 is a diagram illustrating a scenari

sent

o in

accordance with an embodiment of the present invention.

10 FIG. 16 is a flow diagram illustrating a sc

enario 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 pPresent invention.



accordance wth an enbodi nent of the present invention. FIG 19 is a flow
diagramillustrating the other scenario. FIG 20 is a fl AR 0¥
illustrating both scenarios 20 in accordance with an enbodi nent of the
present wovemean. FIG 21 is a flow diagramill ustrati nBCHUSHIHSIdT
operation for detecting a zero offset loop in accordance wth an .
enbodi nent of the present invention. 4 A 3 MAY 2Mb WO 02/ 37271 PC T/U SO 1
/4'535 7 FIG 22 is a flowdiagramillustrati . d operation for
detecting and BEG i g WFtd BLQY nﬁ‘r%gr?rﬁsjtiﬁ‘é?Fg‘aﬁ@%ggogogg’ggt 8(ﬁoop in
accordance with an enbodi nent of the present inpvention. 5 FIGS. 23A - 23C
are bl ockopk gt hos Fotudetacthygaanduadetipg KaFQwar 81P84F units connected
to one another in accordance with an enbodi mnent of the present invention.

FIG 24 ig,btecktdbagtaposboficay pover isastagrdenceuliity 8 accordance with
an enbodi mrent of the present 10 invention. DESCRIPTION Figure 1 is a

bl ock di agragyihLHst b2t tRE Bresent invention.

5 FIGS. 23A - 23C are block diagrams illustrating a
number of hardware loop units connected to one another in
accordance with an embodiment of the present invention.

FIG. 24 is block diagram showing power saving

circuitry in accordance with an embodiment of the present

10 invention.

DESCRIPTION

Figure 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, & 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)



progranmmabl e processor 2 arranged to support efficient 15&g§mﬂ%a@ | oops
wi t hout significantly increasing power consunption. In or¢ &bport

har dwar e PWEOP$72H processor 2 may support a | oop setup i n#omasdeiagssyhat
initializes the hardware by setting entry and exit conditions for the

| oop. 20 Entry and exit conditions nmay be defined by |oop conditions: top,
bott om and count. The top condition defines the first instruction_(or top)
of a | oopOfTRe 1088t oM Codia i HIdefGHESE RN | SRRt PRt PERPEBr ©Bot t om
-5 WD 02/37271 0 3 MAY 2005 PCT/US01 /45357 of a | oop. And the count
condi ti onidefrenésnishefndiserlasfp. iterati ons of the loop. Entry of a
hardware | oop may occur at the first "top match." A top match may occur
when the progr amteguiirela haRWarts Pigtnalg decdheat ophénsirset Paspof a

| oop. Exit of a hardware |oop may occur at the last "bottommatch."” A

bot t om mateh JRY 0GCWop Rt dhenRE dSc OO i® phegrhmt Eethtast ruction
of a loop. By initializing the count at the first top match and 10
decr%nentu@%)tq% %%H%kf%g‘%%*Eﬁ%“ééﬁ“fﬁﬂé%hcﬁigh*%%dﬁﬁESOp. Exit of
a hardware loop may occur at the last “bottom match.” &
bottom match may occur when the PC is pointing to the
bottom instruction of a loop.
By initializing the count at the first 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 wvarious

20 components of the pipeline to decode the instruction and

correctly perform the corresponding operation including,

for example, writing the results back to memory.



may keep track of when it has encountered the |ast bottom match. In this

manner, the | oop conditions top, bottomand count nay define éhimﬁntry and
exit conditions of a hardware |oop. 15 Processor 2 nay i IS MEY

execution ing;ne 4 and a control unit 6. Control unit BCTVHPOISAIT ol t he
flow of WYt i ons and/or data t hrough pipeline 4 during a clock cycle.

For exanple, during the processing of an instruction, control unit 6 may
direct the various 20 conponents of the pipeline to decode the instruction

and correctly_perf.an e & RS ndicry ioper at ifdrrsthatdin®E for exanple,
witing the ré?ﬁﬁfg tggbgtglﬁgnnry. 6 WO 02/37271 m 3 MAY 20015

PCT/ USOL/ 45357 | nstructions AR Ul qudnt sitajage & pipeline 4
and procé@ééﬂJﬂﬁ?ébﬁﬂ‘ éﬁ§§§%§%¥pstages. A stage may process concurrently

with the other stages. Data nmay_ pas ween-ddhessh@gestagepl pebana 4
during a shade eFY @J%Qfée%‘ils‘i%‘?ﬁ‘yﬁlgeenre)gﬁﬁt,%?of an instruction may energe at
y g

the end of the pipeline 4 in rapid successi

t 1 HRI & 6ysBY¥ bAcl ude
har dwar e haopppams tbatwers  thess %%%?ib%dpﬁ%ggﬁﬁgﬁgyaggéi?itatg f ast
har dwar e | oops

5 the system. The results of an instruction may emerge at
the end of the pipeline 4 in rapid succession.

Control unit 6 may include hardware loop unit 8 that,
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 inétructions 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



wi thout significantly increasing power consunption of 10 processor 2. FIG
2 is a block diagramillustrating an exanple pipeline. A pfBedbh@B0 has
mul tiple wages2tihat may facilitate execution-of multiple j uctions
during a single clock cycle. In pipeline 10, an i nstructi dt 14835t er
the instruction fetch (IF) stage 12 during a first clock cycle. The
instruction may then conti nue down the pipeline during subsequent clock
cycl es. Angthers resgigaitiviedry mayltentrambde ¢ £ stages 12n afherpappl enieous
instruction has exited. Thus, typically another 20 instruction enters the

| F stage hayd@efighed D SRAWIY of.cqucéq—_ﬁy&&fo@@dtw@nt&@n%iﬁé'fﬁngomyt he
|

pi peline during subsequent clock cycles. Simlarly, additiona

instructi Qps$ 8Ll e gig%gg 12 during subsequent clock -7 WD 02/37271
, 0 3 MAY 2005 PCﬁﬂUSof; 3 ?@cles respectively. The nunber of stages in

Servi co.si mul t AB00S Y ST ETerL: SHBRELor-TAR T HePPRE: hayagper al o as
51 0|5I ows folliisotwrsl{(:t iIOnnsStrqla tiboens]c EI}I:L[a(:yhelgle d%]ertic?hgeé hc?uJJ:fngStggg IF stage
12 by a fetch unit 13 and decoded from instruction
registers 15 during the DEC stage 14. During the AC stage
18, data address generators 19 may calculate any memory
addresses used to perform the operation.

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



12 by a fetch unit 13 and decoded frominstruction registers 15 during the

DEC stage 14. During the AC stage 18, data address gener gg BrMaYl20oray
cal cul ate any nenory addresses used to performthe opera];é'.lgpsm%g_,,@uri ng
the exeoybigan7smages (EX 1 - EX n) 22 and 28, execution uhits 23 and 29
may perform specified operations such as, for exanple, adding or

mul tiplying two nunbers.

Execution units may contain specialized hardware
for performng the operations, jnc|

L g anpte, one stagésnofe
ari t hiet ipc geogites (REB. PALEFFLEPT BT h re§ 05t EX3!

ating-point units (FPU) and barrel
shifters, although the scope of the resent | Lopiiksulet, | siiched in
this resgejp;;elﬂuevhﬁimay brcluda ARy EE Qﬁﬁ%i (Eagg?%&t he executfon units such
as the addresses generated by data address generators,

from nmeno regda
(WB) 30, %%egrgs‘uf)

_ data 20 retrieved
afnebr,i €ved stpoindafataregi sters. During wite back stage

ts may be witten to a menory location aor registers
external to thg piRekiiRecd aboveat RrOSESSOET & pﬁytﬁgpggfﬁgqg 2005
PCT/ USQ / - $5357 WO 02/ 37271 pi pel ine such as architectural registers 32.
The ?t agegegtlp i Rel i & 1 mayrHenalasge sarteIpDri AT GHGHR i rcui t s, such
initialize the hardware loop by writing the boundaries of
the hardware loop (e.g. top and bottom) to architectural
registers 32 in the pipeline. The loop setup instruction
may also initialize a count in architectural registers 32,
10 indicating the number of times the loop is to be completed.
Tn 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 peen satisfied (e.g. a bottom
match with count equal to zero) .
Architectural registexrs 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



as a flip-flop, for storing data. As nentioned above, proceS@@%NﬁE
support a loop 5 setup instruction. The |oop setup instruct yﬁ%

initializevolesratdware | oop by witing the boundaries of gheba! e

| oop (e.g. top and botton) to architectural registers 32 in tﬁg Sﬁﬁgﬁine.
The | oop setup instruction nmay also initialize a count in architectural
registers 32, 10 indicating the nunber of tinmes the loop is to be

conpl et ed. an¢lneaddi toonll ttilbba sl may ﬁ@tubeiu@ﬁ@ﬂgd<yhﬂ§m/§ggéfgaeghoéﬂfset,
i ndi cating the nunber of instructions that follow the | oop setup

instructi ooybeésr Ratrbe pheReef, LB8thCRibss 5%3%@&%1n@Léﬁ%ﬁ%gﬁpﬂgéggaLﬁt!FOp

isinitialized, the 15 hardware | oop nay operate in

the exit tcopdLt} ihe | n satisfi .g. a bottom match

wi t h count qual fn?g g%rl%;a Ar gﬁ?t g%taﬂlpgf%’ré ig‘?’ r?d%%qcas&%tdiqu Ivaded
once an i r e} conm tted, .e.qg., at the conclusion of 20 the WB
st age 30. #ﬁ%rg§%ﬁegngﬁzseﬁfpﬁ aha égig€é€ﬁ&i$@@n§Q§@oﬁéﬁ“ﬂn architecture
regi sters 32 e ot be updated until several clock cycles have passed
from when tH2 F%ﬁglogegéﬁ CREPLGEEFontBAt arshiitpeitivre 11 e Batause dye entry

9 JS 3 MAY 2005 WD 02/ 37271 _ ,
not be set up to identify the instruction as part of a

loop. Moreover, this problem may increase as the depth of
the pipeline increases.
In one embodiment, processor 2 may overcome these
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 -



PCT/USO | /45357 and exit conditions may not be updated until several clock
cycl es have passed, restrictions on setting up hardware | g@pmayaflexi st.
For exanple, if the first instruction in the |oop enters'piPeque 10
before tWe damoprisetup instruction has conmitted, the ar cRETAEIUHSAFT
registers may not be set up to identify the instruction as part of a

| oop. Moreover, this problemmay increase as the depth of the pipeline

i ncreases. |In one enbbdi nent, processor 2 may overcone these 10
restrictions Ihemeianilyi mengsaesest mely & Ispacagiadtisies TREISEIHRFSE in the
pi peline. As shown in FIG 2, early registers ETop 34 and EBot 35 may
reside i R4 hedaceder sreelwtd aneOvalife oy aediidedtupdl st age.

| mpl enmenting a set of early registers 34, 35 and 36 15 may increase

processi i f J i iUk 10T Vi et 19 thep set up
x%gi%e%d:sq @@g&gﬁ%é AN H BRI ¥ 0T e G g

penal ties. escri ve, several clock cycles may pass between the
:[alrgﬁi ? elct('.)sloffeeﬁsueﬁaqujivs% grfés({igsﬁ%ér%ﬁn inﬁx}eﬁ{%%vﬁ%éﬁfhﬁar yﬂgg %%gigeslﬁgrgs may be
ogi%t or STHERICHIT TRtmorE R T B T O 4 5 ST eY er e ey Fedice the
time it tt?ge:céé)sse‘ghuep 'sh[?ercdg\falt’gixlfgonpggisters. For this reason, a
programmer may not be able to move data in or out of the
speculative registers the same way that he or she could
with architectural registers.
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

-11 -



-10 ,0 3 MAY 2005 WD 02/37271 PCT/US01/.15357 The early r§§ @?@rmmay be
specul ative registers used to predict or specul ate the val

archi t ect W0#2/37Hgi sters. Unli ke the architectural registergT/tdne5357

specul ative registers may not be supported by the system s 5 instruction
set. Therefore, programcode nmay not be used to access the specul ative
registers. .For this reason, a _programmer may not be able to nove data in
or out of PPRELGRHIG ¢ ediefed's Phe RaRBeday‘ehat iReagridhbleodiod
with architectural registers. 10 Loading early registers may be done in
several &€ Maridiiteray sTo Rivoidistmee Pehalbaeby medbspesstmpy be | oaded
sinply as a result of performng a regular instruction register nove to
the archi lectuneit ieyisderise uded otbeloadrdse thelgysbgmsEBYsi BekFbyat the
architectural 15 registers to load the contents of some other register, and

as a resulthed he-gardact eg Sted$i SbyrHegapdat edreyet another way to | oad
the registers is a "pop" fromnenory. |In other words, the systemmy fetch

the data from @{g)rﬁ/oll(g%t%r%%gli %gg‘g%ggt%ggkﬁge%gp\%g{h that data, and

update 20 the early registers. p emw regu regifgfer noves or

pops, invoking an exemplary loop setup machine instruction:
LSETUP (PC Relative Top, PC Relative Bottom) Counter =X
The PC Relative Top specifies the distance from the current
instruction to the start of the loop (the Start Offset).

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 Collectively, these three values may define entry and exit

conditions of a hardware loop.

-12 -



however, is that they may introduce |oop setup penalties. These penalties
may occur because the systemmay stall the - 11 0 3 MAY iPOS Vﬁ@ 2/ 37271
PCT/ USO / 45357 pipeline until the "noved" or "popped" dat ? Ay able to
be writtW07¥2avoi d these penalties, a |oop setup instrBETIUSH/HEY be used
to load the early registers before the architectural registers get
witten. 5 The followi ng exanple illustrates the syntax for invoking an
exenpl ary | oop setup nmachine instruction: LSETUP (PC Relatjve Top, PC

Rel ative Bott ol)® CBuREEr valye ThaY PEeREr At Uet Ao p UpRey 17 sl?ﬁEaBFEPﬁnce
fromthe current instruction to the start of the loop (the Start Ofset).
10 The PChRd atheel@optwilspoekei esOnpe Hhet hper SebwpthestEREELAR
instruction to the end of the loop (the End Ofset). In addition, the
Count er \aftiébs eA0Bny38pecthy aocunbumadnermgiysberwantiten| boptheuB€nt

i ndi cating the nunber of iterations in the loop. 15 FIG 3 is a flow

di agram ijdpst£ati ngoj he thitnglwhenrieanbytbeghat BECAt gebgloadedmay
accordance with an enbodi nent of the present invention. As described, the

| oop, setyp, i gSLLUGtLon FBY: cPBLahBvEOeRomORd LI PBgikBekBechat i AEga count
val ue, a top value, and a bottom val ue.
in a different pipeline. In one mode of operation, the
ECnt register may be written with data contained in PREG
registers (see FIG. 6) in the DAG pipeline.
The top and bottom values may indicate which
10 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. Therefore, 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
zd 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

-13 -



20 Col l ectively, these three values may define entry and exit conditions
of a hardware loop. - 12 Q 3 MAY 2005 WD 02/37271 PCT/ USCD/A1E862005he
count val we gy2fiepresent the nunber of iterations that t | LI
make. Once the | oop setup instruction enters AC (38), theliggﬁﬁrﬁaﬁ)@%%e may
be witten to the ECnt register (39). Initially witing to the ECnt
register may 5 be done via a register nove fromdata registers. contai ned
in a difféterit igetineuit nions mpdetiofoefierehé ooop he 1£C8her €gi ster may
be witten with data contained in PREG registers (see FIG 6) in the DAG

pi pel i ne. cftdiope@nd BOit O35 Vadwess MeYwhindi & at §e whi g LNgkrygtion is
the top of the |loop, and which instructvivon I's t%e o%%%ngfg%hg%}eoop. The

top and betityupmal Ihrd Igggﬁ instruction, however, may be

pr ogram coulnt erl (%%‘:fsrelgt"ik@‘e. T elf%ﬂofe, a calculation (40) in AC stage
may be used to ain thet angd. bottomyvalues that will 15 be witten to
ETop 34 and EBot™ 35 ‘?ejg%]s? eflgovf e(glpae%lf"i”(}e} -USHER NG hRRe oBRdgePlip
instruction enters EX éh(41), the top and bottom values may be witten to
the ETop $PSHAFEBhiO85"a5IMAER PR 42)iqHe HIRM 2 ehpepeseBipmay be | oaded

to point to the .
instruction is received and processed by pipeline 10.

According to one format, the loop setup instruction may
specify several setup variables including a Start Offset
(5-Offset) and an End Offset (E-Offset). The S-Offset may

1¢ 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.

