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The present invention relateslgenerally to the field

of processors and in particular to a nethod of

i nprovi ng branch prediction by proactively managi ng

the contents of a branch target address cache.
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[0003] Many modern processors employ a pipelined architecture, where sequential
instructions, each having multiple execution steps, are overlapped in execution. For
improved performance, the instructions should flow continuously through the pipeline.
Any situation that causes instructions to stall in the pipeline can detrimentally influence
performance. If instructions are flushed from the pipeline and subsequently re-fetched,
both performance and power consumption suffer.

[0004] Most programs include conditional branch instructions, the actual branching
behavior of which is not known until the instruction is evaluated deep in the pipeline.
To avoid the stall that would result from waiting for actual evaluation of the branch
instruction, modern processors may employ some form of branch prediction, whereby

the branching behavior of conditional branch instructions is predicted early in the

pipeline. Based on the predicted branch evaluation, the processor speculatively fetches
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conventional BTAC after a branch instruction has passed through the processor pipeline
and its branch has been taken. If the conventional BTAC is full, entries are
conventionally removed from the BTAC using standard cache replacement algorithms
(such as round robin or least-recently used) when the next entry is being added.

[0006] BTACS, in general, are often embodied as a highly-associative cache design and
accessed early in the fetch pipeline. If the fetch address matches a BTAC entry (a
BTAC hit), the corresponding next fetch address or target address is fetched in the next
cycle. This match and subsequent fetching of the target address is referred to as an

implicit taken branch prediction. If there is no match (a BTAC miss), the next
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[0010] O1 cakly predicted not taken

[0011] 00 — Strongly predicted not taken

[0012] BHTs, in general, are conventionally indexed by bits stored in a branch history
register (BHR). The output of a conventional BHT is a taken or not taken decision
which results in either fetching the target address of the branch instruction or the next
sequential address in the next cycle. The BHT is commonly updated with branch
outcome information as it becomes known.

[0013] Utilizing a conventional BHT, a processor may override an earlier implicit
prediction made by a BTAC. For example, a BTAC may hit (implicitly predicting a

taken branch), but the BHT may override the BTAC implicit prediction with a not taken

prediction. Conversely, following a BTAC miss, the BHT may override the BTAC miss
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store state information. The branch
problem may continue to exist for a conditional branch instruction until the BTAC is

updated. Therefore, it is recognized that apparatus and methods are needed to
proactively manage the BTAC and reduce the probability of the occurrence of the

multiple flush cycle problem.

SUMMARY

[0015] According to one or more embodiments, a branch target address cache (BTAC)
and a branch predictor circuit are disclosed. The BTAC is configured to store a BTAC
entry. The branch predictor circuit is configured to store state information. The branch
predictor circuit utilizes the state information to predict the direction of a branch

instruction and to manage the BTAC entry based on the stored state information in
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[0018] Another embodiment relates to a method for lowering the probability of a
multiple flush cycle of a pipeline. In this method, a first direction for a conditional
branch instruction is implicitly predicted. Also, a second direction for the conditional
branch instruction is predicted based on state information. A BTAC entry associated
with the conditional branch instruction is managed utilizing state information.
[0019] It is understood that other embodiments of the present invention will become

readily apparent to those skilled in the art from the following detailed description,

wherein various embodiments of the invention are shown and described by way of
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processor. [0021] FIG 2 is a functional block diagram

of the branch predictor systemof FIG 1. [0022] FIG
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multiple flush cycle of a pipeline.

DETAILED DESCRIPTION
[0026] FIG. 1 depicts a functional block diagram of a processor 100. The processor 100

executes instructions in an instruction execution pipeline 112 according to control logic
114. In some embodiments, the pipeline 112 may be a superscalar design, with multiple
parallel pipelines. The pipeline 112 includes various registers or latches 116A-D,
organized in pipe stages, and one or more execution units such as arithmetic logic unit
(ALU) 118. A General Purpose Register (GPR) file 120 provides registers comprising
the top of the memory hierarchy.

