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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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Hh, ZZI (t;— 1) R REA SCIEL 5 TR 8] (£ 5% 25 )7 1 (residual sum of squares, RSS), ZZI ;-0 A
A REA B 227 J5 F (total sum of squares, TSS). 24 R® MEFET 1 1, Feom TUINE 5 S0 (8 JF 5 Failr, BIALLLA
BORARLF. 24 R AR 0 B, BB (iR RE B 7108, IR HER R R g Bk WAL & 572 7 M b 2 TR A2 4l
KRR,

T (R TR 1 B — 58 /KPS, il o) AEE S5 2 48 Z a1 o e A 3 1 RE AT T30, 1T B AR5 BR AR AT BA
FARTIAEFT A, B TR 2 (AR FE A IR, AR 7 AT AEAE — % I Bhas t, PR T i) 45 S v] BB AATE IR 72, N
T 5 B0 I AR AR B G HE B SWTuner 183 #4047 BI{E (execution threshold, ET) X5 4 ) Ti 45 S 347 7 ik, 7+
B BA AT 7 1R T & 34T SEBRBAT SAIE. $RAT BRI I¥ 2 SN R s
_ Z(X“t,)ES/USV t‘.

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

X T 4R RIAT 5, MRBEE G 3 UK P2 7 P R (0 s i 3 S b S BEATL 44, I ELASEFH S8 A BT A5 2R SR g,
AR oA PR s B 2 P R AR [ TR 45 RN FF & IEAS 0. B B0 J8 1 XA o0 A1, SR a5 B il 2k R
B2 A5 PR ) ) T AR R 45, AR R o 75 SR LB AT B T P %) DR S ] S 1L, U FE SR ARE 00 T, A ET 0 38 5 B DRty
B 20 50%. 25 RE BRI TN 45 S 00 AT 15 S YNGRt AR 0 iR B UIAR 6, A SOH R 51N ET M5 . 78
— AR R L, AR S 0L A E o MO A S T RE S B R A RN U, TR A 3R (6) {3 max(R?, 0.1)
Ve o BE. AL A TR 45 BRI, ET (BT 17 S0 520 25 5 00 1S54, 10 2455780 ) ARoRe i 7 IR 38 I, R {EIR
/I, AT S BT BAT 3 25 1R AL 5L BRARAT .

2.3 £T SHAP BRI 53 #7 K ik

YRFETE S AN BEROR IR R R HER] T 4 B8 b I g Bt TR (M . W TG B S R IE DU R I 1 22 5
SATA T RE ML TR & 30 DR HUE . BRlitl, Satisidom I #8442 25 sk G- 4R i A BC B 19 532, 72 5B )8
FRAEAERANAIAT Y. B I 4 B VR DRAE 2808 1 R F 8 R B AL SR SR i X — I R, DA 7E 5 38 [ I [ P 4R
FEI AR AR R T 2. SR, 3R L8 524 SR 75 BTN P2 K 49 28 25 ), ZE R0 B A4 2R 2003 2 R i R AT o
FATFECRAEALAL BRI AT $ T 48 22 SN v RICRI R S 1A 5 1) 48 2R 2 TR I A SRS, o 24 05 s B30 (00 U Y 5 AT 50 07 1.

N [ P ¢ 1 32 TOUGT AR 3 14 B (1) RE A7 TE Y 35 22 5. M0, E ek TR R A8 IR A2 P RIS AT I, (R P] R =3t
TN BB SR RN T FAR T AT BE IR/ AR A &, (0 DU AT B A RAN; 30 — e dm PR UM F 22 T
PR, SRR RE JL A A s . FIR ZE VRS R TR e e B B T AT AL I, 20T A0 7% B S AR 7
() B AR TR SR LA K HARBEA: (R PE, JE48 5 SUSCEE AR L R A H ARG 23 R Rk 1l L.

