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Abstract 1A-64 is a novel architecture that provides ample hardware support to exploit instruc-
tion level parallelism, including large register file, data/control speculation, predicate etc. And it
is exemplified by the Itanium processor. Authors adapt D. Bernstein’s algorithm, which is targe-
ted for superscalar processor, to EPIC processor Itanium. And authors take full advantage of Ita-
nium specific details, and have two improvements to D. Bernstein’s algorithm: (1) Apply hierar-
chical region structure into this algorithm. Comparing with the traditional flat structured schedu-
ling region, hierarchical region structure is not only flexible but also has a capability to provide
scheduler with appropriate sized scheduling scope. Hence, it renders possible for scheduler to
take full advantage of ample hardware resource and effectively harness the compilation time and
space. (2)Integrate P-Ready instruction scheduling. P-Ready is proposed under a context that is
totally different with D. Bernstein’s. Its usefulness stems from the fact that it can schedule a crit-
ical instruction as early as possible even if it is not ready on all execution paths. It is meaningful
to integrate P-ready instruction scheduling into D. Bernstein’s framework.

The algorithm proposed in this paper has been implemented in the open research compiler

ORC which is a co-project between Intel Corp. and Institute of Computing Technology, CAS.
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Authors’ results show that the global scheduler achieves 8. 4% runtime speedup on CPU2000int

benchmarks. As an indicator of the advantage of applying hierarchical region structure, the tech-

nique that moves instruction across nested loops can obtain up to 12. 9% runtime speedup. The

integrated P-Ready instruction scheduling can obtain up to 7. 6% speedup and 1. 37 % speedup on

average for all CPU2000int benchmarks.
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Sy HE o L H () Z [0] i HI4E ) (D

DI 2 B, i T AR 1L RSQMM T T
P-Ready. UOPs(®,H 1) ={D}. HS(® ., ¥ 1) =
(P4}, W3 S M BRI . T8 H@) ik
fi) joint 45 st 5, T L P= {3k 5 A9 B LRI IR ) =
(B3, He ) W B E N P p ki — A E 74
ER S, AR S, = {H 4) IR BT K.

6
@:~x

Kl 2 S MRS O fER R AR, O7 HE A ) B0l R
HAGGRR. H5 > O M7 E AT AL & 2)

MeAN BT SISSH 1,8 6)={(He 1,8 2}, A
TS a2 fbe e Z B4, Br LR D
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BIAISR Y S, =SISS(He 1,8 6)— {He 1) — (B 2},
Bizs 4, F 218 )% 25 X #E V8 P-Ready 352 @ : ¥
QBT 1 b [[E A AR O E B S,
US, (BMEE (B 4)) h g — AR K.
P-Ready 3L 48 4 9 UM AN 1 iR, Bk 1
FIWTFE 4 @ BN T X R PR EAL T P-
Ready. & REH &0, B 1 & WAMEACH B 78
FEARYMES BV S, US,) . R F %5 4,
ik 1. BBS.
Is— P_ Ready(INSTRUCTION 7,BB T,REGION r)
B A8 T AR - PR X, e T F048 40 #
T r b
Wi RS A (AN T Y T P-Ready ., 3% [ b B2 14 7
JIFTE AR e i B A 75 U3 [ 25 4

b<—H(i);
while(b R —AHTYR) {if (b= T) then{return %5 £ }
else {b<=b BRI} } 5
(T &b W E AT then{return 254 5}
K~{b M HEHEATIKES )5
for each x€ K {
if (K—{z)& HSG, DM HZ I M EH )
then {(K<K—{x};}
b3/ % end of for* /
/*BMAE KRS, «/
(K A& T fil H (D Z E B EE ) then(
K'<K;
for each y€ SISS(T,H(i))—{T}{
if (K" y 1 H D Z B EFEE) then
(K<-KU{y}s}
} /% end of forx /
}oelse {K<254E)
return K;
}
4.2 NAEFEXRINEWHEMRL
M X &, P-Ready i & 48 & — & A &2 M-
Ready A9, X Z JR4&. 0 BB 0 T @0 SR8 M-Ready
B $8 2“8 P-Ready 1 ¥E 458 2 — FE 4 B 7 2 K
FNRGF A ROR . X B 1“8 P-Ready f £ 45 4
— PR AR I 2 ok A S By k4R S T A2
FAD BT T 1Y B AR e A Ay LA P Al il AR 25 5 A S
| SN HE | 3 s I
(D I/NEF AR, A 3 () FioR ¢ Ry & —
MR KRB B X, P 3 gy e 4 i M Tk 1
M-Ready. T SISS(He 1,8 3)={He 1}, H B ; 7]
AT M B i 2 XY live range F1 57K

