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OF THE | NVENTI ON The present invention relates to the field of

i cr opr G 6/@136 More specifically, the present inventionPCTASHHEI ¢
branch prediction in mcroprocessors. |1. BACKGROUND | NFORVATI ON Conput er
programs typically include a |arge nunber of branch instructions which,
upon execution, nmay cause instructions to be executed in a sequence other
than the Ahe EBEREY BRANE INETHUGATRS
instructiéﬁgﬂéﬁkxecdﬁhjIp%iggﬁ?ﬁon é@ﬁ?ﬁ%ﬁgﬁ either wwth the next
sequential instruction fromnmenory or execution junps to an instruction
specified by a branch target address. A branch specified by the branch
instruction is said tC)égtéégﬁgg" ' BY c%kb% ' S to the instruction
specified by the branch n" if execution
continues with the next sequential instruction fromnenory. Branch
instructions are either unconditional or conditional. An unconditional
branch s TaFdEldy & RHEENVENTIONt ruction is executed. A conditiona
branch instruction is.T t depe n solution of a
condi tion whik E"r? sﬁ?a‘ﬁelr&}: algﬁébl?%ls tro?gggfoggcpj%t gtlg%;wntdﬁThe I nstructions
that argitedptdoestad fMBﬁéW%prBftoaﬁlyionhb prasentarimventkaown with
certainty wuntil the condition, upon which.the branch d%$ends has been
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II. BACKGROUND INFORMATION

Computer programs typically include a large number of

branch instructions which, upon execution, may cause
instructions to be executed in a sequence other than the
sequence set forth in the program memory. When a branch
instruction is executed, execution continues either with
the next seguential instruction from memory or execution
jumps to an instruction specified by a branch target
address. A branch specified by the branch instruction is
said to be "Taken" if execution jumps to the instruction
specified by the branch target address and "Not Taken" if
execution continues with the next sequential instruction
from memory.

Branch instructions are either uncondltlonal or
conditional. BAn unconditional branch is Taken every time
the instruction is executed. A conditional branch
instruction is Taken or Not Taken depending upon resolution
of a condition which usually is a result of a logic
statement. The instructions that are to be executed
following a conditional branch.are not known with certainty

until the condition upon which the branch depends has been

resolved. However, rather than waiting until the condition




I's resol ved, state-of-the-art m croprocessors perform branch prediction .
wher eby the nicroprocessor tries to guess whether the branch will bed Tk
or Not Taken, so the instructions follow ng the branch nmay be fetched and
execut ed WOOETRAGi vely. If a branch is predicted to be Not PEIRINIITER

m croprocessor fetches and specul atively executes the next sequenti al

i nstructi obs atéenltvea branmte-46f ottheharmemcy oprbceke drsaner ficeerpr edi ct ed

to be Taken, the mcroprocessor fetches and specul atively executes the
i nstructi &F%cbhe&ﬁi\cﬁp‘a@a YReRERYt 4PGePiSUPPESSESPRE HIAQT (ke iBIRSS

execut ed fphloKbRY cihe YrANch RIedi Bk 93 KRR or WRRCHaAldnYe s Pagguse the

m cr opr ocessor does not yet know whether the prediction will be correct or
not. Accorimnsgrypctamnopsrht¢wisgchbeethriooche magr fosr fed dived leend specul ati ve

i nstructions nmay not be fully conpleted. Eor xanple, j.f .a nor ite
oper at i on FESRRFERY B CURELY T Dol 2 hEPRPCPs T B RA G By Rt Hiot
forwarded +Qxed, MRHY YnishiSd PP 8 sbralfletRhey awd ipareN AoRdiyons are
execut ed successfully. Qtherwise an instruction in a mspredicted path may

i npr oper | yexecvkeshdhsomastt ssefuentiadefpsEruct itne afitacithe deranchn is

ultimatel y.determ ned to be r t,..the.specul atj.vel Xegu

I nstructi oﬁgorgr éf‘?er gr%rq,oer&( or gfhéﬁ%l ?5 aé’%rrrlmggt &&%4%%%%%&%?@“6?“3
menory  wWthe, mk etrioptitRids s Sr pPet ehaed abyl kpewulditigrdlne anddete OPERAL i ON
to the nmenory system |If the branch prediction is ultimately found to be

i ncorrect , 1RRERUEHRY Bhedul B¢ Vet §91 EXELUPERNTHs thAFAS oA $Bwi nEPE he

P et e olaheat yolhtalng eERSARELhR )

i s di scar despeula®@live?20(03cause the microprocessor does not yet know
whether the prediction will be correct or not.
Accordingly, any operations caused to be performed by the
speculative instructions may not be fully completed. For
example, if a memory write operation is performed
speculatively, the write operation may not be forwarded to
a memory system until all previous branch conditions are
executed successfully. Otherwise an instruction in a
mispredicted path may improperly alter the contents of the
memory .

If the branch prediction is ultimately determined to
be correct, the speculatively executed instructions are
retired or otherwise committed. 1In the example of a memory
write, retirement is performed by forwarding the write
operation to the memory system. If the branch prediction
is ultimately found to be incorrect, then any speculatively
executed instructions following the mispredicted branch are
typically flushed from the system. In the memory write

example, the write is not forwarded to the memory system

but rather is discarded.



WO 00/ 67116 PCTJUS00111789 To expedite branch prediction, sone 2003
state-of-the-art mcroprocessors include a branch prediction table (%ﬁﬁ%

t hat provi des a.éache of the nost recently predicted bransdeasenare® W th
correspold M7 %di ction information such as history of previous
executions, also known as dynam.c history, and/ p i ctier oL that
branch and the TQueX@E&ifte chrPﬁi ?Q&ﬁficﬁ%@%a%?%&%r%%c n iéfory,
predi cti Onmi%gﬁg?ph%fé%o@ HSmdl 14 iBLaoi b efibtdés tabbed¢BPRe branch

predi ction. the conpiler hints are determ ned usin rogram
profiling wihaehpirevides redadnhe refinthe mopk obPaRT Y WPE8FeFEPYsanpl e data

sets. From profiling a conpi.ler, _one . kKno OF gnch is

likely to PE2RGRES éﬁ&%\ﬁ’t@? t%?ﬂr?ﬁ%gﬁgﬁﬁgh&f%?gggﬁn %Paﬁg{ﬁtthen. Thi s

i nf or rratiogugﬁyag%%mew SN Pr&Pioh§sékecht donsiHoakser knbenf asd out this
om

i nformation the instruction, the instruction needs to bﬁsrﬁ?‘a&d f.rom
the instraghaomdccidescnyl deredded. PTediptopnentPs that Branc % i s

decoded later in tr{j\%qoeéoi ne. Therefore, the infornmation encoded in the
i nstructi oRAYFSERG iS%ble until several stages down the pipeline.

SUMVARY OF THE HMNVENH:@N sxetendpameot bohnthehpseoey, predidctd®n ncl udes a

m croprocessor. The m croprocessor _includes ., a branch redi.cti t abl e
( BPT) thatmhaba@tiaﬂé‘aﬂabrﬁelﬁ?aﬂéhléﬁ?rQPmP?ﬁgra$lP§§s%°or?é‘%%r gr#& entry

aken. - TheBRPr oG R T R A ory roqi st er (o

store hi st geydrifiotedmtising Moregvem, proéiBRng mdligded sa aqﬁt&mﬂﬂbﬁ updat e

logic to u?%?ﬁi&é"%‘%éﬁ%ﬁé&OQiLheE%v%@%13sample data sets. From
profiling a compiler, one may know whether or not a branch
is likely to be taken and how certain the branch is taken
or not taken. This information may be encoded into an
instruction. However, to find out this information from
the instruction, the instruction needs to be read from the
instruction cache and decoded. The problem is that an
instruction is decoded later in the pipeline. Therefore,
the information encoded in the instruction'is not available

until several stages down the pipeline.

SUMMARY OF THE INVENTION

One embodiment of the present invention includes a
microprocessor. The microprocessor includes a branch
prediction table (BPT) that has at least one branch entry.
The at least one branch entry includes a prediction field
to indicaté whether a branch is predicted taken. The at
least one branch entry also includes a history register to
store history information. Moreover, the BPT includes a

prediction update legic to update the prediction field and
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branch is strongly predicted statically. BRI EF DESCRI PTI ON OF THE

The features, aspects, and advantages of the present inqu#; ' d becone
more ful WO &Ident fromthe follow ng Detail ed Description, appenaed
clainms, and acconpanying drawings in which: Figure 1 is a bl qQck di agram

i || ustratthe histmyy fregistehRReERE e &iRFIPFBcessEET28@Ying to the
present invention; Figure s a block diagramillustrating a branch
predictioHngﬁqgﬂﬂtﬁFéﬁ%%ﬁéii'thereof and other structures of the branch
prediction table according to one enbodi nent of the present invention; and

Figure 3 illustrates a flow chart diagran1in connection wth an enbodi nent
of a nmethod of allocati EBIEF QEﬁﬁRﬁP:T pﬁr QIFI"I;FH‘EO W@[cﬁent i nventi on.

