REA STER MAPPI NG TECHNI QUES FOR EFFI Cl ENT DYNAM C BI NARY TRANSLATI ON FI ELD
The present disclosure relates to dynam c binary translation, and, nore
S5particularly, to an efficient technique for perform ng dynam c binary
translation froman instruction-set architecture ("I SA") with nore
registers to an ISAwith fewer regi sters. BACKGROUND Dynam ¢ Bi nary
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state of the art over
10 Given the amount of legacy software developed for PCs, based on the x86 ISA, attention

has been given to translating x86 to other ISAs. Recent trends in industry for both smaller
ultra-mobile PCs and more powerful embedded and mobile internet devices (e.g., smart
phones) are blurring the boundaries between these distinct markets. As a result, this
market convergence is creating great interest in DBT from ISAs that currently dominate
15  the embedded and mobile-internet-device markets (e.g., ARM (ARM Holdings), MIPS
(MIPS Technologies), and PowerPC (Apple-IBM-Motorola alliance)) to x86 (Intel
Corporation).
Binary Translation (“BT”) is a general technique to translate binaries built for one
source (“guest”) ISA to another target (“host”) ISA. Using BT, it is possible to execute
20  application binaries built for one processor ISA on a processor with a different
architecture, with no need to recompile high-level source code or rewrite assembly code.
Since most legacy computer applications are available in binary formats only, BT is very
attractive due to its potential to allow a processor to execute applications that are not built
and available for it. Several successful BT projects have advanced the state of the art over

25  the past decades, including Digital Equipment Corporation’s (“DEC”) FX!32, Intel’s IA-
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25t he past decades, including Digital Equipnment Corporation's ("DEC')

FX1'32, Intel's A~ 32 EL, Transneta's CM5 (" Code Morphing Software"),
Godson-3 (M PS architecture), and IBMs DAISY ("Dynamcally Architected
Instruction Set from Yorktown"). Mst of these tools aimat running | egacy
x86 applications on processors such as Al pha (DEC), Itanium (Intel), Crusoe

(Transne nd M PS PS. T nol ogi . SMost  of t ool s nmenti oned
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on-the-fly as the application is executed, i.e., at run tine,
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abl e t o thesedbdds sieh At moniing Yégagy x8ala)pliaatibristonvpmodessars auchpardplid (PDRE), t he user
with a sinple OS change to automatically 10 invoke the DBT for non-native

bi nar i esitanfiie (1edl)) ClltisvelyaeksttaPBld MIPRRMIRY TebhndRgied)s the overhead. The
cycles spent in translating and optim zing an application are cycles that
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Shs. - ROSEEeDt R b8 Do BR B LR BT fOB Kb o HaamHeiBe of t he
x86 ISA into the ultra-nobile and enbedded market segnents (eédgi. , Intel's
At om pr deedss tsrusuallst prafeared deeause [iés wprecgengra) (a.ti ablé & haadle ssfrvedifidng because
it may enable | egacy PC software to efficiently run on enbedded and

ul t r a- nebilé)englitawdrds transpaimney es thefuser wisiba single OSddphgdto20tdnmatichiése new
domains, it is also necessary to enable x86 to execute the enornous

sof var enfks eheaMBIT fBPhh-hdtivichRSRies. CURBRam dibadk B TR pardias &Bon ARM
(ARM Hol di ngs), MPS (MPS Technol ogi es), and Power PC ( Appl e-1 BM Mot orol a
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potentially running PC applications, u e able to

phone A5b e BPR-EREPY uille SEhBRERT R PE Ron BheRiRieo ThReaF s BB copi ng

DBT' s performance and _energy. overheads | ow. . _Although a variety of DBT
syst ens P4y ECHAERIGPHRGEREN thodme spent KB HangptivprtieIzatnnanda8¢ qualiteelit i on
flow First, a binary file created for the source (guest) architecture is
| oaded ithstrgsutempeade, Bbishiio ign of refladted Bothe exedutinmtipnearf ¢he temslatadargbat ed int o
target (host) 5binary code. This translation is typically done "on-demand".
I n 0% her wor dbe chdiRngesutict by a DBT are highly dependent on the source and target
ISAs. Recently, there has been great interest in expanding the use of the x86 ISA into the
ultra-mobile and embedded market segments (e.g., Intel’s Atom processor). From a user’s
perspective, this is very convenient because it may enable legacy PC software to
efficiently run on embedded and ultra-mobile platforms. However, for x86 to be adopted
20 inthese new domains, it is also necessary to enable x86 to execute the enormous software-
base available in these segments, which are mainly based on ARM (ARM Holdings),
MIPS (MIPS Technologies), and PowerPC (Apple-IBM-Motorola alliance) ISAs. For
example, in the future x86-based smart phones, besides potentially running PC

applications, it would be beneficial to be able to download and seamlessly run ARM-based

25  applications from, e.g., Apple’s iPhone App Store. Challenges to enabling this scenario
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code instructions are translated as the flow of control reaches them
Typically, the translation is perfornmed at the granularity of basic bl ocks,
whi ch are sequences of instructions with a single entry and potentially
multiple exits. Once a basic block is translated, the translation is kept
in a translation cache (also called code cache) in nenory 10 for future

reuse.  TheudRkpRIIISPSInftohRhce il eRBcPeTaRE Wi ferent | evel s of
optim zations. Followmng Transneta's and ot her DBT systens, these

optim zation vels are ter " rs' . FLrs e i tion
(Gear- 1) 1 (uBPetn el By P s G Shave BBl ihbs M RIBORKE' 20,
quality of the transl ated code. This _trade-off tends to be ideal for rarely
execut eda@gdasic sxrentigy flog. Fyst abapay ﬁiencrﬁ%‘écﬁof thesepree{gucst aﬁ%l“@ t 15
15probes (counters) to detect "hot" (i.e., frequently executed) basic

bl ocks. l@isd irfomrasekybSewinns ofthis squrcedniaary pee then ransdatediinétargs ffishy bl ocks
are nerged into a region. This region is then retransl ated by a hi gher

gear 5 Wity apfel. i'éds aatdidtioanatypptly dbzatdnedendnd”t heotbedeord3ths saaoe
strategy can be repeated for an arbitrary nunber of gears. For instance,

Tr ans metcgds insMiretions arel tRins a8 She fldh OF t&ftol réacB@AheAIBHicaNp iR ensur es
that, the nore a 20regi on of code contributes to the total runtine, the

more ti q}éﬁ%}ﬁﬁoﬁpﬁg%rﬁﬁﬁéﬂt%ﬁ@%a{lﬂ%ﬁ@ &%Qge%ﬁcké%tﬁéh { nguences ofThe set,

nunber, aggressi veness 0 ptimzations applied greatly vary from
DBT .t t her,. Typj imzati i nclude: | i ap.schedul i ng,
doad- codt 5 BAmEls ity dRt ATy b HHPRoET on R padt R i T ar to

static conpiler oEt i mzations, 25the set OL n%?st ailel evant optim zations
depends tgRslpised: the frgatlatipnds Kertdp g tianslginn saghs (Al callghpe eé%aclaegtm REAEY ons
though, in a DBT, these optim zations have precise runtinme information,
whi ¢0 cdor fosireiswde.t Shotpsti aggreissjie PRJusisiems peoldem difiwrentdeveldoisadvant age of
DBTs conpared to static conpilers is a much tighter optimzation-tine
budget . oBRInEAtiDESTRIIIBHIAINT EnsRAW (NES and foetad IDBES systuinsg thean bptfrazatién t he
claimed subject matter will be apparent fromthe follow ng detailed
descri pidRn £ 1SREQELIRIM FiGORANeR) QNEK LRI AW Beatdy is Dsdde SIAid dak afins
at being very fast, at the cost of poor quality of the translated code. This trade-off tends to
be ideal for rarely executed code, such as OS boot code. In Gear-1, DBTs also implement
15  probes (counters) to detect “hot” (i.e., frequently executed) basic blocks. Once a block
becomes hot, it and its correlated surrounding blocks are merged into a region. This
region is then retranslated by a higher gear, which applies additional optimizations to the
code. This same strategy can be repeated for an arbitrary number of gears. For instance,
Transmeta’s CMS uses four gears. In effect, a gear-based system ensures that, the more a
20  region of code contributes to the total runtime, the more time is spent optimizing it to
produce faster code.
The set, number, and aggressiveness of the optimizations applied greatly vary from
one DBT to another. Typical optimizations include: instruction scheduling, dead-code

elimination, and redundancy elimination. In fact, similar to static compiler optimizations,

25  the set of most relevant optimizations depends on the target architecture. Contrary to
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shoul d be considered with reference to the acconpanyi ng draw ngs, wherein:
Figure 1 depicts a nenory system consistent with the present discl osure;
Figure 2A depicts a flowhart of exenplary operations for a dynam c binary
10transl ator consistent with the present disclosure; Fi gure 2B
depicts a flowhart of exenplary operations for optim zing code consistent
with the present. .disclosure: . Lgure 3 depicts an exenplary contr ol
flow gr acp Be P%Irin hzaﬁ%nsrtgﬁ?%hl%? D Pih%@%?ﬁ’ti}m@@%th@&e B]i%lléeg‘P s; 15Figure
4 depicts_an exenplary optim zed target binary code bl ock, including a

pr ol ogue‘Pf%H’&Qij"t’fH%i%ﬂﬁ“@dﬁa‘ii {q ehiaighighst-apalgy codmelhegnpig ghradvariagesifent wit h
the present discl osure; Figure 5 depicts a flowhart of exenplary
oper at i 0ABT epmpaed i stater ccamplers isiamawoch tighthe optimetesion-ting udligety opt i mi zat i ons
consistent with the present disclosure; 20Figure 6 depicts an exenplary
optim zed control flow gBRIBF OHSGRIPONONTQF DRAWENGSnt rol fl ow graph of
Figure 3; and Figure 7 is a graph illustrating conpari son of

per f ar mance brAGREPIHIHIinEYRJT e LAIRRN ¥ubjEAnsdtRt Wom bk Aghdrd Fdnplack | evel
regi ster mappi ng and region | evel register mapping consistent wth the

present gj . I.ON . .faced by
Gynan ¢ ‘BSElrRfled bbbt M sen horepidha IR SERARIGRO T <
over head, c s mai.nly. fromrelatively frequently used features in the guest
(" sour canf TSR PRuifertd Wil Spletats o hrpramp y nE e WSS Y(heiPiget ") - | SA. For
exanpl e, when_the source-1SA has a larger register set than the target-1SA,
usi ng an ef f ildgWARt depisist Bemory syigisH erpsisteanvithdhaprgsent diselgbweers to the
target registers is inportant in order to reduce register enul ation

over head, e. dligumenodepiciee Bewelsart dthixemiptarp aptraterseot g dymmpdc banaty f or
target-1SAs such as x86 and x86-64, which have a relatively small nunber of
gendnal pianplase tomiegr fwithaé pteséis d{el@ure; 8 and 16) conpared to other | SAs,
e.g., PowerPC, ARM and MPS that have 32 registers and Itaniumthat has 128

registers.  Figure 2B depicts a flowchart of exemplary operations for optimizing code

consistent with the present disclosure;
Figure 3 depicts an exemplary control flow graph including a region of frequently
executed code blocks;

15 Figure 4 depicts an exemplary optimized target binary code block, including a
prologue, body, jump on condition and at least one epilogue consistent with the present
disclosure;

Figure 5 depicts a flowchart of exemplary operations for executing target binary
code blocks, including optimizations consistent with the present disclosure;

20 Figure 6 depicts an exemplary optimized control flow graph corresponding to the
control flow graph of Figure 3; and

Figure 7 is a graph illustrating comparison of performance benchmarks of dynamic
binary translation including block level register mapping and region level register mapping
consistent with the present disclosure.

