OPTI M ZI NG CODE USI NG A Bl - ENDI AN COVPI LER Background [0001] Byte endi aness
is an attribute of data storage and retrieval where the storage and
retrievalweupporsiienul ti pl e access sizes (e.g., 8-bit, 1lechiRu0®8200516,
64-bit). Finer granularity accesses allow a programmer to see the order in
whi ch | arger accesses store bytes in nenory. Big-endian variables are
stored in nenory in the opposite byte order fromlittl eendian vari abl es.
Littl e-endi an vaOPAHMVEZIBNGCODE &SING A BIRENDIAN COMBIEEBant byte in the

| owest nenory byte address. Big and little-endian vari abl es contai ning the
samne \Mck@oanda i dentical when present in a processor register. It is only

t he order is different 0002] The, order es Wthin
1oobit 32 B0TTIRY sdiBhess Gutin a1SOF of 0B Y en e FEGrUIere 1 YHfaEe
progr agna Ntr] R A0 YRS ort hhﬁu;tméoafcm&escwgacstsﬁs 1@y51ﬁ83iounuema)a HiHepN, a
type of overlay data structure, or by casting a pointer to data of multiple
byt es gonalguity atcesses ellew agiregrammes fo dee sheopriderin|which kege acesssnsistpuebytaer e

used to i erfornanc u un o rchi-tectures
of di 1 FRBROr RS HEe R ep Foded  FABP e e gtite O ok et WhRF o The
C codeendiph danE‘ol@é( 123deChdianadiablRa fare storéd( (vthahE )iéds) sighlfRan@byte iffthe C’

will be 0x12 if the code is conpiled and run on a big-endian architecture,
and it lew¢st nemayy bgtei 4ddrdse @@giénd bttt@cﬁmgialnewnahk@s containgtheisame gabgdiran
archite 0003 conp iling
of sou?(ge@HS%de ?rhgfésler? or iagp r(r)l%ﬁsfor %é eelr'o for}t'qﬁ%%%e?g%‘ an&girlylcs: rlfé? g‘gt ure
to rundgﬁxanllttle endi an archltecture If the code is conpiled in a
special node, in nost cases it works the sane way woul d work if jt was

conpi | ed ar[QOQ?l]ﬁ“t?noralebloé bafesi Withuy derbite Sechik and | (é“blt data jiss visiiato ttBe ox 12

in the Tol t
oper at ipg gggun?ore gmgd% n%rlglgéula ?otﬁg %ao%ymm9§c%€96cﬁ& bag%éat%s%\ewgo?i ed as
bi g- endinih, a[tﬁfb(lﬁ]ovérlapﬂmnlseuct\mt br by eastig anpdistehtvodag pf nsiltiplebytas toya used
to conpile | egac ?%ode to run lf)n nodern |ittle-endian .architecfures.
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pr ogr aRRBYer P yiegm thigtogrally, élﬁféﬁ yechplaues, Weps gsedn'Qi IPIoYeRes ﬁco?n
det er mﬂhﬁ'QhMﬁﬁl@e@/Cﬁ@C Qoéﬁp?ﬂfo’nc Jghl euref ofalifreRAp eh@ialfesdiMay PFoduce

littl e-endian conpi yte swaps before | oads dnd stores of
t he datdifferemeresuhen Fdrse)emhlanfwsthel@ wde: | mgor Fafk12B50AE mdbghameer. This

adver sg| (charqg)g%t &16%% ufeoor NGl be IO)? { Eatﬁg E:é) et {socr(])mcl))flleh rell(r:"ld Ii')ruriJl on agmg endian

architecture, and it will be 0x78 if the code is compiled and run on a little-endian

architecture.

[0003] A compiler with bi-endian technology allows compiling of source code that is
originally developed for a big-endian architecture to run on a little-endian architecture. If
the code is compiled in a special mode, in most cases it works the same way it would work if
it was compiled and run on a big-endian architecture, i.e., ‘c’ is equal to 0x12 in the example
above. This behavior is achieved by adding ‘byte swap’ operations before loads and stores
into the memory of the data specified as big-endian.

[0004] A compiler with bi-endian technology is typically used to compile legacy code
to run on modern little-endian architectures. A programmer typically marks all legacy code
as big-endian, rather than determining whether each specific piece of data has to be big- or
little-endian. So, the compiler adds byte swaps before loads and stores of the data, even
when its endianness is not important to the programmer. This adversely impacts

performance.



[0005] FIG 1 is a flow diagramof a nethod for perform ng byte swap
elimnation in accordance with one enbodi nent of the present invention.

[ 0006] FIwo 28100187 | ow di agram of a nethod for opti m zipag/R20®/d0Y316
controlling data byte order in accordance with one enbodi nent of the
present invention. [0007] FIG 3 is a %l ock diagram of various data storages
to store performance statistics in accordance wth one enbodi nent of the

pr eserBridf Mésdtiption .of k0SwildsG 4 is a bl ock diagramof a systemin
accordance wth an enbodi nent of the present invention. Detajled

Descri pt i oh0Q0&. Expediowedingramesf 3 mpihed dorraroammgiode svap)elv@matign it ode
via elim I L i . : e swap operations based on a
conceptaégg &télkgg/ﬁtg%\rﬁlegg%%&@k ﬁf{hfﬁ@?%sﬁlgrlg’eenﬁég'di ments nmay override the

choi ce of deas]Ge2 ds ddlowt gipgramhefa prdsidaioe optimiziny code pecdnbrottarpedata [ 0010]
As used herein, a swap-tolerant eapresst%n is an expression of code being
conpi | QYLK “‘(’:é‘i?ofﬂé‘nf’%ﬁ’ll@c?é‘_ﬁ eRLEAMENE BLIRE BFSIERHINYSETPRS S| on operating on
sone (or al[%@O?i‘ngG”?nitssa gﬁocgy Bfagifaﬁmofbxva&f% OTHEI R eprtedé{sfenger@or\s%w _
result of the sane or a different byte orger. As some exanpl es, conparison
to a cengstamin éeoglancex with@mng 28W64ingnt oKths pegserdliaveationsi nce it has a

count er par = OAx78563412) which if given a d. t . SVWAP
woul d pIPOdEg@éJ ﬁéasér’rﬁaﬁ’ig‘ﬁ%‘iha%mt a ?ﬁ“‘dvﬁ%|a°§£m€$§§alﬁﬂ?#ﬁnﬁ’&%m§\ﬂh&i)s an
expr esghclededt ROEARM @ byte swap operation. A bit AND operation is

swap-tol erant since there is an operation (the sanme bit AND) such that
taki ng the swapped argunents woul d produce the correct but of different

byt e dafeiledDeseriptionHowever, arithnetic (e.g., +, -, *, /) operations are
not swap-t SiA hey_str.] r ir t g cof ifi te.order
and pr oducibﬁlﬁgqbfﬁéﬁg%greéﬁt lf"ﬁ(;svéapgée}gd %%Bge?re%tfs %\e?%%t?%ie%fjg%oéﬁ] A

domai n elifiratis&mddingeropdodded ipaths ofbyasiep iperitionobzzed o€ ,a cuhcé? of acivimiim ent ry
is an expressjion outside the donmain, a result of which is taken as_an

ar gunefvapy Sl Bythen canbodupents maynevarads His ehovssi of data dytraprdesstyre wiemn

expr essi.QF Sl ih that takes a result of an expression

bel ong?h%ﬁlg%ﬁ{ﬁg\éﬁ%&g}gﬂa&h argunent. A swap-tolerant donmain is a set of
swap-t ol er §60108 s esi kdrsint hadwapatioldpmnt rexpteasionl ibant dxpressivaustt evdeabding
expressions sq that if sone (ar all) domain entries are replaced w dat a
of dif cemahed Hwé%rhﬁeﬁep?af%ﬁwﬁn P QOHBICHBHaPPERIONSORGAING b SOF) @1 @@E ults

! i SRR RO S JOHRL RSt ATt
order. As some examples, comparison to a constant (e.g., x == 0x12345678) is swap-
tolerant since it has a counterpart (y == 0x78563412) which if given a swapped argument
SWAP(x) would produce the same result as the original expression, where SWAP is an
expression to perform a byte swap operation. A bit AND operation is swap-tolerant since
there is an operation (the same bit AND) such that taking the swapped arguments would
produce the correct but of different byte order result. However, arithmetic (e.g., +, -, *, /)
operations are not swap-tolerant since they strictly require data of specific byte order and
produce an erroneous result if swapped arguments are taken.

