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Abstract The potential instruction level parallelism (ILP)of modern processors can only be delivered by compiler-
.Code generator is a suite of target processor specific optimization in a compiler’s back-end. And hence,it is a very im-
portant component of a compiler in exploiting ILP. ORC (Open Research Compiler)is an optimizing open source com-
piler targeted for 1A-64 architecture. It features rich optimization and very good performance. This paper introduces
some key phases of ORC code generator,including region formation,optimization regarding predicate,global code mo-
tion, parameterized machine model. Qur result indicates that these optimizations are very effective. The experiment re-
sult indicates the code generator of ORC outperforms Pro64’s by as much as 2377 in average.

Keywords ORC. IA-64, Pro64, Code generator

o 8] F o
[ (X CCreForman) | @ Very High WHIRL _ |
l B S -

A2 AR 5%1{} .......... ‘

-

1 5]

ORCUME —Zk UL TA-6411 0 B #7fh £ S5 89 FF AL TR 1S 45
R JA-MEB R TR RSEH LU T KL VLIW (K l
B4EH AR EEFTITSIABER S R E N A T

Tl

High WHIRL |

855 Mt e BRI FRL T B MR ITHER ,
2E IR . = Mid WHIRL
MRS T (B ORC RBG—AIE ‘EW%@"_{ s T I
LR T B 1E T 1A-644k B £5 15 F 1780 8 J1 . ORC
AR ST F' Low WHIRL_ |

JRE T SGI A 5] (9 FF B IR W0 45 1% 2% Pro64, T /5 & & M SGI

J P v

Very Low WHIRL ]

#9 7= i 4w E 2§ MIPSpro #4489 A 1FTR ,ORC FE 5 r - }
A ¥4 45 AL BT (FE)  REHR F 47 5 4L (IPA) B3R B BHER K. v
B AL (LNO) 4 B B R 6 (WOPT) IR B3 AL (CG) B F ShERNS cGrR |

5 %) P AR R WHIRL #E 4 &% 30 @ R ey " 8457,
WHIRL BZE K5, 3Lit6E . TEHSA 4T ERHF E1 ORCwXEMa G5+ ERT

b LCHL S B B AT it B 0 B A 5 0
FIRRFAREAENGTAR o mamm A gm0 EE R T, KR KRR

IR B iR LA R S RIFTREAHME .ORCK e FE R b A B 6 B Ak L B8 if-conversion. £
54 8 BB L (phase) R E B F X R MBZFTR. LT & 4 A B R 1 R B (predicate) 3 Z 4 37 25,

BREREAN RN,

‘Profiling i & %+ B #7 {{, 5 #& # (instrumentation) 3k B
BB M 3l S STe M5 B IR &5 Bl R IR X iR
£ (Annotation) £ B bR A3S ) M £ R L LI R 46180 1L .

If-conversion® F| B TA-645E {4 FHIEIR S 1. 82K
O E MK AR R (SRR — I BERRT
KE & B — MBI LRSI EH MR T 84008k
4 B H T 4 B (mis-prediction) fr4 S #) FF 45 . If-conversion

) EFRZEEFLI6H (S FS2001AA1106 DAEF HRF 2 H4 GRS 69933020) 8 ¥ 8.

* 159


http://www.cqvip.com

X F I FHAT LR 058 (4 SR8 3 FT B LB R P R T Ao 178
RS WIS T X RERS 1R A0 K /N T BB BT B 2R
fritla.,

-TEF AL AL L 47 (753 JEFF A0 G K (software pipelining),
XL BT B O AT HR A T A B AR (0T L2 R -
conversion I (LB XTSI FEH B K T E AT (4]
B T AR 16 25 89 25 Fr 25 7 BL M SRR 1 (1 40 2 73 BT rotat-
ing register) KM BRE SO T HFFEHNEH BEE
R W5 D3 BER — M RMOK S R 2 5 SL B3 H 4y
BCEFTRA 0 MR K BB A B TEI2E R & R 48
SR AL R RS E .

ERESHENEENEELANON AR . &R
B0 FIE A6 KT A R 2S48l
WEAES BB AR LIERESEITE. LT ®D
ERIESHENERYE. ERESEEN HEIh i dax
MM T HER ST,

CHHFHARRENEES BENS R T FE R
MBHFFRIE.EMNAEBREFEDROERKAND
RFEFRMOERK BT FH.