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

2C 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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20 first instruction of the loop (or top of the loop). The EBot register
35 may be | oaded to point to the last instruction of the Igﬂﬁaé%r agttonlof
a loop). The ECnt register 36 may be | oaded to specify th e@ f tinmes
- 13 Q W®02008 WO 02/ 37271 PCT/ USQ /45357 that the cir @GITUSPE41387 go

t hrough the loop. In one enbodinent, ECnt 36 counts downward, decrenenting
as the circuit goes through the loop. FIG 4 is a flow di agram
illustrating one node of 5 operation of hardware | oop unit 8 when a | oop
setup irstfartiveuld becelgel ahdtie okespedebyppipetirnetion andcaihai ng to
one format, the loop setup instruction may specify several setup variables
i ncl udi ng:vao Smestroftsehs.(S-Ofset) and an End O fset (E-Ofset). The
S-Ofset may 1C specify the distance in the instruction streamfromthe

| oop setup insisushbpn tR the.fifstnénstodeteenahd Eherrkeeparyai Mlarly,
the E-Offset may specify the distance in the instruction streamfromthe

| oop set éﬂ%ﬂ'?, chE&e&hﬁ 'é‘siobﬁ‘sﬁélﬂfig ORskBubREchoqR4) 15 For

I nst ance, |nstru0|on|nt op IS thelnstructlon
| medi at el v, LoLLowag {8, 00p. SeLHD: LBRE LHOLERR: 4 B8N (e 3 QLfset voul d

be the wi'tth 0" h
relative to the program counter (PC). Therefore,'the PC
value must also be determined (45). The PC value and S-
Offset may then be used to calculate ETop register data
(46) . Moreover, the PC value and E-Offset may be used to
10 calculate EBot register data (47). Once calculated, the
early register data may be written to the early registers
- (48)
Comparing FIG. 4 with FIG. 2 illustrates exemplary
timing when writing the ETop and EBot registers. Sfeps
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

-15 -



| oop setup instruction. If, in the instruction stream there is one
instruction between the | oop setup instruction 20 and the f Or& MAY 985 uct i on
inthe | YR %¥EH the S-Offset would be the width of the lpeapssetisay
instruction and the one instruction. Simlarly, if there are two
instructions between |oop setup and the first instruction, then the S -14
0 3 MAY 2005 WD 02/37271 PCT/USQ /45357 OFfset would be width of the | oop
setup i nsEFEEt fendafigcthe lowp iimstuhectstoresm AL showwridce fbG 2. t he

S Ofset and E-Ofset are typically specified by a | oop setup instruction

(44). 5 Howepehartherkoby- et updmIloaurid MitgPesid ies fdig of fgets relative
to the programcounter (PC). Therefore, the PC value nust al so be

det er m negngdohotTbasPC vakee 1atick, Gsalodmuddian da deed o cal cul ate
an - se

ETop register data (46). Moreover, the PC val ue najabe used

to 10, Cal eubate EBatn anbshen (add Do peegaan aadi the, early o,

regi ster data may"be witten to the ear
W th FICieggéllustna%es e ing when witing the ETop and EBot

| ‘
5 4t eyl R RR R A RS hat han BroR deten Andaayl ati ons

registers
more of the loop instructions may be fetched only once by
IF unit 50, and then issued repeatedly from hardware loop
unit 8.
Implementing early registers may introduce several
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 adjustmeﬁt 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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steps (46) and (47) may occur in AC stage 18. Therefore, the wite step
(48) may occur in EX J. stage 22, although the scope of t §|Wﬂvgm§ion IS
not limted in this respect. Once |oaded, the early registers may be used
to set upWO@B7RHrdware loops. FIG 5 is a block di agram i PCTASPHESAY one
enbodi mrent of a hardware | oop unit 8 connected to an instruction fetch
(I'F) unit 50 and a decoder unit 52 of pipeline 10. In one enbodi nent, the
early registers may be - 15 WD 02/37271 0 3 MAY 2005 PCT/ USO1/ 45357 used
to det ectPartiooplin, t iEGst ¢ ehbd wftiaes uthe ohsnbrg invebvedrdnare 54 is
then | oaded with one or nore loop instructions. Once | oaded, the | oop

i nstruct iadpuseyndpeETosSERAt aAgeCmt anelghgaensfrom | oop hardware. Thus, if
the 5 early registers detect an instruction |loop, then one or nore of the

| oop instructigass8¥nbenfetehed, othy @ﬂﬁﬁybYegiEtéﬁ'stn@Q,gaﬂd t hen i ssued
repeatedly fromhardware loop wunit B. Inplenmenting early registers may

the use ar earry FENF ot e e SR O T F P R i ey
needStO bFeSQéESESdarEfsﬁggi EggiigetﬂgSEngtvbﬁgt, and ECnt
registers (as shown in FIG. 2). If a terminate in the
pipeline (80) occurs before the architectural registers
have been written (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. If, for instance, a second loop is terminated

15 before it commits, a first loop might still néed 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

-17 -



an event, the pipeline's current operations may need to be termnated. If
this termination occurs after an early 15 regi ster has beernQ 8rMAYt @85 but

before it gespexrti ve architectural register has been wi t hen_the
early register data may need to be adjusted. In other mr%&%sﬁé}ggﬁge t he

early registers are witten early, a termnation in the pipeline before the
| oop has commtted 20 may require an adjustnent of the early register

data. Fl Gounti vexifdtew dismr amstidd sy afddye A rmd@npfi@ps{zéggon i nvol ving
adjustnment of early registers. In - 16 0 3 MAY 2005 WO 02/37271

PCT/ USO1/ 4535 i iF i t t ha. tim Lnvolved in

adj usting EToEqE%(r)r{tl, q%éﬁatrleégrigs%érﬂsﬂé }s% Jéﬁo@? )i nrﬁli% C;‘}:El(E 129 ﬂt?‘(ﬁ%l%‘éﬂ:y :

regi sters i{t 8) . .| ne epbodi nent of FI 6, . the early 5
registers Ogr% g%é’cib}/glr éﬁﬁq%ré%n?e@ro{)b,&EB"&, hd tg‘?"é@i &‘%r B1Pg$iBRown in
FIG 2). If E} term.nate in the i peline (80) occurs before the

ar chi t ect Urd 'reé‘imhs"'tserpéfocﬁaﬂfé erE W5 iMh wE)l thenleer baabort ed
instructions may ~be drained fromthe pipeline (83), and the early

regi st er s fi@ iR bhd tadjifstte dt tRF afrian nge&)h-e data contained in their

respective architectural counterparts (84).
FIG. 8 illustrates an alternative way of updating the

architectural count register. Rather than sending the ECnt

data down the pipeline after every iteration of the loop,

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
(28).

FIG. 9 is a flow diagram illustrating the timing

advantages realized by the use of early registeré. As
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The node of operation illustrated in FIG 6 nmay be particularly useful
when dealing with back-to-back hardware |oops. If, for ipgsfpgeia second
loop is term nated 15 before it commits, a first |oop mght still need to
execut e WQ&/37@Tai ni ng i nstructions in the pipeline. The JEFSOHERE7
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. Datshomy ibeF¥#i tenleep #n B eReyi el tDons i ArAnYe nhRAERIdescr i bed
above. The ECnt register data may then sent down the pipeline (92) so that
it gets whtden settbe aschyteedistaérs 1720D. 3 TMs06srWp 02/ 37271

PCT/ US01/ 45357 count register (93) during WB stage. Then, in every

sUbsequenénﬁfgy@kiﬁnc@ﬁdibﬁoﬁQOQaﬁ9€hetheEEBteEE§HSKEQZ)daé&o&ayabe
decrenented (96) and re-sent down the pipeline (92). This process may

continue poLbl sLheo! 00B:Bast Pohi BhEnednhierbasiibipration (98), FIG 8

illustrates rnative way of updating the architectural count
FETRR s U R el R
the ECnt challenges. Adjustment of the ECnt register may be done
any time there is a termination of the pipeline prior to a
loop being finished. This may be because valid
instructions may still be in the pipeline and these valid
10 instructions might adjust the architectural count register
value once they commit.
One way of correcting the ECnt register data following
a termination is to allow the instructions before the
termination tg 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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10 data once. Then, in subsequent iterations of the loop, a single valid
decrement bit may be sent to adjust the architectural couniggg@isigy  In

FI G 8, dwiccomay7ibe witten to an ECnt Register (90) in a _
descri bed above. The ECnt register data 15 may then be se%#Tm?{sﬁé
pipeline (92) so that it gets witten to the architectural count register
(93) during WB stage. In subsequent iterations of the |oop (94), a single

valid decECmentrelyisteay ey Sentwl1029n twi gecrggegirihe, apghitectural count
[

regi ster (104). This process nmay 20 continue until the |Ioop has finished

its |ast htr%l}ﬁttie@tux(a%)coﬂ&rﬁa}@ ﬁ[é-})ow diagramillustrating the timng
advant ages realized by the use of early Tegisters. As -18 0 3 MAY 2005 WO

02/ 37271 PCT/ UgQl / 7 i.n El | oo ntry/exit conditions may be
28 b‘?‘r%@ “kagi%rfg‘ 1(%%)? £ é%?wme@htbwemay g

| oaded into a set of early Tegi
condi tion tected (122) before a |oop setup instruction has

beIDh B )
commi t t ed “E1ZAP" S RH} JS1§ Ry R ot 30y st @hemayn piesenuchiidnt thaal

chal | enges. Adjustnent of the ECnt register may be done
5 caused a valid bit to be sent exits each pipe stage (194),

a valid decrement bit may be removed from the counter at
that exited pipe stage (196). In other words, the counters
may be incremented when a valid bit is sent (e.g. at 192)
and an individual counter may then decremented (e.g. at

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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any tine there is a termnation of the pipeline prior to a |oop being

finished. This may be because valid instructions nmay stilh bﬁﬁﬁaﬂ he
pi peline and these valid 10 instructions m ght adjust the ﬁc I't ectural

count regigsd27ival ue once they commit. One way of correcPCRESOHEIETNt
register data followng a termnationis to allow the instructions before
the termnation to commt and then wite the ECnt register with 15 its
architectural counterpart. However, this nmay add an additional penalty if

the brangh penakly ik Inf;%s gdhadtheioud rehd tpilKeind 0 drai thibe pipeline.
FIG 10 illustrates an efficient way of adjusting an early count value. As

h , aft I ' [ Opgpt h I
Count 1 ogiaNEE RaP e CSTEST R T o porre Uhe Ecot Cdat o mmy b
t d t he pipeli 184) . If t i.nati o ; borted
net ot 1D Sy BRSO Af (BT T NI EY 3 b o005 GBS 57271

PCT/ USQOl / 45357 ECnt register may be witten with the dat 'g its. .
archi t ectoirted agslirithe 30 G4BT %RSQ%RﬁFiﬁﬁﬁdH?%%t%%ufigo} 85yaPt&s

decrenent bit may be sent down the pipeline (192). Wen an instruction
t hats to be sent. As such, the set of counters may keep a

running tab on differences between an early count register
and its architectural counterpart.

FIG. 11 is a block diagram illustrating counters in a
circuit. As shown, counters may be maintained at every

10  stage of a pipeline after DEC (210, 211, 212 and 213).
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.

TIn other embodiments, a termination may not occur at
certain stages, oxr 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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5 caused a valid bit to be sent exits each pipe stage (194) éﬁ ?I'&
decrenent“giﬁ%gg be renoved fromthe counter at that, exip Mé &@ st age

(196). In rds, the counters may be increnmented whecTasoalisdsbit is
sent (e.g. at 192) and an individual counter may then decrenented (e.g. at
10 196) when the instruction that caused the valid decrenent bit to be
sent exits the pipe stage. If a termnation occurs in the pipeline (198),
the early courkn¥ efidterofregowtens ustied 2188)2bg ahe puBbrEyOhe valid
decrenent bits in the counter at the termnation 15 stage. This adj ustnment
val ue nayaatsgease aepresiat ed For imets€6OLCELMRLELUPT BT mQ B¥eLy opi.pe
stage that resides later in the pipeline than the stage ere the

terninati bit eenifited.ardde 5t eRsy ive FA Gyd y thepgel ves until
all 1oop instructions have exited the pi%e??%g ?é§§§é£20 TRt MPegi st er

Toun) . Hoaeoer O s 20 A AT he! Uidbendiof Bt BoaBan pRo”

| oop). However, rather than propagate

M0 031 37251 BETARD AR Bt SHS (P17t L1 DeCOUnT CBORROLRBY pPBORI no. I 1
this nanggghﬂigugé%%¥é%'ﬁgggﬁgénkgmgiﬁgyéeﬁégzgdv;?uéhngSEther 1 .
or zero. For instance, it has a value of one if a bottom
match instruction is currently in AC. When the instruction
leaves AC, the counter returns to Zero.

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 betweén 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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system The set of counters may nonitor valid decrenent bits and the
associated instructions that caused those bits 5 to be seaw%éﬁ§ @ﬁg t he
set of counters nmay keep a running tab on differences be aft“early
count reyioszg271and its architectural counterpart. FIG 1RCTAS@/4FBIICK
diagramillustrating counters in a circuit. As shown, counters may be
mai nt ai ned at every 10 stage of a pipeline after DEC (210, 211, 212 and
213). Therefore, a single valid decrenent bit nay be. propagated down the
pi pel i ne hayastmphy €¢orrébpoddf ter éheenbmberenft heagear bgteeant thegi st er
and its architectural counterpart. The counter may be connected to the

i nput of @odnttirpheyesc.152g29n, MubliepkeXxetnd20i ray mdot anEion@epaineh
counter, if any, is used to adjust the early count register 3 I n ot her

enbodi mn&ﬁmgefcﬁ@m DaiLop; ARY 1 Bat mggceaca& 1Geht ghRtslages. s%r 1y be

restricted nacertain instruction resides Iin a certain stadge.” I n such

20 enbodi pent s clrcui dwa e_reduced by not inplenenting
counters TR Fﬁ@esﬁaag mﬁ%yeHgEtgF% at ¥8%er§ restricted. -21 WD 02/37271

Q3 N“Y 2005 PCTlugglﬁgggSOf operation is a hybrid way of adjusting

the early count register. The counters residing at the
selected stages of the pipeline may be used to adjust the
early count register if the penalty associated with
draining the pipeline is greater than the branch penalty.

10 However, 1f 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. 1In 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 eafly
count value (228) if a termination (230) occurs before the

n”‘stage. However, if termination (230) occurs after the
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The width of counters 210, 211, 212 and 213 nmay be altered as needed. For
i nstance, counter 210 may be a one- bit counter and 211 mayBi8eMAY t2- bi t

counter. WR0M7Imal depth of counters 212 and 213 may deggAgluQi &4
nunber of 5 execution stages n in the pipeline. Counter 210 may be a
one-bit counter because it always has a value of either 1 or zero. For
instance, it has a value of one if a bottom match instruction is currently
in AC. Wheh t BEAPRstthget ithe inedvestACnst e adntedipdlainy Bgay Ooger o. 10
Counter 211 and the next counter (e.g. for stage EX 2) may be two-bit

counters, alldweghtoheleeopkrofighhther p$e8L inkNYBAL EBAMLS MO J)i M t/gd in
this respect. This is because counter 211 (e.g. the EX 1 counter) 'nay have

a maxi mumest Ue ofgivpers he Ref opat h a 1l of 15
Ue 0igivBersNBaFXcResOba ﬁﬁldHBéd @‘f/‘éh £ {BX LI o %rn

three. The EX 3 counter has a nmaxi num val ue of four, ~hénce, eed

hree. The EX 3 col ., 6) may b
N o6 bi { CounEr e Fapabl & o T ent SoUAtIhG hENRELATHROLSLB B60bn val ubs

three-bit counters capable epresentihg b

respecti vedys; T, er. w for.each stage may be determ ned by
consi deri ng tﬂﬁgﬁgg?ﬂéﬁygglé% Yﬁ% t%%l%%ﬁﬂgeﬁngﬁ§uﬁéé8nﬁotOh&hﬁw'This may
corresponq: e the loop is a single instruction |oop. Thus,

to the case whe
t he depth(ﬂrqqébcc%%t%+§e£lQ? takes an amount of time less than or

equal to the branch penalty (234).
FIG. 13 illusfrates a hybrid circuit having counters
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 nt® execution
stage. However, the circuit may adjust an early count

register following a termination if an instruction has not

entered the nt™

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. 1In some implementations, loop hardware may
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0 3 MAY 2005 WD 02/37271 PCT/USO01/ 45357 may sinply correspond to the
nunber of stages between the counter and AC. Again, howevifyg Maveass ze may
al so depend on whether a term nation nay occur in a particular stage; so
sone stad¥@0H#27hot need counters. 5 Another node of oper &GTSOE5R hybri d
way of adjusting the early count register. The counters residing at the
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
than the bigsckhysaradl penals idewevdn dddittiergr diappdiratdweais maegssahan or
equal to the branch penalty, then the instructions in the pipeline may be
al | owed t posmmrikty sertdveing hdecarced daunicaeg stediorm\tebitcasl] sisedagrom
its architectural counterpart. System operation nay be chosen dependi ng on

where in ttherd pal igraM ¥ dhe veafyiitald i O @i rL£d.odgl 0Nty £asermdr P Pel i ne
having 3 execute stages may be drained if the termnation occurs in EX3

stage or %étﬁgﬁi: iae Ride!dine Iy NG @fyqé&%%rg Wy he early

counter may be usted If the termnation occurs before the EX 3 stage.

20 FI.G 12 ] ' i | yst ' ' d f tion. As
showns, a %’gfsr%%rﬁr%% ;.y] us]firgaenloéla%f'l ;%éc%n\?eg’g%de&( gg%sed‘?’%r%o %}r’?n' Ingtni on

230) occurs before the s .
( ) remove alignment restrictions that might otherwise exist in

program memory.

Referring again to FIG. 1, illustrated is a

programmable processor 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
rrovide one of a number of inputs to the hardware loop unit

€. Hardware loop unit 8 may comprise a multiplexer 56
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nth stage. However, if termnation (230) occurs after the - 23 WD 02/37271
"0 3 MAY 2005 PCT/ USOL/ 45357 nth stage then the i nstructi orfb3iMAYt 2085

pi pel i ne W@02582741 | owed to flow through the pipeline and ceamuso{/232). The
early registers may then be updated with the data in their architectural
counterparts (233). The variable n may 5 define the point at which all ow ng
instructions to flow through the pipeline takes an amount of tine |ess
than or EQUBRECLES ke Brogichayaivany 934)Lodd GarBidtd US4 rases a hybrid
circuit having counters in the first n - 1 execution stages. The circuit
may al | owcop@atihe opiepelr meoxrted mxtec W Iddp instfdied i a0/ 30! bW 889 Aore
termnation if an instruction has entered the nth execution stage.

However, Lbepcireguistemay adidisowlt ealy LaUWlor rRUSISErFOLL oY Py a
termnation if an instruction has not entered the nth execution stage.

Agai n, thenvanidabke o el 5 H8fd e £ hg, AR 8l il ailltx O%’)“%Pf?% | ess

instructions to flow through the pipeline takes an anoun
S

S an
thangsor egual sk ran §§P§! ., hn other cases, .the variable n may
resi de nuch earl ?e%rf?r}%toﬁje%g} peli nérya(ye.hgafvemhaer} east%oe‘:laotr%‘ﬁc%o‘ﬁ%nal ty is

larger). register.

FIG. 14 is another block diagram illustrating one
embodiment of a hardware loop unit 8. Again, hardware loop
unit 8 may be connected to an instruction fetch unit 50 and

10 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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20 Additional |oop hardware, such as |loop registers and |oop buffers, may
facilitate fast hardware | oops. Loop hardware as describeQu@qﬂ@iﬂm5nay
provi de several advantages. In sone inplenentations, |oop hardware may -
24  $ MAY 2822 WD 02/ 37271 PCT/ USO / 45357 hi de branch pemartusey453Fh

addi ti on™9 %5)72 Y

ardware may save power by renoving the need to access
menory devices such as cache or SRAM for every iteration of a | oop.

Furthernore, the |oop hardware described bel ow may have very few 5
pr ogr anmi resfricti Mg egyer, shaopnhangduar € romy onee sy @048 gnnent
Beb T RAPERRERTOn, REZE,

restricti ot hefw se exist in programmenory. Referring again
to FIG 1, iIIustrgted ii a Bﬁgqgannable processor 2 having an execution
pi pel i ne 2thRY P2EM2EGNP6F

unit 6. Control unit 6 may include hardware
loop wunit 8. Hardware loop unit .§.may include ong Haiy¥e S&igrided| oop
buf fers connecEé@mpﬁa§§rﬁg§: ﬁﬁ éﬁdﬁ?%&ﬁﬁ%th °Rardware |oop unit may

i ncl ude one or nore single 15 instruction |lo

R reqister. coliggtion of
| oop buf f effs a @rdieer Isedp Orfedioﬁper@-‘ﬁﬁ?yrsccﬂchc?t ﬁ%‘glilebeﬁf%ﬁrp tﬁ%r%?vvare.
This collection may facilitate fast hardware I%gfs. a/

5 register. However, any number of bufreérs anc/or

instruction registers could be used in other embodiments.
In exemplary modes of operation, loop buffers are
implemented in two different scenarios. In one scenario,

every instruction in the loop fits in the loop buffer. In

10 another scenario, every instruction in the loop does not
£it in the loop buffer. Each scenario is discussed in
turn.