[0011] A domain is a set of expressions of code being compiled, while a domain entry
is an expression outside the domain, a result of which is taken as an argument by an
expression belonging to the domain. A domain exit is an expression outside the domain that
takes a result of an expression belonging to the domain as an argument. A swap-tolerant
domain is a set of swap-tolerant expressions that can be replaced by their counterpart
expressions so that if some (or all) domain entries are replaced with data of different byte

order, then all the domain exits would be valid results of the same or a different byte order.



changes the byte order of some or all domain entries and exits by placing
or renoving byte swap operations at necessary domain entries and exits; and
(2) substwoubagisaledy expressions in the domain with counrermga2bosmngsiessi ons
operating in a different byte order, so that code semantics are preserved.
For a domain swap with regard to entries and exits, a byte swap can be
renoved if the entry or exit expression is a byte swap, otherw se a byte
swap can begodmgel ts@dp df0DUShahSisan texafERhetion! bf To&MWENA) cohdpiRWARGB)(1RES =
TI = T2 The expression "Tl = T2" is a swap-tol erant donain, the expressions

" SWAP( plpanggs the topppydey of spree efosthemaintantriss and eits By Plasiigeimsmoviogebyte &
. A ) : ' . . HES e
5 2 RSP Db RS R BRSSPI Sulled b

/1 byt e tigr demnaiafwitle solrterpart telipressioms opeeathignm & sliffeldeidbyse orderpsee that [c0@d 4]

Thus for each swap-tol erant expression if is known which of the entries
(i.e., SeRtiveAFspregeied x Forsa dpmain swapsyyith gs2apd 9 cptFish gRd sy adieiWiR a

domai n ' r; : I i ' ' t hen

v ol seREFPraoRELE B TRy o Skt BRI Gr A R e B der o

X w || insertédept: X?Y' :Z' . Thus it is known which entries and exits of the

domai n cha heir byte order and a byte swap operation (SWAP) is

inserted/rZﬁ&ﬁgcﬁsf%]re’%WQ?e only. [0015] A donain swap benefit is a

per f or mancerjhegefAp(Afyr om a donmai n swap such that an anount of code inserted

m nus an anount of code renoved (taking into account weights of specific

i nstructi o pPACANB)enoved as wel | as estimated execution counters)

results in@igs[lgti:vi% nunber. [0016] As an exanple, Tl = A T2 = SWAP(B) RES
[

=T =T2 wh a domain swap would | ook I|ike:
The expression “T1 == T2” is a swap-tolerant domain, the expressions “SWAP(A)” and
“SWAP(B)” are domain entries, and the assignment “RES = ...” is a domain exit. Here is

what a domain swap would look like for this code:

T1=A //byte swap is removed

T2 =B //byte swap is removed

RES =T1 == T2 //byte order of result is the same: nothing is added or removed.

[0014] Thus for each swap-tolerant expression it is known which of the entries (i.e.,
arguments) and exits (i.e., results) will change byte order if a domain swap is performed.
For example, in the expression X?Y:Z (if X then Y, else Z), the byte order of Y and Z will
be changed and the byte order of X will be kept: X?Y’:Z’. Thus it is known which entries
and exits of the domain change their byte order and a byte swap operation (SWAP) is
inserted/removed for these only.

[0015] A domain swap benefit is a performance benefit from a domain swap such that
an amount of code inserted minus an amount of code removed (taking into account weights
of specific instructions placed/removed as well as estimated execution counters) results in a
positive number.

[0016] As an example,

TI=A
T2 = SWAP(B)
RES =T1 = T2

Here is what a domain swap would look like:

T1=SWAP(A) //byte swap is placed



TI = SWAP(A) //byte swap is placedT2 = B //byte swap is renoved RES = Tl =
T2 //nothing is added or renoved A domain swap benefit is positive if "Tl =
A" in thewonoginsale7code is colder than "T2 = SWAP(B)". RorsRu2b@io0dhe terns
"cold" and "hot" refer to the relative frequency or use of a given code
segrment. A "cold" code segnent is usedl | ess frequently or nore distant in
time with respect to another code segnent. So, as shown by this exanple, a
domai n swaprorap V@wlﬁvapnsfgﬁyd@g the SWAPs around in the code. [0017]
Referring nowto FIG 1, shown is a flow diagram of a nmethod for performng
byte swap &HNTAAGTOR |/@0§é@$)¥scﬂéﬁ@<bowmﬁ"%e enbodi ment of the present

| vent | 00om M A8 BRI BERARL IOATES BYinae A LoD ofifCheSTon one of

nore processors system scope € present
i nvent |S(WiAP§B)noNolte mat &ﬁ tering ‘Woﬁd”rangamdt” sfefeo Meldtlvre fiegueiy obasgef 4 or med
to optimze code that is witten for a big-endian architecture for a
litt] e2BisRIcARe seRrnt-edt rold” eﬂdatses@emt%segd?ﬁa' freguenthy; oremgrg digtaphingime

br oces gy lteggfct {oS e c'olié §é§ngﬁldls%na§§ B i Qxan[lpﬁgle?ho&ﬁmss%@% dﬁég)( FIG

1, nmetho g| n erm ni ng et er an expression of o0 be
opt| m z@dltumnioumgsthaSB&Alésammpﬂmpheeﬁdeon (dianond 20). If not, control may

iterate to ext .ex ressi bl.ock .30), Wien a byt pex ression is
encount er ed0OTbREGTInE 25500 THG- bl WORTADS HeH BERTURNBMS TRy oL B TiRe
i ncl udippg %11%1%1%%% Qordiict &ithie 2AMBEInRnt Bhﬁle%é‘s%ﬁﬂhvérmb%ml\n&ﬂod S not
I|mted |n this regard, enbodi nents may seek to expand the scope of a

domai n 1f)onatyl~bﬁsp®fm1h1bé baplt Gompa berr itloat emcuscsrmrmeroromoremcesmrmﬁa comautsi ngl e
pass. Details t[Jll | di n ﬁftha domatnrg di.scu ed furt bel ow hi the
cour se S5 Bui "ﬁg & WORRIN, 't HECHE ‘?Vr?nﬁ%%/ ‘%é‘o ‘PBFF&eH‘ 1? He&titi £98hal
expres %h@ﬂ&miehtsﬁﬂ%%@#&fcﬁﬂe@ &K opfithize kbdd thef is G fteeh! for Qf)lgeéﬁd%ihcﬁrﬂﬁte%tlﬂ@ nai n

are al so di scusse ow. At the conclusion of building of a domain, the
var i oudorenkittlewsdian @rebiteetyre: cThaés, dhsreampilen By ehemiieom p Peoass s thaias obe
i denti | o As di scussed above, the donmain entries nmay be
vari ougllttge?%n&%e a%ghl{sga ‘are inputs to the domain, while the exits may be

various r e:{wm Ashietn 1 FIGI 9 ¢ the@iodaA0GHAEgin l@jdﬂablﬁhﬁnﬁlfg wmmqm\lmress{l&ﬂw]
Referrlng still to FIG .1, at dianond 70 it nay be determ ned et her

r enovalof 9 eatOHgﬁ etiiged Bichidesedyie %@pemratm @rmpend72)). TAgoyicentielsmay above,
this detefMmaf! g tmrepsﬁcéngﬁ Lot BB Ryn 4 et nmépggx&%%iﬁ ?s”eﬁ’c%hh

profiling 1nformation ng a erence etvveen
t he anooitttol phssex oy bRk Ais whesed tedainnhay bébuittoideluding this expression. While

the scope of the present invention is not limited in this regard, embodiments may seek to
expand the scope of a domain to thus enable optimization of a number of expressions in a
single pass. Details of building of a domain are discussed further below. In the course of
building a domain, the domain may be extended with additional expressions if possible
(block 50). Further details of extending a domain are also discussed below. At the
conclusion of building of a domain, the various entries and exits to the domain that change
byte order may be identified (block 60). As discussed above, the domain entries may be
various arguments that are inputs to the domain, while the exits may be various results that
are used as arguments outside of the domain.

