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Abstract: With the continuous advancement of compilation technology, modern compilers support richer programming models and more
complex compilation optimizations, which makes manually adjusting compilation options for optimal performance extremely challenging.
Although various automated compilation tuning methods have been proposed, traditional heuristic search algorithms often struggle to avoid
being trapped in local optima when confronted with vast search spaces. Moreover, most existing tuning methods target single-core or multi-
core architectures, limiting their use in large-scale parallel computing systems. To address these issues, this study designs and implements

a distributed compilation tuning framework, SWTuner, based on machine learning methodologies. By introducing AUC-Bandit-based
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distributed meta-search strategies, machine learning model-guided performance prediction, and SHAP-based compilation option analysis and
filtering, the resource utilization and search efficiency during the compilation tuning process are significantly improved. Experimental
results show that SWTuner performs excellently in tuning typical test cases on the new-generation Sunway supercomputer, not only
reducing search time but also achieving notable reductions in actual execution power consumption during the search process compared to
other tuning methods. During the tuning process, the random forest model employed by SWTuner demonstrates good generalization
capability and prediction accuracy, effectively reducing search space dimensionality while maintaining tuning effectiveness, providing an
efficient and reliable solution for automatic compilation tuning in high-performance computing.

Key words: auto-tuning; AUC-Bandit algorithm; distributed meta-search; random forest model; Shapley value
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5 0 1 0 0 0 16.0 13 1 0 1 0 1 18.5
6 0 1 0 0 1 16.5 14 1 1 0 0 0 11.0
7 0 1 0 1 0 16.0 15 1 1 0 0 1 11.5
8 0 1 0 1 1 16.5 16 1 1 0 1 0 10.0

TMEEAS: [0 | 0, | [
1

ﬂb

/@

o dbdbdbébéo@l

1

b6 b6dd bbddds OO0 00

[rggms] V3] 4 Jowo[ululis] [T Jonfr]n]s [is] 7 [ 2 TJse6[7n8] 4 2] 13]
[aw [200]200] 230 [is2s[140fnofiis] [200]145 180 185160115 160 | [ 205 TJie25[1625] 230 [i18.0]185]
+
SEIgE F: 20.0-5.043.0-1.0=17.0 TR S5 5L (14.0+18.0+18.0)/3=16.67 AR 2 (17.0-16.7)/17.0=1.8%

B4 g 5 AL AR AR % 1) B L 2R M AR L 1
ST 25 SR R A I T SRR R BRI S={(xi, 1)1 =1, 2., W), BEBAEHE 7 (R BE AL AR AR

RISEATNZE. IR, 9 7 PG BB 032 AL AR, SWTuner 45 S 3CHE B HLINER 7, A REA K B RE AR 2 S,

Hodv S,NS= @, I ek ABC SRR S, 1R TN 4 AR L. Y R R 10T AR T

S -y

M-

=1- (&)
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Sorb, S =0 A REA S 5 B8 2 19§09 % J7 A (residual sum of squares, RSS), Y. (4~1° Jfii
HREAR 954 B %P 71 (total sum of squares, TSS). 24 R IEHER 1 I, Fm BUNE 55 S k3 BaE, Bl &
SCRARYF. 4 R® B BRI O 16, 67 S8R0 FO AR 8 R ) 099, JEe v 3 0 T2 5 15 P M il 2 W 1) 52 2
LK R,

SRR 0 TR FE 1 B R K, T DA S5 A 2R S 2 P R R AT T, WA 5 AR S BRAT B
WRARTIRETF Y. 1 T4 F 02 LR A R, TSP (AT A7 0 — R (B 2 b, R BT 45 S AT REAEAE 1222, A
T 5 B I B AR AR B G HE B SWTuner 183 #4047 BI{E (execution threshold, ET) X5 4 ) Ti 45 B3 47 0 ik, 7+
FLE LA U T85O LR 5 HEAT S BRAT S E. AT B 5 S o
_ Z(xl,r,)ES,USV t‘.