Shapley {8 "1 & 1 2R 6 P (¥ S 2, A Pt b SN B 50nt Bk B AC RS (KT BTk 7 v MR LA 27 )
A, B Shapley {8, AT LA T ARAENEFE B T (f 0 DT RFE BE, M TT 85 B B AR (19478 BY. SWTuner
{8 Shapley {H RVl AN g UL U AR 7 P e I AR B Bt X T iR 1L T & x=(0,, 04,..., 0,), HiPEiL
il o; 1¥1 Shapley A FITHE 7 a0~ Fik:

6= ), W(m Ulo) = £(S)) ™)

ScO\{o}

ET (6)

Hr, 0={0y, 0s,..., 0,} 7 x PAEHIFTE R IFIETAIES, n FIETHINEL, SS O\o) AAEE o, HIETIEEHT
4, £.S) NBENLARARAE R BT T-4E S T, |S)! (n—|S-D)V/n' Jy T4E S IALE, Hor 3B n1 R n NIRRT &
Hep 1 0L F LA B0, 5 FIS) (n-{S- D RORTERE T4 S J5, n AMEIERR 2 HE 7 115 5 B 20 & Hie

JLE Shapley i LA 4 N5 AR MRS 0SS, (B2 ST S0 AE B G F6 502 44 P2 . SHAP HE 42 POV 3of 1 455
RUHES T — R ARALSE, KT 5ORE ) Shapley 18 115 24 M O(TL2Y) B % O(TLD?). o, T /& R M I HE, L
2 BITA B o ) B K B, MR ARRAE AR, D S T B A B KR B X R A A 1A 4 B KA 45 2 Shapley
(ELDP A S 198 348 T30 1) 26 AR E ) A T i

TEGm PR R FR R, 2 AN PR IR TIAT BE RIS AR F T — AN I, B, % F 55 2.2 35 P8 5 AN IR 4 B



JA| 3% % SWTuner: & FAE ¥ 3 F ikt o X i ARAESR 9

AL B, [FIESJEH o) 1 oy EIURAGKE P J5 IPERE ISR T BB o) BX o, BITERE, RIULEH o) Fl 0, ETU/ALE
FHOCHE. TEIXFRENL N, WIS R AN LT Shapley {H, W] BETE 51 126 B Bt % 2 17 14 e 76 T 72 = 2220 (1)
% LT, Shapley 22 HAK P& —NET Shapley I3 FEHES. FENLAS2E S 45Uk, Shapley 28 T {H AEWS 18 5
U 22 18] (AR TE ARG, - L8 A 2 ) K A P XA o0 &5 SR frg sz iy B4, LA ), 3 4 B T4 & x=(o),
03, 0,), Fi LT 0; F1 o; ¥ Shapley & HAH A5 77 sl R Fros:

py= > BROZBID s (), wheni# i and 6,(5) = £S5 Ulono = £(S Ulo) = (S Ulo )+ £(S)  (®)
SCOVo1.0;) 2(n-1)!

N3 (8) AT TG X5 Shapley {8 (TH5 A XIA — 2, X EAMBAE. X T— A H ARG R AT,
AR SR A G L T Shapley 22 FLABEAR &1, 84X PANIE T AT RE R A 1R 3R A ELAE . SHAP HEZLET X A [7)
FEBETE T — RS, BEREHS T SLATA RHIERS 2 18] Shapley 22 HLAH 10 R R E O(TMLD?).

BT SHAP [ WU 4k ) #r L P iit B 53 1 PR, A S e THIRTEREA SR 15 S, ThAEMFAL o, 101
¥ Shapley 1 ¢;, HFHRHE ¢, X JRIGLEINEE S O HIIETREAT HE e, 708 HHEAL BT 50% B3 TS RGO 1B T4 &
O, HAREWIAE sk G BC B 1X — D8R R AR IR & O o P RERZ W BB TR UK, TR T8 R =
[ IAERE. SR, X T RAEFEASES S, FETHE A S AT N, 10T 0, O'HIXNS T HARKHIE 0,€0 KT Shapley
SZHAH ¢,;. BIR SHAP HESLEH O AT S 1 et R0 A SR AR S35, LI 2 IR TERE A R 25 1 U TAC R L 2 I, Lt
SRR JC i B0, 1%k b3k ], — 5 THI g % 4 F SHAP AEZE F 75 (¥ sample bR EOW IAEFEASE S S, HEATBHAL
RAE, LU FEAAKL, 55— J5 1, ASSCFE 7 F2 4 e 2 18] AP 48 R AT 1, 808 I BE WLARMROBE R 1047 18 RE T30 9 [7)
I AT 2 T SHAP FIE I EE AR 7 M R i, DLSCIL SHAP 57T 8 e, AR Sy X an & 5 s,