[0019] Referring still to FIG. 1, at diamond 70 it may be determined whether removal
of a byte swap provides a benefit (diamond 70). As discussed above, this determination may
be performed by the compiler based on various profiling information, including a
determination of a difference between the amount of expressions inserted into the code and
the amount of expressions removed from the code, and profiling information regarding

various execution counts associated with such expressions. It may be further determined



t he ambunt of expressions renoved fromthe code, and profiling information
regardi ng various execution counts associated with such expressions. It may
be furthewoaeteersmenedwhet her this benefit is greater theaorRzomebabd. | n
one enbodi nent, this threshold to indicate that a benefit is provided may
be zero, such that if the benefit determnation results in a positive
nunber, a benefit would be provided. Note that if a benefit would not be

provi degheér SEBEALOTs bRatePYha &WARshdl@. DI 8néWaibolinhdht NHid etedhdldoes f or med
and the conpiler may iterate to the next expression (wth regard to bl ock

30 di sénskienteithababenefit[ippmy]ded mayra zese sueh that dfthe banefd detemainatienrsults

provi degs, OQSR%fdlhnbe?OQ%gRéqt%&ﬁg%etpqopi'dQ&.k Nle it 2060 eBO woblifnbYbE SWaP
expressi ot may be renbved, thus replfacing this expression Wth a

count eppaiidedelprremsvalnof theibylte kwhap,hes bytenewsy elimitatiod dis tpeefoahed hé thovaps
may be inserted/renoved at other |ocations within e. domain (bl ock 80).

th
Fur t hefPPBPRST macKerBiptte thapeyt expprseioni(yih regayd & biprlas) diseussedidboreled or
removed i  [Q050] F inSeal J?ﬁs §REmIRIP L ?&flé\}a‘??r@sﬁ&ésoﬁ bENf SconlidE SH&Qé td ed

code may t e stored in an appropriate storage such as a system nenory
or a nblockdBt age bck &G tHeobytt atvap expsssibh anaybe remoped) gheréphcingling t he

nodi fied code is called. Wiile sho ith this particul ar.i enentation in
the enBOAFHMM W&P_ﬁ%&nt@%ﬁ’ﬂ’é@éto&%tmg“ﬁ%w%ﬁr R oSS {_’Ytﬁ\?E/ﬁP? on is
not |i Wt ed ihderfelirdmbaQah dtRP iR withiR HRIRM A (18& 80)C RARSHRIE sufP021]

To build”a swap-tol erant donmmin, one can start with any swap-tol erant
expr esbytersvap dxpossianbyiay sswdplydesinserted o tsmovedny ede anthoexoeihd donwimlonai n

w th connect ed swap-tol erar xpressions, |f further domain, extensjon is
o t her THELALT R €18y b castind Silk SR ps e 10 e GEPOPHR ISTARe D rmy
be per heysesd &t I8 ndHOvEiabS stoBige 6 latek kkecuBBA®HRN VPreé A MORAcIu8ing RS bl e
when there are adjacent swap-tol erant expressions. Still, several domains
may benindified codeagsealledr Wbie adowoemiiths wip- patiewlantimplgmentatioonin ttheray be
determ. ned.to pQ d,it to.a rrent in nd. sever.al ins w.ll have
i 11 or ERpogkRal Ak ERGCL inds i SHELERE B bRl Iy SRS po L BIRER T ML | 12

to fi ngedaharilesthertittiplldmeh@ariing arePossiplee heuri stics may be applied. Certain
enbodi ments nay be based on use of heuristics. Byte swap elim nation may
thus identilf921dre SuHA 2l IwapHelesphflomsinr gR¢ @BnBiRH s Mithaany sygpdelernt

posi ti wan, efgﬁﬁit i i N vario
enbodi \ré}g%rtés o$p}era iaé)rYgeS Sbn?ﬁ%%%éagtg bgg%eﬁg%%/({tag]%ge% : él-rmﬁgdérlg% g’ggldéb \?]\An %Cﬁed
equi vakemp-tagantdxposssioay. elf furfier danmindatensivh i8 cithdriimpesibloyi does mdeimake
Further, multiple conneiqt ed expressions e%nd mul tiple éonn.ect ed data can be

opt i mi PeforEangnEensenihg darpRip SWaRERAY b periorangd) andosthem gomping Mayakg BHIL not
only apgnidiexhsibiss b@@sﬁbﬁ:"‘@ﬂ& ﬁ{e'rénaf@léﬁ%ent swap-tolerant expressions. Still,

several domains may be built, because for each adjacent swap-tolerant expression it may be
determined to not add it to a current domain, and several domains will have different
domain-swap benefits. Thus either a full search can be performed to find the best built
domain, or some heuristics may be applied. Certain embodiments may be based on use of
heuristics. Byte swap elimination may thus identify and swap all the swap-tolerant domains
that provide a positive swap benefit as described above.

[0022] Thus in various embodiments, operations on data of some byte order is
replaced with equivalent operations over the same data of a different byte order. Further,
multiple connected expressions and multiple connected data can be optimized at once in a
single pass. As a result of the optimization, not only are some of the byte swaps eliminated
but others are moved to colder paths. Thus expressions may be replaced with a counterpart
expression operating on data of different byte order, swaps may be moved within the code,

and multiple connected data may change its byte order. In this way, byte swaps can be



but others are noved to col der paths. Thus expressions may be replaced with
a counterpart expression operating on data of different byte order, swaps
may be nowedowtsiicn t he code, and nultiple connected daraTagi®hemge its
byte order. In this way, byte swaps can beelim nated by repl acenent of a

pi ece of code operating on data of orfe byte order with an equival ent piece
of code operating on data of a different byte order. [0023] Referring now

t 0 TabkEminhategltoyreplaeRedSElal piee® BE coOEPbHEatNG tif datapdsliebyee bidet evigniat i on
of an algorithmin accordance with one enbodi nent of the present invention.
As seeRdyiralqEpicee pf cads perting picdatanisa dHErepebYie 8deBed for byte swap

elimnatio d i e . t . Qn: Ils
t he donai nT%(ﬁ%}ﬁlﬁ %Jﬂ ﬁ%r?’%%‘??n%?‘ﬁnla I %V?loﬁ?a P%éﬁgg:&eégﬁlrﬁl ngn&g%t%hg%@g&%enefi t
woul d implementation esforn ndgarithyit én seegrdender esthi ong eartodieentf ufiche gesent i t | ed
BENEFI T may be perfar di scussed above, this_ function determ ne
that alBeR _ri-_tAF) §eearlgg§ﬂ{e {- oo Ao BN Rewgrd Eor%ﬁ%smnafm%ﬂw ue.
ber { o BRGNS S ABaE Apodel B byRIGI A AnlARIOMERIm AR bR Aol Ry be
oper at londditiont e datgpmoymng athetheocabensfs wotldi mhedeeind camedvingisa bglel swap t he
donamin entries a its. e is pnseudo code.is. exenpl ary, ,and
e o i e e
igh QR h feuditfonSefits!i Rive QAllue.
| S BYTE §V1\AP( ggprtessi on) { /*n trysPtro elimnate tthi S sptgcli faiﬂggbyt e swap */

ent ri edf thiscbasitive yvajuexp famdi amthetdimdtion: called SBUAR D OWANMaE b mssformed
domain, entries, and exits) | F BENEFIT(doppin, entries and exits) >.0 {
swap DMVATRERERMR, oGl Fotbe'el Al et § RS sl refiBofr ) Bty
END FORcEAS#I Within the domain as well as the domain entries and exits. Note that this pseudo-

code is exemplary, and other implementations are possible.

