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METHOD AND APPARATUS FOR GENERATING OPTIMIZED CODE
WITH COMPOUND INSTRUCTION BY ELIMINATING NULLIFIED

COMPOUND INSTRUCTION 5 CROSS-REFERENCE TO RELATED
PATENT APPLICATION This application claims the benefit of Korean
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INVENTION 1. Field of the In%gb‘&e@ﬁsept .invention rellates to a
method and apparatus for generating an optimized code with a
compound instruction by eliminating nullified compound instruction during
COMPRUAB HISIYERIRENRGHONH AL RE DB HGERY pBP ARORTIBIN O
generating code that iterates compound Instruction selection of a
instruction selector and register allocation (including register coalescing)

Ofh QISR AR RIRME @ PHEIROF RBRAUNBARSHUSHBNAIGH RRes not

exist ané more, and a 20 method of generating code of the apparatus. 2.

10-2098seApHEA bffties ReIdidn Akt ERrHIhe heseasspiedaas ahtersidy @ffice,
the dRCTAITRNGINAIEDISRIc SRR OPARSH B RISV e firetfl ey IPetaRaite 2
program, program parameters (symbols) 25 need to be allocated to the
register installed in the processor. These operations are performed by a
compiler for convegingrRGRIORIEOOE TR Vgl FadR A
code-generation operation of the compiler mostly includes an instruction
selection operation and a register allocation operation. In the register

1. aleriieptapariigothe compiler uses a graph coloring algorithm. 30
Maost embedded processors such as a di nal processor (DSPI)au_se

arep!
T T b P B AT LS A B (B0 B RAPBALS 57 GaiRerating an

optimPRSEPETE@O eEtHMA tumPEtiNie atgtau tfdvas,tbahane Hitgr adiRteancowipaLad
one function block in a register. are fre%uently moved to another register

INStrugfion, LG SRS UM ASI ML RERERRN TRLE MRS ipaticularly,an
apparcads-genpradciingeedionhalaryaep\coapiedniasirsetiotisnlselection of a

instruction selector and register allocation (including register coalescing) of a register

allocator until a nullified compound instruction (NCI) does not exist any more, and a
method of generating code of the apparatus.

2. Description of the Related Art

Generally, a processor loads data stored in a memory to a register, for
program execution. In order to execute a program, program parameters (symbols)
need to be allocated to the register installed in the processor. These operations are
performed by a compiler for converting a source code into a target code. A
code-generation operation of the compiler mostly includes an instruction selection
operation and a register allocation operation. In the register allocation operation,
the compiler uses a graph coloring algorithm.

Most embedded processors such as a digital signal processor (DSP) use a
small number of registers dedicated to a function block, for good performance. In
this architecture, values that are stored as an output of one function block in a
register are frequently moved to another register so as to be input to another function
block. Thus, also in the code-generation operation, many copy-related instructions



10

15

20

25

30

(copy or move) are used. Since the copy-related instructions reduce the
performance of codes, optimization technologies such as register
coalescing with the graph coloring algorithm are used, thereby improving
the performance of codes generated by the compiler. 5 A compound
Instruct S nr e effici J i
(eop e R S LBy MR CRE R s o
performanoeyobpedsasonpivitiriatan isthnciogiessdicO @e segisteyoezrliésang with the
g o cor fr : :
arap e e o R W PRI b gt
generaigeirey focoeopibteammable in order to ensure 10 reusability towards
diffetsnr ARRIIE AR A RES L RLINRSSFasionCOAIERERS HNRY, 85 3RNing

implemented In the form of application-specific instruction-set processors

performenpe) andecmeadrsiony SRhBINETRtIcORAHIRUEe ML LS OETBRFIOTY
operatits atRAaMHE RN IRV e, é@%&%ﬁﬂ@éﬂh@ﬂ%%%ﬁ‘@ﬁ-@%&b%ﬁp

ALU or memory 15 g@r_atlons. Their main advantage for embedde
(SOCH o EesH0M RV R B SRS EIRCAIGURIBIS AN AT LAVRRRCSp BRRIEHSHAIE Storage.

At thP85Ke8 HhsiderRNERadi AW AEdul Fe RESTHO I BRU AFRATHANOFSIABShsure

to perform their internal operations in sequence or parallel within one

reusahif b iewadredigpieat P RisalisRguedArpaRiah dapssderignghallenges, they
are offtHtiraipreenEstEdCtiPife Tivn 49 AsphvatifsipdeimonesaiisiRm-te eyrset8sors

one compound instruction for a set of operations than to separately
(ASIFS)ecute multiple instructions for them. Therefore, if compound

INsHEGHSRE @6y Ibf mEredrdheoruilipEHmpouaY hstieldyend. Sleweler,
such advantages of compound instructions come with a downside in that

add-riylt A0s ¥ ERONR: €868 GENELSHCHGPIRS BRIGIKIAA RGO Y /BgRIREY

operadfproalEThIg nfatnUseiitalefaaiionbalgasthprotis segisire s0aleseinsize
sometimes creates an unexpected sid e(gsfect uch as nullified comPé)und
redugligh R ABANREA A ORI IO Al RARke NS Rane FRUsHNRrD. I

additiopmipeyrat éngsiualtip desiid MM B¥rfonT eI NMENAI OpeRitidhe ipresgoience
@/egtion.Pérovides a,method Iand apparatus for generating an optimized
orpa l? Wﬁ'ﬂ' %B%W&EHW%&%E&O& in which the quality of a final target
c@ironalydoextrp sk hyipreventiead ersradidicrfrauitiifretb ¢ostpmtioths may
instruction - . .
be avoided, it'is more efficient to execute one compound instruction for a set of
operations than to separately execute multiple instructions for them. Therefore, if
compound instructions are fully utilized, the running time may be reduced.
However, such advantages of compound instructions come with a downside
in that they complicate the code generation of the compiler. Although the register
coalescing is a useful optimization algorithm, the register coalescing sometimes
creates an unexpected side effect such as nullified compound instruction when the

register coalescing is applied to the code with compound instructions.