DETAI LED DESCRIPTI Iggﬁ?g t N It o e

nuner ous speci fT!%ce q}'é? alﬁ-rés_g'are e £%r%ﬂdt%&gég%ggbagtfﬂ%$é%t
under st angdinR@ntafort hei DI esendmé nuenei bul 1 yloapperentnd deayithe or di nary
skill in the art should recognize that the_inventi.on na%lbe éacticed

wi t hout t E@ddosiard fl?%t%PeJc%qu%‘?sFﬁlEB%@n'iﬁBP‘a’iﬁrE]@Q, & Sk'n&we circuits,
structures, { ' : e: no n shown in detail to avoid
obscuri ngat 3’ parnm %ﬁ%@%n}ﬂggpgﬁﬁodi ment of the present invention
includes a ni griapreEekshs . a Theookcddpgoemssdiusigagimamrrctsimpbéfieedon

table (8P that has al Leagt one BLANED SRLEYuind% ol e BReDT 2"

invention;

Figure 2 is a block diagram illustrating a branch
prediction table with an entry thereof and other structures
of the branch prediction table according to one embodiment
of the present invention; and

Figure 3 illustrates a flow chart diagram in
connection with an embodiment of a method of allocating a

branch according to the present invention.

DETAILED DESCRIPTION OF THE TNVENTION

In the following description, numerous specific
details are set forth to provide a thorough understanding
of the present invention. However, one having ordinary
skill in the art should recognize that the invention may be
practiced without these specific details. In some
instances, well-known circuits, structures, and techniques
have not been shown in detail to avoid cbscuring the
present invention.

One embodiment of the present invention includes
a microprocessor. The microprocessor has a branch
prediction table (BPT) that has at least one branch entry.

The at least one branch entry includes a prediction field
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Is predicted taken. The at |east one branch entry also includes a hﬂ%@%ﬁmm
register to store history information. The BPT further has a prediction
updat e | wpeve7hest updates the prediction field and the hiREHPyOVHGRYt er
except when a branch is hinted as strongly predicted statically. The

m cr opr oceggol nHuchiter whchedeora e d Ierahdint isrpgedtietethata¥es. a first

field that, when asserted, indicates that_a branch _is strqngl yredicted
stati cal | yTheThé 465 aneiRandyieniery aﬂ*%%oih’&%ﬂggsaasé‘&é%dgxf eld that,

when asser . kndi cat et r | St ; QR edi g¢hed gpaken, - cher ahakeast
one branch£§%3P§gghﬁ?h§%°|luﬁgﬁﬁg?iiéﬂiﬁ%ﬁfﬁégeina?ter referf%d t% ag
"strongly appeéddiced/amnaputitte draic (tSRit) updetds. theepSRdicticem dfisldset
as aresult of a finding that a branch is unconditjonal , and.al so as_a

result of anfi f#endLHtATH ISHATSORICERE AFRED PnREARER iR AHESDr 8fich

entry, hass?%égggbz?qﬁg%gégéugggggﬁéfiyhints. The SP/ U field, when

asserted, at either a branch is strongly predicted or a
branch is an unohedintiicrwrduyessdr filetpezdinclodesi @ d¢ompidempl kinto t he

second field of the caonpiler hint regjsier_and to,the prediction update
| ogi c. TheIBPa&teE &Mat 1af iyt ¥t e#ﬁfBﬁﬁgfigpeﬁ SEX4FY’ whet her a

branch is g&a‘iic%tt%% talan LighaicH 1o st RengoYPprenikited eredt DenR1gynam c

branch predictor that utilizes the prediction update |ogic. Wen SP/Uis
asserted, Ihei soowifliequrieint oregisten absat dnefudes @ ssiond rggedder or of

A T g s Pt by

changi ng t peeda@Rid alaluedi cth@ra®riéaet chenpiragdiotdntihe funpheer
includes a field (hereinafter referred to as “strongly
predicted/unconditional™ (SP/U) field). The SP/U field is
set as a result of a finding that a branch is unconditional
and also as a result of a finding that a conditional
branch, inserted into the branch entry, has strongly- .
predicted compiler hints. The SP/U field, when asserted,
indicates that either a branch is strongly predicted or a
branch is an unconditional branch.

The prediction field is coupled to the second field of
the compiler hint register and to the prediction update
logic. The prediction field may receive information
indicating whether a branch is predicted taken either from
the compiler hint or from a dynamic branch predictor that
utilizes the prediction update logic. When SP/U is
asserted, it is configured to prevent update of the history
register or of both the history registex and of the
prediction field. As a result of the assertion of the SP/U
field, the dynamic predictor is prevented from changing the

compiler prediction or from changing both the compiler

prediction and the history information.
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PClYUSOO' 11789 It has been found that m spredictions are generally

reduced if conpiler hints are used. The enbodi nent of the _m croprocessor

of the pMME7IMvention pernits the conpiler hint regist&FT 89

I ndi cates whether a branch is strongly predicted, to override the dynam c
prediction al gdti tan ivgerentobved vthachmpswireditdtd coenpiree gernse nedrly
certain of a branch's outcpo - i.e., for strongl predi ¢t ed branches.

el ng an_ ¥ $8BGERoT IO TEF BHAER' 208 EREdanoRbe BBaINeT S TR sPr U
field in the-BBhroddfhtd Nt RE CHEBEYnRRY nRR nitRRIP HRGmil add tion, by
storing conpiler prediction information in the BPT, 'this information is

made avai | abipidesh st i xegisber ovhéchi dodiwedleds hthedfhesr & frataivding of
t he branch Lnstrﬁction se. it takes .th ruct.i on ac*.o er tine to

b .
be decoded-*PREret (?rree,d"'tﬁgg‘ghbgai FRREToF% %@Iepn%lcyl’w&c@srseo 1C%° he

present inyegbreRni liavSldméneedesn-phAp Whehhehd Contsia dheiagdme on-chip
dynam c prediction or to override it wth the conpiler static hints before
t he instrucerbains ofjeedueancly gupetcomel gstr-&-es ¥ Htg@alivgram form a

sinplified enhodi t.of 1gcroprocessor_10 r.di t 4 r
i n\r/rgnt i on. P W@FS&%&S@%% : !On FPoliEs <} agﬂ%%%oﬁ%w&lggqrple%ﬁnﬂg lg%%%s of
whi ch pi pebhnehst agRvid ZHesdPpeien 1@8darael ISipyss rifedd ithechxd MEPT e st age

102, also called instruction pointer generation pipeline stage, generates
t he i nst r UBFEBACHAOR SCHHRCHINAY sPeolBRTovEstr uckh Afditi9mt 2%t i on cache

10 BB eP B er P08t U Lokt S, an weehign
information is made available much earlier than otherwise
would be after the decoding of the branch instruction
because it takes the instruction a longer time to be
decoded. Therefore, the embodiment of the microprocessor
of the present invention allows for determining whether to
use the native on-chip dynamic prediction or to override it
with the compiler static hints before the instruction is
decoded.

