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BACKGROUND This invention relates to specul ative registers S&QWWNE ted

in a prograwpaklsesqrr ocessor. Conventional progranmmabl e procepgpiSey o as
digital signal processors include a variety of hardware designed to

| nprove performance of the processor and increase the speed at which
software instructions are executed. The 10 additional hardware, however,
typically increases the power consunption of the processor. "Pipelining"

is a technique used in convg ééﬁﬁ?lvd”h X b P ors in which
instructions are overl app rease overall 15

processi ng speed. A pipelined processor typically processes instructions
in a nunber of stages. An instruction noves fromone stage to the next
according to a systemclock, which tEaKGRduNDhas a cl ock rate determ ned
by the slowest stage in the pipeline. 20 While processing instructions,
"hazards," soneti s gneeettonheehekés i tstapeciilanive £BgisHsEd uction
stream from executing. For exanple, a data hazard nmay ari se when an

i nstruct bon depehdenied e aepubysamhalfl PrErdcedsor .

Conventional programmable processors, such as digital
signal processors include a variety of hardware designed to
improve performance of the processor and increase the speed
at which software instructions are executed. The

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

“Pipelining” is a technique used in conventional
programmable processors in which instructions are
overlapped in execution in order to increase overall

15 processing speed. A pipelined processor typically
processes instructions in a number of stages. An
instruction moves from one stage to the next according to a
system clock, which typically has a clock rate determined
by the slowest stage in the pipeline.

20 While processing instructions, “hazards,” sometimes
prevent the next instruction in the instruction stream from

executing. For example, a data hazard may arise when an

instruction depends on the results of a previous
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.1 *@00002* 20 JUN 2008 instruction that has not finished processing within
the pipeline. Only when an instruction has finished being processed
within the pipeline are its results witten to architectural r2@iJnNeposs
where the results are generally 5 accessible to subsequent instructions in
the pipeline. Data Hazards, therefore, cause the pipeline to "stall" and
reduce the pipeline' s performance. One type of hardware addition that may
be inmpl emented to inprove pipeline throughput and avoid stalls is a 10
specul ative register. A speculative register is a register that specul ates
or predi cinsthecyaduethdathahenotartinidotdiratoceys sterwitiiin hawe when t he
processing of an instruction in the pipeline has finished. However,

soneti nepigrelinsd r uckn oy winat aw i frestitwct hen specuf atisteed SHodagi ster is
term nated before it wites to the architectural register. In such a case,

the specylideesed egiShi el Ry $ESHI 18 agfdistt@nte s SUMVARY: + AGCOFgli ng to one
aspect of this invention, there is 20 provided an apparatus as defined in

claim1 ofrdihe. apperdedre§] #dBs, where the results are generally
5 accessible to subsequent instructions in the pipeline.
Data Hazards, therefore, cause the pipeline to “stall” and
reduce the pipeline’s performance.
One type of hardware addition that may be implemented
to improve pipeline throughput and avoid stalls is a
10 speculative register. A speculative register is a register
that speculates or predicts the value that the
architectural register will have when the processing of an
instruction in the pipeline has finished. However,
sometimes an instruction that writes to the speculative
15 register is terminated before it writes to the
architectural register. In such a case, the speculative
register may require adjustment.
SUMMARY
According to one aspect of this invention, there is
20 provided an apparatus as defined in claim 1 of the appended
claims.
According to another aspect of this invention, there

is provided an apparatus as defined in claim 9.



. According to another aspect of this invention, there is provided an
apparatus as defined in claim9. - 2 2 0 JUN 2006 5 According to a further
aspect of this invention, there is provided an apparatus as defined in
claim 10. According to a still further aspect of this invention, there is
provi ded a system as defined in claim15. Features of enbodi n&@ JUNpfAg8he
invention are defined in the dependent clains. DESCRI PTI ON OF DRAW NGS
FIG 1 is a block diagramillustrating a programmable 10 processor
according to an enbodi nent of the invention. WO 02/ 50667 '99 JUN 2005

PCT/ USO1/ 4633A@diNg sta | bekthkagrspedt |a6tiats nighean teixempl Bhemps pel i ne
according to an enbodi nent of the invention. FIG 3 is a flow diagram

i |l ustratisgtdweidednany apmobheat agess réaf izetl by ¢heimsk) of specul ative
registers 5 according to an enbodi ment of the invention. FIG 4 is a flow
di agram i | | usta@id g reg nslea of t 1 Dpefattiosy | Al i g adj ustIerdn©fon,

specul ative registers

there is provided a system as defined in claim 15.

5 Features of embodiments of the invention are defined

in the dependent claims.

DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram illustrating a programmable

10 processor according to an embodiment of the invention.



_according to an embodi ment of the invention. FIG 5 is a flow diagram
illustrating an efficient way 10 of adjusting a specul ative dﬂhdﬂNrZﬁbster
accordi ng twaoaee/soestbodi nent of the invention. FIG 6 is a bl pckudoagssyn
illustrating counters in a circuit according to an enbodi nent of the
invention. FIG 7 is a flowdiagramillustrating a hybrid node of 15
operation according to an enbodi nent of the invention. FIG 8 is a bl ock

di agram i |l ustratf¥@. & hiybrd dolaedk cdi 4gemn of X wet #0t g e ogikample of t he
invention. FIG 9 illustrates an exenplary circuit for increnmenting a

specul ative piggd sied ddtdr i@V Garh 08 o R SOE NS | h ACLFSh PPok O an
enbodi nent of the invention. 3 WD 02/50667 2 0 JUN 20 PCTI USA / 46334 FI G

| is a.block di md |4 r &t r of 1 rocessor 2
agr@m 3 |4 d1sd ﬂdmw%gfﬁ TR £ ¢ ﬁﬁl@fgéél@%;

may i nclude an execution pipeline a contro rol unit 6

according 1 G u Ry leS ARt A R B ot MBI W BT an

IS e Bl e SRLIASEE SPSend AR fgTPONeNt S of the

FIG. 4 is a flow diagram illustrating a mode of
cperation involving adjustment of speculative registers
according to an embodiment of the invention.

FIG. 5 is a flow diagram illustrating an efficient way

10 of adjusting a speculative count register according to an
embodiment of the invention.

FIG. 6 is a block diagram illustrating counters in a
circuit according to an embodiment of the invention.

FIG. 7 is a flow diagram illustrating a hybrid mode of

15 operation according to an embodiment of the invention.

FIG. 8 is a block diagram illustrating a hybrid
circuit according to an embodiment of the invention.