SUMMARY OF THE INVENTION
The present invention provides a method and apparatus for generating an

optimized code with a compound instruction, in which the quality of a final target
code may be improved by preventing generation of a nullified compound instruction
(NCI) by considering register coalescing used at a register allocation operation

during compound instruction selection.
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(NCI) by considering register coalescing used at a register allocation
operation during compound instruction selection. 2 According to an
aspect of the present invention, there is provided an apparatus for
generating an optimized code with a compound instruction by eliminating

lified ¢ etruction dui et i )
B e M A SRR
appamgum&rrogﬂaemtmgae ﬂpﬁq@zeémﬁd&twim@rf@@mgmmsﬁqnﬁmm of
elimi S B B Rl e BB IR selsetion.
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_ ) A | ) ) o _
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candiggteseytasten diomydmnenmediaievenieseptiiiomtiee ca dedistahallpcator for
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~ to which the register is allocated as a final code, when _ _
regisiesithban ATkt AISRBLAEEEYCIORGBITIARIA RRIRARG MpBimtnstruction

select3PirAGliAT EaIBEIAPSlIMINAKRRR A RER L CRIPBRHNY HPHYlIRfed compound

_ candidate, and allows the instruction selector to select a new 15 _ _
InstruehRpSdNG B HBIIES-RIRE PAIRE TR IRUITR O LB iVl HRe RESET 1S

allocéﬁe@?t&%eﬁ -fiﬁﬁl%é@@éﬁéﬁ%h%raé fthe coaeaBtWentAR eSS
provided a method of generating code of the apparatus. 20 BRIEF

allocapaspsapird QO WIETHRAMHNESS FABRBHVE KTy téanfedeirated.

wher@AVRL AR i 6f therRposeirRl inYenEeoNdbibeer R MMeaRRarsselied
describing in detail ex_emgFI]a%'embodiments thereof with reference to the

compgachBHHRRgARTbale: #16 alqws e RSiTLGHIR B8 CGHL0 Select a new

comp@eéner aiiteuanparedvsiaete! dune totae nefiitstbestnpeuinef ihstideraNts detected.
invention:; FIG. 2 is a block dia F%of an instruction selﬁce;tor.of FIG, 1,
t |

aCESA AN BRI ARG ESSRLIDETIEN FETSS R Bl 2
methodpgf genelraterrleqgnef atiogppaearaisis according to another
embodiment of the present invention; 30 FIGS. 4A and 4B are diagrams of

intermediate representation (IR) trees and

BRIEF DESCRIPTION OF THE DRAWINGS
The above and other features and advantages of the present invention will

become more apparent by describing in detail exemplary embodiments thereof with
reference to the attached drawings in which:

FIG. 1 is a block diagram of a code generating apparatus according to an
embodiment of the present invention;

FIG. 2 is a block diagram of an instruction selector of FIG. 1, according to an
embodiment of the present invention;

FIG. 3 is a block diagram of a code generating apparatus according to
another embodiment of the present invention;

FIGS. 4A and 4B are diagrams of intermediate representation (IR) trees and
compound instruction candidates (CICs), according to an embodiment of the present
invention;

FIGS. 5A through 5E are diagrams of a candidate interference graph (CIG), a
labeling operation, a covering operation, a code at the covering operation, and a
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compound instruction candidates (CIC5), according to an embodiment of
the present invention; FIGS. 5A through 5E are diagrams of a candidate
interference graph (CIG), a labeling operation, a covering operation, a
code at the covering operation, and a 3 code generated after a register

: i el aceordi .
e R e P A T LR ey
embosiyaenionf, thepreaant byerttiomn, a code at the covering operation, and a

c epar i [ perati j , .

e A el A e LSl AR P SRRFREN,  covering
operahmm@_hcwaeaaé agevesnd @pﬁ@,tlanaaem@ opeegioneraiasiafiaga register
alloc&tfSr aﬁcﬁﬂ%?ﬁé@ﬁv@%ﬁ ,eé'é”&ﬂﬂﬁ_gaf@anB%R%B%&ﬁ%?&qt?étﬁ%em
_ register allocation operation, respectively, according to another
Invengbodiment of the present 10 invention; and FIG. 8 is a flowchart of a

mejaed ?K%Fﬁﬁ%%”ﬂé‘a@%d&aﬁf&ﬁ’{éj%t%@ SWM@%&S&“%P@%%O&W

invention. DETAILED DESCRIPTION OF THE INVENTION 15 )
operaligreinaste ielRPERYRIIGARBIAIIN HBUE3HARRI R RRIRIPBRERP RIFRELFtEr
allocISTIRPA AL PELMERIS Y tRREI LMYt GCARIRESR EPTHSHRYRFRRA the present
) drawings. Like reference numerals in the drawings denote like elements.
invengn; 808 a block diagram of a code generating apparatus 100 for

OIP#G‘.@VIQ a frveenbyt @frﬂ_iﬂ%m@ MEW&%@%@_@%E@WMN&%

during the compound 20 instruction selection, according to an
emboghapRiefi AP ERESH BN RN RRntion. The code generating apparatus 100

includes an instruction selector 110, a register allocator 120, a nullified

compound instrucion NCI) detector 130 and a final code generator 140.

The code gerd R DERCRIBHION QETHE INVENLIQN receiving a

25| epsiregitepdenas gredepitt ianditsiiyvgR nesatieg @itRigahcaedeail by explaining

understandaple by a chine, and uses a tree parsing method and an .
exemplae SHOARIFNS FelTBHESH e o SR b o AP IS GUatags.  Like
referengeoueibealiialitiotiaeiamgeat ende ke elements.

FIG. 1 is a block diagram of a code generating apparatus 100 for optimizing a

code by eliminating a nullified compound instruction (NCI) during the compound
instruction selection, according to an embodiment of the present invention.

The code generating apparatus 100 includes an instruction selector 110, a
register allocator 120, a nullified compound instruction (NCI) detector 130 and a final
code generator 140.

The code generating apparatus 100 is a kind of a compiler for receiving a
source code as an input and finally generating a target code understandable by a
machine, and uses a tree parsing method and an active programming method. The
code generating apparatus 100 may improve the quality of the target code by
preventing generation of the NCI by considering register coalescing used at a
register allocation operation during the compound instruction selection.

The instruction selector 110 selects instructions from a target processor,
having the same semantic as that of the source code written by a user.

