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'/ 50506 BACKGROUND In designing a p processor, s&&hJdls W65

di gi tal siwoasspssecessi ng ( DSP) sysm@mm{m%@ eting desimr/gndlsesogr €
processi ng speed and power consunpt . tional processors include a
variety of hardware designed to incredd®%he speed at whi ch software

I nstructions are executed. The additional hardware, 10 however, typically
i ncreases the power consBEBOUBGBEOEFFREIENTOHARDWARECNOOPSChNI que for

i ncreasing the speed of a progranmabl e processor is a "hardware | oop,"

whi ch may be dedicated hardware designed to expedite the execution of 15
software instructions within a | oop construct. Hardware | oops may reduce

t he nunber of clock cycles used to %m§§g§buﬁgsoftmare | oop by caching the

instructions in local registers, tl T cing the need to fetch the
same i nstructi o, QM g R A a1 d AL S aRle & o

5 digital signal processing (DSP) system, two competing

design goals are processing speed and power consumptién.
Conventional processors include a variety of hardware
designed to increase the speed at which software
instructions are executed. The additional hardware,

10 however, typically increases the power consumption of the
processor.

One technique for increasing the speed of a
programmable processor is a “hardware loop,” which may be
dedicated hardware designed to expedite the execution of

15 software instructions within a loop construct. Hardware
loops may reduce the number of clock cycles used to execute
a software loop by caching the instructions in local
registers, thereby reducing the need to fetch the same
instruction from a memory device or instruction cache a

20 plurality of times.
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20 plurality of tinmes. - 1 20 JUL 2005 SUMVARY According to one aspect
of this invention, there is provided a nmethod as defined in clai & t he
appended clains. 5 According to a second aspect of this inver;tq 5]4 re
is provided a nethod as defined in claim®6. According to a third aspect of
this invention, there is provided an apparatus as defined in claim12.
According to a fourth aspect of this invention, there 10 is provided an
apparatus as defined in claim?21l. According to a fifth aspect of this
invention, there is provided a systemas defined in claim25. According to
a sixth aspect of this invention, theueMARY provided a systemas defined in
claim27. 20 JUL 2005 WO 02/ 50666 PCT/USOL/ 50506 DESCRI PTI ON OF DRAW NGS

Figure 1is achioahndl 89y amd Laptlcalime e axaepldon, thepeodrmmmabl e
processor adapted according to an enbodi nent of the invention.
provided a method as defined in claim 1 of the appended
claims.
5 According to a second aspect of this invention, there
is provided a method as defined in claim 6.
According to a third aspect of this invention, there
is provided an apparatus as defined in claim 12.
According to a fourth aspect of this invention, there
10 is provided an apparatus as defined in claim 21.
According to a fifth aspect of this invention, there
is provided a system as defined in claim 25.

According to a sixth aspect of this invention, there

is provided a system as defined in claim 27.
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5 Figure 2 is a block diagramillustrating a pipeline in acc rdance
‘an enbodi ment of the invention. Figure 3 is flow diagramill ust 'é\-“—rﬁd
exanpl e provesyswmbs | oading early registers in accordance W tgeBiso/sosos
enbodi ment of the invention. 10 Figure 4 is a block diagramillustrating
the efficient use of one or nore pipelines in accordance with an

enbodi nent of the invention. Figure 5is a flow diagramillustrating one
exanpl e wuse of a | oop setup i NBEBARIPFIONOOEeDRAWNINGSear|ly register 15
val ues in accordance with an enbodi ment of the invention. Figure 6 is a

circuit block di agrigjiidd |1U$._t§§im&@%iﬁiﬁﬂ'ﬂﬁEs@fa@lﬁ@rgﬂﬂéﬁaﬁlﬁgg geit.
Figure 7 is a flowdiagramillustrating the reuse of hardware In
accordance wig R 1R Hr e d5r | dP gﬁi PTL O\, s a
bl ock di agram rijllﬁigst rating a rpr oegr ammﬁ%g r O(I;hegs%%ér)d %n;g_lléd L&méﬁg
efficient harg :ﬁ?ﬁ%Ef% WD 02/ 50666 10 JUL 2005 PCT/ US01/ 50506
accordance wiX an e nt" of the I nvention. Processor 2 may include a

contr ol un|t 6 thq:.t suerrtleds2 (iosntar %l

l]éaiagram illustrating a pipeline in
accordance with an embodiment of the invention.

Figure 3 is flow diagram illustrating an example
process of loading early registers in accordance with an
embodiment of the invention.

10 Figure 4 is a block diagram illustrating the efficient
use of one or more pipelines in accordance with an
embodiment of the invention.

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

15 values in accordance with an embodiment of the invention.

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

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

20 DESCRIPTION

FIG. 1 is a block diagram illustrating a programmable

processor 2 arranged to. support efficient hardware loops in



to pi pelines 4. Control unit 6 may include hardware loop unit 8 that may
facilitate fast hardware | oops without 5 significantly incredprilLpomsr

consunpt i onw@ 03MogéeeSsor 2. I n order to support hardware Iop&msﬁmqw
processor 2 may support a loop setup instruction that initializes

har dware, such as a hardware loop unit 7, by setting entry and exit.
conditions for the loop. Entry '"and exit conditions may be 10 defined by

| oop' condi t iznnsordapce bwi t hnaAnensedhtenTheft Ohe LONGHELON. Nayroed s s6r a
first instruction (or top) of the |oop. The bottom condition may define a

last instrugtindy {06180t eMkoREréheul pOPe ﬁ@gttgén&guaén@&ﬁiéi&ﬁ‘?f@y
e

define a nunber of iterations of the loop. 15 Entry of a hardwar oop may

occur at the g B;ﬂei'ilqgs ﬂgt Clont£o1 Ay t@%??%’%@&f&ée%%‘q‘?ag?rof%%pm

counter (PC olnts to t top rnstructron o 00p.

hardware | o my, occur at the last "boitom match,” ich npy occur when
t he PC poi n%gutn% § e %%tlf'% ?%%thhatf%né%sft aha‘i%w"ll“f)% HORRS i“l’ﬂr%/l?%ﬂt’r zing the
count at the first.to tch and , decrenmenting the count at each bottom

mat ch, % he Jecaw&%‘ﬁr??%’crkg FOWRe CPES WERE boR R tRFREL I FRY | Ast

bottom- 3 10 JUL 2005 WD 02/ 50666 PCT/ US01/ 50506
In order to support hardware loops, a processor 2 may

support a loop setup instruction that initializes hardware,
such as a hardware loop unit 7, by setting entry and exit
conditions for the loop. Entry and exit conditions may be

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

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

20 loop.