FIG. 15 is a diagram illustrating one scenario. ASs
shown, a 4-deep set of loop buffers may be loaded with a
15 three-instruction loop (I12-I4). As such, one of the loop
puffers 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 T4 instruction
20 is issued from the loop buffer.
FIG. 16 is a flow diagram i{llustrating one scenario.
As shown, instructions may pe issued (300), instructions

th
may be loaded into a set of loop buffers (302), and e
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Referring again to FIG 5, illustrated is a block diagramshow ng an
enmbodi ment of a hardware loop unit 8 20 connected to an i n@irMAY 2805 fetch
unit 50 awe ®&/dzaoder unit 52 of pipeline 10. Instruction ¥%&éﬁ°ﬁ3% .50 may
provi de one of a nunber of inputs to the hardware | oop unit i rdwar e

| oop unit 8 may conprise a multiplexer 56 - 25 WD 02/37271 $ 8 MAY 2005
PCT/L Sol /45357 connected to | oop hardware 54. Loop hardware 54 may

contai n omemoryndeeiset snagf Heoorahufdersoand/ orswe gig Y E mérg(?p
regi sters. Moreover, the sets of |oop buffers may include a de |%ed nunber

of buffersagoprectiad Powes iLsinysFach &t p | ff y e_an
associ ated | oop regig?%r. FIG.ln 2 i s anot her bIoc‘Qﬁia3¥§ﬁgﬁl%€§¥%39ing

one embogdigent sef-@hardvang J QR Wit _o% g)é‘gfgénegts Qg%re | oop wunit 8 may

be connected to an instruction fetch uni ec r (not shown).
connected to | oop

o v LABBLURLS BBk 19 MR BATUNLR! RGP0 GOt S0, 051007
and 274 cgnpected iy serigs. These Jufler Smanfybepriosvsil?eedic?\geu; Loy another
over again until the exit condition of the loop is met

(308).
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 inifialized (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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15 mul tipl exer 280. Ml ti
' . pl exers 260 i ;
to multiplexer 290. Output of nultipIZQSrZBO’ inturn, may provide inputs

r eqi ) 290 ma

Tﬁglghfgu$966fmﬂ;?3 may be connected back to theyiﬁgufogpﬁﬁhﬁgf ﬁ@a | oop
Mul ti pl o0 05387 [ V\Iﬁl’e | oop uni t_ 8 may provide input to XCI&HE é$35)7(gr0 260
froma register (ey ave a plurality of inputs. These may i ncl ude an |

the fetch umit 50 -ginagdgr?:ghor :?st{uction regi ster) and an input ;pgﬁf
- 26 0 : , mul tiplexer 260 nay_ h i

an input39?@%{5%@503&%@3&37%111PEEbbﬁﬁlapggsenp055 iﬁgﬁ%ﬁg ?g;eggt.fron‘the
Al usirates oo hor nor e other hardware | oop units. Exenpl ar F?ISter and
single in&PFagtPonagdrggfsfgpprLged of a 4-deep set _of 'ggp bﬁffef; ;ﬁd a
i nst ; : . wever, any number

rmZe;ug]EI gge; St :Ig‘rerH Og%“'gﬂf (;%rg'fagf?éﬂlﬂu%ft&%fti&@badxid(f)cférégfsfcee{r?argi,g/ng{ ary
scenari os. In one scenarjo e inplemented in two different

buffer. I|ms Ehaatrot rﬁer4—§ge§%r§e%ter%§/'l%%ﬂ YGid Qi d did dopadéd stiththe | oop

: er i
in the |oop buffer. Each scenario is é instructionin the |oop does not fit

5 four instructions of a loop {ffgﬁ§Fg ifh addition, a VTop

register may be loaded with the address of the next
instruction in the loop. VTop may pe an address register
that resides in the pipeline (see FIG. 2, 37). During
subsequent iterations of the loop, instructions I2-I5 may
10 executed while I6 is being fetched. T6 may then be
immediately ready for execution after 15 has been executed.
The exit condition may be checked during iterations of the
loop.
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 pe 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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turn. FIG 15 is a diagramillustrating one scenario. As shown, a 4-deep
set of loop buffers may be | oaded with a 15 three-instructi 88 M&Yp20Ga12- 14) .
As such, ®Bieoxf2tihe | oop buffers and the VTop register may sohfsi9aded
with any data. Instructions 12-14 may be executed again and again, until
the exit condition of the loop is met. As shown, the exit condition may be
checked every tinme the 14 instruction 20 is issued fromthe |oop buffer.

FIG 16 idufddnw 360y amild Uste addoonananssepartoneifls sHOUR,
instructions may be issued (300), instructions may be [oade |r?to a set of

| oop buf f ers A)302)yh@ngbd ey -sdfse - B [ 73 PCT/ USQl / 45357
menory devi ce )may be stalled s(30546) . %?%%gé?x\gs%éﬁgr E%ﬁ'&y provi de power
savings to the S r 1 oadin the instructions into the set of
buffers (302), &%@é%néfmﬁﬁ%ﬁlsorlm@q b%gg%‘g%ﬁﬁ%n'f’whi Elfed1fr Ba%t he set of
5 buffers §3g6 Zi.eoThe instructions may be issued over and over again until

the exit & POt tHe IOMPTISRt  [apSInsFrEEe7everansiher thieow
diagramillustrating one scenario. As shown, instructions may be issued
(310f1 first subset is issued from a set of buffers, power may be

saved 1if the memory device is not firing. In addition,
fetching a second subset while a first subset is issued may
minimize loop penalties. In one embodiment, the loop
buffer may have a depth that corresponds to at least the

10 branch penalty. Thus, the penalty associated with fetching
the second subset may be hidden behind the issuance of the
first subset of instructioﬁs. This may increase the speed
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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10 instructions may be |loaded into a set of |oop buffers 8314), a _menory
device may be stalied (316), and a loop count may be ini'Qi%aMAY805(312). As
long as the exit <condition of the loop is not net (318), the |oop_count
may be WRE¥3REht ed (320) and the instructions may be is§ﬁ@&”%§“?£3n1a set
of loop buffers (322). The nenory device may be stalled until the | oop
count reaches a defined nunber X (316). Mreover, X may be defined such

that the next instruction after the Eo%ﬁ na&.be inne?iatg%% ready in the
fetch unit whekGtheO| $8pahBReTei APERERL FhoFhPd2HEAer 1 1ESIGAEIEY exi t

penalty may be avoided. In other enbodinments, a loop count is initialized
(312) totherscepafuosndascrabey wbONE -t héF FHOWEmeRt HLFST 1985 CoGft rat her
t han decrenent as shown in FIG 17. Still - 28 Q 3 MAY 2005 PCT/ USOL/ 45357
WD 02/ 372d4t pubet orrbodiyneert $oadeld batone @gfardntouif drisght356) RNGS.
15-17. FIG 18 is a diagramillustrating another scenario. As shown, a
4-deep sets@bqgl egp2buf f gis amay ibe trerdddns tdf thef dwod risitr stticonsheof a
|l oop (12-15). In addition, a VTop register may be | oaded with the address
of %he nfé%p buffer (354), then a memory device may be stalled
(355) and the instructions may be continuously issued from
the set of buffers (356) until the exit condition is met
(358).
If all the instructions of the loop do not fit into
10 the loop buffer (354), then a second subset of instructions
may be issued (360) and the starting address of those
instructions may be loaded into a register (362). 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 ma-ch. In this manner, a first subset of instructions may

be dispatched while fetching a second subset of

instructions.
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instruction in the |loop. VIop may be an address register 3 resides in
t he pi pel %v e (see FIG 2, 37). During subsequent iteration & MAY 12905 oop,

i nstruct i Sf&04H215 may 10 executed while 16 is being fetchedT/ishigagst hen
be immediately ready for execution after 15 has been executed. The exit
condition may be checked during iterations of the loop. FIG 19 is a flow
diagramillustr ti the scenarip of 15 FIG 18. As shown, a first subset
of instruction BetiBadele hibSh subset bhfiwstrp88opnsasnt baefir st
subset of |nstruct|ons is issued (332). Next, the starting address of the
second SLkaﬂpcha$r%@?%c@%%m%tﬁhgdbetheadedheﬂmemaryrﬁgysha&e(§§4Ea@ t he
second subset may be issued (336). 20 During subsequent iterations of the

| oop (the hRAmeECoEssed eard | amsa beyngedef boede by fbﬁe@XWEtﬁo@ﬂ%tion (338)),
the first subset of instructions nay be issued ?ron1the set - 29 W

02/ 37271 GdAY 2088t RET/ LISk F 45854 buf f 4 second subset
is being fetched (342). The second sﬁbsetﬁﬁg 4 gﬂmggtlgggg (§2X) A node

of oper at e d mapens fances vk ibe FfG 18%@%&5%5%@%%% agvantgoes:
instruction). If the second subset includes a plurality of
instructions, the plurality may be aligned in the alignment
buffer with the first instruction of the second subset
being an instruction associated with a VTop register.

10 Operation may fufther 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

| éssociated 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. 1In one embodiment, a system in accordance
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5 first subset is issued froma set of buffers, power may be saved if the

menory device is not firing. In addition, fetching a sec&:}g@ﬁg@ﬁ while a
"first subset is issued may minimze |oop penalties. In & ment ,

t he | oopwoafsfEm nmay have a depth that corresponds to at PEHYE04585710
branch penalty. Thus, the penalty associated with fetching the second
subset may be hi dden behind the issuance of the first subset of
instructions. This may increase the speed of the DSP system |In other

, enbodi nenta, thewpresenthénaensdeer Medv hagei $1d YmePe PRSI - esi gn
feature (e.g. for 15 circuits inplenented in battery powered devices),
deeper bukhkerstimn.be move siseflel refheifitison swsdte ¢hamsthaicti ons may be
the nunber of instructions that fit in the set of |oop buffers. The

second SUBSRlOf A Uatveons vraydie dohe Nexp ibwttrarct ion 20 in the | oop
foll owi ng"those | oaded in the buffers. Alternatively, the second subset

but tors. © 30 ae S S B AR S e S Ta e P 620 1% a more
general t1ow di agram iLLustrati N e S9RnAd o descrdbednahoye. As shoun,
include invalidation where a loop buffer has been populated
with a conditional branch. Thus, in one mode of operation,
‘a set of loop buffers may be invalidated if one of the
first n instructions in a loop is a conditional branch.
10 The variable n may define the depth of the set of loop
" buffers
Another situation where a loop buffer may require
invalidation is when an event is received while a loop
buffer is being loaded. In addition, a loop buffer may
15 require invalidation fol;owing a C_SYNC for self-modifying
code. Thus, other modes of operation involve invalidating
a loop buffer when either of these two situations arise.
Zero offset loops may introduce additional challenges.
Offsets may refer to the distance betweeﬁ the loqp setup
20 instruction and the first or last instruction in the loop.
In prior art systems, offsets are necessary to facilitate
setup of hardware loops or to account for programming

exceptions in the system. Facilitating zero offset loops,
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instructions may be | oaded into a set of buffers (350) and % Qd ugb?,SZ).
If all instructions of the loop fit into the 5 | oop buffer (dd w % en a
menory deW@e&2dy! be stalled (355) and the instructions nmeycBesei/ssss;
continuously issued from the set of buffers (356) until the exit condition
is nmet (358). If all the instructions of the loop do not fit into 10 the

| oop buffer (354), then a second subset of instructions may be issued
(360) and RPEeER%r t 1 Pighbgiat Ksadvanthgseusi hetrusei 6fismany fldmaded i nto a
regi ster (362). On subsequent iterations of the |oop (as defined by the
exit condir¥ore{864y )timde first subset of instructions may be 15 issued
fromthe set of buffers (366) while the second subset is fetched from

memory (368). TixeeseDons sybsehq TBMt tRENeREntSSHEY] - enario
of FIG 18, a request for the address go?ntreld by ngw lébﬂeértrr%%eéée:very

NSt UCt ] Ry Be o bt hed whr o par SRy Eoiad, e dnsTES For
inStr§K“i(¥H%téﬁge,V¥AQ@A§7g;§t8m3dQ§¥rgggg a g@éysgkli %?lime 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 operation 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 zexro 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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By the tinme the first subset of instructions in the |oop has been
di spatched, the cache/menmory may have already been accessgg gag 2003

alignnent buffer primed with the second subset of instruc%i%@s.‘ﬁhﬁ
al i gnmenVYOAH¥EH! nay 5 hold nultiple instructions (dependfhly"SHAM wi dth

of each instruction). If the second subset includes a plurality of
instructions, the plurality may be aligned in the alignnment buffer with

the first instruction of th ecaon bset bei.n InRSt Gt i . ci ated
with a V9B FBEPs ?r.con?@rﬁeée?ﬁt Fo%e%lﬁleﬁﬁ%ne‘breqﬁ ﬁ(c%IB& e (rtglfqéuéfs%ﬁlﬁfgesc?he next

instruction follow ng that associated with VIo ile the _instruction
associ at BdMeEh CPTS$ SPOTGLEFa-Ch &g l’ﬂ’étdtl'b%pﬂq& "Jr?por’lsee%de of operation,

the instruction associated with VIop is a 64-bit instruction. As that 64
15 bit i hestuctdtdor)s dilspatihdifeaniies nextzeR HEL59sthRR MY R2s defi ned
by alignment in nmenory) may be fetched. By repeating this over and over
agai n, agPBRchst emambe fhirgpatheh danslty untgisiser s gelf astibirn ef fTEi ent
manner. Prior art progranmabl e processor systens that 20 inplenent hardware
| oops mMay, LA A6 BN dEStd iddtiartsed N(384e, opies atéxiy wottest Hooevens it is
highly desirable to provide for hardware |oops that have very few '
programi;ng . ,festictiAns,e |1 Aty elthodi SR d En€YSE ETbP BEEDEHance - 32
(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). I1f 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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0.3 MAY 2005 WD 02/37271 PCT/ USO /45357Vthepr esent invention my
have onl Y W 62,4 2€ran’m ng restriction. The single restrict i®a Wym% t hat
t he systen1canﬁ have a branch on a | oop bottom Fast hardrarssihsszps nay
have situations where a loop 5 buffer calls for invalidation. These
situations mght include invalidation where a |oop buffer has been

popul at ed .0°h a .conditional branch. Thus, in one node of operation, a
set of chﬁ?%#¥%é§%f%ﬁ§;%% PRvaPt dBREA3 ¥ ohROBfURhE 8fnsilnthasexrdadt i ons
in a loop iscﬁ conditional branch. 10 The variable n may define the depth
of the settVFITHN Puitleessrnstpeingiruction Wepeia hedp buffer may
require invalidation is when an event is received while a |loop buffer is
bei ng | oaded. % HdgtH¥¢ ofstricbpobuider mey WS deteictedi axal tHahi on
following a C SYNC for self-nodifying code. Thus, other nodes of operation

i nvol ve i medficdangedhdy ehdbopnhutherinberuetiberi©f gLhese iﬂoasgéyégggns
arise. Zero offset | oops may introduce additional challenges. sef's may

refers to thwgiisisanaebeénessybeet 09Ps SELap P n?%}:fg“%ﬁ?%g?d the first

or last instruction in the loop. |In prior art sys $4PR.
necessar y dhd:ACiddd S ) WRoP b ABL 8. 00pS Q1 Lo Account for

programm ng

may be stalled to save power. Moreover, since the single
instruction loop may be issued out of loop instruction
register 296, the instruction fetch unit 50 may be free to

10 fetch the next instruction (e.g. from a cache). Thus, when
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 offéet hardware loops may be broken

15 into three cases. 1In 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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exceptions in the system Facilitating zero offset |oops, gamy o8 MAY

2005 WO 02/ 37271 PCT/ US01/ 4535 / however, is highly adva fhecause it
may red¥@928f¥Lessing time. Even in a systemthat inpl en”ﬁé(?}l?@?dggtf\%?

registers and |oop buffers, zero offset |oops may raise challenges. For 5
instance, in the system described above, by the tine the early registers

are witten (e.g., in 1) the first, instructionQf..8 q ofdsset | oop
may al ready béli ﬁnﬁc.emgéﬁﬂré‘,engi’ncjféjophgat‘)rgaitaﬁlr%i %5 ?fe the ioop exéchi s DEC even
before Etop and Ebot get witten, the circuit may effectively 10 "mss" a

top mat chaySpeciamplepeasest idpdr BHESH 106 cihddi MY P JUHEh TP have been
designed to detect and deal with zero offset |oops. In one node of
oper at | oadivhe taigacusofthset if@lesferdding i qrsodsét HRFMtruction is
conpared to a known 15 value to detect zero offset. In this manner, early

detection of anzeme aiddetod eperat faci |idat s tmctipas i BaY ave enbodi nent
the S-offset is conpared to 4, where 4 refers to the four bytes of a 32

bi t (i nst ryetin.s ONGRp dplasiat suderchad faed drooprureyi bessateup even
before the
aligned to an instruction boundary. This may be more
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
puffers, 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.
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20 early registers get witten. FIG 21 is a flow diagramthat illustrates
a node of _ operation for detecting a zero offset |oop. As sBEBWAY 005 oop
setup i nsOUBHdH nmay be decoded (380). The s-offset - 34 pp3i3%h271 0.3
MAY 2005 PCT/ USOL/ 4357 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 offset loop may be detected even before the early
regi sters get Wi PEERT jembsdimes tef flost sShoom il Gt aBA 384)3C )t heanext n
instructions in the |oop may be issued and | oaded into a | oop buffer

(386) as mesberbed abaverarel Goo?2 undta fraowikd agAeddiaied | | ustd ates a node
of operation for detecting and dealing with the special case 10 of a

singl e insttpati off 2eK0 oFf ftde! nueeRr AF ThoWMhard ﬁg} UCES ;%3} rﬂ{@t' on may
be decoded (388). If zero offset is detected (390) and the Start O f set

equal s thgokpdctbisel d2ksrhtl @ fslsgﬂJte UGl o oD fmy be

i medi ately perfornmed ( 394 Zero of be dete

R A e e A
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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and e-offset are the sane. Special hardware may facilitate settl % up and
executing a single instruction |oop as quickly as p055|ble @Qwrlng

again to the | oop register 296 may be used for tbb?nﬁ@ﬁﬁb?* case.
Thus, X‘gd@ﬂ%‘ may be perfornmed by |oading | oop hardware (such as | oop

regi ster 296) with the single instruction, and repeatedly issuing - 35 WO
02/ 37271 0.3 N%Y 2005 PCT/USC1/45357 that instruction out of hardware |oop

unit 8 until ,exi ondi ti.qQn h i i i lRaRrHsSs met. A
single i ﬁ?tsrtﬂfc}tcl oA %515 ngq:% l(% htt n% ggtt%gnl%%%r% by hHoeI%di ng the

instruction_ in decode |n S eC|aI Ioop instruction register 296 (see
FI G 14) and RofddinWory, %ﬁiﬂé%ﬁ(ﬁﬂMQ? Yiot be accessed and everyt hi ng

upstream may be stalled to save power Nbreover since the single

i nstruction | dsE repthen sl GUIORTTAESR iMVT&ET BPWSegi ster 296, the
instruction fetch unit 50 may be free to 10 fetch the next instruction
(e.g. fromreagmachs) .offhessdwidres 1adrs si ffian intRES obPPRDP RS fi ni shed
execution the next instruction nmay already be in the instruction fetch
units 50,edA518d | Ngh IBT &L e gesiad t ymd pdge ecanpared to the PC to

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 advantageous 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 lobp 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 -



In summary, zero offset hardware | oops nmay be broken 15 into three cases.
In the first case, a zero offset single instruction |oop n@@ fasy 2005

i mmedi at eV 628327¢d out of decode via a loop instruction regrgi®i4sish the
second case, a zero offset n-instruction |oop nay be i medi ately detected
and | oaded conpletely into an n-deep set of |oop buffers. 20 And in the
third case, a zero offset |loop may be imedi ately detected and the first
n-instruc¢dl2nsapfbehatrahgep koadedhiamt whahm MdeREetl Xpd aope buffers. The
next instruction may then be associated with a VIop register. - 36 WO