The register allocator 120 generates a code containing compound instructions
by allocating and merging a register used by the selected instructions from the target
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preventing generation of the NCI by considering register coalescing used
at a register allocation operation during the compound instruction
selection. 30 The instruction selector 110 selects instructions from a target
processor, having the same semantic as that of the source code written
procedsdr US T.E;gﬁ%%?&%f 8‘§886|£°{r%1%8rﬂﬁ%%’ fema RF&’\%%?QE%'P'Eg% and the final
compound instructions by allocating and merging a register used by the
code gielpetatbing#tdctions from the target 4 processor. The generated code is
transmitted. C 30 and_the fi g rator, 440, |
oot e o e Al A e SR % e 1o
repreggvielbentived #ingeigracheetr ape realte Qs @ avdentefexdemporary). The IG

visuaFFz'E'é"?K@W)aEf NGilfa hUSHRERWHD Bp ﬁ@%@ergﬁgge&?%f‘oqﬁ@'ﬁ%g%ies. A

range of two temporaries. A node in the IG is marked'if it Is trivia

node daIGheIKS riscararkethat ifsisdiivistbnanierablepsraaninaythat dtsigaegsponding

temp&'@fﬁ%@eﬁéré%%%%ﬂg%f%gﬁ?&?é@ﬁ%%ﬁﬁé ' _dﬂ&@hggﬁr‘ﬁnents of

_ has a significant degree if the number of its neighbors is higher thanthat
its neiglthoyailibiee doriaRifraBtsdegrarisE)6 RHERGSVPHEGreeIabRRrhs higher

than #HADBAGSORIRI A8 SPa sty yrRalqniad, ih AR HAHR eRIGFEY.: Only the

register coalescing merges two nodes respectively representing the

nodeg Qi Aav HROERS IMAYIHE Shalld=os'&dhove into a new node, and
agipgret gegas ebibaMEWagdepredHIdseN|thrdgse i rsgRIestNRspectively

nodes being replaced. Then, when a register is assigned to the new

repreagainehERoRALECH A ULFIIATIAD O RSATSS infinARE HEQ@&REMJigds: and
adjacep®legagey beths hevroadesr® wiifsiharnmadesadgas BpYes Hoss being

code. However, although the register. coalescing is a usefyl optimization

replagegorit M th e RrESHRICHATHERNLS HEaRENaR W fex i EARR Move

instruetieat msh iss Blfifieste@MpesiRdibrstiegficte WheldBeing distps apelassingier to
.. Is applied to thﬁa code with compound instructions. 20 Ther?lz I de%ac or .
eliminadg’ (DaNYs (ALBRAThANQ¥TTs PehiPaffify thd QYR Serfbianugiy it register

coaletigjeisabocaioiul 28htlhilraidt@l W goriteieaes, ibgidéH deteetwing38ometimes
allows the final code. enc?l{%ggr 140 to gen?ﬁf%tﬁ a final code. If the NCI i
i

create af S SFREKET Rt S oeHEH RS et A BRYUIE 8P Y Y qBoPen the
registénecositesting of dpplidditarttetods Wichicstmmiondselsetatibh@.to reselect

in‘?HgCr\iRE]IS'detector 130 detects whether the NCI is generated in the code

generated by the register allocator 120. If the NCI is not detected, the NCI detector
130 allows the final code generator 140 to generate a final code. If the NCI is
detected, the NCI detector 130 notifies the instruction selector 110 about the
detection of the NCI and allows the instruction selector 110 to reselect instructions.

The code generating apparatus 100 repeatedly performs the instruction
selection operation of the instruction selector 110 and the register allocation
operation (including a register coalescing operation) of the register allocator 120 until
the NCI is completely eliminated.

FIG. 2 is a block diagram of the instruction selector 110 of FIG. 1, according
to an embodiment of the present invention.

Referring to FIG. 2, the instruction selector 110 includes a compound
instruction candidate (CIC) set selector 111, a labeling unit 112 and a covering unit
113.
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25 The code generating apparatus 100 repeatedly performs the instruction
selection operation of the instruction selector 110 and the register
allocation operation (including a register coalescing operation) of the
register allocator 120 until the NCI is completely eliminated. FIG. 2 is a

b j f ' i I E di t -
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Compwadtmsimﬁmmwamﬁ@bﬁhm mﬂmenmequim&(&emm@n (IR) tree.
S%‘ﬁ‘é‘?é&é@gadﬂﬂeﬂ% WA 2 20l ﬁ‘o%‘lﬁ"%ﬂﬂg ﬂmtb@]rﬁer’sﬁﬂeﬂ%%?%ee, and
selector 111 Thecks and selects a node cluster that'is a compound

the cavsrngtionichhdigane(ales mcadentovaetkibedpréssmtation (IR) tree.

T%@@H@%%E&%i?ﬁﬂﬁeﬁg nade "é'éiﬁéllﬁ}m% r%l%?fﬂtﬂ? 3Bd"8Ecording to

and the covering unit I13 generates a code cove e IR tree. S FIG. 3
anotherepbe imaiyaeh treansegenisneeatiag -apparatus 300 according to

AHHLIH 'QﬂﬁﬁhﬁfatﬁB&ﬁﬁ%@d@vﬁﬁpﬁrcﬂﬁe%’%@@%%ﬁéi%m 100 and a

apparatus 300 may include a code generator 100 and a co

code gaieatRRiorEIRaRARICP 08 0fhe codtegeriaion 208 Rive theGsahve the same
confi@gigw%ymaﬂetwﬁCé@%%éh@ﬁﬁ]efébaé:a@ﬁ&%ﬂ@' arfacded KidiG. 1,
0

.1, 10 and thus details thereof are not repeated. The code
and tds SiriisdorEraicrreotin@naated split rule extractor 210 and a code

OqTHY AeH B UNERE 26 JBRFats IR eNer algit2AfsS ¥ $actor 210 and a

nontree-shaped rules for compound instructions into sub-rules of tree
code gessEat PHIESNAE ally builds the code generator 15 100. Since the

naEegotRageHdIHRS 1gE eraRAUIBLIREIYS ifrate diRipliteetiées for compound
licable to a treeﬁgarser, the sglit rule extractor 210 splits all of the

. ) I h
instrUGHRRS A SYBT HiE Ot ADA AL FHIRERL sl B s the 6o de perator

100. shape. In this case, the sub-rules are defined as split rules, the

CE P HEROaH A SLeub Al nel o ORWEHBA o CeHRipo e not directy

applicadlelaionss @ deferethasspiinpléerealesactor 210 splits all of the nontree-shaped
rules for compound instructions into the sub-rules of tree shape. In this case, the
sub-rules are defined as split rules, the nontree-shaped rules for compound
instructions are defined as complex rules, and tree-shaped rules for either basic or
compound instructions are defined as simple rules.

The code generator builder 220 automatically builds the code generator 100
from a target processor description written in a tree grammar.

A rule example is as follows.