25 DETAILED DESCRIPTION
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10The regi ster mappi ng problemis aggravated by the fact that the optinal
mapping (i.e., the mapping that results in the snmallest overhead) is highly
dependent on the source binary code sequence, and thus it varies from one
portion of the code to another. ldeally, each code region should use the
regi ster mapping that is optimal to it. The present disclosure provides a

system and ng{ F‘lgaglgisigé‘ﬁaggd’!éi g%ﬁag?ié’ b Rads RGO BBTBVE the RRHRAE thatRPPI NG

The net hod inc nary “‘code bl ock 1 n’a region, mapping at
| east sone [

of ..t.he st, frequent |y accesse our [ [ i rsin
the regi'dA"t ol pi3P Z{;%Beaﬁlrcé’géeg Jgpnly gfb"un% feiel]‘ %Yegﬁ'%ee&{lr?%@}f 8?@&%%%%? I"i/ﬁ%cgil ésgs ed
source processor registers nmay be determ ned fron; be(s), including
count er & SoupRsT ehEhi@bargineheastly &!@@p@ftottg%%st& bt?rrgﬁgbfq%‘gd gg’ﬁ ‘c’)’fqn@g%dﬁb‘inn gto
bl ocks of source binary code. A block of optimzed 20 target binary code
may t herthbsugesnlSrabasd lhtger wgiteriskidbin die targelr B, ysingap céladentiregigier egi on
sel ected for optim zation. The bl ock of optim zed target binary code may

i ncl ade naapping fogti¢he Dubedygisten todhagrder spistat adnporincten brdeatyredode, a junp
on condition and at | east one epilogue. The prologue is configured to | oad

mapped Qfqi SBRPREMAalibY Svdriealells S hRhfory AcelRs. TREIOPartidllgrly Hiporait fndi tion is
configured to control flow based on whether a 25 branch at a boundary of

the bl 0%&'g§t|h$§‘8$ﬁ§f %slgv%(%ﬂ%niﬁ Xl%ﬁ%?lh Lhidhhade Q?é{l&ti\@é% Ig’lf%lé gg@g%‘ d;’;l ch&}§1- region or

to a ne nar e region. e e configured to
junp to a block body.if the pex i nar %iock i Sohkn the,regLen,qr,to a
begi nni RYREFIHESCH ESEISIEF (e BP‘&)& chm;%/aﬁ tr?é&}?erE?‘h%zreyg'gﬁ)% 6%i)lesA in the
regi on. Beginning may correspond tg a Erologue of an optim zed target
bi nary epdMIBSJka hawe dherders pedlteHudrthatdhag A28 Hebts™hi zed 5target binary
code block. If the next binary block is not in the region, |ive-out
regil8t er s f ofThemegisteginappin@probéens ismgethvated g e fact thavithe paig@elmbgpingrenor y
accesses may be reduced
(i.e., the mapping that results in the smallest overhead) is highly dependent on the source
binary code sequence, and thus it varies from one portion of the code to another. Ideally,
each code region should use the register mapping that is optimal to it.
The present disclosure provides a system and method configured to provide region
15  level register mapping. The method includes, for each binary code block in a region,
mapping at least some of the most frequently accessed source processor registers in the
region to target processor registers. The most frequently accessed source processor
registers may be determined from probe(s), including counters, implemented with blocks
of target binary code corresponding to blocks of source binary code. A block of optimized
20  target binary code may then be generated for each block of source binary code in a region
selected for optimization. The block of optimized target binary code may include a
prologue, a body including translated source binary code, a jump on condition and at least
one epilogue. The prologue is configured to load mapped or mapped live-in registers for

the region. The jump on condition is configured to control flow based on whether a

25  branch at a boundary of the block of source binary code is to a next binary block in the
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by | oadi ng mapped or mapped live-in registers for the regi on when crossing
regi on boundaries rather than each tinme an optim zed bl ock of target binary
code is executed. A nmethod and/or system consistent with the present

di sclosure is configured to 10 provide region |level register mappi ng. The
regi ons nay be rel atively conplex For exanple a region may include

arbitrar op . nest t|o

mui't1 pr el B ALE n?’%i%%aéy 3%5&18%&“ tf*%aeﬁma Progg %ﬁ&?%ﬁ@&ﬁ%ﬂaﬂ@b
skilled in the art. | n another a region may. include target binary
code bl o@l@sble‘g? by brhgingyt igars black qkrl%autéff BYgaor pIg adicapmingenighe nﬁfm%tqam e
possible entries into a | oop. A region may be 15 forned of conti guous

and/ or nblaclednid raxo binaryablgek ismontr the cagdien. PBegitEng may corrgpgud ® 4 depi cts a
system 100 consistent with the present disclosure. System 100 includes a
pr ocessopro{ogGPbl 3n dfiRnieedifak g binarysysle dio ke ranythdiGdgion be teystiptihigedray

i ncl ude cache nenory 105 (which may be included with system nenory 104)

and/ ar 5@@ BiRaRaddeBIRKY 1f4Ad neﬁlbmalrﬁmot«,fa iCRft ReHIRERLY, IRMLWTRAI&ES QY
sof tware U 20102 may include a plurality of processor regi sters

1061, 101dbion may BOGofly lgg}léﬁ&g ;x[%wm&ge%uslg,wgglg Sw ayﬁsre%u&)-&r ality

of core processing units erel f h g core") and
each coreg e be co ured o execute ur al 0 t feads. System
morory 184ORLY2 H@BP“L St S AR S fordt Tedto ot agiire ‘eebnar y

transl ation system 115 and a host operating system ("0S") 120. The dynam c
bi nary thodpdarisirgheriban each imeran optimizedtblogieok f&f&jébmﬂim‘é\dy ivoweuslock(s)
112, dynami c binary translator code 114 including a register mapping
modul e 116 anilhethasloud e syséerh sbesistettovitigthe plBentThsslossmuis cenfidunad tp
application 110 may include a plurality of source binary code bl ocks

cor 1nes pguavidgrdgtoralesd uegi stel happinfleThefegiins Biaydetclaaody Bb@pleks Fogor r espond

to a target |ISA. A source binary code block is a sequence of one or nore
i nstructekamplel AalgidshdR%ude arbitrary loop nest(s), i.e., arbitrary combination(s) of
loops, e.g., multiple siblings inside a parent loop, as will be understood by one skilled in
the art. In another example, a region may include target binary code blocks corresponding
to an irreducible flow graph, e.g., multiple possible entries into a loop. A region may be
15 formed of contiguous and/or non-contiguous target binary code blocks.

Figure 1 depicts a system 100 consistent with the present disclosure. System 100
includes a processor (“CPU”) 102 coupled to system memory 104. The system 100 may
include cache memory 105 (which may be included with system memory 104) and/or
scratch-pad memory 107, similar to cache memory but managed by software. The CPU

20 102 may include a plurality of processor registers 106-1, 106-2,..., 106-m, collectively
106. CPU 102 may include a plurality of core processing units (hereinafter “cores” or
singularly “core”) and each core may be configured to execute a plurality of threads.
System memory 104 may host a source binary application 110, dynamic binary translation

system 115 and a host operating system (“OS”) 120. The dynamic binary translation

25  system 115 may include target binary code block(s) 112, dynamic binary translator code
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5 e.g., ends wth, a branch instruction. A target binary code block is
configured to include functionality of a correspondi ng source binary code
bl ock. An optim zed target binary code bl ock may include functionality of
t he correspondi ng source binary code block in a body of the optim zed
target binary code block. The optim zed target binary code bl ock may

i ncl ude 16}@?&%1&&1%11%5 %ﬁ@é@}ﬁﬁ% g%du@% 16988/0ok Qﬁﬁc&%?ﬁie&‘ stolfpthagt et binary

code bl ock(s or In an area of system nenory designated

"code cache" . 111. de. ¢ e 111 be under.sto rage. for target

oi nar y coHEeBaBk RS 10 ol s e S BEE o BRI TEBE bl ck( D) 112
t hat have been translated from one or nore cqrr ondi n ource bhinary code
bl ock( s)corrgFRondingite AspERe F3A-1 b4 aget ety %@&%&@ﬁ%f’%@%n@ {of lgeet11s
configured to | oad/store data to/from 15 processor registers 106. In sone
enbodi ndfs A sartebineysoge bosk iraiegnense vipahopadrensstitofionothakingludenf i gur ed
to | oad/store data to/from processor register(s) 106. Dynam ¢ bi nary
t rans| ateqs., éhddevithl4 banch sgustion. Aaperignagdoleblbilbismyfiperedxetuwteld by one
or nore cores to operate on source binary application 110 to transform

bl ock(s )fuﬁEtioaglﬂg%%alebﬁ@gpbn@iﬂg sb&at bRaryldde BR. 1 @himibed@arget 6pEe; bl ock(s)
112. A source 20 binary code block may be translated into a target binary

code bl qgk. HKOAR:EAdNae ﬂugctg&ﬂﬁ{;yy&gﬁéjéorﬁsg@(ﬁl?%g(ﬁl?cemiﬁégré/%ofwgﬁ)cpH)gromiy be

transl a arge I na ode respon to a ca

execute the hinary bl aock rather thap statjcall L, e. rior ryn tine.
The taré@pyﬁPﬂﬁfvﬁgﬁﬁ’tﬁﬁgE HW§§05$EWC%9&QT8@@ﬁﬁF%Vg§§§’ %%%%ﬁ§o 4 in the
code cache 111 and provided to CPU 102 for execution. Transform ng bl ock(s)
of sour deaybnpltdeaddidenad Gnchonality, as dessaibcdpetsiy code bl ock(s) 112 may

i ncl ude mappi ng one or nore source registers to one or nore target
regil8ters, e.Tie targetdoessorde dgrlesel (2shay bSstotsdgrdn atealod s¥stern mayaaty on
frequency of register access for the region. For exanple, the source-1SA

may i ncldeglendysd seode cacherdil 5t €bde edttle tt hEntagibg @bddrSBoday storugk ieketafdet t ar get
registers, e.g., registers 106, where Nt is less than N. 5Figure 2A depicts

a flow %%%;&%2015&5(5)@ 18y e RinAE Yar%ét%r?%@de bId&1&s)ONertRAt NS b&dn f | ow

chart 200 _ ~perforned by dynam c i nary” translator code 114. Program
]Ic lt O}NS rrg Iglﬁl?i%%g £t Qner oercn"?('n%tco%]:esp%nﬁﬁlglsoﬁr%e %ﬁ%?féo%e%é@fs}f. §4d @ys%lﬂ ck(s) 202.
memory 104 may host source register storage 118 configured to load/store data to/from
15  processor registers 106. In some embodiments, cache memory 105 and/or scratch-pad
memory 107 are configured to load/store data to/from processor register(s) 106.
Dynamic binary translator code 114 and register mapping module 116 may be
executed by one or more cores to operate on source binary application 110 to transform
block(s) of source binary application 110 into target binary code block(s) 112. A source
20  binary code block may be translated into a target binary code block dynamically. In other
words, the source binary code block may be translated into the target binary code block in
response to a call to execute the binary block rather than statically, i.e., prior to run time.
The target binary code block may then be stored in system memory 104 in the code cache

111 and provided to CPU 102 for execution. Transforming block(s) of source binary code

25 110 into target binary code block(s) 112 may include mapping one or more source
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that prior to the call to execute binary code bl ock(s) 202, source binary
application 110 has been | oaded into system nenory 104. At operation 204,
whet her the one or nore target 10bi nary code bl ock(s) are in a code cache,
e.g., code cache 111, may be determ ned. Each target binary code bl ock
corresponds to a source binary code bl ock of the source binary application

110. If the . target hinary code.hlock(s) are not.jin od che

oper at i o}r?gg%satr?g)ﬁl N8N gar%egéﬁgéﬁgﬁ (?1%’ % Iiggesg%wg]g{eﬁﬁsﬁ] g(?@ %ﬁfge@% geia?)tdﬁ( s) into
target binary_bl ock(s), Inplenenting probe(s) and storing the target binary
bl ock( s)Paéh%}y ’{5?‘6188%9‘)%15%65 acesyier Irsging. %%%mmkaﬁhq WIFSnSheRiahe
configured to be relatively fast. For exanple, probe(s) may include

count er (igyludonk pepuecgeisteraanditha itarget-184umay wilude Ny tesget redisteisneg., a bi nary

bl ock is executed. Source processor register(s) nmay be mapped to register
st or age, regisgrs 1@ouhee N dgless than Nyor age 118, in system nenory 104, cache
menory 105 and/or scratch-pad nenory 107. Program fl ow may then proceed to

oper ation 21Igjghe 20P&AdE 8 MoRdchart28b TaNShAiete 6898 RIRGK:SIrhEBYetfons

executed. If, at operation 204, the target binary code block(s? are in the

205, vt s SRR AL edhy Eggcfﬁigﬁ"i’%gii%%ﬂﬁé‘?%ﬂ%lr%é-d Prfulher e
h hol.d h .each 1. , [ ,
e et R e R T B A

execut e code 25 blOCkéﬁg' For _.exanpl e, a count may be increnented each tine
a bi nar yh¥IseK tq the salbtq gxequte bigary prdedonk(s) 203 crruscedipay appligatipm o has

t hreshol d, then the probe may be configured to return programflow (i.e.,

br anch) heen tdadediintasyistenbinganoyy 1 04anat ereoation04f whetherthp poc esmbregargthe
predeterm ned threshold may be configured to indicate a relatively

f r eqOenthinarg xedableck(Hi adainya fddeckichidyalg., koye &rnel i 1, thayowe @pdrhithedatien. | f the
t hreshol d has not been reached, 5programflow may proceed to operation 211,

execute t&r?@trb‘ihﬁf& REdEHIIE: BARGKERs o hisote pilihesfaR b RAT (RESRrdaREREd,

program flow may proceed to operation 210, oOptim ze code. Optim zing code
210 is : | ted . I eq| 0 tio reqgister mappin as
describ%@ %@gﬁﬁ?o ré%?%%#?ﬁ%ﬁﬁﬁ%ﬁﬂt‘é% F§g§g§9ﬁ§<€p%$%>ﬁa>e TP%QQecute
transl ated .c | o

may 1nglgge t?ans?al%ﬁé)the source binary code block(s) into target binary block(s),
implementing probe(s) and storing the target binary block(s) and probe(s) in the code

15 cache. This translation may be configured to be relatively fast. For example, probe(s)
may include counter(s) configured to maintain a count of a number of times a binary block
is executed. Source processor register(s) may be mapped to register storage, e.g., source
register storage 118, in system memory 104, cache memory 105 and/or scratch-pad
memory 107. Program flow may then proceed to operation 211. At operation 211,

20  translated code block(s) may be executed. If, at operation 204, the target binary code
block(s) are in the code cache, program flow may proceed to operation 208.

