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Abstract

Based on main components of the compiler infrastructure. the paper focuses on discussing some key tech-

niques for compiler back ends, reviews the recent representative common compiler infrastructures and their used indi-

vidual techniques,and outlines some current issues of compiler back ends and development directions for the further

researches.

Keywords Retargetable compiler, Compiler infrastructure, Machine description. Code generation, Intermediate rep-

resentation

1 58

HEFHRI T EGREH SBRIESNEERTFRG
PR LTRSS IRE SRR R FS  MEROWER
— RO T SFE - PMRA.EEAXERT RELA
BUMRABNEENRESN— /B . BHEEFBREE
T RES . ERFESRONBE I TRCRRT FENWR
BAE MR ZREFBFREFTLZMERARXRREN
W R AR ERE A R G5 B HERR B I R T R
BB R T HERGATRE e, AERFZR
W EE T KR AT B T B T — AR B KR
EHFEEMENOSNFER N, UETREFL G0 ER
HMABEFEROIE AP TRERBRFSOREFE.

2 WIFEBRIN

HEERT AR — N RN %28 T0 R 28 00 T
. ERB—RIIFREEFHRBHA TR, XFEHE
BE . ZERNAFER UEFAMNERETRRHRERY
& EHTRESFTFEAMPFRIAF.

HREBHRG —REFALITE GERS B GBEXR
ARG AE RS AR EAL 25 MBS R T B A AR UL EE .
XE R ERAETHAE L ey  (BEEE XTI L HIAE.
SFERMRBITT A EHRESA RN ELTR.

X R BT (0 R A BRI R ER
HEABGECEMATANTFRETR, T %% 5%
RENARRVFERKOEE MEXREAFSFLOX
BOAHERAARKG T X HBHRAR RGN AT
BREY K, A XK R R 5P UL B2 R
TERE T R ER, AT R EROTFRBERZHT H
BB, X AR R LN T &, X EHERF
ERBE P XE R R IR ERR.

3 & BAIREIERAEREAR

HTFREERMIEAHTRESNES BT L BinHN
S WA P A RN RS IR B RS R e Wi T
A o REIZ O 40 P 2 B I b 42 L AR U8 . o 7 R AR P 6 AR AR
R SEFZHRE 22 FEXF B3P ERRER
BT ERHHBR, B4 FARRMGEET Z B RRFEE
AEBZEAANFRREREZ BIFERALSHERSE. B
FEXRSOAFE BN FXHSEET S BIRGS
ERAMS . EXRTEBRNE B R RFEREM B R D
ERBEHHERE R U RRERE MAEXEHEOZR IR
2 palich xR

3-1 HLESHABAR

EEEHZEEREROBES . K HBE—MELE
EMERGEHMRRY . B TFTARGEREHNES AL,
FHEBITAGRAKRURBARRKENFEFSEETH
R B X FO7 e RE A R R A B AR AU R AL
RGO TR BEAEREHRTERLIHE
MARRK EMBARXZARERSHBRAGRREHHR
B AETFEREEMRGON BRHERBR TN
ARG 20— Fx B iRt T R S R e AU R e
4b 7 35 YT I K AL AR 9 S SR AT R X S ST I S B AR Rk
A E T X FEAU BR RY B R R G FUBE 14 i 3E 4, U RE H ik
ENFEAHME AINENETFREFRFOLE . FRENR,
ETHREHHERETFABIEEEREHE £5R RN
BRI RME@B AN,

3.2 REBELRPpBERAR

— AR, B E RS ORGSR RS B
RAMERS . A TFICARBTHIEZR. S B AR FRLU
HPERILERBHBRARXREEHABF LD EEZSH
WMRABFRIHET G0 C.CHH BRI EIFTFRG IR
5 {5 6 b B UK LA e 5 o B A8 S0 0 BE , WA T BT TR 4L K1 TR R

OESTH - BRARHEES (BH. RARKEFRIFHTR RS :60083004), WH IS 985 EEFHBK . BAXBREREBRRFL
FROFHERSHEATID BEE HL5. TEAFRIER MRER KELIBSFEATRIA. SHE & TEAFRELA.
HB|ER KGETESFTEAMFHF LA RRT SR IENERFIER, RAEKE SEFATFRSFEORESHHLIE. BRE #

W EENERETE KEFEFRT MG HESHBITE.

e Qe


http://www.cqvip.com

A AT BEAEFRIHET SRHXBNNBESEESHRER
B MFEERIEN. BN ERNTEXR. A RK
ERBEREESEFETFEERERISNMYBFR
RS/ APESAE B EH, HRSBERENA
FMERETERNS K. ERGE— M EHEBEEREHEBIR
KRBERTMTRE EAFRERN LR T ABER
BOBEBRMUFEFR—ITKEEIN TR, HRIATFES
BRSNS TEE, XIHABERBRNEIIBER
WIFEREMPALEBERZ - WEFTEREZ—.