(W, + W,)-max(R?,0.1)

St T R VAT 45, (0 858 6 T L i 4 S 1289 Dy 0 B WL, 9 LT 7 4 BB 45 26 s,
R e 0 BRL 5 T 21 TR () U5 SR 2 TEAS M. o T IS 20 I8 T X Bk 40, 3L AR 3 B i 4 R 3
{076 A PO Y T A UATIS, (B0 505 2 B4 3 BT I 50 4 ) DhARE 1 5 0, /B FRARRE L, A5 ET 95106 5 (R Sy
A LLAILH S0%. % HE SRR TG S 00 7T 35 1 15 11 25 AR 1 R R 35 DDA 5%, A 0¥ R BN ET MBI R, 16
Bl L, R 0L B R P AR S TR S R I R U, BRI R (6) M max(R?, 0.1)
VR 9 B R Ry T 45 SN TN, ET LB 7 s S 5 SR 0 T 4490, T M8 (O AR 1O ST, R M08
AN, AT SBT3 8 A S BRAAAT
2.3 ETF SHAP BIIETN 57 R ik

SR 2 RGP T R HEBl T 23 96 2R R A P AR IR K. AT B P R 2
ST AT A IR 2 DU EOT K. TR, 2 T 5 A4 22 1 S4B 01 7 2, 6 S 7
e P R A TR, T 9O G AR 3 5P RS 2 S AL S A M — o, DA 2 5 T O 1) Ay
BT AR IR T SAT, 67 073 28 7 BT X A48 3 2 1), 6 AR A B0 A % 200 2 1 L.
R AR A2 R TR 4R S0 AR 7 R A 22 2 R SR, S 24 T 4 8 1 AL 1 2 S 9877 .

N 7 Ry R R U R ) B0 27 53 2 5 9140, S8 1l 0 KR4 PR (k2T B, (LT s g
B0 SO B/ T 3 A 50T Ak A2 P, (1 DU AT 8 A 7 — B PRI N 2 2 T
VAR, SRR AR S U AR A LR, 13 325 S s AT 2E A B PRI ITTHEA T DA IS, 5 U 4% 7 P i
F L 0 3R L2 LB PR R, 40 2 p M IR AR I A 53 B i 3 -

Shapley {8 V-2 f HE2R 1 10 3 B0, P T/ Tl T SEAEAN BTS00 I LA G2 1 ek 6 T A8 P L 28 2 1
Sk, 3T T4 Shapley {8, T LA 7 A4 A S0t 488 80 T i S MRS, AT 28 BV ER AR RS 1479 9. SW Tuner
155 FF) Shapley {2 34 WP £ 4G 6 6 U Pk il 0 SR FE . ELASH, %t T4 B L2 4 x=(0,, 0., 0,.), S PEIE
il o; 1¥] Shapley A FITHE 7 a0~ Frw:

6= ), Wm(s Ulo) = £(5)) ™)

ScO\oi}

ET (6)

Hr, 0={0y, 0s,..., 0,} 7 x PAEHIFTE R IFIETAIES, n RIETHINEL, SS O\o) ANEE o, HIETIEEHT
4, £.(S) NBENLARARAE RS B I5 T4 S TR, |S|! (n—|S-D)V/n' Jy T4E S IIALE, Hor 73 B nl R n NIRRT &
HEp 1 5L T LA B0, 571 (n-{S- D! RORTERAE T4 S J5, n AMEIERR 2 HE 7 015 5 T 20 & 4

JLE Shapley i LA 4 N5 AR MRS 0SS, (E2E ST AR B G $6 502 44 F2 . SHAP HE 42 POV 3of 1 2 455
RUHES T — R AR ALSE, KT 5OREH Shapley 18 115 24 M O(TL2Y) B % O(TLD?). o, T /& R M 3R, L
2 FITA B o 1) B K A B, MRRRRAE B, D T B A B KR B X R A A P 1A 4 B A3 45 2 FH Shapley
(ELDP A 4 198 348 T30 1) 26 AR FE J A T it

TEGm PR R FR R, 2 AN REIETAT BE RIS AR F T — ARG, B, % F 55 2.2 5 P8 5 AN IR 4 B
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WAL 257~ B, RIS o) I o 3 TURALAR P IS (I PE BE AR T S E F o) B 0, HITERE, BREEA o) 1 oy B IAFAE
AR, FEXAE LT, WA S5 R B AN IE 1Y Shapley 18, T T G5 7E 57 1% i B gt Y X R 7 P BE A T8 70 2 252 1)
Y PRI . Shapley &2 HAH P& — AN T Shapley (XS (U9 RS, FEHLES 2 1 Witk, Shapley 78 H.{4 AE 5 98 7~
I 22 A A R AR S, 5 L4 R AR A 2 T A R LA PR XA R 0 5 R A i O, LA, 5 T 4 R T4 A x=(oy,
03,..., 0,), H LT 0; F1 o, [¥] Shapley & HAH AT J7 sl N ros:

;= Sc%ﬁ | w%(m when i # j, and 6, ;(S) = f.(S U{o;,0;}) = fu(S U{o}) = (S U{o D+ f(S)  (8)

N3 (8) AR SIS X5 Shapley B (TH5F A XIEA — 2, X EAMBR. X T— AR M A5,
A0SR PG LT Shapley 58 FLAEAR &1, AKX AN T AT BE AT 1R 3R (A ELAE . SHAP HEZEE X W FEAR Y [F]
FEBLTE T — RS, RERE A TH ST RHIERS 2 18] Shapley 22 FLAH A5 2% AR 2 O(TMLD?).

S+ SHAP Wik I EAE 0 A S it B n 503 1 pos. 508 1 B AR & S, PAREAHIE o, 1
1 #) Shapley {8 ¢;, JFARYE ¢, X BARIE TS & O P A WUHEAT HE R, 5773 B HE A4 AT 50% FI5 TR BOHT (1 15 T4
7O, AR S e . XD E s R R & O O PERER U/ R T IR, TR AR 7 2
A UL ARG, M TIAEREAES S, Sk A AR R, YT 0, OHIXT T HARHHE 0,€0 HI°F 17 Shapley
LA ¢,y B SHAP HEZLE G AR SEEL 1 i 8k AR SR R RV, (B 24 SR TE AR A R g 136 LB TR 2 I, Lt
SOFHUSTCR BA. BExE bk il J, A3 —J5 T REWS 3 ] SHAP HEZE H 47 1Y) sample RN RAEREALE S S, HEAT
BEMLRAE, DA BEARAN S, 55— T5 1, T2 R 2 8] 7B AL JRAT 18, £ P BEATLAR MBI AT 115 RE TU 4 )
I AT 2 T SHAP HOIE IUEE 2R 0 A R, BASEEL SHAP T+ 50T 8 i ik, H ARl or X an & 5 pos.

BOK 1 BT SHAP [ i 24k 7 Bt Je i 51k

BN FRERES S={(x, 1): k=1, 2,..., W,}, THIE BT HIET4E & O;
i PEE S RIS O

1. FOR 0,60 DO

2 FOR (x, tp)€S, DO

3 Compute ¢*

4 END FOR

5. Compute ¢; = (Z:i] |¢,<-k)|)/ w,
6. END FOR

7. Sort 0,€0 by @,

8. Reserve the top 50% elements of O as O', other elements use default value
9. FOR 0,0' DO

10. FOR 0;€0 and i# DO

11. FOR (x;, #,)€S, DO

12. Compute ¢

13. END FOR

14. END FOR

_ w,
15. Compute ¢;; = (Zk:] |¢f-,k,~)|)/Wv

16. Use the quartile method to find potential outliers of ¢, ;, forming ®
17. Compute O’ = 0’ U{o; € Ol¢, ; € D}
18. END FOR
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5 on+1 IEAR
R %
Y
g | | mowmw IRl || mm mggmice | [ mowswm |

R | FFERZ~ |

B on YOEAR
R 25

55 on—1 Uk
FRAL N 25

"'\\ /J:'M:‘TL W

i ]
5 SHAP & REmALHI R~

BJE, W TG 0,c0", BEEAE T VY40 % (quartile method)P 4k #| ¢i; TR A S AE, R
TEAE S BN LR AE o, JEN O FE R S HIEAR T, T04% 2R SR K A H 7 128 5 IO B AR & ORI 3T OO 3R 45 ).
T 3 6 02— PR RR BAE AR Gt 53, 3& T &R R B A, ELASSZ Rl (B 52, R 1 mT DAY At
SRE IR AL I AL R R AR B BORE T AR R, A0 ¢, IWINBIKHEFR IR 500 4 4, O) BRI T 25% A B 1%L
H, O3 BaRBLT 75% S B RIEUHE, I0R= 05-0, F/xPU 53 0i8E. £ SWTuner FISLHLH, AL =T O5+7.5<I0R 1A
BN W AH, R INZAE X SRR E o, 55 o, FAAE T E A KA.