FIG. 9 illustrates an exemplary circuit for
incrementing a speculative register in a hardware loop

20 scenario according to an embodiment of the invention.



10 instruction and correctly performthe corresponding operation

i ncluding, for exanple, witing the results back to menory. 2hsUNUBE ons
ma ~ be | oaded2/sestd a first stage of pipeline 4 and process&er/idyiALHI
subsequent stages. A 15 stage may process concurrently with the other
stages. Data nmay. pass between the stages in pipeline 4 during a cycle of
the system The results of an instruction my energe at the end of the
pipeline 4 in rapid succession. Processor 2 nay include one or nore
architectural 20 registers that may store the results of one or nore

I nstructions that have finished being processed in pipeline 4. In
addition, processor 2 may include one or nore speculative registers that
may predict therglue tibat PO /GEEFAR 0 Liidt 2005y RCTH 1IN s 3Vlle
architectural registers may have in the future. As described in detai

bel ow, in seRBekABkANCES pridiR ssHieUinaly ithd1eBis 8 Bt EshigEpeline
adj ustnent. Therefore processor 2 may inplenent one or nore of the

techniques .5 daser thad uar G d & adidseddie dRacW aldy omoist otge FIG 2
gramillustrating an exanple
flow of instructions and/or data through pipeline 4
according to a system clock. For example, during the
processing of an instruction, control unit 6 may direct the
various components of the pipeline 4 to decode the
10 instruction and correctly perform the corresponding
operation including, for example, writing the results back
to memory. '
Instructions may be loaded into a first stage of
pipeline 4 and processed through subsequent stages. A
15 stage may process concurrently with the other stages. Data
may pass between the stages in pipeline 4 during a cycle of
the system. The results of an instruction may emerge at
the end of the pipeline 4 in rapid succession.
| Processor 2 may include one or more architectural
20 registers that may store the results of one or more
instructions that have finished being processed in pipeline

4. In addition, processor 2 may include one or more

speculative registers that may predict the value that



_pipeline. A pipeline 4 has nultiple stages that may facilitate execution

of nmultiple instructions concurrently. In pipeline 4, an insz

enter an i nglygizhéedn 10 fetch (I F) stage 12 during a first

g WUNI 2008 may

The
i nstruction may then continue down the pipeline during subsequ gﬁxékéck
cycles. Typically, additional instructions enter |IF stage 12 during

subsequent clock cycles respectively. The nunber of stages

15 may defi Rgchiie entiher %e%ﬁééf@tﬁ%‘%é\;@tlﬁ'h@%'f@tﬁrgﬁy

si mul t aneously. The different stages

| nstruction t | u
decoded fro%elg?s‘:tllrgﬁeg{ %5?1%% eé%l(’livg ;:d?%eo“ ng ecodéeeé(’D%

in pipeline 4
agservice

plpe I ne may operate as follows.

nit 13 and
stage 14.

During an a culatl AC)_stage .18, e or nore data address
gener at or s %%errgl?/'ac Sul ae(gelsgtnv(m %ﬂ’drrees YRR Y é‘f?r@rﬁﬂlﬁe

operation. -5 2 0 JUN 2006 A WO 02/50667 PCT/ USOL/ 46334 Dur

ing the

execution sPIGEESSOINDIRY RRIRMIL 1] LT BPLimPhHditerisdpeavyesd

operations such as, for exanple, adding or multiplying two

nunber s.

Execut i%n usiessTideshjhenssim i agiiestal the oeaubetiovd areqiestersd ng t he

oper ati ons

FIG. 2 is a block diagram illustrating an example

pipeline. A pipeline 4 has multiple stages that

may

facilitate execution of multiple instructions concurrently.

In pipeline 4, an instruction may enter an instruction

10 fetch (IF) stage 12 during a first clock cycle.

The

instruction may then continue down the pipeline during

subsequent clock cycles. Typically, additional

instructions enter IF stage 12 during subsequent

clock

cycles respectively. The number of stages in pipeline 4

15 may define the number of instructions that pipeline 4 may

service simultaneously.

The different stages of pipeline 4 may operate as

follows. Instructions may be fetched during IF stage 12 by

a fetch unit 13 and decoded from instruction registers 15

20 during decode (DEC) stage 14. During an address

calculation (AC) stage 18, one or more data address

generators 19 may calculate any memory addresses

perform the operation.

used to



.5 including, for exanple, one or nore arithnmetic. logic units (ALUziE,
floati ng-point units (FPU) and barrel shifters, although the28cdie t he

present i nvgiidRhedsS Not limted in this respect. A variety y be
applied to the execution units 23 such as the addresses genggggggb%”gP

10 address generators 19, data retrieved fromnenory or data

retr

y“dat a
i eved

fromdata registers. During wite back stage (WB) 30, results may be

witten to a memiyingCahi0BxRtutddhn? SeYed Yo SN Male dift {

or to data registers’in the pipeline 4 such as architectura

&E B
regi

éine 4
sters 15

32. The st agegs i lL.ne ncl nore _ starage circuits,

such as a f??pE“?F’oE?E grrﬂlstsérei%%glggt z‘#’%% rg%lnt ec utfrhalasr’egqrost?eﬁ'}%a % e

general ly Iogged once ag i,nstruction has,finish bei.ng processed in
Sthitd,

pi peline 4 agRa Ena&, ™

e.g., at the conglusion of WB stage 30. Therefore, architect

ur al

L8 e AHERSFR e mEXRAE i WS 2P BR¥ur s,

regi sters

. g
32 are geneFaPE§ify SPeSHaddrefahardwgde &t eerfiaraingh thestonatatoioret er s
pipeline 4. 6 2 9 JUN 2005 WD 02/50667 PCT/USOL/ 46334 There are many
scenarfos, hoaévdingwhdos exampy-ehe Ongdwam Magso B itthmeddas sl atpite waskiosi at ed
wth an instruction before the instruction has commtted. For this reason,
(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 23 such as the addresses generated by data

10 address generators 19, data retrieved from memory or data

retrieved from data registers. During write back stage

(WB) 30, results may be written to a memory location or

data registers external to the pipeline 4 or to data

registers in the pipeline 4 such as architectural registers

15 32. 'The stages of pipeline 4 may include one or more

storage circuits, such as a flip-flop, for storing data.

Architectural registers 32 are'generally loaded once

an instruction has finished being processed in pipeline 4

and thus, “committed” to the system. This typically

20 occurs, e.g., at the conclusion of WB stage 30.