3.3 BiHENHRASAEFGARERNEDRR

BiENERS BHRABERNEO . BETEBHNLE
XM ESBIFN A XN RN Z BAHEIKR . ARLR
RN EERIFNAR . EATEUMEIMHARILE
L R —RIRB BB ERIENERRBER S EE
RzZEWEARRELENY, TFHEORTERANE
FnREEOD ERFREAEBESNGEERUTS AR
NBNFE nRBEORKK. SERORATLENE 20%.
B E W, TR i A S EHESHMERERE— 1%
RME.

3.4 hERREAR

R FEEEREFEFRAESEFAEALEAES
BV BB SRPEEN ST PEEXHRETEES GET
EHETBRIEILENRESRTS . EFRENPRRFAEER
FEIMEA . EEpPEER . =X WX H A DAG
BB AIBEFR KA - BEEHRS TSR FEFRUAETE LY
B, BEMHAENERESNECBIrNTE . FREXR
MERRFERNOTE U SABAE BN A RERD L R#E
BUO A, ERFERR MR, MR — R R
B E Ry,

4 TETIE

AETRRAERFEUMFIEFATHEITREMNYE
A, B, HRFRFEEEREN T RARMES. XBER
BABNLA BB AREEN . ENBETY E5&R
BEAMR PN B FEURB.FEELEAIAHS
KEAMBEFCHPTRETEREERHER K.

4.1 GCC

GCC(GNU Compiler Collection) & FSF B3ha4 GNU T.
Bl —R5,.KAXBLHAETIRS GNU RXFRIFFNR
B.GCC BRE XHMEIEF A C.C** Objective_C.FOR-
TRAN,Ada, EB MM FERT—BEH. B A=+ S 4H
B ATERHELGP.GCCRTHERS . ELHABENSE
AT ZER.

GCC X HME S| AENR, EH14 5 A iEEMA RTL
(Register Transfer Language) 3%k 8y @5 .GCC A RTL
RBMaXE R —RHNIESAR TR RTL HSER LR
HRHEET BN —&FES, BEXHR—HFHLHBREE
XTE AR B IR se X —BREM RS R BRERMNE
AURICHEEXESHER  AFAERN B RLERRET
ERE. BTSN EEMEARE, AN EENATRH
BB AT R ER I B R SNBSS E.
FAEAMT B354, B F insn -5 R &AL EFERER B RTL
FERROFERERTE, ATERRESRITLUA S
=

.10 »

D000 http://iwww.cqvip.com|

4.2 Zephyr

Zephyr tRIFHRRNMEXEHE 3N NCI TEHEER
S2z— ERABFTREIERFAERFIMAZRET AN,
Zephyr A VPO(Very Portable Optimizer) A% L, L FFHL 2R
/SR HMAL, BWNERTIFAT X java . CTY S ZHEE
%, Alpha, Mips,Motola 88100% — + Z fp AL MM EFE
%EEZ]o

Zephyr ZRER MBS THEFEERR HHBEEPH
FORRE W B AR E AR ENEEERX MBELR
58 AL i 78 88 (Code expander) — K ¥ i N F . fE
SIFRGENBEESEK.ERATERRARERARISHURIE
% 43 8 RTL (Register Transfer List), & Xk S5 FEmH
£ JL 3% . Zephyr #24t— 115 F # CSDL BASEFT UL 25 3 #5154
B34t T — iR ERER. Y F -1 FN BRI S . R
EXHEEWIAESBATLAT AT E UL 25 5L B i
ELTT S FIERF . 55 5ol T 2 BT A SE BT A RTL R4, 3X
BEBTIUSERANREE. RN TFAEERFRERD
RTL £rEHR ANy AEFEFIRE.