BIRT R WATA live range T, R, X &2— 1R
R DA, I8 B o | R Y A A e . AT AT
LR I8 &£ P-Ready fIEHE 27 — PR BEE . Rl &
B P 1 b, 6] A2 ] — i bR ARAD Bk 20 R
JBEJ7 Al ¢ LA B B L e T R K i A X3
JI A o 1 A A A R D

4
1d4

(b)

K3 AR R IR B O HE R R FE A P, 1 R i B X
D7 HE A B BT 2 7R ZEAR B AR IR, B 0T O R B
W HYE 2

(2)#Efdfi A chk $8 4. 7EE 3(b) H, )45 1d4
Hl st4 W BE alias, 76 Z5 96 B AL A9 8 £ =2 45 F 6 B 4%
ARSI LA 1d4 A KT F B 1 M-Ready, 35 & £ ¥E
FEHLRN B 1 (BB HIE KN 1d4. 2 [FIEFE 1d4 J5OR 1)
8 FAA chk 84, BRI KRE 1>2—>4 PATH
SRR R (B 1 BB 2 BMER R 0. 9) T 5 — AR Bk AR
(o B T A A L 98 BE 28 v 1d4 R BB 1 O
A HE 20 Rl i /M BB 3 B R R L X Rk vT AR
% A chk.

5 HAXIIE

VR BE AR B T B AR RS A 22 a) B B AR LA B
il 4 LA A i R AIE AN BE i Sz 45 A AR 1% G2 1Y A5
1 J2 8 i Resource Reservation Table!*! 4 B ¥
o7 B0 3 el A A0 A0 o A 7 415 3 P37 9 2 45 1Y)
A M7 25 AR B AR A Ok R E. 6 Ah L T Ttanium
A FRATLAE 1 52 A P SR B S E A B R L OC T
ORC "I 42 Ry 48 4 I8 BE 19 B2 A8 B 7 6 L 132 3 T &
I3 SCHR[ 16 ].

XF load #8414 F AL AN 4% il 2 HLJ2 Ttanium
AL PEHLIY — A HE R . ORC (1 9 BE 2% 2Rk Sk
(1748 th A SRVEHEZE . SCRR17 1 759K 52 B iy A= 1
A DATE N B 22 s R A7, DA sk A 1 A 32 4 A
JE 1% [a) I 4 47 42 i it B2 HOAR DG (S B (91 & dorminate
Fl post-dominate).

A Jry U BE R R 45 I 22 B 40 BRI AR R
AHE W B Z 11738 1 edge-splitting3 il 717 2 25 FEA
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B A8 B A [R] B 208 — S AR OR E a8 1 AR B 43
(5 H BT B ) A BE iz B AR s e Ah B 4%
HLAEE i 4 AL B2 R A 35 ) O b 3 A — 2 <k &2
Yo, BAVIEAAG SCHR 5 | —FEAUAE A BE 58— X
5 T B s SR AR B, T A AE 2 A g 13 B T 0 R Y
Jei A0 ST A 4 IR AR 2 O Al B O A o O
RALES I — DB TAE 2 B L HE IS AR A &
FEAR P E BB L DA SCERC18 ]k S AL,

6 KIWHER

6.1 KWHIE

(o Ry e N s N AT S & /N <6
EYETH — 2T Ttanium 2B A TF T8 A5 40 9%
2% ORCH s 3 T AR SCA 41 i 37 1. ORC SR Y
— RO R T R FE T 1A-64 1R RZ5HI A0 TE 4
RIHATHIRE 1. BIRAE T SGI 2 B B FF i I5 1t 4 15
% Pro64, 1M J5 & J& AN SGI 22 &l f 77 i 4 PF 2% MIP-
Spro B #H 3k ). ORC Hi ¥ 2 ¥ C, C+ + . Fortran
77/95, i C R C+ 4+ BRI S EE GNU C 197
& s T 4E Ot BB A Sk . O TE A i B A
(LNO) 1 @ 4 J& ks & 6 4k 5 J5 o 0 36 A% 15 A2 iR
(CG). BETAF 5 R M R WHIRL 1E 4 M AT 5
B 5 35 45 4 By BB 5 < 2R,

T84 R BE AR A7 A8 0 Bl ORC AR08 A Bl B Bt
RE LB B 7E ORC . 38 A 8 B2 AT = . BP%X
WK P BE (software pipeling) MR SCA 48 ) JC 3 4
Je VA (GLOS) Fl sy # J8 F£ (LOCS).