At operation 208, whether a threshold has been reached may be determined.

Whether the threshold has been reached may be determined based, at least in part, on the
probe(s) implemented at operation 206, in response to a prior call to execute code

25  block(s). For example, a count may be incremented each time a binary block is executed.
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10Fi gure 2B depicts a flow chart 210 for optim zing code consistent with
the present disclosure. Programflow may begin at start 212. The operations
of flow chart 210 may be performed by dynam c binary translator code 114,
i ncluding register mappi ng nodul e 116. At operation 214, a search may be
conducted for neighboring binary bl ocks that neet and/or exceed an affinity

thres holI@theN%hme&thg pRIJBRFMinRH AFKsholBYhdRahé Blodk athytte dohifgde®td@knbl ock
that triggered the code optim zation. For exanple, nei ghboFing binary

bl ock(s) fi ftgr, the
bi nary ﬁr%émtqﬁa‘iagr |bg%%rﬁ E?t?ﬁg%(l:o ‘S%H{ f%h"g Olpfu ﬁkltél%F R{)g%sh‘% bl:%nary

bl ock(s) be co erin bl oc and/o may be
rel at ed W?@%’%@Wﬁ@f@é‘?ﬁﬁ &Pg} igtlo By gf&ﬁ&ﬁe ¥ rﬁqa?ﬁs AFFYERT ¢y ’
between or within binary bI ocks may be understood as a correlation in 20
li kel i hddrprpblosk datmaybengfittiiam ppimization. ol ke thiesholdybappptebecs prackeshr el at i on
may be due to branching fromone binary block to another binary bl ock. At
oper &t i gmogtdf, fleaw magipooreedio dreention 11 pexeede itaoslatdd ngdadbdithorIT thy b| nary

bl ocks that meet and/or exceed the affinity threshold.

oper at i Qhredield has bR RRICh&S, pAsiefs TR MBY pRRedPloapetatiod 2 0roptiatife asmr ce
regl ster 25accessed in the region. An Instruction in the region may use,

i.e., Qggmfu&eg]coae §Wfs%‘3nﬁ%fr9&l ﬁ)tfﬁﬁ‘lud@%&{ form¥tisedddegister ﬁlappﬂ’@' i€ to, a

sog;ce r f| st Eegl ster access, I.e., register usage I ncl udes usi ng
t d I
G TR R L S T TR R L

regi on fornEd at operatl on 216 may include one or nore b| nary SCode

bl ock( s )OI Bk, incl udi ng a count of the number of executions of the

bi nary bl ock, may be associated with each binary code bl ock. For each

bi ndPy bl ock Figure dBisepictsta flegickae? 1 G eptimizinmgodseconeistentvite thetiaeseat on t he

count of the nunber of executions of the
disclosure. Program flow may begin at start 212. The operations of flow chart 210 may

be performed by dynamic binary translator code 114, including register mapping module
116. At operation 214, a search may be conducted for neighboring binary blocks that meet
and/or exceed an affinity threshold. Neighboring binary blocks may be related to the

15  binary block that triggered the code optimization. For example, neighboring binary
block(s) may be configured to be executed just prior or just after the binary block that
triggered the code optimization. Neighboring binary block(s) may be contiguous with the
triggering binary block and/or may be related to the triggering binary block by a branch or
jump. Affinity between or within binary blocks may be understood as a correlation in

20  likelihood of execution of the binary blocks. For example, the correlation may be due to
branching from one binary block to another binary block. At operation 216, a region may
then be formed including neighboring binary blocks that meet and/or exceed the affinity
threshold.

At operation 218, a number of accesses may be determined for each source register

25  accessed in the region. An instruction in the region may use, i.e., read from, a source

9



bi nary bl ock, the instructions in the binary block and the registers
accessed by each instruction. The total nunber of accesses for each

regi ster accessed in the region may then 10 be determ ned by summ ng the
nunber of accesses for each register in each binary block in the region.
Figure 3 depicts an exenplary control flow graph 300 including an exenplary

regi on 305. of .. Thecontraol .flow graph 300 ifcludes five blocks of
code: ol otk STBF mal SRR, Sl ST R SR e e BrEEk e aso.
Each bl ock has %P 15asso 'at%g,co nt 312, 322, 332, 342, g52 cqrrespondi ng
to the nifBerNdides igagAPERE dGniphBICHPHURT RRAUYFMMMNDAILEC 65198 2pr obe( s)
i npl emrented, e.g., at operation 206 (Figure 2A). For exanple, Block A

Bl ock C tatadin@nberofBcesssds o gach spurcggegisicningte tagiom: of t en, Bl ock B has an
associ at ed count of one thousand and Bl ock D has an associ ated count of

ni ne hundr ed Firreaniple) the trédion Exaepheopeitionk? 1B mayinblade onedr mbe binary
predeterm ned threshol d, 20described with respect to operation 208 of

Fi guse 2#de bl&k(,cs:).BA $bBirctuding 4 8614 BF 1h¥ nBxBEHS L SRIINS Bf ReNAfiaty 6RIER, DI ock.
Bl ock A, Bl ock and Bl ock D may be neighboring blocks relative to Bl ock B.

Oper at i 4 . El : nei i fad, et/ exceed
af fini t)c/}H %fh]%ee%sgé?%%&]wé@ eélﬁé %g%{%gﬁfbngB?gg%aEb?dsw}émr?glﬁ’gi%or| né)?gour ce

bi nary code bl ock t hat ets or ,exceeds,the affjinity threshold rel.gtive to
Bl ook B TEAT HRERES Mk P B TRt BT S0aps Bl phbRitbek e RHEutrs o Beeout | on
of a frequently execut ed source binary code bl ock and a_nei ghboring
source BIpAY iﬂoebdée HisgERtionsgn Hteﬁé?armmg,311@[[}%5»‘61%%18&%0@35?%%?4%| y high

| i kel i hood of execution (count = 1000). Block D also has a relatively high

| i kel i haoedrustiomx Elaitotad munbeueiiaceess@0pr edchirkgbtchamdssed irethe cegivpmniay itlenus ed
because count information is historical and future execution frequencies
may 10harigeletebhined Iblylseminting theafuntbee 6£iddcosseofor Bhelck gister $n éhadiedy block he

| i kel i hood of execution of Block B, e.g., based on the branches between

Bl ock Bigp Bbiggk D. In other words, the Iikelihood of execution of Block D
is correlated with the |ikelihood of execution of Block B. In this exanple,

of the five tﬁé{ﬁg§ d%ic%%‘ﬁ%xex%%%c&n%ﬁ‘ﬁo@ é%&;%‘h R)(Wn&ltﬂld{n%l a?lteixg&loi’éry
region 305 of code. The control flow graph 300 includes five blocks of code: Block A
310, Block B 320, Block C 330, Block D 340 and Block E 350. Each block has an

15 associated count 312, 322, 332, 342, 352 corresponding to the number of executions of the
block, determined based on the probe(s) implemented, e.g., at operation 206 (Figure 2A).
For example, Block A, Block C and Block E each have an associated count of ten, Block
B has an associated count of one thousand and Block D has an associated count of nine
hundred ninety. In this example, Block B may have met the predetermined threshold,

20  described with respect to operation 208 of Figure 2A, i.e., Block B is a frequently
executed source binary code block. Block A, Block C and Block D may be neighboring
blocks relative to Block B. Operation 214 of Figure 2B, search for neighboring blocks
that meet/exceed affinity threshold, may yield Block D. Block D is a neighboring source
binary code block that meets or exceeds the affinity threshold relative to Block B.

25 Affinity corresponds to a correlation in likelihood of execution of a frequently
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10hi gher execution frequencies (i.e., counts) of 1000 and 990,

respectively, and that neet or exceed the affinity threshold, are included
in the region 305. Instructions in Block B access registers rl , r2, r3, r4
and r5. Registers rl and r4 are defined (witten to) and registers rl, r2,
r3, r4 and r4 are used (read from. In other words, for each execution of

Bl ock B,oxblyt@Skét ‘tﬁﬁzﬁ | ngfﬁl%@gaﬂd"é ﬁégl%lﬂm%@@u&@ BRiaf OlcBEKS IR bEheRl € €ach

accessed once. 15Accor B, With execution frequency 1000,

I dr4 d 0 d th h
20 B SiEAR S SRR PR BR T R P Thgyd © o

register r2 tw.c read and one wite ! e once (a read).
Accor di fgF§) rel?*é)YC%BF‘ kEbhh%dt expritian é‘Eﬁ}‘Pi o%g&r egg]é%@?o%f’? oergut 19“% $s

accessed 1980 tines and r5 is accessed 990 tines. Therefore, for the region
305 t hatusthbicausscoBhookorpeBomischigpde aml futireieseeution dsatensiasaray chonga000
tinmes, r2 is accessed a total of 2980 tinmes, r3 is accessed a total of 1000
tinmes, rkheilkedb@rissedeautiontofBladk HM@Iatddrtesheaﬁlcblimod sf accetsmed Blotlot al of
1990 tines. Sorting the registers, by the nunber of register accesses, from

nost 1 efuentdarePGERR Bethches bRRedn BloBk BEMI Blo@EDE IS Bther Wollsdfhe 12, rl and
r4, r5 and then r3. Turning again to Flgure 2B, at operatlon 220, source

regi st en&k Hﬁc}'odbo%egﬁmﬁg%ggfc@ﬁﬁ trre[ &1 whi bR 111(%9H5&?01f &gﬁﬁ{o%rc(fﬁl ck

correspon Ing to accesses, 1.e requently
accesse for the region my be napped to target reglster(s). For exanpl e,
the target |1SA may have Nt target processor registers and the source |SA
may have Ns source processor where Nt is less than N.. O the M

t
target procedddus pxgnle.«f she ff\l"%‘%baﬁgﬁﬂﬁ?s BlotkeB rad Blegkd? with ralkEvelyN i s | ess

than or equal to N Cbntan|ng 5with the exanple illustrated in Figure 3,

i f MOi s higheeexecttienfre@minsiee (is.,rdopunts Pofalii0 Fiad R0, rhspentaygbdint dhat anegber
processor registers for the region. Registers r3 and r5 may not be mapped
t o tar gekcdetdeesialty (egihold hfe iaclddedin, thé keief 305, Inbifuctiony inddieck Brom nenory

as needed. In sonme enbodi nents, the nunber, N, of target processor
regi st eng.RYRltAN £1, k913, t4 and r5. Registers rl and r4 are defined (written to) and
registers rl, r2, r3, r4 and r4 are used (read from). In other words, for each execution of
Block B, r1 and r4 are accessed twice and the remaining registers are each accessed once.
15 Accordingly, for Block B, with execution frequency 1000, r1 and r4 are each accessed
2000 times and the remaining registers are each accessed 1000 times. Block D includes
one instruction that accesses register 2 twice (one read and one write) and register r5 once
(aread). Accordingly, for Block D, with the execution frequency of 990, r2 is accessed
1980 times and r5 is accessed 990 times. Therefore, for the region 305 that includes Block
20 B and Block D, 1 is accessed a total of 2000 times, r2 is accessed a total of 2980 times, r3
is accessed a total of 1000 times, r4 is accessed a total of 2000 times and 5 is accessed a
total of 1990 times. Sorting the registers, by the number of register accesses, from most
frequently accessed to least frequently accessed, yields: 12, r1 and r4, r5 and then 3.

Turning again to Figure 2B, at operation 220, source registers may be mapped to

25  target registers. Source register(s) corresponding to the highest number of accesses, i.€.,
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10 mappi ng may be | ess than the nunber, Nb of processor registers of the
target I1SA. In other words, one or nore target processor registers may be
reserved for instructions that, e.g., use or define unmapped source
regi sters. For exanple, one or two target processor registers nmay be
reserved for such instructions. Table 1 includes pseudocode

correspondi n 0 _0on exa e.fgr determ |n to .nunher_ of register
accesses ﬂ]e O%E%?:(Hleg F‘%Cg gﬁog ﬁ}?rr CPIAn glaly i ?f?pg Fei%suﬁ odi%e
registers to N target registers. TABLE 1 find_opt reglnap (region R of
sour ce cOHEPls, the targshkS4y may bave T&gta@teépropessw registespnddhe seureq BSéemaye do

usage[i].count = 0 usage[i].reg =r i =1i + 1 for each block Bin R do
25for eduive Nasoulrg@ piosessTt regBtedy wWhere Nais fess dgindYe Ofitheibetirdey ptocdssor

registers, N may be available for mapping, where N is less than or equal to N;. Continuing
5  with the example illustrated in Figure 3, if N is three, then registers r1, r2 and r4 may be

mapped to target processor registers for the region. Registers r3 and r5 may not be

mapped to target processor registers and may, therefore, be retrieved from memory as

needed.
In some embodiments, the number, N, of target processor registers available for
10  mapping may be less than the number, Ny, of processor registers of the target ISA. In
other words, one or more target processor registers may be reserved for instructions that,
e.g., use or define unmapped source registers. For example, one or two target processor
registers may be reserved for such instructions.
Table 1 includes pseudocode corresponding to one example for determining the
15 total number of register accesses for each source register in a region and mapping N

source registers to N target registers.