Zephyr HE R ETIRAERFR. MARLTIER.
BHERNSE R RERN &N RIERN LR,

4.3 SUIF

SUIF RFERLIMEXEEIHN NCI TEMN S —1T
ER SV, ERENTEE K¥ FF AR . SUIF KL SUIF 5 [al#%
3, (Very Portable Optimizer) H¥.L ., X iIFF & L4, 0. 5
347040 T | X B 4L . SUIF %% 28013 M B AT 424t
T C # Fortran AT BAFTHRBAHLLE. — R4
MIPS % — %I HiF{/A X TR SUIF FEEARA
CHIuy—MHHUANNBERPEERR. ERETREAETE
FRHEEE. KA GO RBAT ETEENTRINRERK
2Z#,SUIF X MEER T ERETXHIEESW
MREMNL, BFETREAMSITNT R.ERBEREN.
AFRFEAHT FERNEFRT  BiX#RIEEERE AR,
B ER FHAEENR BERFANRERERAARHED
FTiEZfER.

4.4 SGI Pro64

SGI Pro64451E 21 ¥ i 2 B SGI AR FF AW . £ HIEFT
7E Linux #4EE S LAY Intel TA-644K RESMIREL T —EMKRL
HENRTE . TXHHEESH C.CH, Fortran90/95 Fl
OpenMP, R SGI Pro64 4 SGI B A &7 4% 25 25| M AL,
HEFIA-4EHSFETHERR . DEWHEELARITAR
%1% A7 SPEC2000 EHERR FF A BE 48 IE B 171, Pro64 42 41
T R4S BERMPERR WHIRL.ZE&REL RS, F0HE
RBRKEE. SR AL EESEERSPEERR L.
ZEXRPRIEFRNER . XRTSBEESTAZEHRFERB
B SR EAS R L.

B 81, B4#% 4 Linux ¥ 4E & S A Intel-64 40 BB 25 A9 45 1F 2%
A EANES B FF B .SGI Pro64 5 BE5E# B FF AR ACAS A i &
REW . EH5 T R GCC,

4.5 IMPACT

IMPACT (Illinois Microarchitecture Project utilizing
Advanced Compiler Technology) 4% 2B 1% M 2 B B F i Hr
KERFEAN.ERABERFE. ESRIFTREFFESETE
WM. ETWNE AL BROULESEER R BT IHE A K
SHEMEBEVHSERAGE. At T RIEEFNE XA


http://www.cqvip.com

S FERS I LAME THME REH AR AR G AT
AR T gt et EREHREITAIRRFERE
B R.IMPACT WEEESAAETRABEHARAES
FHATE,

IMPACT R##t T AHEAFAEXOF VB LET
HMDES 1 LMDES!"1, 3.7 HMDES #i5# X S AMERX
MTF RAESTOTEANTEAE. AR RS &
HMDES ¥#:5 LMDES. K PRI FHEERER.H
i LMDES X4, LM 4% 25 VL2 HE 00 ol 3 8 iR 18
DR ST RHEREB X BFABROBNAFEHRIE
AR BB G P X B 2 2 i 3 BT My ThEE E R ki
RERHABER N TEXEHEENAFIMERFREWS .
IMPACT @ AT EMNRIFER R,

4.6 Trimaran

Trimaran R EAIFMEELMA SR EREET .
£ B B4 F MRS KA AR . T EEHm EPIC
(Explicitly Parallel Instruction Computing )4k R &&H . L%k
SRIFTEHEEHORIEF[REWERIR. S FEHS>FM
AL E &Y S 0 B FORR 4R . Trimaran R HIRGE T 4@
B BLIUF B0 SR TE ) VERE I I PR .

Trimaran 2t T E FEM PlEZFR, TR T BT K
B R E TR, Trimaran b EF B —F BT XL EH
AR YL BS W RE E 05 X HMDES #E17 H1 28 30 48 1
BA P B 4 #6285 . HMDES # iR ¥ ¥ #: 0 LMDES SC{#F¥ AT
% F B R MDS 315 FE 8 P9 3855 . MDS ¥ 48 2 T {#t
Trimaran @8 &M EEHH mQs # O3 A . Tri-
maran 4RiFERH MG B AT (A e A .

5 HFHEBHE-FHRIE

RIFAMEAMOFARORGTHLUKGNHR.ERKED
SHBEARMT A AZREZTF SRIFERIRENER AN
ZAREFEEABTENHEW . FEETCHEHRBLMHTERE
RUMEW . E—HEEFRENEHT AFEHRBMATR
S RAGAEE KRS,

51 FENBEFRAARE/RTH—FTIER

SIEERBREHERLUEGHMFHEARYER SRR,
HFHRBYVBEREHO SRS AEERBEREHRN
R MERARREHFTLP . FEMRFHOTEESEZ
FAEE.EH  AEHEERFER - RBER ARBRL.
HERIENES FAESERCREREZT K. FHTiH—
ERENEE.