Table 1

FUNCTION BSWAP_ELIMINATION() {
FOR EACH function BEING COMPILED {
FOR EACH expression IN function {
[F IS BYTE SWAP(expression) {
/* try to eliminate this specific byte swap */
entries_and_exits:= {expression}
domain = {}
BUILD DOMAIN (expression, domain, entries_and_exits)
IF BENEFIT(domain, entries_and_exits) > 0 {
SWAP_DOMAIN(domain, entries_and_exits)
} END IF
} END IF
} END FOR EACH
} END FOR EACH

}

FUNCTION BUILD_DOMALIN (expression, domain, entries_and_exits) {
FOR EACH other USE_OR _DEFINE expression {
I[F SWAP TOLERANT(other) AND NOT (other BELONG domain) {

domain += other

/* iterate through those arguments and results of ‘other’ that have
different byte order if we replace expression with its counterpart */
ITERATE (arg, other) {

IF arg == expression CONTINUE

BUILD_DOMAIN (arg, domain, entries_and_exits)



FUNCTI ON BU LD DOVAI N (expression, domain, entries and exits) { FOR EACH

ot her USE_OR DEFI NE expression { | F SWAP TOLERANT( ot her) AND NOT (ot her
BELONG dowei2n)o/i516mai n += other /* iterate through t hoPETRIGNPNOHG6and
results of 'other' that have different byte order if we replace expression
with its counterpart */ | TERATE (arg,7 other) { |F arg = expressi on CONTI NUE
BU LD DOVAIN (arg, donain, entries_and exits)} } ELSE { entries and exits
+= other } END IF } BND EACH EXPR USACE } [0024] Enbodi nents may further
control the choice of data byte order. That is, rather than selecting data
byte order as the programmer has specified, a conpiler may check whet her
the byte order delz%ft specific piece of data affects semantics of the

program and if it d%ﬁﬁ—iegoz{nd éﬂngb__y&tﬁ? order for this specific piece of data

can be set froma pertoriance péerspective. [0025] As used herein, the byte

order of data (e.KNDIFariables, data structures, heap data, function

argunents, etc.) is not visible to a programmer if all the storages and
retrieves ofENHEMHEHRUSAGHe same size. To prove that all the storages
and retrieves of the data are of the sane size, the conpiler ensures the

foll oW ng: the data cannot be accessed through other variables (e.g., union
menbers) of 0eH4f] fEanteniimenty ajaytfimtheadontesigshohdideeoftidatabyte forder e Thatakenther s not

seen di.rect externally (ji.e., outside the code.bejng conpiled), .ngr

St or ed U SRR i Byieaerts 5 ta? BIEaRmer e PecifiGh Beooaner Bryithed
from agenleiadlytd stact dach BcifRA5ibdd RatLafRR RAHCd 6F B Bfdpeah,0 if hat
the conpiler cannot follow, ‘and if the address of the data is taken and
cast editt doea not,i theeryte ordgatfer tis spedifict pieeqof dataccanhleg se¢thizem 4 penfiormagesl/ wri t e

by that 1poi nter. However, a conpiler may all ow known excl usions fromthese
pr er eqBf'SPILYSf or external functions |ike maloc/free/etc and still

guar ant ee yo@ts)ad udedehdr@h tHRVISGe dftér Y Wadd@Ss. Ak ridkles! liataSaARNEESZ Deap
data, function arguments, etc.) is not visible to a programmer if all the storages and retrieves
of the data are of the same size. To prove that all the storages and retrieves of the data are of
the same size, the compiler ensures the following: the data cannot be accessed through other
variables (e.g., union members) of different size; the address of the data (if ever taken) is not
seen directly externally (i.e., outside the code being compiled), nor stored to a variable that is
visible externally, nor passed to/obtained from an external function, nor participates/obtained
in expressions that the compiler cannot follow; and if the address of the data is taken and
casted to a pointer to data of a different size then there is no read/write by that pointer.
However, a compiler may allow known exclusions from these prerequisites for external
functions like maloc/free/etc and still guarantee that all the retrieves and storages are of the
same size.

[0026] Data byte order visibility may be calculated conservatively. For example, byte
order can be treated as visible if not proved otherwise. To define byte order visibility of
function arguments, a compiler additionally can ensure that all the calls of the function are
known (including indirect calls). As examples, the byte order of a top level static variable,
the address of which is never taken is not visible to the programmer, while the byte order of
a global variable in a per-module compilation is considered as visible to the programmer.

[0027] Pieces of data compose a group if they must have the same byte order. In the
example below variables ‘a’ and ‘b’ must have the same byte order and thus the compiler

must preserve this order:



[ 0026] Data byte order visibility may be cal cul ated conservatively. For
exanpl e, byte order can be treated as visible if not proved otherw se. To
defi ne bywe 20orodistievi si bility of function argunents, a ceompiRwEn0%de16i onal |y
can ensure that all the calls of the function are known (including indirect
calls). As exanples, the byte order 3 a top level static variable, the
address of which is never taken is not visible to the programmer, while the

byte order imf p& Gtaidionva&aalgte in a per-nodul e conpilation is considered
as visible to the programmer. [0027] Pieces of data conpose a group if they

must have PHElsah® byte order. In the exanple below variables "a' and 'b'
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accordance with an embodi mrent of the present invention checks how the data
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Thus ahF:&HH?i'cé@a{nBe”u&&@&EI%@&BetereﬂdiﬁﬂleFMH'aﬁﬁ%}gr9fobtabi¢it )resent invention

may performthe followng: 1) break all the data on which a program

oper ates i n0@RYrldups comrtlemiss acdpadance wgthsamembodiment dEthe preseng imventiome

groups such t hat, byte arder,, of lﬁ"!} he data j.n. the group is not visible to
o ogr amrmerigg e foifoSae e BrsaRisl e alboviike o Wedad Greslist Belbrt %oy e
order Wit enhiveare Yt kg bR, ) REISEtithy BroRBs SRhTBAGStdRa&f dftall tBodatd)in Change
the byte order of selected groups by adjusting all the reads/wites of the
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100 mapyheridmafesedate droups BY adjubingeditiha Readompitésasf thdgloupxalat. es on a
processor of a system e.g., a processor having a little-endian, K . .

ar chi t ect ulB0303RederangingWrpd1G; 2, shoviolg atitey dingrase §f A neshed, fos oPHAYZIBG de or
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segnent o h statistica ormati on may ai ned
in a fimsehtipasAs ekeauin FiG. @f methed d 00mdydre, imphintdntetaysiexebisérelidohengokte or
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As seen in FIG. 2, method 100 may begin by executing code or applying heuristics to obtain
statistical information regarding a given segment of code (block 110). Such statistical
information may be obtained in a first pass execution of the compiler, which may execute
the code or perform other operations to obtain the statistical information. Then, the data may
be parsed into groups (block 120). More specifically, the data may be parsed into groups in
which each of the data have the same byte order. That is, all the data of a group may be big-
endian or little-endian.
[0031] For each group, it may then be determined whether the byte order of the group
is visible to a programmer (diamond 130). As will be discussed further below, various
analyses may be performed to determine whether the byte order is visible. This analyses
may be based at least in part on the statistical information obtained during the first pass. If

the byte order is visible, control passes to block 140, where a next group may be selected, as

no optimization is possible on this group of data.