[0027] Data is accessed from a data cache (D-cache) 140, with memory address
translation and permissions managed by a main Translation Lookaside Buffer (TLB)

142. In various embodiments, the ITLB 124 may comprise a copy of part of the TLB
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mul tiple stage branch prediction system 143 includes a
Biraditioh] ofi¢ brembicragtthesfuagieinahbldcles ddprciertin the pigicessor 100 may be
circuit 126 (the second stage). The BTAC 141 is
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entry contains a branch target address correspondi ng
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t he
cache (I-cache or I$) 122, with memory address translation and permissions managed
by an Instruction-side Translation Lookaside Buffer ITLB) 124. The multiple stage
branch prediction system 143 determines whether a fetch address hits in the BTAC 141,
predicts the direction of a branch instruction by utilizing stored prediction patterns in
the branch predictor circuit 126, and updates the BTAC 141 based on the state of the
stored prediction patterns in the branch predictor circuit 126. The multiple stage branch
prediction system 143 as well as the operation of the instruction prefetch unit 128 and

pipeline 112 will be described in more detail in connection with the discussion of FIG.

2.
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[0032] As the conditional branch instruction is processed by the stages of the instruction
prefetch unit 128 or pipeline 112, additional information about the conditional branch
instruction is determined such as information carried in predecode bits retrieved from
the I-cache 122 over path 223. The branch predictor circuit 126, utilizing stored
prediction patterns and this additional information, is invoked over path 121 in order to
predict with a higher level of confidence than the BTAC lookup the direction of the
conditional branch instruction.

[0033] The branch table update and prediction logic circuit 205 utilizes the branch
instruction address, the branch history register (BHR) 203 and the branch history table

(BHT) 207 to predict the direction of the conditional branch instruction. The BHR 203
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ﬁrrfpﬁgegﬂf PledpSATELs, SR RO I zrrn%?%ave
N

counters for a particular branch instruction as
erslitiqnsbbrapeh inpleugtioak g Fec/BH Ts¥tmsninglyde &vo pit cpanters for a
recogni zed that various known techni ques for

paredilet bragchbmstngttiodias desciibed methic Backigrawnd schtgorBHRV20B is
and BHT 207. It is also recognized that these known
fceghigdd et varieahknueR chiighdsZer pradicanis biafph einesibamaynsilize
of BHR 203 and BHT 207. It is also recognized that

HRIsHRLes LS BHE mntlﬁmlls%tr@&gﬁieh Itigdt s O kR predictive
predi ctive techni ques which | ement alternatives to

S T R OO B0 280 Py

t he ex | e rgk; trated in FIG .2, predict a br .
EreP BTt isclasHEG GRS RF U HdnE NP IS lr%tﬁarnewes which
prediction. As a result, all of the instructions above

nmp Rapntpdteratiyes to B3R @56 BEbbat i on of the conditiona
branch instruction, will be flushed fromthe

[0034]r Betcidam the BHR 208 amdi BHT 287, thé¢ biwaoh dacaonfprédittor tibmmit 126,
instruction prefetch unit 128

in the example illustrated in FIG. 2, predicts a branch direction which conflicts with the
BTAC 141 implicit prediction. As a result, all of the instructions above “Taken Path,”,
the stage location of the conditional branch instruction, will be flushed from the
instruction prefetch unit 128. Without a conflict, the instruction prefetch unit 128
would continue to prefetch instructions which began from the branch target address.
[0035] As the conditional branch instruction progresses through the stages of pipeline
112, the conditional branch instruction reaches a stage where the condition is actually
resolved. If the actual resolution of the branch differs from the prediction of the branch

predictor circuit 126, all the instructions above the conditional branch instruction are

flushed from both pipeline 112 and instruction prefetch unit 128. At the actual branch



woul d continue to prefetch instructions which began

fromthe branch target address. [0035] As the
waeendioedoonal branch instruction progresses thrpambsions072317

stages of pipeline 112, the Kbnditional branch

i nstruction reaches a stage where the condition is

actually resolved. If the actual resolution of the

branch diffe fromth rediction of, the hranch .

B0k Shbd 71 e plr e R BT HE AR s AGBIABE Danghyi semt 0

ondi tiona). branch instructign are flushed from both

ﬁae ich@ra SonGEruit 2O 0yeE Padh 2 b -ef et ch unit 128. At the

actual branch WO 2008/ 003019 PCT/ US2007/072317 10

H83d| Lhe braneh tagls upilateraad prqsedtiondogic hcuit2Qials cdifigured nutilize

of the conditional branch is sent to the branch

theadival mnei diedstibn ii2&d dicuar topkd bragdiBinsirifdid6 Jaddiess, liteadtatl of an

tabl e update and prediction logic circuit 205 is

SRRf ingHE BEIT T 7nkd! dFtRnaliN@h&ESridHts bf BB BHRIDOE ! ipabtel the
addition to the branch instructi on address, the state