(Example)

rules : ri(add,l), rx(mov,1), rs(sll,1), ra(sll-add,1.5), rs(sll-mov,1),
re(add-move,1)

split rules : rai(sll), raa(add), rsi(sll), rsz(mov), rei(add), rg2(mov)

In Example, a rule r; is accompanied by a tuple as a set of values that are
sequentially arranged. A first element of the tuple represents an operation, and a
second element represents associated cost of the operation. For example, a rule rg
consists of two parallel operations ‘add’ and ‘mov’, and its associated cost is one.
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The code generator builder 220 automatically builds the code generator
100 from a target processor description written in a tree grammar. A rule
example is as follows. 25 (Example) rules : rl(add,l), r2(mov,1), r3(sll,1),
r4(sll-add,1.5), r5(sll-mov,1), r6(add-move,|) split rules : r41(sll), r42(add),

rﬁ?‘l@%ﬁ?@%‘@)ﬁi’lé6r1(?9%(§5r%(t£g€\\%+ﬁj@(?u@er ?§u§n6 \Sg ra]\tri(gllﬁ/omplex rules.

accompani atuple’as a s es that are” 30 Sequ
Thus arranigehdArfirst e | divigiaicof espeapuehe pnesdnis ran) oferdisignaachdras.le2). At a

: _ - : o
Pl e e R =
addiicnde genasatpiegenarEirdpR siaige Al itreantdes inrusimgleplifiésies into

the nEtv rétﬂ?%@@[ﬁﬁi89@8'3(‘,}@?'%51'0%?%4 e Qr{grﬁfgrdiﬁg.edln this case, the
respectively into (r41,r42), (r51,r52) and (r61,r62). At a split rule

infornagtieitis I REPA FIaHbMVRNEr TIEtsWRS MRy el sRieeiy¥dIrPh@edde form a
Comp%pﬁ;pgpr-generator 200 stores all the rules including split rules into 5 the
new built instruction selector 110 of the code generator 100. In this case,

tHel oAt {Pcalk dagrspaal Hi i epRralk ey Wthdaseegy to Example,
accoriRYRBAIP &ATBbAIRERIULYHAIIS G it AeH!B RrR k@B Ridfhe CICs of

trees and CICs with respect to Example, according to an embodiment of
FIGS#ARBEHBiHSTERMPIR IR trees and the CICs of 10 FIGS. 4A and 4B

ushExamrier 8 &l BE1 36 RINEd AlniseaHies e MRIRLCIrEiRsdR, IBRIY a CIC.

trees, called a CIC. For example, in the IR trees of FIG. 4A, a node

For expaRles htigdiRdeeeifd® AR nedeSHaE B inslreing efeeerardg 1 and
a tredeisa thRse vaembrcnodesle paishsd trRsReehivaipde Hriedes&mhatched

and r42 split fro the complex rule r4 15 Likewise, node clusters D, E, F

respegiy ey ILiNEL ¥ee SacHthenhdf 1aH8e ABAPIEELIERTA, C and H are
ramex@iddronvifee casdieRtp |igt sShemth&nats disteresA, ©anghél siiagr hand,

node B e e e I A e M v
A, C &€ sareysed. behexethecknal padel getnesawdatddependence.

When a covering unit 113 for performing precover and cover operations
covers the IR trees, the CICs are used. Then, the final code generator 140
generates the CICs as multi-output instructions (MOIs) that are compound
instructions with parallel operations, and emits the MOI as an output code.

However, due to some interference between the CICs, not all CICs are
selected for being considered at the covering operation. For example, although five
CICs are computed in FIG. 4B, the node clusters B and D are not simultaneously
selected. This is because, if the node clusters B and D are simultaneously selected,
the tree node 1 covered twice.

For valid covering in such a way that none of the selected CICs interfere each
other, the CICs may be carefully selected. At a candidate set selection (CSS)
operation of the CIC set selector 111, interference on a candidate interference graph
(CIG) may be classified into modeled into two types, and the interference may be
property handled according to their types.

In the CIG, a node ‘n’ stands for a CIC, and an edge stands for interference
between adjacent nodes, enforcing only one of the nodes to be selected.
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20 generates the CICs as multi-output instructions (MOIs) that are
compound instructions with parallel operations, and emits the MOI as an
output code. However, due to some interference between the CICs, not all
CICs are selected for being considered at the covering operation. For

e lecalt ive-C in E1G..4B, th d te

SFAGED T UpUhl e e HERAE B Ao LEAR G Kcs are
genepiigte ity aesiRelrdGihxdppdausigesstiogdo the tesabosiimantovketbe present
. ice. E li iNG n 0 I I :
nver S RO kS MRMAR P e, 2P RERy bperaton. o
Covergey SHIEHRHPN(CES)depat diercoy it g IpeEaisile ADH 1A tolgegenenatedrafter a

regist%rcﬁfl‘gégﬁ%i%ﬁé@ﬁ%ﬁ?&ﬁg?ﬁ%l , ﬁ?ﬂ%ﬁ%&@ﬁyﬁ%ﬁﬂﬁ@? modeled

Into two types, and the inte may be ed according to

tHsir fYBesS i a5 ORG AGoedaessidaastri DL isnldntngs degeesemniss ¢evering
interfdMGTiRrencR PRVE A IIGCRNERRISSo £ RIRICIBB OGN RN R INORRERRP by the

be selected. 7 FIGS. 5A through 5E are diagrams for explaining a case

edgegyHeROIC Hu ey enktdieasvithakes Hart 38 PR FRplel e cdrginyeo Qi-s raises a

confliBRAHENRNRHTHDPERSEHE. invention. FIGS. 5A through 5E are diagrams
of a CIG, a labeling operation, a coverin% operation, a code at the

c&ﬁ@ﬁ@%&ﬁ%ﬁ)’éﬁﬁtﬁ%ﬂﬂ%ﬂé‘r@ﬁt fRErasesgisreniienaadnterference.
The BBBEMIEhIESRREHERBhMItREATRS IOt Gve e the WU CIC is

edges denoted by sold lines represents coveriniqbnterference. Like in a

selected N AHEIHA EPYEEIR. ERE SHEDE REYVCBRRBBRRNGS HEOBEJUE M RASS:

by 8recs@ithiiresskRaes Sieneamaarite ua ohe e diertrisrs@ceanfiiitver the
at the coverirég_ operation. 10 Ed%fs denoted bé:ot_ted lines in FIG.

tree nagesstAStagBridshc® interBietitidd FHeHd QéHEré’%E‘?{%%éegeApe”dence

betwEOMeL0 guiidIVaRN efCHCpisentyClerdsgbeleriefonedy st 9. CoOSRIce this
trees brin%s new dependence gﬁ(@gpother nodes. Fortgxample, itis

|
depea@%nﬁ?eaetﬂa 1fig G5 EREe BEPRSIESVS THRY (el e sxRyected
for a §andritioAAf aalecting iktikededC D introduces data dependence 15

between {ree nodes nd 4 of G passing through, the nodes of D. Since

o I R L e B AT tee P SABRT s oy ol gomplex
instructigecealespethding to ‘m’ is defined by opportunity cost Cy of a complex rule ‘r’
of Equation 1 below:

he = C0) = TG0 - €,

where C. is the cost of the compound instruction in terms of size and latency.