Therefore,

architectural registers 32 are generally written several

clock cycles after an instruction enters pipeline

4.



.pipeline 4 may inplement one or nore specul ative registers 5 34 used to
specul ate or "predict" a value for architectural registers 38¢g S®n@sl |y,

the specul afyig/@/d06& sters 34 may be witten with data assocj | an
instruction before the instruction has commtted. Unlike thgeiﬁgﬁﬁ%%giural

regi sters 32, speculative 10 registers 34 are typically not supported by an
I nstruction set of processor 2. Therefore, program code nmay not be used

to direct|y accesmeuneqiatiamy AU Ss hodded N he FEAFONa R I 007 anmer
may not be able to nove data i'n or out of the speculative regi'sters 34 the

sare vy Nttt 1 QU SN ATANI IR L80 A Foe SR ey

I nstance, for exa e, where speculative registers are

is a "hardware | oop.". A dwar.e l.oop is dedicated, hardware used to.
handl e sof Y\/\%e?%gr% ey ulcr{]sﬁtroﬂusc "[%ik}‘lasg ?odfgrblq'tqberé‘t r i AIDFERp 20
instruction,_ ,for, .instance, may initialize the hardware. Then, |oop
i nst ruct i on®RGHRE ARy %W‘%’J@W%IOQ%@%t@%@ WePikatehee FROFEREY from
those local registers for iterations of the |oop. In this manner,
i nstrudti ons$47 usegl TN specad a7¥ 3066 PRSI AISD? 46832 foc lexchitediural
har dwar e | oop, may not need to be fetched
registers 32. Generally, the speculative registers 34 may

be written with data associated with an instruction before
the instruction has committed.

Unlike the architectural registers 32,.speculative

10 registers 34 are typically not supported by an instruction
. set of processor 2. Therefore, program code may not be
used to directly access speculative registers 34. For this
reason, a programmer may not be able to move data in or out
of the speculative registers 34 the same way that he or she
15 could with architectural registers 32.

One instance, for example, where speculative registers
are highly advantageous is a “hardware loop.” A hardware
loop is dedicated hardware used to handle software
instructions within a loop construct. A loop setup

20 instruction, for instancé, may initialize the hardware.
Then, loop instructions may be cached into local registers
or buffers and issued from those local registers for

iterations of the loop. In this manner, instructions



fromnenory a plurality of tinmes. Speculative registers 34 are highly
advant ageous in a hardware | oop context because they may all @8 géb@8sor 2
to 5 nore Woioeksbesrdet ect and initialize the hardware | oop. pPer/gsgisabove,
the data in a | oop setup instruction is not witten to architectural
registers 32 until. the instruction has conmtted. Thus, if architectural
registers 32 are used to initialize a hardware | oop, the first instruction
10 of a har ¢ashed dap they heotdwasrealbl eop 0 Ay erotpirpsdd no de ufeichedie | oop
setup instruction has commtted. For exanple, if the first instruction in

the | oop enteom mermeady e pldeflans, tde timgs setup instruction has
commtted, the architectural registers 32 may not be set up to 15 identify

the instruction apeafllatdfved JeQARtd0S PV e tHighl Profd %’%é(oﬁém{ﬁaée as

the depth of pipeline 4 increases. For these reasons, a |oop setup

instructionha&mmeua%gpt Q@AM d tﬁ&&g@@ w&%&yrﬁﬂw u?g%?&g%&g%%’&

e.g., top, bottom and“count values of the t o spe
29 5%, BB RS LB DTN RS T o o
Lg?-}s ?Jgd } Zg%gg%r&t Iarf)gov%rle t%re rcriDartea _i8n a Zlcg)opJ Usl\letzuopo6ins\lt\:la:u(t)cz‘é1’.5<g)1§15 6:'.75 not
written to architectural registers 32 until the instruction
has committed. Thus, if architectural régisters 32 are
used to initialize a hardware loop, the first instruction
10 of a hardware loop may not be able to enter pipeline 4
until the loop setup instruction has committed. For
example, if the first instruction in the loop enters
pipeline 4 before the loop seﬁup instruction has committed,
the architectural registers 32 may not be set up to
15 identify the instruction as part of a loop. Moreover, this
problem may increése as the depth of pipeline 4 increases..
For these reasons, a loop setup instruction may be
used to write the loop conditions of a hardware loop, e.g.,
top, bottom, and count values of the loop, to speculative
20 registers 34. Speculative registers 34, may then be used

to setup a hardware loop before the loop setup instruction

has committed. For this reason, implementing one or more



. Specul ative registers 34 may increase processing speed of processor 2 by
reduci ng or avoiding | oop set up penalties. In the hardware | Py | e,
the top val wg ywdokden i n  specul ative register 34A, for instgggﬁmo 3poi nt
to the 5 first instruction of the | oop. The bottomvalue, witten In
specul ative register 34B, for instance, may point to the [last instruction
of the | oop. The count value, for instance, witten in specul ative

regi ster 346pecmyati®e egidtREbSY @fay HAcHIaYES Hoddis iRPRpRH oﬁ}
initializing the 10 hardware | oop when a program counter polnts to the top

i nstructi onpapeed8erePERLl RQdhR8 ngO WU a%li‘éﬁn%vqr g | H{beﬁae%raq.%ri%@
e. 9., c n

counter points to the boftominstruction ( reme g a’“specul ative

count register 34() r I I setup .and efficiently executed
by processor 2. ‘I}g Xﬁgt %ngvgg?a%gg%pmﬁgr%é‘pggéc?ﬂkﬁpit\?éD et éﬁré'tr%y" s

a1 d pr ogr anIBFEUMACANE A88IG5 T THBcBes 15F AN NS oo
Wat ch points, may be set up to nonitor or "watch" particular instructions,
particdl ar fértsicrpéﬁlsGFuFﬁéPPu@tfi 5he 186Pessdher bortomeialved wnikben
| ocation, or any other condition associated with an instruction. If, for
i nstance, ahnj APEFUdELdNehaegdster 348,)0Nr20@5tance, may point to the
last instruction of the loop. The count value, for
instance, written in speculative register 34C, may specify
a number of iterations of the loop. By initializing the
10 hardware loop when a program counter points to the top
instruction and decremenﬁing the count value every time the
program counter points to the bottom instruction (e.g.,
decrementing a speculative count registei 34C), a hardware
loop may be setup and efficienply executed by processor 2.
15 Another instance where speculative registers may be
advantageous is for use with watch points. Watch points
may implemented to aid.brogrammers in the debugging process
of a programmable processor. Watch points may be set up to
monitor or “watch” particular instructions, particular
20 types of instructions, accesses to a specified memory

location, or any other condition associated with an

instruction. If, for instance, an instruction being



WD 02/50667 PCT/ US01 /46334 watched is executed in the pipeline a defined
nunber of tinmes, the systemmay inplenent a particular except?ﬂnﬂﬂwﬂﬂﬁh
poi nts may woa/deesuseful to determ ne when a particul ar setpCafusOIS34
shoul d be inplenented. For 5 instance, a correction algorithm or "code
patch” may need t.o be inplenented any tinme a particular instructionis