02/ 37271 § 3aMPYd7200Re BETHWE0L s/ AB357 phRaxle ﬁ]@qdé f@;ﬁfef&%’ fpfdware as

descri bed herein, may be 1nplenented in a pipeline. I's may bé nuch nore

advant agegpls thag,Lmle I eng il ﬁﬁﬁpe' n one node of
oper ati on, %oo%éﬁﬁstrgcg?gﬁgﬁgggg%g 4?45E€?% |ﬁ|(§ﬂ%§ﬁﬁ?ﬁ%ﬁ%§%ﬁ%h t hat
t he instrqgt'ons are to an_instruction boundary. This may be nore

l, i d
advant agetid tﬁ%nsgﬁFﬁﬁﬁhgnSﬁgPFﬁc%Poﬁ?Wﬂ?§%¥9ﬁﬁﬂﬁﬂﬁs°¥Kﬂ%@dW@¢nChbé

aligned to an instruction boundarX in |oop hardware, no alignment of
i nst? uct | PAEINAFCheCRBEEESr §152D1RAen they are subsequent!ly issued from

the | oop hardware.
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. 1In 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 aajust 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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To align instructions to an instruction boundary, a set Of\hﬁﬁhéﬁﬁﬁhons may
be | oaded in an order of execution into the |oop hardware ¥id e address

of the n i ruction may be stored in an address regi
addition?%%p%%@z%d set of instructions may be | oaded in %&gépogﬁgégecution

into a menory device. Loading instructions in an order of execution into
| oop hardware nay conprise |loading n sequential instructions into n

buf fers, WYL IR RS | VS 1 SR - NMSOVEInE | Nyl RO SEUEIL 621

i nstructions y befany sequen I'nstructions 1 ncluding

i nstructi f al the last_n instructi f aloop. - 37 WO
02/ 37271 9% HFSo05 DT RBGHTABIEY FABEHer “ENoHF HERTS (38LhShn i n

FIGS. 23A - 23C), a nunber of hardware |oop units_may be inplenmented. The
out put ofhafy Wi tFRNGURBERS of 2 WBP BRI M2 BED %hg?élnﬁiob@ayc%ﬁn%%FEd to the
respective input of one or nore other 5 hardware |oop units. In this
manner, a secdrichabryYmaFEG. | dbpalndtibbysbrateadadvViep ragistepué3af a
first hardware |oop unit. Again, this may provide power savings insofar
as as Menipph Oavd e d SiN0k pipeding.t oakoadsthebedcohdrein, VTop may
be an address register.holding the address of a next
instruction following a blurality 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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hardware | oop unit. 10 In some cases, a plurality of loop units nmay be used
to service nested | oops (or coincident |oops). An inner hd3waire200Dop unit
may hol d B€e026¥2Hore instructions that are aligned in an paraseohasdwnar e

| oop unit. Moreover, the inner hardware |loop unit may be | oaded by sendi ng
the 15 aligned instructions fromthe outer hardware |oop unit to the input
of the inner hardware loop unit. In still other enbodiments, an independent
pluralityWhet har ewadeeldodsunits may be inpl emented. However, if two or
nore i ndependent hardware |oop units are used in the 20 sane DSP system a
restticti dn ma hethsedcolpriigisicance, when both | oops have the same
bottominstruction, one of the |oops nmay be defined as the outer | oop.

Wthout this -138di8q3 aMﬂr%QO%u\BQ&Z/&7%7%quGE/n\%%O%/f“ﬁ?erﬂﬁﬁéirérFéi on the
Cc

circuit mght encounter two bottom matches and not know whi one to
oorienes! oiel 18GpLIRETdE skt o A ylen e gL o
P gg |C g{ne)?r ﬁgyt 0;§ Q‘Elﬁg e FIGUN ufbosre & afq:rc]m{[ P® orf:ath%r}:'dwl‘a! rkeevgus e nq.(ja na EBot

5 subsequent pass through the loop; and

6 retrieving a second subset of the sequence of

7 instructions from a memory device substantially

8 simultaneously as the first subset is being issued during

9 the subsequent pass through the loop.

1 2. The method of claim 1, the method further comprising

2 issuing the second subset after the first subset has been

3 issued.

1 3. The method of claim 1, the method further comprising:

2 | issuing the first subset from the loop hardware during

3 every subsequent pass through the loop; and

4 retrieving the second subset of the sequence of

5 instructions from the memory device substantially

6 simultaneously as the first subset is being issued during

7 every subsequent pass through the loop.
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be conpared to the PC to account for each bottom match. However, when

har dware | oops are disabled, any switching in the conparaﬁngg;qults may
be nerely a waste of power. 10 Therefore, it nmay be advantageous to disable
bot t om mM¥X@#/373Ad t op nmatch conparator circuits when a haP@RAISOIHBSP i s

di sabl ed. By choosing inputs to a conparator.to disable the conparator
when the hardware | oop is disabled, power may be conserved. 15 FIG 24 is
an exenpl ary enbodi nent showi ng power saving circuitry. ETop register 400
and 1EBot 4.egi Stlee mMéhodesHectaivel, priovieénonetnfeningmbeseodbndnputs to
mul ti pl exers 404 and 406. The output of nultiplexers 404 and 406 nay be

i nput s t GuEHERAr&f ot he 408qagtcd 10f Thet 2Ocbiber fropua memeoypacaiees 408
and 410 may cone fromthe output of rnultiplexer 412. The inputs of

mul t4 pl exgy ];flll@segai‘eEPﬂEviﬁ@r%té‘@c@ﬁ@%@ﬁ‘sé@UBEe’(:hélée%{lénée| gep disable
signal 416 tfroma control unit. Miltiplexers 404, 406 and - 39 WD 02/37271

Q 34P“Y %ggﬁzr %gﬁéggn%§§§5%pu%g%$py be arranged such that when hardware

| oops are e ou f multiplexer 412 is different from the
outgyt of multiplexers 404 and 406. This nmay ensure

1 5. The method of claim 1, wherein retrieving a second

2 subset of the sequence of instruction from a memory device

3 comprises retrieving a second subset of the sequence of

4 instructions from SRAM.

5

1 6. The method of claim 1, wherein loading a first subset

2 of a sequence of instructions into loop hardware during a

3 first pass through a loop, and

4 issuing the first subset from loop hardware during a

5 subsequent paés through the loop comprise:

6 loading a first subset of a sequence of instructions

7 into a set of loop buffers during a first pass through a

8 loop, and

9 issuing the first subset from the set of loop buffers
10 during a subsequent pass through the loop.

1 7. The method of claim 1, wherein retrieving the second

2 subset of the sequence of instructions from the memory
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that no switching occurs in conparators 408 or 410 when the 5 hardware

| oops are _disabled. In one enbodi nent, the same | oop di sabl 8 &Mgrial005416

may be seMO %574l tipl exers 404, 406 and 412. However, an ROTVESH1A%3s6NOt
shown) may invert a bit before multiplexer 412 receives the signal. In
this manner, the output of 10 nultiplexer 412 may be different than that of
mul tipl ex . 404 and, 4086. na,o di sable signal is sent to the

ci rcu%ot. ﬁ%lcﬁ Sa"?bs%t?ﬁ]?héﬁli&t EémHﬁEéRéﬁBFéVyaéi tbgi fiffet sSukgedndnting an
ECnt register 418. On_each pass of the 15 |loop, nultiplexer 420 may

decr énent sﬁterﬂé“qzc}ﬁw%i%%%ng FofBberqupnt agpast kbmbuigh méeedsaiy, the

adj ustnents signal (e.g. the clobber count 422) may adjust the ECnt

accordi nglse@ictes he | oop has finished its last iteration, conparator 424
may send a signal 425 so 20 indicating. FIG 24 also illustrates how bottom

mat chles and t opretnmit eisg meye bredet 6t educhen @ﬁmEﬁ"eats%rqu%éw Jdefgect s that
the program counter 412 and ETop regi ster have the sane - j 3 MAY M WO

02/ 37271 REHASHAMIISimmediately following the first subset from

8 the memory device substantially simultaneously as the first
9 subset is being issued during a subsequent pass through the
10 loop.

1 8. The method of claim 1, wherein the method comprises

2 finishing retrieval of the second subset before

3 instructions in the first subset have been issued.

1 9. The method of claim 1, wherein retrieving a second

-2 subset comprises retrieving a number of instructions, a.

3 first instruction in the number being a next instruction in
4 the sequence of instructions immediately following the

5 first subset.

1 10. An apparatus comprising:

2 a control unit comprising:

3 an instruction fetch unit; and

-44 -



val ue, a Top Match signal 428 may be sent. \Wen conparator 408 detects
that the program counter and the EBot register have the sg%e x@lz , a
Bottom Match signal 430 nay be sent. Finally, FIG 24 also iIMustr tes a
VTop regwet®@ns732 5 inplenented in a pipeline. As descri®etUSHeSdn, VTop
may be an address register holding the address of a next instruction
followng a plurality of instructions |oaded into |oop hardware (not
shown). Various enbodi nents of the invention have been 10 descri bed. For
exagpl e, numerous har dwaiceg G dwectenicgugs echance tee i rdesetd been f or

i npl enentation within a processor. The processor nmay be inplenented in a
var i5ety of systens ¢Jdd YUFiRG @genreral purpose conputing systens, digital
processi ng systens, |aptop conputers, personal digital 15 assistants

(PDE s) and cel |l AlqdiogRy dd) ddi e ot dductddie fetehang;toapa di scussed
|

above may be readily use O I ncrease processing speed w thout
significantly increasin power consunption. In such a system the
pr odessortifayt HeP Eﬁéﬂ%}e’to a menory device, such as a FLASH nmenory devi ce

20 or a static random access nenpry (SRAM _ that stores an operating system
and ot her sof tweeEeHp e P! T‘%%Js‘é l%n%é%?a’f‘n%ci ®Rbodi ments are within

the scope of the followng clains. - 41 ) )

9 load a first subset of instructions into the loop
10 hardware during a first pass through a loop;
11 issue the first subset from the loop hardware during a
12 subsequent pass through the loop; and

13 retrieve a second subset of the sequence of

14 instructions from the memory device substantially

15 simultaneously as the first subset is being issued during
16 the subsequent pass through the loop.

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

2 hardware comprises at least one set of buffers coupled in

3 parallel.

1 12. The apparatus as in claim 11, wherein the set of

2 buffers are loop buffers.
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0 3 MAY 2005 WO 02/37271 PCT/USQ /45357 What is clainmed is: 1 1. A nethod
conprising: 2 loading a first subset of a sequence of instr@@ mMans0053 into
| oop har dW&r@/3@1Mi ng a first pass through a | oop; 4 issuingcthRefid:8t
subset from | oop hardware during a 5 subsequent pass through the | oop; and
6 retrieving a second subset of the sequence of 7 instructions froma
menory device substantially 8 sinmultaneously as the first subset is being

i ssued dur3 ng Tioe t dppsubtegqueant ipasiaimr bAghthkeabpapaths2 futheeret hod of
claiml1, the nmethod further conprising 2 issuing the second subset after
the 4irstcambsesihqsabrenoryd desued, dhéreIhethet hodteliceh anmsltdhe net hod
further conprising: 2 issuing the first subset fromthe | oop hardware
durifng 3Jueierys sebsgusgntoPars hbho¥ghqthekoop; and 4 retrieving the
second subset of the sequence of 5 instructions fromthe nmenory device
substantially 6 sinultaneously as the first subset is being issued during

7 every subsequent pass through the loop. - 42 Q 3 MAY 2005

1 14. The apparatus as in claim 13, wherein the memory

2 device is a cache.

1 15. The apparatus as in claim 10, wherein the control unit
2 is further adapted to issue the second subset after the

3 first subset has been issued.

1 16. The apparatus as in claim 10, wherein the control unit
2 is further adapted to:

3 issue the first subset from the loop hardware during

4 every subsequent pass through the loop; and
.5 retrieve the second subset of the sequence of

6 instructions from the memory device substantially

7 simultaneously as the first subset is being issued during

8 every subsequent pass through the loop.

1 17. A system comprising:

2 an SRAM memory device;

3 loop hardware; and
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WO 02/ 37271 PCT/ USOL/ 45357 1 4. The nethod of claim1l, wherein retrieving a
second 2 subset of the sequence of instruction fronlalnﬂmgy|ﬂ$Vﬂﬁ& 3
conprises retrieving a second subset of the sequence of 4 Instructions from
a cache.wb0y3®71The nethod of claim 1, wherein retrievi ngP@/BEHEAHT2 subset
of the sequence of instruction froma nenory device 3 conprises retrieving
a second subset of the sequence of 4 instructions fromSRAM 5 1 6. The

nmet hod of claim 1, wherein loading a first subsef 2 of sequence of

i nstaructi ons iantRF dARFS MareReR L HUE? g MY GeHHSS t‘fa’:}l“%ﬁ"g%‘lnatll‘%op, and
4 issuing the first subset froml|oop hardware during a 5 subsequent pass

t hr sugh thedessprdnprisdes 6a | oot net autit sadapfir@tt®f a sequence of
instructions 7 into a set of |loop buffers during a first pass through a 8
| oo, and g i s therdt rshbsebsef &rsequdmcsedf oinbbopcbudpher sntae
during a subsequent pass through the loop. 1 7. The nethod of claim1,

wherei n rgld i @Y thd FewsLE0adriRgsHbsetsofphhe segoegheaolobpstructions
fromthe nmenory - 43 '

8 issue the first subset from the loop hardware during a
9 subsequent pass through the loop; and
10 retrieve a second subset of the sequence of
11 instructions from a memory device substantially
12 simu;taneously as the first subset is being issued during
13 the subsequent pass through the loop.
1 18. The system as in claim 17, wherein the control unit is
2 further adapted to issue the second subset after the first
3 subset has been issued.
1 19. The system as in claim 17, wherein the control unit is
2 further adapted to:
3 issue the first subset from the loop hardware during
4 every subsequent pass through the loop; and
5 retrieve the second subset of the sequence of
6 instructions from the memory device substaptially
7 simultaneously as the first subset is being issued during
8 every subsequent pass through the loop.
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WO 02/ 37271 Q 3 MAY 2005 PCT/USO /45357 3 device substantiaIIX

simul taneously as the first subset is 4 being issued duriﬂ@ M‘édﬂ@equent
pass thrdﬁ&Hn%ﬂﬁnloop 5 conprises: 6 retrieving the next i RETAMSOL/ABRTI N the
sequence of 7 instructions imediately followng the first subset from38
the nenory device substantially sinultaneously as the first 9 subset is
bei ng i ssued during a subsequent pass through the 10 loop. 1 8. The nethod
of claim1, wherein the nmethod conprises 2 finishing retrieval of the
second subset before 3 instructions in the first subset have been issued. 1
9. The ne2fled Bheclsaisneln ashdmeicd aret rli7gViwrge e ise i 165 Uhsedw£POPr i ses
retrieving a nunber of instructions, a. 3 first instruction in the nunber
bei ng a nextludetr act ileasitnond ke SAIWRIFGRQf, i nstructions i medi ately
following the 5 first subset. 1 10. An apparatus conprising: 2 a control
unit conprising: 3 an instruction fetch unit; and - 44 0 3 MAY 2005

1 21. The system as in claim 20, wherein the set of buffers
2 are loop buffers.
1 22. A method comprising:
2 loading a first subset of a sequence of instructions
3 into a set of buffers during a first pass through a loop;
4 | issuing the first subset from the set of buffers
5 during a subsequent pass through the loop;
6 retrieving a second subset of the sequence of
7 instructions from a memory device substantially
8 simultaneously as the first subset is being issued during a
9 subsequent pass through the loop; and
10 issuing the second subset after the first subset has
11 been issued duriﬁg a subsequent pass through the loop.
1 23. The method of claim 22, wherein retrieving a second
2 subset of the sequence of instruction from a memory device
3 comprises retrieving a second subset of the sequence of .
4 instructions from a cache.
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WO 02/ 37271 PCT/ US01/ 45357 4 | oop hardware coupled to the instruction 5
fetch unit; and 6 a decoder coupled to the instruction fetca Sﬁ*} @gd 7
the | oop hardware, 8 wherein the control unit is adapted to®3 5 a first
subset of WOB#$737dti ons into the loop 10 hardware during aPETUS01/45a8%
through a | oop; 11 issue the first subset fromthe | oop hardware during a
12 subsequent pass through the |loop; and 13 retrieve a second subset of the
sequence of 14 instructions fromthe nenory device substantially 15

sinmul taneously as the first subset is being issued during 16 the
subsequent pass through the loop. 1 11. The apparatus as in claim 10,
wher i n t Bé.| oBpe2mhahddaré cdapmi 88s whelredst rede isatingf the fsrcombupl ed
in 3 parallel. 1 12. The apparatus as in claim1l, wherein the set of 2
buf f ers ag@bke@poliuther $eqledcAY 2005 +WRRAOHE2 Er IMCHHESAIR3H7 113. The
apparatus as in claim12, the apparatus further 2conprising a nenory

devige, waekg€lB LREstRHiWElORi k@I EAneously as the first subset is

4 being issued during a subsequent pass through the loop

5 comprises:

6 retrieving the next instruction in the sequence of

7 instructions immediately following the first subset from

8 the memory device substantially simultaneously as the first

9 subset is being issued during a subsequent pass through the
10 loop.

1 25. The method of claim 22, wherein the method comprises

2 finishing retrieval of the second subset before

3 instructions in the first subset have been issued.

1 26. The method of claim 22, wherein retrieving a second

2 subset comprises retrieving a number of instructions, a

3 first instruction in the number being a next instruction in

4 the sequence of instructions immediately following the

5 first subset.

1 27. A method comprising:
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3unit is coupled to the nenory device. 114. The apparatus as_in claim 13,
wherein the memory 2device is a cache. 115. The apparatus asBi3nM&Y 200& 10,
wherei n tWwo emstetiol unit 2is further adapted to issue the sReopd,auhset
after the 3first subset has been issued. 116. The apparatus as in claim 10,
wherein the control unit 2is further adapted to: 3issue the first subset
fromthe | oop hardware during 4every subsequent pass through the | oop; and

Sretnieve the see@ihubsetrHf A hen SEHYEPEE, 9T o b Qs%égﬁéh%%@‘)mthe.
menory devi ce substantially 7sinultaneously as the tirst subsét is being

i ssued duriy ? Rses u | ogp.. 117. A system

\(j\grgr} g;gél%ﬁ%ﬁ%@;yjﬁ%ﬁ\ﬁ (%Z?E%‘IS%%% %glf%gér?e; ggﬁ % P3g* %E@OW 2005
. a processor coupled to the nenmory device,

wheréi n t elog%rggeésrgeol% i"hc sua%sp%sﬁgh‘t’?&n ‘ﬁg?rédaﬁged to: 6 load a first

subs%t of a seg%enqe of instructions into 7 the |oop hardware during a
first pass thr 5H%¥9(ﬂﬁx east one of the first n instructions from

5 the loop hardware.

1 28. The method of claim 27, the method further comprising
2 loading an address of an (n+1)®™ instruction into an

3 instruction address register during the first pass through
4 the loop.

1 29. The method of claim 28, the method further comprising
2 issuing the first n instructions from the loop hardware

3 during a subsequent pass through the loop.