CorPheCAGPT& bR B €0 U SO PERL TR e i
SRS s sl S apdfings 65 o6 B TARTHT dPBGRb: Glfagguat

an entry in BTAC 141 depending on the actual branch =

briapelt dirgstion ad theetae af e FHT Pagl BEFIOther Hate iy hedrgecp direction

state in the branch direction predictor,

pickdetriragbeukEgoualyl abwivmeg thhenepin BTAR BIAG bt4dspposibeto the

responsive to the branch predictor circuit 126 and

BiyiclbpRbickorpiredi ¢26 ol Ao deditidretdeiqueyin®ldidnt by other

branch predictor circuits storing state informtion

tlahth gRAictRCirbLANGSy Y &4k S fbRMatiodhARBZEd for Brandh biedtion.

functional block diagramof a first exenplary

dj . of . BT, I rcui 0 T

R AL et & o P AT RSB ERY w  Grg Brp iR 6

pdat e and prediction

Lncl uded in the br h 1a .
Poacmantestient St ong g@*%argwrmr% 800 i e a suitable
BHT 207 has been updated. The input to the BTAC
eisgvaiasieaed imithe bianclseble updatsandperdigiogegic eteuit BQ% to manage
after being updated as a result of actual resolution,

thie Bl A @A 4 biaftercthe BHER 20/7ahasdeconpdasqaio ridiengpitao tHeeBTAC

condi tional branch instruction. The output signal 305
AfanddiencB AfeuTeInBAS R Hhost kightichnt3A0 aftsr B hpMIdta8d result of
actual resolution, of a two bit counter value corresponding to the conditional branch
instruction. The output signal 305 of the BTAC management circuit 300 is the inverted
signal of the input. The BTAC 141 interprets the output signal 305 to determine
whether to manage an entry corresponding to the conditional branch instruction as
described below.

[0038] For example, if the updated two bit counter corresponding to the conditional
branch instruction has value of 00 (strongly predicted not taken), the entry for this

conditional branch instruction in BTAC 141 will be managed according to various

alternatives described below. Similarly, if the updated two bit counter has value of 01



signal of the input. The BTAC 141 interprets the
out put signal 305 to determ ne whether to nanage an
wWe@ P03y r espondi ng to the conditional branchPCT/US2007/072317
instruction as described belbw. [0038] For exanpl e,
if the updated two bit counter corresponding to the
condi tional Dbranch instruction has val ue of 00

strongl y. red ot a e the.entry for thi .
Qe I?*s%(laf%dgr %‘éﬁ% P8 teplrg fidhis chOG R blerlef -lrﬁ‘[mstion in BTAC
na d accor ous . alterna |ves descri pe
E& bagangeg r It r:flp%ﬁ@l it @amf%lt githag 8lfn‘f (gveakly
value of 01 WD 2008/003019 PCT/ US2007/ 072317 11
Predigkddytalome @ valeel | hottronglyemydicteé sakeny, ihe dngy in BTAC 141 will not
condi tional branch instruction in BTAC 141 will be
bamadd#idd. | f the updated two bit counter either has the
value 10 (weakly predicted taken) or value 11

(095910RA% W4 iR & GHoRSH Bl@é‘{@dl'}é%raﬁﬂﬁ a8REdnd dxBm ?%éﬂédﬁ&dehi of a
not be nodified. [0039] G 4 is a functional block

Birag’ A em%n?ﬁ glraﬁ?@ 218%; I?]‘T‘fﬁ q‘%{ﬁﬁ%@m&{t FreuibA@may be a

rranagerre S gn CI rcul managenen

SHeFHi e r?aﬁfpg‘é%%%&he S ooy o B j%%riéc%qable

update and prediction | glc circuit 205 to manage
auhprpdieiprelogisecimpit 299 fo mﬁ%@ﬁ%ﬁ%&db@e@fwﬁ%@ BRT 207

BTAC managenent circuit 400 is a logic circuit '
hasdicadiupdpteNDhegRT AS MoBReOBRimnd 466 isGRogatercdit fncluding AND
utilized to generate a managenent signal 425 to

PROSYES 2200 EB bl Y arC ORI POV TitilFel @ gereeudelh hia@h@Imdak sigadl 425 to
I nstruction which was actually resolved. The BTAC

HBRARESHRDry %bﬁ@&ﬁoﬁdﬁ@ Qo QESﬁ(ﬁﬁ@ﬁcal 'ofhnEE ﬁﬁ%ﬁ&?ont@hlkﬂ @as actually
actual dlrectlon of branch and t he current state

Rlolie FHTRERE el &e@gci%hﬁ AB3HI% o olry? EJ‘@G e

dlrec i on.