B 1L AT SHAP (e 50 4 3 Ay K Rk SRR,

BN BAEREARES S={(xp tp): k=1, 2,..., W,}, THIERT IR TEE S O;
i IS RS TUE S O

1. FOR 0,0 DO

2 FOR (x;, €S, DO

3 Compute ¢*

4 END FOR

5. Compute ¢; = (Z:V:] |¢,<-k)|)/WV
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

15. Compute ¢;; = (ZZ] |¢,<-,k,~)|)/ w,

16. Use the quartile method to find potential outliers of ¢, ;, forming ®
17. Compute O’ = 0’ U{o, € O|@; ; € D}

18. END FOR
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5 SHAP & REmALHI R~

BJE, W TG 0,c0", BEEAEH VY40 % (quartile method)P 4% 3| ¢i; TP B AE S AE, R
TETE S (B0 R (RRFALE o, JEN O TR G 2 kAR, To 48 2R SR A3 F 75 126 J5 (KIS LB 5 O Ry T 1R 45 2% 2 ).
T 3 6 B0 — PR RREAE AR Gt 5%, & T &R R B A, LA SZ Rl (B 52, R ube mT DA v ff
SRE R AL I AL R R AR B BURE T AR R, A ¢, IWNEIKHEF 30900 4 4, O) FRoRL T 25% A B 1%L
H, Oz BB T 75% A B RIEUHE, I0R= 05-0, RV 0i8E. 75 SWTuner FISEELH, AL =T O5+7.5<I0R 1A
BN W AH, R INZAE X SEFARAE o, 55 o, FAAE T E AR

RT B REREE | FPUTRAE, A TSRS 2.2 RS 5 RIS R AT 5515 sl X1
4 BRI BENLARARAE AL, A FH SHAP HESE TH545 3 1)1 ¥ Shapley 18 ¢, LA S V¥ Shapley 38 HAH ¢, i1 3
FioR. B Jatids ¢, FE Y 01 0y Bl 03 1% 3 ANHBLEI, JREMRIE ¢, L H 5 o) HKREER BN o, ET. 10
ARV I 16 L FE P % )& Shapley 18, M o, 1 EBEPEIR T BE 2 4 251

%3 Ty Shapley 18 LA X T4 Shapley 2 HAH i+ H 7~

LT ¢ 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 — AR i L P SR &, B R S BSOS Y L AL T 24 B0
1) Intel Xeon E5-2440 4bFEA% (2.40 GHz), THE T s A #0 BUHT — AL AL 2% SW26010Pro. 3@ {F ML HE R 4,
SWTuner JGH% 2 JREKG 18 ZFEA W i I FIPAT AT 553228 B 0T 5071 A, AR L I i/ 28 DA K& SHAP 15 554145
FELERTG L IR 2 R sCOIFATHAT . B IR 5 T, AR SRR swGCCP R swLLVM" O 3 3= i 4 B e E
N B ARgm RS, LAGHIE A SCER H ) SWTuner WRAEZL FIFHEA 1. Horh, swGCC WAl 7.1.0, swLLVM K4y 13.0.0.

A 30K NAS Parallel Benchmarks 3.0 (NPB 3.0) e Al F 451, DA4: T PPl SWTuner (¥ S48 AR A %5t LA
BRI BCR. NPB 3.0 2% EERM SRR RN — A 58ENRE T, a8 8 MURAG, W 7Rt
S 22 R R SRR RN AR S 3, SRVl s MR BT R G AR . 5 RS B AU AT B R) e S R R 3 0 14 B
MERIFINRZE, A 30K CG. FT. 1S, MG FIBIRIS AR E N A, HAMGIRE AN W.

BT Al CG J& NPB [ BA F MW 41, Forh BT (block tridiagonal) A2 S8 )1+ 5 25 42 20 R, = 32 )



JA L% % SWTuner: A FHUE 5 3 F ik e oA XpiFARAESR 11

TR =X A & R G IEAE T, Hoat B e a il BE# ) K BAR. CG (conjugate gradient) JU I 2 T+
TROCHURERR R 2 2R G011 i) R, LA AN 00 0 R0 8 0 e U im0 A =X, DTG J T SO 1) U 17 32 BR VRS, 6 4 RB VT
4, ARICE S LA BT A1 CG N, X GBI I Bk AT VEGE 73 47, SRS, A 343 il 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 IAIE 4> A R IC I BRI HE I A 2, A SC6F PureRandom. SRTuner. Bliss. OpenTuner Al SWTuner 7E
NPB #2803 A 47 L iR S8R 34T T L, A5 SR 6 R, Hod, MARAR 93 R ), L AkAR R LA-03 tAkAE
HHEAEI A — B R M R PureRandom J& — P BN 2 75 i, il i B ALk B g B e T4 & 10 07 e AT IR AR
SRTuner & —/MH 2 W Be W R AR 23 A7 2000 T 2 2 2% AR AE 2L, il 22 B 2 JR LB S THE AR 2% Bliss
Se— AN BT 2R DU 0 AR A AT i ) 1 B 1 O HE SR, 385 2 4 SR K 5 S IR ISL R SRR 2 4 5 R I S R
k. OpenTuner £ TR B AR LR, (FH T — R 5@ R0 SEE, ao DUt (e AL 9248, DLERE K 3]
RIS HE B, SWTuner 7 OpenTuner {566 ESEI T 400 48 &R 50, BB IFATIER 2 MU RAEAR 1 A
Kt UM A I A2