TABLE 1
find opt reg map (region R of source code)
i=1
20 for each register r in the source architecture do
usagef[i].count =0
usage[i].reg =r
i=i+1
for each block B in R do
25 for each instruction [ in B do
for each register r used by I do
let i be such that usage[i].reg ==r
usage[i].count += exec freq|[B]
for each register r defined by I do
30 let i be such that usage[i].reg ==r
usage[i].count += exec freq[B]
sort usage array in decreasing order of the count field
for i from 1 to N do

12



l et i be such that usage[i].reg - r usage[i].count += exec freq[B] for each
register r defined by | do 30let i be such that usage[i].reg ==r
usage[i].count += exec freq[B] sort usage array in decreasing order of the
count field for i froml to N do assign source register usage[i].reg to
target_reg[i] Accordingly, at conpletion of operation 220, N source
registers may be np 18 Nolstilr 381 ocli® oSt $4rSet ce register(s) not
napped to target reﬁ?@?ﬁ%%a)g i égggpgg 1@ 5§%§gce regi ster storage 118

in syst- s -.v i1 0 107
At oper dtion flcmh RN gk :"3ﬁ“n % Dt regi i eﬁ%gqntlfied for

each blnary bl ock in the region. Live-in correspon isters that are
used (i .[@Ctregisers rﬁwcq rﬁg@ig@gsmﬁéwpmﬁ BERISS £ 953 Py bey ?Wﬁgéf?efi ned
(i.e., witten to) in the binary block. For exanple, 10in region 305

i | | ust r sperge iregivbiperegd! 1§ wgiysterrmemory 103, eastic Pemore 1 US aefl/of sordeh-pad r st
being defined in Block B and register r2 is used before being defined in

Bl ock D.mdlmagrid7ngly, registers r2, r3 and r5 are live-in for region 305.

Li ve-out corresponds to register(s) whose value(s) may have been changed by

instructions At g%fh@ioEQQQrIVvth%ﬁH/or fos-oeX@Biilets mhybé REhENeBRD ea&aﬁluﬁsz of
registers rl r4 may be changed by instructions in Block B and

block in the region. Live-in corresponds to registers that are used (i.e., read from) in the

binary block without first being defined (i.e., written to) in the binary block. For example,
10 inregion 305 illustrated in Figure 3, registers 12, r3 and r5 are used without first being
defined in Block B and register 12 is used before being defined in Block D. Accordingly,
registers r2, r3 and 15 are live-in for region 305. Live-out corresponds to register(s) whose
value(s) may have been changed by instructions in the binary block. For example, in
region 305, values of registers rl1 and r4 may be changed by instructions in Block B and a
15  value of r2 may be changed by the instruction in Block D. Accordingly, r1, r2 and r4 are
live-out for region 305. In some embodiments, operation 222 may not be performed,
indicated by the dotted line outlining the box representing operation 222.
At operation 224, for each binary block in the region, e.g., region 305, an
optimized target binary code block may be generated. For example, each optimized target
20  binary code block may include a prologue, a block body that includes translated source
code of the corresponding source binary code block and a jump on condition and at least
one epilogue. Figure 4 depicts an example of a target code block 400, including a
prologue 410, a block body 420 and two epilogues 430, 440. The jump on condition is
included in the block body 420.
25 The prologue is configured to load target registers with data corresponding to

mapped or mapped and live-in source registers from, e.g., source register storage 118.
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15value of r2 may be changed by the instruction in Block D. Accordingly, r
1, r2 and r4 are live-out for region 305. In sone enbodi nents, operation
222 may not be performed, indicated by the dotted line outlining the box
representing operation 222. At operation 224, for each binary block in the
region, e.g., region 305 an optinized t ar get binary code bl ock may be

generate m zed tar.get 20 ode .bl ock may

i ncl ude g]hSEI%F r6“9 pﬁéﬁ%r ?pé) C a%(?g frhsoprcer{gglgtgﬁssar? 0&92@5‘%&@ roéle code of

t he corresponglng ourc bi nary code bl ock and a junp on condition and at

| east on®VeEhs ¢ FZYf'd gad Q&S(Uféaﬁ‘?d:‘f"g e iangliee-i B’f Soélfqeéﬁ@‘étﬁrscf%%acbl ock 400,
including a prologue 410, a bl ock body 420 and two epil ogues 430, 440. The
junp on wri hinasy cpde black inderdgion verses Bleavkrhisadigssadiated 28Thleaging kb glithei s
configured to | oad target registers with data corresponding to napped or
mapped amdpped\seuica rexisies apoegtst @tsa fagiun. Ror gxamploufos ecgi @3, @épistedr age
118. \Wether mapped or mapped and live-in source registers are |oaded may

depend o Famge B?@glstdrs £, r2 e eFRBA t%sté?(g&'r@ 1§Qrs\"fo§ theirdgBhBHYI ng ive-in
source regi sters rtor each source bi nary code bl'ock in a region versus the

over headA@cmﬁ%lgi ﬁd[hl‘é" &ng Fgr(ﬁ{g%r Jsséchaﬁe&g;g[g% daﬂs' ﬁ@gﬁ%@ﬁtefs upon

entry into region Fi gure 3,

Lﬁ%é?&?[{%ﬂ{fkwyatw ees?gﬁﬁvrgﬁaﬁﬁeﬁ spsh ogtaeacEdan @%fr&x‘%[mérg$wéﬁ%h°2nﬁo5'

Bl ock D, respectively, may be configured to | oad source registers rl, r2
and r4 fiRER 8IS Jrh%rwtheéﬁga;mplﬁe@g@feé £ is hoth mappedernddvgriplier regiegid§fer 12
is both mapped and live-in for region 305. Accordingly, each prologue
associ ataeordingly Bagh pradoguedisBicotéd With Béeqhdd aind/Blogk D, sespOctowety, gur ed to | oad
register r2 resulting in fewer nenory accesses conpared to | oading al

(i.d0, rdonfigized enldad Adgiér 2 hesulthipa dewauh@Botye@t&b& ®mpared to 1ddigngadll | east
one epilogue may include a first epilogue and a second epil ogue. The

condi ti qnal r1, ¥TRAnd $4)CTM HH Sbgrcg%glgt@xls whet her fl ow proceeds to the
first epilogue or the second epilogue, based on whether a branch that ends

the source b'"IFh‘?: ¥le%9[q)%e %bﬁ&éﬂw' Iﬁa} Bcfide a first epilogue and a second epilogue. The

conditional jump is configured to control whether flow proceeds to the first epilogue or the
second epilogue, based on whether a branch that ends the source binary code block is to a

15 within region target binary code block or a target binary code block not in the region. A
within region target binary code block is an optimized target binary code block, as
described herein. A target binary code block not in the region may be an unoptimized
target binary code block or an optimized target binary code block associated with another
region.

20 The first epilogue includes a jump to the within region target binary code block.
For example, referring again to Figure 3, a jump from Block B to Block D corresponds to
a jump to a within region target binary code block. The second epilogue includes a jump
to a target binary code block that is outside the region, e.g., is not in region 305. The
second epilogue is further configured to store live-out registers prior to jumping to a next

25  target binary code block. Similar to loading live-in registers as described herein, the
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15within region target binary code block or a target binary code bl ock not
inthe region. Awithin region target binary code block is an optim zed
target binary code bl ock, as described herein. A target binary code bl ock
not in the region may be an unoptim zed target binary code bl ock or an
optim zed target binary code bl ock associated wth another region. 20The

first e%&&ﬁ%ﬂbgfeé MEeEe éodﬂg’ﬁdettQ_sﬁJF@m%égﬂJ?}erﬁ%ﬂk@'ﬁyé-%hgl%tgiswr@ 1o tgode

bl ock. For exanp referring again to a junmp fromBlock Bto

Bl ock D.corre nds a.j pthin region target binary code bl ock.
The secdﬁﬁpggﬁggbeurg)(%%ﬁeﬁhglgpyaéﬁ%ﬁ%&%b a target binary code block that is

outside the region, e.g., 1S not .in regi . e cond epjilogue is
further confilfufEReeEaLeFBurg gé‘JB{B’tP fF‘%@%@Q%&?%&Eﬁkﬁf‘@rﬁe @O?o a next
25t arget binary code block. Simlar to |oading live-in registers as

descr i bddmhée aitargetthieary sededniackethit is guisidedle tsgianorifhcgunedo 8 3vidinicgiotapped or
mapped |ive-out registers prior to junping to the next target binary code
bl ock. target biRefeodé blgclagaionfipurefFiqjune 18,thabgdyngs the enthil reglonBitavy Bdbdeck C
corresponds to a junp to a target binary code block that is outside the

regi on. plh&, bymsih®a Prolbdudl RsdcRFEPWitR ek Biih rOIip@RbinasOeRle DIKK Tihs
configured to junp to the body of the within region binary code bl ock,

bypa_ssirTg&Pguﬁ]h%'o i §8 7058 rgggtmna& 408 bWkt Bt Rno B3ty meode. bl ock.

The ju e outsi e Ion target binary I's configured

P L™ 28 18 BRAR YA LR AT BERAOSS, e
b ol ogBSG R GodabiPek ot PAPGE IBERHPpaEGate blogt Risodlied witandiher” | 1€
10 region, the jump is to a prologue of the optimized target binary code block.
It may be appreciated that a run time system, i.e., host operating system 120, is
configured to perform functions that may not be handled directly by target code, e.g.,
interrupt handling. In order for these functions to operate properly, it is important that a
guest state be at a consistent point, i.e., consistent guest state in the proper data structures
15  in memory. Guest states may not be consistent within execution of a block but are
consistent at block boundaries. Accordingly, a dynamic binary translator, such as open-
source QEMU, is configured to postpone interrupt handling to the end of a code block. In
order to have a consistent guest state at the end of a block, live-out registers may be stored
(e.g., in source register storage 118) after a jump to a block within the region, prior to
20  returning to the run time system. For a jump to a block not in the region, the live-out
registers may be stored prior to a jump to the block not in the region. After the jump to the
block not in the region, control may return to the run time system.
Figure 5 depicts a flow chart 500 of exemplary operations for executing target

binary code blocks corresponding to a source binary application that includes at least one

25  optimized code region that includes at least one optimized target binary code block.
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It may be appreciated that a run tine system i.e., host operating system
120, is configured to performfunctions that nay not be handl ed directly by

target code, e.g., interrupt handling. In order for these functions to
operate properly, it is inportant that a guest state be at a consi stent
point, i.e., consistent guest state in the proper data structures 15 in
menory. st _states .na ot _be.~cqQnsi nt within executio f a bl ock but
re. const SERn AOF R B Slealtob SELSNE MireiorylsTa R b € PipRheafor o
transl ator, .such as, open-source MJ, is configured to postpone interrupt
hand! i ng°RIGNEFEtaRgTH DGRy Lodds it Bicdides af Igash PR PPUIBIZAA (Asee codbipgk ot guest

state at the end of a block, |ive-out registers may be stored (e.g., in
sour ce rengratoars04; apratpgug 083 fiaftoetimazeil danget onaxy lsbdaidovk irhthe firsteegiayi on,
prior to 20 returning to the run time system For a junp to a block not in
t he regimay b¢ &eeclifed e Thelprol@gicds esrsigpad tb@o®lt magad PF nappédlive-intaPisteds t he
bl ock not in the region. After the junp to the block not in the region,

cont 150! @Y mie@hd#y MastRsdriMd hbfeid.i me system Figure 5 depicts a flow
chart 500 of exenplary operations for executing target binary code bl ocks