Figure 1 illustrates in block diagram form a
simplified embodiment of microprocessor 100 according to
the present invention. Microprocessor 100-includes a
plurality of pipeline stages, of which pipeline stage 102,
104 and 106 are illustrated. The pipeline stage 102, also
called instruction pointer generation pipeline stage,
generates the instruction pointer that points to an
instruction in instruction cache 108. 1In the next pipeline
stage 104, the fetch stage, an instruction is fetched from
instruction cache 108 based on the instruction pointer
generated in the prior pipeline stage. In the next
pipeline stage, the rotate pipeline stage 106, an

instruction is retrieved and decoded. 1In the absence of




generated in the prior pipeline stage. In the next pipeline stage, gl?ﬁ”ﬁ
rotate pipeline stage 106, an instruction is retrieved and decoded. I t%é
absence of 6 3 OCT 2003 WO 00! 67116 PCTIUS00111784 the apepigégasrand

nmet hod MO 1M esent invention, a conpiler prediction hint is not

avail able until after an instruction is decoded in the rotate pipeline
stage 106che i @ipphgatuBodingentetdfod tdf therppeseRtsRvaBEadPaing to the

present invention, the conpiler, predictipn_hin d ilabl e in

t he Hﬁcﬂﬁﬁmﬁblﬁﬁep§ﬁﬂi§?ﬂﬁP§%1$ elﬁrﬁﬂghaﬁaéiagg%nggggﬁ %gﬁg%gagnd has
been al | og L sthe iﬁ%éb egdhcthenrbabte 2) ihé0stRige 14E .provi des
a cache o*&%ﬁguﬁg'%:orﬁr é'cl;gént y dﬁedi cted branchengl ong with cor&g_{sqpondi ng
predi cti opn théoemddidimesnuc hofist e bmi 6EORFSEEEFOST AFFRFIGRY &R ons

and/ or predictions for that branch and.the hereqf . el e, a
branch enP¥§S8PLRBRPRVEATIRR" im‘Fuﬁgmgll%?eﬁ?%?ﬁ%??%eﬁ&%cﬁai%%) t hat

I ndi cat es s NQthe arOF SRCHipBAINE Bealbakana Hif arhd thmancha Hasnch
entry of a?ﬁgigggifﬁ%fudéz a branghﬁtype field that indicates g@ether a
branch i shaefAbkeern HRETURN, and r pgel keepr aidwcaded 1%%3? or 100 has

an Instructiqn Painter ner PG 103 that generates an instruction
poi nt er (PP?.SJ-?I’F(%OI] %351% |1‘€%§5 al(rglgv'v instruction to BPT 140 and to

I nstruction Caghe (1149 JOSvibes st eache RSt et imuet rdecemely
I mpl enent ati ons of pipelined mcroprocessors, BPT 140 nma dbe aggessed
usi ng a tpgedilaredixdnelesi hPAg W th ﬁsotrrxiﬁﬁﬂ%ﬁil&ﬂ RETC Rt

e R e e e e g v
and/or predictions for that branch and the success thereof.
For example, a branch entry of BPT 140 may include a
prediction field (not shown) that indicates whether or not
a branch should be taken. In addition, a branch entry of
the BPT includes a branch type field that indicates whether
a branch is a CALL, a RETURN, a regular branch, etc.
Microprocessor 100 has an Instruction Pointer Generator
(IPG) 103 that generates an instruction pointer (IP). The
IP specifies a new instruction to BPT 140 and to
Instruction Cache (IC) 108 that stores instructions. In
many implementations of pipelined microprocessors, BPT 140
may be accessed using a tag value provided within the
instruction pointer and corresponding to tag values
employed by the IC 108 for identifying cache lines therein.

Besides providing the instruction pointer to BPT 140
and to IC 108, IPG 103 provides the instruction poipter to
a Target Address Cache (TAC) 110. The TAC 110 includes
addresses of target instructions where a branch may be
taken, if the BPT predicts that a branch is taken. If a
branch is determined to be taken, TAC 110 drives an

address, i.e., target address, of a target instruction to



~and to IC 108, I PG 103 provides the instruction pointer to

| a_Target z ooy 703
Address Cache (TAC) 110. The TAC 110 includes addresses of target

instructions where a branch may be taken, if the BPT predi colifdse @
branch iWO®KIM6 |f a branch is determined to be taken, 110 drives an
address, i.e., target address, of a target instruction_to 7 3 03 WO

OCT.
00/ 67116 PEH UID111188 t@Eza03addnessangévendiyeddCdiitPetrbyFPadido to
the PG 103 is decoded and then used.as_a_r o ol ’ | poi nter to
fetch a cafespprdergoed gBe Fﬁgf‘r HEEROR St rao%gl%ﬁaflog.§1 e on

I'n such way, a fetch
uni t that may Jocl yde sbEeh08§ cbeskapbndiaigc hiangetnsimyatiatison r 5remh&Cnew

target address. I n one enbodi nent of the present inveqh%gn, ng %40 and
TAC 110 mmye be Tonbubdways osoketshr worlr Enfre M2 aE IR HC 2881y of the

BPT al so includes a_target address. qf. the M roPreeesaaaradse .al so
i ncl udes FSTERAFES setchieg tlns%ficc&ém%%t ufrllr%{ngtr%{(}ak buffer {RSB) 124, and a
sel ecting e%i,éee&%gdﬁﬂié@te@.ﬂ ehEA@rEkEnt arREBLRS, HETt 540predi dfiCon

. r

circuit 1 ediction circuit 112 has an i nput @Ert thgrﬁo Cowpl ed to
TAC 110 td r@ceayebs KIOMDINSY ifitgh QNG TS A REEDnEFhRpGE“port of

prediction circuit 112 j T 140t e e£@d¥EsEhefefhem
infornatidﬁ“%gytBfwﬁ%¥%§#ﬁé%%%§L?%“P§ng en or ?ﬁn taken. This information
i s storedypigchhe prediction field of a BPT entry discussed above.

Prediction circuit 112 further sathird. t_p ek ef Gaupled to
BPT 140 to rec@i¢§QRﬁ9ﬁQ§3P?UR55Zﬁ%ﬁ?m&?% u@#%hargg%gggeﬁgghhether t here

:Oir? ng]pf’{eﬁﬂ‘f 53R GRh M Ml AREAOIRSEPI 124} tandla kedestfing th input
device 120 coupled to TAC 110, to RSB 123, and to
prediction circuit 112. Prediction circuit 112 has an
input port thereof coupled to TAC 110 to receive a HIT/MISS
signal therefrom. A second input port of prediction
circuit 112 is coupled tc BPT 140 to receive therefrom
information as to whether a branch is taken or not taken.
This information is stored into the prediction field of a
BPT entry discussed above. Prediction circuit 112 further
has a third input port thereof coupled to BPT 140 to
receive from BPT 140 information with respect to whether
there is a hit or miss in BPT 140. Furthermore, circuit
112 has a fourth input port coupled to BPT 140 to receive
from BPT 140 information with respect to the type of
branch. The type of a branch indicates whether a branch is
of a RETURN type or of another type different from RETURN,
such as CALL or regular types.

Based on the information received at the input ports
thereof, prediction circuit 112 generates a control
(select) signal to selecting device 120. Depending on the
logic state of this signal, selecting device 120 selects

one of the target addresses provided by TAC 110 and RSB



“from BPT 140 information with respect to the type of branch. The typegefm
branch.i ndi cates whether a branch is of a RETURN type or of another type

different from RETURN, such as CALL or regul ar types. Bappgasidosige
_i nf or matWePM6EdEi ved at the input ports thereof, predi ct?gg circuit 112

generates a control (select) signal to selecting devi ce 120. Dgﬁgnding on
the |ogicxstateat étispsegnalbraetechiny sovBEE 148 #OEFAC bher of the

target addresses provided, by TAC. 110.and B_3.0: 16
PGT/ USOQ BryBdhep Aorgpsh &%@?%&lﬁgﬁ?aﬁ%ﬁ%ﬁ?i ?gdi %QBM%E ﬁﬁrﬁ%ﬁ%lo, and

LT branc%e.preﬂkétﬁﬁe&%ﬁﬂoﬁnéikéumet 100 geREFERNMS taypeeldte pigoidtion
circuit 112*generates a select signal to the selecting device 12 itgft

resul ts i nté hehsesetecbangofievhget AR§et haddresy s m A9 1881 8R ecting
device 120 provides the_tarqget address ne ghd heeidPvingouksicef
sel ecti ng @EViee ¥3598F FB%I%EB. %§§F“e§§cnglg Vi ?fe 150 has angt her i nput
port coupl ?ﬂot ro@0dbBCkBEEREGet5add alss ey ementcst thiei ABPRECPOSSoi nt er
by a predeterm ned value such as "1". The incremented pointer is fed back
to sel ectiof sevectingodeyise 358 ofs IXG instruction pointer in cases

where it is desired to_ fet th egiaitd Al s st r gekiowr ddetoor e,
sel ecting devi céei§6¥ﬁ§§ %q’lcr?p(ét%gg{ratés to reécéiji/%ﬂgi ggal s EX%EJ_IPTI ON TRAP
and BRANCH,}| SRREPLEHLOY (1BY $HatSelretémepuieviie 1B8tanssieds ROIRREl ity

Pl S o B e S AR 1 TRR A 15
AL o nBREnkBE U b Uk el sl o6 soxec edomens
new instruction pointer in cases where it 1s desire (o]
fetch the next seqguential instruction. Furthermore,
selecting device 150 has two input ports to receive signals
EXCEPTION TRAP and BRANCH MISPREDICTION (BMISP).