1.08
1.20 — Pu_r‘e‘Random —_:: gl]lir:sRandom
= s 2 106 | —— SRTuner
% #0115 b —=— OpenTuner e : 8p§2¥32§:-Parallcl
" + —e— OpenTuner-Parallel ¥ 104 b —— S\[;\/Tuncr
g2 1oy =, | 92 =
ol 1.05 L > s 1.02
ox - >
S L oo o 37 100 —H
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 ] (s) FHZRIN[H] (s)
(a) ] GCC 4% (¥) BT ML 61 (b) ] LLVM %11 BT I 51
4.8 2.15
—— PureRandom —— PureRandom
= 43 r —o— Bliss = 195 + —o— Bliss
= 38 L = SRTuner 5 99 = SRTuner
oa I . —m— OpenTuner =175 + —#— OpenTuner
iy #H 33 | —e— OpenTuner-Parallel oy -'i‘j] —e— OpenTuner-Parallel
& = . —#— SWTuner EY K 155 —— SWTuner
O ® 2.8 —— 03-Baseline S —— 03-Baseline
SR > 135 ¢
3T 23 2
g iq 18 L E_E o 1.15
13 |  oss T
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) FRRI ] (s)
(c) M GCC i) CG ML (d) i F LLVM 411 CG iz 91

Bl 6 Rt a4 FH 2 A T4 2R SRS [ DAL AR

TEH RIS FR A URBT B, PureRandom J7VE BB A FOR T H — Lo B AR VERE I Bk T4 &, AT (i A8 14 A
BARIGE SRS, SRTM, BT R K, BALE R AT G A 5 BN R S s AR, AT S B R RN EE T
[%. 5 PureRandom 773248, OpenTuner KA T it o R B AR R R ML, Bew R4 20 7 38 R 45 R a0
BIS SN R, AR T E B HIR RN R A A). RIS 2 AR S M B, OpenTuner tHREBONH
A TR ) BT M R NG R, AT A £ 14 B 4R il 6 B8 IS 2% AR 52 . OpenTuner J5i 4 SCH75: T ThreadPool )
FAT APRALE, A SCTE M T — B R FL_E% AT T 3& AL, 24 2R AT HUBE T iR O - i 6 H Open-
Tuner-Parallel 2% FT7R. OpenTuner Ji A2 (1 AT HLEI RE02 A BEE A R 3, X T BT A CG WA A, HAEAHF
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B 1) P A BE BB AT ATLISR A T2 11.9% BISFE3I 1 RESEF. SRT, 2T ThreadPool FIFEAT AL R 2 o5 F K & BT pL
BRIRIEAT 2 2 AR B, — 7 T BR ) 1 R AE S5 BRI R %, J3— 7 TR e s e T s AL b AR 1R S A AR L
ARSI TERE.

SRTuner 1 Bliss 32J5R F #3 A7 ZHLHI, — & BUR IR /T PureRandom 5 OpenTuner-Parallel 2 [8], f 4t 14
fEH OpenTuner T L] 6.3% 1 6.7%. SWTuner 7E OpenTuner-Parallel f3EfE 528l 7 40 A5 200 &, Wil 1
M PR R G0 B AR AR AT AN G B RIS AT, i — PR TR R, RS AR IR B TR AR R R R
(8], 3X RS E AT AZE AR [F) (0 1 0 TB] A R I 2 T AR AR AL L 2. IRl A0 R A T E AR v T R A,
LIGR T AE R A AR, JCH R AR N B 2k H R4 R e (A i S o A . AT 6 el LUE Y, AR LG
PureRandom ! OpenTuner, SWTuner )43 2048 2% SR B& S 2 AR 8 0 SEAR i BRIE T0LZE &, ELXF R PE RE 3SR
F-03 FEAEERE, B ARTHIR A 20.55% (£ LLVM %@ %19 CG KA #1).