RSB R M TR A BRERTIESHE.OES
RAENBREAEAEINREF . CESERBEZRE E5
B YA B MR B A b

IS A OB Bk P A R R AR I SR S

£ ORC 1, Profiling ., [< 1## ii% . if-conversion. & B Ul &
FIER1E S RE 2 Pro6d R HH SRR KNI Exx F

B AR BE. AN ORC 3& GEIS T Pro6d) A X E 41 (L FY

Befefit T —yy fEm TR (F L 28428 . PRDB %),
EFF, TRER B E AR R TUAE.
A2V S K S 3T IR B A AR R AL &
1% if-conversion FEIF B INMEE . B4VTNEBRTF L RES
VR E TR B5 W H#E ORC 2 BARL MM S B A
FERSE. SR SRR M oA R T TRS

B3

B2 RIEHR MR — B ATATIEIF YRy
{8, T3 S0P I35 (U3 B R T Q15 R AT L1830 ¥
RRBE—MER, HEEF SN KEESEZRAFETRH
—AHMRE L E A BT IR A B B AR AL BT B A
HERBAFURBERO AR, Bt EEFOEEERF,
(o 32 4 7B W oA T 4 ) SRR B A R KK KA W 4
HETAEEFBAESNERRF NS A AERER. DR

= 160 -

D000 http://iwww.cqvip.com|

I Profiling l

!

T

!

|If—c0nversion. HITH R 1

'

(B BB HRARERET) |

v

| thR#EsuEr |
v

| stEnm |
v

| mossng |

!

| tkmxx |

B2 RBEMNFENREHEMF

2 XiEME

TEHRIFREHT OB R e TERF E M B b A A8
FEAT I H R E KR UER T RERES T B4
FEEEAREAESSERFEFNAR . B, HNFESE
HFiE ke Rt FERAASHENR AT EE. )
Fho IR AL B B — AL FR A 5 N £ 3 K SR B A1) D 7S ]
HFHBERRCGFZHEEN T B RAELEN) .7 ORC F,
EEX M AER 2N T LA AN E TR, £ 15
FHH L EFXEBOREN BT SR IES EE . f-conversion
L B iE 200l 2 FRX M BRI g R E T — Mkt
FIBiEH T RER A S A TR

i

(&) R;

(bR,

(d) Ry

ERE iopc

HRZAEAR SR (R b in R — A A BB B4
A AR K, ATV PR X T A B B A 4 e MR 3R A B HRUR
EREEF—NREF .5, 30 RPEZERESIR
EABEMES A DK MEEH T LA B S EANZE
B BAFEEERERATREAONERNK L FRITA
APER RAVBH KL RE . T A IEAEF H AT AL
HRNMNESHUEBFPRURELR), FEBEHFRES T


http://www.cqvip.com

ANO[ )Y FE R A R T 2 F O3 M BB R UL A AT )3 29 T 2F
KEMELEFEUET MR ERINTER.

22 LRk, KM AEAT 4F8 @Loop X3, X 2 F — i
@SEME R M F—M8EAOS E O3EEFAEHR T
¥ (Loop [X 15 0] fE #-E SEME K1) ; @ Improper [X1# . X} fL
F—ARTEFYFHH; CMEME B, M F -4 2 A0%
O AR fE R HR e

EXE HROH TR R R s EE3S,
REFHABER KEXSHRBEXR R AEARFER
WA MRER T EMPITEE RiIF A oS i E
@) 7 FEHH IEA (131 R K Loop [X33 R, Improper [X
M ORAMFE T AT TER (2,3, 4} BT HRIF (1,5,
6.7,9,10,11,12, 14} KB R Fm  EX BERAVRR K&
BHEHARANZE T ZTsAESR, T, KMNEL RE
W/ NE R T {1.5.6,7, 9 PR L TRATTIE E 4
ZEBERY MEXBHHI L HI—PEE RRAE
WA RANZERE S FFUATE Rep S R — MRS SRR TS
- REFRGE, RERNAHSBEREHE SEME X, {8
HFREBA/DMETR, £ix BHRATHEEHE —1 MEME X
B Ry, BRI AQBR10M01,