Selecting device 150 also has a plurality of select
input ports that receive a plurality of select signals.
One of these select signals is the taken/not taken (T/N)
signal from BPT 140. Other signals include a valid
exception signal (VALID EXCEPTION) and a wvalid branch
misprediction signal (VALID BMISP) received from pipeline
stages "located"” further in the pipeline. Selecting device
150 may be configured to prioritize the instruction address
signals input thereto according to a scheme where (1) first
priority is conferred to an EXCEPTION/TRAP instruction
address signal driven from a back end of the
microprocessor; (2) second priority is‘conferred to a
branch misprediction (BMISP) instruction address signal
also driven from the back end of the microprocessor; (3)
third priority is conferred to a target instruction address

signal driven to selecting device 150 frqm selecting device

120; and (4) fourth priority is conferred to the
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m croprocessor; (2) second priority is.conferred to a branch . m sprediction
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M croprocessfkyemantdiIsh prigetbydingCebl @hhied dia ¢r 118F Gathdms] rUet ¢19d

address signal driven to selecting device 150 from sel ecting device 120;
and (4) fousehepti ignais Cdhikr B¥dSPo anide VRIZ IO RXQERDUN WX ®0n®7 116

o enent of 21857 SAA G (s DT RPER e BoRrey st fan AT ELPEREY 1 o
VALI D BM SPgeai@eVAS (D $24&EETs Qi ana 8ot pus gRidte t iwete dher e atghgé 6

predicted taken, selecting device 150 selects at an output port thereof
the target adddesss received from selectimg ¢wmie 1980- A prediction

al gorithm control,s i ction. _| ] fall Quw PT 1
i ndicates a nisshéﬁyéﬁkéﬁﬂéﬁ ?%ﬁ?%gﬁgg‘%ﬁﬁﬁgé¥%1¥%%%¥@§£°§ré igﬁ%d as
taken and tlgellloarigrf watdr esshénoBPTACADIG Ndl skl t £dmbys seh@ctThogllovi ce

120 and fed to instruction pointer generator 103. If there is a BPT mss
and a TAC nisgicgt&@s ia BitdeR PRRRER HFaPradiciteed sahotdkaRcANENERS. The

i nstruction inter 1 | ARG tsat rgen Lot difgeds
t he incren%%?g% c&F%en pgﬁﬁégrgggcgquq%ﬂéégé eé%?ﬁgﬁd%3?§293§§oaa|%Ee
there is a heo amd HedBRlo alwsarotcss oinn s tBAC gemelr ébex BPT3i. ndIfatberehat

the instruction iis of a RETURN e, .predigtion circuit 112.dri,v
sel ect si gnaf foBEeWET P e@i%éelﬂﬁgﬁhaﬁ Lﬂ?lendﬁtEEWéBFPOEEB% a

there is no branch entry. The instruction pointer
generator 103 increments the current pointer and feeds the
incremented current pointer back to the selecting device
150. 1f there is a hit in the BPT and a miss in the TAC
and the BPT indicates that the instruction is of a RETURN
type, prediction circuit 112 drives a select signal to
selecting device 120 that results in a selection of a
respective return address from the RSB 124. However, if
there is both a hit in BPT 140 and a hit in TAC 110, and
the branch is predicted taken, the prediction circuit 112
causes the target address from the TAC to be selected by
selecting device 120.

In case where there is both a hit in BPT 140 and in
TaC 110, but the branch is predicted not taken, the
microprocessor proceeds with fetching the next sequential
instruction in the cache 108 by generating a new pointer
based on the incremented previous pointer. When there is a
hit in the BPT 140, but a miss in the TAC 110 and the

instruction is of a regular type, the target address may be
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respective return address fromthe RSB 124. However, if there is bot %T 2003
hit in BPT 140 and a hit in TAC 110, and the branch is predicted tak rq

the prediction circuit 112 causes the target address frorpE&_Mﬁo be

sel ect edtwdgo/68a@b ecti ng device 120. In case where there is in BPT
140 and in TAC 110, but the branch is predicted not taken, the

m croproce 3@ulp£9&§e§§ow thef ehehirig tilke ebttesathemnstruchionudsi on in
t he cache 8 by generating a new pointer based on the increnented
previ ous pecuded. \Wen there is a hit in the BPT 140, but a miss in the

TAC 110 and the. _ipstruction_is,of ; PScelbSrt aF0eheagdessntnay
be 10 3 OCT 200%“V\%§60?%‘5??%6m8§ﬁ ng(#fﬁ%gérc%?{culgt edrfrom.theﬁi nstruction
after the jifsdALiCbhoBeberibedotietdeilm tite endropi kent isf congigueeshitéessor

of the present invention described herein, the.cog?il f isacoqf .og-lﬂietd to
encode t hericodpi the Rrempilegt HiAFS nstP R tF/INTRESERE6SBPE 35 ediTttion

accor di ng RAPTRECH P ReR T HORT e 5 Brareti oot ko ot Aat aken The two
bi ts encodeh@iterdhfihesenire wets afcopdsngi tot the Rdkeddidwed Jhak & on:
e 1 resenehi e ok s e b BB pRR R 2D
branches. THOBBEENTol P Ao T RE b Shch 5. ot Lar. brem creq Using the
static hintipedyi ded-lakere cdiplertakes, | Bké‘pylg[lykéwt—d:,ﬂj(qqkeq@,g
e oS RSt ek RS { 2C¥he HL I dedcbsbeken]

the strongly taken and strongly not-taken branches are

termed “static taken” and “static not-taken” branches

respectively because the branch is better predicted using

the static hint provided by the compiler. The likely taken

and likely not-taken branches are termed “dynamic taken”

and “dynamic not-taken” branches respectively because the

branch is better predicted using a dynamic predictor. 1In

the following description, “static” and “strongly” and

“dynamic” and “likely” are used interchangeably.

The compiler determines a "taken rate” using program
profiling that runs a program with sample data sets and
collects the branch outcome statistics. The "taken rate"
may be from zero percent up to one hundred percent. When
the "taken rate"™ is between zero and a certain percent “X”,
say approximately ten percent, the branch is very likely to
be "not taken”™ and the two bits may encode the prediction
as being "static not taken.” When the "taken rate” is
between approximately ten and a certain percent “Y¥”, say
approximately fifty percent, the prediction is likely
"dynamic non-taken.” When the "taken rate" is between

approximately fifty percent and a certain percent “2%, say
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"branch is better predicted using a dynamc predictor. In the follow ng .
description, "static" and "strongly" and "dynamc" and "likely" are Su8&lq2003

i nt erchangeably. The conpiler determnes a "taken rate" usj m
profili nyotddsriYeuns a programwi th sanple data sets and ?ﬁ%@["@i’ﬁ?e

branch outcone statistics. The "taken rate" my be fromzero percent up to

one hundred per kRS Yeahamy attdie irdifionsem ey A ellyg certain
per cent -?F’,&%’gﬁé‘ﬁ%m?ﬁ& e?ypten percent, the branch is very_|ikely to

be "not takpmambd th&enwd bihenmbheddaden KAYR ediTIUHeeR bei nB™st at i ¢
not taken." Wen the "taken rate" is _betwee ohd! efsapd i@
certain pé?ﬂfeﬁ?um?rﬁdsﬁr%o%}}?atpeﬁ%fﬁf%\%éh Siéér)c\fagr%, tﬁ(kaé(:b)?edisct on is

i kely " q:y I cunon-taken." Wien the "taken rate" is between

approximately fifty percent and a certain percent "Z", sai/,lé a g C T, 2003
WD 00/ 67116 = PCThESERILEIED fHgrued bt of y FiRefy2rereshPlifle 8459 on is

likely "dynam c taken." When the "taken r " b€anapd one
hundr ed pé?%e@l?fnpﬁﬁésﬁ%df’ctt% Efsa?/%]‘r]vﬂ’i%?ythgtgf‘b%ﬁﬁ?aﬁéﬁ.n%" The

percent ficﬁgf'%§§c orV irfibrertied 65t abhé shidrbpsedessarconpari sxamgitdr t he
accuracy e dynam ¢ branch predictor i mgl errentgd in th

M cr opr ocessdynafac dxeanpite PredHyreki EYBLaALhYpPERPLESP f’frﬁ%a‘ﬁ% predicts
wth 90% accuracy. |f compiler . bas an,acorrackcl/Nehaks i@ @eitet han
90% the ARPYPFEFYhi ntlfrah@’eoecrgtj&sl&’elcii?gs?%gdagf denam'cg praedilct? ]