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

may keep track of when it has encountered the last bottom



Inatéh. In this manner, the |oop conditions top, bottomand count may
define the entry and exit conditions of the hardware |oop. Pr@geito?i02 nay

i ncl ude one wo ob®ésds Pi pelines 4 and a 5 control unit 6. By nggmgﬁgpl e,
the pipelines 4 may include one or nore system pipelines, one or nore data

address generation, pipelines, one or nore execution unit pipelines,-and
one or nore additional pipelines as may be desired for a particul ar

i npl enent at i atcRont ral thiist nénhe AR HEONToR doRRifti @M Ot NS P RS g
and/or data through the pipelines 4 during a clock cycle. For exanple,

during the BbaRESARPOARE:RR Y 1RO n L QYLROL ML s fBY Aihect  the

vari ous conponents o e pipelines t e the instructi o éﬁﬁ correctly

performthe ngli 15 operation including, for exanple, witing the
results backﬁgggﬁﬁggnggggrnstructions may be | oaded into a first stage of

one or nore pipekines 4 ang g%ﬁgess d through subsequent = stages. A stage
may process concuff8AEPFOR h™ e S ENSt QG TOLBa P4 PRy NeSs¢ Badnden

the stages in pipelines 4 during a cycle of the system The results of an
i nstrucPi on ARYEEREr YBL1Lt 6t he Bon#aoT ofhexpimpdei nsbes pipelipes duveyssi on. 4

include one or more system pipelines, one or more data
address generation pipelines, one or more execution unit
pipelines, and one or mbre additional pipelines as may be
desired for a particular implementation. Control unit 6

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

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

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

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

rapid succession.



20 JUL 2005 O 02/50666 PCT/US01/50506 FIG 2 is a block diagram
illustrating an exanple pipeline in accordance with an enbo@geut 08t he

invention. wh @ifedé Ne 10 has nultiple stages that may facil i,&?,tugo 150506
execution of nultiple instructions during a single clock 5 cycle. ﬂ“n‘

pi peline 10, an instruction may enter the instruction fetch (IF) stage 12
during a first clock cycle. The instruction may then continue down the

pi peline during EI®seRupstaChDEKk CYTAGFam TYDLEALENLiAGOLRCEARSIL UCTi ON
enters the |F stage 12 during a subsequent clock cycle and 10 then

conti nues d dihendi pel i ' egue, cyel imlarly,
addi ti onal % r uct?oﬁg %ﬂ?%g&ﬁlggl‘?:%t%ge&&ssg%ﬁgﬁg éé{%bg%%ug Ye%%o%%'

cycl es respe;\c?-\r/p% Vi T ta ' é‘té]e pi pel Lne, define the
nunber of i nsti ucjtli%ens h@%@‘ﬁ‘@%%ﬁ?i%@g%g _?F/iIB s#‘?‘rﬁ?‘fﬁ%@%sly. 15
The different stages of thekgiggeli_ne may operate as follows, Instructions
may be fet cli&F iy 2hdny el AL RSt LoRS: GRCing t 2 131 ngke dgekesied from
instruction registers 15 during the DEC stage 14. During the AC stage 18,
one or Yor e WEE addieRirehitrat s am Hsteaceiratmapoeanyr nbmor y
addresses used to performthe operation. A data address generator 19 may
cont ai n one 1S tavia inn tfetech c(IFogitagmi 1z dutihg)atbifaci cloc ecydike.
cal cul ation.
The instruction may then continue down the pipeline during
subsequent clock cycles. Typically, another instruction
enters the IF stage 12 during a subsequent clock cycle and
10 then continues down the pipeline during subsequent clock
cycles. Similarly, additional instructions enter the IF
stage 12 during subsequent clock cycles respectively. The
‘number of stages in the pipeline may define the number of
instructions that the pipeline may service simultaneously.
15 .The different stages of the pipeline may operate as
follows. Instructions may be fetched during the IF stage
12 by a fetch unit 13 and decoded from instruction
registers 15 during the DEC stage 14. During the AC stage
18, one or more data address generators 19 may calculate
20 any memory addresses used to perform the operation. A data

address generator 19 may contain one or more arithmetic

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



5 20 JUL 2005 WO 02/50666 PCT/US01/50506 During the execution stages (EX 1
- EX n) 22A - 22N, execution units 23 and 29 may performspeq’. i B 2008

operations wighseess for exanple, adding or multiplying two ? 0@““06
Execution units may contain specialized hardware for 5 perform he
operations including, for exanple, one or nore ALU s, floating-point units
(FPU) and barrel shifters, although the scope of the invention is not

imited inthis beepestend dRELetiof! pdakes Mhbe avpkigd boal heoggecuti on

units such as the addresses generate a address n ﬁafo 'dat a
retrieved fr )8 datasretrigyed  fromdata registers. During wite
back stage f%@% gg, %hgﬂlggs% tg ﬁaggb8a¥wP??tﬂr?osaeaéﬁﬁﬁg PeeaatsRNSY
dat a registqggéexter al to thf piggllne or to_data registers in the
pi pel i ne sucit @ 3T chfPRcEIF WP L egrCtiRe 95, myhkinkyinggiyoonupbpskine 10
may include one or nore storage circuits, such as a flip-flop, for storing
data. As nefFeFid AboYRltHrBREsGoRt2inngPeabpbized haogwaset dpr
i nstruction. The | oop setup instruction may initialize a hardware | oop by
witing the RuferRing e torerathonswineluding( efgr érampbd, behtos) to
architectural registers 32. The | oop setup instruction may al so
‘more ALU’s, floating-point units (FPU) and barrel shifters,
although the scope of the invention is not limited in this
respect. A variety of data may be applied to the execution
units such as the addresses generated by data address
10 generators, data retrieved from memory or data retrieved
from data registers. During write back stage (WB) 30, the
results may be written to a memory location or data
registers external to the pipeline or to data registers in
the pipeline such as architectural registers 32. The
15 stages of pipeline 10 may include one or more storage
circuits, such as a flip-flop, for storing data.
As mentioned above, processor 2 may support a loop
setup instruction. The loop setup instruction may
initialize a hardware loop by writing the boundaries of the
20 hardware loop (e.g. top and bottom) to architectural
registers 32. The loop setup instruction may also

initialize a count in architectural registers 32,

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



‘inifialize a count in architectural registers 32, indicating the nunber of
tinmes the loop is to be conpleted. 6 WO 02/50666 20 JUL 2005 2@ JuL 2008

PCT/ US01/.506/@502k5066%0di ti on, the | oop setup instruction may 1060120506

of fset, indicating the nunber of instructions that follow the |oop setup

i nstruction before the top of the loop is reached. After the hardware | oop
is initialized, the 5 hardware | oop nay operate in the pipeline 10 until
the exit cdamdisddirtiodn t hehd dogophase theen et dusdtiesh (a0 deF i tagmm  mat ch

wi th count equal to zero). Architectural registers 32 are generally | oaded

once an i nYFAEY 0N Adsc LMY R nifkkr dMehdthitid o Sa A 1ow

I nstruction exits the WB stage 30. Therefore, the entry and exit

condi tions s ' | t eql A t ted until
several cl 03%%2% deés] %{élt\c/\‘gB p%ggsée&'rd&ftjrlgcgn{ %vﬁ%%%ﬁteﬂgiotoagpsoeﬁjgc&%%&o%uc éﬂon
enters pipeline,1l0 ause .the entry and exit conditi.aons y. .not be
updat ed 15 Lﬁ?taﬁhes%\/eraéjfct%ﬁ g?lf %%@m&@%%&n%%e&a%ﬁi ng up
har dwar e | ogps e{ exj st. For exanple, if the first instruction in the

| oop ent er s%ﬁ'irég? IR WP PRI D0F 8 iR H] dhtHes thsme%ikd,

the architectural
condition of the loop has been satisfied (e.g. a bottom

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

issues by maintaining a set of early-regisfers 34 in the



‘regfsters may not be set up to identify the instruction as 20 part of a
| oop. Moreover, this nmay increase as the depth of the pipelidanmmfgmses.