X8RN T KB EMBEERER ATk,

3 iBiEExMTL

3.1 If-conversion

WHIE (ARG 2 AR RS MM — T EEFAR,
iR 2% T 1L iat H-conversion ¥ AR 472 L LEiE L
aESR — A A F N ET R N TEEE T #B4ror B4
S TR AR XA TFH BT A 184 R W X HTIE
ERATULIERNMFRE EARERESERIES. -
conversion BB SR FE TREM A — & HAET s By
HENATENEXRMEHH b . Flan7E ORC &, B &
FFHERR K R AT 8 A B A8, f-conversion # — 4648 46
MEERE S H — M BEME BRI E X BB k5
REME L BN AT AR A,

B, B,
cmppl,p2 — a=b Ip2 — a=b
pl) br B, (rephpe T e
p2)x+—3
B, B, p2)x—5
x<3 x<5 yex
B,
y—x
() FEEHRE (b) B&AkB

B4 H-conversion

AL F 35 4 VA0S i) 206 4 38 FE L H-conversion B 1
H3# & SEME R ,l{-conversion By B UL H THE T &5 8 IMNE
JFTE KR F H eSS B8 & T#E4T U-conversion B35 I F
B o R 0 3 ) 0RE B9 15 ] K F B Hf-conversion BrERIE S %
FHEHPHBEEFGE SN M EELR . LRSI T
EAANEFIR S MR IERE S BRI H RS, b
BEAMHETEIIR AP TEH A S EE S T I
conversion RIIFH I F B 7. " fE 823 1T H-conversion” 84 #£ 4
WRFERR TR ERAAED . BAT, T 535055 i i £ 5%

D000 http://iwww.cqvip.com|

FERBF RN "2 7). @475 H ;@l-then £45; @if-then-
else Z5H9 . “18 & F #17 l-conversion"f&15 8 1T lf-conversion
FE8 12 5 B AR /LB fE . H-conversion P R FE % XA
EHE M EHETEREE " E S T l-conversion: AN 6] &
& LR R K B VB (R DETE M fE AR LA R 4 T R
220 L e A 2

BT REE"—MEHR T EA M EE R E A S
If-conversion i 787 Kl B 5 {7 b 3 3 88 {4 L3RG — 4~ {78
RETFTIFR —AFfTRERES NMEE T XBE RN
KE W&/ T BARARBA ATE E] .,

3.2 BIRERRBEE

17 Z IR A (PRDB) i 45 18 SR R R EIREE 2[4
FEMBEEE RACOMFIEZ EM R 8 L T
AN HEETHREL I B AN~ M REAEEE
GFHEEH M HEAERAEHESE%.RE PRDB & If-conver-
sion T2 BiAs R BEBEE Z REREEMKE.
PRDB o] LA 24— TR BTt 4 3 €8 5 UK M M B g oL
1 78 0 B B » T EL I 45 4 4 B B2 BT L EE R AR £ 1L a0 5] B
* PROBUEAEM&EEMENRE M E YR ELUTF
If-conversion 14 {184 18 /& . PRDB B #1H17 K F R R
FTHEAOZHEONTH K.

E#7.PRDB 7£ ORC 1 # Al TH 4 KX R E M Bl
4R L e LA B TR 2 S i SR 4
frffib b.PRDB T EMFEREAE X [7]. 5 XTI EH
72 PRDB JF A& & H (o] {UHS % 2 SSA 3L (SSA form), B b
ORC MU A B h A1 R R B R X MEREM .

4 2RESIAE

4.1 2REBESTRAEESR

ZRESEEGLOS ESEET -T2 ANMHEREK
3 (B loop R 12K SEME RIR)WIEE 14 .GLOS FEXA
Bk S IA-64E RS M SR GLOS iR M T
P-ready &4 W E I A ESS A E1E S BB ERF . BT
ERESAEEF AR ET EES T LB re-
naming 1 forward substitution™ {H 5 F £ a4 & AL 68 W ¢
Hl. BT, GLOS A X RrE TAIIE S B E. 1 T4 4 B E it
WEREZmAR/NTE TEEHAX 2R,