Ther ef or e, s MEEN oA A ésmpiETor | hkat ymayt beensedt hnstwsde o BPHPES nay

be used to override whatever the BPT dynanic predict [ ' es because
the conpipeedhsdagood EopretRfRe FREP é gi‘ﬁﬁ'& Wl %e%rg tlg% Y

"t+aken", the two encoded bits may be used to override
whatever the BPT dynamic predictor indicates because the
compiler has good confidence that a branch will be taken.
When a "“static not-taken" branch is encountered,
typically there is no instruction flow change. Therefore,
there is no need to cache that branch in the BPT. When the
information encoded in an instruction indicates that there
is a likely taken or likely not taken prediction, the
compiler is not very sure whether the branch should be
taken or not taken. In this case, BPT 140 is used for
dynamically predicting the behavior of branches. Dynamic
prediction utilizes the history of a branch, recorded in
the BPT, to predict the outcomes of upcoming branches. If
the microprocessor that implements the embodiment ©f the
present invention described herein has BPT prediction -
i.e. dynamic prediction available, it may utilize the BPT
prediction to determine whether a branch should be taken or
not taken. If the BPT prediction is not available or the
microprocessor wants to override the BPT prediction, the
microprocessor may use the taken/not-taken field of the

two-bit compiler hint to determine whether a branch should
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When a "static not-taken" branch is encountered, typically there is no
instruction flow change. Therefore, there is no need to cache that b§A&6R003
in the BPT. Wen the information encoded in an instructioEc*Rg&ﬁﬁg t hat
there isVQOPPIEEy taken or likely not taken prediction, thé conpiler is

not very sure whether the branch should be en or ngt taken. In this

t ak,
case, BPT baotpkeis&¥ MRt t@AfIhi caM P @&ma e hePhehati BFE8E Hr anches.
Dynani ¢ pfediabiion Utild 26% Widied Bk Ofare anClor recatdagein the BPT,

to predict the outcones of upcom ng branches. I'f the m croprocessor that
i mpl ement sjhBe remmdimnendfatderr preseiy ithentémpi tescinbedther ei n has

BPT prediction - i.e. dynam rediction available, it Ut t he BPT
predi ct i onipEtaANEIRhe Ribet BY St i SHRF OB el 7 aﬂgﬁaéﬁﬂﬁﬁ&dzﬁ en. |f

the BPT prﬁ@iogg ¥y ilgl-fl%t aMad § ARE; G s | Nerhdli TEAGERCEESAN st uction
override theé BPT prediction, the mcroprocessor may use the
t aken/ not - iskemdh alletofin heach wordti tucthys | grehenérecafetl@@fithdthet her a

branch shoul d 12 3, . OCTZé)OS WD 00/67116 PCT! LJEOO’%H?% ‘be taken or not"
taken. |n BA&ESeAFH TR FC (FREPHTSEHE “TPRENTT ofi- "tHRe two encoded bits

are part of a 4kdidral Nl ecdhOes Ahareravw stbeadbynt RheC®RY lere i nto the
I nstruction, but the present invention is not limted in scope_ to 41-bit

i nstructi obsantned ethath ofe ahikeky ruet¢anse i snsLERCLhgn ifdayghanges.

instruction there are at | east_t bj | cat 0:en npi | er
hints. Gengmllcfilb%'an%h% ct ?n%\%ees s%%%e‘gg%\gﬁhgggthg’r gt%égrﬁaﬁr}gh%s) t hat
are likelyylqicaisein nstié¢ UurAc on FéDvowiAgges. alIppatdbiny patdwesss br anches

are cached both in the BPT as well as_in the TAC Foll.ow ng-an Ilggﬁi on
brocess,  deseniilrs | AT | 10 { HPLS sRRETR DPEABRBESITUSEET ik He®

are predicted as not-taken by default until the compiler
prediction hints are available from decoding the
instructions. Unlike "static not-taken" branch
instructions, "dynamic ﬁot-taken“ branch instrpctions are
more likely to be taken at some point in time. Therefore
information relating to “dynamic taken” or “dynamic not
taken” branches is stored into the BPT.

For a regular conditional branch, one may insert the
target address into the TAC without inserting it into the
BPT. For a very likely taken branch such as a "static
taken" branch, as long as the target address is in the TAC,
it does not matter whether the history of the branch is in
the BPT or not as the history of that branch, is not
utilized by the prediction. In one embodiment of the
microprocessor of the present invention, when an address
hits in TAC but misses in BPT, the branch is automatically
predicted as taken with the target address from the hit TAC
entry. However, CALL and RETURN instructions with “static
taken” hints, are written into BPT, because these two types

of branches may influence the return stack buffer (RSB)
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-are predicted as not-taken by default until the conpiler prediction hints
are avail able fromdecoding the instructions. Unlike "static nOt'taH%@TZMH
branch instructions, "dynam c not-taken" branch instructions are nore

li kely twcben/draien at sone point in time. Therefore infor REFUSHMNE%¢t i ng
“to "dynamic taken" or "dynam c not taken" branches is stored into the BPT.
For a regubar, conghdiorns (REMGERAdORETURY infertathien treaydbe additseni nt o
the TAC without inserting it into the BPT. For a very,likely taken branch
such as ainsBRT A49akeh BRY ahth may PERYILS ttﬁ?é Hﬁd’e/t 15‘3?%355(?? in the
TAC, it ot V%Eg history of the branch is in the BPT
or not asg'(t%%% |stf%§rl]§/é]g€1[‘st at h%%%%@ﬁdl s not utilized by the prediction.

I n one enbodi menigwfe thesibws oprotewsof af bregly geerdichient keblenwhen an

address hits in TAC but m sses in BPT, the branch i u i call
predi ct ed EFTakel wi tFPX h%a?%rﬁﬁfn&gdﬂél§§rf%%e Eﬁll’f #ﬁgaké‘ﬁt rayy
Hovever, %&@g%%{ﬁ%a NStEUCHEANS i) 263 atri @1 udekeBevRirals £idl s

witten into use these two types of branches nmay influence the
return stdelcludims £ REE)idBtECeTIR2QAD, A OWBYINY PCT/ USO0/ 11789 124.

Therefore, CALL and RETURN, j pf or mati e | in_BRT., 140, BPT
140 oy pEGACE SO EETIRERRRLy S E /T G 6] o™ PRSBIESISY Figure 2
shows a V'f‘i‘@%{_) 123318% aﬂ%i’x‘i&‘i"’é&b@“ﬁi@'@ (CBR])REOORN FREGEARR )b2a1ch

i nstruction as a branch entry 260. Branch entry 260 includes
several fisslds imtstdingregisted Bl .fi dird o erbadipapty each of the
predi ct ed/ uncondi tional. (SP/U) .field redi ct ' 44, a branch
type fiel #HCAZY Eﬁ“{mé@%ﬂl_ﬁ?}eggf %%n(?%acphﬁ;‘%br%g?gg}ast?}e‘% 46. In one
enbodi mentyneaede 0f B, while the history register 246 includes 4

bits. It should be appreciated that the above-mentioned

fields are not limited in size to a specific number of
“pbits, but may be implemented with different number of bits.
Hereinafter, the SP/U and prediction fields 242 and 244
will be referred to as "SP/U bit 242" and "prediction bit
244." The valid bit 240 indicates whether the branch in
entry 260 is valid or not. The SP/U bit 242 indicates
whether a branch is conditional or unconditional or whether
the branch is strongly predicted. A regular conditional
branch includes non-return and non-call types of branches.
Typically, for a conditional branch the prediction may
change in time based on the execution history.