RT B R REE | FPUTRAE, A TR RS 2.2 RS 5 RIS R AT 5515 sl X1
4 BRI BEALARARAE AL, 4 FH SHAP HEZE TH545 31111 ¥ Shapley 14 ¢, LA S V¥ Shapley 38 HAH ¢, i1 3
FizR. B Jatids ¢, FE Y o1 0y FH 031X 3 ANHBLEI, JREMRIE ¢, (L H 5 o) HKCREER BN o, ET. 40
ARV IR 1 L FE P % )& Shapley 18, M o, 1 EBEPEIR ] BE 2 4 241

% 3 T4 Shapley 18 LA & “F#4 Shapley 3¢ H AR tHH w4

T ¢ i,
04 0, 03 04 05
0] 2.7527 - 0.0065 0.0097 0.1239 0.0070
0, 1.9923 0.0065 - 0.0090 0.0058 0.0026
03 1.4906 0.0097 0.0090 — 0.0063 0.0031
04 0.2571 0.1239 0.0058 0.0063 - 0.0025
05 0.2492 0.0070 0.0026 0.0031 0.0025 -

3 W59

3.1 SCIGERE S A 61

AT LA T — B i AL A SR &, B PR B RS AT AL BN L AL A T 24 B0
1) Intel Xeon E5-2440 4bFEA% (2.40 GHz), THE T s EHT — AL AL 2% SW26010Pro. 3@ 1F L R 4,
SWTuner JGHE 2R WK SIH 98 2R AR AS 1) G B R HRATAT 55 3258 B 1501 A, oA 20 )N Zr/4tE 3 DL & SHAP 15 S5 45 1)
F BRI A 2 3R 7 sCOIFATHAT . B IREE 5 T, AR Sk swGCCP R swLLVM" O 3 3= i 4 B i 1E
N B ARG RS, LAIGHIE A SCER Y SWTuner WRAEZE FIHEA 1. Horh, swGCC WAl 7.1.0, swLLVM KAy 13.0.0.

AR FH NAS Parallel Benchmarks 3.0 (NPB 3.0)“' /fE Al A1, A4S T A SWTuner (55 BB ARA 2tk LA
KRR RALCR. NPB 3.0 &35 [ B S M2 AT R R T R B — 42 B R RE e, L 8 AN, 55 7 Bkt
F i 22 Bl SR SRR TAE S 3K, 8 AR VRS m ik Be T 5 R SRR I 5 58 1) A ) B AT B ) 6 T R84 n 1k
MERIFINRZE, A3CK CG. FT. 1S, MG FIBIRIS AR E N A, AR GIRE RN W.

BT Al CG J& NPB [ A E MW 41, Forh BT (block tridiagonal) A2 $L 8 )i+ 5 25 42 0 IR0, =32 )
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J) % 4 SWTuner: X FHUE 5 3] 75 ik 69 5 A X piFARAER 2537

TR =X A & RGN EUE T, Hoat B e a i BE# ) KA. CG (conjugate gradient) JU I 2 T+
TROCHUERR R 2 JR G0 11 i) L, L AN 00 0 R0 8 0 it U e A =X, DTG J T SO 1) U 17 52 BR VR, 2 4 RE VT
5y, ARICE S LA BT A1 CG N, X SCBEEAR B Bk AT FEGE 2347, SRS, AR 043 Al g 7R B swGCC Al swLLVM
D9 B Fn g B 8 KT DS 40 e P RE 2580, DABSIE SWTuner TADRAE ZE 1 B AR AL R,
3.2 XBERARBHIETN
321 A ATGHER

T IEIE 4 A R IC I RS I 2, A SCH PureRandom. SRTuner. Bliss. OpenTuner Al SWTuner 7E
NPB #8003 A 49 L iR AR S8R 34T T L, Z5 SR 6 R, Hodb, MARAR 3 R ), L AkAR R LA-03 Ak AE
HEAER A — B M R PureRandom J& — Fh BN 2 75 i, 1 i B ALk B g B i T4 & 10 07 e AT IR AR
SRTuner & —/MH 1 2 Be W R AN 23 A0 2005 T 2 2 2% AR AE 22, il 22 B 2 JR LAY S THF AR 2% Bliss
Se— AN BT 2R DU AR A AT v ) 1 B 1 O HE SR, 385 2 4 SR K 5 SR IR AL SR IR 2 4 5 R I S ER
k. OpenTuner £ TR B AR LR, (EH T — R 50 @200 SEE, ao Ut (e Fasi L 924, DLERE R 3]
RIS HB B, SWTuner 7 OpenTuner {566 BRI T 4040 248 R KRS, BB I ATIER 2 M RAEAR M1 AR
Kt UM A I A2