%éltoﬁﬁ?fhegt; he actégl%{ CLgrbeEl? Q}gtlg etelg\%ll"&%g te resultlng
|nverted) and C (the | east significant b|t of t he
fri-the ectaautincetion. nlher BBAL. manageminy cirietib APOrbas inputhd " (the actual
BTAC 141 woul d interpret the output signal 425 to
bmandgdiranior miveyted)o Br €hpardt signifioant bit of the two-bit counter inverted),

and C’ (the least significant bit of the two-bit counter inverted). In this embodiment, the
BTAC 141 would interpret the output signal 425 to manage an entry corresponding to
the conditional branch instruction as described below. Although BTAC management
circuits 300 and 400 have been described as being dependent on the implementation of
BHT 207, they may also depend on a chosen implementation of a BHR. Furthermore, it
is recognized that this disclosure contemplates other BTAC management circuits which
are driven by various implementation of a BHT or implemented with various branch
predictive implementations. Moreover, BTAC management circuits as shown in FIGs.
3 and 4 may be integrated with or separate from the branch table update and prediction

logic circuit 205.



the conditional branch instruction as described bel ow

Al t hough BTAC nmanagenent circuits 300 and 400 have
whe@s/oawsTr i bed as bei ng dependent on the PCT/US2007/072317

i npl ement ation of BHT 207, they may al so depend on a

chosen inplenentation of a BHR Furthernore, it is

recogni zed that this disclosure contenplates ot her

nagenegnt circuit ar.e vari ous
AT T B BT anf bl AP b e L0F VB R e
br anc predlctlve i mpl enren atlo . Moreo er BTA!
A% CRFRidnflpde Kanay t%me@w mprlggg s BTAC
integrated with or separate fronrthe branch tabl e
eiptiatos remel ab pe thicoteixbaddefl befingh distrotiian, POBINAND maintaining the
2008/ 003019 PCT/ US2007/ 072317 12 [0040] The type of
BaEAgyanmenior af cttbedcdicrigd ohyimenaidublelivar it dugcognized that
alternatives. The types of managenent include

rRrmehat e BTAC bamBdh&ta8lotiatdBkith BehditishaBlAkch BRtriidtion as

for Tenoval on the next added branch instruction,

e R T
t f th T t t ted th

OB s BPRHEA RIS Ptd SReliredn o t ar mat v to

managenent of the BTAC entry associated with

W8hHi Bléwkal4 lnyaplers a leastieeratly gped splesppaiprheeheyy thgeatrics
present disclosure. [0041] BTAC 141 enpl oys a | east

are eegrnlized us exl ordep vacdrmadicatp thd replavdraens otdve o€ entriceim the BTAC
are organi zed in an order which indicate the

140! Akao®RA psarddetasofecitty ised cirtuit mey BI AGtabledtd.mantsohe
pseudo | east recently used circuit nmay be suitable to

F@H&Eﬁbﬂ drl§ of %ﬁ@ie@cgg@ﬁ@h AledRip kiRt S RSBTAT & ment
e output signal of the BTAC managenent circuirt 300

Er?é{utrf(ﬁ)% Ilesulg%dr%%a/lfyq g ptoleE)iél gr% e%t B%efp%&%g to the

correspon ranchn 1 nstruc

in the BTAC 141 For .e gg# the entry nay

EAR P RN B ABFA G “buREty o the rephed b

repl acenent order. Alternatively, the entry may be
hlﬁnmdamm@dh%gﬁpéwpmsm qigertdiduposd down in thereda@mrat auler.
toindicate it is the nost recently used in order to
Altoatigely tthe bnthyemian bBTAitdiddd by adjusting the position in the BTAC 141
to indicate it is the most recently used in order to prolong its life in BTAC 141.

[0042] Alternatively, in another embodiment, BTAC 141 may employ a modified round
robin policy. In a conventional round robin policy, a register points to an entry to be
replaced the next time a conditional branch is added and sequentially steps to the next
sequential entry after the entry is replaced, cycling through the entries in a fair manner.
However, in the modified round robin policy, a pointer is employed to point to the entry
corresponding to the conditional branch instruction which was actually resolved. For
example, the entry corresponding to the conditional branch instruction may be marked

for removal by adjusting the pointer to now point to this entry. In so doing, this entry is

replaced the next time a conditional branch instruction and its corresponding target