K VR L HEAE 2 R R B 22 A0, B AT e HBE
T 3 BRI AR B A 1 AR, GLOS %8 HE A 707 /K V8 )
25 AR B Z BT . GLOS Z W9l 850 /K 3 g it
(G B T X g 1) X380 . 76 3 A7 4 /0 Bl 2 )5 . ORC
it LOCS X AR 7E GLOS Z )5, 84 & 441k
(FZJEH T a7 48 o B B 7= 4E 19 spill Ml restore
R0 ) B JEA Y F B 4T 8 B2 78 ORC 1 LOCS #%
BAERZ GLOS Fifil . &5 52 1A GLOS SLZ2 41 7 Y
R,

SPEC2000 4% 7Y 3 o 0 328 72 7 O 8% FH >k 1F Ak
4 JRy IR EE 2% B PR BEL 2 AT EE D KRR JF ) Ttanium
TAEM RN 733Mhz, A 2MB L3 cache il 1GB
BN AF 21T I ERE R 50 2 RedHat 7. 2/1A-64.

BATH T AL — T L © (B 41 P-Ready $5
AR BE D XA ¢ A T R SRR T

EHEVEH « 0 e Btk —1EH « J5c 1
IBEATIED /YA VER = B ¢ B9IB 4TI ] X 100 %.

6.2 SREHERMELE I

(1) 4 Jay A B i AR A e

1M 2 SVB B T AL Ry I BE 28 0K L.
4 Jey A B A B AN I 1 491 1) M RE R W 3 Y
. BR T eon Al mef LR, eon KN FH TR 1HE
MTF T BRI RORZEA B AL
T HIIT 300 F&FE4) o PRI B AR P AT B 1 98
A WITATRE A SRy R BE X B r M Re AR 2 A B A
FRASRC g AT EF 4 R BE X mef WA A
A L (HAC PR B F Y D-cache miss B3R T 4
JR VA BT T RE MRS 48 2 OF AT B . AT
g R B, 3l 3 stride prefetch /)y D-cache miss
A mef BPERESR 5 65 %.

W RE R X gzip J& T A B R AAE T gzip A
— AT HRAR 5 B S Chot spot) PREK Longest
match () FEIZ BRECT A — A PAT 300 R AR & 96 25
7T 3196 AN 385 B 300 K I8 B2 O FLas A B AL 35 1Y
BEARRAN B Z . 42 R BE BE W LU AL 2R o ML A X
BRI ER TP BRI Y 0 0 S L, DA T X 2 A 3 4 £
A LW Y i L.

Fz1 BEITEMEL

5t ﬁ;‘%lﬁ”ﬁ %ﬁ“ﬁﬁﬂﬁ% I?*Ready
IEE N IAGZD) PIE N AGZD) T e (20)

bzip2 1.4 0.2 —0.91
gzip 23.31 12.90 7.6
vpr 6.35 1.07 0. 80
crafty 16.61 —0.7 2.51
Parser 5.32 0.5 1.1
mcf 0.2 0 0
Vortex 6.8 0.4 2.5
Gap 10. 94 0.53 —0.56
Twolf 8. 45 0.2 0

eon —0.51 —0.43 —1.27
perlbmk 13.42 0. 49 1. 45
Gee 8.75 1.87 1.49
-y 8.403 1.41 1.37

(2) I8 I JZ O A 98 B2 DX Sl ) A3 20 1

B TR AL X Sk Y 4 = 8 JBE A P BE AR AR AR
R T R TR R X A SR R, R T TR
YA X IR 3 B4 07 15 B2 T A S %5 SCR 10 ], 3 2
SR O 2 SR R B A A A ) JZE A X Y
ARG BB 80 FR 2 0] LA R —
191 9 2 A DX IR R /DN L B T

@ Stan Performance Evaluation Corporation. http://www.