I ssued nore than 10 tinmes or a particular nenory location is accessed nore
than 10 ti nwatchedatish epmEautearhyirbeches quii pdlaivata hdé e atiiselt b £

i nstruction and may cause a watch 10 count register to be decrenented each

time that patieeyl ghe isiEtdiCniayn infolaeent ed. pdid kot r "ok dugs £oh OOP set up
val ues, watch points may need to be detected as early as possible. For

this reason, spgawlal ipe fiePingderay 3 g@uﬁggaflﬂsggo ﬁ%terrﬁ?n& the 15

nunber of "watched" instructions that have enter system ese and

ot her scenayi ; f ' 0 erf nce by inplementin
specul at i veﬁrhgglls%tﬁgfaéﬁ r%EGrg% e|/°s a%%@%i%egrla“%%%%iﬁ%t : %of he t : m'gng
advant ages r.ealti zed by the uset.of specul at.i ve redqj stcﬁrs. %”As shown in
FIG 3 one*BPEABFE /c AWy B oA Pht FURe BT MepeRPLti ve

registers (40). These conditions may then be detected (42) before the
instructi onto1be implemented any time a particular instruction is

issued more than 10 times or a particular memory location
is accessed more than 10 times. A watch point may be used
to watch that particular instruction and may cause a watch

10 count register to be decremented each time that particular
instruction is executed.

Like the hardware loop setup values, watch points may
need to be detected as early as possible. For this reason,
speculative registers 34 may be used e.g., to count the

15 number of “watched” instructions that have entered the
system. These and other scenarios may find improved system
performance by implementing speculative registers.

FIG. 3 is a flow diagram illustrating the timing
advantages realized by the use of speculative registers.

20 As shown in FIG. 3, one or more conditions may be loaded
into one or more speculative registers (40). These

conditions may then be detected (42) before the instruction

-10 -



2 O JUN 2005 WD 02/50667 PCT/ US01/46334 that caused the conditions to be
witten to the speculative registers has conmtted (44). A 02§ JUN pog! |
the advant aggge/shdgp! enenting specul ative registers also int 5@&; ver al
chal l enges. 5 For instance, one challenge introduced by théru &§§6§ﬁ
specul ative regi sters ari ses because the speculative register data may
need to be adjusted. If pipeline 4 nust service an event (e.g., an

i nterrupt oRhalt HRRId ANe ddiiiidE 18 S QUL raid ons nged to
be termnated. 10 If this term nation occur sqglttgrgnaocgoge% aﬁl?‘?/cgl‘%?/aefg’r‘é? er

34 has beeRWiidhl8ly ebanadd sidgspective architectural counterpart
32 has been wr\éqi’tten, then the vtgéu(%a (04’;@) 'specul ative register 34 nay be

i nconsi stent with,t af . t rrespondi ng architectural register 32. In
such a 15 case, %r%‘é’r}‘g WhEh %@cfﬁ}%ﬁ ié\ngar"g'gﬁ%qetser dmpd eM8A LI r e

adj ustment. | n other, words, because specul ative registers 34 are witten
early, a terRPFEtASTHYiS J5distiers 218 dmt radvceshstavestalorchedsl eoes ¢ t ed
may require_an adjustnent of one of the speculative registers 34. 20 FIG
4 is adf| owF@ragn@handeusong iohgld engte ioftraghereat iyn tihevalss ref adj ust ment
of specul ative registers 34. As shown in FIG 4, the specul ative registers
34 may get speculative registers arises because the speculative

register data may need to be adjusted. If pipeline 4 must
service an event (e.g., an interrupt or an exception), the
pipeline’s current operations may need to be terminated.

10 If this termination occurs after a speculative register 34
has been written, but before its respective architectural
counterpart 32 has been written, then the value of
speculative register 34 may be inconsistent with that of
the corresponding architectural register 32. Ih such a

15 case, one of the speculative registers 34 may require
adjustment. In other words, because speculative registers
34 are written early, a termination in pipeline 4 before
the instruction has committed may require an adjustment of
one of the speculative registers 34.

20 FIG. 4 is a flow diagram illustrating a mode of
operation involving adjustment of speculative registers 34.
As shown in FIG. 4, the speculative registers 34 may get

written (50). In one embodiment of FIG. 4, the speculative

-]l -



~written (50). In one enbodinent of FIG 4, the speculative -11 WO 02/50667
2 0 JUN 2005 PCT/ US01/ 46334 registers are specifically theggpgniemki ve

top 34A  sweWilsgdsnve bottom 34B, and specul ative count 34C‘ﬁ€ﬂ&§§ﬁiﬁ;¢

i mpl enented to handl e hardware loops. If a termnate in the pipeline (52)
occurs before architectural registers 32 5 have been witten (54), then the
unaborted instructions may be drained frompipeline. 4 (56), and the

spect al| veraegkebef 54 SERLiN AULEAR BpIING 4 e, lad g contal ned i

their respective architectural counterparts”3 of operation
I 1 lustratedgl I . rtjcul arly .useful whe ing with
back-t o- bac Ebﬁgrﬁé\%rl ?en?}égggwl%f@a"f oarnclpn%eé}rglcl@%lﬁ’esé:codﬂg: ?%@Lp ‘f%g%%if‘?ﬁ‘ﬁat ed
before it copmhts, first.loop mght still need tq execute  its renaining
i nstructi onggglf'i%?"ﬁ@%&dpéﬂ R .ndiﬁg]}%tﬁ%rr?eﬂtooﬂsechrﬁ%@e Se¥mEmate 7 ovi des
a way to de%k with this 15 transition by adjusting speculative registers
accor di ngl y "PeAB-BERG é5§®eeﬁﬁ&ﬁﬁuPQ£§Hﬁ arsfiidreatunal prepisstters 32

particul ar chall enges. As described above, a speculative count register
may beSi npl BA¥At baeno wedtiken St ucttihems the urabdweresl liomtscudtisdisiaid Yns
wi th watch points, or other
be drained from pipeline 4 (56), and the speculative
registers 34 may be adjusted by writing the data contained
in their respective architectural counterparts 32 (58).
The mode of operation illustrated in FIG. 4 may be
10 particularly useful when dealing with back-to-back hardware
loops. 1If, for instance, a second loop is terminated
before it commits, a first loop might still need to execute
its remaining instructions in the pipeline. The adjustment
technique in FIG. 4 provides a way to deal with this
15 transition by adjusting speculative registers accordingly.
Adjusting a speculative count register may present
particular challenges. As described above, a speculative
count register may be implemented to count instructions in
hardware loops, instructions with watch points, or other
20 scenarios. However, when an instruction that affects a

speculative count register is terminated before it commits,

the data in speculative count register may be incorrect.