K ations for executing ta
250pti m zed cnse RuaT S PRl ARt BRI MR HAFE. Bl BRY D0y
de bl ock. .. P fl beqi tart 502 . Start 2 ds t
et ry 1 RpbrasioroD8: NeireBh Rt EriouBtert a oot ey e0aBlhat | ol udes af

| east one optim zed target code bl ock, At operation 504, a prologue of a

first operwineadingde it eptimizedigeeehbivary sadebincks isite  targefi birprragdare
executed. The prologue is configured to | oad napped or mapped live-in

r egi st ertdodk ifi tiendinstregion, masbaldsemiibatativperatinn 508. If theThrandodyo atargéte fir st
optim zed target binary code block may then be executed at operation 506.
Wetlber binddy asdablodk nd il cherfitsy iggioh, Raspedrod endppedlive-6@degibletckag s r espondi ng
to the first optimzed target binary code block, is to a target binary code
bl ock i Rtdr&®inf thémbryl 81, QBurtBYeoherdfIreEdM 1Rk HerRR52DI Q;rﬁ_ugﬁxgto al T the branch
is to a target 10 binary code block not in the first redion, mapped or

mapped 'bﬁ@?&%of%‘?@&ﬁ%%ﬁbig%_ J%ge ?)Lo%%ﬁgog iilg ISR eioft: Hay pE QAR Lol ster

st or age Opera egrnntng o AEXt tar get

bi nary code,.bl ,~not in the.first region, may be executed at eration

S50 Tnamraon S5 oBES i Brge Gute SrscRoM e ey ook wiged v SBa. 1 f the
next target binary code block is not optimzed, the next target bi nary code
bl ock 1%6¥rtpshRyrgde blogk ienat opbumized. the naxiagsdkinglysele hegkbe execut ed at
operation 514. |If the next target binary code block is optimzed, e.g., in
a ségondomregponding the ngrtebage binaof cddedlovdhayt e getutbd nboperatache 16l dtthei n t he
second region) may then be executed at operation 504 foll owed by execution

of a bodyxtahrgbiiEn@teXbdé Blogkets dyitinary, 6@den Blsesnd dégioRahdploizue@sitht f,  at
operation 508, it Is determned that the branch is to a target binary code
bllock  pext target binary code block in the second region) may then be executed at operation 504
followed by execution of a body of the next target binary code block at operation 506.
If, at operation 508, it is determined that the branch is to a target binary code block
20  in the first region, a jump to the body of the next target binary code block may be executed
at operation 516. In some embodiments, registers may be stored in memory, e.g., to
facilitate interrupt processing by a run-time system. In these embodiments, whether it is
necessary to return to the run-time system may be determined at operation 517. If it is not

necessary to return to the run-time system, program flow may proceed to operation 506

25  and the body (of the next target binary code block) may then be executed at operation 506.
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20 in the first region, a junp to the body of the next target binary code
bl ock may be executed at operation 516. In sone enbodi nents, registers my
be stored in nmenory, e.g., to facilitate interrupt processing by a run-tine
system In these enbodi nents, whether it is necessary to return to the
run-tinme systemmay be determ ned at operation 517. If it is not necessary

t o ret urpijttiPnddaSsafyid-rbtuftoSs heMimp rsggérﬁ,megils@w b@EORAEE nicdnd@par at i on 506
25 and the body (of the next target binary code bl ock) may then be executed

at operat| [ I, r 0t ystem

Feqi ot oo R BES apd frobfont ACRTAEEAREE B el kBt RS20 oy
proceed.to the run-tinme systemat operatjon 520. Upgn return om t he
Pun- ti I RAPSEERR TRRILE A PRED YY: BPEBLIOY B Hiperer n B Ut o

prol ogue, where registers may be | oaded from nmenory. 5Referring to Figure 4
and Fi gueKecute prglgugs Wete seesstery étayrheilnaded figme pRa1or: branch is to a next
target binary code block in a region or not in a region, corresponds to the
j unp5on condiRdfgningjto Bigui®)4 afd Figerctodperdion 508, idherojmingrhestient alprgeth isi nar y
code bl ock. Operation 516 corresponds to the first epilogue 430, junp

Wi t hi n reginex theeybinsyeodé blos irbd Lgtiitormb? ircOrdpiHip ondespondshte tixejaaipd

epi | ogue 440. 10Figure 6 depicts an optim zed control flow graph 600

Corresp%‘@oﬁ@iti%ﬁ(j@@?TF@ﬁ?tﬁPF@df@méﬁheE (W8 81 t?b%ri@’@déit%ﬁ@ in Figure 3.

In the optimzed control flow graph 600, Target Bl ock B 620 corresponds to

Bl ock B of 0 af,~Fi-gure .3. T 640
corres po03 rf% satltO(I)l 5@5%@5&%"5&%&% @gshrt]fa &gcfgu |48§WJ§?‘£§1’11%§@8‘%1°@“§§’§ %eg% and
Target Bl ock re confjgured according to target code bl ock 400 of Figure
15 4. Cgﬁgtaﬂﬁi?}f‘é%r%@?@de%ﬁﬁ? HCgRt B 9%&83‘)4@0% bl ocks in optim zed control
fl ow graph 600 depends on whether flow is between target binary code bl ocks
in &0regi on diigusepwepistsantoptigazedmiontpl e geaph 690orpspondingdgythsn and a
target binary code block not in the region. The target binary code bl ock
not i n tkanplegbotmolfiow pephdOdptepiticicd Rigurgét Ibitheapyinioaiecontrocftowgsapbi at ed
wi th another region or may be an unoptim zed target binary code bl ock. 20

For ex ar(spb,erar%&rm@d Bi600vofrépohd LiodEbclBBBOR oB chrdBlfoekaraph 000 &f Eiguef regi on
605, is from Epilogue 2 (store napped or mapped |live-outs) of target Bl ock

0, LI g A QU B St spia i i o
TePPeo L T8 g8l BRSED PSRk e Ry L RGBTk, ® o
gg? %( D4J.[ OC(t)rRreol %gvybe?\]:veel?ll tgrcglét l:?ingrry c%ldg%l(ocEé inr oeps‘drl)nei(z:é | <\:/oen|t1)(/)l ﬂi()\l)vl glflasl;[hr()a}}oed by
depends on whether flow is between target binary code blocks in a region or between a
target binary code block in the region and a target binary code block not in the region.
The target binary code block not in the region may be an optimized target binary code
block associated with another region or may be an unoptimized target binary code block.
20  For example, control flow from target Block B to Block C, outside of region 605, is from
Epilogue 2 (store mapped or mapped live-outs) of target Block B to Block C (i.e., to the
beginning of Block C) and control flow from Block C to target Block D is from Block C
to the Prologue (load mapped or mapped live-ins) of target Block D. Control flow

between target Block B and target Block D, both in region 605, is from Epilogue 1of

25  Block B or Block D to the body of Block D or Block B, respectively, illustrated by path
17



624 and path 642. Accordingly, as illustrated in the optim zed
control flow graph 600, a prologue nmay execute only upon entry into a

regi on. Junps between target binary code blocks within a region are
configured to junp to a body of a target binary code bl ock, bypassing 5 the
prol ogue and nmenory accesses associated with | oadi ng mapped or mapped

Iive4|15fagﬁiéﬁ§64f@vantageously, this may result in performance
i mprovenent, €.g., Increase in speed, for relatively frequently executed

regions of code. A plurality of. regions. of optimzed target binary code

bl gc ks may be‘gﬁ‘?ﬁ%‘Pglﬂ' et IB?t}/ e‘L’é‘JE‘%@“Hﬁ‘&FﬁE E‘é‘ﬁ’f% ﬁl.ow Gl%th?@)g aHRPSEE ¢ egi st er
mappi ng may be optim zed for each 10region, independent of register nmapping
opt i ni zeBaY erecHtenaly vRAg; ety Spto ategioni dumphbriweeoigtdetrbinaryi eods biacks
region-specific. In some enbodi nents, storing mapped or mapped |ive- out

r egi st ersithmy rogiby asx@aotiperedie jungxiotad nglyaf aegigerbindry cbdebloek hapadsing
performance. Figure 7 is a graph illustrating a conparison of performnce

benchimariks pfodsgudiana Meinddy Badeyses aaHds]atddi with jdﬁ&i'n?ﬂﬂb}pkdﬂ@r Rbesdd 1hvevgl register
mappi ng 710, 720, 730, 740, 15 750 and region level register mapping

consi st g@figitd M&J&ﬁtag&ﬁﬁg[} thid hﬁg lr?s?]lgrig Bg&g&maﬁgg’ im@wgﬁ,ﬁ% %1,7 gl%f)ea;@ﬁ

performance is shownrel ive t en-source I'nary

translaggé%pggﬁ%kﬁgg§F%ag&ggg%g?%ggg%ﬂﬁgéhgain bl ock | evel register

mappi ng, I've: regl eUpon entering each target code
bl ock and mapped |ive-out registers are stored upon exiting each target
PRt iRy eof

code bl ock. ity of regiong ok RpaAsd faregoinasy code hlagksimaxbg ggestet OFappi ng
consistent with the present disclosure is configured to | oad nmapped live-in
regi st erassoufee@pphigationy Ndyantagropsly isgiater axippmeanal heoopsinvized for eachout
registers (in nenory) upon exiting the region. For all of the benchmarks,
t he 10egiregioh.cuddpenduit 61 eiistamEppn goptisiisddefot othiet fegidnés)pieganinankiacl osur e
i nproved performance over a baseline QEMJ and bl ock | evel register mapping.
On aver agemitdiionPaelrosiomBsRifidIhA¥RERAboliRhieni)8toring mapped or mapped live-
out registers may only execute when exiting a region, further enhancing performance.
Figure 7 is a graph illustrating a comparison of performance benchmarks for
dynamic binary translation implementing block level register mapping 710, 720, 730, 740,
15 750 and region level register mapping consistent with the present disclosure 715, 725, 735,
745,755. The performance is shown relative to the open-source QEMU dynamic binary
translator (that maps registers to memory). In block level register mapping, mapped live-
in registers are loaded upon entering each target code block and mapped live-out registers
are stored upon exiting each target code block. The illustrated embodiment of region level
20  register mapping consistent with the present disclosure is configured to load mapped live-
in registers (from memory) on entry to a region and to store live-out registers (in memory)
upon exiting the region. For all of the benchmarks, the region level register mapping
consistent with the present disclosure improved performance over a baseline QEMU and

block level register mapping. On average, the performance improvement for the

25  benchmarks was about 17% compared to block level register mapping and about 31%
18



25 benchmar ks was about 17% conpared to bl ock | evel register mapping and
about 31% conpared to QEMJ baseline. Accordingly, a nethod and system
consistent with the present disclosure include nappi ng source processor
registers to target processor registers in dynamc binary translation when
there are fewer target processor registers than source processor registers.

SFor a rRgiparddb Qrde wisdigem ned to be "hot", i.e., relatively frequently
execut ed, a nunber of accesses of each source register may be determ ned.

The nost fre : ce r.eqk

avai 1 abl e 1 arepi PO §ea0e aBPUiEs, bRRAR AR el MEIBRIRAS (1o
region, a correspondi ng block of optim zed target binary.code may be

gener at e0PRPHE SOM Iptﬁ?fé’gsoé IeHEPS U E@?g%‘i PEUESOf ﬁ%’?ﬁ?{? Hbd¥r}a§H% BH’?@H source code
and a 10 junp on condition and at | east one epilogue. The junp on condition
and the t@pslgg%wh@h@e@pw &yvre taeet reeessQyuied sets ShaloIPUFS| Progessor begigerson

whet her a branch froma first target binary code block is to a next target
bi nafy dwode rédiackf widehietermmed tebe Bimthri.et, oelativedx frequamge texbauteal; ¢ nomdder bl ock
not in the region. If the next target binary code block is in the region,

then a jofiapcckses @F ERGIsBrck edifter Medle Béteinfifed EXlic MastdRiqubitiaditessedle bl ock,
bypassi ng the 15prol ogue. |If the next target binary code block is not in

the regisgfice Fdperd nidyTRed e Iﬁhé}ﬁ:gttgq 4iRplderREQL AR OF GeatBlOBESE t ar get

bi nary godeebloci. fﬁé %rolo eis Xénfigu%%d o} foad fﬁe ngpped or mapped
live-in _regigters far the region frommenmgry, Jf th xt . target Jhinary
code bl sR% BrfsPec e BTG OGRIARBE ottt Bfer b8 STo e

t he mapped .or mapped, |live-out registers prior _to junpi to the beginning
of the MERtPeEER Fedﬁhﬂé?fju%é g et gl ITiding hanted ?Owga apf gmapped
live-in registers are | oaded from nmenory upon entry to a region and mapped
or hBppéemp pyeowslition aug Yleastong epiloges. ebha wmpearotopdiiipormnd fha 4t depshoneegi on,
reduci ng nenory accesses as conpared to bl ock | evel register |oads/stores.
As descrpiemheher eintigusdito Kbmadliflw bispé no svhethepa blzach fron mfitstithirggy count er s,
25inserted with target binary code bl ocks. Accordingly, execution frequency
det er m B@fdry code block is to a next target binary code block within the region or to a next target

binary code block not in the region. If the next target binary code block is in the region,
then a jump is directed to the body of the next target binary code block, bypassing the
15 prologue. Ifthe next target binary code block is not in the region, then a jump is directed
to the beginning of the next target binary code block. The prologue is configured to load
the mapped or mapped live-in registers for the region from memory. If the next target
binary code block is not in the region, then an epilogue is configured to store the mapped
or mapped live-out registers prior to jumping to the beginning of the next target binary
20 code block. In this manner, mapped or mapped live-in registers are loaded from memory
upon entry to a region and mapped or mapped live-out registers are stored to memory
upon exiting a region, reducing memory accesses as compared to block level register
loads/stores.
As described herein, optimization depends on probe(s), including counters,