be parsed into groups (block 120). Mre specifically, the data may be
parsed into groups in which each of the data have the sane byte order. That

is, all twewaimaimh a group may be bigendian or |ittl e-eadiranoodyfodddsd] For
each group, it may then be determ ned whether the byte order of the group
is visible to a programmer (dianond 180). As will be discussed further
bel ow, various anal yses may be perforned to determ ne whether the byte

order is vi[@(mlr] Dthdiise, 86itoY pEKedBYmREaRasE d3@to digmdhd il B0,Pdlidre Rnayiee
statistical information obtained durln&the first pass. If the byte order

i s vi si¢feaminedmthedier phstsesdar shangsdr theduta ahdeareumwaulddieaefi peslprigance.
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& hor w2 s R TudBy bPRal R AR e Be bR SR B S B S ey e
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benefit performance. As will be discussed further below in various
i mpl endietlsk bopwvideds ne pptimization if parfosmed #ag agexp erquprpey be seladed (hipske

whet hey 4@ RGBLQGIBIEL, RE BRel Ehéeﬁg? L&%upgprgggi\éiaq)eésjfophén&%eggﬁ};&%rfetro\gg%}gesgs be

provi ded,” no optifization is p orne a ‘nex roup nma cted
(bl ocktdlBlBrk 160 hveiend g, byitd orlebyf eheogrdep neadyabegehanged. d The enddifdedacqderrhay mance
benefit, control .passes tqQ bl ock 160 where the byte order of the group may

be chaHade siered idan RPRIGPEHE SIOREF AR AS BSYLERY BETPTY An? BPhVelAseX¥28] or age
such a : : f: t : i when a
?orﬂat%?’i%a?% t eéar/% gllro n{‘ﬁﬂIuglg{gt {Ag %q%?ﬁ’ééﬁ&@\ﬁilféealgeﬁ. SV hifX@EWhivAith |

program i nc Ied code s called. own with this

parti ctHiamaitivplae nentlabémationnint e embodimeentof HIG-I 25 the, scope of cthpepredent he
present invention.is not limted in this regard. [0033] In one

i npl enBHERESH ,noéhﬁlbtﬁ%fq@fs rS%atr&m' zation may work on two conpil ation passes.

On the firs$§oa3ss oné %?léﬁ%ﬁth@&h,%%ﬁipil@%ﬁthﬁ?z@ﬂ&l Ry 36 %H't@%"c@rr%'{fllgti&y te
order preference is calculated froma perfornmance perspective. t he
secondppaes, Qrhéhedfitsh passagefomatielj abeow dlate esagti 1wgaccomulaeds and bytedotdygt e
order for. each speci fi iece .of data. Thus, it be ,det epm ned whet her
byt e oPtLERtGs SRE Rl ol gt stV DhyfEYecBa i, EAGRAE o1 er
t hat nRkeFusiaRr £csRMSLolthOBRIENR] PRE bRTHERCRCR e%&ﬂﬁcpiw@omata.bemsg @nhay i ed.
Fi nallé, the byte order of specific data nay be converted. [0034] Each
¢

pi ece b¢ detgrmained arhethsr dyter erder fonrd wegifigamece gfidata isovisibia. cS§condsths byerA
OO i BB, e P A 5B TBly BEL LR CRApOLTD o
f ake paHerdyss soden®f speéifio dataaidybescofdaérgedst ruct ures. [0035] I n one enbodi ment,
the struct lfl(r)()e3s4] nFEXh bpeiecsé %rfeccijatg n(v?lriglﬁg,f %xﬁi@ge all:é?l?riletngr function, etc.) has a
DATA_ADDRESS fake pointer, which is treated like a normal pointer containing the
address of that data. In one embodiment, each pointer (and DATA_ADDRESS fake
pointers) maintains various data structures.
[0035] In one embodiment, the structures may be stored in a performance monitor
table 150 such as shown in FIG. 3, which is a block diagram of various storages to store
performance statistics in accordance with one embodiment of the present invention. In some
embodiments, table 150 may be stored in a system memory, although in other
implementations the table may be stored in a cache memory of a processor on which the
compiler executes. As shown in FIG. 3, table 150 may include a destination list 160 to store,
for each pointer and data address fake pointer a list of pointers to which the pointer was
copied. Similarly, source list 165 stores a list of sources associated with the corresponding
pointer. In addition, an access size list 170 may store a size of a read/write associated with

the corresponding pointer. In turn, a benefit counter 175 may be incremented/decremented

depending on whether a byte order change would (positively or negatively) affect



tabl e 150 such as shown in FIG 3, which is a bl ock diagram of various
storages to store performance statistics in accordance with one enbodi nent
of the prweentosismeenti on. | n sonme enbodi nents, table 15@cmmu2b®/winsed in a
system nmenory, although in other inplenentations the table may be stored in
a cache nenory of a processor on whi df the conpil er executes. As shown in
FIG 3, table 150 nay include a destination list 160 to store, for each

poi nt epedBEhahat &itddpad o fankRpRedioi Bdsodialel S¥ittod ppdidt! eTHus teach\Poiater i
poi nter was copied. Simlarly, source |list 165 stores_a |ist of sources

associ a@l@opqmt?hmtaﬁén%&aﬁ’e%%&ﬁlth‘itfed@tsnt]@ronelqmb&éiﬁpﬁfltow L4AE L@BED diQe | st
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pointer. In turn cou be I ncrenment ed/ decrenent ed
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affectperfornmance with re ard to an ex si on associ ated w nter.
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destination |I7st 160 and source list 1 may con olnhters
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and benef.i unter 175 ata u tatisti. I nitial t he
ACCESS VaSHes (G4 Wi BRPRCRDBREGEST Si0E FEIAREOrat oot ¢ G ioRiRmh g2t oaidhe nat 1 y
vi si bl @ sysRels @ ahi MRS meAtURCWhRASrA8cie8d kiz8 Sndidhte@RisENe W& Brdegd be
accessed through other variables (e.g., union nenbers) and those ot her

var i ablQiertliststaraimetially eanptlyf 4ndrtberbensiiy equngasmargiinitially egtdo geroue (in an

ats are (RTSTAe BRBa® BRGReRIETaICRAFE wib e e iR T g o

zero. [OesHud ﬁ\bmtd]ﬁ poiite tP@fther] the VCANUE! €OPIED | BOtIze € tHel vahﬁcevunfdhhé eal
data. Each tine a value is C(%gtl ed from one poi nter to another, the VALUE

coPl ED VWO-WE s€OBEER HRQM HeteoAhel desination uE extomdebapmonmatelyt Tachttiae an

ot or cd RS G FENEIELBEPATRIE CtakD. PO b BuRp SHPRESS MARRRL °
COPI EDtleR’(H\(LDJFE U@IHESFleo@meafeetxmbﬁlaﬁbeﬁte&ﬂed appropigtly. [0037] Each tine

a read/wite is found, a correspondl ng ACCES S SI ZE | st entrﬁ i s extended
with the rd8eAAlbach teme  reag{waiteds. loyde a seremondias MEEESD sSIdk figientic cased

or decreasath Ry g@gepen t‘éaélzeexe&t‘JH{bP”thE%gfﬁf gﬁﬁnt&h‘?s %Hf“%]ermﬁe?%y tﬁ:' on

or stays unt ouc I'ng on how byte ange wou
expr esslegnased rbyt mhemnmll eschidovguntdraofgbs con‘reMafmpmssioamrsﬂami wrtsuched | ect

change of the rder .of vari abl A = SWAP A.= B // benefit
g debentih o Aoty P Hiag ARbe ey dghiifibe BYPELEH I BB REBPIcE PG,

unt oucRgshges of various expressions reflect change of the byte order of variable A:
A=SWAP(B) — A=B //benefit counter grows
A =0x12345678 — A =0x78563412 // benefit counter stays untouched
A=B — A=SWAP(B) //benefit counter is reduced.