eal2 -~



.20 scenarios. However, when an instruction that affects a specul ative
count register is ternminated before it conmmits, the data in &BeBN ve
count regi stveyoyse i ncorrect. -12 2 6 JUN 2005 WD 02/ 506@%1./11501“63
PCT/ USO / 46334 One way of correcting the specul ative count register dht a
following a termnation is to allow the instructions before the
termnation to conmt and then wite the specul ative count register with
its architecturaPng eayntodr gartrectdwry ethe tdpeculrit iatd cvuraddidg el r
penalty if the branch penalty is less than the tine it takes to drain the

pi peline. Fi&ta5fbllllvsiingt @S takn@hfaitGicanti vads of1 18] UiHd Nht rfRELHAt | ve
count register. FIG 5 illustrates the 10 adjustnent in the context of a

hardvare | 09geobEt +hRae +36AR%at9bn! Y iRl Uhd TH AP §dd N that

respect. As shown, after a |loop setup 1nstruction enters A §iage (80),

the specul gt nt register may he w,itten (82).. At .thi poi nt, the
count data %%éxgégggﬁF &%&ﬁ%tﬁggﬁﬁé ﬁl“&ﬁﬁ%é%s YRR hat i on (85)

occurs, unaborted instructions may be drained (86) and the specul ative

count ?egi stRPREYPRET -wr HOMEN SFirt me% £4h 30 2dddddianeds megalty

counterpart_  _(87).
if the branch penalty is less than the time it takes to

drain the pipeline.
FIG. 5 illustrates an efficient way of adjusting a
speculative count register. FIG. 5 illustrates the
10 adjustment in the context of a hardware loop, but the scope
of the invention is not limited in that respect. As shown,
after a loop setup instruction enters AC stage (80), the
speculative count register may be written (82). At this
point, the count data may be sent down the pipeline (84).
15 If a términation (85) occurs, unaborted insfructions may be
drained (86) and the speculative count register may be
written with the data in its architectural counterpart
(87) .
At a bottom match (90), e.g., when é program counter
20 is pointing to the bottom instruction of an instruction
loop, a valid decrement bit may be sent down the pipeline
(92) . When an instruction that caused a valid decrement

bit to be sent exits each pipe stage (94), a counter at
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At a bottommatch (90), e.g., when a programcounter 20 is pointin o the
bottominstruction of an instruction |oop, a valid decrenent #i e

sent down t ' jne (92). Wen an instruction that cause val id
decr enent gﬁ¥&¥§ﬁ€t sent exits each pipe stage (94), a counsgﬁﬂgwlgﬁg4 29

JUN 6 WD 02/50667 PCT/USOL /46334 that exited pipe stage gets decrenented
by one (96). In other words, counters in the pipe stages nay be

| nG Vi dual A e UPEhe pe 0 2nsh, 48 FEfhnt B0y bad koR T O

i ndi vi dual counter may t men ) the

I nstruction { t 1d decrenment bit _to be sept exits the pipe
stage. The f%@%ﬁ%ﬁ?#%fgbd% %¥98f9 TAC h%t%b%erﬁﬁ?gggn?gytﬁﬁ hifbereBEedal i d

decrenents that reside.in the pipeline, between that stage and stage where
t he speculaﬂhﬁ§(ﬁnﬁﬁfR%mﬁ%TE$m$%€iB%§.l?hﬁ%?taﬁ9-gknétagib gadnAati on

occurs at a stage, that stage's counter nmay be used to adjust the
specul at i ve Id@dtiduay sceinter mayckhenape odeorenested thegpi pel PAE (98),
the speculative count register nay be adjusted (88) by the nunber of
val i d decr enyen Hiltes imsintect byn t tieat ocateed athd5Svabedt dearerbhenbstags.
The steps in FIG 5 may repeat thenselves until all |oop instructions have
exited the be sent exits the pipe stage. The respective counter at
each stage represents the number of valid decrements that
reside in the pipeline between that stage and stage where
the speculative count register resides. Thus, any time a
10  termination occurs at a stage, that stage’s counter may be
used to adjust the speculative count register.

If a termination occurs in the pipeline (98), the
speculative count register may be adjusted (88) by the
number of valid decrement bits counted by the counter at

15 . the termination stage. The steps in FIG. 5 may repeat
themselves until all loop instructions have exited the
pipeline (100).

The speculative count register may be decremented at

every bottom match (e.g., accounting for every pass through
20 a hardware loop). However, rather than propagate the whole
count value down the pipeline after every bottom match,

only a single valid decrement bit may be sent down the

pipeline. In this manner, a hardware reduction may be
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_pipeline (100) . The specul ative count register may be decrenented at

every bottom match (e.g., accounting for every pass through 230jgx pesdwar e
| oop) . Howewgyoysbgdsher than propagate the whol e count val ue F&Eﬁ 34

pi peline after every bottom match, only a single valid decrenen op may
be sent down the pipeline. In this manner, a hardware reduction may be -14
WO 02/50667 20JUN20 PCT/ US01/46334 realized in processor 2. The set of

counters mayeADAREEr inVricdedaerenent Thist eand ¢ 1o 25304 A8 HoRSiddet i ons

that caused those bits to be sent. As such, the set of counters Tmay keep

a running t@?l@& ggggg&gg%egﬁggt%g?ntﬁenggéhggk%% §n%%#3%¥$§%%zé r.and its

architectural counterpart. s a bloc ragramiil nters
in a pipelipe. As,shown, .counters nay, be i ntained _at every stage of the
pi pel i ne af %gﬁsﬁﬁct?‘?_f&, bf%f, tflgz"eaﬁﬁ}ghB) AS PHENat e S2tsiOfgicounhans
decrenment bit naé be pr%gg ated 10 down the pipeline to account for the

di ffer ence BRYWEERPt Re Bgéal&PPV@“CG&ﬁ?eF8§F§FePQ&M@ﬁnt§ spesbtedtiveal

counterpart. The counter may be connected to the input of a
mul ti pPexercapdt xEDLEHeax@ndl2gsnaycidtertinelwigiosmterpart.,