[0042] Alternatively, in another enbodi nent, BTAC 141

may enploy a nodified round robin policy. In a
w@oovseeoional round robin policy, a register pPCHUS2000072317

an entry to be replaced the Kext tine a conditiona

branch i s added and sequentially steps to the next

sequential entry after the entry is replaced, cycling

t hyough t ng, ki j N fair er . ver, in the
R A B R BT AT KD T Bl en TR PGyt VBN ssplaie} §uta ve

oint to the entry . carresponding to the conditional.
@Wﬁ&"ﬁ reqsatly deteinairedus lzﬂqrewggefgc%ﬂ%wgyt EBlageyentmgficies
exanpl e, the entry corresponding to the conditiona
prpleyed bnBITACE 14 loprowilpd bercireark esemplary, thenpveativpyechniques are
adjusting the pointer to now point to this entry. In
sleo dgpliegblettdbtheertptagemsnt poliplesggitallp@scicixtBIAGR a

condi tional branch instruction and its correspondi ng
foaaget1(V\B 3 AARMISRALDORETHEAR A AIHABI mank3iddOBEAE. At block
are added to BTAC 141. Consequently, the next entry to

B T o onl o e R A BB ackhly

enpl oyed b 1) 141 provi.d h in.ar X lary, .. .
FRRVR Gantad dashntioai &0 ahios- 3 S Rameh Midiger cireui
repl acenent policies typically used in BTACs. 500439

H@s wcqiing thq ignehndiractignfrom pipelineatl2ndgit lagkt BB dthe ptate of a
managi ng a BTAC. At block 510, a branch direction of
bragpdnplictlicomaircit sreohluatedtin taspodmsa tovhicetvirgabe beteal branch direction.
actually resolved is received. For exanple, path 213
at bloke53@, anldntis tifi aBIA D aaBcibtedvdth Bt 0dnditidrell bfancH 26tra&ion is
receiving the branch direction from pi peline 112. At

Maﬁ%&d%@&rdﬁl@% Heakfe 8f thd brﬁ%ﬁ@%ﬂic%tecqfcﬁ{tpr circuit is

evaluated inresponse to receiving the actual branch

géﬁchi%%ﬂs 53 -ﬁ?{)]ﬁ%‘ée g”f)’eg?attgig eg&é%g}n%ﬂt%(%;rﬁ%s o{ various tgpes of

crated™w e condi tional br INSETuCt VoY
managed according to state of the h predictor
BRPYTICNt plgdyTYER AV CE IR A e
exenpl ary enbodi ments of various types of managenent
ofberimenismyay by anppdowHamendarkhevin combisaben AS8blockrpd the entry
exenpl ary enbodi nents may be enpl oyed singularly or
innthe BN G &t beamanagtd b reolovaEB @dyarttdpeoesty rgmoviimg thiedasBEdditional
to be nanaged is renobved, advantageously renoving the
brgth BeMEition@B 8L predicted “not taken” from the BTAC. At block 530B, the
entry in the BTAC to be managed is maintained in the BTAC for an extended period of
time, advantageously prolonging the life of the last conditional branch instruction to be
predicted “taken” in the BTAC.
[0045] Block 530C shows the entry in the BTAC to be managed having its position in a
replacement order adjusted for a BTAC employing a least recently used replacement
policy. In one embodiment, the entry in the BTAC has its position in the replacement
order modified in a manner to have the entry less likely to be replaced on the next

BTAC entry to be added, advantageously prolonging the life of the last conditional

branch instruction to be predicted “taken” in the BTAC. In another embodiment, the



branch instruction to be predicted "not taken" from

the BTAC. At bl ock 530B, the entry in the BTAC to be
worewagexd1d s mai ntai ned in the BTAC for an ext endBus2007/072317

period of time, advantageousl4 prolonging the life of

the last conditional branch instruction to be

predi cted "taken" in the BTAC. [0045] Bl ock 530C shows

the entry-i.-the BTAC to he naged. havi ng ,i :

05 BTh BraC A fbaiiohdn 1R SPRARAER DKL AReld in ner to
enpl oying a | east recently used replacenent poli
havedhecupbBarenEsty torhsdcrlagsdon the ngd Hirae cAl tq ?%a(fdyed-
position in the replacenment order nodified in a
PakeieBlack SRAVshoms agrext seplassmentirkgibtpr bonpedjngipd frad3 ohC
the next BTAC entry to be added, advantageously
piplogingi angodilied kaund robintréydadeasit paivgi Th onabmbddimeeaf) the
instruction to be predicted "taken" in the BTAC. In

anpthesr |ehed rglﬁﬁléemetnlﬂ R ¥R r2P088212@ 18 point to the entry to be
PCT/ US2007/ 072317 14 entry in the BTAC has its