I n one enboWwaentosedr ocessor 2 may address these issues by I 13} a
set of early registers 34 in the 7 WO 02/50666 !0 JUL 20 PC%/G@%%?@%@%G

pi peline. As shown in FIG 2, early registers ETop 34A and EBot 34B.nay
reside in the decode stage while ECnt 34C nay reside in AC stage.

| npl enent i ngodpekinei ebs| ghowgi $heFIG342pBYak g @358 st Haf GERFSIING SRLET
of processor 2 by reducing or avoiding |oop set up penalties. As descri bed

above, severBBot| Dk mayctesigByiRashebabuegs thsgki WRidd 8ORLSAUNP na
I nstruction enters the pipeline and the tinme the architectural regléiers

are witten. r&oigyein A@esggégy regi sters may be 10 | oaded | ong before the
| oop setup instruction witeS to the architectural registers. For this

ST o TS R e, SLET BeTRYG0ME LUELK! TR KL BNES o Set
i predii' ct Opgrgé)eescsuilnag} eszgeheedvg ugrgéeggggigegirug:glducing 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 registers may be
10 loaded long before the loop setup instruction writes to the
architectural registers. For this reason, implementing
early registers may reduce the time it takes to setup
hardware loops.
The early registers may be speculative registers used
15 to predict or speculate the value of architectural
registers. Unlike the architectural registers, the
speculative registers may not be supported by the system’s
instruction set. Therefore, program code may not be used
to access the speculative registers. For this reason, a
20 programmer may not be able to move data in or out of the

speculative registers the same way that he or she could

with architectural registers.



registers. Unlike the architectural registers, the speculative registers

may not be supported by the systenmis instruction set. TherefpoeJULeram

code may noW®e/yséd to access the specul ative registers. FeCTIRIBS056ASON,
a 20 programmer nmay not be able to nove data in or out of the speculative
regi sters the sane. way that he or she could wth architectural registers.
- 8 WO 02/50666 20 JUL 2005 PCT/ USO1/ 50506 Loading early registers may be
done in several HPedbngneandysrefbstenst magebet Heneathyseggrgtiers my be

| oaded sinply as a result of performng a regular instruction register

move to the différentuwalstegiskeifistink8, Other ewenys rebigrayst ﬁ%g”ﬁ&
I nstruct the architectural registers to |load the contents of so ot her

register, arbadedasigpuytasthereanly beopetebsmiRY Qe d. Yet
anot her way to | oad th% %,egi sters is to I%ad thrélm %rgmrggrg%rgy. I n ot her

105 o1 R IR oheLebL b, G pa! LML TROREY Lgnd: e BrenLLec Ul

registers with that data, updat e e ear !
{ﬁ??gg&%;eﬁg§%qgg¥%%e§09&s[O@Qé ;§gg%mngg9thspg&g¥e£helgréﬂg%eégg¥agay
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 to load them from
memory. In other words, the system may fetch the data from
10 memory, load the architectural registers with that data,
and update the early registers.
The problem with regular register moves or loads from
‘memory, however, is that they may introduce loop setup
penalties. These penalties may occur because the system
15 may stall the pipeline until the data is available to be
written. To avoid these penalties, a loop setup
instruction may be used to load the early registers before
the architectural registers get written.

The following example illustrates the syntax for

20 invoking an exemplary loop setup machine instruction:

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



_penélties. These penalties may occur because the system 15 may stall the
pi peline until the data is available to be witten. To avoi Q_grmezms

penal ties, avbompesetup instruction nmay be used to | oad the P%q.?‘jsp /50506
regi sters before the architectural registers get witten. The follow ng
exanple illustrates the syntax for 20 invoking an exenplary |oop setup
machi ne instruction: LSETUP (PC Rel ative Top, PC Relative Bottom Counter

= X 20 JUL 005 RO RLISV566 PeP/ bpetl 50666tHeed Pe Rakat kyemTeReSPRSLELES
the distance fromthe current instruction to the start of the loop (the

Start O f setjnstfiher £ Reb athuesBakt 0B¥SpRei 1465 t(E'ﬁ%dg%@gC?ﬂ?%% t he

current instruction to the end of the |oop (the End set ddi tion,

the Count er Mad|Rb/Ke 1BY1$OOBOLYoR sHOURERLs T EALSLEL: BN, 2l 08P, £OUN agr am

i ndi cating the nunber of Iterations e | 00p.

illustratin | ng ding, early, registers in accordance with an
enbodi nent g?I %81%E%Q?%gé%?+§ﬁ.k%stﬁﬁsﬁg?b%g,E?ﬁef?BBp(EE?uﬁnﬁnstruction
may coq;ain jn,the formof a count value, a top value, and

ondition
a bottonlvaﬁ%éagﬁérlec ?v%§§%t%ﬂﬁset?ﬁr%%“n§%Fu%%r%%ylﬁemaheskﬁciﬁyaﬂd exi t

conditions of a hardware | oop.
counter register and a loop count indicating the number of

iterations in the loop.
FIG. 3 is a flow diagram illustrating the timing of
loading early registers in accordance with an embodiment of

10 the 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. Collectively, these three
values may define entry and exit conditions of a hardware
loop.

15 The count value may represent the number of iterations
that the loop will make. Once the loop setup instruction
enters AC (38), the count value may be written to the ECnt
register (39). Initially writing to the ECnt register may
be done via a register move from data registers. 1In one

20 mode of operation, the ECnt register may be written with
data contained in pointer registers (PREGS) of a data

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

- 10 -



.15 The count value may represent the nunber of iterations that the |loop

w ll make. Once the | oop setup instruction enters AC (38), 2160 08 val ue
may be wr it WhOXW6ethe ECnt register (39). Initially witingptcoushgsosint
register may be done via a register nove fromdata registers. In one 20
node of qperatrom:-the ECnt-register may be witten with data contained in
pointer registers (PREGS) of a data address generation (DAG pipeline. If
necessary, ameélldfithe phpeMnO2/HOYGHe 20sddt 20051 cRTIL&ISOAE 5065Qt 0ne of
the pipelines muy be used to calculate the count value fromthe |oop setup

I nstruction. va{rlh_eet@,po;andhgow@@ yai;@l@simma@li@gt e which instruction is
the top of the loop, and which instruction 5 is the bottomof the | oop.