1 30. The method of claim 29, the method further comprising
2 issuing instructions from the loop hardware during every

3 subsequent pass through the loop.

1 31. The method of claim 29, the method further comprising
2 retrieving an (n+1)* instruction substantially

3 simultaneously as issuing the first n instructions during a
4 subsequent pass through the loop.
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8 issue the first subset fromthe | oop hardware during a 9 suﬁgfq nt pass
through the loop; and 10 retrieve a second subset of the seﬂ@e e 11
instructions froma nenory device substantially 12 sinultan oa% s.the
first subsgéobsrhei ng i ssued during 13 the subsequent pasg%g 8&6 Mhe

| oop. 1 18. The systemas in claim17, wherein the control unit is 2
further adapted to issue the second subset after the first 3 subset has
been issued. 1 19. The systemas in claim1l7, wherein the control unit is

2 further adapted to: 3 issue the first subset fromthe | oop hardware
during 4 every subsequent pass through the I oop; and 5 retrieve the second
subset of P?e SQGUENGE- A &F | ¢Tsd 128 onishd muehtidre Frkder RQRRIE-SLing
substantially 7 simultaneously as the first subset is being issued during

B every subsequent r oHghs & Serh ®0Pons #Y a MeBo A0S WO 02/ 37271
pcT/ UgO /45@@%"%‘ pg ee)hgygggrﬁ as in claim17, wherein the | oop hardware 2

i ncl udes at | east one, set . r . The systemas in claim 20,
wher eidn th@hﬁﬁe%ﬁ'%u+?e?38£SPHI$g fntdoéd

1 33. The method of claim 32, the method further comprising:
2 retrieving an (n+1)" instruction substantially

3 simultaneously as issuing the first n instructions;

4 issuing the (n+1)®™ instruction; and

5 retrieving an (n+2)™ instruction substantially

6 simultaneously as issuing the (n+l)®™ instruction.

1 34. The method of claim 33, the method further comprising:
2 issuing the (n+2)™ instruction; and

3 retrieving an (n+3)®" instruction substantially

4 simultaneously as issuing the (n+2) T instruction.

1 35. The method of claim 27, the method further comprising
2 not accessing a memory device while issuing at least one

3 instruction from the loop hardware.

1 36. An apparatus comprising:
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2 are loop buffers. 1 22. A nmethod conprising: 2 loading a first subset of
a sequence of instructions 3 into a set of buffers during & 8iMAt 285ss

t hrough a\Y@8%37274 jssuing the first subset fromthe set ofpcuidoensssd
during a subsequent pass through the loop; 6 retrieving a second subset of
the sequence of 7 instructions froma nenory device substantially 8

sinmul taneously as the first subset is being issued during a 9 subsequent
pass 't hrough t Re 9¥¢FClanh it sdantiesy tchd asat ondE istdtts et fafserudthieohsr st
subset has 11 been issued during a subsequent pass through the |oop. 1 23.
The Ret hofofe ckaivenz2, ofheimetrudtidreyiing @ 1SRGOMh 2wdbs edufnd he
sequence of instruction froma nenory device 3 conprises retrieving a
secord sulfdetstopatsize thaqueyicen doch,| MG NS f TPPSE CALHE - 1 18 8qe P 3 MAY
2005 WD 02/37271 PCT/USOL/-t15357 1 24. The met hod of clain125, Wher &i n

retrhevingh@h@o&QQQnduna¢§QQ§%&fyiﬁJ¥asequence of instructions fromthe
menory 3 device substantially sinultaneously as the first subset is 4

bei ng issued during g ﬁyﬂﬁﬁgﬂﬁﬂ&npqﬁﬁxﬁpqgﬁgn %HEilOOp 5 conpri ses:

6 loop hardware connected to the fetch unit; and
7 a decoder connected to the control unit.

1 37. The apparatus as in claim 36, the apparatus further
2 comprising a memory device connected to the instruction
3 fetch unit.

1  38. The apparatus as in claim 37, wherein the memory

2 device is a cache.

1 38. The apparatus as in claim 36, the apparatus further
2 comprising an instruction address register, wherein the
3 control unit is adapted to load an address of an (n+1)
4 instruction into the instruction address register during
5 the first pass through the loop.
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6 retrieving the next instruction in the sequence of 7 instructions

imredi ately following the first subset from8 the menmory deygqgay 2005
substantia Iy si_mul taneously as the first 9 subset is beigg,issue during
a subseqERO*PHLL through the 10 loop. 1 25. The method diCEYSIHTH3,
wherein the nethod conprises 2 finishing retrieval of the second subset
before 3 instructions in the first subset have been issued. 1 26. The

met hod of glain122, wher ei n retriev&n a_second 2 s Bset conpri ses

retri evi i a nifBerPBRERRUET GEL I-BnELoama3Py  SRCFREPT HBET GRAEHOLhEdber
being a next instruction in 4 the sequence of instructions imediately

f ol 12w ngt $ hedasPEpAstoshBgre. theofirAtnpt B LEBRBAPESngTom 4be doRPVAY 2005
WO 02/ 37271 PCT/ U801/45357 1 loading a first n instructions of a sequence
of 2 insthacdvane duréngospshhpdauestdprssgthrpugdt tpasdoopr.ough 3 a | oop,
wherein n is a positive integer; and 4 issuing at |east one of the first n
instructions from 5 the |oop hardware. 1 28. The nethod of claim 27, the
met hod further conprising 2 |loading an address of an (n+l)th instruction

intoan 41. The apparatus as in claim 40, wherein the control unit

2 is adapted to issue instructions from the loop hardware

3 during every subsequent pass through the loop.

1 42. The apparatus as in claim 40, wherein the control unit
2 is adapted to retrieve an (n+l)™ instruction substantially
3 simultaneously as issuing the first n instructions during a
4 subsequent pass through the loop.

1 43. The apparatus as in claim 37, fﬁrther comprising an

2 instruction address register, wherxein the control unit is

3 adapted to load an address of an (n+1)*™ instruction into

4 the instruction address register during the first pass

5 through the loop and align a next (m) instructions in the

6 memory device, wherein m is a positive integer.

1 44, The apparatus as in claim 43, wherein the control unit
2 is adapted to: '
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3 instruction address register during the first pass throug@a @@;Hﬁ | oop. 1
29. The nethod of claim28, the nethod further conprising RAT] 5 t he
first n ins?PY¢tbns from the | oop hardware 3 during a SubSEUESI/EITS

t hrough the loop. 1 30. The nethod of claim?29, the nethod further
conprising 2 issuing instructions fromthe |oop hardware during every 3
subsequent pass through the loop. 1 31. The nmethod of claim29, the nethod
furthér conpri sFeFriEveetan etriig “anifsticncth dnnsubsetinei s9ulst antial |y 3
sinmul taneously as issuing the first n instructions during a 4 subsequent

pass #hroughmuf¢aneomsly 50 iQshiMyY 0% MR 902 37274 PGTY /45357 1 32.

The method of claim 28, the method further conmprising 2 alighing a next

(m iastructioniSEMeaﬂnﬁﬂqm%qqevi§§8t§u@@§5§Lnaghis a positive integer. 1

33. The nethod of claim32, the nethod furthér conprising: 2 retrieving an

(n+l) &h instruc&gQQi%Hgs%gpyggk&yh3H§%ﬁ§%é€neouslggﬁgn'g;ghng the first n

instructions; 4 issuing the (n+l)t FUcT] oRY Yieving an (n+2)
th 'ngtrucEiBﬂl%HW@&ﬁEﬂj”J&’issuing the (n+1)® instruction.

1’ 45. The apparatus as in claim 44, wherein the control unit
2 is adapted to:

3 issue the (n+2)°¢ instructién; and

4 retrieve an (n+3)™ instruction substantially

5 simultaneously as issuing the (n+2)®™® instruction.

1 46. The apparatus as in claim 37, the apparatus adapted to
2 not access the memory device while instructions are being

3 issued from the loop hardware.

1 47. 'The apparatus as in claim 36, wherein the loop

2 hardware includes at least one set of buffers coupled in

3 parallel.

1 48. The apparatus as in claim 47, wherein the set of

2 buffers are loop buffers.
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6 sinultaneously as issuing the (n+l)th instruction.

claim 33, the nethod further conprising: 2 issuing the ( §hhﬂ 2005
instruction; and 3 retrieving an (n+3)th instruction substantially 4
sinultaneousl¥ as issuing the (n+2) th instruction. 1 35.PARYSHESAYD of

cl ai m 2O Mt hod furt her conprising 2 not accessing a nenory device
while issuing at | east one 3 instruction fromthe | oop hardware. 1 36. An
apparatus conprising: - 51 WO 02/37271 0 8 MAY 2005 PCT/USO 1 /-15357 1 a
control unit adapted to caddrst ninstructions 2 of a sequence of

i nst¥ uct i‘ohs ?%t%&%%ﬁé)?éﬁéﬁ%ﬁ%ﬁ%uring a 3 first pass through a | oop,
wherein n is a positive integg%vicé.the control unit conprising: 5 an

i nstzuction fetehSRAN (MR 6 oop hardware connected to the fetch unit;
and 7 a decoder connected to the control unit. 1 37. The apparatus as in
cl aisn 36, the hpparhARESYRLR{ hBP® 2 conprising a menory device connected to
the instruction 3 fetch unit. 1 38. The apparat in i % erein
t he genory a processor coupled to the mggory davite, W R oneth

1 34. The net hod of

5 processor includes a control unit adapted to:

6 load a first n instructions of a sequence of

7 instructions into the loop hardware during a first pass

8 through a loop, wherein n is a positive integer.

1 50. The system as in claim 49, wherein the loop hardware
2 includes at least one set of buffers coupled in parallel.
1 51. The system of claim 49, the system further comprising
2 an instruction address register, wherein the control unit
3 is adapted to load an address of an (n+1) instruction into
4 the instruction address register during the first pass

5 .through the loop.

1 52. The system of claim 51, wherein the control unit is

2 adapted to issue the first n instructions from the loop

3 hardware during a subsequent'pass through the loop.
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2 device is a cache. 1 39. The apparatus as in claim36, the apparatus
further ﬁ‘,&}%{l sing an instruction address register, wher il 8 NAYe 2003
control u 2glhapt ed to load an address of an (n+l)th 4PGTESCIWSEI70N
into the instruction address register during 5 the first pass through the
| oop. - 52 0 3 MAY 2005 WD 02/ 37271PCT/ USQOL/ 45357 140. The apparatus as in
claim 39, ﬁgerei the control unit 2is adapted to issue the first n

i nstrOct i ons *f r OMet FY SIt68p oFh &A@ & Huritrey el utise quent rgssnifr oygh t he
| oop. 141. The apparatus as in claim40, wherein the control unit 2is

adapt &d t oafspied st dissticonhef ridmstthen | op: had Eves £ BEBH | 10 CVEEY
subsequent pass through the | oop. 142. The apparatus as in claim4o0,

wher efn thbacdrtrel dumihg?ieyeadapifhdgudid rd L€ @y )edd {HgLruction
substantially 3sinmultaneously as issuing the first n i'nstructi onR " dur i ng a
4subsequent pass through the | oop. 143. The apparatus as in claim
37,further conprising an 2instruction address register, wherein the control

unit is 3agdapt egntoshaad anadgr n+l) th instruction into 4the
instruction addr essSlryegi St e ?fura??ltg nge%{}ie(rrs?l A€ KM Yt 1 59p and

align,a neé&aﬁgzd'@%tE%%EE%Q% AL Hmal)“‘instruction substantially

3 simultaneously as issuing the first n instructions during a
4 subsequent pass through the loop.

1 55. The system of claim 51, wherein the control unit is
2 adapted to align a next (m) instructions in the memory

3 device, wherein m is a positive integer.

1 56. The system of claim 55, wherein the control unit is
2 adapted to:

3 retrieve an (n+1)®™ instruction substantially

4 simultaneously as issuing the first n instructions;

5 issue the (n+1)™™ instruction; and

6 retrieve an (n+2)*™ instruction substantially

7 simultaneously as issuing the (n+1)® instruction.

1 S57. The system of claim 56, wherein the control unit is
2 adapted to:
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6menory device, wherein mis a positive integer. 144 The apparatus as in

claim43,wherein the control unit 2is adapted to: - ng? @% 0 3 MAY
2005 PCT/ USOL/ 45357 3 retrieve an (n+l)th |nstruct|on subStanti a

si mul t an®@UBI327ds i ssuing the first n instructions; 5 i s%%HUﬁ‘Hé"‘Q +| )th
instruction; and 6 retrieve an (n+2)th instruction substantially 7

simul taneously as issuing the (n+l)th instruction. 1 45. The apparatus as
in claim44, wherein the control unit 2 is adapted to: 3 issue the (n+2)
th ihstructionisswel gZheefniave anstavgkdlninanduction substantially 5

si mul t aneously as issuing the (r| +2)th instruction. 1 46. The apparatus as
in ctaim37, thetappaeatns (adaptednstru2tion avbessrtialignory device whil e
instructions are being 3 issued fromthe | oop hardware. 1 47. The appar at us
as if cl %ﬁ@l@ané‘@@é@ynabhﬁéslsﬁﬂﬁg2thér dwap et nchyesceioheast one set of

buffers coupled in 3 parallel. 1 48. The apparatus as in claim47, wherein
t he set of

1 58. The system of claim 51, wherein the system is adapted
2 to access the memory device while issuing instructions from
3 the loop hardware.

1 59. A method comprising:

2 loading a first n instructions of a sequence of

3 instructions into loop hardware during a first pass through
4 a loop, wherein n is a positive integex;

5 loading an address of an (n+1)™ instruction into an

6 instruction address register during the first pass through
7 the loop;

8 aligning a next (m) instructions in a memory device,

9 wherein m is a positive integer

10 issuing the first n instructions from the loop

11 hardware during a subsequent pass through the loop;

12 retrieving an (n+1) ™ instruction using the address

13 loaded in the instruction address register substantially

14 simultaneously as issuing the first n instructions during a
15 subsequent pass through the loop;
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2 buffers are loop buffers. - 54 WD 02/37271 0 3 MAY 2005 PCT/ USQ1 /45357
1 49. A system conprising: 2 an SRAM nermory device: 3 |oop harMWa?® and 4
a processWO eBiigTled to the nenory device, wherein the 5 prpregassoisispcl udes
a control unit adapted to: 6 load a first n instructions of a sequence of
instructions into the | oop hardware during a first pass g through a | oop,
wherein n is a positive integerkhl_SO. The systemas in claim49, wherein

t he Y%o0p har dwarESuIng feheidest bl | dastt v isat; @ndbuffers coupled in
parallel. 1 51. The systemof claim49, the systemfurther conprising 2 an
i nstiucti on addressiewigistar, (mhier8i insbeueenbrokubsitink i 1@dapt ed to | oad
an address of an (n+l)th instruction into 4 the instruction address

regilst er cumulydriwods Ygtapasssiddirewgh(ihe) ogm st -1 e system of
claim51, wherein the control unit is 2 adapted to issue the first n
instructions fromthe loop 3 hardware during a subsequent pass through the
| oop. - 55

1 60. The method of claim 59, the method further comprising
2 issuing the (n+2)™ instruction; and

3 retrieving an (n+3)“ﬁinstruction substantially

4 simultaneously as issuing the (n+2)th instruction.

1 61. A method comprising:

2 loading a set of instructions into a first set of loop
3 buffers; and

4 loading at least some of the set of instructions from
5 the first set of loop buffers into a second set of loop

6 buffers.

1 62. The method of claim 61, wherein loading a set of

2 instructions into a first set of loop buffers comprises

3 loading a set of instructions from a memory device into a
4 first set of loop buffers.

1 63. The method of claim 61, wherein the instructions

2 loaded into the first set of loop buffers are part of a
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WO 02/37271 0 3 MAY 2005 PCT/USO /45357 1 53. The system of claim 52,
wherein the control unit is 2 adapted to issue the first ngignghy @edsi ons
fromthe | go 3 hardware during every subsequent pass through the [oop. 1
54. The sYQUMdH claim 52, wherein the control unit is ZPQggﬁPEﬂBF%
retrieve an (n+l) th instruction substantially 3 sinultaneously as issuing
the first n instructions during a 4 subsequent pass through the |oop. 1
55. The syslegyolobhalihSineMgLebacti8ngonbaabaliblol tne? BUARLLA L0 alian
I'ns e erein

a next (m ructfons in the nenory Vi ce, mis a positive

integir. 1 P6l The sggten1of cIaiﬂ15g, mhereia ihe control unit is 2
adapted t o°* 31P8P, PBYECAR £R%I§3Fh Phsfr GECPBR 4BBBrantially 4

simul taneously as issuing the first ninstructions; 5 issue the (n+l) th
instruction; and 6 retrieve an (n+2) th instruction substantially 7
simul taneously as issuing the (n+l)th instruction. 1 57. The system of

cl ai M 56, @herelhet petbodt bl clipim P3, 2whgaptiadat First56ns@ rAchAGR G5

2 the second loop is loaded in the first set of loop buffers.
1 65. The method of claim 63, wherein a first instruction of
2 the first loop is loaded in the second set of loop buffers.
1 66. An apparatus comprising:

2 a control unit comprising:

3 an instruction fetch unit,

4 a first set of buffers coupled in parallel

5 and connected to the fetch unit, and

6 - a second set of buffers coupled in parallel
7 and connected to the fetch unit and the first set
8 of buffers; and

9 a decoder connected to the instruction fetch unit and
10 the first and second sets of buffers.

1 67. The apparatus as in claim 66 wherein the control unit
2 is adapted to:
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WO 02/ 37271 PCT/ USO /45357 1 issue the (n+2) th instruction; and 2 retrieve
an (n+3) th instruction substantially 3 sinultaneously as 0§SMRm@mEhe
(n+2) th W€s@zaelli on. 1 58. The system of claimb51, wherei pctrSosystsem i s
adapted 2 to access the nenory device while issuing instructions from 3
the | oop hardware. 1 59. A nethod conprising: 2 loading a first n
instructions of _a sequence of 3 instructions into |oop hardware during a
firstlpass throtBRd 2 8o, IMSEEAIGHLPNSs Intsoding Vid 4S5k ety ;0% | oadi ng an
address of an (n+l)th instruction into an 6 instruction address register.
during t hebtfferspassdthrough 7 the loop; 8 aligning a next (m
instructions in a nenory device, 9 wherein mis a positive integer 10

i ssuing .the filsadnaindkastt isone foforaHhadoaT ihls tardhiats Rydmo 19
subsequent pass through the loop; 12 retrieving an (n+l) th instruction
usingqthe addresserlar! paded s 1o ithel rddn RAArEsHUAA S er _
substantially 14 simultaneously as issuing the first n instructions during
a 15 subsequent pass through the loop; 57 0 3 MAY 2005

1 68. The apparatus as in claim 66, further comprising a

2 memory device connected to the instruction fetch unit,

3 wherein the control unit is adapted to load the set of

4 instructions from the memory into the first set of buffers.
1

1 69. The apparatus as in claim 68, wherein the memory

2 device is a cache.

1 70. The apparatus as in claim 66, further comprising a

2 third set of buffers coupled in parallel and connected to

3 the fetch unit, the first set of buffers, and the second

4 set of buffers.