[0038] Each time an unsupported operation on a pointer or data address is found, the
corresponding ACCESS_SIZE list is extended with a zero value. At the end of the first pass,
all the lists are built and the compiler has enough information to determine byte order
visibility. If for the given data, the union of the ACCESS SIZE lists of all the pointer
variables achievable transitively through the VALUE COPIED TO list of
ADDRESS_DATA contain no more than a single element (and that element is non-zero),
then all reads/writes of the data are of that specific size and thus byte order of this specific
data is not visible to programmer.

[0039] To find which data pieces must have the same byte order as the given data (i.e.,
which data pieces compose a Group), the compiler builds a list of ADDRES DATA pointers



A =B A=SWAP(B) // benefit counter is reduced. [0038] Each tinme an
unsupported operation on a pointer or data address is found, the

corr esponstongioASOE3S SI ZE |ist is extended with a zero valrma2o00000d16 end of
the first pass, all the lists are built and the conpiler has enough
information to determine byte order Visibility. If for the given data, the
union of the ACCESS SIZE |ists of all the pointer variables achievable
transi hthevapld tamitglly theolgALVEL CBPCERIED TOsindoV AADBRESPIEATAROMUBisN NO

more than a single element (and that elenment. is non-zer o%, t hen all
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BENEFI §Rap aiid adjhistP@ithudgs. transitively accessible is positive), the

conpi |l er makes a swap and adjusts data usage. [0041] Thus enbodi nents check

how each spee4lf]iThupiembedigientsanhgck Bowsach spasifinpires ef daja s usedeanddudliosd on
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speci f Velups eely)- oBytgarder Fhpiceisdrsedpandaty esagp it theapplisption deingcompied;ahe one
fits aldle "isiggqg hiadé Bod é]d'c ﬁ@@@l%gﬁ&? g?hlltgrfoxc %hdsgiggﬁg &ﬁ@fi&alﬁog,altaﬁlé | ag be of

differen te order ra ying on a I sion, enablin

gener at‘etk fisdd!”wnodelhilghies waer & oompilerecan] dHddi2] wikeh darai shgulddw éfodiffatzne 2,
shown is sinplifjed pseudo-code for providing the two passes i.n accordance
wi th oR¥Cetidstiirders hen rehyangpreHter Srsiin, cabling geasmaiPdh opde it MIEARE. t o
passes gﬁﬁm%%gguted by a conpiler to control selection of byte order for
specich ata. As seen, the first pass may be used to execute the code or
per f or m ot HeP4Rafersing eowt to Tedlch2y shown is simplified pseudo-code for providing the

two passes in accordance with one embodiment of the present invention. As seen in Table 2,
the two passes are executed by a compiler to control selection of byte order for specific data.
As seen, the first pass may be used to execute the code or perform other heuristics to gather
usage statistics that include updating of various lists associated with each variable and
pointer of the code. Then the second pass is performed to optimize the code based on the
gathered usage statistics. When it is determined that a byte order change will optimize the
code, such byte swap operations are inserted/removed from the code.
Table 2
PASSI1: gathering usage statistics
FOR_EACH function BEING_COMPILED {
FOR_EACH expression IN function {
SWITCH TYPE_OF(expression) {
Case A =B:
// Each time a value is copied from one pointer to another
VALUE_COPIED_TO list of the source and

/I VALUE_COPIED _FROM list of the destination are extended
appropriately:



usage statistics that include updating of various lists associated with
each vari able and pointer of the code. Then the second pass is perfornmed to
opti nmi ze wboeonwdeichased on the gathered usage statisti ceCTMRMYH0I16
determ ned that a byte order change will optim ze the code, such byte swap
operations are inserted/renoved from2he code. Table 2 PASS|I: gathering
usage statistics FOR EACH function BEI NG COVWPI LED { FOR _EACH expression I N
function { SWTCH TYPE CF(\&A(]DWJBSSOBIBD{T@(@&#E} B: // Each tine a value is
copied from one point er tw@mggh@opmq&mf}#& @)tist of the source and

/'l VALUE_COPI ED_FROMd sk -0 ];he destination are extended

appropri atel y: VALUE_ CCPI E += {B}; Case
A = &B: // Each time an a ean essXHi" g vaéretlgabl e, VALUE
COPI ED TO of the source's ADDR 7‘ V. D FROM of the

destination are extended PI ED TO( DATA D(li)RESS( B) )
+= {A}; VALUE COPI ED F P?Ai /Q*PAER Stt%‘@’(‘we’&ﬁ Each tine

aread/wite via a pointer is POYRENEFES S Sl ZE of t he pointer is extended
with access size. ACCESS MMAEUPTRPPIED FOEPAPPRADDRERS(BENEF(A} i ght be

i ncreased, decreased by tVARXBcUGOPHD JROMEA) of {tDATAUATHPRESNF)dssi on or
stay // untouched degasd¥PGRon how byte order change woul d nodify the
expressi on. // Each time a read/write via a pointer is found ACCESS_SIZE
’ of the pointer is extended with access size.
ACCESS_SIZE(PTR) += SIZE(*PTR)
// The BENEFIT might be increased, decreased by the
execution counter of the current expression or stay
// untouched depending on how byte order change would
modify the expression.
BENEFIT(PTR) += ...
Case A:
// Each time a direct read/write is found ACCESS SIZE of the
DATA_ADDRESS is extended with access size.
ACCESS_SIZE( DATA_ADDRESS(A) ) += SIZE(A)
// The BENEFIT might be increased, decreased by the
execution counter of the current expression or stay
// untouched depending on how byte order change would
modify the expression.
BENEFIT( DATA_ADDRESS(A) ) +=
Case xxxx:
// other supported types of expressions: modify lists as
appropriate
Default:
//lcomplex or unsupported expressions
FOR EACH pointer IN expression {
ACCESS_SIZE(pointer) += {0}; // mark that we don’t
have enough information here

}
}

PASS2: optimizing the code
FOR_EACH function BEING_COMPILED {
FOR_EACH expression IN function {
FOR EACH data IN PARAMATERS(expression) {
IF NEED_ BYTE ORDER CHANGE(data) {
// found data, byte order of which needs to be changed: place additional byte
swap



BENEFI T(PTR) += ... Case A: // Each time a direct read/wite is found
ACCESS _SI ZE of the DATA ADDRESS is extended with access size. ACCESS Sl ZE(
DATA_ADDRESS(A)15)16+= Sl ZE(A) // The BENEFI T mi ght be i neceaaro/denseased
by the execution counter of the current expression or stay // untouched
dependi ng on how byte order change wddl d nodi fy the expressi on. BENEFI T(
DATA ADDRESS(A) ) += Case xxxx: [/ other supported types of expressions:

modify lists as appr REPI2AEE Dof BXAREISIONIBf¥ssivh, datsupport ed expressi ons
FOR EACH poi nter I N expr ewfgwnswm@amghﬁger) += {0}; // mark that
we don't have enough information here } } } } PASS2: optim zing the code
FOR_EAGH functi on BEI NG COWPI LED { FOR EACH expression IN function { FOR
EACH data | N PARAMATERS( expression) { |F NEED BYTE ORDER CHANGE(data) { //
found data, byte order of which needs to be changed: place additional byte

swap REBIORCEAION. EAPBERISONES(pXesionn,{ data, NEW SWAP_EXPRESSI ON(dat a)) }
I[F NEED BYTE ORDER_CHANGE(data) {
// do similarly for expressions where the data is assigned, i.e. replace
// data := f(x,y,z) with data := SWAP(f(x,y,z,))
}

[0043] As shown in Table 2, since the total BENEFIT is positive, the swaps that are
put here will likely be optimized away using one of the following transformations:

SWAP(SWAP(X)) — X

SWAP(const) — const_swapped
So that an expression like:

X =SWAP(SWAP(X) + 1) // X is big-endian is converted first to:

X:=SWAP(SWAP( SWAP(SWAP(X)) + 1))) // X is little-endian and later optimized
to:

X=X+1

[0044] Embodiments may be implemented in many different system types. Referring
now to FIG. 4, shown is a block diagram of a system in accordance with an embodiment of
the present invention. As shown in FIG. 4, multiprocessor system 300 is a point-to-point
interconnect system, and includes a first processor 370 and a second processor 380 coupled
via a point-to-point interconnect 350. As shown in FIG. 4, each of processors 370 and 380
may be multicore processors, including first and second processor cores (i.€., processor cores
374a and 374b and processor cores 384a and 384b).