The top and bottofpyal 48Sahd Bsﬁt&ﬁ%fﬁéymwsm& Lipo. wigféég?ver my be
program counter (PC) relative. Therefore, a cal cu ation (4 in AC stage

E?gpb§4zf§ﬁ iﬁggﬁéﬁékéggfsggr29$%2%%2 veﬁ$&giogﬁgt% %% ?oop éfﬁn te
et o d it L A O
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
be written to ETop 34A and EBot 34B registers respectively.
10 After the loop setup instruction enters EX 1 (41), the top
and bottom values may be written to the ETop 34A and EBot
34B registers (42).
In accordance with an embodiment of the invention,
systém resources may be efficiently implemented. In this
15 manner, the need for additional system hardware to handle
hardware loops may be avoided. As mentioned above, the
loop conditions of a hardware loop may be contained in a
loop setup instruction. By efficiently reusing available
ALU’s contained in the processor, hardware loops may be set

20 up without the need for dedicated hardware loop ALU’s
FIG. 4 is a block diagram illustrating the efficient
use of one or more pipelines in accordance with an

embodiment of the invention. A loop setup instruction may

- 11 -



I'n accordance with an enmbodi nent of the invention, systemresources nay be
efficiently inplenmented. In this 15 nmanner, the need for addpijurafoosystem
har dwar e t ow@anozbsmehar dware | oops nmay be avoi ded. As nenti ongg1adeyResok he

| oop conditions of a hardware | oop nay be contained in a |oop setup
instruction. By efficiently reusing available ALU s contained in the
processor, hardware | oops may be set 20 up without the need for dedicated
har dwar e | odpe Afetehed Filigringi tha BFoskadeapyam ifleleht naiinaideeeiddee ent
use of one or nore pipelines in accordance with an enbodi nent of the

i nvention. AffaopisetipcthshruegieBe#BY (notlsh¥Rn92659666 %@nghgng%
PCT/ US01/ 50506 be fetched during the |IF stage by a fetch unit an ecdded

frominstruct4on rﬁgi@ﬁfésp&fﬂfrSEHgnlogBrE@gakPgnQEQu?gﬁgg K%%:bét this

point, the | oop setup instruction may be pi pe 0 aval ST(50, 51)

n paral 1 ol PO FR LB A B P L AR AT ReRE o R 8ES A o

in parallel. I nstance, 1n one part
count VAl e SR ray® B9 A S hBbBCEAY, 2 LLhPP: FAdCHL Ear iPaPRsRL e -
addition, an ALUS50 in a ) '
or instance, in one particular embodiment, an ALU 52
-in a first pipeline (e.g. a first DAG pipeline 60) may be
used to pass the count value and may perform any necessary
shifting or calculation. 1In addition, an ALU 50 in a
10 second pipeline (e.g. a second DAG pipeline 62) may be used
to calculate the bottom value of a loop from the loop setup
instruction. Moreover, an ALU 51 in a third pipeline (e.g.
one contained in the branch unit 54 of a system pipeline
64) may be used to calculate the top value of a loop from
15 the loop setup instruction. 1In this manner, the loop
conditions may be calculated in parallel. Moreover, the
respective ALU’s may all be resources that are available
whether or not the system is configured to handle hardware
loops. Thus, by reusing these available resources, the
20 forgoing implementation may avoid unnecessary increases in
hardware to handle hardware loops.

After the loop conditions have been calculated, these

conditions may be written to a set of early (or

- 12 -



10 second pipeline (e.g. a second DAG pipeline 62) may be used to

cal cul ate the bottomvalue of a loop fromthe |oop setup in@tg Jot i2008.

Mor eover, aWw@\2s®@aEs in a third pipeline (e.g. one containedpciushbgsdag@nch
unit 54 of a systempipeline 64) may be used to calculate the top val ue of
a loop from15 the | oop setup instruction. In this manner, the | oop -
conditions may be calculated in parallel. Mreover, the respective ALU s
may all be repecwtativeat ragésheas| able TheeEhep peghstekhs84aymhgnbes
configured to handl e hardware |oops. Thus, by reusing these availl able

resources, theadédfeogpongti 8! ERENERLEENIABY ra¥eiEnUBRCERESREYp! RELEASES
in hardware to handl e hardware | oops. After the |loop conditions have been

cal cul ated, ¢deser €radibbans nNaye DERYE azggt r rol2 20
JUL 2005 WO od%/gsoesaes PCTTORDL/ 50506 séé’écﬁiég??%‘g ?ggigtggrg%wa%&e Efop

(of “top of RRENF obg) cAEnEAhot RRLEReE Boh e LAS" 1008 LHE PEBe8 oAt 1o the
st LS UCELGR Of B LERD LaLLRRLEON! ng, SploBlae B ECHL LB S1ET 54
repeated. In OSer “CROFines that the ooy Tt St Be "tepeated. *in ong SN
embodiment, ECnt 34C counts downward, decrementing each
time a bottom match is encountered.
In addition to writing the ‘calculated loop conditions
10 to the early registers 34, this data may also be piped to a
set of architectural registers 32 that may get written in
the write back stage. In accordance with another
embodiment of the invention, this data may be piped down a
number of available pipelines. In this manner, two or more
15 of the architectural registers 32 may be written in
parallel. Moreover, additional storage hardware (such as
additional flip-flops) may be unnecessary to carry the loop
cénditions to WB.
In one particular embodiment, a first pipeline (e.g.,
20 DAG pipeline 60) may be used to carry the count variable to
an architectural register 32A. 1In addition, a second
pipeline (e.g., DAG pipeline 62) may be used to carry the

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

_13_



‘time a bottom match is encountered. In addition to witing the cal cul ated
| oop conditions 10 to the early registers 34, this data nayzaﬂslUme)i ped

to a set olvogdsdeect ural registers 32 that nay get vvrittenp'bilmsgpg)ﬁ%ite
back stage. In'accordance with another enbodinent of the invention, this

data may be.piped.down.a..nunber of available pipelines. In this manner,
two or nore 15 of the architectural registers 32 may be witten in

parallel. MEgewehiRAdiHd O(r@{/g ,f,g%egggfeyrﬁ'ﬁ]igy@r%,pé Sé'tf:)hﬁy gdd] %é%éclbl N one

flip-flops) may beée unnecessar 0 condi tf ons

particul ar ' t firs I pel ine (e.q. 0 DAG pj pel i pe 60)_may be
used to car %%%&e@%ur’?t&\%)ﬂ é%ﬁrgl%%gle ar1:r1° a"’\’}:%f{c@@t%iﬁca urr%jgi 5¢g+sen 32G-
addition, a_second pipeline (e.qg., DAG pipeline 62) may be used to carry
the top varigFi®e IESPET HVEIRRIUIMAS May Sldr borespreeserthat -ang 20
JUL 2005 WD 02/50666 PCT/ US01/50506 third pipeline (e.g., system pipeline
64) may be @¥adledlecathefhee Bomaimle istften dameranhjedctorkdndbgi st er
32C. These respective pipelines may all be resources that are available
whet hes or hetrdwages isopm.i s Tnusnded tendianydtthesdavhitableops. Thus, by
reusi ng these avail abl e

resources, the forgoing implementation may avoid

unnecessary increases in hardware to handle hardware loops.