spec. org/cpu2000, 2004
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Fx2 PEREBAHKM

1) T EA Y 2 RS &
bzip2 6. 81 33. 86
Crafty 6.27 39. 8
eon 5.22 30. 33
Gap 7.93 40. 3
Gee 7.16 31.13
gzip 6.74 33.07
mcf 6.56 34. 83
Parser 6.15 24.56
perlbmk 6.99 32. 38
Twolf 7.15 44.55
Vortex 8.68 48.19
vpr 7.26 40. 54

A6 965 10 FH 2 R A DXl A 280k B R A 1 5 1
BT R YA DX T e~ DX R 9 BE 4 B BT
HEAT FEBL. b T ] AR TR A R S S
AR IR AT 8 4 A B Bk X0 X I AL
AR PR A B0 A — 00 T sz e 7 ) J2 YR A 1 B X 3 Y
AR, b SCEE R 2 R A DB R < Dl T B
X I — N P, A B 23X BN X WA B 1Y XA
I PRONIDS: L B NP o E =
25 [B) FF 55 7R T~ 08 B X Bl b AR TR E R IR,
B2 T R o — S AT BE Y T B R A 1.
W, FRATT L DIAG V] B2 45 4> 5 B ik 5 0 B DX s i AN
I U RE AR A B AT R iR X

ZIHER WA sk 1 55 3 5.

I AR T X vpr Al gzip LA, AT BT g
Fh 0 3 8] 3 VA B B B 9 S B Vipr R /MG
I, DI e g B A T X 0L T /N B 1 ik S X
ST 3 B DL RE A A e Bk S X RE 8 LL AR
B 4 b i DA DX I /N P T 0 Y B A B ) AT BE A
MAem T ovpr MTERE. b SCHR 2 gzip 1Y 3 A oA 2K
longest—match O — AT I AR = B9 2. 3X 4>
AP AL & — M BRI, W 2 4% 1 2 o e 4h )2
A6 B v i B i 4 B ) ik A B AT RS S A
LY.

(3)P-Ready #2143 &4 M

3% 145 4 51 FT/R , P-Ready 84 X K £
AT O A PR RE SR . P Xt gzip 1Y
T IE b R o B2 IR N O AR gzip B A R B A
P-Ready 484 8 BE (9 L 25, H & A A A 51 61 (9 7
RS R R T,

H 3 2532 47 I 18] S I S5 in 3 Le A9 5 B (il
A J2 DAL 2 AR DAy 56 il 0 25 3t v 530 L) A — A
B W FH WA B REW LB WL B 45 & M PF A —
AT By pl 2 A RCR . H 2 B A B A Bk R

TETERSZILENZ T, JATE 2 A 2L 0L
B PR BE S TR R T B A ML L P-Ready 98 B2 X K
22 RO A 5 T A 5 9 4R R T R X
{18 3 ASONS A 3310 48] 5 A - S 3 4R

Ry

7 4 &

fEA EPIC & & 45 ¥ 2B i) Ttanium AbFEHL K
i an PR it 7 A A RE R SRR 4 SR I BE A 2 AT
PO R B Xl N A 32 48 4 A B 6% 3T 4 R B A B
T4 o AT B AR DT 2 v R 32 O ot %o 4 Ry o
AN, JZ AL DX IR X T 1% G2 14 i ~F- X8k H A7 B
I A5 B AN BE % 32 13 HE 45 R A 918 1R AR 1 98 3
FHAZ IR PR AE M 48 2 YO TIE . B R BRI A A
B 1k DX 3t K5 | A N A B O 4 R B s R L BRI, B
FHZ U A DI 2 4 Jey i B rh o2 AR A R SOy, I B 4
A I I ok B PR R XS B S — A R, FRATT A S
5 R W R 2 48 4 5 MU EIE B XS gzip A 12. 9% N
. P-Ready ¥ FE 24822 ny R & . & wT LLLEAR
Je 2w B A R R R A X SR A IR R T
A AT AR A R RS . S5 R AR R LY
I FSCHK[ 5] P-Ready ¥ B X SPEC2000int il i
BS54 1. 37 % W3z A7 B L, 4 50 M L X gzip
A 7.6 Y N L.
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This paper describes the global acyclic instruction sched-
The experiment indicates global

uling in ORC compiler.

scheduler in ORC compiler has very good performance.