When r; is the i-th split rule from r, it is assumed that r', is a simple rule
representing a simple rule representing the same instruction pattern as ri. Then, the
two rules ry and r', are equivalent. Cq(r;) is defined to be the cost of r',, and ZCs(r) is
defined to be the total cost of all the simple rules each corresponding to a split rule r.
For example, it may be seen that Cs(r41)=1 in the ruled of Example, which is equal to
the cost of an instruction ‘sll’ of rs.

Each cost of r4, rs and rgis as follows.

Co(ra) = (1+1)-1.5 = 0.5, Co(rs) = (1+1)-1 = 1, Co(re) = (1+1)-1 =1

Accordingly, weights of the CICs are calculated as follows.

wg=0.5 and Wp=Wg=Wg=wWg=1
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for a generation of a MOI in the code. In the CIG, each CIC node 'm'is

weighted. The weight wm for the complex instruction corresponding to 'm’

is defined by opportunity cost Co of a complex rule 'r' 20 of Equation 1

below: V) cr ......... (1), where Cc is the cost of the compound instruction

(RS ARF iLCESs WEno S IR AR S ERM e cics with

assumed that ', is a simple rule representing a simple rule representing
maxinmesapefihs{octimayatem agcigithenmhe 28 nwauledds antiey areterference

cons %‘é#amf‘ﬁg%}ﬁﬁﬁﬁﬁ%%' efestof r',, and FCs(r)) is defined to

e total cost o e rules each corresponding to a split rule r.
For EXambhs, fonisebeseempadits C4)s nie wxerRied ElRntdie{Bviith{D, E}
' ual+e I ' loReSIF I [§¢ (=
o0 e 30 oty O (e a0 s CEes EYE fafiel i -2
Itis agsumed-ihatAbe Srliifgiglaetaghas braKeSSiopiRtiealculated as follows.
WESQ. e WB s WESWY mdtdd @%r@@l‘%ﬁ?'&&@@@eg% IR trees, and

operation is to find a set of conipatible CICs with  maximum profit (or
dynamigxiragraimeitg seimsed e orersiesiicierite aanerate AR ANEUGIWREJor the
final &&es argmgaﬂh@ @@Wﬁr’zﬂ&t%ufﬁgﬁ%ﬂ BbaRRRIE N felCthalfree parser
exemplified: {B, E}, {B, F}, {D, E} 5 and {F, G}. The two sets of {D, E} and
the codeayigy ppfmaiveale Hgxirtm Plomasiopravideadseriies tRatse, witlsa good
starti$§g58ast aldhesearemgragonneshihtfiic satswelimediy etigrx rule is
arser that traverses the IR trees, and_dynamic programming is used in

P .
matclynge ey dfficienty OREIRRe SHBRRSkuCHBHS: féPensulindScSadalRogl not be
recodhied &5 wiEhtreaxiareay profiisleMotaapranie MedivepAisriate iehe parsing

code with optimal cost, the CICs alt least provide the tree parser with a

Is vig, 408 URRHPREMtIBH sEUlRRingToF HiSoftATRRty . 3G R ORI fexSet i
complitiedistiiaateRtner eve | Spi naletieérshadrdcdpteihriiémag BiMd@eeach CIC

. may not he recognized by the tree parser. The only way for the rule to
In thep%‘#%t%?nﬁg 3@&8%&9%@@9% %‘ﬂped split rules. For this

re@gQeCftgreyirpptimal. CI¢et is

Where r1; is a i-th split rule, r'j is a simple rule equivalent to r;, and n is the
number of split rules r'.

Since F and G in the selected CIC set are matching to the complex rule rg, the
costs of the split rules re; and rg, are calculated from the costs of rg, as follows:

C(re1)=1-1/2=0.5, C(re2)=1-1/2=0.5

rules : ry(add,1), ro(mov,1), rs(sll,1), rez(add,0.5), re2(mov,0.5)

After the costs of the split rules are calculated, the simple rules are labeled to
each node in the IR trees at the labeling operation.

At the covering operation subsequent to the labeling operation, the tree parser
picks an optimal derivation covering the whole IR tree, among the rules labeled
together at each node. For example, the node 3 in FIG. 5B is labeled with two rules
r, and re.

FIG. 5C shows an IR tree consisting of three rules covering every node:
rs<-(1), re<-(2,5), and re<-(3,4). As a result, three instructions ‘sll’, ‘addmov’ and
‘addmov’ are obtained.

FIG. 5D shows the code at the covering operation, and FIG. 5E shows the
code generated after applying register coalescing and allocating to the code of FIG.
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15 computed, the cost of every split rule r; from the complex rule matching
to each CIC in the set may be calculated by Equation 2 below:
C(nN=C(r")-Co(n/n .......... (2), Where r; is a i-th split rule, r'; is a simple rule
equivalent to r;, and n is the number of split rules Y. 20 Since F and G in

s0. LSSt Ir g RN SRR Sl focco
the regime)-alla¢a+0rs opeERiEL.- te=00npiles mayadd lgngzinast, 1id ra(dhe )useless
mOV%G&éﬂ%'?eak)d es aq};?#[()a%e d?ﬁ“%%@}ﬂ&?%ﬁ mél*ﬁar&q”? ules are calculated,

he simp each node in the IR trees at the

lapeliplgoyperiaishGCAtthEheolegisteoseietrin s lBSe fasnaiieebiagelprih to the
|nstru%HSF?‘t§%“e6'ﬂ§’r”Pﬁ)pﬁ‘f S&ngr“:h:" st qﬁ@%%%r?oé’&@egﬁhfl"éhal@out the