[0045] Still referring to FIG. 4, first processor 370 further includes a memory
controller hub (MCH) 372 and point-to-point (P-P) interfaces 376 and 378. Similarly,
second processor 380 includes a MCH 382 and P-P interfaces 386 and 388. As shown in
FIG. 4, MCH’s 372 and 382 couple the processors to respective memories, namely a

memory 332 and a memory 334, which may be portions of main memory (e.g., a dynamic



FOR EACH data I N RESULTS(expression) { |F NEED BYTE ORDER CHANGE(data) { //
do simlarly for expressions where the data is assigned, i.e. replace //
data : = fw®, 910517t h data := SWAP(f(x,y,z,)) } } } } [ @04&u26®/8bsavn in
Table 2, since the total BENEFIT is positive, the swaps that are put here
will likely be optimzed away using dAe of the follow ng transformations:
SWAP( SWAP( X)) X SWAP(const) const_swapped So that an expression like: X :=

SWAP( ﬁiﬁﬂ%x)iccbssl)mdlﬁor% QBRJQM)) eowhilgnattagh&D Yy ehd eekpectivd ptaessdist SW&P( SV\AP(
SWAP( SWAP( X) ) W%L is little-endian and |ater optim zed to:;
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with an e I ment present-invention
nultlpnﬂaﬁxsmB9¢ym1Em§300 |s a point-to-point interconnect system and

i ncl udes a ocessor, .370_and second o] sor 380 via a
poi nt - t o- péé%ikﬁﬁé?mﬁe@p% ﬁé%%mt?{ %3340 cURIf © wsgtrﬁge‘g%r s 370
and 389 h@b’ Sordhdd SAPRicH LRSS 3. Sin e |0Hﬁ!)k&939f0'rﬁ§}; bé‘@&hp‘ié‘c?ﬂﬁéjﬁ% gﬁgzssor

cores (i.®e., processor cores 374a and 374b and processor cores 384a and
384b) . 3!6)@@5{!@ Btdrfdce 386 erAs shgwnonMIG. 44yarfous 310 gdeocessIiar may e fconplee to

i ncl ud troll t
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coupl e the processors to respective nenories, nanely a nenory 33 and a

menor y ke@dwardhpase my cmnw@man@née\@cfes Fap ande rd@mtqregg unit éZ&yu@rﬁS@r disklom
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390 1 ngvlhlﬂcctlleria}? -ml(:;cute on a one or more of processors 370 and 380. Further, an audio I/O 324

may be coupled to second bus 320.

[0047] Embodiments may be implemented in code and may be stored on a storage
medium having stored thereon instructions which can be used to program a system to
perform the instructions. The storage medium may include, but is not limited to, any type of
disk including floppy disks, optical disks, optical disks, solid state drives (SSDs), compact
disk read-only memories (CD-ROMs), compact disk rewritables (CD-RWs), and magneto-
optical disks, semiconductor devices such as read-only memories (ROMs), random access
memories (RAMs) such as dynamic random access memories (DRAMs), static random
access memories (SRAMs), erasable programmable read-only memories (EPROMs), flash
memories, electrically erasable programmable read-only memories (EEPROMs), magnetic
or optical cards, or any other type of media suitable for storing electronic instructions.

[0048] While the present invention has been described with respect to a limited
number of embodiments, those skilled in the art will appreciate numerous modifications and

variations therefrom. It is intended that the appended claims cover all such modifications

and variations as fall within the true spirit and scope of this present invention.



interfaces 394 and 398. [0046] Furthernore, chipset 390 includes an
interface 392 to couple chipset 390 with a high performance graphics engi ne
338. I n twonpienieset 390 nay be coupled to a first busp8tRuzo®/@oBie
interface 396. As shown in FIG 4, various |I/O devices 314 may be coupl ed
to first bus 316, along with a bus brdbdge 318 which couples first bus 316
to a second bus 320. Various devices may be coupled to second bus 320

i ncluding, for exanple, a keyboard/ mpugsaMg82, communi cati on devices 326 and
a data storage unit 328 such as a disk drive or other nass storage device
whi ch may ilncl udemedwd cgBPrising: one enbodi nent. Such code may include a

| . . . . ¢ . . whi ch
oy exocut GRTEEARRE MdbiRERENEt, BFRbrdtse B REARRRE WKL 2T
| / O 32&apepetatdogoupl ed to second bus 320. [0047] Enbodi nents may be

i npl enented i n. code and may . be stored on,a storage nedi um havi ng stored
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(SRAMs), erasable progranmmable read-only nenories (EPROMB), flash nenories,
el ect ri cal Isjormgdbapwvapppd dgmanmtnblstorageadedninyofitkhenmper SFEPROVE) , nagneti ¢
or optical cards, or any other type of nedia suitable for storing

el ectronic instructions. [0048] Wile the present invention has been
described w.th rEgEeghod 6 clailn Iﬁ\ﬂﬁ%iﬂfleﬂf&ﬁniﬁé tIRVENAR OTEIY Gomdihasfudeki | | ed in
the art will appreciate nunerous nodifications and variations therefrom It
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executiytegordér. a processor of a conputer system a byte swap operation;
bui | di ng, using the conpiler, a domain including the byte swap operation
and ot her expressions, wherein the other expressions are swap tolerant, and
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the domain comprises removing a byte swap operation if the domain entry includes the byte

swap operation, and otherwise inserting a byte swap operation if the domain entry does not

include the byte swap operation.

4, The method of claim 2, wherein changing the byte order of a domain exit from
the domain comprises removing a byte swap operation if the domain exit includes the byte
swap operation, and otherwise inserting a byte swap operation if the domain exit does not

include the byte swap operation.

5. The method of claim 2, further comprising removing a byte swap operation
from a first expression and inserting a byte swap operation into a second expression, wherein

the first expression is of a hotter path than a path of the second expression.