» ALY
OLo8 eI
4 Multiway
®R brand
compaction
ERD ! s

H5 M GLOS h4rBm= 1tk

AT RANEESAE MR CHT SRS . B
LB TS B AL X1 ST B Bk GLOS 1435
R, BRI A BRI E S RA K ”# Multiway-
branch-compaction, B SEr 7 CHLESE A" R B F GLOS),
"6 & WALTY REAR B Th A AL R 1 18 (speculative
train > 3 LA b 4 A PR R AR D (recovery code)  “PEVE EF "B —
MESH P FE & HIER EB RIF"H template %71
EamMRLENATE. AT SAE "BEISEE BRI

* 161 -


http://www.cqvip.com

EBENE — T A48 . Multiway-branch-compaction
B Th REZF B Multiway-branch 584 3 £ 4 48 SR8 2 k48 2
SFE AP HITSXTBES F iR ZEIRTT,

I 2T VR R IE T URE B — M EBOH KRR X
GE¥ 3T b 1T — A SR R A AR R BE A ¢ T EF R AT R
291 B S0 M R 124 S TTH VR L VR 2N R IR IR A
BEMEFTRINZEHINFREERE, AN ES g K

TER I — A [T P BE 2% LU B TO0k) T 89 46 Th I 7B T
i h B — 48 S (GRS IR E B B R & 4
LIS — A A Bt B R AE B P iE S RET G
MEReHESREMIESEET B . [ 8L #ME (code
compensation) , Hl ML D6 R X R ., ZE&h B ZR
ME— AL S, AEREN RUIAFREVRALDS S
Bl WG & BIBINGAFE, B 5K BT — M RE 8.8 F . B:
§ISR L BB (TEE 69, B B B.AYHEEZ0. 9 iFE SR B,
fEAT —A Vg f BE RESHKIRUI R By Al By,

[H6

FE IR — AN AR R sk BYRT A BB R iR EE
AR SR AT B RESE R R E AR OBHR T H AT )
b ESHATRAERAET B . ETAE BFHESER
HHWAKEE B PR TFXEELSEENECRPHR LR,

B 28 BE 7] LUV B M-ready 12545 41t 0] LLIB B P-
ready %1540 EE6 . i T B EHESOWE T —%&
BELIBEECHKEMNES BRIESOMI T B, M-
ready 362 @MU HEREES B P MATERDH 2. T

E2@WA K EMITT B, P-ready (l FERB T 154D,
HQPEE Bih AR BRFTERHG-E X M2 R E-1EF B,
#KE.5X[10]JFRE# 2 ORC # P-ready #5418 B 7E VR
B[ B A A MER RS T S D10 SRR AME B B — /M 2
T .

AT HRERSBEBRREXE  AEREE A KM
BEREREX KRG WG B B A N &
T XN BB Y ORISR K
B, 8 B 2R AR S R R S BB X MR E K
S HERE A,

£ RS EBIE RN A R KA R IR A 2 AT,
VAHE 28 5 B3l T edge-splitting 75 critical-edge ; ZE VR 1 Y
Bl T3 load EH MEERNBEEFEAKE LT —
T EHESEEZE R ERRPHIESSBWHETEE
FA g, 13 4 AR 45 3 B0 AL A code layout BLAR K 7S
6], TE%E N SR S oo R R 2 5 ORC I8 A 5 4
PWALB R GREE M 2R @ ) X 4 3 1 #h3F tR 4L«

4.2 FHERMIKEEN

+ 162

D000 http://iwww.cqvip.com|

SR AEHS load RATEI A AER KX ELRT &
PR AT B M B 1T BER T TT R4 # load IZBTE] 5 E alias #)
store Z BIVIT AR ULE 5 C R 12 L a6 & AR BT IT AT
44 7 EARICED Y A TTHS ] TA-64 05 X B FRIRANL 12 0 T BE 1
T MR 5 load 4 WA M —F unsafe load F5 4
AL B BRI F R A chk 5 S U ERNE
T HCh . WAL AL T A AL A R (T chk 2 IR HI1E
4 F N chk 154 Bkt B R 1R 28 R A AT IK R SR IR
1B load 3T B BALEECL T30 LRI S,

B HE BEAR M 45 1OHLEO M B T 5 4 AL D REARIR " TR
T LAE:

R KM BN TIK R M . — 5% load fE 2 W HAH G -
T XAESHHER LM R BN KE LM
W5 BT AT # BALEY load FIARRZ Y chk 154 H 5k (8]
HEHCH T X % load 8409484 (1 load &5 . XXFEE
FHATH RS F TR ER . B VRN ETERER
AT -FTURRFFAW IS BES U MERNEL. flm. &
B HLEE L upward exposed use BN AR TE ML B LR
(" 1685 R ThREtE R " 108 1 7 VR B 69 R B i 5L AL
KR IR — 480 HBUIE B chk 5 ARG L.