R tree, among the rules labeled together at each node. For example, t

existansg of #FIOIB 19 HBAGToHAn #coRTSSMeKaf b2 3’@)@@@9@@@9 The
NCI é’é‘té'gt&e@é“@'b%%e@, hEREF UG TCHES I G YHC R [RTid) selector 110 to

r6<-(2,5), and r6<-(3,4). As a result, three instructions 'sll', 'addmov' and

elimingépiioy Clfesdbtansb@ FEPTISIBiIRS the Ml iR e e GdfgrshiaaaRiact new
CiC. aptfdfe. A FEgeteing &m&%@%%nﬂﬁ%ﬁgmt%@%U@Bffﬁ%tejw%esgmpuma|

and allocating to the code of FIG. 9 5D. In this case, since an instruction

code RanRodfsneqnkhy bé‘%ﬁé@&?ﬁﬁ@%ﬂ@e@@tQ@féefé‘é‘i‘&é?%ﬁ\é@éﬂbﬁ In FIG. SE,

the cOMEGIOG t@@qquﬁ@rénﬁydg@égnger get rid of the useless move'
contained in the instruction 'addmov' on the first line. As shown in FIG

tridliegikier Nioberersprnast falgsktiatito thhes IRsHueten ﬁlﬂ@r 110

enm.rileilt@srm?éc@rcg FIBNEIBI BV ESFUGIEON @'ﬁ@?ﬂﬁ%@@dﬁﬁ‘%el@@%&h@er@xt most
he NCI. This function |S§(’erformed by the NCI detector 130. The N

Compapler 3 Aot RRR S S AR e RO AN G ddTalYs, Salgtion to
addrégs qﬂmmmq)ﬂ@m@.lﬁ:s F and G responsible for the NIC from the CIG and

B s oSl s ot e e
genefledentratespbet NCENsenpl €| @c&drding to another embodlment of the present
invention. FIGS. 6A through 6E are diagrams of a CIG, a labeling operation, a
covering operation, a code at the covering operation, and a code generated after a
register allocation operation, respectively, with respect to Example.

Even if a CIC ‘X’ has the NIC in a first trial, there is still a high probability that
the CIC is not nullified again as far as X is selected with different CICs and forms a
new compatible CIC set for the next trial. Different CICs may produce different
results not only of the covering operation but also of the register coalescing
operation. Only because the NCI is generated, simply eliminating X’ may deprive a
chance to discover an optimal code by using X'.

This case is shown in FIG. 6A. Interference edges may be added to the CIG
in order to address the NCI problem.

Once the first choice {F, G} fails due to the NCI ‘addmoV’ in the code of FIG.
5E, the instruction selector 110 selects the next most compatible CIC set with
maximum profit.

With regard to the same CIG, there is a change to select {F, G} again since
the set is still among CIC sets with maximum profits. In order to prevent {F, G} from
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the code of FIG. 5D may be eliminated. After the NCI detector 130 detects
the NCI, the instruction selector 110 eliminates the CICs responsible for
the NIC from the CIG and selects the next most compatible CIC set.
However, this method is too aggressive and naive solution to 15 address

. - di ini
veind S RURAOPIEN HIES AR B RELANANS RS BBIAATER by o
thick bpebiodii{en®Af the nepresentingeatibiie I Sy BAchiniegiesiheee diagrams

Otr%é?%ﬁte?fé‘?Bﬁ.E@ge‘&@ga 'C%[gtéld @?ﬁ@g@%ﬁﬂi@g}n&&&l@% £\ fﬁ?tual exclusion

covering ope_ratlon, a e ge erate 0 reglster a o_catlon
edge diivegion adigsectively; witaespéetatdeximmpleveneig generatianasiitee NCI,

nodey%llf?\gtfﬂéﬂ Hﬁ%h@%fﬁaﬁ@&l@&&?@ﬁ@ﬂ@ nﬁ‘&ttﬁg Clelsd®hogether as a

nullified again as far as X is selected wit t CICs and forms a™ new
CIC sginip @il €ICIonRafftade next trial. Different CICs may produce different

"R R NG € ARE 18 RBIAfp BUERISR OEINGHFUSIxist, and among
~coalescing 25 operation. Only because the NCIis generated, simply
whichefihifain ghR IR ClEpPioRvd th e BRI e?- an optimal code by using

XInT RIS £85I te PN Nft 1196\ DI SRERLRPESIERY DeErdAdiR E8vering

CIG in order to address the NCI problem. Once the first choice {F, G} fails
operaiies t8tfd RCh adim HRTIRINE o feCoF BHE . OBTHE, il issHBREENaRlecdfs: 6D

showd HHSRIEEE HheHe ol IraprRIIAg opdaridh ShPEIWBTPratIcGMER shows

regard to the same CIG, there is a change to select {F, G} again since the
the codpigshfaifshgEaCaRRY NN FEIRh FANESHEY RO 6 BRI [ire gpde of
FIG. §m 10 being selected, a new edge is added to the CIG, and the new

edge is denoted by a thick line in FIG, 6A, for representing a different

O YRE RIRGR NS HEORRe 9L BN Ge BRSRRSIGSS Hh e NiricioNmoY after the
registodicatpsseimytupbrastvsion eHoRMIHVERD agiRCEY CHd@atas. be wstigiinated.

Thus A B el S BaREC e

CIRI@BStAAGRsoINIWT olredinpeditle FOHC sstsiihdFd. dBs& wierdEh dindl code is
geneie%ég?(iggc%rr]gir?én?on%nother embodiment of the present invention. FIGS. 7A
through 7E are diagrams of a CIG, a labeling operation, a covering operation, a code
at the covering operation, and a code generated after a register allocation operation,
respectively, with respect to Example.

As described above, with referenced to a CIG of FIG. 7A, a new mutual
exclusion edge is added between D and E in the CIG of FIG. 6A. Compatible CIC
sets {B, E}, {B, F}, {D} and {G} are recomputed, among which the first two sets have
maximum profit 1.5.

In a third iteration, after the labeling operation of FIG. 7B and the covering
operation of FIG. 7C are performed, the code of FIG. 7D is generated. At the
instruction selection operation, any set is selected. As shown in FIG. 7C, when {B,
E} is selected, the code of FIG. 7D is generated.

At last, after the third iteration, as shown in FIG. 7E, a final code with
minimum cost having the instruction ‘mov’ having no NCI is obtained, wherein the
instruction ‘mov’ may be simultaneously eliminated.