52 NBHATARABSSRNEBL

WMWHA.ETFT ADL el R I8Nk RS
WMEFEERFBRAPIZRN T RAMNXLE. B THESR RN
BHATRAMEER. ERAMGIFREREHIIRETAES
B354 A T A, GCC iy RTLY!, Zephyr iy CSDLIV L K&
IMPACT #1 Trimaran ff) MDES!' % % XS 35 A T B
BEMEHNERASTEHSRAAEENE . BNEFEE @
B ATEHREUTALATE -H— NB#RAEETHEH
HERE.REERTE S EAERSEH H - . X001k,
MMBHBRNMBEER HRHAERR AL —HRHE. HTWR
MRIEVL RN ERERN &S L= —RBHA TR
ETY REATTERASES T EFAEN —ENA L. IMGCCHY
RTL:; KU, A5 FHA .S F—IHOKRREH . EREREBR

D000 http://iwww.cqvip.com|

ATE. BT R, ARV ES E R NI
HWHNFRER ALEBYANNAS T ROVIZHBET .
Rtk FHyLSEERT.

5.3 ISEEAZhHGT AMBAEHEnEE

P B EXERTNERRARY . BT HEREH
B ¥ S A R X MR L M P E IS E X E XA iR S B
HUEENER RS S FEE—ENEE. EH  SiFE5
B TR H R HiEEMEE RN HERN HRE
BigE . E-tHELt NATERHATHEERFEROE
St E R EITRE T4 Y B4 B R A RS
ERHERNRBERL =KL FET —RAIBER S
B M3 i 8% . . BEG!' (iburgl 21 MBURG!' %, |-t — 8k
SIFERRELRETHEMRBERNESIGEER. m.
GCC % . XMA AF AR A ERBEARET RTINS
A5 MARENTIHERLS EHEEFEAETREFIFLN
+aZ— AMRMERT KHPFEE. ARBRBERBEY
BE, - BEEFERREPORBERBNEFIEEYN,
. Zephyr Z. AW EGMAREZEFANBE . RR A E
AN ERE HEAM T A ERENHRR.

5.4 EEFERWITHAGERRREELE

RIFERMREARRARPE -1 HA BT RRHEHAM
TERMARY . BX. SRR ESKGH —HEE AR
AMRZHHFERBEMOFERITEKRZ —. WEFL &N
FERE M E— E MR X R BTN RN SIF
BMRESEREESN Pl HPEFRE LT HEMH
SIERETMAREER TESRE — el E. el . 3 F
FEREMES ERARPHRERGRIFHEBRES B BN
RArRE# ERRMREENS . HK BREEXE I MREFERE
B B {55 ) LU 35 DR M o DA TG 487 2 AR ME b 1 Ok g i 2R 80 T R B
BR BE FHAEER AN HARELAN . E1E
HURBEREOR T BRBRRA S AmEAREmFAE
HREFESEAVERY . AERESHOFAELLENRE.RE
ERN—- S RBERARORRER MR EER REAEH,
AR EERNEFRHELEATENTE.

2% XM

1 Norman R, Jack W D. Machine Description to Build Tools for
Embedded Systems. In ACM SIGPLAN Workshop on Lan-
guages, and Tools for Embedded Systems
(LCTES'98). Springer Verlag, 1998, 1474, 172~188

2 Andrew A,Jack D,Norman R. The Zephyr Compiler Infrastruc-
ture. http: / www. cs. virginia- edu/zephyr/

3 Stallman R M,Richard M. Using and Porting GNU CC (for ver-
sion 2. 95). Free Software Foundation, Inc. 1999

4 Fraser C. W,Hanson D R. The lcc 4. x Code-generation Inter-
face, Miciosoft Research [ Technical Report]. July 2001

5 Nikil D, Alex N, Hiroyuki T,Ashok H. New Directions in Com-
piler Technology for Embedded Systems. In: Proc. of the Conf. on

Compilers,

Asia South Pacific Design Automation Conf. Yokohama, Japan.
2001
6 Chang P P,et al. IMPACT: An Architectural Framework for
Multiple-Instruction-Essue Processors. In:Proc. of the 18th Annu-
al Int’l Symposium on Computer Architecture. Toronto, Canada.
1991, 28(5): 266~275
CF# K28

0110


http://www.cqvip.com

130
11.6
5. 80 (,/,;’
/
7.20 / 100
1. 86 /

p
AZRBTH) jaczit 8 (45 £

A5

HReREEMNIE FOTR T ALY SEBAK,

FHEREFIFITHEARKEGTHNHBER . EXFRRE
NEEASI RS, AALRHBRRES.