[ F - [
PR OR PG, U AT CEKai IR bl L hoBoERI0 R be
next BTAl ry to. be added. 046] . Bl.ock, 530 D shows
ki g AL e it CuP SR ioseb REe b BRI BTAC
enpl oying a nodi fied round robin repl acenent Eolicy. .
rdvaghigcarbogmer e, the st conditonnl tyaggh insteuctign fo be predicted “not
repl acenent register are nodified to point to the
wheryfrom theBTA®hdgedothar ¢rhipodBTAQC, thTlvostentatod thet st replacement
condi tional branch instruction is to be added to the
BiAtr atd@ofidicd tefoihOtoanE hyktichtry @piha GIA Waftér thb entadtbetst
entry, advantageously renoving the |ast conditiona

?faﬁi%ﬁ. INEES Wa, WHEnttRe RSt REEHiGH R BranBRinstrh &R f‘gcf lééﬁée;ﬁded to the

he BTAC. In anot her enbodi ment, the contents o
r.epl a nt i e I fi int ta .
B P SEET o BB TR S e R i
ed. Inthis y, when the next conditjonal. bra
FRsE 0y R n a0y S rolABgne 15 iiRG! MePAEEEh SRR BfAc.
entry in the BTAC after the entry to be nanaged is .
paptagaigd Wiat Rthehmanageanent eahriguesdaymanagieouBIAC may be utilized
prolonging the Iife of the managed entry in the BTAC
by theipseseechigriosned t hat ot her managenent techni ques for
managi ng a BTAC may be utilized
[0047] FIG. 6 is a flow chart illustrating a method 600 of lowering the probability of the
multiple flush cycle of a pipeline. At block 610, a first direction for a conditional
branch instruction is implicitly predicted. For example, if there is a hit in a BTAC for
the conditional branch instruction, the corresponding branch target address in the BTAC
is then prefetched. Thus, the branch direction is implicitly predicted “taken.” At block
620, a second direction for the conditional branch instruction is subsequently predicted
based on state information such as state information stored in branch prediction circuit
126. Continuing with the previous example, a branch predictor circuit predicts that the

conditional branch instruction should be “not taken,” thus, conflicting with the implicit

prediction of the BTAC. At block 630, the BTAC entry associated with the conditional



by the present disclosure. [0047] FIG 6 is a flow

chart illustrating a nmethod 600 of |owering the
w@e@babiold ty of the nultiple flush cycle of aPCT/US2007/072317

pi peline. At block 610, a firkt direction for a

conditional branch instruction is inplicitly

predi ct ed. For exanple i f there is ahit ina BTAC

h .
b BEHaRA biAREH PIPREC DRIyt Brgemple. i brench

t hep refetched Thu the ranch direction

pwﬂrcperl £ guih letﬂgaent taee At BTA@ BRRFERMERAC deceé%rh?ve in
direction for the conditional branch instruction is
suysetepnevitth theplissabsoreef Flbased\ismasivalyeati i akr i@t theBTAC entry
such as state information stored in branch prediction
gdsocutict withabe c&atitionalibragcminktiudtioa ipmanagedsiue xatiplcenflat
branch predictor circuit predicts that the

BaRdE iheMdnchpadkdol élﬁh[tth% rmw@qb@lk@ernde}ﬁhdé@ ke E]ny state

thus, conflicting with the inplicit prediction of the

Bl R Sy BT o\ EeeaL”

I nst.ruct. on i.S ilizing stat
" fs 1Bl o %%ratlr%'ﬁa plagks.; FoghEne RiTCuise flctpqngy and/or
circuit 126. Different types of BTAC nmnagenent are
eRiBRAeREddeatited innconagetiticwith rihqucpbodimeend diselosidohergin may be
FIG 5. Alternatively, at block 630, the BTAC entry
oegontrttd dr petférniddewitlo adich¢rehpirpbyeaprotessars & dugital signilsprocessor
managed due to the conflict between the branch
SR ahcdpplitdtioni §pcaitid nkgrddACirt@okABIC N defielddgdiragimable gate
any state stored in the branch predictor circuit.