In order to obtain the code having no NCI, the instruction selector 110 may
generate the code of FIG. 7D.
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which {D, E} is the only CIC set with maximum profit 2. In a second
iteration, after the labeling operation of FIG. 6B and the covering 10
operation of FIG. 6C are performed, the code of FIG. 6D is generated.
FIG. 6D shows the code of the code of the covering operation of FIG. 6C.

t ode. pplyin te C
BT, O RO SRR RS O BB s
selec@héﬂ&t@l@@NC{Bsﬁha\d’lmhmaﬂssegﬁm dbaresbm@ipealtionoigs, at the
the code may be eliminated. Thus, a new mutual
earlle?rtgﬁg'lghg ?geqrﬁay be added to the CIG of FIG. 6A. FIGS. 7A through 7E
ark paligianfsSRIeaergribegne Pacepasiele Gial stidecieoighng taxdig, profit at the
CSS 6}?%?5%\9 |WC?@2§’§Q§HE8"BH?H@§%%?% LRSI e et E dBSedsuccesstully

rough 7E are diagrams of a CIG, a labeling operation, a covering
as a epeRGvRd AnsSaEctonat th@w@y@ﬁn@ﬁﬂ@hﬁbﬁ%ﬁ@b@@@@éﬁ@@a&% final code

with AfERAFEIRE" S ARRIOBRRRIALIATe KR?PI%[M%WHYHWH@?@E%@ coalescing.

Example. As described above, with referenced to a CIG of FIG. 7A, a new

mothaneven ditierenbeampritieo Silfe Rt SRlactRtniel Gt o rder of
instrueRPRAIPIAC KodRels thalhhdd, nlid 2BAAG Gk 8" PaFRFEEBUIBERANG.  This

which the first two sets have 25 maximum profit 1.5. In a third iteration,
impliggHiahibmpelfigRipyrafisadt proed ﬁﬂd%@fﬁl&%@@?)@ﬂﬁﬁd@@f‘ﬂ@”ﬂ only
after e ACPEIGEMREgthe code of FIG. 7D is generated. At the instruction

selection operation, any set is selected. As shown in FIG. 7C, when {B,

EPRiesRatkf thedise %ft%dﬂﬁé)%ﬁ'glﬁt&é?aﬁﬁlf‘%gef&ﬁ%?ﬂﬁ’@'tHﬁrH‘ay not

be dériabipRANBRNVEHBIECOTEladingsgrda WIsminifRENicaschaeng thee CSS
instruction 'mov' having no NCI is obtained, wherein the instruction 'mov’

3'9 be simultaneously eliminated. In order to obtain the code having no

NEb the, indsueienarIaCEr #Hd srle gﬁm%ﬂﬁbem&m@@cz&dﬁg to the

Unfortunately, this is im OSSIb|e ince this means, that the compiler_.has
embodlUES gl teiBrese i T E TN e R S Grb R (LB AGFIAr Brbianction
of thealdbge eprhiersling appeatans has the same technological feature as that of a
method of generating a code, which will be described, and thus its details will not be

operaji

repeated.

FIG. 8 is a flowchart of a method of generating a code, according to an
embodiment of the present invention.

First, the instruction selector 110 selects a CIC from a node ‘G’ of the CIG
(operation S11).

When it is assumed that sets of compatible CICs computed from ‘G’ of the
CIG at the CSS operation is W, the instruction selector 110 selects a CIC set gy such
that y=W and profit(y)zprofit(¢) for every p=W.

In addition, the instruction selector 110 evaluates costs of all split rules that
are split from the complex rule for y.

The instruction selector 110 performs a labeling operation (operation S12)
and a covering operation (operation S13), by using the split rules along with all
simple rules.

After the covering operation (operation S13) is performed, the register
allocator 120 performs register allocation and register coalescing, generates a code,
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A policy of selecting the most compatible CIC set according to its profit at
the 5 CSS operation increases the chance of the selected CIC being
selected successfully as a compound instruction. However, the policy
does not guarantee the final code with minimum cost. This is because the

‘ ; ; ; "
ono B GBS B SRR A PO v coe
geneianddo, (bperatieniliye ranges of temporaries. This 10 implies that the
ol fon "
A DGR, RGBS GIRRAE T SR AR IR any e
genegiarketitig e thsteraalkn ¢atnly oRerditoddeperiatenwhilén. choice of CICs

repuid N Gl dis 1R Gode ﬂb‘%@%ﬁaﬁg?\@fqﬁéﬁ%ﬂf@fe% 130 notifies

‘operation of the code generating apparatus according to the _
the fisphsiimaeResptne Hesahokivennexisigserdt dskrived aflewsfbeafipal code

geneQﬂBFﬁﬁﬁ)t&Hﬂﬁ ﬁ{@ﬁ,{b@%@@éi@g@pgﬁéﬂt@ﬁ?s the same technological

feature as that of a method of generating a code, which will be described,

aid dNfs! ddedastain i sietrsiedial. VOIFIBe NEh flsipgtart bi@ allows the
instrudfSRCSERIABNArRIINg BIfARfAEGHR ANG & &ktisgnirANONEBRIRAPIEREMand to

invention. First, the instruction selector 110 selects a CIC from a node 'G'
selechptRBW fEC (RRPEFHPNSILG) When it is assumed that sets of compatible

CirsigreaytediionmSgruetibie seheelér auheicemPResaiopdrAbingo v as a

instruction selector 110 selects a CIC set ip such that tpE4) and.
CIC crumnnpaisitithilier iy the 49 Hie dliidn Gref iNstrlicagrliginatgs from the

CIG. 1 Bxevelnries £ontr i adhanlisivhesdhatadre sRilk fipraribrpe@RIgyd e inserted
r g) The instruction selector 110 performs a Iabelin%operation

. fo
INto "G 9 ot S1PRRURR 3 ¥overlRGYB SRR OENH¥ S RAEES [ WUSHETY Y W)
the spheratrmalorg witicall aginenls roies.iAkeicte covedige apatstaRd into the

IR IR A S L
iterations may be O(k?), in the worst case, where ‘K’ is the number of CICs in the CIG.
Normally, the NCIs no longer appear at early iterations, the number of iterations is
reduced to O(k).

The most time consuming operations are operations S11 and S15. Thus, K
is asymptotically linear to ‘n’ (the number of nodes in IR trees), the overall instruction
selection time is O(n®) on average.

Anyhow, as verified in this experiment, compilation times may be maintained
in a reasonable time bound O(n) even if compound instructions for code generation
are additionally handled.

The invention can also be embodied as computer readable codes on a
computer readable recording medium. The computer readable recording medium is
any data storage device that can store data which can be thereafter read by a
computer system. Examples of the computer readable recording medium include
read-only memory (ROM), random-access memory (RAM), CD-ROMs, magnetic
tapes, floppy disks, optical data storage devices, etc. The computer readable
recording medium can also be distributed over network coupled computer systems
so that the computer readable code is stored and executed in a distributed fashion.