25  inserted with target binary code blocks. Accordingly, execution frequency determined
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based on the counters represents a finite period of tinme. If the execution
frequency for a region of code changes over tine, the performnce

i nprovenent initially provided by the optim zation nay degrade, i.e., nmay
becone | ess optinmal. Although optim zation may be repeated, whether to
repeat the procedure as described herein may depend on 5consi derations of

time to 4 t.optimzation yersus. tinpe to ecute th revi Qusly

opt m 7o TAT DR Bk ABaR: Sk Feime YRR BOEYIEL 2, 28
and 5 depict exepplary operations according to sonme . enbodinents, it is to
be. under SEGBAT EPAR CHAALTIHEF LBRHDBPHEATInSF }mHPV?rﬂ@lté%ﬁlit proNKledbyited ed in
Figure 2A, Figure 2B and/or Figure 5 may not be necessary. Indeed, it is
fully 10optionzainn aaedegiuieei e, mhnbewnedessamibioil mAltheughf opting zgiiosgeant be

di scl osure may include subconbi nati ons of the operations depicted in Figure
2A, Fi guepea?dd, suhdihor tofrepest ehePpracediinr asaldstiribed hateiromey dépeddsn Thus, cl ai s
directed to features and/or operations that are not exactly shown in one

dr awisng @nsideaasmbMinidiolniphendt epemaator P @&meTo dieultRSRBliofiC! osure.
15Menory 104, cache nenory 105, and/or scratch-pad nenory 107 may conprise

one or %EQ%H%§%¥QB%%ﬁ%@§Qkk¥£eS of menory: sem conductor firmare

menory, pr , non-volatile nenory, read only nenory,
electrically progra ﬁl . e | gp access nmenory,. flash ry,
magnet i o di SKTTREy IR BTt R S ERGRYIDERetions AROrBAE 1y or
alternatively, nmenory 104, cache 20 nenory 105, and/or scratch-pad nenory
107 may SEBWSTILoEIasR it 18 Hboyndestiend thahia |0§;9éemb9$§§n§faﬂdz§ﬁb®@mratr%dabl e
menory. . Enbodinments of the methods described herein may be
i npl emertepigtedsn higgusie BAoEigusoiB ambiporigutelfemay netdrearenessiry. deddedgit isTolly hat
end, the methods described herein may be inplenmented on a tangi ble conputer
r eadabl eomediplardirrtinghitsier eaibboinsenss dfitRdpidtent dBtRoue intdtinvén execut ed by
one or nore processors performthe nmethods. The storage

subcombinations of the operations depicted in Figure 2A, Figure 2B and/or Figure 5

and/or additional operations. Thus, claims directed to features and/or operations that are

not exactly shown in one drawing are deemed within the scope and content of the present

disclosure.

15 Memory 104, cache memory 105, and/or scratch-pad memory 107 may comprise

one or more of the following types of memory: semiconductor firmware memory,

programmable memory, non-volatile memory, read only memory, electrically

programmable memory, random access memory, flash memory, magnetic disk memory,

and/or optical disk memory. Either additionally or alternatively, memory 104, cache

20 memory 105, and/or scratch-pad memory 107 may comprise other and/or later-developed
types of computer-readable memory.
Embodiments of the methods described herein may be implemented using a
processor and/or other programmable device. To that end, the methods described herein

may be implemented on a tangible computer readable medium having instructions stored

25  thereon that when executed by one or more processors perform the methods. The storage

20



medi um may i nclude any type of tangible nedium for exanple, any type of

di sk including floppy disks, optical disks, conpact disk read-only nenories
(CD- ROMB), conpact disk rewitables (CD-RW), and magnet o-optical disks,
sem conduct or devices such as read-only nmenories (ROVs), random access
menories (RAMs) such as dynamc 5 and static RAMs, erasable progranmabl e

r ead- onlyedimmmidyeaclQEPROMype oflaagibid medily, &rasabple, pryogpaohdibk e read- only
menori es (EEPROMs), flash nenories, magnetic or optical cards, or any type
of medi angudih@PoBpy Sisks bPfitdldiskY, RBHpAR disk fR8d-bhISth&@ASries (CD-RONM)ESS
specifically stated otherw se, as apparent fromthe precedi ng di scussions,
it is a I.at: | t cl fi f E | Mtilizing
terms oQBRTac skt COURNY, arkl IR SRR Y b ROHARLR AR g
"determni,ng,” or the like, refer tq the action an rocesses of a
conput ool s Gy SURONS: enipmapest befhef Ck RN bR luRice "o
apparatus, that mani pul ate and/ or_ transform data regresented as physi cal,
suchSas aafl s@tie BAiMs, cgasableiprogsampgableirpad-orely sesmics Kl E\QMSéfﬁlgctWégfst ers
and/ or menories into other data simlarly represented as physi cal

quant i t ieessable tphograrhimebleaegslionln gnebigies (BRPROvimitdsh snematsissmegnstigor ot her
such information storage, transm ssion or display devices.

" Circui topiical caslsUsedlyitypeadfm&libadiabRbr fiefigg electimiic teapetiome, for exanpl e,
singly or in any conbination, hardwired circuitry, programuable circuitry,

state machi ngyfddsGHbd fidallyRRAELEhEW SRS Sppahdt AOhOHE ?réc@cﬁh@ dRtiRhsexecut ed
by programmable circuitry. 20According to one aspect theré is disclosed a

met hod. i &grﬁétggﬁa@%L;g@shtwﬂs spQAtNGn BisBAIGE Bl ARE YerARBLACAL T 0D

i ncl udi ng plura sourc i'nary co r executiron by a

conpuyter, system, The conputer system l.nc), y nmenory, and rgcessin
uninEin nc PRAAFHISNE pf%reﬁsé‘{g?lrf% %‘Pg’%\r/{]ﬁggéﬁﬁngﬂt ‘%ge%’%lé‘g%( Wéﬁl‘eal?lf?gffg%rrt,(’ N gof

source registers in a correspondi ng source instruction set_ architecture.
The net tesdactian and(pt POECSSS ot GRIRPULYTCPIPHINRE SYSLENT 9§ Siike elestroiict he sour ce
bi nary application, a frequently executed

computing device or apparatus, that manipulate and/or transform data represented as

physical, such as electronic, quantities within the computing system's registers and/or
memories into other data similarly represented as physical quantities within the computing

15  system's memories, registers or other such information storage, transmission or display
devices.

“Circuitry”, as used in any embodiment herein, may comprise, for example, singly
or in any combination, hardwired circuitry, programmable circuitry, state machine
circuitry, and/or firmware that stores instructions executed by programmable circuitry.

20 According to one aspect there is disclosed a method. The method may include
loading a source binary application including a plurality of source binary code blocks for
execution by a computer system. The computer system may include memory and a
processing unit including Ny target registers wherein N is less than a number, N, of source
registers in a corresponding source instruction set architecture. The method may further

25  include identifying, during runtime of the source binary application, a frequently executed
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source binary code block within the source binary application; defining a
region including the frequently executed source binary code block and at

| east one nei ghboring source binary code bl ock that exceeds an affinity
threshol d, the frequently executed source binary code bl ock and the at

| east one nei ghboring source binary code bl ock include at |east one 5

sour ce r 8glirsd Biharge8s BloaR didiLhe %%c@gﬁﬁgfiﬁ})gﬂ&tﬁ)np El%fpﬁg%% geéﬂgé&r#ﬁgl%fugglgh The

met hod may furthér include determning a guency

source rggi in.t [.eqi,on. i ach of, N nost frequently
access edﬂgofﬁeﬁqgéntgg%ﬁ%gﬁgg g&ﬂ%e @ﬁ%ryrcgg? grr?cggg‘gaﬂg%sg G PG EhRRNE SPUCRe "N
target registers rein Nis less.than or equal to Nt; and generating an
optim zegl%ta de bgg’ﬁélw C¥EGEs H %@P‘QS pofh Hef Tiefluentleaxasuisd spwec binaer y
10code bl ock in the region based at |least in part on the register nmapping.
Accor di ngPdedlegkangdhe %tggﬂét: eng prighborisg dpwet binery ade dkackdhaydd atdéastomeg a
tangi bl e storage nedi um having instructions stored thereon which when
execUt edsdwyceaepiser esssranteaye eabitbiotindad HyhebhntH @winngioap@hakietitsl mhwadi ng a
source binary application including a plurality of source binary code

bl ocks f furthexiaclutié GeterntiiRizel fedulficyP6RLEES Por daBE L«aﬂ@éregrstel- ALt fRPI st ers
wherein \t is less than a nunber, Ns, of source registers in a

corresp i i i i e thfvin during
Funt | o o ROmEPHRE EackEE MY BRBRy HcEel SHL e P I be R oL ce

bi nary c it hin, said source binary.application: defining a region
includiﬁgg%ﬁgbfééﬁﬁgﬁ% { ESEE ISHS SgﬁﬁF@é thﬁggw86ﬁgwﬁﬂﬁ%ﬁﬁéﬂ@ at | east one
neighborin%??ource bina& code bl ock that exceeds an affinity threshold, 20
the fredtf8HEHY)S BXBRYUNEC LBeF OBy HWIWWPMIW eppfesqired kipgry one
nelghborlng source binary code block include at |east one source register
acceds #£9d¢ hlosk émthes regiom Hesgd gy leastiin amt hn ithestegistst imoppindet er ni ni ng a
frequency of access for each source register accessed in the region;

mappi ng each AdcoMingst arbthequgretl tierds disslostdsdtride fiagusingaadiblehe regi on
to a respective one of the Nt target registers wherein Nis less than or
equal t atdbge MBduRTBONRNALTHREoANSIORE tREr&Rtvhih $&kn Rk QRN tfg,padgm 4sQGK

correspondi ng to each source binary code block in the regio ased at

| east i pnRAkbuIPH tfl@ﬁ)lfﬁ)%%& atTRRPL AN 2 §Qurge %{rﬁgég&sp A0l der clﬁﬁpeCt there is

di scl osed ‘a system The system may i nctu or TRl g 2Nt tar get
regi ster source registers in a

erein Nb.is |less . than a nunber, N'. o
correspd 2%?1%1\,% of Sﬁ?rﬁ!%\%linﬁgyt ?O(ég ?’ }OSES goétexﬁcf”é‘ﬂpt @lé‘irﬁllnéLe BIPgessOrBRBEss Nonf i gur ed
5 t? host a dynami c binary translator, a register nmapping nodule and a
soutte EARSHTGEISIGE Whesein 15 lses than Agusbpl, dseolispyres regisens diea spmesppndioge
bl ocks to be executed on the processor, wherein when the dynam c binary
t r ans| asercamdirpeginseearchitgspireigdemsifuing, dursgexetmue efisad stlree pinagessor  at
| east one of the dynam c binary translator and register mapping nodul e may
cause t hpplpatcessioequently extented syurcel binhRgeody BldciBvitin 418 s6@ué BRakyl Nary
application; defining a region including the frequently executed source binary code block
and at least one neighboring source binary code block that exceeds an affinity threshold,
20  the frequently executed source binary code block and the at least one neighboring source
binary code block include at least one source register access and are each bounded by a
branch instruction; determining a frequency of access for each source register accessed in
the region; mapping each of N most frequently accessed source registers in the region to a

respective one of the N; target registers wherein N is less than or equal to Ni; and

25  generating an optimized target binary code block corresponding to each source binary
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10application, a frequently executed source binary code block within the
source binary application; define a region including the frequently
execut ed source binary code block and at | east one nei ghboring source

bi nary code bl ock that exceeds an affinity threshold, the frequently
execut ed source binary code block and the at | east one nei ghboring source

bi nary coedebliRekiheRediblBaRl al RAGtn PAC of HErELisleL Bappi@b. access and are each
bounded by a 15branch instruction; determ ne a frequency of access for each

sour oe 160! SURLCAGRARS SehklnkiiG, 8GHODI HRRALAPH S HBFIndpauent | ¥

accessed sourcé registers I1n the region to a respéctive one of the Nt
target registers ereipn Nis.less than.or. ual to : d generate an
opt + mi 2 G0 iR R Pt S aa e o R o Suiioen LouRBlRE e o code
bl ock in the region based at least in part on the register mappi ng. 20The
terns aﬁ%létﬁﬁrlé§§if’8ﬁ§)0mnéﬁ0w&9 @Sﬁé@f‘f’ne??bﬁréb’é%tWéir A BeBoyseltigireder g of
description and not of limtation, and there is no intention, in the use of
such5t ertorbosindlysspredysiry isipslator,exe gt noppimg neaflwlo/aidentosiresfbindyy f eat ur es
shown and described (or portions thereof), and it is recognized that

vari ous appliddtios aidl@tisg aprirglas st bhiecabihityrtoidbloskopeeaizeted o tens.
Accordingly, the clains are intended to cover all such equival ents. 25What

i's clai gpsteksor, ngf@ihl\ﬁle;i-tﬁtl: @{apﬁébinﬁwaﬂsﬂt&%dIr@@ﬁkﬁﬁg@piﬁgﬁfoglﬁlemr@ar y

application conprising a plurality of source binary co ocks for

execut | Qe BYePort REPHELP Xﬁte?s‘?kfé {}Fth‘é %?P%ﬁ.rbh?%f grﬁﬁé\}\ﬁBPB{d I%H%%r menory and

5a processing unit “conprising arget regls erern e source

bi nary 0Dl | CALL Q1) by SO AULEd Lo, B, xBEULed 10, AN SIS QIR Vi no N

10  application, a frequently executed source binary code block within the source binary
application; define a region including the frequently executed source binary code block
and at least one neighboring source binary code block that exceeds an affinity threshold,
the frequently executed source binary code block and the at least one neighboring source
binary code block include at least one source register access and are each bounded by a

15  branch instruction; determine a frequency of access for each source register accessed in
the region; map each of N most frequently accessed source registers in the region to a
respective one of the N, target registers wherein N is less than or equal to Ny; and generate
an optimized target binary code block corresponding to each source binary code block in
the region based at least in part on the register mapping.