WABHFPREHAERE T EERE, RNREDY

ERXBBSTAASERN T RENENA —ERBE
B RO THFEES . RBESTHRAKRESE SBER R
BB R IR E R AR AR B R B B AR
RBENRE .

# £ 3 &

Hiranandani S, et al. Evaluation of Compiler Optimization for
FortranD on MIMD. In: 1992 Intl. Conf. on Supercomputing,
Washington, D.C, July 1992

Banerjee P,et al. An Overview of the PARADIGM Compiler for
Distributed Memory Message-Passing Multicomputers. IEEE
Computer, Oct. 1995. 37~47

Lowenthal D K, James M. Run-Time Selection of Block Size in
Pipelined Parallel Programs. Second Merged IPPS/SPDP Sympo-
sium,1999. 82~87

Van der Wijngaart R F, et al. Analysis and Optimization of Soft-

ware Pipeline Performance on MIMD Parallel Computers. Journal

10

11

D000 http://iwww.cqvip.com|

43. 01

39. 12

23.97

7.71
. 91

N

BZ&BTHI jacz il B2 (87 45)

N\

(o] i L BE)

of Parallel and Distributed Computing, 1996

Wolfe M. High Performance Compilers for Parallel Computing.
Addison-Wesley Reading, MA, 1996

Callahan C D. A Global Approach to the Detection of Parallelism:
[PhD thesis]. Dept. of Computer Science, Rice Univ. , Mar.
1987

McKinley K S,Carr S, Tseng C-W. Improving Data Locality With
Loop Transformations. ACM Transactions on Programming Lan-
guages and Systems,1996,18(4)

Singhai § K, McKinley K S. An Algorithm for Improving Paral-
lelism and Cache Locality. The Computer Journal ,1997,40(7)
Manjikian N, Abdelrahman T S. Fusion of Loops for Parallelism
and Locality. IEEE Transaction on Parallel and Distributed Sys-
tems,1997,8(2)

Abdelrahman T. et al. Locality Enhancement for Large-Scale
Shared-Memory Multiprocessor. Languages, Compilers, and
Run-Time Systems for Scalable Computers 4% International
Workshop, LCR’98,LNCS 1511, Springer-Verlag, 1998

Lim A W, et al. Maximizing Parallelism and Minimizing Synchro-
nization with Affine Partitions. Parallel Computing, 1998, 24 (3-
4):445~468

(E3EF1IA)

7

10

11

12

ReaCT-ILP laboratory. Trimaran: An Infrastructure for Research
in Instuction-level Parallelism. http.//www. trimaran. org
Gyllenhaal J C. A Machine Description Language for Compilation:
[Master Thesis ]. University of Illinois at Urbana-Champaign,
1994

Fraser C W,Hanson D R. A Retargetable<C Compiler . Design and
Implementation. Benjamin/ Cummings Pub Co, Redwood City,
CA, USA, 1995

Gough J. Bottom up Tree Rewriting with MBURG: The MBURG
Reference Manual. ftp. fit. qut. edu. au. 1995

Emmelmann H, Schroer F W, Landwehr R. BEG — A Generator
for Efficient Back Ends. In:Proc. of the SIGPLAN’89 Conf. on Pro-
gramming Language Design and Implementation, SIGPLAN No-
tices, 1989, 24(7). 227~237

Fraser C W, Hanson D R,Proebsting T A. Engineering a Simple,

.28.

13

14

15

16

Efficient Code Generator Generator. ACM Letters on Program-
ming Languages and Systems, 1992, 1(3): 213~226

Gao G R, Amaral J N, Dehnert J, Towle R. The SGI Pro64 Com-
piler Infrastructure: A tutorial. The International Conference on
Parallel Architecture and Compilation Techniques (PACTZ2000) .,
Oct. 2000

Ganapathi M,et al. Affix Grammar Driven Code Generation. ACM
Transactions of Programming Languages and Systems, 1985, 7
(4): 560~599

Moona R. Processor Models for Retargetable Tools. In: Proc. of
11th Intl. Workshop on Rapid System Prototyping. [EEE, 2000.
34~39

Wilson R P,et al. SUIF: An Infrastructure for Research on Paral-
lelizing and Optimizing Compilers. ACM SIGPLAN Notices, 1994,
29(10): 31~37



http://www.cqvip.com