1.08
1.20 — Pu_r‘e‘Random I gl]lir:sRandom
&= : SBllg'ﬁmcr = 1.06 —»— SRTuner
% #0115+ —=— OpenTuner He : 8p§2¥32§:-Parallcl
" = —e— OpenTuner-Parallel #3104 b —— S\R’Tuncr
g2 oy = | f2 =
ol 105 L > s 1.02
ox - \ e
=L 1o N —— 21100 1
o = O
ioad
] B e B R e s SO
0.90 1 f 1 —— 0.96 .\i; n ¥ T
0 500 1000 1500 2 000 0 100 200 300 400 500
TR ] () THZRIN[H] (s)
(a) ] GCC 4w 1 BT ML 71 (b) {7 LLVM %i (¢ BT B0 71
4.8 2.15
43 —— P\llreRandom ~#— PureRandom
i Bli z - Bli
ﬁ 59 38 L : SRl'i'suner ;ﬁg 29 1.95 : SRl"T"Suner
oa = R —m— OpenTuner =175 + —#— OpenTuner
iy =il 33+ —e— OpenTuner-Parallel oy -:*‘:_1 —e— OpenTuner-Parallel
& = . —#— SWTuner E K 155 —— SWTuner
O w28 —— 03-Baseline S —— 03-Baseline
8 R 23 | 5 =~ 135
. 37
g& 18t E@L”'
13 | € 0o [
0.8 L T 0.75 Fad T I T ! L
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
FRZRIN[H] (s) LRI (s)
(¢) 1] GCC 4 11 CG M (d) ] LLVM % %7 CG il i

Bl 6 SRt i FH 2 A T4 2R SR [ DAL 2R

TEH RIS FR A URB B, PureRandom J7VE BB A FOR T H — Lo B AR VE RE I g Bk T4 &, AT (i A 14 A
EARIGE SRS, SR, BT R MK, BLE R AT G A 5 BN R S s AR, AT S B R RN EE T
[%. 5 PureRandom 773248 X, OpenTuner KA 1 it o R E AR R R ML, Bew AR 4E S0 i 038 R 45 a0
BIS SN R T, AR T E B IR RN R A A). RIS 2 AR S M B, OpenTuner tHREBONH
A VR ) L T M R NGk i, AT A £ 14 R 4R T il 8 T8 ISP 2% AR 2. OpenTuner J5i 4 SCH75: T ThreadPool )
FAT APRALE, A SCHE R T — B R FAL_EX AT T I&E AL, 24 28R AT HUBE T AP - & 6 H Open-
Tuner-Parallel 2% FT7R. OpenTuner Ji A2 (1 AT HLEI RE02 A LA R 3, X T BT A CG WA, HAEAHF
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B 1) P A BE BB AT ATLI3R A T 20 11.9% BISE3I 1 RESEF. SRT, 2T ThreadPool FIFEAT AL R 2 o5 H K & BT bl
BRIRIEAT 2 2 AR g B, — 7 T BR ) 1 R OAE S5 BRI R %, J3— 7 T AR e s e T s AL b AR 1) S A AR
ARSI TERE.

SRTuner 1 Bliss 3258 F 3 A7 H# Z AL, — & BURHEAR /T PureRandom 5 OpenTuner-Parallel 2 [8], f it 14
A5 OpenTuner T4 6.3% 1 6.7%. SWTuner 7E OpenTuner-Parallel f3EfE 528l 7 40 A5 200 &R, Wil fE
MV PR R G0 R B AR AR AT AN M g RIS AT, PR TR R, RS AR R B TR AR R ORI R
(8], IX RS AT AZE AR [F) (0 1 0 E] Y R E 2 T AR AR AL L 2. IRl A A0 R A T E AR v T R A,
LI T AE R A AR I, JCH R AR N B 2k B R 4 R e (A i S o I . AT 6 e LUE Y, AR LG
PureRandom ! OpenTuner, SWTuner )43 2\ 048 2% SR B& & 2 AR 8 K 0 SEAR i BRI T0L4E &, LRI PE RE 3SR
F-03 FEAEERE, B ARTHIREIE 20.55% (£ LLVM % %19 CG A #1).