EHKER TR RIFSTS R E RS R
BRI IS4 EE T R IC R T R RILEE B 8K
YO EEERE RN T £ RER K.

KT B AR SOUL R K = ey AR e e [12].

5 BiRHLmR

51 SRR

MBHXRUEERANRGFLAR T AAERNFEA. BT
FEw AR g S B KL B R i AR T B R B 1
T IRS RIS RE TSN B E B AARE
HEHLER Y BB R A5 BT 3 3¢, SHLIS A AL mT LB A
# MR R DR B T BB SRAHRRE .

T ENRIFFEEHYLEGE BT BERFHR BB
B U2 T ARR RIS ER AR F R A B AN
2515 B R A LR S — -84 7E ORC &+ ,5X
A S AR R . R LB R — 34 AR R AR
AR ME R T RS RMMERGHEER, 5. 085
T B TFER IER MM R R G5 BRI R 7RO
ERRFFRHOHCHTIRBRETBFONISHHES
B AT RERESH T NBRRT BT T NHE
iR AR € T LU O BN B AL B 4 1B U4 (#E ORC
o A E A KnobsfileU IV 4 pg SEHLES 18 S0 #8) 4 L4 30
HL2E IR L %25 09 ST M G AR SR TE 45 1 B %1 7T LU R ML 2%
WARE RO ERSMRSHEERBENTEEGNE S
AR M7 d TR TS THEREURES
HEBRh TR,

52 WAE

BFIESEEGERE RNAFEERSBEP NS
FAC B 3 53 R AT B8 e BE B i S A TR 25 4 1% 28 04 I8 #E AT
AR AL 7E ORC 5, B A48 —H 2 FRAFROAEE  E 2N
IR —H o,

ORIBE £ B2 E AT AT 5B (D AR SR B bR
TT3c B SER T RERT T B AR ZE A0 50 BT L FF 36 3B FR AT I B 4
B QORARE B R GS EH— R P15 N b 14


http://www.cqvip.com

& D A S, R 1R 15 15 ST RIR E R T A  %
S HLES M KM — B 2R & {F I RE R R 20 BD . 1T SRR
EYBEFEFOLER O B0 5 5

MBI TATLLE 3 8 2 4 T 45 5 4 R A2 B AR Y
MBI E A FEEMIES . Bl Ak
FIWiZIE AR S RN &R R EN AN AR ES
Brix - EEZESEFESR T ENEE RS
SYAC. S SR S U R R RS B AR B AN
A4 43 BLAR L0 Th BB 3R 14 2 B AL S L — A & i T
B, RAMRIBETE X ENE PRSP IREFR
FTHETIANMERGIE &I HADREREGED
AR TE &R B 8T WA R R R IR fE L BOR
HERERESAYMP LS ENTS SESEERER
TEEEX -FESH A5 ARERAAMBREEXRIESH
HHMBER.

GiF 53l BB £ )
AWK bk A B
NERRERE
 [womm
[ nemxzwge | sronsss | | ssnswez |

B7 SHAFETYSHEAE
EFROFEM Bk iR 3 (14].
6 REHIE
X — W HAFME ORC U ER MR BT XRY
ORC ff = &2. 01, ili 1 £ SPEC CPU2000" ¢y % R H ifE
MR . ZT B # P88 2 [tanium-1 T 4E25 (Itanium-1
EIA-AR EEme— N RELH) ME H733Mhz, BF

2MB L3 cache f11GB N . BT R B EF 4 & RedHat 7. 2
for IA-64,

0.5
: 0.4
© 0.3
;0.2
0.1
0 A 2
R '&“& o & & & & >
& Qqa\ FOBIESCEIES

F8 ORC #x+T Pro64fy i it

D000 http://iwww.cqvip.com|

[E845 1 7 ORC AHXfF Pros4 By i th. B & M4 1% 1%
Witk O3, 3% 11 ATTFF IPA &1 X FE(E B HE M EREE )
HHA A 4 % . NESELLE i, ORC AT T Pro64Af12
AR TS A B REMES  E b eon 1 perlbmk #70
W F A B A REE T 44 5 F142% 12061 B9 F 2 fnik
b h23%.