6. The method of claim 1, further comprising calculating the benefit by
determining that an amount of code removed from the domain minus an amount of code

inserted to the domain is greater than a threshold.



determ ning, using the conpiler, that a benefit will be obtained by
performng a swap of the domain, and responsive to the determ nation
per f or mi ngot2bm/swwp of the dommin; and storing the swapped/RiRo®icnoile a
storage nedi um of the conputer system 2. The nmethod of claim 1, wherein
perforning the swap of the domai#é ncl udes changing a byte order of at

| east sonme of the associated domain entries and domain exits, and
substituti ng exmhesmkfiiof dhaitlts viRAGH BalWiihinC@E BEAIM M RREF ALHRRIhS hat
operate in a different byte order. 3. The method of claim2, Wherein
changiimgrtedhendoyné tlor meroved ceded embamilyzmg sxetwionhwudiersdssoadnp withdhe r enovi ng
a byte svv%p 0glper i:l':‘on i f 3he domain entry includes the byte swap operation,
and ot EHGH cteiand e iep9Ved 694% swap operation if the domain entry does not
i nclude the byte swap operation. 4. The nethod of claim 2, wherein changing
the byte order of a dommin exit fromthe domain conprises renoving a byte
swap oper aBi on iThe neshadorfeslaimels iwheraie perdarming thetsyvap of feplogpren gempmrsesand

ot herwi se.i.nserti a byte swap.operatipon if.the domain exit does not

ot udei e GhhinI echnsibd PR BF e bt i TpA8 PRt 2 urc her
conprising renoving a byte swap operation froma first expression and
inserting a byte swap operation into a second expression, wherein the first
expressi on9i s oAnArHge CeMPHENG athaching-aseessibly stemage mediyyinsludingssi on. 6. The

met ho%s%cté&r@h}ﬁt%heﬁ‘é&ééﬁ?d t G%gdﬁnﬂﬁt&%gﬁ%%:i ng the benefit by

determnin an anoun e renov romthe domain mnus an anount
of code i nebtairedatisticilligfotdaromregardiiigaaxiceuticntidirode dina padeessdr éf a ddrepuret hod of
claim6, wherein calculating the benefit.includes weighting the inserted
code AndenEbrEiRdhetatigigal in aa%!wr%l%%WPQﬁt%é%? € COmBWET at ed wi t h
t he i@%q&;led code and the renoved code. 8. The nethod of claim1, wherein
performng the swap of the domain conprises optimzing nultiple connected
expr essi onpamé, it heothpifer thai exeautss oy the poerssordatadon whichchecatemperatésng a
machi ne- accessi bl .e storage nedi ym i ncl n execut ed
el eIy

di i nstructions %{%at
enabl &g APBHRLY Qf SERHDSHIGTE: 4p Wﬁt‘}lfg%igé%‘?psi}}‘?? BSARE P FeYdPLi ng
execubi@ar Bfechfsifoife Bodd; 0CeSsOr of a conputer system wherein the
statiStical information i's stored in a statistical storage of the conputer
syst em padsierming, ia teoequipitar, whetherextede ordsr ofithe Hataof @ @eeupos visghle &0 an whi ch
t he code oper atfes ) )
prograrmmer, for each of the plurality of groups;
for each group in which the byte order is not visible, determine, in the compiler, if
changing the byte order would provide a performance benefit;
for each group in which the byte order change would provide the performance benefit,
change a byte order of the corresponding group to obtain a modified group; and

store each of the modified groups in a storage medium of the computer system.

10.  The article of claim 9, further comprising instructions that when executed
enable the computer system to update a destination list of a first pointer when the first pointer
is sourced to a second pointer, and update a source list of the first pointer when another

pointer is sourced to the first pointer.

11.  The article of claim 10, further comprising instructions that when executed
enable the computer system to update an access list for a third pointer with a size of an access

when a memory access associated with the third pointer is encountered.



into a plurality of groups, wherein the data in each of the groups has a
sane byte order for proper execution of the code; determne, in the

conpi | er ,wohetonsiica byte order of the data of a group i 2crirai2bdomodaaca
programer, for each of the plurality of groups; for each group in which
the byte order is not visible, detert¥ne, in the conpiler, if changing the
byte order would provide a performance benefit; for each group in which the
byt e order jghanggewaitidofulgui D€ firfiRr Bempasing ieerubisisithit wiehargatal byt e
order of the corresponding group to _obtain a nodified group; and store each
of t henahdeitheicempytes sysiemn o updaterr bagsiihequnisnod an crressioR ok the cadehaged omo. The
articl i f .Sl i I j hat when executed
enabl 3%?%%“@%%%’2@%%4%&&?g&gﬁg)#g?%&gchge}geitﬁglﬁ %@ﬁis}éﬁs&?' of a first pointer
when the first pointer is sourced to a second pointer, and update a source

list of the_first pointer when another pqinter is.sourced to the first
poi nter. 113 Thdhgprticds ef %lqmvc}Oaiﬁm@e,comawa%ﬁnSH&ﬁthSéﬁﬁdﬂWﬁw%ﬂ ons t hat

when - : - et for a

i T G L B S e B R I ated i th
t he t kourde bstiant ¢le destipaimmurst.er ed. 12. The article of claim 11, further
conprising instructions that when executed enable the conputer systemto
update a benefit counter of an expression of the code based on a

per f or mancg4benghtartiASaGaitiSs, hidier ByhBrifihg Mstrab@dBqh4tvHel @x Eotidddessi on.

13. The article of claim 10, further conprisSing instructions that when
executerabletiaisysemite deenpine dhat ghesryggonder thangel wauld provide thepenfoomancgchi evabl e

transitively through the seurce.list and . the destjination list. 14  The

ar 11 oPERR 12k RIS iy REIeaBinser berib Al PR bEt e el it ca
enabl gnd hR ERYEiAoh 168t dRtefindBoteiBin dltenddyicto eletRhit SlBNgEn WPAbéhepik OVi de t he
performance benefit if the union of the Iist of the pointers achievable

t r anscempetation fraligieinters trgpsifivaly R¢osesiblads Positivgest i nation |ist contains no
nore than one non-zero elenent and a sumof a benefit conputation for al
pointers transitively accessible is positive. 15. A systemconprising: a
processor 116. execsiiseen bahprigitig:ons, the processor to execute a conpiler to

obtain statistical information regarding execution of caode on the
processor, 3PAPSSESAYAQ BXGSHICIRTIRIGTIPNe thegrecesing o £xaculef ePmPIfST (R Qhtpiny of
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proper executlon or each group the byte order is not
code operates into a plurality of groups, wherein the data in each of the groups has a same

byte order for proper execution of the code, for each group in which the byte order is not
visible to a programmer determine if changing the byte order would provide a performance
benefit and if so change a byte order of the corresponding group to obtain a modified group,
and store each of the modified groups in a first storage medium of the system; and

a storage to store a source list, a destination list, and an access list for each pointer of

the code.

16. The system of claim 15, wherein the compiler is to update the destination list
of a first pointer when the first pointer is sourced to a second pointer, update the source list of
the first pointer when another pointer is sourced to the first pointer, and update the access list
for a third pointer with a size of an access when a memory access associated with the third

pointer is encountered.



visible to a progranmer determne if changing the byte order would provide
a performance benefit and if so change a byte order of the correspondi ng
group to wbtaiomsauenodi fi ed group, and store each of thepoegitho@boggioups in
a first storage nedium of the system and a storage to store a source list,
a destination list, and an access |id®8 for each pointer of the code. 16.
The system of claim 15, wherein the conpiler is to update the destination
list of a fii7rst MRispéteh oMeBimtlleewherest thp elofdgerfutifer sOMpEiSet 4 benefisecond

poi nter, update the source list of the first pointer when another pointer

i s sofPBRigr vrslataghlethapag onypperfarmanembengFtichanse Ave toadge ordes ehange tgan hj r d

poi nt el }’é’is{igna size of an access when a nenory access associated with the
third pBI nter is encountered. 17. The system of claim 16, wherein the
storage further conprises a benefit counter updateabl e based on a
performance benefit change due to a byte order .change.to an expression. 18.
The systeml§f clTaesyaiem ayskaugls, Whercubihpcompilerds fogdepfifya Be sVt e swap
oper at : b TRy A i i her
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domai nheothel expreasidnsagsivap éderast, sty ddreain entries ddibdeoamaicrits assdcideter m ne

that a .hepefit wll e ohtai.ned. b er.formn swap. of. the donmain. 19. The
ot el the ety and dePanatbra bt il Pe Bhiathsd by SelpReiea TEPM LT

det er rigonRatd.on, performthe swap of the domain and store the swapped donain
in the first storage nedi um

19.  The system of claim 18, wherein the compiler is to, responsive to the
determination, perform the swap of the domain and store the swapped domain in the first

storage medium.