B 7 @R 1 A oo R RS CE T R M 7 T A SR R R v R IS R, WS 5 E N A E
SN, & AT S5 B PAT I TA) 3R B R A B T Ba B4 X — &5 R R Wi I X 0 v BT AU B e s A A
FEF 53 A0 A TC I 2R R AL R AR SS AT RN = T, BB AR5 B 5 1H R R R P I, 30
AT IS TV AR A IO T 223X R EAT 55 SR R F B UR [P 35N AR50 T, 2310 2K 7048 2R SR IS AR AR Re % CRIF IR T
)1t BE AR A 12

4096 4096

—o— BT-GCC 2048 —o— BT-GCC
2048 —+ CG-GCC I —+— CG-GCC
_ BT-LLVM 1024} BT.LLVM
Z 1024 \\ CGLLWM| 2 4| CG-LLVM
= =
= si2 = 256}
1= =
L ~ 128 F
= 256 | \\ = a1
= N~ ek . e
128 2l
64 1 1 1 1 16 1 1 1 1
2 4 8 16 32 64 2 4 8 16 32 64
Ri=E Rt
(a) SRATH R LI [QEELIEN:S RN

Bl 7 oA i R ARG 1 r T R R

4 Gt 1 AT AT R RIS N AN R R BOR B B BB L. Herh, UGM R 5] 574848 5, NGM
FORIERS AR, DEM Fon 22 70 3L 5, RNM R BEHL R AETE 5. 450 54878 5 (UGM) AIIE 25 52640 St
(NGM) AJ R PR] 1 57 28 S 1 BRI 1] A IS — B 2 (8, B8 e 04 s i I 1 e v 3 2 . 22 73k
WA (DEM) BARH % 9 1 42 R R BE 70, (HAE L 00 1 vl BE 7R 2250 2 1 IRAC ATk BELAs (g, DR LA
FIELGIAR R B, BEHLR ARV (RNM) (ENRENLTTER) —Fh, W REEIR R TR P B T 2 MEEHLE, SEEAE
FLEE LT A BEAR L MU SR e LA SR, LG SRR RTINS T A A B R, 38 545 58 (e
H AR AN SEBR B 3 5 U 9%, R, FEAN R ROSAF T, S MR R 7 A R AE A T Re > T AT

a4 oA AOTHE RS T A R R BOR A LS (%)

I PR W 151 R RS Tter0 Iterl Tter2 Iter3 T
UGM 56.50 46.20 66.70 66.70 59.03

BT NGM 30.30 34.70 22.80 20.30 27.03

DEM 12.10 18.00 10.00 12.00 13.03

GCe RNM 1.10 1.10 0.50 1.00 0.93
UGM 37.30 40.40 57.10 50.80 46.40

cG NGM 49.40 46.60 29.40 38.90 41.08

DEM 12.20 12.00 12.70 9.20 11.53

RNM 1.10 1.00 0.80 1.10 1.00
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R4 o AAOCHE RS T A R R BRI LS L (%0)(88)

prpE WA 5] 2R RS Iter0 Iterl Iter2 Iter3 P
UGM 49.60 49.50 37.10 43.50 4493
BT NGM 36.60 36.80 49.60 40.90 40.98
DEM 13.00 12.60 12.80 15.20 13.40
RNM 0.80 1.10 0.50 0.40 0.70
LLVM
UGM 41.10 44.20 40.10 47.30 43.18
cG NGM 43.30 42.90 44.30 36.60 41.78
DEM 15.00 12.00 12.00 15.60 13.65
RNM 0.60 0.90 0.60 0.50 0.65