Reusing the pipelines realizes several advantages. For

instance, if only a single pipeline were used to calculate

10 the loop conditions, it might take several clock cycles to
perform all necessary calculations using a single ALU.
Moreover, if only a single pipeline were used to propagate
the loop conditions, it may take additional clock cycles to
pass the data to WB. For these reasons, the reuse of

15 ‘additional pipelines may provide for improved system
performance by avoiding these additional loop setup
"penalties. In addition, as described above, reusing
existing pipelines may realize a rgduction in hardware
within the procesgssor. Moreover, it may facilitate writing

20 loop conditions to two or more registers in parallel.

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

to one format, the loop setup instruction may specify
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‘resources, the forgoing inplenentation may avoid unnecessary increases in
hardware to handl e hardware | oops. Reusing the pipelines reaznzﬂﬂ.ﬂﬂﬁeral
advant ages.wbar/seéasst ance, if only a single pipeline were usedr/ysnigasggul at e
10 the loop conditions, it mght take several clock cycles to performall
necessary cal cul ations using a single ALU Moreover, if only a single

pi peline were used to propagate the |oop conditions, it may take

addi ti onal @eEEady cietup ovapiaklehelniat ading VE. Stort tOESset e6SeMBEséte
reuse of 15 additional pipelines may provide for inproved system

per f or mance amd amiBhaEifhese Riadifona) . | oDipe SBLOPfsePand) ti®ScitP the
addition, as described above, reusing existing pipelines may realize a
reduction i @ikaraied ein VR ih S $euPF D6 SSOF e aVDF BQY K he iioé@’sef@%' itate
witing 20 |l oop conditions to two or nore registers in parallel. "FIG 5 is

a fl ow di agnapddidistatiagane: mgle olsc ARSEAM ofp ofpal gyl ating early

regi ster values in accordance wth an enbodi nent o ention.

021 5066620 T 009 At IS S0t a LVt 7L ALl TR ARl ng o

Start O‘fseti

Agiégg€¥%3 stream from the loop setup instruction to the
last instruction in the loop.
For instance, if the first instruction in the loop is
the instruction immediately following the loop setup
10 instruction, then the S-0ffset would be the width of the
loop setup instruction. If, in the instruction stream,
there is one instruction betweeﬁ the loop setup instruction
and the first instruction in the loop, then the S-Offset
would be the width of the loop setup instruction and the
15 one instruction. Similarly, if there are two instructions
between loop setup and the first instruction, then the S-
Offset would be width of the loop setup instruction and the
two instructions.
As shown in FIG. 5, the S8-0Offset and E-Offset are
20 typically specified by a loop setup instruction (74).
Haowever, the loop-setup instruction specifies the offsets
relative to the program counter (PC). Therefore, the PC

value may also be determined (75). The PC value and S-
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and an End O fset (E-Ofset). The S-Offset nmay specify the djstance_in the
‘instruction streamfromthe |oop setup instruction to the fir lﬂsgmﬂctlon
in the | oopW®0RN6GH4 arly, the E-Ofset nmay specify the di stapngs.l/gdg@g
instruction streamfromthe | oop setup instruction to the last instruction
in the |oop. For instance, -if the first instruction in the loop is the

I nstruction imediately follow ng the | oop setup 10 instruction, then the
S-Of f set woWRff st tihey wedleh bé tihed toopaketlpténETopckeghstef. ahpat he
instruction stream there is one instruction between the |oop setup

i nstruction (78)d. t heofécsér NehEURti 9RLLE iKE i‘.D@Pfs&Eeﬂag/hﬁesﬁgéS@&
woul d be the width of the | oop setup instruction and one

nstruct on.csSal#ed vt 1St fe%sw%;mruca{nggscafswg 4} Opg. set up

and the first instruction, en t bé W | oop

setup instr fructions. As_shown | |G 5, the
S—O‘]I‘Oset anﬁ%"f %‘%?%r é%g? %ali)?ngbfeE??lié‘a 593 e?ﬁ Legiprers
|nstrug;|on é %) wever, the Ioo setup instruction specifies the
offsets rel&tihve I3 PrBgFaRFLL n"t‘\é‘i‘lf e AHET&fbRethe heypeemyathe nay

al so be determ ned (75). The PC value and S - 15 20 JUL 2005
early register data may be calculated in parallel, and done

so without an unnecessary hardware increases.
Comparing FIG. 5 with FIG. 2 illustrates exemplary
timing when writing the ETop and EBot registers. Steps
10 (74) and (75) may occur in DEC stage 14. Calculations
steps (76) and (77) may occur in AC stage 18. Therefore,
the write step (78) may occur in EX 1 stage 22A.
Once loaded, the early registers may be used to set up
hardware loops. FIG. 6 is a block diagram illustrating one
15 embodiment of a hardware loop unit 7 connected to an
instruction fetch (IF) unit 13 and a decoder unit 17 of
pipeline 10. In one embodiment, the early registers may be
used to detect a loop in the stream of instructions 84.
Loop hardware 86 may then be loaded with one or more loop
20 instructions. Once loaded, the loop instructions may be
issued again and again from loop hardware. Thus, if a

hardware loop is detected, then one or more of the loop

- 16 -



WD 02/ 50666 PCT/ US01/ 50506 Off set may then be used to cal cul ate ETop

regi ster data (76) . Mreover, the PC value and E-Of set meyghLugons to
cal cul at e ER@ oxsgésster data (77). Once cal cul ated, the ear byTiesi/sis6d
data may be witten to the early registers 5 (78) . Again, by reusing
avail able ALU-s-in the system the wearly register data nmay be cal cul at ed
in parallel, and done so w thout an unnecessary hardware increases.

Conparing Fltasbrutthols Gnag bé! 86LEREESORXGNBAEE Yby! I i AF1 Wh hii ng the
ETop and EBot registers. St%ps 10 (74) gnd9(75) na¥ occurlinE%Eggégage 14.

Cal cul at i ons¢56£Pss 6763 f@ﬂeéE«ZéulyafreﬁCHéﬁw%égef%,gggggj?t Therefore, the

wite step (78) may occur in EX 1 stage 2 thé early
regi sters may be d to,se hardware Loops. FIG 6_is a bl ock_diagram
illTustrating one Pi@'eﬁb%%i%eﬁ o%fgéaﬁﬁ?ﬂméggufgﬁﬁéﬁﬂ?ttbecﬁﬁHEEt8& to an
i nstruction fetgh %Ig%?unit 13 and a,decoder unit 17 of Eipe[ine 10. In
one enbodi mEMLIYRHES bR | 3CTREFRREP sWiE) PR efRedimenticpEctha LBBANEACRRE
stream of instructions 84. Loop hardware 86 nmay then be | oaded with one or
nore | obp 20VFHRE rakeibakle dreedvabdedwhened | boppi setupcinshsunhjobeis
i ssued again and again fromloop hardware. Thus, if a hardware loop is
detect ed, thesceheeds apfirsf ldepl|ocopditién and a second loop
condition may be calculated in parallel (102 and 104).
These conditions may be calculated, for instance, using
first and second arithmetic logic units (ALUs). Moreover,
10 these ALUs may reside in different pipelines.
Alternatively, additional loop conditions may be calculated
using additional ALUs residing in other available
pipelines.
Once the loop conditions have been calculated (102 and
15 104), they may be written to speculative registers (106)
and used to set up a hardware loop. In addition, the loop
conditions may be propagated to a set of architectural
registers via a first pipeline and a second pipeline
respectively (108 and 110). If additional loop conditions
20. need to be propagated, additional pipelines may be used.