1 71. The apparatus as in claim 70, further comprising a

2 fourth set of buffers coupled in parallel and connecte& to
3 the fetch unit, the first set of buffers, the second set of

4 buffers, and the third set of buffers.
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WO 02/ 37271 PCT/ USO /45357 16 issuing the (n+l) th instruction; and 17
retrieving an (n+2)th instruction substantially 18 sinulhﬁgeﬁHfhmﬁas
issuing the (n+l)th instruction. 1 60. The nmethod of clai 9, 't he net hod
further WOMIdling 2 issuing the (n+2) th instruction; ake’¥SH&SBT%ving an
(n+3)thinstruction substantially 4 simultaneously as issuing the (n+2) th
instruction. 1 61. A nmethod conprising: 2 loading a set of instructions
into a first set of loop 3 buffers; and 4 |oading at | east sone of the set
of instructions from 5 the first set of |oop buffers into a second set of
| oop 6 buffers. 1 62. The nethod of claim61l, wherein |oading a set of 2

i nsttucti ®8s i At syateir spmpstséndlioop buffers conprises 3 |oading a set of
instructions froma nenory device into a 4 first set of |oop buffers. 1
63. The net hodaaf SBRHI mefidrywderdice;t he i nstructions 2 | oaded into the
first set of loop buffers are part of a -58 0 3 MAY 2005 WD 02/37271
PCT/ §JSO / 45357 51 £l irkst sk@op fandoph®ufifeksyct i ons | oaded into the second set

4 a second set of loop buffers; and

5 a processor coupled to the memory device.

1 73. A system as in claim 72, wherein the processor

2 includes a control unit adapted to:

3 load a set of instructions into the first set of

4 buffers; and

5 load at least some of the set of instructions from the
6 first set of loop buffers into the second set of loop

7 buffers.

1 74. The system of claim 72, further comprising a third set
2 of buffers.

1 75. The system of claim 74, further comprising a fourth

2 set of buffers.

1 76. A method comprising:
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2 of loop buffers are part of a second |oop. 1 64. The nethod of claim 63,
wherein a first instruction of 2 the second loop is | oaded § & MAve200% r st set
of | oop bwd ers2711 65. The nethod of claim63, wherein a f%F%hﬁ%ni;&gction
of 2 the first loop is |oaded in the second set of |oop bufrers. ”"1766. An
apparatus conprising: 2 a control unit conprising: 3 an instruction fetch
unit, 4 a first set of buffers coupled in parallel 5 and connected to the
fetch unit, andlGadisgcandesedfofnbtfbetsonsuphedni Braakablelyxet@nd
connected to the fetch unit and the first set B of buffers; and 9 a

decoder camestbsop chihewhns) rawedion fetch unit and 10 the first and
second sets of buffers. 1 67. The apparatus as in claim66 wherein the

control unit 2 decadapt ed $Qarss®%r On 3 MY .02/ 37271
PCT/ US01/ 45357 1 | oad a set of 1 nsct)ruac??ons %ﬁggr%l%\gl?flrép g8t agAress
buf f grs; 3 d at least sonme of the set of instructions fromthe 4
first set alr(%dgjbsu%%g'rs into the second set of buffers.

1 77. The method as in claim 76, wherein the set of

2 instructions is a first set of instructions, the method
3 further comprising:

4 loading a second set of instructions in order of

5 execution in a memory device.

1 78. The method as in claim 76, wherein loading a second
2 set of instructions in order of execution in a memory

3 device comprises loading a second set of instruction in
4 order of execution in a cache.

1 79. The method as in claim 76, wherein loading a set of
2 instructions in an order of execution into loop hardware
3 comprises loading a set of instructions in order of

4 execution into a set of buffers.
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1 68. The apparatus as in claim®66, further conprising a 2 nenory device
connected to the instruction fetch unit, 3 wherein the control u h# IS
adapted to load the set of 4 instructions fromthe nenonyi&ﬁdUVh@ i rst
set of buwéo®rg7271 1 69. The apparatus as in claim68, whe@/usoaksssmenory
2 device is a cache. 1 70. The apparatus as in claim66, further conprising
a 2third set of buffers coupled in parallel and connected to 3 the fetch
unit, the first set of buffers, and the second 4 set of buffers. 1 71. The
appariat us &% i Thg Jehved Furihetlabhpti sivieEe s foe t ieef opubfierer s
coupled in parallel and connected to 3 the fetch unit, the first set of
buf fers, tdwmpacorrl sdubfers ¢edpled, imrrRrdklehi ro Beingfabpdsbrsve- 60
WO 02/37271 1 72. A systemconprising: 2 an SRAM nenory device; 3 a first
set o | odmtnugder ssndt a second set of |oop buffers; and 5 a processor
coupled to the nenory device. 0 3 MAY 2005 PCT/USO1/ 45357

4 wherein loading a set of instructions in an order of

5 execution into loop hardware comprises loading n sequential
6 instructions into the n buffers.

1 8l. The method of claim 76, wherein loading n sequential

2 instructions into the n buffers comprises loading a first n
3 instructions of a loop into the n buffers.

1 | 82. The method of claim 81, wherein loading n sequential

2 instructions into the n buffers comprises loading a last n
3 instructions of a loop into the n buffers.

1 83. The method of claim 76, further comprising issuing the
2 set of instructions from the loop hardware.

1 84. An apparatus comprising:

2 a control unit adapted to load a set of instructions

3 in order of execution into loop hardware and store an

4 address of a next instruction in an address register, the

5 control unit comprising:
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1 73. A systemas in claim72, wherein the processor 2 includes a control
unit adapted to: 3 load a set of instructions into the firs@apay s 4
buffers; WY0BIRBad at | east sone of the set of instructio .ﬁﬁgﬂhggﬁ
first set of loop buffers into the second set of |oop 7 buffers . The
systemof claim72, further conprising a third set 2 of buffers. 1 75. The
systemof claim74, further conprising a fourth 2 set of buffers. 1 76. A
met hod conprising: - 61 ©n3iWAYr2R05 onD f@2/c37 AFKRGT/ USOl / 45357 1l oadi ng a
set of instructions in an order of execution 2into | oop hardware; and
3stor2ng an address of a mextddislsiUcldgaR ticr ¥HARIESS fgeﬁ-}étﬁét cn /7. The
method as in claim 76,wherein the set of 2instructions is a rirst set of
instractions, the nethed,3kugt her conprising: 4l oading a second set of
instructions in order of 5execution in a nenory device.

4 loop hardware connected to the fetch unit;
5 and

6 a decoder connected to the instruction fetch unit and
7 the loop hardware.

1 85. The apparatus as in claim 84, further comprising a

2 memory device connected to the control unit,

3 wherein the set of instructions is a first set of

4 instructions, and the control unit is adapted to load a

5 second set of instructions in order of executibn int; the
6 memory device.

1 86. The apparatus as in claim 85, wherein the loop

2 hardware includes a set of buffers.

1 87. The apparatus as in claim 86, wherein the set of

2 buffers comprises n buffers coupled in parallel, n being a

3 positive integer, and
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178. The nethod as in claim 76, wherein |oading a second 2set of
instructions in order of execution in a nenory 3device conprises |oading a
second set of instruction in 4order of execution in a cachf3 W&9.2005he

met hod advo e/gRal m 76, wherein | oading a set of 2instructiP@TSUSONV4ESS7 Or der
of execution into | oop hardware 3conprises |oading a set of instructions in
order of 4execution into a set of buffers. - 62 0 3 MAY 2005 WD 02/37271
PCT/ US01/ 45357 1 80. The nmethod as in claim 79, wherein the set of buffers
2 coAprises n BHEFELE ¢QFFIEE itn Sl Af dNstYrUssiiRR S o3t iveder 9kt eger,
and 4 wherein |l oading a set of instructions in an order of 5 execution into
| oop2har deseeutdppr isés loag e rdvweruertnipgdised ilmstdivng i mnsequdotidle n
buffers. 1 81. The nethod of claim 76, wherein |oading n sequential 2

i nst uct i aAstirniceibhe dntuf fdres rcdgffieass. | oading a first n 3 instructions
of a loop into the n buffers. 1 82. The nethod of claim 81, wherein |oading
n sequential 2 instructions into the n buffers conprises loading a last n
3 instructions of a loop into the n buffers. 1 83. The method of claim 76,

further cempri gi nggssUIdh NS ing:

2 an SRAM memory device;

3 loop hardware,

4 an address register; and

5 a processor coupled to the memory device, wherein the

6 processor includes a control unit adapted to:

7 load a set of instructions in order of execution in

8 the loop hardware; and

9 store an address of a next instruction in the address
10 register.

1 89. The system as in claim 88, wherein the loop hardware

2 includes at least one set of loop buffers.

1 90. The system as in claim 89, wherein the set of buffers

2 comprises n buffers coupled in parallel, n being a positive

3 integer, and

4 wherein the control unit is adapted to load n

5 sequential instructions into the n buffers.
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2 set of instructions fromthe |oop hardware. 1 84. An appar atus
conprising: 2 a control unit adapted to | oad a set of instr—%thgp§ 3in
order of waxeeuihgn into | oop hardware and store an 4 addresS ol ‘a %Ext
instruction in an address register, the 5 control unit conprlEPH4*357 63
WO 02/37271 1 2 3 4 0 3 MAY 2005 PCT/USQA /45357 an instruction fetch unit,
an address register connected to the fetch wunit, and | oop hardware
connected to the fetch unit; 5 and 6 a decoder connected to the instruction
fetch unit and 7 the |loop hardware. 1 85. The apparatus as in claim 84,

further C@ﬁpn5ﬂd“£§baf%€ﬁ¥“§é%§¥¥éf§ connected to the control unit, 3
[ [ I's

wherein the set of ‘i'nstruction a ?irst set of

2 a control unit comprising:

3 loop hardware including at least one set of
4 buffers and at least one single instruction

5 register; and

6 a decoder coupled to the loop hardware.

1 92. The apparatus as in claim 91, wherein the control unit
2 is adapted to load the single instruction register with the
3 contents of at least one buffer in the set of buffers.

1 93. The apparatus as in claim 91, further comprising a

2 first multiplexer connected to the loop hardware, wherein

3 the control unit is adapted to load the single instruction
4 loop register via the output of the first mﬁltiplexer.

1 94. The apparatus as in claim 91, further comprising a

2 first multiplexer connected to the loop hardware and a

3 second multiplexer contained within the loop hardware,

4 wherein the inputs of the second multiplexer come from the
5 set of buffers.

-66 —



4 instructions, and the control unit is adapted to load a 5 second set of
instructions in order of execution into the 6 nenory device. 1 86. The
apparatus as in claim85, wherein the loop 2 hardware incluﬂ S oSgb of
buffers. 1 87. The apparatus as in claim86, wherein the set” of buffers
conprises n buffers coupled in parallel, n being a 3 positive integer, and
- 64 0 3 MAY 2005 WO 02/37271 PCT/ USQ /45357 1 wherein | oading a set of

instructions_in an order of 2 execution into | gop hardware conprises
| oadi ng n sequenti8l 2BPRAGEFECEPORME FhEdMt Hér nfBAFREF sCOmPBBS1AIsHst em
conprising: 2 an SRAM nenory device; 3 |loop hardware, 4 an address

regi ster; abdisdampibspsesercoaptedned vhehnenbhg deobckardmerein the 6
processor includes a control unit adapted to: 7 load a set of instructions
in order ofwlexeeilhi ohei hnp8tthefl bbp hhiddameltaptefest oomeafiraddtbss of a
next instruction in the address 10 register.
outputs of the first and second multiplexers, and the
5 output of the third multiplexer is connected to the single

instruction register.

96. A method comprising:
loading a first subset of a sequence of instructions
10 into loop hardware as part of a first pass through a loop,
wherein the loop is a sequence of instructions that
comprises the first subset and a second subset, the first
subset includes a first instruction in the loop, and the
second subset includes a last instruction in the loop;
15 issuing the first subset from loop hardware as part of
a subsequent pass through the loop; and
as part of the subsequent pass through the loop
retrieving the second subset of the sequence
of instructions from a memory device
20 substantially simultaneously as the first subset
is being issued from loop hardware, wherein the
loop hardware is bypassed to retrieve the second

subset.
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1 89. The systemas in claim88, wherein the | oop hardware 2 includes at

| east one set of |oop buffers. 1 90. The systemas in clain189 wherein the
set of buffers 2 conprises n buffers coupled in parallel, g Qi Al 2005
positive 3 integer, and 4 wherein the control unit is adapte toload n 5
sequential instructions into the n buffers. - 65 W) 02/37271 0 3 MAY 2005
PCT/USO /45357 1 91. An apparatus conprising: 2 a control unit conprising:

I har d | I f buf d N
28 TR VALRR, P LSBT BT SRR LR et lge

hardware. 1,692. The paratus as in claim rein the control unit 2

i s adapt ed +85P634 Fﬁg SPAGPE FHQF?EC??BﬁrrEBFSFéFSRAPH BRE N3sScBAREBNts of
at |east one buffer in the set of buffers. 1 93. The apparatus as in claim
91, furtherig&dwpfising a 2 first mul ti pl exer connected to the | oop
hardware, wherein 3 the control unit is adapted to | oad the single
instruction 4 loop register via the output of the first multipl exer.

5 98. The method of claim 96, the method further comprising:
issuing the first subset from the loop hardware as
part of every subsequent pass through the loop; and
retrieving the second subset of the sequence of
instructions from the memory device substantially
10 simultaneously as the first subset is being issued as part

of every subsequent pass through the loop.

99. The method of claim 96, wherein retrieving a second
subset of the sequence of instruction from a memory device
15 comprises retrieving a second subset of the sequence of

instructions from a cache.

100. The method of claim 96, wherein retrieving a second
subset of the sequence of instruction from a memory device
20 comprises retrieving a second subset of the sequence of

instructions from SRAM.
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1 94. The apparatus as in claim91l, further conprising a 2 first

mul ti pl exer connected to the | oop hardware and a 3 second multi pl exer
contained within the | oop hardware, 4 wherein the inputs of tggagﬁﬁo?ﬁ5

mul tipl exer cone fromthe 5 set of buffers. - 66 0 3 MAY 20 . e
apparatus as in claim94, further conprising a third nultiplexer contained
within the | oop hardware, wherein the inputs of the third nmultipl exer cone

fromthe o uts of the first and second nmultiplexers, and,the 5 output of
thethird muper pRBSeRer BofoRReELadrs J6r nEPer RGN  CRASTBuEL FoRFegrarer o
A nethod conprising: |loading a first subset of a sequence of instructions
10 into | oopfhar aRERENES partnN6FTHCELPBE pRES LRPBUBRTEWREEpas WA&EePH t he
| oop is a sequence of instructions that conprises the first subset and a
second subset firhe Papst thsobgbt ai hAobpdesnd first instruction in the | oop,
and the second subset includes a |last instruction in the | oop; 15 issuing
the first subset iksatmboopehdidwar euaseparttonf loapstubsdguent apaparthodugh
the loop; and as part of the subsequent pass through the loop retrieving
the second gubgBkeghehhepsegueRedugh the loop comprise:
loading a first subset of a sequence of instructions
into a set of loop buffers as part of a first pass through
a loop, and

issuing the first subset from the set of loop buffers

10 as part of a subsequent pass through the loop.

102. The method of claim 96, wherein retrieving the second

subset of the sequence of instructions from the memory

device substantially simultaneously as the first subset is
15 being issued as part of a subsequent pass through the loop

comprises:

retrieving the next instruction in the sequence of

instructions immediately following the first subset from

the memory device substantially simultaneously as the first
20 subset is being issued as part of a subsequent pass through

the loop.
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of instructions froma nenory device 20 substantially sinultaneously as the
first subset 1is being issued fromloop hardware, wherein the |oop
hardware is bypassed to retrieve the second subset. - 67 0 3 MAY 2005 97.
The nmethod of claim 96, the method further conprising issuin@ 3t W ond
subset after the first subset has been issued. 5 98. The nethod of claim

96, the nethod further conprising: 1issuing the first subset fromthe | oop
har dwar e as rt of eve suhsequent pass,through the |oop; and  retrieving
t he second %ﬁgse?88fm?ﬁéggeageﬁgéle9%FngpﬁﬁéﬂpoﬁgefPSﬁgPﬁecﬁgﬁﬁﬂ§eSevice

substantially 10 sinultaneously as the first subset is being issued as part
of every sub3BgBBANIpASSTiRVELgRTt hBel 66pondosulpretneeredeof cl ai m 96,
wherein retrieving a second subset of the sequence of instruction froma
menory devi testBucbapnisses téer févsngsabsetohdveubseth dfkstied.sequence of
instructions froma cache. 100. The nethod of claim 96, wherein retrieving
a second subset of the sequence of instruction froma nenory device 20
conprises retrieving a second subset of the sequence of
5 104. The method of claim 96, wherein retrieving a second
subset comprises retrieving a number of instructions, a
first instruction in the number being a next instruction in
the sequence of instructions immediately following the
first subset.
10
105. An apparatus comprising:
a control unit comprising:
an instruction fetch unit; and
loop hardware coupled to the instruction
15 fetch unit; and
a decoder coupled to the instruction fetch unit and
the loop hardware,
wherein the control unit is adapted to:
load a first subset of instructions into the loop
20 hardware as part of a first pass through a loop, wherein

the loop is a sequence of instructions that comprises the

first subset and a second subset, the first subset includes
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instructions fromSRAM - 68 0 3 MAY 2005 101. The nethod of claim 96,
wherein loading a first subset of a sequence of instructions into |oop
hardware as part of a first pass through a | oop, and issuing éhﬁmfzmﬁt
subset from | oop hardware as part of 5 a subsequent pass thrg gh 'the | oop
conprise: loading a first subset of a sequence of instructions into a set
of loop buffers as part of a first pass through a |loop, and issuing the
first subseg %ngnkthe %et %t Ioog g%ffﬁrs 10 as Eart of subsequent pass
t hrough the®l 66p°> 1025 “THE"HE NS Cc-&°Ry 981 PePRCPEL SEVERS t he
second subset of the sequence of instructions_fromthe nenory device
subst ant i al FPCLPAEFt @nédgsl yas tRé 1PNy 40 §B5sdeOPE 15 being i ssued as part
of a subsequent pass through the |oop conprises: retrieving the next
instruction in thésgeqlibrcéioht ishbsetcirons themddioat by divalrieowisngatrite
first subset from the nmenory device substantially sinultaneously as the
first 20 subset Bsbbenngnitspaed atrpant ahealsvbseguent pass through the

| oop. - 69
5 as part of a subsequent pass through the loop,
retrieve the second subset of the sequence
of instructions from the memory device
substantially simultaneously as the first subset
is being issued from loop hardware, wherein the
10 loop hardware is bypassed to retrieve the second

subset.

106. The apparatus as in claim 105, wherein the loop
hardware comprises at least one set of buffers coupled in

15 parallel.

107. The apparatus as in claim 106, wherein the set of

buffers are loop buffers.