L@%A@Pdkbeorvcﬁﬁér%@rhtnlnﬁﬂer légicvc%n{/pgrﬁ&ﬁadilsahfé%ﬁ% or transistor logic,

circuits, elenents corrponents

g%gr%{e fi)argwa On%g‘l%ééﬁent \Q‘Iﬁr I'Eo%r{ll)?n 1%9%%%1%5@%1%51@ %Cl 0 e%florrn the

er el n nmay or per or ne
naI rocessor

gwrgose processor., a& b
JoCGThRGeLibe fr BETHPHEIAE BIPCEIPETY e&srlefopracessor ut
fleld rogr anmabl e gate array (FPGA) or other
pr g fiec,| thgi prageispo vt bedpry resnecnyignal grocessor, controller,
transi stor logic, discrete hardware conponents, or
aniyrocmitioi laiat oro vtatch enaebinede A gneckstar pay f dson bichémplemented as a
functions described herein. A general -purpose
BIABIASSA JTR¥oRButthg OHPRhORES S, abUbmbination of a DSP and a
microprocessor, a plurality of microprocessors, one or more miCroprocessors in
conjunction with a DSP core, or any other such configuration.
[0049] The methods or algorithms described in connection with the embodiments
disclosed herein may be embodied directly in hardware, in a software module executed
by a processor, or in a combination of the two. A software module may reside in RAM
memory, flash memory, ROM memory, EPROM memory, EEPROM memory,

registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium

known in the art. A storage medium may be coupled to the processor such that the



in the alternative, the processor may be any

conventi onal processor, controller, mcrocontroller,
wW@eoosHadoed machi ne. A processor nay al so be i npPEnBEs100T072317

as a conbination of conputinkp conponents, e.g., a

conbi nation of a DSP and a mi croprocessor, a

plurality of m croprocessors, one or nore

m croprocessors in.. conjunction with a.DSP cor or :

By SPh P R e o R B e b g e R ol medium. 1n

al gorithms described jn conpection with the

%\‘?@g‘@iﬂﬁ%ﬁ% dhe Horags BediynhBay Ph egralie thaesssedr- direct I y

in hardware, in a software nodul e executed by a

MOs e ¥Gulke, ther inventipncsndbiselasadom dfc edmdextvef, crnbedifmenksr et will be

nodul e may reside in RAM nenory, flash nenory, ROM

reopriyed ERROMyvideniricty BEERRAINhtRE®IODYS mayelgd sinelosed fvgr persons of

di sk, a renovable disk, a CO-ROM or any other form of

StdAP KIMEH HB akkReWllstbRt (AR tBE tabode AlsehRBR AROIHENEIARY which

be coupled to the processor such that the WO

ﬁﬁ@&h&g 19 PCT/ US2007/ 072317 16 processor can read

ntormation from and wite information to, the

storage nedium In the alternative, the storage

medi um may be integral to the processor. [0050] Wiile

the invention is disclosed in the context of

enbodi ments, it will be recognized that a w de
variety of inplenmentations may be enpl oyed by persons
of ordinary skill in the art consistent with the

above discussion and the clains which follow bel ow
WO 2008/ 003019 PCT/ US2007/072317 17 CLAIMS WHAT IS
CLAIMED IS: 1. Amultiple stage branch prediction
system conprising: a branch target address cache
configured (BTAC) to store a BTAC entry; and a branch
predictor circuit configured to store state

i nformati on, the branch



predictor circuit configured to utilize the state
information predicting the direction of a branch

WO p®BH019 on, the branch predictor circuit conf@€musmd7/072317
to manage the BTAC entry baskEd on the state
information in response to actual resolution of the
branch instruction. 2. The systemof claim 1l wherein
the branch predictor circuit is configured to renove
the BTAC entry fromthe BTACLABRIS The system of claim1
wherein the branch predictor circuit is configured to

j ' entry in the BTAC for an extended

gzﬁgggéngpﬁﬁgﬁég. The system of claim 1l wherein the
BTAC is configured to maintain  stored one or nore
entriés | nAam»%@ﬁlea%%@ﬁ%ncama@rlctmy\%ﬁ@ﬁ@mrm& branch
predictor «circuit is configured to nodify the
posi t & branof targes agitas @wehe gonfigurddd Bilédlde sivene BdAdeentry; and
5. The system of claim4 wherein the branch predictor
Ci r cuh bransh prxdfdt@rwiredit comfiguped foystdrbstapoafdrimatioqfthd hranch
BTAC entry higher in the replacenent order than its

FRETCEIHCiR@i® b U d otz e BR Qtdtd B fdrnte@ibh PRAGRE the direction of a
repl acenent of the BTAC entry. 6. The system of claim

Cising: ' ' - .
Drab MR B bR e i R RERTRA B I Rl b BALC eniry
oli,cy .and wherein. the branc redictor.circuit is . )
Bkt B RS BBl F rSbO R e BB RhsRto i brgnTyingipuction.