20 The terms and expressions which have been employed herein are used as terms of
description and not of limitation, and there is no intention, in the use of such terms and
expressions, of excluding any equivalents of the features shown and described (or portions
thereof), and it is recognized that various modifications are possible within the scope of
the claims. Accordingly, the claims are intended to cover all such equivalents.

25 What is claimed is:
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t han Ns; identifying, during runtine of said source binary
application, a frequently executed source binary code block within said
source binary application; 10defining a region conprising said frequently
execut ed source binary code block and at |east one nei ghboring source

bi nary code bl ock that exceeds an affinity threshold, the frequently

execut ed source binary code bl ock and éﬂgH@g | east one nei ghboring source
bi nary code bl ock both include instru to access at | east one source

i : i T n f access for each source register
regi ster detﬁrnlgé?%ﬂgmfregue Cy o g

: dnyt E0g,

accessed'in t nd mappi ng each of N nost frequently
accessed source registers in the region to a respective one of the Nt
target regist©pdinggspeics biarsanpisatianeampsisinguiplirality of sopreivinaneeodsd of
claiml1 further conprising generating an optim zed target binary 20 code

bl ock coblodsypfondiaegtidrobyeactmper gystebi, thar gongoutke spétemlcoinprising niegergandased at
| east in part on said register mappi ng wherein each optim zed target binary

code 30l ogfrocesIigi BB TompPikidl 0 ta ¢ SaBsikGH @Ucleth ﬂh@@@uﬁ@bﬁaﬂsﬁ?ﬁbzﬁi&% W th
each mapped source register fromnenory to a corresponding target register,

a body c&mgiéll%hrﬂ@bé EARStAtS 9 %M&%ﬁ{t ﬂaria(gaﬁggﬂ&u@eqr gfé?epsg\gﬂér@& Nt.qf, fdig source

bi nary code ock and a junp on condition and at Ig st one epi I ogue, the
junp on gongdition and the at |east one epilogue configured to control flow
froma first > optimzed target binary code block in the region to a secgnd
target binary. code. bl ock based, at .|east jn part, on whether the secon
tar get bi nar %dﬁr& Bngy %‘B’l{lgi ryntigé pfsaid sexrembinary apglicationyd Hegrently sxaused
wherein the plurality epilogues conprises a first epilogue

source binary code block within said source binary application;

10 defining a region comprising said frequently executed source binary code block
and at least one neighboring source binary code block that exceeds an affinity threshold,
the frequently executed source binary code block and the at least one neighboring source
binary code block both include instructions to access at least one source register;

determining a frequency of access for each source register accessed in the region;

15 and

mapping each of N most frequently accessed source registers in the region to a

respective one of the N; target registers wherein N is less than or equal to N.

2. The method of claim 1 further comprising generating an optimized target binary

20 code block corresponding to each source binary code block in the region based at least in
part on said register mapping wherein each optimized target binary code block comprises a
prologue configured to load data associated with each mapped source register from
memory to a corresponding target register, a body comprising translated source binary
code corresponding to the source binary code block and a jump on condition and at least

25  one epilogue, the jump on condition and the at least one epilogue configured to control
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and a second epilogue, the first epilogue is configured to be executed if
the second target binary code block is a second optim zed target binary
code block in the region, the first epilogue conprising a first instruction
to junmp to a body of the second optim zed target binary code bl ock and the
second epilogue is configured to be executed if the second 10 target binary

code bl gty remWPhirst SptihiBed 8@ BinalyEoR BRI TR ePRHEo & 98It $ArB& Bin&gcond
instruction to store each tar get regi st er Correspondl ng to a respecti ve

mapped saour | ster. to. [ n j i i | a

begr mni ngepek Bl B (B S RSPk shi IR WY SRl ol T R 3, i
1, further, conprising identifying live-in and |ive-out registers for the
regi on d6®Ptising identifying live-in and live-out registers for each
source binary code block in the region. 5. The nethod of claim4, further
conprising generating an optim zed target binary 20 code bl ock
correspondi ng to each source binary code block in the region based at | east
in pdrt 3on sdild mehodobrlaimahpiiegeintier giraligagilogpts avinpedes afiggetpibiguary code
bl ock conprises a prologue configured to | oad data associated with each

mapped aRd alsbdfrdicpilsQid, &R MeGHpsibeilic i O JREDIYb cxeButeDITRS RROA figgdtar get
regi ster, a body conprising translated source binary code corresponding to

the sounge, DEAR MoGCES Bl pRRZE ﬁgﬁgbiggky%agwc% aa@qleg%n,?tﬁé fiAgt one

epi |l ogue, the junp on conditron an | east one epilogue configured to

control flow froma.first optimzed.target, bi nary cade block in the region
Co s secaitbie ot Rty Bk ToR Seinfh ettt G0R Shfifted Brddthet ner

t he second target hinary code_block iis in the region. 56.The nethod of

¢l'ai m 2 Pinasy £oqrblogkd prgond opilogug s igngpddo E? xesyted IB?Leée?qnfist

optim zed target binary code block in the region, said executing conprising
| oadPng tagettbindry Rodablgek ismeginsthe regiow, the staerd eplogpe punplisiee & sec@nd espect i ve
one of the N mapped source registers for the region; executing a
body of itidmcfion ®tst@plehdh tagdt tegisgeicolrcsppngtingad e rdspectkve mdpped sosgte opt i m zed
10t arget binary code block including a first branch instruction configured
L0 ] unp r¢Astér to memory and a third instruction to jump to a beginning of the second target

binary code block.

15 4. The method of claim 1, further comprising identifying live-in and live-out registers
for the region comprising identifying live-in and live-out registers for each source binary

code block in the region.

5. The method of claim 4, further comprising generating an optimized target binary
20  code block corresponding to each source binary code block in the region based at least in
part on said register mapping wherein each optimized target binary code block comprises a
prologue configured to load data associated with each mapped and live-in source register
from memory to a corresponding target register, a body comprising translated source
binary code corresponding to the source binary code block and a jump on condition and at

25  least one epilogue, the jump on condition and the at least one epilogue configured to
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second target binary code bl ock; determ ning whether the second target

bi nary code block is in the region; and executing a first epilogue to
junp to a body of a second optim zed target code bl ock corresponding to the
second target binary code block if the second target code block 15is in the
region or executing a second epilogue to junp to a beginning of the second
target cod S not in the region.

target cod c
7 the. kB! DR diomt AT op AR 5}%@%} ard i Bo8EH the i o st °2
prol ogue of first zed target binary code block in the reg |on
20sai d éﬁ@@h?ﬁnﬁr@ C@éﬁ%ﬁﬁcg iPARgd> #tdpaskugMrinaR p%lethm %ﬁpwnéd@ng@febmwcg%r in the
region, |oading one target register with data frommenory corresponding to
t he napd@ddimvmﬂwnegomrce register; executing a body of the first
optim zed target binary code block, the first optimzed target binary code
bl ock including a first branch instruction configured to junp to a 25second
target binary code block; determning whether the second target binary
code sbl agk | STHemétEd 68N, f@Rfer comprising:
executing a prologue of a first optimized target binary code block in the region,
said executing comprising loading each of N target registers with data corresponding to a
respective one of the N mapped source registers for the region;
executing a body of the first optimized target binary code block, the first optimized
10 target binary code block including a first branch instruction configured to jump to a
second target binary code block;
determining whether the second target binary code block is in the region; and
executing a first epilogue to jump to a body of a second optimized target code
block corresponding to the second target binary code block if the second target code block

15  isin the region or executing a second epilogue to jump to a beginning of the second target

code block if the second target code block is not in the region.

7. The method of claim 5, further comprising:
executing a prologue of a first optimized target binary code block in the region,

20 said executing comprising, for each mapped live-in source register in the region, loading
one target register with data from memory corresponding to the mapped live-in source
register;

executing a body of the first optimized target binary code block, the first optimized
target binary code block including a first branch instruction configured to jump to a

25  second target binary code block;
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executing a first epilogue to junp to a body of the second target code
block if the second target code block is in the region or executing a
second epilogue to store the nmapped |ive-out registers for the region in
menory and junp to a beginning of the second 5target code block if the
second target code block is not in said region. 8. The nethod of claima1,

wherein affi r&e&&mﬁﬁﬁ% gxgglggﬁt?lg tg@cboﬁd%}éét%iﬁér& g@dé Blokit #8h itﬂ%%gioﬁf arfixecut i on of

the frequently execu i nary code” bl ock and the at |east one

nei ghbori ng source binary.code bl ock, 10, 9..Th h f {1 wherein

the frequent Ieﬁe%‘ﬁlélgﬁtfgat %) lﬁg%eetoﬁlurﬁlgr?/aib AR Coglﬁgarg%e‘:%g %*Ogiésl t%%ne

nei ghbori ng source binary code bl ock are each bounded by a branch

i nst r uctseed targecods blackiis indhe gepdolt PrGXReP e dS969 ﬂé’gb‘%l'é’gséor um havi ng

instructions stored thereon which when executed by a processor result in

t he f ol Imanpad lispenategistess o theriegiondgn meowdy Al mmpoaradegiingerof thppicpadt i on

conprising a plurality of source binary code bl ocks for execution, wherein

t he pr oa&gsidode bigekiibs sddont adrgetcodeblosk v ot imbedd edgioit. he 20 source binary

application is configured to be executed in an environnent having Ns source

registers wherein Nt is |less than Ns; identifying, during runtinme of

sai d source binary application, a frequently executed source binary code

bl ock wig hi n [ N i catjon, fl R regi on
gl "[shg n?etﬁ&%f:cﬁ?m P%ﬁ’er?g %hiisrgﬁidgg@%qor?g? §/o % ((:)(géel%tﬂ)g\clb m%gg}ﬁ d' €9

conprising sali requently €xecu 2t at | east
one: nei ghbor N SPH:HaRb R &eReF ekt hAbagtRer dRa A SNy threshold

neighboring source binary code block.

10
9. The method of claim 1, wherein the frequently executed source binary code block
and the at least one neighboring source binary code block are each bounded by a branch
instruction.

15 10.  Anarticle, comprising a tangible storage medium having instructions stored

thereon which when executed by a processor result in the following operations
comprising:

loading a source binary application comprising a plurality of source binary code
blocks for execution, wherein the processor comprises N; target registers, wherein the

20  source binary application is configured to be executed in an environment having Ns source

registers wherein N is less than Nj;

identifying, during runtime of said source binary application, a frequently executed
source binary code block within said source binary application;

defining a region comprising said frequently executed source binary code block

25  and at least one neighboring source binary code block that exceeds an affinity threshold
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wherein affinity corresponds to a correlation in |ikelihood of execution of
the frequently executed source binary code bl ock and the at |east one

nei ghbori ng source binary code bl ock, the frequently executed source binary
code block and the at | east one nei ghboring source binary code bl ock both
include instructions to access at |east one source register 5 and are each

bounded by a. branch instrugction;: determ.ni a, frequency «of access for each
sour ce rg}é?rgpeqiﬁ%@é:%%eéaoq o ﬁgb?glﬁfl%rhl,n lﬁ?‘?ﬁﬁ(’(’d 0 ex%%‘g’&nr&f %éea@?'ﬂu(?f‘ﬁﬁ\l nost
frequently acgessed source registers in the region to a respective one of
the Nt t&cGeed pRlrebispy cpreplick and the gt kast aneaigighpodegisqureebingry tode 1. The
article of claim 10, wherein the instructions that when executed by the

pr ocessoblogledhd frequenth exdcoted smimag biaddi ¢ddeédckapd ithat atderst crmmeighborigg
generating an optim zed target binary code bl ock corresponding to each

sour ce hiomedeybigpgeodd ilokk bdth ikdudedgitanrtibasedcedss heiRsdt oh® sred re@iztezai d
regi ster mappi ng wherein 15each optim zed target binary code bl ock

conprsi semdarPELhMBUEILIHY 4 Bh&finkPudi@gd data associated with each mapped
source register frommenory to a corresponding target register, a body

conpri sing tr%@§| . i cor ondi n t he source binary
code bl ock and a ?&ﬁgaéﬁaé%ﬁ3?¥?§%¥%ﬁﬁg§¥“i3g§?a%%gr%%F%%%H%&efﬁ%o%unp on
condition.and the at | east one epilogue configured to control flow froma

first oﬁPﬁnized 20t arget binary code block in the region to a second target

bi nary code bl ock based, at |east in part, on whether the second target
bi nary code Bnarikng eachef Nymostdigagently accasped syecedegistersinghe reiginip 21, wher ei n
the plurality epilogues conprises a first epilogue and a second epil ogue,
t he fir gespepliveogeefitse Nonfdegregeters whbeireXas lesethan br edual 8eNond t ar get
25bi nary code block is a second optim zed target binary code block in the
regilon, the first
11.  The article of claim 10, wherein the instructions that when executed by the
processor result in the following additional operations comprising:
generating an optimized target binary code block corresponding to each source
binary code block in the region based at least in part on said register mapping wherein
15 each optimized target binary code block comprises a prologue configured to load data
associated with each mapped source register from memory to a corresponding target
register, a body comprising translated source binary code corresponding to the source
binary code block and a jump on condition and at least one epilogue, the jump on
condition and the at least one epilogue configured to control flow from a first optimized

20  target binary code block in the region to a second target binary code block based, at least

in part, on whether the second target binary code block is in the region.