20 108. The apparatus as in claim 107, the apparatus further

comprising a memory device, wherein the instruction fetch

unit is coupled to the memory device.
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0 3 MAY 2005 103. The nethod of claim 96, wherein the nethod conprises
finishing retrieval of the second subset before instructions in the first
subset have been issued. 5 104. The nethod of claim 96, wherein retrieving
a second subset conprises retrieving a nunber of instruction943ﬁmwfj t
instruction in the nunber being a next instruction in the sequence o
instructions imediately followng the first subset. 10 105. An apparatus
conprising: a control unit conprising: an _ instruction fetch unit; and | oop
har dwar e cotpPedThe eRR2rAsHEUESI bR C&Elmeﬂ@ﬁrqu?Feaﬁdtéed@é@Qéw coupl ed
to the instruction fetch unit and the | oop hardware, wherein the control
unit i s adapeedceois| eadaahfi.rst subset of instructions into the loop 20
hardware as part of a first pass through a | oop, wherein the loop is a
sequence of instructions that conprises the first subset and a second
subset, the first subset includes - 70 0 3 MAY 2005
110. The apparatus as in claim 105, wherein the control
5 unit is further adapted to issue the second subset after

the first subset has been issued.

111. The apparatus as in claim 105, wherein the control
unit is further adapted to:
10 issue the first subset from the loop hardware as part
of every subsequent pass through the loop; and
retrieve the second subset of the sequence of
instructions from the memory device substantially
simultaneously as the first subset i1s being issued as part

15 of every subsequent pass through the loop.

112. A system comprising:
an SRAM memory device;
loop hardware; and
20 a processor coupled to the memory device, wherein the
processor includes a control unit adapted to:
load a first subset of a sequence of instructions into

the loop hardware as part of a first pass through a loop,

-7 -



a first instruction in the | oop, and the second subset includes a |ast
instruction in the | oop; issue the first subset fromthe | oop hardware as
part of a subsequent pass through the loop; and 5 as part of a subsequent
pass through the loop, retrieve the second subset of the sefliielte 2005f
instructions fromthe nmenory device substantially sinultaneously as the
first subset 1is being issued froml oop hardware, wherein the 10 | oop
hardware is Rg assed to_retrieve the second_ subset. 106. The apparatus as

in claim10% &PeltR®t A8OPodp 2hAFGWAPESCcBhprPSELUSLE1PBEstBhe set of
buffers coupled in 15 parallel. 107. The apparatus as in claim 106,
wherei n t hecsBpragepufher §146¢é pobpgebufngr 8. segondgsulpretapphcatissss in
claim 107, the apparatus further conprising a nenory device, wherein the
i nstructi onsfibseh ioniltides eodplet tosthecteppr yndénecéoop7land BhBAY 2005
109. The apparatus as in claim 108, wherein the nenory device is a cache.
110. The appatahdssabsef chailid2@5a wWhetetiAstheceadhr @h the loop;
5 issue the first subset from the loop hardware as part
of a subsequent pass through the loop:; and
as part of a subsequent pass through the loop,
retrieve the second subset of the sequence
of instructions from a memory device
10 substantially simultaneously as the first subset
is being issued from loop hardware, wherein the

loop hardware is bypassed to retrieve the second

subset.

15 113. The system as in claim 112, wherein the control unit
is further adapted to issue the second subset after the

first subset has been issued.

114. The system as in claim 112, wherein the control unit
20 is further adapted to:
issue the first subset from the loop hardware as part

of every subsequent pass through the loop; and
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5 unit is further adapted to issue the second subset after the first
subset has been issued. 111. The apparatus as in claim 105, wherein the
control wunit is further adapted to: 10 issue the first subset fromthe

| oop hardware as part of every subsequent pass through the I¢§qwmaﬁﬁ5
retrieve the second subset of the sequence of instructions fromthe nenory
devi ce substantially sinultaneously as the first subset is being issued as
part 15 of every subsequent pass through the |oop. 112. A system
conprising: an SRANVERERDIPedERreed spbsgthafdkifeseangnge &fprocessor
coupled to the nenory device, wherein the processor includes a control

unit adapt ednpérucsaans firest thgbyemosy devégeemsubsovbnicasiiiycti ons into

the | oop hardware as part of a first pass through a |oop, -72 0 8 MAY 2005
wher ei n t heslinoptaseauséguescehef fimstr sabisens ishatingoapeuges akheafritr st
subset and a second subset, the first subset includes a first instruction

in the | ooporagget esu@@@qn@nﬁugsgb ikpebudas tael asbpl.nstruction in the
| oop; 5 issue the first subset fromthe | oop hardware as part
5

115. The system as in claim 112, wherein the loop hardware

includes at least one set of buffers.

116. The system as in claim 115, wherein the set of buffers

10 are loop buffers.

117. A method comprising:
loading a first subset of a sequence of instructions
into a set of buffers as part of a first pass through a
15 loop;
issuing the first subset from the set of buffers as
part of a subsequent pass through the loop, wherein the
loop is a sequence of instructions that comprises the first
subset and a second subset, the first subset includes a
20 first instruction in the loop, and the second subset
includes a last instruction in the loop;
as part of a subsequent pass through the loop,

retrieving the second subset of the sequence of
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of a subsequent pass through the |oop; and as part of a subsequent pass

t hrough the loop, retrieve the second subset of the sequence of
instructions froma nenory device 10 substantially sinultanequsly as the
first subset is being issued fromloop hardware, wherein thd 3 M¥p20d
hardware i s bypassed to retrieve the second subset. 15 113. The system as
in claim1112, wherein the control unit 1is further adapted to issue the
second subset after .the first subset has been issued. 114. The system as

in clai m112PSWRECER thd TO8n &r BEMRTY: de¥d Ges stbetRet iaddpt ed to: i ssue the

first subset fromthe | oop hardware as part of every subsequent pass
t hr ough t heSEBHpaRRGUS 173 250 thevk ragosubseti dve beiads ésomgds fixost of t he
sequence of instructions fromthe nenory device substantially
si nul t aneougbyradarheatier swheuedet the Beiopg hagsiwed eas spayipasts eel eoy
subsequent pass through the loop. 5 115. The systemas in claim 112,
wher ei n t herkbtopelar dhar ecicocldudedsat: ;| east one set of buffers.

5 issuing the second subset after the first subset has

been issued as part of a subsequent pass through the loop.

118. The method of claim 117, wherein retrieving a second
subset of the sequence of instruction from a memory device
10 comprises retrieving a second subset of the sequence of

instructions from a cache.

118. The method of claim 117, wherein retrieving the second
subset of the sequence of instructions from the memory

15 device substantially simultaneously as the first subset is
being issued as part of a subsequent pass through the loop
comprises:

retrieving the next instruction in the sequence of

instructions immediately following the first subset from

20 the memory device substantially simultaneously as the first
subset is being issued as part of a subsequent pass through

the loop.
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116. The systemas in claim 115, wherein the set of buffers 10 are | oop
buffers. 117. A nethod conprising: loading a first subset of a sequence of
instructions into a set of buffers as part of a first pass through a 15
|l oop; issuing the first subset fromthe set of buffers as pgy§ \ply gm5
subsequent pass through the |oop, wherein the |oop is a sequence o
instructions that conprises the first subset and a second subset, the first

subset i ncl 2 S 20 first in%ﬁructi in the |oop, and the second subset
i ncl udes a # @t &H?tpﬁ5bpgnoﬁn ﬁémléggy yhexgip GReam§GB§€q&€WPrﬂ§§§
through the | ogp,  retrieving_the second subset of the sequence of - 74 O
3 MAY 2005 fhE4PHERPORSEFAEHPE RENGHY d6FC8E SbSEanPEACLE  si mul t aneous! y
as the first subset is being issued from |oop hardware, wherein the |oop
har dwar e i siBypassédons lnetthicea rsite ssseitd hawvies beenandgsheidssui ng t he
second subset after the first subset has been issued as part of a
subsequent pass through the | oop. 118. The nmethod of claim 117, wherein
retrieving a second subset of the sequence of instruction froma nenory
device s 121. The method of claim 117, wherein retrieving a second

subset comprises retrieving a number of instructions, a

first instruction in the number being a next instruction in

the sequence of instructions immediately following the

first subset.

10
122. A method comprising:
loading a first n instructions of a sequence of
instructions representing a loop into loop hardware during
a first pass through a loop, wherein the loop is
15 represented by a sequence of instructions that comprises

the first n instructions and at least one more instruction,

n is a positive integer, and the loop hardware is operative

to buffer at least part of the sequence of instructions;

and

20 issuing at least one of the first n instructions from

the loop hardware.
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10 conprises retrieving a second subset of the sequence of instructions
froma cache. 119. The nethod of claim 117, wherein retrieving the second
subset of the sequence of instructions fromthe nmenory 15 device
substantially sinmultaneously as the first subset is being iqp%qgwaﬂmpart
of a subsequent pass through the | oop conprises: retrieving the next
instruction in the sequence of instructions inmmediately follow ng the
first subset from 20 the nenory device substantially sinultaneously as the
first subsef3isTh&i RGtrosued 54338y 26r Ahsubstheentupiisrt keBRgH s itke

|l oop. - 75 0 3 MAY 2005 120. The nethod of claim 117, wherein the nethod

th

conpri ses fPAFRdROng s eddirevsl odf anhd nddd¢ondirsfygett dsaf oimeco iamst ructions in
the first subset have been issued. 5 121. The method of claim 117, wherein
retrieving anséczondisnbsddresspriegéstest dueiingg thendiiret phsisnshrocighons, a
first instruction in the nunber being a next instruction in the sequence
of instructkarsloopedi ately following the first subset. 10 122. A nethod
conpri si ng:
5
124. The method of claim 123, the method further comprising
issuing the first n instructions from the loop hardware

during a subsequent pass through the loop.

10 125. The method of claim 124, the method further comprising
issuing instructions from the loop hardware during every

subsequent pass through the loop.

126. The method of claim 124, the method further comprising
15 retrieving an (n+1)™ instruction substantially
simultaneously as issuing the first n instructions during a

subsequent pass through the loop.
127. The method of claim 123, the method further comprising

20 aligning a next (m) instructions in a memory device,

wherein m is a positive integer.
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|l oading a first n instructions of a sequence of instructions representing
a loop into |l oop hardware during a first pass through a | oop, wherein the
|l oop is 15 represented by a sequence of instructions that conprises the
first ninstructions and at | east one nore instruction, n i %Jﬁ%sﬂmﬁve
integer, and the |l oop hardware is operative to buffer at |east part of the
sequence of instructions; and 20 issuing at |least one of the first n

instruction ro t he war e 7 Y 00 123. The met hod of
cl ai m 122, ?ﬁé'ngbﬁo@erPghg € ﬁﬁplgggg QPSaH?ﬁgAQn P&Zs of an (n+l) th
instruction into an instruction address register durlng the first pass
t hr ough th@om86ﬁ51§9124 The met hod of claim 123, the nmethod further
conpri si ng ISSUIng the first n instructions fromthe |oop hardware during
a subsequent pas&ethi6ydhot Ra |(Bop) “1dns2BuUCThennsubsed aot ialldiym 124, the
met hod further conprising issuing instructions fromthe | oop hardware
during everylmgmbseqaaﬁﬂypagslmaonghthbefhmsp nl2GstThetienlsecd of claim
124, the nethod further conprising

5 issuing the (n+1)*® instruction; and

retrieving an (n+2)*™ instruction substantially

simultaneously as issuing the (n+1)™ instruction.

129. The method of claim 128, the method further
10 comprising:
issuing the (n+2)th instruction; and
retrieving an (n+3)™ instruction substantially

simultaneously as issuing the (n+2)®™ instruction.

15 130. The method of claim 122, the method further comprising
not accessing a memory device while issuing at least one

instruction from the loop hardware.

131. An apparatus comprising:

20 a control unit adapted to load a first n instructions
of a sequence of instructions representing a loop into loop
hardware during a first pass through a loop, wherein the

loop is represented by a sequence of instructions that
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15 retrieving an (n+l)th instruction substantially sinultaneously as
issuing the first n instructions during a subsequent pass through the
| oop. 127. The nethod of claim 123, the nethod further conprising 20
aligning a next (m instructions in a nmenory device, wherein ”qiSME{ZWS
positive integer. - 77 0 3 MAY 2005 128. The nmethod of claim 127, the
nmet hod further conprising: retrieving an (n+l) th instruction
subst anti al | si,mul t aneoysly ,as i,ssuing.the first n instructions; 5
Ussui ng t he CCRRFIRSI EEr datiodn 4R EEEEFEEG AN n 27 Sth TS FIRNL | on
substanti al |, si mul taneously as issuing the (n+l)th instruction. 129. The
net hod of cllg"rsﬁlril?&lophennétshédppﬁrlttﬁéﬁe inGeg8/pr Bsiondhei sonitrg lt M@ iftn+2)
th instruction; and retrieving an (n+3) th instruction substantially
si mul t aneousBy oRe rpgdyiend ot Headn+2) lelasitnpartcriforhel 5et@@ncEhefiret hod of
claim 122, the nethod further conprising not accessing a nenory device
whi | e i ssui agsatrukcéasnsonehel nsttuotli anifr complre siagp har dware. 131. An
apparatus conpri sing:
5 an instruction fetch unit; and
loop hardware connected to the fetch unit; and

a decoder connected to the control unit.

132. The apparatus as in claim 131, the apparatus further
10 comprising a memory device connected to the instruction

fetch unit.

133. The apparatus as in claim 132, wherein the memory
device 1s a cache.

15
134. The apparatus as in claim 131, the apparatus further
comprising an instruction address register, wherein the
control unit is adapted to load an address of an (n+1)%™
instruction into the instruction address register during

20 the first pass through the loop.
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| unit adapted to load a first n instructions of a sequence of
instructions representing a loop into loop hardware during a first pass

oop, wherein the loop is represented by a sequence of

s that - 78 0 3 MAY 2005 5 conprises the first n iogtyﬁﬁbmﬁns

t one nore instruction, nis a positive integer, an
t is operative to load at |least part of the sequence of
the control unit conprising: an instruction fetch unit;

and

i§5coﬁﬁ§c@€@aF5tFﬁeaﬁeﬂ@hC&ﬁﬂ@;1§ﬁd whegedddéhecoomdaodd to the
t. 132. The apparatus as in claim 131, the apparatus further
conpri si ng dNFENBEy adapited dondesiued the tfhie sitnst Mosttirowe t ifoetsc f nom tthel 33.
The apparatus as in claim 132, wherein the nenory 15 device is a cache.
134. The apparat baragaire cluaiimgl3l sublseqappar phss frircheh tehenopi.ng an
address register, wherein the control unit is adapted to | oad

of an (n+l) th instruction into the instruction address
ring
136. The apparatus as in claim 135, wherein the control

unit is adapted to issue instructions from the loop

hardware during every subsequent pass through the loop.

137. The apparatus as in claim 135, wherein the control
unit is adapted to retrieve an (n+1)™ instruction
substantially simultaneously as issuing the first n

instructions during a subsequent pass through the loop.

138. The apparatus as in claim 132, further comprising an
instruction address register, wherein the control unit is
adapted to load an address of an (n+1)™ instruction into
the instruction address register during the first pass

through the loop and align a next (m) instructions in the

memory device, wherein m is a positive integer.

139. The apparatus as in claim 138, wherein the control

unit is adapted to:
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20 the first pass through the loop. 0 3 MAY 2005 135. The apparatus as in
claim 134, wherein the control unit is adapted to issue the first n
instructions fromthe |oop hardware during a subsequent pasa throuaﬁ t he
| oop. 5 136. The apparatus as in claim 135, wherein the cont

adapted to issue instructions fromthe loop hardware during every
subsequent pass through the | oop. 137. The apparatus as in claim 135,

wherein the control .10 uni da to retrieve an th instruction
substantial |y S|ﬁﬁFFéﬁ¥8u§Py 83 ?ssﬁ+%§t¥%%t+??S?HQSt?%é{?Linons during a

subsequent pass_through _the | oop. 138. The apparatus as in claim 132,
further conpPilELlhgNERUSIE PAsEPSRANEN tAGLESStr Bgil8EEFUCkAEPSIiN t he control
unit is adapted to |load an addregs of an (n+l) th instruction into the

i nstruction addré§§uﬁe@h§téﬂ+dmr|ngn$hEU¢tl@m pasd through the | oop and
align a next (m instructions in the nenory device, wherein mis a
positive integer re2@itge. aﬁhenaﬁpg?anw&ﬁﬂcuubnﬂsnbnﬁﬁﬁtlawkye|n t he
control unit is adapted to: - 80 0; 3 MAY 2005 retrieve an (n+l) th

i nstructd onsstbhstankbaklly as issuing the (n+1)* instruction.

140. The apparatus as in claim 139, wherein the control
unit is adapted to:
issue the (n+2)“‘instruction; and
10 retrieve an (n+3)™ instruction substantially

simultaneously as issuing the (n+2)*™ instruction.

141. The apparatus as in claim 132, the apparatus adapted
to not access the memory device while instructions are

15 being issued from the loop hardware.

142. The apparatus as in claim 131, wherein the loop
hardware includes at least one set of buffers coupled in
parallel.

20
143. The apparatus as in claim 142, wherein the set of

buffers are loop buffers.
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simul taneously as issuing the first n instructions; issue the (n+l)th
instruction; and retrieve an (n+2) th instruction substantially 5
sinmul taneously as issuing the (n+l) th instruction. 140. The apparatus as
in claim139, wherein the control wunit is adapted to: issue erV§P§&% th
instruction; and 10 retrieve an (n+3) th instruction substant
simul taneously as issuing the (n+2) th instruction. 141. The apparatus as
in cIaimlSi,4 thg aeggratus adapted to not access the nenory device while
i nst ructi ons*4r e”18YB&PRg SPEEG&G11'Pdm t he | oop hardware. 142. The appar at us
as in claim1131, wherein the loop  hardware includes at |east one set of
buffers coupl ed PR SBAMal'PEPIrY20€Y48€/The apparatus as in claim 142,
wherein the set of buffers are loop buffers. -81 0 3 MAY 2005 144. A
system conpri si ngoorahagsRaRreendny devi ce; | oop hardware; and a processor
coupled to the nenory device, wherein the

a processor coupled to the memory device, wherein the

5 processor includes a control unit adapted to:
load a first n instructions of a sequence of
instructions representing a loop into the loop hardware
during a first pass through a loop, wherein the loop is
represented by a sequence of instructions that comprises
10 the first n instructions and at least one more instruction,
n is a positive integer, and the control unit is operative

to load at least part of the sequence of instructions.

145. The system as in claim 144, wherein the loop hardware

15 includes at least one set of buffers coupled in parallel.

l46. The system of claim 144, the system further comprising
an instruction address register, wherein the control unit
is adapted to load an address of an (n+l1)™ instruction

20 into the instruction address register during the first pass

through the loop.
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5 processor includes a control unit adapted to: load a first n instructions
of a sequence of instructions representing a |oop into the |oop hardware
during a first pass through a |oop, wherein the loop is represented by a
sequence of instructions that conprises 10 the first n instrugtd gag 2d at
| east one nore instruction, n is a positive integer, and the control unit
is operative to load at |east part of the sequence of instructions. 145.
The systen1g§ | ai m 144, Epereln the | oop hardware 15 includes at | east
one set of Ffe? c&yﬁFéﬂ P Faram & '1H@er?H€ SVt ERNSFOd| Hindt144 t he
system further conprising an instruction address register, wherein the
control uni Bdapseadapt é8SU6 Ithad fam sadar 48S taticAn ops+IErorh thestloeet i on 20
into the instruction address register during the first pass through the

| oop. - 82 her8wkh¥ 2005ng43. sTheesyshempalsscitairougs6 thwhéweion t he contr ol
unit is adapted to issue the first n instructions fromthe |oop hardware
during a subsequent pass through the | oop. 5 148. The system of claim 147,
wherein the control unit is adapted to issue the first n instructions from

the | oops handwargeddkishgrever y1suhsequentyhpagsnt Bheughnthe 1l 0eR+ 149. The
system of claim 147, wherein the control unit is
adapted to issue the first n instructions from the loop

hardware during every subsequent pass through the loop.