B ATTBENET ORC LA R0 85
A .ORC 7 7+ A A T TA-644k R &M R4 & A a2 1R
HUMB SRS X R E RS P THER . ER S
K ORC MDA M FT 2 4% T 1A-644k RS fa s st
FAZEF Pro6afg23% MIYERRIR A IA-64fE H— R A A R 4%
.5 RS LU A .ORC REF#HEREH BT IA-
bR R M ME T RN GBI AR T RFHREF

Lx
0 e

£ % ¥ ¥

1 ORC team,ORC 2. 1 suite. http://sourceforge. net/projects/ipf-
orc,2001-2003
2 Intel Inc. ,http://www. intel. com/design/itanium/family/,2003
3 Allen J R,et al. Conversion of control dependence to data depen-
dence. In:Proc. 10th ACM Symp. Principles of Programming Lan-
guages,Jan. 1983. 177~189
4 Huff R. Lifetime-Sensitive Modulo Scheduling. In: Proc. of the
Int. Conf. on Programming Languages, Design and Implementa-
tion,1993. 318~328
5 Rau B.et al. Register allocation for software pipelined loops. In:
Proc. of the ACM SIGPLAN’92 Conference on Programming Lan-
guage Design and Implementation,June 1992. 283~299
6 Chow F,Hennessy ]. Register allocation by priority-based color-
ing. In:Proc. of the ACM SIGPLAN Symposium on Compiler Con-
structions, June 1984
7 Gillies D M,Ju D R, Johnson R, Schlansker M. Global predicate
analysis and its application to register allocation. In: Proc. 29th
Int. Symposium. Microarchitecture, Dec. 1996. 114~125
8 X KK, TR R. BT XM mIFHER. i F N2 2003, 26
(2):188~194
9 Bernstein D,et al. Code duplication: An assist for global instruc-
tion scheduling. In: Proc. of the 24th Annual Intl. Symposium on
Microarchitecture , Dec. 1991
10 Bharadwaj J.et al. Wavefront Scheduling: Path-Based Data Rep-
resentation and Scheduling of Subgraphs. In: Proc. of the 32nd
Annual Intl. Symposium on Microarchitecture (MICRO32),
Dec. 1999
11 Moon S-M, Ebcioglu K. Parallelizing Non-numerical Code with
Selective Scheduling and Software Pipelining. ACM Transactions
on Programming Languages and Systems,1997. 853~838
12 Roy.,et al. A unified compiler framework for control and data
speculation. In: Intl. Conf. on parallel architectures and compila-
tion techniques,Oct. 2000
13 Intel Inc. . KAPI Programmer’s Guide. http://developer. intel.
com,June 2000
14 Chen D-Y,et al. Efficient Resource Management during Instruc-
tion Scheduling for the EPIC Architecture- In:Intl. Conf. on par-
allel architectures and compilation techniques ,Sept. 2003
15 Stan Performance Evaluation Corporation. http://www. spec.
org/cpu2000,2003

(k4 #1587
HMAMEE M.

R —MERE e a OB T UL iy (R 3R 3 M iR B M R
ERBMA AR JEH—F ARG BREH  EERITK
BB E ) % RAR P 8 K F 0 B IR 2489 4
TRERE M REHERTH-EREFL.

£ F XK

1 Buschmann F,et al. Pattern-Oriented Software Architecture Vol-

ume: A system of Patterns. Publisher Wiley, John & Sons, Incor-
porated s Nov. 1995
2 Gamma E,et al. Design Patterns: Elements of Reusable Object-
Oriented Software. Addison-Wesley, 1995
3 AzE. BRKEIR(TFHEALE. bx B2 R, 1999
Loeckx J. Algorithmic specification. A constructive specification
method for abstract Data Types. New York,ACM Transactions on
Programming Languages and System,1587,9(4): 646~685
5 Caijia-mei. The Sequence Modeling Method Based on ECC in De-
veloping Program Specifications. Journal of Computer Science and
Technology »1999,14(7) : 337~ 348

o

- 163


http://www.cqvip.com