FIG. 6 1s a block diagram illustrating counters in a
pipeline. As shown, counters may be maintained at every
- stage of the pipeline after DEC (110, 111, 112 and 113).
Therefore, a single valid decrement bit may be propagated
10 down the pipeline to account for the difference between the
speculative count register and its architectural
counterpart. The counter may be connecfed to the input of
a multiplexer-120. Multiplexer 120 may determine which
counter, if any, is used to adjust the speculative count
15 register 34C. If necessary, multiplexer 120 may output an
adjustment signal 156 to make the appropriate adjustment.
In other embodiments, a termination may not occur at
certain stages, or may be restricted when a certain
instruction resides in a certain stage. 1In such
20 embodiments, a hardware reduction may be realized by not
implementing counters in the stages where a termination is

restricted.
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_counter, if any, is used to adjust the speculative count 15 register 34C.
I f necessary, nultiplexer 120 may output an adj ust nent s!gnqgQLﬂﬁjmmsnake

the appropry@j &/ed;ustment. In other enbodi ments, a term nat, nat
occur at certain stages, or may be restricted when a certaihk&aggﬁ%ﬁ?fon

resides in a certain stage. In such 20 enbodi nents, a hardware reduction
may be realized by not inplenenting counters in the stages where a

termnation is rmest nided of leoutiR 82/ H0S671 IUN 2086and PPER/ W8P BLX6334'
The width of counters 110, 111, 112 and 113 may be altered as heeded. For

I nstance, ¢ a = i te 1 e -bit
count er. Thgqﬁkﬁﬁgéﬁ%zﬁﬁﬁ of gﬂﬁ%t%&%F%@%Qhﬁgoﬁﬁge%a%lgg%%ﬁdbgngrﬁgg
nunber of 5 a i [ i ne. ,.Count.er 0, may be a ong:bit, counter
because it & %a%?ﬁ%g}éjghénéﬁiﬁﬁéXt %ﬂiuﬁwﬁgé%ﬁo9gu%§?rrnsfgﬁc@}n%wa as a

value of oneg if a hottommatch _jinstruction is currently in AC  \Wen the
i nstructi on%elpé"g’vgé E(Sm?t'h%r%ojtﬂré eﬁnéeﬂé feay odﬁlé?%g 0 ERENRERPEX1048nd t he

next counter (e.g. for stage EX 2) may be two-bit counters, although the
scope & thétpgeSem the pipeline. Counter 110 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. When the instruction
leaves AC, the counter returns to zero. |

10 Counter 111 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 111 (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 valﬁe of four,
hence, it may need three bits. Similarly, the next three
counters (e.g. EX 4 to EX 6) may be three-bit counters
capable of representing between five to seven values
respectively.

20 The counter width for each stage may be determined by
considering the maximum value that the counter may need to
hold. In the hardware loop example, this may correspond to

the case where the loop is a single instruction loop.
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invention is not limted in this respect. This is because counter 111
(e.g. the EX 1 counter) may have a nmaxi mum val ue of two, the §3UR MRint er
may have a Wguhapdyyval ue of 15 three. The EX 3 counter has i mum val ue
of four, hence, 1t may need three bits. Simlarly, the madﬁhﬁﬁgﬁ“&”4
counters (e.g. EX 4 to EX 6) may be three-bit counters capable of
representing between five to seven values respectively. 20 The counter

wi dth for eggh stiage Reoget gL ? S] i ng_the nmaxi qum val ue
that the counter may ne%% to %0%3¥8§ﬁt %% ﬁ%gdﬁgﬁéiQOSBréﬁaﬁﬁ?%,g%his may
correspond .0 t case-wWhere th goo IS, a sin ge I nstruction |loop. -16 2
0 JUN AS vﬁr’(fz/“ég@%%‘ %&“7%%@)??4@% ﬁe%ﬁu@?etﬁ%u’g BFhaBf £he cBIRtRrs may
sinply correspond to  the nunmber of stages between the counter and AC.
Again, ho Vel netlE 281 7Ry MAY sBl R patReRR Revhekhart r kerainabiomay
occur in a particular stage; so sone stages may not 5 need counters.
Anot her nod@Yofoper atRod Parhipybardsthagenfsadfovei ajagehemapenotati ve
count register. The counters residing at the selected stages of the
pi pel i he nmuedst asedceénsad] ust
Another mode of operation is a hybrid way of adjusting
the speculative count register. The counters residing at
the selected stages of the pipeline may be used to adjust
the speculative count register if the penalty associated
10 with draining the pipeline is greater than the branch
penalty. However, if the drain penalty is less than or
equal to the branch penalty, then the instructions in the
pipeline may be allowed to commit so that the speculative
count register may be adjusted from its architectural
15 counterpart. System operation may be chosen depending on
where in the pipeline the termination occurred. In one
case, a pipeline having 3 execute stages may be drained if
the termination occurs in EX3 stage or WB stage; but the
pipeline may not be drained and the speculative count
20 register may be adjusted if the termination occurs before
the EX 3 stage.

FIG. 7 is a flow diagram illustrating a hybrid mode of

operation. As shown, a counter may adjust a speéulative
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_the speculative count register if the penalty associated 10 with draining
the pipeline is greater than the branch penalty. However, if28hsuNipgggn

penalty is or equal to the branch penalty, then the_instructions
in the pipgﬁfﬁ%%E€§ be allowed to comit so that the specuI5EFO§°”886ﬁt

regi ster may be adjusted fromits architectural 15 counterpart. System
operation nmay be chosen depending on where in the pipeline the term nation

occurred. | se j.pellne having 3 exe st ages be drai ned
if the ter %oﬁgt%i (‘)’%alélcécu@sﬁ)n JEAX? & 1388 @tlga(@e;wffﬂ{r? [ng%‘??)eﬂﬂ%e nay
not be draingd and the_specul ative count 20 register may be adjusted if the
term nat i onnocaﬁasg%e‘?grghetﬂépﬁ(l@est adgeversry ¥Ljfepminatianagiiam
illustrating a hybrid node of _ operation. As shown, a counter may adjust a
specul at | veOCERrs2 aftAIN Wis nfid sbagecErePOThe/Shns1686 iossuln Yheue (128)
If a termnation (130) occurs before the nth stage of the pipeline.
However, if ptipedinat imay (HE8ELlloedirto fler thmoudh tHeagei gdieind hend
instructions in the pipeline may be allowed to flow through the pipeline

and 5 gomi kofnh3Z) (1829 Spemid aigesulAdivd fegimetdaaperhdipdsd ed with the
data in their architectural counterparts
updated with the data in their architectural counterparts
(133). The variable n may 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
10 (134).