12. The article of claim 11, wherein the plurality epilogues comprises a first epilogue
and a second epilogue, the first epilogue is configured to be executed if the second target

25  binary code block is a second optimized target binary code block in the region, the first
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epi |l ogue conprising a first instruction to junp to a body of the second
optim zed target binary code bl ock and the second epilogue is configured to
be executed if the second target binary code block is not in the region,
t he second epil ogue conprising a second instruction to store each target
regi ster corresponding to a respective nmapped source 5register to nmenory

and a t higfigod il p#ftdcONfidsPink#iRioh o RS Y MPAdYD e §REnFEHRNDd gt bi nary

code bl ock.” 13. The article of claim10, whérein the instructions that

oh Lt ] .ol | ayi RARCIE
oper at 1 QIR iy SEREERA HERNE' [ QIR BUARATHAR s o tne

region conpri.sing identifying live- in and |jve-out registers for each
sour e HRSYnecedhPIogk S et ihibe Fegpnhc sceand apiloel porpasies a Seath 13,

wherein the instructions that when executed by the processor result in the
f ol | owi rigstengtipn fotiete copletargel sstererpespONAGS ta B Geapeetaici MYPPEA SOWES mi zed
target binary code bl ock corresponding to each source binary code block in
t he Begiregistoawaderabdryl andstthird inpanttionogamp to @ jegheng whhpeisaconditerget n each
optim zed target binary code bl ock conprises a prologue configured to | oad
dat a asspedrptedt plbél) each mapped and live-in source register fromnenory to
a corresponding target register, a body conprising translated source binary
code corresponding to the 20 source binary code block and a junp on
condition and at |east one epilogue, the junp on condition and the at |east

one epil.qgue .gonf i qur to.control fl.ow fr.om gi st _optiniz t ar get

bi nary é de gﬁ%é&“ﬁﬁoﬁﬂ@n}ggi r?gﬂgngé%gﬁﬂn?g?'gbmb?ﬁ WﬁH%X?%:block based,
at least in part, on whether tgg_second target binary code block is in the
regi on. processor result in the following additional operations comprising:

10 identifying live-in and live-out registers for the region comprising identifying live-

in and live-out registers for each source binary code block in the region.

14. The article of claim 13, wherein the instructions that when executed by the
processor result in the following additional operations comprising:

15 generating an optimized target binary code block corresponding to each source
binary code block in the region based at least in part on said register mapping wherein
each optimized target binary code block comprises a prologue configured to load data
associated with each mapped and live-in source register from memory to a corresponding
target register, a body comprising translated source binary code corresponding to the

20  source binary code block and a jump on condition and at least one epilogue, the jump on
condition and the at least one epilogue configured to control flow from a first optimized
target binary code block in the region to a second target binary code block based, at least

in part, on whether the second target binary code block is in the region.

25 15.  The article of claim 11, wherein the instructions that when executed by the
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2515. The article of claim 11, wherein the instructions that when executed
by the processor result in the follow ng additional operations conprising:
executing a prologue of a first optim zed target binary code block in the
region, said executing conprising |oading each of N target registers with
data corresponding to a respective one of the N mapped source registers for
the region; J hody of..the, first optim.zed target binary code

bl ock, tﬁ@c?sgcr%ér? é{gt:)lp F%le fi(l)élgwtl%gragdcéiftl%alngﬁe{/é%?gago%lp%%lﬁg'i ncluding a first
branch instruction configureg %o junp.tqQ a second %ﬁg%et bi pary_ code bl ock;
det er ni ni ng WHEEHER & pralogde Shey Lifsh PR@IZSH fa1BSt MRpe C Rek i@ theregi, r egi on;
and executing a first epilogue to junp to a body of a second optim zed
target cwikexpouingimmisinedepbing canh of N tanget segisierd Witrdge cdsiespondingider bl ock
if the second target code block is in the region or executing a second

epi | ogueretmeciivangne of the Nagapped sguroé regiseers aahdregiihget code bl ock if the
second target code block is not in the region. 16. The article of claim 14,

wher &i n the idgbitiiztd IS dritat iMDERIEXEF MR bt Ofle PRRKOGR TG optifisd 1N
the foll ow ng additional operations conpri sing: executing a prol ogue

O ecPlh! B ohRk AR DR ot BREN BB LGuIcBH Ay 81 0 executi ng

conprisin eac I'n source reglister-rn egi on, | oading

one target register wt ta fromnenory corresponding to the nmapped
Iive-in%ggﬁpé%gféépgpépaeg%@ﬁecuting a body of the first optimized target
bi nary code b] ock, .the first optim zed target binary code bl ock including a
first branch deffeEminipg popthehe serond dareef Yingrp code blodeisdnthersgigbiangi nary code
bl ock;

executing a first epilogue to jump to a body of a second optimized target code

10 block corresponding to the second target binary code block if the second target code block
is in the region or executing a second epilogue to jump to a beginning of the second target

code block if the second target code block is not in the region.

16.  The article of claim 14, wherein the instructions that when executed by the
15 processor result in the following additional operations comprising:
executing a prologue of a first optimized target binary code block in the region,
said executing comprising, for each mapped live-in source register in the region, loading
one target register with data from memory corresponding to the mapped live-in source
register;

20 executing a body of the first optimized target binary code block, the first optimized
target binary code block including a first branch instruction configured to jump to a
second target binary code block;

determining whether the second target binary code block is in the region; and
executing a first epilogue to jump to a body of the second target code block if the

25 second target code block is in the region or executing a second epilogue to store the
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determ ni ng whet her the second target binary code block is in the region;
and executing a first epilogue to junp to a body of the second target code
bl ock if the 25second target code block is in the region or executing a
second epilogue to store the mapped live-out registers for the region in
menory and junp to a beginning of the second target code block if the

second t@ngRH [Ledat Righeds fot tOfegion i8 Alcthdre Gh@mplid. A bepiatiedf BOBROLSI NY: 5a
processor conprising Nt target registers;” and a nenory configured to store

a dynamg, {é”b%%fyoléc%a}?@'et%% ngt%)%&e&)idg flek TRRR!NGaillRGL,E and a source binary

applicatron configure ecuted 1nan enviro nt having Ns source
registers wherein Nt is less than N' the source binary application
conprising a plurality of source binary code blocks to be executed on the
processor, 10 wherein when the dynam c binary translator and register
mappi ng Ifodul & SERM.SOMMISER: on t he processor at |east one of the dynamc
bi nary translator and regi ster mappi ng nodul e cause the processor to:

i denti fy, duraprgcassortdomprisinghitatgstongisershamdiry application, a frequently
execut ed source binary code block within said source binary application

15define a r egheMogBRAlpsicddo SBtch dyrReiebinky eXSRtdreslrepiidregappinpar y code
bl ock and at | east one nei ghboring source binary code bl ock that exceeds an

af fini t yysdieatel Surddndr SPHRALLY EXREREELH RAUEERPLINA hviBRGeR! ock and

the at | east one nei ghboring source binary code bl ock both include

7L ST s BT RS HES TR PR o
comprising a plurality of source binary code blocks to be executed on the processor,

10 wherein when the dynamic binary translator and register mapping module are executed on
the processor at least one of the dynamic binary translator and register mapping module
cause the processor to:

identify, during runtime of said source binary application, a frequently executed
source binary code block within said source binary application;

15 define a region comprising said frequently executed source binary code block and
at least one neighboring source binary code block that exceeds an affinity threshold, the
frequently executed source binary code block and the at least one neighboring source
binary code block both include instructions to access at least one source register;

determine a frequency of access for each source register accessed in the region;

20 and

map each of N most frequently accessed source registers in the region to a

respective one of the N, target registers wherein N is less than or equal to N;.

18. The system of claim 17, wherein the register mapping module further causes the

25  processor to generate an optimized target binary code block corresponding to each source
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map each of N nobst frequently accessed source registers in the region to a
respective one of the Nt target registers wherein Nis |less than or equal
to N. 18. The systemof claim 17, wherein the regi ster nmappi ng nodul e
further causes the 25processor to generate an optim zed target binary code
bl ock corresponding to each source binary code block in the region based
at | eastq. i I I reilkn each optim zed. target

bi nary c%ggry&%gékgg%ﬁngerh? érée%qg%g%sr%{l)ﬁgggﬁ 1‘2%%%‘35%16 o1 oHd I%Yvéerglsnsoci at ed

W th each ed source.register fromnmenory to a correspondi ng target

regi st ere,acg%gg eaé?Fﬁ?tﬁ%‘?aﬁ C?ﬁﬁeawg?laf%p%ssaﬁe@lﬁwmﬁgwa telopd ggtﬁondi ng to
the source 5 binary code block and a junp on condition and at |east one

epi | ogueassedgeq with caeh mapRrfidtsoviee apgistethisoramdneers to awerrespondigaéargdnf i gured to
control flowfroma first optimzed target binary code block in the region
t 0 a secwmpdter.artyely compaising taddatol eclecd bmery, codt cbeespbnding pathie some whet her
the second target binary code block is in the region. 1019. The system of

cl ai B 1&indpebed Blotlgnd Hindd bt YorRIRidrOAdes 1 iikcicpRSaR, fHeljehp@Ri | ogue and a
second epilogue, the first epilogue is configured to be executed if the

second tanafiondhf Meat g%g@?rg'r@gls%%ﬁsﬁoglgg&&aw ORI @o&ﬁﬁ?ﬁl%rfﬁgt}o&gnﬂ%&'. code

bl ock in the reglon, e conprising a first truction to

junp to.a h of the second optim zed t et . bi nar de .bl ock, and t he
second epiEr ﬁ%ﬁ%ryicg dg gWF?Shﬁ’S&egq%n ggea %%?8%%{"“2%?% Ppa%‘é(}agg’&)c%d’a %‘gﬁtr ]3%5[ bi nary
code black is notf jn the region, the secaond epil ogue conprising a second

i nst ructPEAHY ‘é’%‘?fl’“’é té%lﬁf}‘fo’f’ fageat binagy eqderbleck s #xhEAeRIAY to a respective
mapped source register to nenory and a third instruction to junp to a

begi nni ng of the second target binary code bl ock. 20 20. The system of claim
17, wherein the register mappi ng nodul e further causes the processor to

i derdi f Y19l i veFhersystaah dficleémd @t whegirsthe phurlity epiiegues gbmpries airbtspiiggue
identifying live-in and live-out registers for each source binary code

bl ock i mn§ B%eé(ﬁﬁie@ﬂogt%lth-ghﬁ’staép‘ilbgﬁeeis Rbn&didbdolid exebat&iMhafdcbnd Eha)‘get

corresponds to a correfation in likelihood 25 of execution of the

frequentyy, SX&eWISL 8 %%E&ﬁldmpﬁﬂ{iyedctg&%t QhQ&‘%oﬂé‘ BiokR e Ak r!e@gﬁ,tthé) Rfst

epilogue comprising a first instruction to jump to a body of the second optimized target
binary code block and the second epilogue is configured to be executed if the second
15  target binary code block is not in the region, the second epilogue comprising a second
instruction to store each target register corresponding to a respective mapped source
register to memory and a third instruction to jump to a beginning of the second target

binary code block.

20 20.  The system of claim 17, wherein the register mapping module further causes the
processor to identify live-in and live-out registers for the region comprising identifying

live-in and live-out registers for each source binary code block in the region.

21. The article of claim 10, wherein affinity corresponds to a correlation in likelihood

25  of execution of the frequently executed source binary code block and the at least one
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nei ghbori ng source binary code bl ock. 22. The article of claim 210,
wherein the frequently executed source binary code block and the at | east
one nei ghboring source binary code bl ock are each bounded by a branch
5instruction. 23. The systemof claim 17, wherein affinity corresponds to
a correlation in likelihood of execution of the frequently executed source

bi nary gﬁgﬁ?ﬁggggmﬂgqnh¥§ ? e$ﬁ one nei ghboring source binary code

bl ock. ystem o a|n1 wherein the frequently executed source
bi nary code bl ock and the at Ieast one nei ghboring source binary code bl ock
are each bounded by a branch instruction.

22.  The article of claim 10, wherein the frequently executed source binary code block
and the at least one neighboring source binary code block are each bounded by a branch

5 instruction.

23.  The system of claim 17, wherein affinity corresponds to a correlation in likelihood
of execution of the frequently executed source binary code block and the at least one
neighboring source binary code block.
10
24.  The system of claim 17, wherein the frequently executed source binary code block
and the at least one neighboring source binary code block are each bounded by a branch

instruction.
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