The prediction.bit 244 and the history register 246
are coupled to a prediction update logic circuit 248. The
prediction update logic circuit 248 is coupled to pattern
history table 250. Prediction update logic circuit 248 may
implement a two-level prediction algorithm such as the
“Tse-Yu Yeh two-level prediction algorithm”. For more
information about this algorithm see “T-Y Yeh and Y.N. Patt

“alternative Implementations of Two-Level Adaptive Branch
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SP/ U and prediction fields 242 and 244, respectively, include 1 bit, while
the history register 246 includes 4 bits. It should be appreciated Sl 2003
t he above-nentioned fields are not limted in size to a ?Q%ﬁh&hﬁlﬂﬁnber of
bits, buWO¥STHE i npl emented with different nunber of bits. reinafter,
the SP/U and prediction fields 242 and 244 w | be referred to as "SP/ U
bit 242" apdedprediost i"0PrRickeddfgs’ oftheheallidt” bl tt@4fatidinedt Sympesien t he
branch in entry 260 is valid or not. The]%ﬁ/qﬁg't 242 i?ﬁh ates whether a
branch i s eBn@PIPHEET SraMissTuEednaPFor ddfstt ¥&¥ b his strongly

predicted. A rqulpqrc@ggg;ﬁ y 'c(;cribix@mft Ig] udes }E‘PQtBE?UEEg@.%élorEQ@ I

types of branché a conditional branch the prediction may
change in hiaeubdsetddmyt raeeXadtitarompdateryogifhecpreditt k88 -bit 244 and

the history register_ 246 are coupled to di cti d | QQi [ it
VR e T N L e
hi story tagltgggéon -ﬂidgﬁri Wy RIS, 110 GoLbdtet i oR4808RBY notiegé a

a

two-1 evel prediction gorithmsuch as the "Tse-Yu Yeh two-level prediction
al gori t hnt inFaimere the Ereticrichommains algoert RAkese OrTNPYeh and

GCT 2005 wbeb67o7 115 FOROBGASTRAR B G €31 00 P pEBc Eaa e ot T he T 0t h
i nt er nat i 083l ySYIROIIAM i DIEdTANIYERId ALS hbi€eént etheppretdetlihn bay, 1992.
Typically, prediction bit 244 and history regi ster 246 are ppdated by
prediction2eﬁdam§Iﬁhﬁ(ﬁiﬁﬁQﬁHtrggiﬁtEFb%ﬁ§e ¥°Woﬁe§ﬁ¥5%uﬂ&§gﬁ%#§Pybranch
change | nPeeqs iy, Sl GtE e RERCIER: TS OhTor ot taken. To
avoi d changes i ITher eS8 AU imit i 242 hosecogsksd vhe an inverter 262 to
tristate buffers 270 and 272 that control writing to
prediction bit 244 and to history register 246
respectively. When the SP/U bit 242 is set, the prediction
update logic circuit 248 is prevented from updating the
prediction bit 244 and history register 246 becguse
tristate buffers 270 and 272 are tristated. Inverter 262
inverts the logic signal from the SP/U bit 242, generating
a logic “0” to the enable ports of tristate buffers 270 and
272. oOnce the SP/U bit 242 is set, the prediction bit of
the prediction field 244 is written to by the second field
(T/N) 280 of the computer hint register 247. However, when
the SP/U bit 242 is deasserted to “0”, the tristate buffers
270 and 272 permit update of the prediction bit 244 and of
the history register 246 with information from prediction
update circuit 248 according to the two?level prediction
algorithm mentioned above.
In the embodiment of the microprocessor according to
the present invention, when a branch is "static taken", the
history register is set to "1111". When the history

register has all its bits set to "1", a branch is predicted
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SP/U bit 242 is'configured to prevent the prediction bit 244 and the .
history register 246 fromgetting updated by prediction update |ogi & 0C72003

circuit 248. The SP/U bit 242 is coupled via an inverter 262 to trjstate
buf f er s M@®0&AI6272 that control witing to prediction bi?%ﬁwgﬂiﬁgt 0

~history register 246 respectively. Wen the SP/U bit 242 is set, the

predi cti opakeipdatEatogis Biseory 24Blies ATleterd eché remtupd2dbng t he

prediction bit 244 and histgri register 246. ecau§£" tristate buff%ﬁs 270
and 272 acenndsReREnd|woerLet1lehandvied 4R [Hgi EOsPyHAY St PSRCETE Sp/u

bit 242, generati E Gy o QY he snall A POF t $50R 1§ fhstalrg juffers
270 and %ﬁ}eQ}ﬁégﬁhghégﬁﬁﬁgPtYZ&%Q{gget, t he pred?ction bi t o# t he
predi cti ol rfdiatak €44that wai brancho ity tadkersechdtheetdme( TI Khe28® of t he

conputer hint register 247. However, en. the SP/U bit 242 is ,deasserted
to "0", tHkranshihte PLPFaFsNOE7Gakfpy 2'72trf:f’ep?ﬁ§€ﬁﬁaaﬁ§g&ls%ﬁ¥elpsrescﬁ tion

bit 244 and, Qfo%édgﬂ.hi%grﬁa%@ Hi 240 ¢ db1 8f ARBRLhen ey P ction
update circuit 248 according to the two-I"evel prediction algorithm
ment i oned ghavespondihg eobd000@Tt exitiye maxd opivedssor "Afcoaraliakays the

present inventjon, when a branch is "static taken" .the_ ,histaor | ster
’s set toPmediot VRSK-EAKSR oM the RIErORAS SPRSEE B (ORI 0¥ 1", a
branch is \{q@@%c& edB§v5h§r@C:&i%Q W, 0P &4 1460 6T/ HadOr 11489 takerp” Patt er n
history table 250 has the entry Z90 corresponding to "1111" hard wired to
"1" to al vaayd DPledi tespeckéneaihon the predbeyiergloes nent@HANTS: 4311, "

0L "B SRl RaETRLERAS RS P ARt Baftenen 7
history tablecbas thpientsy A¥Ahrn from execution history and modify
their predictions accordingly.

Therefore, for "static taken" branches the SP/U bit
242 is set and the history register retains the initial
value "1111" as long as the branch still exists in the BPT.
For "static not—taken" branches, the SP/U bit 242 is set
and the history register retains the initial value of
"0000". If the compiler hint indicates that there is a
“dynamic taken" or "dynamic not taken" prediction, the SP/U
bit 242 is cleared, regular dynamic prediction is utilized
with the prediction bit 244, and the branch history
register 246 updated by prediction update 248.

Figure 3 illustrates a flow chart diagram in
connection with a process for allocating a branch according
to one embodiment of the present invention. The process
starts at block 301 from where it flows to decision block
302. At decision block 302 it is determined from the
compiler hints, i.e., the two encoded bits, whether a
branch is static. If the branch is not static but dynamic,
the process flows to block 304. At block 304 the BPT and
the TAC are updated. The update typically includes writing
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corresponding to "0000" entry, hard wired to "0" to always predict
"not -taken" when the history register's content is "0000." By hard\éppk@m

entries_"0000" and "1111" to "0" and "1", respectively, S hest | on
Qe Pt

does not¥ as opposed to situations where the entries in the pattern
history table 250 | earn from execution histor ang di f thejr

predi cti oidtAcEBRdITAY @ tangey eﬁ%ﬁiﬁ?SFthEEtéi‘Fc Fggeﬁ'séﬁlr é?gnes the SP/U
bit 242 is. a ! rSOARERS 3 hAeibhe | Mhd alp/wvdite "1111"

as |long a"?:fﬁgﬁgr ggiché}get Wﬁsﬁgl?{%tég?ﬁ&tﬁhéﬁ%%%a For "static not-taken"

br anches,24heiSPkethitto 242" i so set lowndpdheehpst the hiGitorar TeRIHLYRE t he

initial valye qof _"0000",.1f.the conpil hi_nt .i.ndi.cat thare is a
"dynam c 3% eFIg Gll"e'diﬁ%%%t'h%?e?h‘&gﬁy gf’SdFEFP&%%l%%e%E{}aé b]iéﬁzéjfZ i s
cl eared, éﬁﬂeh% LAY AR £ Dk 691681 0PibH Wi bisz@d £ rwint RHdie g ediDf i wive bi t

244, and the branch history " register 246 updated by prediction update 248.
Fi gure 3 braoshrdteprediovedhbrkedi aghegmhistogon F&RUFERitH a process for

al l ocating_a_branch accorgi 0 pne odi of : ' ntion.
The pr oceg 1t§f"§rlt’z§cgtt%ljgjc{kqgm()%[rfgf))ms\%ﬁgr gagﬁg}ﬂ%\}sﬁa{{g 1éimae(;e:?fsa:a%)lryb &(;ck 302.
At deci si pfiephogk t302e1 tpieddet e6A) Ned Iffr amet bearonmiid gréditsedinet, the
two encoded bits, whether a branch is static. If the br (E igﬁn_ot static
but dynantekephe tiendebsterpwEesbsbesch 53321 tAR IgzRk “s‘bzﬂ]‘f & 2B the

001 67116 BT BEBO T ETBE T it oF e R BRCy AT a et oo e P Fhee ot used
and witing i HowleareBRT ifHieabrdachsinhobimckoB02THe S WetermPned; s set to
Lo Lo 2 Low uegal ¢ ol by B SO ol PUn! Hrodtkh ke PESH! GLLRBIBR! PV
block 302 to decision block 306 where it is determined
whether the branch is "Taken" or "Not Taken". If the
branch is "Not Taken", i.e., the branch is “Static Not
Taken”, the process flows to block 308B. No allocation is
performed into the BPT. When a branch is hinted as
strongly not-taken, the branch’s information is not
inserted into the prediction table, because the default
branch prediction is already "not-taken." Rowever, if the
branch is taken, the process flows to decision block 310
where it is determined whether branch is of a "CALL" or
"RETURN" type. If the branch is not of a CALL or RETURN
type, the process flows to block 311 where the TAC is
updated. This is so as when a branch is very likely to be
taken, as in the “static taken” case, one need not waste
space in the BPT to store the history.