FIG. 8 illustrates a hybrid circuit having counters in
an AC stage and the first n - 1 execution stages. The
circuit may allow the pipeline to execute its instructions
following a termination if the termination occurs in an nth

15 execution stage or later. However, the circuit may adjust
a speculative count register following a termination if the

termination occurs in the (n-1)%®

execution stage or
earlier. Again, the variable n may define the point at
which allowing instructions to flow through the pipeline

20 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). In still other cases, the variable n may be
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. (133). The variable n nmay define the point at which allow ngzgimgﬁrwtions
to flow through the pipeline takes an anount of tinme less tfian or "equal to

t he branch weoakdey7 10 (134). FIG 8 illustrates a hybrid ci PEATUSOkaGs3HQg

counters in an AC stage and the first n - 1 execution stages. The «circuit

may allow the pipeline to execute its instructions following a termnation

If the termnation occurs in an nth 15 execution stage or |ater. However,

t he circui tdefiynedjinttermgpetuthei vembornef regagear rapheswihegn athe

termnation if the termnation occurs in the (n-1) th execution stage or

earlier. Againbet hef vexéabtion stygeefine the point at which all ow ng

I nstructions to flow through the pipeline 20 takes an anmobunt of tine |ess

than or equal toptde Hronthstpebebtyn éRempherycasesuitheoyari able n may
reside nmuch earlier in the pipeline (e.g., where the branch penalty is

| arger). lgﬁ%}é&ﬁ%ﬁé ggéﬁécuggfwér&é@ﬁ@ Peﬁg&;gf 188 1802 IMARaWD: e

02/ 50667 P efined in terms of t nunber of stages rather
L B, o SO0 BEEneE &, Sobbl B EBTRR-o kALY
decrement the speculative count register 150. However, if
adjustment is necessary (e.g. if a loop instruction is
terminated before it commits), the adjustments signal 156
may adjust the speculative count register 150 accordingly.
10 Once the loop has finished its last iteration, comparator
158 may send a signal 160 so indicating.
Various embodiments of the invention have been
described. For example, various technigques for adjusting a
speculative register have been described for implementation
15 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 assistants (PDA’s) and cellular phones.
In such a system, the processor may be coupled to a memory
20 device, such as a 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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5 loop scenario. On each pass of |oop, multiplexer 154 may decrenent the
specul ative count register 150. However, if adjustnent is necessary (e.q.
if aloop instructionis ternmnated before it comits), the 4 hﬂﬁFant
signal 156 nay adjust the specul ative count register 150 accordin

Once the loop has finished its last iteration, conparator 158 may send a
signal 160 so indicating. Various enbodi nents of the invention have been
descri bed. For exanple, various techniques for adjusting a speculative
regi ster have been described for inplenentation 15 within a processor. The
processorClFadMdpe i npl enented in a variety of systens including general

pur pose conputing systens, digital processing systens, |aptop conputers,
per sonal Wi gi talnagsidtamsr{$DOAys) and cel lul ar phones. In such a system
the processor may be coupled to a nenory 20 device, such as a FLASH nenory

devige or a stdddesct angloin caeCeSsoeImry SR sdhat stores an operating
system and other software applications. These and ot her enbodi nents are

W thin the SCQP&&IH@&&%&M Cécgjlmmer}@ vAllkd e2OM AAIME 1 1. A

met hod conprising: 2 detecting a condition in a processor;

4 reglster, said calculating of multiple adjustment values
5 occurring concurrently at multiple respective hardware

6 stages within a pipeline of the processor; and

7 updating the single register with one of the

8 adjustment values when an instruction associated with the
9 condition is terminated within the pipeline.

1 2. The method of claim 1, wherein calculating the

2 adjustment values comprises:

3 incrementing the adjustment values when the condition
4 is detected; and

5 decrementing the adjustment values when the

6 instruction leaves the stages.

1 3. The method of claim 1, wherein detecting a condition
2 comprises detecting an access to a specified memory

3 location.
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3 calculating nultiple adjustment values for a single 4 register, said
calculating of nultiple adjustnent values 5 occurring concurrently at

mul tiple respective hardware 6 stages within a pipeline of thegrsun:208r,
and 7 updating the single register with one of the 8 adjustnent val ues when
an instruction associated wwth the 9 conditionis termnated within the
pipeline. 1 2. The nethod of claim1, wherein calculating the 2 adjustnent
val ues conprises: 3 increnmenting the adjustnent val ues when the condition
4 is detected; and 5 decrenenting the adjustnment values when the 6

i nst¥uction | edvesnerodtafeslain3l, TWeeptthotetofcteinag mie adredit jon
detecting a condition 2 conprises detecting an access to a specified
meno?y 3 dogatisers det2@ctn® dUNdstduddtidher tethroch dacdwad e 1oabher ei n
detecting the condition 2 conprises detecting an instruction within a
hardware |l oop. 1 5. The nethod of claim4, wherein detecting the 2
instruction within the hardware | oop conprises detecting a 3 bottom match.

1 6.1 The giet hoghofnetigban ds shergi 0, detesd i D& &ondid 1 Qe

2 instruction within the hardware loop comprises detecting a
3 bottom match.

1 6. The method of claim 1, wherein detecting a condition
2 comprises detecting a watch point.

1 7. The method of claim 1, wherein updating the register
2 with one of the adjustment values comprises adjusting the
3 register by an amount determined by a counter residing in
4 the stage where the termination occurred.

1 8. The method of claim 1, wherein updating the register
2 comprises updating a speculative register.