322 VEREEE R T

TENL# 5 SIS RYHR S (0 R TO0I0 B B, B2 R I 2R AR BB K R B J5 898 2O AR 04 B2 R4 2E.. SWTuner 1
FA &5 AR P P AR A D7 SR R FEASE S S, NI — M 30 AR PSR I BENLAR RS, I B 7RISR Bt
HIGERE AL S, YUE RER LA ILZ A J) L wyw=4). &l 8 Fiiow, S+ S AL 4, BEHLAR bk
B e R T 0.96, I HBHEIEARRE I I 2 F TR s, b5 180 0 R 1 0 P2y, 2 A 2
TR T It R e 5 e it b A S 1k R A, AN DA e 2RO, ik — DI T R AR,

I GRpAS AT B AL A% 2 STRE A S R PR SR B 3 2 — . R IE I MK ey 2 ST R JEH B 2 AR LML R, (=
S FORTI SR EHE 1 SR A8 BN R 440K, M DUIE P T 48 28 28 AR BB A 1 S PR DEAT 55, MELLZ T, BEMLARAR
B2 B A R I i A RH B PR ) HE R 8, PRI BRI & T I T A IE A B 3 5. il 9 R, BEALARBK
R A TS FEE 08 3 e i AP R R B, S KU RIS TR R AR 0.4 s 76 4. (AR RN, BE A AR KB 1Y
Jon, ASEIRY (0 i 1] 5B ] 52 300 R R k2 BT B, X R IR AR A (1 2 ) SR AR AN WTAR T, Ak I R . IR
AR, BEALFR AR AL E b RO SR SE B B R AT I St AN AR e M, g BT RAT 55 I PR A RN S B
PRIRBE T I3 HE.

1.01 0.45
m IterO = Iter]l m Iter2 = Iter3 0.40 | u Jter0 m Iter] m Iter2 = Iter3
1.00 + :
2 035
& 099 ¢ £ 030 |
ﬁ 098 | }:E 025 |
YBS 097 | 020 ¢
= 096 | & 015 |
= 0.10 |
0.95 ¢ 0.05 |
0.94 0
BT-GCC BT-LLVM CG-GCC CG-LLVM BT-GCC BT-LLVM CG-GCC CG-LLVM
B8 R EAS RIS AR R AL I SRR B9 SR e AN R B AR R Y I 50T 4

55 A OO 1 P DA AR ) 1 0 5 0 2o A R 00 5 AP 2 SE B AT O AT i, I A T VA RE IS AE K
REPE 13 Whisl > 22 G5 (B AR DO AE. VEBE T B BERIFEA SR GIC N S,={(xs, 11, 1)1 i=1, 2,..., W}, For o, RORIETIAH
B x; FITPAAT IR 18], 27 200 SR PR AT IR 180 A i A0t e ol ik P ) 2 S0 T TR P9 B3 AT DA 9 T e A, DU AR
TG SRz AT )7 3, SWTuner £EERETIF B A ZhAETT & LBl mTiE 2 2K (9) Il 53R

L

Z((x;.t,',tl’)ES,,)r‘v(t,sET) !

PINIES YR
((xiti,t)ES p)N(HSET) ((xiti t)ES NG >ET)

E 10 E7n T NPB i 700 F 491 75 14 R T0000 B B O SRR S5 & B 00, T SR 9 1 ST 34 TR 35 44 Bl 408
23.2%. MK 10 ] DUE H, 4mieds AU ThFE 148 12 BOA 235, GCC A LLVM 4w i -3 ThFE 1 44 Lu

(C)]

RanoPowerSaving %
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DRI 34.11% A1 12.28%. HELIZIN 51 3 E R R E LLVM 4 i3 2% 18 R EB 20 D0 A 308 T00 %5 2 5 P e 1) S i s /N, A
BT MR A BONE T, T R TR 2 BRI A T30 A2 M, T S BN AT () S FRphuAT