149. The system of claim 147, wherein the control unit is
10 adapted to retrieve an (n+l)®™ instruction substantially
simultaneously as issuing the first n instructions during a

subsequent pass through the loop.

150. The system of claim 146, wherein the control unit is
15 adapted to align a next (m) instructions in the memory

device, wherein m is a positive integer.

151. The system of claim 150, wherein the control unit is
adapted to:

20 retrieve an (n+1)™ instruction substantially
simultaneously as issuing the first n instructions;

issue the (n+1)*™ instruction; and
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10 adapted to retrieve an (n+l) th instruction substantially simultaneously
as issuing the first n instructions during a subsequent pass through the

| oop. 150. The system of claim 146, wherein the control unih S %&Eadapted
to align a next (n) instructions in the nenory device, wher oMY 2809,
positive integer. 151. The system of claim 150, wherein the control unit is
adapted to: 20 retrieve an (n+l1l)th instruction substantially

si mul taneously as_ i ssuing the first n instructions; issue the (n+l)th

instruction: and S%EFCY0R Y005 rERTTEVe-HM (TS taHE Rkt ¥ uct i on
substantially sinultanequsly as issuiggqthe S”ti).th instruction. 152. The
syst em of cFAMESTeANTYeid? s Udest tde umitl)i's’ 1Bshguptéant o: issue the
(n+2) th instruction; and retrieve an (n+3) th instruction substantially
sinmul taneously as issuing the (n+2) th instruction. 10 153. The system of
claim 146, wherein the systemis adapted to access the nenory device while
i ssui ng i nstlbact iThrs sfystmm tofe dladm hangwamhereis4 thd reinhed 1cemard Sidng:
5 adapted to:
issue the (n+2)™ instruction; and
retrieve an (n+3)™ instruction substantially

simultaneously as issuing the (n+2)*® instruction.

10 153. The system of claim 146, wherein the system is adapted
to access the memory device while issuing instructions from

the loop hardware.

154. A method comprising:
15 loading a first n instructions of a sequence of
instructions representing a loop into loop hardware during
a first pass through a loop, wherein the loop is
represented by a sequence of instructions that comprises
the first n instructions and at least one more instruction,
20 n is a positive integer, and the loop hardware is operative

to buffer at least part of the sequence of instructions;
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15 loading a first n instructions of a sequence of instructions
representing a loop into |loop hardware during a first pass through a |oop,
wherein the loop is represented by a sequence of instructions that
conprises the first n instructions and at |east one nore instl3dMAYo6 20 n
is a positive integer, and the | oop hardware is operative to buffer at

| east part of the sequence of instructions; - 84 0 3 MAY 2005 | oadi ng an

address of an (n Ié th_ instruction into a Lnst ruction address register
during the firstIB g%ngh?8u6ﬁ%r9ﬁ3 Pgoﬁp gpfgﬁindeqﬁB&t%QB %Wﬁﬁr%htions
in a nenory, device, , 5 erein mis a positive integer issuing the first n
i nstructi onsNFESHEEHREY 66FTCRSr dREEE TEGr FHG 18 9s ihSeddERt Pass CRESUGR t he
| oop; retrieving an (n+l)th instruction using the address | oaded in the
i nstructi ontB8dies®iregi ster substantially 10 simultaneously as issuing the
first ninstructions during a subsequent pass through the |oop; issuing
the (n+l)th instrddégndng andextet(m)evnsgractfiond) inhai netougt derice,
substantially simultaneously as issuing the (n+l)th instruction. 15
5 wherein m is a positive integer
issuing the first n instructions from the loop
hardware during a subsequent pass through the loop;
retrieving an (n+1)*™ instruction using the address
loaded in the instruction address register substantially
10 simultaneocusly as issuing the first n instructions during a
subsequent pass through the loop;
issuing the (n+1)®™ instruction; and
retrieving an (n+2)*™ instruction substantially
simultaneously as issuing the (n+1)*™ instruction.
15
155. The method of claim 154, the method further comprising
issuing the (n+2)™ instruction; and
retrieving an (n+3)" instruction substantially
simultaneously as issuing the (n+2)™ instruction.
20
156. A method comprising:

loading a set of instructions into a first set of loop

buffers; and
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155. The method of claim 154, the nethod further conprising issuing the
(n+2) th instruction; and retrieving an (n+3); th instruction substantially
si mul taneously as issuing the (n+2) th instruction. 20 156. A nethod
conprising: loading a set of instructions into a first set of &3 2005
buffers; and - 85 0 3 MAY 2005 | oading at |east sone of the set of
instructions from the first set of |oop buffers into a second set of | oop

buffers. 5 157. The nmeth 156 in | oadi t_of
st ucti ons | nt BORCTRPSE sGE=0F PUBD 5t FaFs SEbnbl: SB8CTH6RGPRY S76B of

instructions froma nenory device into a first set of |loop buffers. 10
158. The ne?h%dbeSEl5?ﬁ1T@Gloﬂﬁepéﬁﬁefﬁelﬂﬁ§tﬁué?P@ﬁé sebadédlPAPo t he
first set of loop buffers are part of a first |oop and the instructions
| oaded i nt obuhéeseeond set of loop buffers are part of a second |oop. 15
159. The nethod of claim 158, wherein a first instruction of the second
|l oop is loaded in the first set of |oop buffers.

5 157. The method of claim 156, wherein loading a set of
instructions into a first set of loop buffers comprises
loading a set of instructions from a memory device into a

first set of loop buffers.

10 158. The method of claim 156, wherein the instructions
loaded into the first set of loop buffers are part of a
first loop and the instructions loaded into the second set

of loop buffers are part of a second loop.

15 159. The method of claim 158, wherein a first instruction
of the second loop is loaded in the first set of loop

buffers.

160. The method of claim 158, wherein a first instruction

20 of the first loop is loaded in the second set of loop

buffers.

161. An apparatus comprising:

-86 —



T

160. The nethod of claim 158, wherein a first instruction 20 of the first
| oop is |oaded in the second sét--of |oep buffers. 161. An apparatus
conprising: - 86 0 3 MAY 2005 5 10 a control unit conprising: an
instruction fetch unit, a first set of buffers coupled in pg@fhh Immand
connected to the fetch unit, and a second set of buffers co

parallel and connected to the fetch unit and the first set of buffers,
and a decoder connected to the instruction fetch unit and the first and
second sets of b@f FBR§rO16¥N1¥hECRBEAFPAPES as in claim 161 wherein the
control unit 1is adapted to: load a set of instructions into the first set
of buffers; and 15 | oad afn| éastryswdonf fehehsenisds instructions fromthe
first set of buffers into the second set of buffers. 163. The apparatus as
in claim161, further conpgri §iimgtaset of buffers coupled in parallel

and connected to the fetch unit, and
5 a second set of buffers coupled in parallel
and connected to the fetch unit and the first set
of buffers; and
a decoder connected to the instruction fetch unit and
the first and second sets of buffers.
10
162. The apparatus as in claim 161 wherein the control unit
is adapted to:
load a set of instructions into the first set of
buffers; and
15 load at least some of the set of instructions from the

first set of buffers into the second set of buffers.

le3. The apparatus as in claim 161, further comprising a
memory device con$ected to the instruction fetch unit,
!

20 wherein the contrél unit is adapted to load the set of

instructions from:the memory into the first set of buffers.
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menory devi ce connected to the instruction fetch unit, 20 wherein the
control unit is adapted to |load the set of instructions fronthe nenory into
the first set of buffers. - 87 18 MAY 2005 164. The apparatus as in claim
163, wherein the nmenory device is a cache. 165. The apparatus-g§“F?2Fbaim
161, further conprising a 5 third set of buffers coupled in para and
connected to the fetch unit, the first set of buffers, and the second set

of buffers._166. The app aratus as.in claim165, furt her conprising a 10
fourth set %?4bu?F%r§pEBEBFBH PA pAr &LReM 4Rd’ cBRREELBITRE PREOF¥tch unit,
the first set of buffers, the second set of buffers, and the third set of

buffers. 16¢$Vh§§yéﬁeﬁ1§éﬁbﬁbsing: 15 an SRAM nenory device; a first set
of | oop buffers; a second set of |oop buffers, coupled to first set of
| oop buffers; and a processor coupled to the nenory device. 20 168. A
systemas in claim167, wherein the processor includes a control unit
adapted to:165. The apparatus as in claim 161, further comprising a
5 third set of buffers coupled in parallel and connected to
the fetch unit, the first set of buffers, and the second

set of buffers.

166. The apparatus as in claim 165, further comprising a
10 fourth set of buffers coupled in parallel and connected to
the fetch unit, the first set of buffers, the second set of

buffers, and the third set of buffers.

167. A system comprising:
15 an SRAM memory device;
a first set of loop buffers;
a second set of loop buffers, coupled to first set of
loop buffers; and
a processor coupled to the memory device.
20
168. A system as in claim 167, wherein the processor

includes a control unit adapted to:
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- 88 0 3 MAY 2005 load a set of instructions into the first set of
buffers; and | oad at | east sonme of the set of instructions fromthe first
set of loop buffers into the second set of loop 5 buffers. 169. The system
of claim 167, further conprising a third set of buffers. io%%quwTﬂ?%systen1
of claim 169, further conprising a fourth set of buffers. 171. nmet hod
conprising: loading a set of instructions in an order of execution 15 into
| oop hardware; and storing an address of a next instruction in an address
register, mhereiﬁoﬁﬁeanéﬁg PhstPEEFPERIPESt hRtRekhe fhEEEUEEFOATIin a
sequence of instructions that represent a |oop and the address register is
operative ipuféeehingngart 20 of the sequence of instructions. 0 8 MAY 2005
172. The nethod as in claim 171, wherein the set of instructions is a
first set of insloadtebniecathesomehod tharsherofompstsingioheadirng ahsecond
set of instructions in order of

first set of loop buffers into the second set of loop

5 buffers.

169. The system of claim 167, further comprising a third

set of buffers.

10 170. The system of claim 169, further comprising a fourth

set of buffers.

171. A method comprising:
loading a set of instructions in an order of execution
15 into loop hardware; and
storing an address of a next instruction in an address
register, wherein the next instruction is the next
instruction in a sequence of instructions that represent a
loop and the address register is operative in fetching part

20 of the sequence of instructions.
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5 execution in a nenory device, wherein the second set of instructions is
part of the sequence of instructions that represent the |oop. 173. The
method as in claim 171, wherein |oading a second 10 set of instructions in
order of execution in a nenory device conprises |oading a sedp8dMAYeRI0BT
instruction in order of execution in a cache, wherein the second set of
i nstructions is part of the sequence of instructions that represent the
| oop. 15 174 s in,claim17 wherein, |l oading a set of
|nstruct|on§7?n eoWﬁgg afaéxéethBﬁm i?a IHBﬁrﬁépdﬁﬁﬁegeEoﬁﬁrises | oadi ng
a set of instructions in order of execution into a set of buffers. 20 175.
The nethod 48SFRUEFAPRP17E, awhéFEfnSEheCSetnsfrogEiens, &bapresbedn buffers
coupled in parallel, n being a positive integer, and - 90 0 3 MAY 2005
wher ei n Ioaﬂvngharsépmﬁriﬁhsgnuctions in an order of execution into |oop
har dwar e conprises | oading n sequential instructions into the n buffers. 5
176. The net hod dtbadiapmelidécomtieseitnofoadsnguntsenuenhi akder of

5 execution in a memory device, wherein the second set of

instructions is part of the sequence of instructions that

represent the loop.

173. The method as in claim 171, wherein loading a second

10 set of instructions in order of execution in a memory
device comprises loading a second set of instruction in
order of execution in a cache, wherein the second set of
instructions is part of the sequence of instructions that
represent the loop.

15
174. The method as in claim 171, wherein loading a set of
instructions in an order of execution into loop hardware
comprises loading a set of instructions in order of
execution into a set of buffers.

20
175. The method as in claim 174, wherein the set of buffers
comprises n buffers coupled in parallel, n being a positive

integer, and
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instructions into the n buffers conprises loading a first n instructions
of aloop into the n buffers. 177. The nethod of claim 176, wherein | oading
n sequential 10 instructions into the n buffers conprises loading a last n
instructions of a loop into the n buffers. 178. The nethod of g3 #iam 200561,
further conprising issuing the set of instructions fromthe | oop hardware.
15 179. An apparatus conprising: a control unit adapted to |oad a set of
instructions rder gPﬁéeCUtlon in har dwar e ,and store an

address of a nexW Fhstfu APnd aﬁeadageég E€8F§98PS 38 @RePEFRTL RE next

instruction is the next instruction in a sequence_of instructions that
represent aSKB6PTaRR thEC aBBPe§§r9€6F§tépmp§l§6éra9ﬁ9én9nnfé?éﬁﬁﬁ@lBArt of

the sequence of instructions, the control unit conprising: - 91 0 3 MAY
2005 an i nsiREEFNERiPEECANGAI thean Budfess - .regi ster connected to the fetch
unit, and | oop hardware connected to the fetch unit; 5 and

5 176. The method of claim 171, wherein loading n sequential
instructions into the n buffers comprises loading a first n

instructions of a loop into the n buffers.

177. The method of claim 176, wherein loading n sequential
10 instructions into the n buffers comprises loading a last n

instructions of a loop into the n buffers.

178. The method of claim 171, further comprising issuing
the set of instructions from the loop hardware.

15
179. An apparatus comprising:

a control unit adapted to load a set of instructions
in order of execution into loop hardware and store an
address of a next instruction in an address register,

20 wherein the next instruction is the next instruction in a
sequence of instructions that represent a loop and the
address register is operative in fetching part of the

sequence of instructions, the control unit comprising:
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a decoder connected to the instruction fetch unit and the |oop hardware.
180. The apparatus as in claim179, further conprising a 10 nenory device
connected to the control unit, wherein the set of instructions is a first
set of instructions, and the control unit is adapted to | oad g 3nyopods set
of instructions in order of execution into the nenory device, wherein the
second set of instructions is 15 part of the sequence of instructions that
represent the |oop. 181. The.a aragus as in claim 180, wherein the | oop
20 hardware incl udes a setanlﬂggfgf 1opg5etehe URpbar atus as in clai m 181,
wherein the set of buffers conprises n buffers coupled in parallel, n
being a positive integer, *An899r§5S §eIasiRY 5OP5°HhEFetR FHEJLRECR set of
instructions in an order of execution into |oop hardware conprises | oading
n sequential instructiéfis PAto the n buffers. 5 183. A system conprising:
an SRAM nenory device; |oop hardware,

loop hardware connected to the fetch unit;

5 and
a decoder connected to the instruction fetch unit and

the loop hardware.

180. The apparatus as in claim 179, further comprising a
10 memory device connected to the control unit,
wherein the set of instructions is a first set of
instructions, and the control unit is adapted to load a
second set of instructions in order of execution into the
memory device, wherein the second set of instructions is
15 part of the sequence of instructions that represent the

loop.

181. The apparatus as in claim 180, wherein the loop
hardware includes a set of buffers.

20
182. The apparatus as in claim 181, wherein the set of
buffers comprises n buffers coupled in parallel, n being a

positive integer, and
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an address register; and a processor coupled to the nenory device, wherein
the 10 processor includes a control unit adapted to: |oad a set of
instructions in order of execution in the |oop hardware; and store an
address of a next instruction in the address register, wherei @3 MYn2R&
instruction is the next 15 instruction in a sequence of instructions that
represent a |oop and the address register is operative in fetching part
of the seguence oL instryctions. 184. The systemas in claim 183, wherein
the | oop har dwar 8NS5 A RGE< 4t 3| §5§5t CdndNSELUSE 1PBSp tBukPepEdey FEMVAY
2005 185. The systemas in_claim 184, wherein the set of buffers conprises
n buffers cBUPFBELPR paFal LerP hapdiagcacpdpiriirees loadéger n arduehéreln t he
control unit is adapted to load n 5 sequential instructions into the n
buffers. 186nspnuappansat dsteofpei si bgffarsentrol unit, wherein the control
unit is operative to hold a single instruction of a single instruction
loop 10 in at |east one single instruction register for execution of the
single instruction |loop, the control unit conprising:
5 183. A system comprising:

an SRAM memory device;

loop hardware,

an address register; and

a processor coupled to the memory device, wherein the

10 processor includes a control unit adapted to:
load a set of instructions in order of execution in

the loop hardware; and
store an address of a next instruction in the address
register, wherein the next instruction is the next
15 instruction in a sequence of instructions that represent a
loop and the address register is operative in fetching part

of the sequence of instructions.

184. The system as in claim 183, wherein the loop hardware

20 includes at least one set of loop buffers.
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15 | oop hardware including at | east one set of buffers and the at |east
one single instruction register; and a decoder coupled to the | oop

har dware. 187. The apparatus as in claim 186, wherein the control wunit is
adapted to load the single instruction register 20 with the co %eghEZ&k at
| east one buffer in the set of buffers. - 94 0 3 MAY 2005 188.

apparatus as in claim 186, further conprising a first multiplexer

connect ed tﬁ %he hoop har dwar e, mhﬁrein the control unit is adapted to

| oad the sinfPe TASt PYSERBN3S| 6BpCladiMst8f  vitRerRéNobPBuB et OfhB LT rsE

mul tiplexer. 5 189. The apparatus as in claim 186, further conprising a
first multi pPERELSEEnRebréders cREPLEEpinapaRatécandnabesagondprmslitiiyeexer
contained within the | oop hardware, wherein the inputs of the second

mul ti pl exer iobaeetroantthe 10 set of buffers. 190. The apparatus as in
claim 189, further conprising a third nmultiplexer contained within the

| oop hardware, wherein the cpbptutslofintheikhbasdpruht kpl exas gone fromthe

5 sequential instructions into the n buffers.

186. An apparatus comprising:
a control unit, wherein the control unit is operative
to hold a single instruction of a single instruction loop
10 in at least one single instruction register for execution
of the single instruction loop, the control unit
comprising:
loop hardware including at least one set of
buffers and the at least one single instruction
15 register; and

a decoder coupled to the loop hardware.

187. The apparatus as in claim 186, wherein the control
unit is adapted to load the single instruction register
20 with the contents of at least one buffer in the set of

buffers.
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15 outputs of the first and second nultiplexers, and the output of the
third nmultiplexer is connected to the single instruction register.

10

15

03 MAY 2005

188. The apparatus as in claim 186, further comprising a
first multiplexer connected to the loop hardware, wherein
the control unit is adapted to load the single instruction

loop register via the output of the first multiplexer.

189. The apparatus as in claim 186, further comprising a
first multiplexer connected to the loop hardware and a
second multiplexer contained within the loop hardware,
wherein the inputs of the second multiplexer come from the

set of buffers.

190. The apparatus as in claim 189, further comprising a
third multiplexer contained within the loop hardware,
wherein the inputs of the third multiplexer come from the
outputs of the first and second multiplexers, and the
output of the third multiplexer is connected to the single

instruction register.
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