13



and then transits the generated code to the NCI detector 130 and the final

code generator 140 (operation S14). The NCI detector 130 detects

whether the generate code has any NCI generated at the register

allocation operation (operation S15). 5 If the NCI detector 130 does not

det ) I.the NC] det tifies _the final ¢ erato

T e e e e PR e B Aty of
the firahitatige finat eduay hseimapooved By IpraeeN gl gruesatid efdhe iy hdy

. . - lect _ e
cons e e A O P b R S e
comp@pdarsiiglion feteitiease, the instruction selector 110 determines X

DARNR TR DIB S Rirfvkin FOH] REBYKNNG 81BN bR i (e Bluitn

ip, X Is eliminated from the CIG. Other wise, a matual exclusion edge as

refer%n_ﬁ@m ﬁ@@f@ﬁé@%%ﬂ@@dmﬁwt&w refd ‘Gt b@t@@@g@%@udm Ofn
ordin NP 485 BYE A HRRI0RES IR thifyGEY m(tH?}n]aﬁwH‘d?ﬂﬁf%t\%ﬁB@’nﬁéEf therein

~at’least one interference edge is inSerted into the node 'G' of'the CIG,

withoghdeprstis@ firamdheiTroih ane ssaped! the RIRRBBE HVeiRiaNS dsipe by the

followii§ D alfhire worst case, where 'k’ is the number of CICs in the CIG.
Normally, the NClIs no longer appear at early iterations, the number of
iterations is reduced to O(k). 20 The most time consuming operations are
operations S11 and S15. Thus, 'k’ is asymptotically linear to 'n’ (the
number of nodes in IR trees), the overall instruction selection time is
O(n3) on average. Anyhow, as verified in this experiment, compilation
times may be maintained in a reasonable time bound O(n) even if
compound instructions for code generation 25 are additionally handled.
The invention can also be embodied as computer readable codes on a
computer readable recording medium. The computer readable recording
medium is any data storage device that can store data which can be
thereafter read by a computer system. Examples of the computer
readable recording medium include 30 read-only memory (ROM),
random-access memory (RAM), CD-ROMs, magnetic tapes, floppy disks,
optical data storage devices, etc. The computer readable
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recording medium can also be distributed over network coupled computer

systems so that the computer readable code is stored and executed in a

distributed fashion. 13 According to one or more embodiment of the

present invention, the quality of the final target code may be improved by
What%eéllgﬂﬂgg %gneratl_on of the I_\IIC by_con5|der|ng register coale_scmg used

at a regrster allocation operation during the compound instruction

sdlectiorA aphieats ioegemaratigion hat et gade vithyashonpat
_ . ) rene . ) S _
nstr e B P B Ptrucion
selectisiin WedagkaiRiuseg0p NRIOE: therein without departing from the spirit

g HOPGALINS L6 P Leh R A BA Y RO IMAHERIBR o 4

What Is cl(l?almed is: 1. An apparatus for generating an optimized code with
candld%t@rmm@dcmmmwf@rmﬁatmgmhnm@a%mwmﬁsqudﬂaﬁtructlon
candif4tiY SRR A IS ENCHRE RElRSHO fe BRERPRABIVE-E@MPriSING: 5 an

instruction selector for selecting a compatible compound instruction

caREIRETRIRCRLANIERN HRIRS éneedg P MBS ARG DRE drpisaRied by
allocdfiRBUHIE MéyitiatRs RIBARASEIABAM THETERYIGHE RisEeRIRIPBdM R ate

a reglster allocator for generating a code to which a register is allocated

selecigd QydERiNgEreliRR afIRF®register to be used in the compound
ingtRypisHCEIRISERIR dLA stelreee dvtdreonmirusdienrlesianigisylbbeshound

compound instruction detector for detecting a nullified compound

Instrugiion, g HINIURIRY HI REITRREEHIREUFRR LI GME FdE Lo NitEWRR RagIster IS

allocdegist@ids allocated; and a final code generator for emitting the code to
which the reé)ister is allocated .15 as a final code, when the nullified

cEMIBAY RAGRBRIMIHIE R PR NG ARAE AN I G BEIRSS (R llocated
as a fingirdotden wWatartpealminateeshpealasriadtircemmolsdongutedied,

A GER BE AR G GHE RGP i R Sl e gH Beied

compound instruction candidate, and allows the instruction selector to select a new

compound instruction candidate, when the nullified compound instruction is detected.

2. The apparatus of claim 1, wherein the nullified compound instruction
detector adds a mutual exclusion edge implying mutual exclusion between nodes
related to the selected compound instruction candidate in the candidate interference
graph.

3. The apparatus of claim 1, wherein the instruction selector selects a set
of compound instruction candidates with a maximum weight sum in the candidate

interference graph.

4. A method of generating an optimized code with a compound instruction
by eliminating nullified compound instruction during compound instruction selection,
the method comprising:

selecting a compatible compound instruction candidate from a candidate
interference graph consisting of compound instruction candidates extracted from an

intermediate representation tree;

15



10

20 2. The apparatus of claim 1, wherein the nullified compound instruction
detector adds a mutual exclusion edge implying mutual exclusion between
nodes related to the selected compound instruction candidate in the
candidate interference graph. 25 3. The apparatus of claim 1, wherein the
in iQn. selector selects a set of coyr INStrycti adid ith.
e S S S e e S B AT B Mo AR R i
register geteraithegl & tbptisaizstedockmpicuac msisoaihanesinditaie; 30 by

elimipati ifi ' ' ing G instructign
It b e R i
instruigisdi btidrecepdrdigtavition thedaeigtaeisakerataite graph consisting of

C%WWH{Q%‘%SHMM&‘ %M%@?e@%@?ﬁ%%ﬁ(?ﬁé@& Heredaie, when the

__representation tree; 15 generating a code to which a register is allocated
nullifipg anoRewecngtveiRdsaneégietectiethan@ed in the selected compound

InsfipiameARd daiecHIRUINg LR s RDR QUREINSIEUCHRNINC kskiREd ate

a nullified move instruction in the code to which the register is allocated; 5

interferpRaREIABIB oM GRITINGHRAT IS EIeSEIREEIBPAY S franeatileapsAPound
instruétforh EAE SRMARERAHRSHUGHED EoRM slatadiedti b IS iatiegthe

selected compound instruction candidate from the candidate interference
graph, and returning back to the selecting of the compatible compound
'n§.trUCt'0lﬂ163\ﬂ€tﬂ%@oWEl%ﬂﬁhﬁ MH@%%%PEH@_WM@'%'QQ%? -of the
10 5. The method of claim 4, further comprising, prior to the generatln? 0

ree.

code tRer s HuNg dARHI AR RHERNG MY Vo VRRiIH PR At prsaRaatation

representation tree. 16
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