If the branch is of a CALL or RETURN type, the process
flows to decision block 313 where it is determined whether
the branch is of a CALL type. If the branch is of a CALL
type, the process flows to block 312 where both BPT and the

TAC are updated. The history register information is
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“circuit. Dynamc prediction is used fromthen on. If the branch is 3 'ZUUH
predi cted taken, the history register is initialized to 1111 (or to sggk
pattern that is likely to yield a taken prediction). |If pegnsencissis
predi ct SYOMB671¥6,31en, "the history register is initialized to 0000 (or some
pattern that is likely to yield a not-taken ﬁredi c%i gn)SL Howevtec;, if at
deci si on bheek Azéd ts Wblditi nadd that SEAH BEEnéA%i 5555 & the process
flows fromdecision, block 302 to.degLsi C & Hd bsamleher m ned
whet her tﬁé"lbrlaﬁc‘PP‘Fl%tega QnIESPrngﬁbsllgﬁgﬁ"blggl %egggd&@%nch is "Not
Taken", i@ the,bragghchsL) SkaruaNNetr régkdat,. tFhepiowasdh T8 to bl ock
308. No alMocdtion is perforned into the BPT. V\henha br%&diénhi nted as
strongly Heifdmh@bionhésbrasdhte VROSLSOTESY SLAGED BISHIIEa Thto the
prediction table, because_th faul AN P I f6r alREBHYy may
"not - t akePETHOWRTEP " | Of"hgga&' %%dhttlhgbt aken,rptﬁcea process flows to
deci si on R oGk 3iPedWigtl thel tygiest rd i eich fishaatairoth rasffe®r | 8RBf a " CALL" or

"RETURN' type.” I'f the branch is not of a L, or, . RETU y Rrocess
flows to ljmedigtionhasemare -TAGLteT @pd&&@l&. frhﬁ}éei%@s%résga g%g(% branch

is very likel o b e S i . st PierNak eftie cese, ofne taedd irot
wast e spé?:‘ésgﬂét ﬂg‘%gP%%téoﬁssthrep{fh%aﬁiastory. If the branch is of a CALL or

RETURN ty 4 Buecess flows to decision block 313 where it is
Fore

det erm ne ether the hranch js of. a L.Ly eqkkaraireg of a
CALL type, theBHpre¥ess fiford 45 Bt %%e??b%{’higw and the TAC are

updat ed. Tﬁ%gi SHE' Bl SlLlod N GEPIRION: y5e 1 7t Be OpPoTe260 T MMBDHB 7116
PCT/ USOQY 11 Inti e]fl ized to "1111", and the SP/U bit 242 is 588388 ! -
block 314 where the same actions, as the actions a

312, are taken with one exception. The TAC is not updated,
pecause RETURN addresses are predicted using the RSB

instead of the TAC.
In the previous detailed description, the invention 1S
described with reference to specific embodiments thereof.

1t will, however, be evident that various modifications and

changes may be made thereto without departing from the

broader spirit and scope of the invention as set forth in

the claims. The specification and drawings are,

accordingly, to be regarded in an illustrative rather than

a restrictive sense.
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BPT is updated to record information regarding the branch type, suc @Ermm
CALL, RETURN or regular. The branch type information is used to upd

ot her branch prediction structures. For exanple, the return stack buffer
(RSB) may be updated with the "type" of information after the prediction
is made. After a "CALL", the return address is pushed onto the RSB. After
a "RETURN', the top of stack is popped out. However, if at decision block
313 it is ter % that the block is of a RETURN type the process fl ows
to block 314" %f 8W§’tﬁe same actions, as the actions at block 312, are
taken with one exception. The TAC is not updated, because RETURN addresses
are predlched uglng the RSB instead of the TAC. In the previous detailed
descriptio THPBHEFON 1°EP "R cribed with reference to specific

enbodi nent s t henéahch predictidnlthbie eigyer, be evident that various

nodi fications a cha e the eto 1 £ hau rting framthe
broader spirit éﬂﬁasgﬁ'ﬁg’ga“ﬁlf‘ e‘tt\F/YetE?tr‘l’tf o g'ogéFdft?r‘P C”i‘%‘eﬁ?lﬁéa gﬁaﬁ‘ihrfﬁ The
speci fi cat preficR thkew,and mgﬁtoq.r.egxstexaza@mmst@whfomtlm regarded in an
illustrative rather, than  a restrb %gwaense 1

claimed is: 1. APHAKHEpyRIaELEHO € e said B‘F%ﬁ%%ﬁdeﬁgét?m“’fvabl e
havi ng, atrdgRastan@ne branch entry that i ncl udes a predlctlon fleld to
i ndi cate whether a b aFch ig Frgqi ted taken, and a é er to
store history | AFOPRISE PBRiG2 GRLFFAMathenfinries iFetey o abraath 9 ‘?‘St updat e
sai d predi pletliofed klagdallyand sai d history register, and a conpiler hint with
a first field that when asserted indicates that a branch is strongly
predi cted statically.

2. The microprocessor of claim 1, said compiler hint further including a second field that

when asserted indicates that a branch is predicted taken.

3. The microprocessor of claim 2, said prediction field coupled to said second field of said

compiler hint.

4. The microprocessor of claim 2 wherein the prediction update unit is prevented from
updating the prediction field and history register when the strongly predicted statically field in the

compiler hint in the branch entry is asserted.

5. The microprocessor of claim 2 wherein the compiler hints are generated by a compiler
after profiling an instruction and the hint is encoded in the instruction for later decoding by the

microprocessor.

6. The microprocessor of claim 1 further including a pattern history table coupled to said

prediction update unit.

7. The microprocessor of claim 1, said at least one branch entry includes a strongly
predicted/unconditional field to indicate whether a branch is one of a strongly predicted branch

and an unconditional branch.
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2. The m croprocessor of claiml, said conpiler hint further including a
second field that when asserted indicates that a branch is predicted g¢T 2003
taken. 3. The m croprocessor of claim2, said prediction field coupled to
said second field of said conpiler hint. 4. The mcroprocessor of claim?2
wherein the prediction update unit is prevented from updating the
prediction field and history regi ster when the strongly predicted

statically_field in.the co er _hint in the branch entry.i.§ asserted. 5.
The i cr oPoces bt MSTOIRrERH O a7 o L BERFEP PR el el sBRERLE od by
conpi l er  adid fifst 1O daid@mphleribB bfaved. i on and the hint is encoded in the
instruction for |ater decoding by the mcroprocessor. 6. The

m croprocessor of claiml| further including a pattern history table coupl ed

Ito sai d pg.edi Cgh@midd@ﬁ@feﬁloﬂdiﬂcﬁajm 7, sa?Elha@lelﬁét(t‘ah@ﬁrﬁlgi_h%ﬁﬁjg;ncmfies(hljf&ild_‘ﬁhaic?ti&;gl! dI gt

east one brapch entry jncludes a str y . predicted/unconditional fie

to indicat é’hﬁg‘(’itsﬁ’érbra&db’rsé’ﬂftﬂfdﬁQAUnZLEJ%nRgL%q@ﬁﬂFW% edi cted branch and an

uncondi tional branch. 19 3 OCT 2003 8. The m croprocessor of claim7, said

strongly predicted/ uncondition field coupled to said first field of said

e I
conpi ler hitht b BrBAFomoceT R0, WB&%@@%@S@SWC'&MW‘?? wogh Fidratcadst one
branch ent ByterniitddudeselPpredittedtakéning @ defBer oPRERDE moSE aRENEICHpE s One of a
CALL, RETURN, and regular type. 10. The m croprocessor of claim9, a target
address cache is updated when said branch is determ ned strongly predicted

taken and ip nerhé@icréfroc@ssorbslelaidn 0,Ghid dranEil pedictionpsble did athgetiidregRAE ESSOr
of claim 10, said branch predictjon . table and a tayget agddress,cache are
Cpdat od | sHePREh SHoPeEgER gt SRR Baty oo FRAIgBET SR ai g
predi ct i onpRodtediuhcvngditivnal Pieldslire baehtddenndaidibanah isfdeintiBedstiongle pediced, when
said branch is determ ned strongly predicted taken and of a CALL type. 12.