1 9. A apparatus comprising:

2 a first register;

3 a second register; and

4 a set of multiple counters to monitor a difference

5 between the first register and the second register, wherein
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~ 2 conprises detecting a watch point. 1 7. The method of claim1, wherein
updating the register 2 with one of the adjustnent val ues conprises
adjusting the 3 register by an anmount determ ned by a counter resiﬂﬁjg in
4 the stage where the termnation occurred. 1 8. The nethod 3 8 U ,
wherein updating the register 2 conprises updating a specul ative register.
1 9. A apparatus conprising: 2 a first register; 3 a second register; and
4 a set of multiple counters to nonitor a difference 5 between the first
regi ster and the second register, wherein - 21 2 p JUN 216 6 the first
regi 6t er ,tiseclontst egp st sreandssetndfrepister sand sesice ¢ouatems ti - st age

pi peline controlled by a control 8 unit, and the set of counters include a
first courdserd® imiatmanned stage hatowbiee sé @ageryhes® Bihes fasstrsegi ster 10
resides and additional counters maintained at hardware 11 stages after the
har dyar e siage aerend heef isstcs @Ot St£rind2idesd desesd dQun Ay appar at us
conprising: 2 a speculative register; 3 an architectural register; and

9 maintained at a hardware stage where the first register
10 resides and additional counters maintained at hardware

11 stages after the hardware stage where the first register
12 resides.

1 10. An apparatus comprising:

2 a speculative register;

3 an architectural register; and

4 a set of multiple counters to monitor a difference

5 between the speculative register and the architectural

6 register, wherein the speculative register, architectural
7 register and set of counters reside in a multi-stage

8 pipeline controlled by a control unit, and the set of

9 counters include a first counter maintained at a hardware
10 stage where the speculative register resides and additional
11 counters maintained at hardware stages after the hardware
12 stage where the speculative register resides.

- 22 -



.4 a set of multiple counters to nonitor a difference 5 between the

specul ative register and the architectural 6 register, wherein the

specul ative register, architectural 7 register and set of 2@up§lﬁzrmresi de
inamlti-stage 8 pipeline controlled by a control unit, a e set of 9
counters include a first counter nmaintained at a hardware 10 stage where
the specul ative register resides and additional 11 counters naintained at
har dwar e stages after the hardware 12 stage where the specul ative register
resides. 2 a JUN 2006 1 11. The apparatus as in claim9, wherein the first
2 reisterlis Beprriadive 2vult ¢byintr wWrkreie geeohdrs3 register is an
architectural count register. 1 2 12. The apparatus as in claim9, wherein
the 3et ofe®dl soamtes s2 capsdstabiveoumier sreesstthngrad Stagescdredore an 4
nth stage of a pipeline, and wherein n defines a point at 5 which allow ng
i nst¥ uct ionsidtoef | Dw drhrongini tdet ypr Pl ¢dent rd@kesean anount of tine | ess
than or equal to a branch 7 penalty. 1 13. The apparatus as in claim?9,
wherein followng a 2 termnation of an instruction in the pipeline, the
control 3 unit is adapted to adjust the first register by an amount 4

det ey mi neth by &, parti oLl @ks counfer i ntqi nad iy 2 stage . ¢

3 counters consist of counters residing at stages before an
4 n*™® stage of a pipeline, and wherein n defines a point at

5 which allowing instructions to flow through the pipeline

6 takes an amount of time less than or equal to a branch

7 penalty.

1 13. The apparatus as in claim 9, wherein following a

2 termination of an instruction in the pipeline, the control
3 unit is adapted to adjust the first register by an amount
4 determined by a particular counter maintained in a stage

5 where the termination occurred.

1

2 14. The apparatus as in claim 9, wherein the control unit
3 is adapted to:

4 increment the counters when the first register is

5 adjusted because of a detected condition; and
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.5 where the termination occurred. 1 214.The apparatus as in claim9,
wherein the control unit 3is adapted to: 4increnent the counters when the
first register is 5adjusted because of a detected condition; g -gﬁg 2
JUN 6 decrenent a respective counter when an instruction 7 ggg B? d with
the condition | eaves a respective stage 8 associated with the respective
counter. 1 15. A systemconprising: 2 a static random access nenory devi ce;
3 afirst register; 4 a second register; 5 a set of nultiple counters to
nonitor a difference 6 between the first register and second register; and
7 a processor douptreent oat hespeatice randomeaccess arentyt r8cidievh ce, wherein
t he processor includes an execution 9 pipeline and a control unit adapted
to: 10 i noseseidtdédier Contles scovent ide fededs regied@sct Sve 1dt aghh ust ed
because of a detected condition; and 12 decrenent a respective counter when

ﬁn idmstrua:st,w@ié@e@sxﬁp@ma&}e& wipedherconglition | eaves a respective
ar dwar e

1 15. A system comprising:

2 a static random access memory device;

3 a first register;

4 a second register;

5 a set of multiple counters to monitor a difference

6 between the first register and second register; and

7 a processor coupled to the static random access memory
8 device, wherein the processor includes an execution

9 pipeline and a control unit adapted to:

10 increment the counters when the first register is

11 adjusted because of a detected condition; and

12 decrement a respective counter when an instruction

13 associated with the condition leaves a respective hardware
14 stage of the pipeline associated with the respective

15 counter, each of the counters being maintained at a

16 separate respective hardware stage.
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. 14 stage of the pipeline associated wth the respective 15 counter, each of
the counters being maintained at a 16 separate respective hardware stage.
2 0 JUN 2006 1 16. The system of claim 15, wherein follow ng 592\““{ 2006
term nation of the pipeline, the control unit is adapted to adj ust the
first register. 1 17. The systemof claim 16, wherein the control unit is
2 adapted to adjust the first register by an anobunt 3 determ ned by one of
the set of counters. 1 18. The systemof claim 17, wherein the one of the
set of 2 counters is a particular counter residing in a stage of the 3
pi pel i ne Wher elhhesyetem nat | ohabecl r edhene 9. fThkowisg e of cl ai m 16,
wherein the control unit is 2 adapted to drain unaborted instructions and
wite ThecdimtatBom egf stlee mipdlime, data ¢onthel secondi s egisiesd td The 4
term nation occurs in a stage of the pipeline after an nth 5 stage.

3 adjust the first register.

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

2 adapted to adjust the first register by an amount

3 determined by one of the set of counters.

1 18. The system of claim 17, wherein the one of the set of
2 counters is a particular counter residing in a stage of the
3 pipeline where the termination occurred.

1 19. The system of claim 16, wherein the control unit is

2 adapted to drain unaborted instructions and write <he first
3 register with the data in the second register, if zhe

4 termination occurs in a stage of the pipeline after an n®"

5 stage.
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