Once propagated, the loop conditions may be written to a

set of architectural registers (112).

- 17 =



‘WD 02/50666 20 JUL 2005 PCT/US01/50506 instructions may be fetched only
once by IF unit 13, and then issued repeatedly from hardwar& 0 b 208 ¢ 7.

FIG 7 is awld@oegdeagramillustrating the reuse of hardware j Adance
wi th an enbodi nent of the invention. 5 Using avail able hardﬁg?ggﬁ&%%ﬂga

| oop setup instructionis received, a first | oop condition and a second
| oop condition nay be calculated in parallel (102 and 104). These

condi tions may beCabtalbaing, 1bep toaHAREBNSUFrRG af Lol @R¢ gecond
arithmetic logic units (ALUs). Moreover, 10 these ALUs ray reSide in

different pijxdéPestiod hetnathuely, +add{;k:ong op.caondi.ti may be
cal cul ated using adﬁ?tiongl AELB %eg?dihébi%%of grggv%? 5bb%%%pipelines.

Once the | ogp, CoNiLi ogs hayer n I d éOZ and,. .15 104), they nay
be witten to specu%htgvggréglgﬁgrgﬁglg% éﬁgﬁag 388n58t§8Psug°aah§FﬂMéﬂ%
| oop. In add%&;o the Ifog cogditions naé be propagated to a set of
architecturd qi&ﬁ%?%f@ vi89 RS FRT St MPY pEPHHE TanE LR T 8880 Rd L pdERYNEe - g .
respectively (108 and 110). If additional |oop conditions 20 need to be
propagat ed, SadditR onkPPhi pEI FHREY nB{PBestass, fomceverypagapedonths ilomo
conditions may be witten to a :
By efficiently implementing available system resources,
hardware loops may be setup without the need for additional
hardware loop ALUs and flip-flops.
Various embodiments of the invention have been
10 described. For example, the reuse of hardware not
traditionally used in a hardware loop context has been
described for implementation within a processor. The
processor may be implemented in a variety of systems
including general purpose computing systems, digital
15 processing systems, laptop computers, personal digital
assistants (PDA’s) and cellular phones. In this context,
the reuse of hardware discussed above may be readily used
to facilitate efficient hardware loops. In such a system,
the processor may be coupled to a memory device, such as a
20 FLASH memory device or a static random access memory (SRAM)
that stores an operating system and other software

applications. These and other embodiments are within the

scope of the following claims.
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.set of architectural registers (112). - 17 20 JUL 2005 WD 02/50666
PCT/ USQ / 50506 Cal cul ating | oop conditions froma |oop setup instruction
may require the use of one or nore ALUs. Moreover, propagating the

cal cul ated conditions to a set of architectural registers nay20ealili 2085
storage circuitry (e.g. 5 a flip flop) at every pipe stage, for every | oop
condition. By efficiently inplenenting avail able system resources,

har dwar e | oops nay be setup wi thout the need for additional hardware | oop
ALUs and flip-flops. Various enbodinents of the invention have been 10
descri bed. For® | e, the reuse of hardware not traditionally used in a
har dware | oop context has been described for inplenentation within a
processor. Thé - prdeastdrodrayonperiaimenented in a variety of systens

i ncl udi ng general purpose conputing systens, digital 15 processing systens,

| apt op conput geschyiersoiat diffidad pigssliisands { R %é_l)ir?élﬂjf,ﬁ(léég@g phones.

In this context, the reuse of hardware discussed above na e readily used
oy o ke ekpoee el 4 B BB 0 BEerTee
static raRdeM-ReesSS BRI i3 P, 4 first hardware loop;
first propagating a first of said loop conditions of
said first hardware loop corresponding to the particular
instance of a loop setup instruction via said a first
pipeline of a pipelined processor;
piping a second of said loop conditions from said first
pipeline of the pipelined processor to a second pipeline of
the pipelined processor; and
second propagating in parallel with said first
propagating the second of said loop conditiong for said first
hardware loop corresponding to the particular instance of a
loop setup instruction via said & second pipeline of the

pipelined processor.

2. The method of claim 1, further comprising:
writing the loop conditions to a first set of registers
prior to propagating the loop conditions for said first

hardware loop and using said registers to begin calculating
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\thaf stores an operating system and other software applications. These and

ot her enbodi nents are within the scope of the followng clains. - 18 20
JUL 2005 CLAIM5 1. A nethod conprising: fetching, by a first @igogui rgpgof a
pi pel i ned processor, |oop conditions corresponding to a particular

instance of a |oop setup instruction for a first hardware | oop; first
propagating a first of said | oop conditions of said first hardware | oop
corresponding to the particular instance of a | oop setup instruction via
said a first pipeline of a pipelined processor; piping a second of said

| oop condPRTVRLGFDPaA dnrsaidploed i aenditides pidel 4568 PLpSESsoOr to a
second pipeline of the pipelined processor; and second propagating in

par al | el Wandvwars ddop giriqe m%im@ﬁﬂﬁwl of,gai d I oop conditions
for said first hardware | oop corresponding to the particular instance of a

| oop setup i nstriuciiicPrthe a s bShSRCUNL PERel d gy of; fhe , bl pel i ned

processor. 2. The nethod of&% aim1, furt hedr)recéoa{nip(% ?%JEIE]S& }elé)lfcg)waf‘@etlr%ol? oop

condi ti on® 10 2 ddidlqi¥e Ant St Yegisters after propagating the
loop conditions, wherein the second different set of

registers comprises one or more architectural pipeline

registers.

3. A method of claim 1, further comprising propagating

a third of said loop conditions via a third pipeline.

4, The method of claim 2, further comprising
generating the loop conditions of the hardware loop prior to

writing the loop conditions to the first set of registers.
5. The method of claim 4, wherein generating the loop

conditions comprise calculating at least one of the loop

conditions from program counter relative data in the

particular instance of the loop setup instruction.

6. A method comprising:

20-



_prior to propagating the |loop conditions for said first hardware |oop and
using said registers to begin calculating -19 20 JUL 2005 paraneters based
on said loop conditions for said first hardware |oop prior ti sai d

propagating, and witing the |oop conditions for said first h ﬂdﬂﬁ{@uﬁoop

to a second different set of registers after propagating the 1oop

condi tions, wherein the second different set of registers conprises one or
nore architectural pipeline registers. 3. A nmethod of claim1, further
conpr|S|ng propagatin athird of said | oop conditions via a third

pi pel i ne. 4. Stet Wiatglng ra X idatr thesp comdisidg ogepefating the | oop
condi tions of the hardware loop prior to witing the |loop conditions to

the firsthagstwagte legistiercen & pabhel diEl0d it 1 Bh.o Wgsei @g&efa“ ng
the loop <conditions conprise calculating at | east one of the 0

condltlommsk&@mmptmgn@ﬁk@p@n@q&ggﬂég|@H% ta qidy 4t articular instance
of the | oop setup instruction. 6. r%et ho cor%p Chqmln: 20' %o ta TUS®2005

first calaweatineg a first |oop condltlon of a flrst

second calculating a second loop condition of said first
hardware loop from the loop setup instruction using a second
arithmetic logic unit in a second pipeline; and

using results of said first calculating and said second
calculating for propagating said loop conditions to hardware
registers associated with calculating parameters of said
first hardware loop; and

beginning to calculate said parameters using said first
hardware loop, based on said loop conditions, prior to said

propagating.