The ni cr opPSELRYH aGAL ™R 10 sai d branch prediction table is updated,
said history register is initialized to a taken type, said prediction and

strongly predicted/ unconditiaonal fjel re asserted nd .t he target
cdhress catfe | SPMBEBUETBtOUR | b s domr e feiedh WS ATy

pr egi (t; ted F}e%i@&lﬂ (ijs&ﬂiﬁalﬁﬁed & dglEled@ﬂrdeI pEpredidion Igtﬁstﬂihgp @&ﬂtﬁmﬂﬂlﬂﬁfndmfonﬂ Iﬁaidmd7, |
sai ranch predicti tabl e, an Target ' Address .Cache . ((TAC). are updated,
Sai 0 Spi U Frearsrd anihe i SRRSirand Shoathh i Sug Bt s el pEG o
a taken predicted taken and of a RETURN type.

13. The microprocessor of claim 7, said branch prediction table and a Target Address Cache
(TAC) are updated, said SP/U field is deasserted, and said history register is initialized to a taken

type, when said branch is predicted dynamic taken.

14. The microprocessor of claim 7, said branch prediction table and a Target Address Cache
(TAC) are updated, said SP/U field is deasserted, and said history register is initialized te a non-

taken type, when said branch is predicted dynamic not-taken.

I5. The microprocessor of claim 1, said at least one branch entry includes a valid field to

indicate whether said branch entry is valid.

16. In a microprocessor a method for allocating a branch, the method comprising:
determining whether a branch is strongly predicted taken by examining a compiler hint,

and
20



type, when said branch is predicted dynam c taken. 14. The m croprocessor

of claim?7, said branch prediction table and a Target Address Cache @T¥)2003
are updated, said SP/Ufield is deasserted, and said history register is
initialized to a non- taken type, when said branch is predicted dynamc
not -t aken. 15. The m croprocessor of claim1, said at |east one branch

entry includes a valid field to indi cate whet her said branch entry i's
valid. 16. In a.dicro dfor al atin t he met hod
conpri si ng: deffrenrlen?rﬁrl% 'S”OB@H@?MQF Rapgafa %?@9‘61%8 ré‘&"’ht aken by
exam ni ng aredignqmtlabjeaﬂiﬂmmgeeaﬁdreﬁi):aahm 2003 if the branch |s strongly

predi ct ed takenmatrl]aqilzﬁga%ilsﬁﬁfcgisf/gﬁ)ﬁdtﬁ%d%}tp&%‘da branch prediction table and

a target address cacC y register to a taken type,
and asserting aaperidg e picditidn fdldlaraing saengdt predigédumbatichietbidincondi t i onal
field. 17. The nethod of claim 16 further including, when said branch is
strongly predicted taken and of a RETURN type, updating said branch

predi ctionll.abl &he method ofdidimi 16 urehehinsludiny, wiegk4id Brandhds rohally @redicydd@akend
asserting s Oc} Q{Eﬁ% on field and said strongly predicted/unconditional
field. 18. nmet'h Pcla|m16further i ncl udi ng updating said target
address cache V\,hpmt:sgsadﬂ brimichipeddictisn déker m ned strongly predicted taken and

i s neither of ainn&l}};ig%ﬂnsto&yﬁ g%cﬁaitgkeayr?ﬁ’rﬁ" pe. 19. The nethod of claim 16

further including sal ally predicted taken,

updati ng sai d basertihg pricepiedittionrfieidodnl said siebng B pledic¢dyeitomddnaSridcache, and

deasserting said strongly predicted/unconditional field, and initializing a

history register to taken. 20. The nmethod of claim 16 further i ncluding,

i f said brahch iTbe dythadrofaddiinyl 6 Puréher intleding1omdatimgdamnargupdaﬁsmgclﬁaihdn biicanch
redi ction I i [E8S cac | izin i | story

Pegl ster t(b)lraﬁ(g]tlg {l&%}qa med sﬁ! d'Eg gcjs“étr(f | nedl aé]g s 161 ei,r 8fr-1 a ?ALL penor aﬁ@'ﬂ]l{“

predi ct ed/ ypeondi t i onal f| el d. :

19. The method of claim 16 further including when said branch is dynamically predicted
taken,
updating said branch prediction table and said target address cache, and

deasserting said strongly predicted/unconditional field, and initializing a history register

to taken.

20. The method of claim 16 further including, if said branch is dynamically predicted not-
taken,

updating said branch prediction table and said target address cache,

initializing said history register to not-taken, and

deasserting said strongly predicted/unconditional field.

21 A microprocessor comprising:

a compiler hint register including a first field, to indicate whether a branch is one of
strongly predicted statically and unconditional, and a second field to indicate whether the branch
is predicted taken; and

a branch prediction table including,
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21. A microprocessor conprising: a conpiler hint register including a first
field, to indicate whether a branch is one of strongly predicted 5 0CT 2003
statically and unconditional, and a second field to indicate whether the
branch is predicted taken; and a branch prediction table including, 21 3 O
C T 2003 at | east one branch entry that includes a prediction field, to
i ndi cate whether a branch is predicted taken, and a history register to

store history information, predjcti u el ec |veI date
sai d predicti on?flEas gpehmpch gy t Eltéricg'ﬂlays q?%r@‘{ %tlog ?mdsﬁ?ée‘mt’ he 6p %’Eessor of
claim 21 f pretifers tdkBﬁ;laHdih hngtoﬁy rpghtkuab@tofulﬁsttmwfmr&lah@m coupled to said

predi cti on update | qqgi ces | east

one branch entry eid'r‘fﬁg '&Pélgteé{méfo SSIr?&tI"S? lﬁpgﬁfa&‘ﬁg&} fff‘?@g.lﬁﬁ i Sﬂg\f’m@fyerle%f S

i ndi cate whether a branch is one of a strongly predl cted branch and an
uncondi ti onal b nch 24. The. m.cr.oproces aim?21 id.a st one
branch ent P@ in ﬁﬂlé%"%“?f’sgmfr izig"ﬂ ﬁrg'"aVéi’éﬁﬁ%ﬁ%eg’ah'S&o% iecﬁu?lgt}%’ﬁ%lgof a
CALL, RETURNdicaffhupdegldgyy. type. 25. The microprocessor of claim?24, said
branch prediction table and a target address cache are updated, said
history register is initialized to a taken type, and said prediction and

strongly psedi qhedfdﬂmﬁuagbbt bk 2 ) seiddslcast encisaeh emdy wkladestaBrorgihanch i S
strongly pre |c soly

ol aim2a 2 e AP RS wﬂw?tamh&thffsa%a%tseoae TESBngy SRURGAERRE O o

is initial iaﬂcﬁih indorliticakldimanky,pe and sai d prediction and strongly

predi cted/ unconditional fields are asserted, when said branch is strongly
predi cted taken and of a RETURN type. 27. The m croprocessor of claim24, a
target address aae hﬁcrb;ﬁ‘ﬂdﬁﬁkﬁﬁéﬁﬁhlmefhaﬁlai Idadp bﬁﬂlﬂmch sntrysinclodig layfiefsriedicating d

t aken and nei t her CALL 28 The m croprocessor of
clai m 24, & e’bﬁagﬂ’éwalbfsé’ﬂm éﬁfﬂéﬁlﬁ#&“@e 'J¥0% addr ess cache are
updat ed, said strongly predicted/ unconditional f| eld is deasserted, and
Zihgmhi:;f |O;; pr eglhg%ng%o;irg%ésﬁfs 3 y tm%94 saldq)ran grrédlg;l){&nethbh\e,\@n%na tgrag!:tdadck!)re%rl%&el S

are updated, said history register is initialized to a taken type, and said prediction and strongly

predicted/unconditional fields are asserted when the branch is strongly predicted taken and of a

CALL type.

26. The microprocessor of claim 24, said branch prediction table is updated, said history
register is initialized to a taken type and said prediction and strongly predicted/unconditional

fields are asserted, when said branch is strongly predicted taken and of a RETURN type.

27. The microprocessor of claim 24, a target address cache is updated when said branch is

strongly predicted taken and neither of a CALL nor of a RETURN type.
28. The microprocessor of claim 24, said branch prediction table and a target address cache

are updated, said strongly predicted/uncenditional field is deasserted, and said history register is

asserted to a taken type, when said branch is dynamically predicted taken.
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