45
40 +
35 ¢
30
25 +
20 -
15 +
10 +
5 F
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TREF A7 LB Y PRI T 1) B B RR T AR 00 R, 8 1485 /NE 2R 2 ) [ 7 ORI A 22 I P SR A T e e R
FERWIETEES. B 11 LL GCC m %234 31 BT M #1941, B/~ T SWTuner 7EA R A B A 1) St 1
AR LI, I H 5 BOCA HEZE AL RCRHEAT 74T EL, e rp R ALBR A LA-O3 A A AR B HE A A — Ak B A8 AT 1
[B]. % T SWTuner HE4L, 7E 58 IRIEAR P, 25 BIPAT I [B] 35 S 00 T BRI 55 SR, B 48 I (R py 3, R &
LRI RE 2 PN R TR B A A, S B e ARk T AR T AR B 4 R B L. 4608 SWTuner 19 4 #03%RA1E, BT
DB E — B R AT B AL 28R TE 0.9 Ao Ay, M T 6T 3 30k AR RE 2 R 1.2%. 2.7% & 0.4%.
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IEQNES 2.3 TR 1 AT, A T BRI U0 I (1A 201, SWTuner 12 Al Shapley {316 5k 2444 1 g 3k T
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(1 B, X — 25 AR S ERATIR TR PR A T AR (Y BEARAH — B LA, BEE AR REIBE n, HEA BT 10 (%
PG T P bR O U ) B B 2 4 . R, FE SR 4 UGB AR (Tter3) th, HEAAHT 10 9 L 1004 4 76 2 /T 1%
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AR BT 51 9 1 126350 12 %of 187 F) Shapley {8 Others
-ffloat-store (9.088), -Ox (5.290), -fschedule-insns (0.904), -ftree-loop-optimize (0.082), -ftree-ch (0.078), 181 other
Tter0 -fif-conversion2 (0.039), -fsched-interblock (0.035), -fipa-pta (0.035), -fmove-loop-invariants (0.034), flags

-fdevirtualize-speculatively (0.034)
-ffloat-store (8.506), -Ox (6.877), -fschedule-insns (0.671), -ftree-forwprop (0.212), -fnon-call-exceptions (0.121), 119 other

fterl -fselective-scheduling (0.066), -fipa-pta (0.060), -fsw-veclib (0.053), -fschedule-insns2 (0.053), -fipa-cp (0.053) flags
-ffloat-store (8.483), -Ox (4.420), -fschedule-insns (0.831), -ftree-loop-optimize (0.293), -ftree-forwprop (0.093), 60 other
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flags
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forwprop (0.097), -ftree-loop-optimize (0.073), -flive-range-shrinkage (0.059), -fipa-pta (0.057), -ftree-ch (0.035) flags
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# 6 NPB MRE I PLITFE oA RS A B e L IR — (AT I T (BL-O3 DAk HE)

PR GCCIH— b m AR AAT I 8] LLVMH— b s R4 I 1]

F1 Tter0 Iterl Tter2 Tter3 TterO Iterl Tter2 Tter3
BT 09136 0.9276 0.9058 0.9024 0.9632 0.9606 0.9592 0.9599
CG 0.9195 0.9438 0.968 5 0.9378 0.7946 0.7941 0.7937 0.7938
EP 0.9569 0.9599 0.9602 0.9595 0.9856 0.9856 0.9852 0.9852
FT 0.9216 0.9883 0.9299 0.9022 0.9063 0.906 6 0.9058 0.9063
1S 0.8123 0.8124 0.8139 0.8118 0.9910 0.9910 0.9904 0.9906
LU 0.9676 0.9483 0.9264 0.9302 0.9864 0.9859 0.9859 0.9834
MG 0.9540 0.9596 0.9679 0.9658 0.9142 0.9137 0.9146 0.9135
SP 0.9692 0.9577 0.9626 0.9635 0.9874 0.9852 0.9879 0.9880

4 ERIE
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Bandit 731 2o 2R SRS, A RO PR 1 g A AT R A (BT84, AT B 1 48 R AR, BbAh, SWTuner #H
WAL AR M 2R o i PF 32 005 R P W RE 2 TR 9 5% R AT 1 A, DR HL S T et 2 v, TRk 1 SE AT
(KITIFETT4H. 3EE 51N Shapley B8 H A2 TR Rl G 16328 10T ) B2 2ER5 FE M AH A, SWTuner REWS 72T DR 1 L A%
RT3 PRI 3R A (0] P 4R . SEIG 45 SRR W, R EHT — AU 2 50U 6 NPB i il ] 1E 4T () 1
PLrh, AR T HoAh PR P77 23 TR, SWTuner 7837 7H8 2 3R 14 7] 5225 BEAIG 17 DOAETT 4. 3l aed 2-#r AN g xe
T PP RE S A 25 PR T, SW Tuner 34 BE 6 HE— 2 4 3 ) 70325 B 2 1010 A0 ) 5t
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