7. The method of claim 6, further comprising writing
the first and second loop conditions to a first set of

registers.

8. The method of claim 6, further comprising:

21-



hardware |l oop froma particular instance of a |oop setup instruction using
a first arithnmetic logic unit in a first pipeline; second calculating a
second | oop condition of said first hardware loop fromthe |Io %ﬁﬁyﬂﬂﬁ
instruction using a second arithmetic logic unit in a second Sfﬁe I'ne;  and
using results of said first calculating and said second calculating for
propagating said |loop conditions to hardware registers associated with

cal culating paraneters of said first hardware | oop; and beginning to

cal cul ate said paraneters using said first hardware |oop, based on said

| oop condi ti orfilGtlaking athiregrbpayatomiit fon The teé gl @fapb ai .5
further conmprising witing the first and second | oop conditions to a first

set of rigginitére pact iKhel aret sk afce | of MK Tadg hede GO LSiag: 1 521 20 JUL
2005 calculating a third loop condition of the ﬁ%rdmé%g | oop £§#l%§the

parti cul arsimstaandeief ddhie Heopi S et d Nt UCH] 1&’3?;_1 a,dfuird arithnetic
logic unit in a third pipeline; anéﬂﬁiitiﬁb theq¥f}s ffg%ﬂ%% Whd Mt r d
| oop conditiongittdryy tid i S8, Yed S SLE %hird loop conditions to a

first set of registers.

9. The method of claim 6, wherein calculating the
first loop condition and calculating the second loop

condition occur in parallel.

10. The method of claim 7, further comprising

pPropagating the first loop condition to a second set of

registers via a first pipeline.

11. The method of claim 10, further comprising
propagating the second loop condition to the second set of

registers via a second pipeline.

12. An apparatus comprising:
a first pipeline including a first arithmetic logic unit

and a second pipeline including a second arithmetic logic

unit, and
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9. The method of claim6, wherein calculating the first [oop condition and
cal culating the second |loop condition occur in parallel. 10. The nethod of

claim7, further conprising propagating the first |oop condioi@o\ﬁlj tm
second set of registers via a first pipeline. 11. The net hod* ®f L 10,
further conprising propagating the second | oop condition to the second set
of registers via a second pipeline. 12. An apparatus conprising: a first
pipeline including a first arithnmetic logic unit and a second pipeline
including a second arithnmetic logic wunit, and -22 20 JUL 2005 a control
unit coupl ed tD IMEFRhetHescowpked o ridhe pibél HEkeP) eghdé OcoRbEgi N | 00p

setup instructions for a first hardware |oop froma conputer program the
| oop set UPrithsadarttedrtso: associated with a particul ar i nstance of execution
of the first hardware |oop; pipe a |oop setup instruction fromthe first
pipeline to the seattthiar iIde@Rtdcupi tnddhidhie SEFUULE PiPELING ravare

loop from a computer program, the loop setup instructions

agssociated with a particular instance of execution of the

first hardware loop;

pipe a loop setup instruction from the first
pipeline to the second arithmetic unit in the second
pipeline;

first calculate a first loop condition of said
particular instance of execution of the first hardware
loop from one of said loop setup instructions using the
first arithmetic logic unit in the first pipeline; and

second calculate a second loop condition of said
particular instance of execution of the first hardware
loop from the piped loop setup instruction using the
second arithmetic logic unit in the second pipeline, in

parallel with said first calculate.

13. The apparatus of claim 12, the apparatus further
comprising a first set of registers coupled to the control

unit, wherein the control unit is further adapted to write
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first calculate a first |loop condition of said particular instance of
execution of the first hardware |oop fromone of said | oop setup
instructions using the first arithmetic logic unit in the fi?ganﬂLgﬁgine;
and second cal cul ate a second | oop condition of said particuladr nce
of execution of the first hardware |oop fromthe piped | oop setup
instruction using the second arithnmetic logic unit in the second pipeline,
in parallel with said first calculate. 13. The apparatus of claim 12, the
apparatus further conprising a first set of registers coupled to the
control W tEi%fHerdith aeron®ntoed emiditsofardherhadaptededDarite -23 10
JUL 200 the first and second | oop conditions of the particular instance of

execut | o AR I8 duatia0p G 1 Haddihaellod (£UL CF frgddye ThE
apparatus of claim 13, the apparatus further conprising a third pipeline

coupl ed tof tMegyiemarsal unit, the third pipeline including a third
arithnmetic logic unit, the control unit further adapted to: calculate a

third loop condition of the particular instance of execution of the
hardware | oop fromthe loop setup instruction using the third arithnetic

logic unit inig e apparatus of claim 13, the apparatus further

comprising a third pipeline coupled to the control unit, the
third pipeline including a third arithmetic logic unit, the
control unit further adapted to:

calculate a third loop condition of the particular
instance of execution of the hardware loop from the loop
setup instruction using the third arithmetic logic unit in
the third pipeline; and

write the first, second and thifd loop conditions of the

particular instance of execution of the hardware loop to the

first set of registers.

15. The apparatus of claim 13, the apparatus further
comprising a second set of registers coupled to the control
unit, wherein the control unit is further adapted to
propagate at least one of the loop conditions to the second

set of registers via the first pipeline.

24-



'the\third pipeline; and wite the first, second and third | oop conditions
of the particular instance of execution of the hardware | oop to the first

set of registers. 15. The apparatus of claim 13, the apparatﬂi th[taﬁg
conprising a second set of registers coupled to the control Bi } rein
the control unit is further adapted to propagate at | east one of the | oop
conditions to the second set of registers via the first pipeline. -24 20
JUL 2005 16. The apparatus of claim 15, the control unit further adapted
to propagate at | east one of the |loop conditions to the second set of

registers via the §%@%n@P$@p@tmﬂeof161aihelappahat@§n@£o£|éhﬂtlﬂurﬁﬂﬁr
apparatus further conprising a second set of registers coupled to the

cont rol Q#ﬁ@@edrﬁp(nwmpagatmnatflééﬁeroﬁgaggeghéoiogﬁogggaiﬁigésl§$st one
e frrs

of the loop conditions to the second set of registers via't

pi pel i ne;tlpr opagaid sdt | eAStePNE Of 5 thes | 0P §é’£@u§ iég){;ﬁe#o t he second set

of registers via the second pipeline; and propaga ©Ast one of the
| oop conditions to the second set of registers via the third pipeline. 18.
The apparatus of claim 13, wherein the first set of

17. The apparatus of claim 14, the apparatus further
comprising a second set of registers coupled to the control
unit, the control unit further adapted to:

propagate at least one of the loop conditions to the
second set of registers via the first pipeline;

propagate at least one of the loop conditions to the
second set of registers via the second pipeline; and
propagate at least one of the loop conditions to the second

set of registers via the third pipeline.