to the BTAC entry. 7. The systemof claim1 disposed

in a procedbopysten ofclpg hadicrin hedayichgredigpagiedgyit is configured
target access cache (BTAC) conprising: WO 2008/ 003019
RGTMOSR G B DXC 31y fibdh thedIACNg a branch direction of

a conditional branch instruction which has been

actuaBly repebyedh ofdain dtthaekisthattearchfpeddidbi ercuifis donfigured
branch predictor circuit in response to the received

B ARG RN ESEA @ Rntr R RAHERNGNE RG ARXRABEY pdriddl JT8inRTAC
associated wth the conditional branch

4. The system of claim 1 wherein the BTAC is configured to maintain
stored one or more entries in a replacement order and wherein the branch predictor
circuit is configured to modify the position of the BTAC entry in the replacement order.

5. The system of claim 4 wherein the branch predictor circuit is configured
to modify the position of the BTAC entry higher in the replacement order than its
current position to increase the likelihood of replacement of the BTAC entry.

6. The system of claim 1 further comprising:

a replacement pointer, wherein the BTAC employs a modified round robin
replacement policy and wherein the branch predictor circuit is configured to modify the
replacement pointer to point to the BTAC entry.

7. The system of claim 1 disposed in a processor.

8. A method of managing a branch target access cache (BTAC) comprising:



instruction according to the state information of the
branch predictor circuit. 9. The nethod of claim8
wobk@seiinanagi ng the entry in the BTAC conprPGEES2007/072317

renoving the entry fromthe B®AC. 10. The net hod of
claim 8 wherein managing the entry in the BTAC
conprises: maintaining the BTAC entry in the BTAC for
an extended period.of tinme. 11. T thod of cl.ai,m 8
Fur  niseod Bl RiebhPEs srritdonhl B8 B8y ion TR been
BTAC i n % repl acenent order, wherein managing the
astvally resplysfe’ BTAC conpri ses nodifying the position of
the BTAC entry in the replacenent order. 12. The
met hoevabdatioR sfata mformpaeeepha hsarl piedigtareercpio 81 tepmseofo the
the BTAC entry conprises nodifying a replacenent
potintébrahch poéationt andt he BTAC entry. 13. A nethod for

| onering the probability of a multiple flush cycle of
a  pi pRhidify at MBS inShOBTACREbGAEY WithrtBAEdHditRhaPbkhérSt
direction for a conditional branch instruction;
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condi ti onal branch instruction in response to a
EIAPISCEt between the first direction and the second
direction. 14. The nmethod of claim 13 utilizing state

i nf or remtavang tho enteyn &g theBTBKAC conpri ses: renovi ng
the BTAC entry fromthe BTAC

10. The method of claim 8 wherein managing the entry in the BTAC

comprises:

maintaining the BTAC entry in the BTAC for an extended period of time.

11. The method of claim 8 further comprising;:

maintaining entries stored in the BTAC in a replacement order, wherein
managing the entry in the BTAC comprises modifying the position of the BTAC entry
in the replacement order.

12. The method of claim 11 wherein modifying the position of the BTAC
entry comprises modifying a replacement pointer to point to the BTAC entry.

13. A method for lowering the probability of a multiple flush cycle of a
pipeline, comprising:

implicitly predicting a first direction for a conditional branch instruction;

predicting a second direction for the conditional branch instruction based on

state information,;



15. The nmethod of claim 13 utilizing state information

to manage the BTAC conprises: maintaining the BTAC
wepiaspoiom t he BTAC for an extended period of tPOBUS2006072317

The met hod of claim 13 furthel9 conprising: maintaining

one or nore entries stored in the BTACin a

repl acenent order, mherein utilizing state

i nf i BTA di f.vi .t h
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repl acenent pointer to point to the BTAC entry.
the second direction.

14. The method of claim 13 utilizing state information to manage the BTAC
comprises:

removing the BTAC entry from the BTAC.

15. The method of claim 13 utilizing state information to manage the BTAC
comprises:

maintaining the BTAC entry in the BTAC for an extended period of time.

16. The method of claim 13 further comprising;:

maintaining one or more entries stored in the BTAC in a replacement order,
wherein utilizing state information to manage the BTAC comprises modifying the
position of the BTAC entry in the replacement order.

17. The method of claim 16 wherein modifying the position of the BTAC

entry comprises modifying a replacement pointer to point to the BTAC entry.