18. The apparatus of claim 13, wherein the first set of

registers are speculative registers.

19. The apparatus of claim 12, wherein at least one of

the pipelines is a data address generation pipeline.

20. The apparatus of claim 12, wherein at least one of

the pipelines is a system pipeline.
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.registers are specul ative registers. 19. The apparatus of claim 12, wherein
at least one of the pipelines is a data address generation pipeline. 20.
The apparatus of claim 12, wherein at |east one of the pipelines is a
system pi peline. -25 20 JUL 2005 21. An apparatus conpri sing ![pg?th”
registers, a first pipeline, and a second pipeline; and a control unit
coupled to the set of registers, the first pipeline and the second

pi peline, the control unit adapted to: first propagate at |east one | oop
condition of a particular instance of execution of a first hardware | oop
to the set of registers via the first pipeline; second propagate at | east
one | oop condition of the particular instance of execution of said first

hardware | oop 2% o0 the appardtusgiaherSsind 4 heesesonsepi pelige; a]?grgggi n
calculating data using said first hardware |oop, ©prior to cohp?e I'hg said

first andigeclonk praophgatsaceddd gigepipay ajyp of claim 21, wherein the set

of registers are a second set of registers, the apparatus further
including a fig sort@o10fyd891 38515 £ QP! to.the control unit, wherein
the control unit is further adé%%eé§to:é%L set Ut registers, the

first pipeline and the second pipeline, the control unit
adapted to:

first propagate at least one loop condition of a
particular instance of execution of a first hardware loop to
the set of registers via the first pipeline;

second propagate at least one loop condition of the
particular instance of execution of said first hardware loop
to the set of registers via the second pipeline; and

begin calculating data using said first hardware loop,

prior to completing said first and second propagate.

22. The apparatus of claim 21, wherein the set of
registers are a second set of registers, the apparatus
further including a first set of registers coupled to the
control unit, wherein the control unit is further adapted to:

write the loop conditions of the particular instance of

execution of the hardware loop to the first set of registers
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Wwite the |oop conditions of the particular instance of execution of the
hardware | oop to the first set of registers -26 20 JUL 2005 prior to
propagating at | east one of the |loop conditions to the second set of

regi ster 23. The apparatus of claim?21l, wherein at |east one JULhﬂ¥5
pipelines is a data address generation pipeline. 24. The apparatus of claim
21, wherein at |least one of the pipelines is a system pipeline. 25. A
system conprising: a static random access nenory device; a processor
coupled to the static random access nenory device, wherein the processor
i ncl udes Rri¢¥ sto seropigat ygsaer Seaat f bnetopi PrE i D8opacs88PRIoREPELI NE,
and a control unit adapted to: pipe A loop setup instruction fromthe
first pitpetisecdod assecondregistwetic unit in the second pipeline, first
calculate a first loop condition of a particular instance of execution of
a first hardware loop fromthe |oop setup instruction using a first
arithnmetic logic unit in the first pipeline, -27

23. The apparatus of claim 21, wherein at least one of

the pipelines is a data address generation pipeline.

24. The apparatus of claim 21, wherein at least one of

the pipelines is a system pipeline.

25. A gystem comprising:

a static random access memory device;

a processor coupled to the static random access memory
device, wherein the processor includes a first set of
registers, a first pipeline, a second pipeline, and a control
unit adapted to:

pipe A loop setup instruction from the first
pipeline to a second arithmetic unit in the second
pipeline,

first calculate a first loop condition of a
particular instance of execution of a first hardware
loop from the loop setup instruction using a first

arithmetic logic unit in the first pipeline,
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.20 JUL 2005 second cal cul ate a second | oop condition of said particular

i nstance of execution of the first hardware |oop fromthe |oop setup
instruction using the second arithmetic logic unit in the segond pipeline,
in parallel with the first calculate; and wite the first and §bé@hdﬁioop
conditions of said particular instance of execution of the first hardware
|l oop to the first set of registers. 26. The system of claim?25, the
processor including a third pipeline, the control unit further adapted to:
calculate a third |l oop condition of the particular instance of execution

of the hardware | ocfedomincdibchbope seseqondiSIsaStdOnasi g arthil g
arithnmetic logic unit inthe third pipeline; and wite the first, second

and third | copaontiulansinétahee SAréxEehaloh NSt apge of gxeuLign of the
hardware |l oop to the first set of registers. 27. A systemconpriSing: a

static randombssestrdR iy H6Mh Cat 8i1%€\‘/f12] 5 a. processor coupled to
the static random access nennryb deV|%e, égéfﬁg H@gﬁﬁ%c%gio?e?ﬂ%ﬁudes a
first set of arithmetic logic unit in the second pipeline, in
parallel with the first calculate; and
write the first and second loop conditions of said

particular instance of execution of the first hardware

loop to the first set of registers.

26. The system of claim 25, the processor including a
third pipeline, the control unit further adapted to:

calculate a third loop condition of the particular
instance of execution of the hardware loop from the loop
setup instruction using a third arithmetic logic unit in the
third pipeline; and

write the first, second and third loop conditions of the

particular instance of execution of the hardware loop to the

first set of registers.

27. A system comprising:

a static random access memory device;
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.registers, a second set of registers, a first pipeline, a second pipeline,
and a control unit adapted to: wite |oop conditions of a first hardware
loop to the first set of registers; propagate at | east one of the |oo
conditions of said first hardware |oop to the second set of r@&d Ve via
the first pipeline; propagate at |east one of the |oop conditions of said
first hardware |loop to the second set of registers via the second

pi peline; and begin calculating data using said first hardware |oop prior
to conpleting said first and second propagate. 28. The system of claim 27,

the processor & madwEssonctapded atd hiliel Pipeld Neandde SOHLEQ! mdiRi S, f urt her
adapted to propagate at |east one of the |oop conditions to the second

set of reatpwsitas,s wherdire the rghqigddneinc RUL0 U 5&9- ,dhe system of
claim27, the control unit further adapted to: calculate a Tirst |oop

ot sgre o o e R RN e 0 # e
second pipeline, and a control unit adapted to:

write loop conditions of a first hardware loop to
the first set of registers;

propagate at least one of the loop conditions of
said first hardware loop to the second set of registers
via the first pipeline;

bropagate at least one of the loop conditions of
said first hardware loop to the second set of registers
via the second pipeline; and

begin calculating data using said first hardware
loop prior to completing said first and second

propagate.

28. The system of claim 27, the processor further
including a third pipeline, the control unit further adapted
to propagate at least one of the loop conditions to the

second set of registers via the third pipeline.
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cal cul ate a second | oop condition of the hardware |oop fromthe |oop setup
‘instruction using a second arithmetic logic unit in the second pipeline.

20 JUL 2008

29. The system of claim 27, the control unit further
adapted to:
calculate a first loop condition of the hardware loop
from a loop setup instruction using a first arithmetic logic
unit in the first pipeline; and
calculate a second loop condition of the hardware
loop from the loop setup instruction using a second

arithmetic logic unit in the second pipeline.
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