B 7 @R 1A oo R RS CE T R M 7 T A R AR R e R RIS R, WS 5 E T A E
NS, & AT S5 B PAT I TA) SR B R A B T Ba 34 X — &5 LR W I 3 0 v BT AU B e s A A
FRF 53 A0 A TC I 2R AR I AL R MAESS AT i RIS = T, BB RS B S5 1HE T 8 R P I, 34
AT IS TR AR AR T 223X R AEAT 55 SR AT F B UR [P 3G A5G T, 2310 2K 048 2R SR IS AR AR Re % CRIF IR T
)1t BE AR A 1.

4096 4096

—»— BT-GCC 2048 —— BT-GCC
2048 —— CG-GCC —— CG-GCC
_ BT-LLVM 1024} BT-LLVM
@ 1024 \\ CGLLWM| 2 4| CG-LLVM
= =
=z s} \\ Z 256}
1= 1=
lad & sl
= 25 | = wl . e ]
128 | — ol
64 1 1 1 1 16 1 1 1 1
2 4 8 16 32 64 2 4 8 16 32 64
(a) BEATHJE MR (b) FGATY LA

Bl 7 oA i R ARG 1 r T R R

4 gt 1A AT FR RS N AN R R EOR B B BB B, Herh, UGM R # 5) 522848 5, NGM
FORIES AL, DEM FoR 22 73 3L 5, RNM R BEHL R A0 5. 450 54848 57 (UGM) AIIE &5 52640 5t
(NGM) AJ R PRl 1 57 28 S 1 BRI 1] A SR8 — MBOai 2 8, B8 e A0 i R It 1o e v S 2 . 22 73k
WAE 5 (DEM) SR H % B9 1 42 R R BE 70, (HAE LR 00 1 vl RE 7R 2250 2 1 IR ACA REIK B ELAs (g, DR LA
FIEC B AR A, BEHL ALV (RNM) VR ABENLIT 00—, il REAEAE R AR 51N T 2 BEALIE, S ECeqE
FLEE UL A AR MU SR e DU AR SR, LG SRR R IT I AU T A A B R, 38 545 58 [ e
H AR AN SEBR B3 5 U 2%, R, FEAN R ROSAF R, MR R I7 I A R AE A T Re & A

o oA AOTHE RS T A R R BOR RO LS (%)

I 1A W 451 R RS Iter0 Iterl Iter2 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

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

G 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




JA L% % SWTuner: A FHUE 5 3 F ik e oA XpiFARAESR 13

R4 o AAOCHE RS T A R R BRI LS L (%0)(88)

prpE WA 5] R A Iter0 Tterl Iter2 Iter3 P
UGM 49.60 49.50 37.10 43.50 44,93
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 RE TN B B, B2 I 2R AR BB K R B J5 898 2O A2 04 B2 R A28 SWTuner 1
FA 45 AR P P AR R D7 SR RFEARSES S, I — M 30 AR PSR I BENLAR MRS I B IEARR Bt
HIEREARSES S, MYUE RER LA ILZ A J) L wyw,=4). &l 8 Fiiow, S+ SALA A 61, BEHLAR bR
B e R T 0.96, I HBHEIEARRE R IIN2 F T rash. b5 180 0 R I 0 P, 2 i 2
TR T I RN e 5 e it b S S 1k R B, AT DR eI 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 MG AE s 2 ST R JEH B A AR LML R, (=
S FORT IR EHE 1 2 SR A BN R 4 e K, M DUIE T 48 28 28 AR B A 1 S PR DRAT 55, MELLZ T, BEALARAR
B2 B B I I i A RH B PR () HE R S, DRI B 0E & I R T A IE A B A 3 5. il 9 Fow, BEALARAK
R A R T AS FEE 08 3 e i AP R RV B, B RN RIS TR R AR 0.4 s 76 4. (AR RN, B AR IR BT
Jon, ASEIRY (0 i 1] 5B ] S22 300 R KT k2D B B, X R IR AR A (1 2 ) SR AR AN WTAR T, Ak I R . IR
HAE R, BEALFR AR Y E A B OO SR SE B B R AT I S AR e M, g BT RAT 55 I PRk AR RN S B
PSRIRGBE T I3 FE

1.01 0.45
m IterO = Iter]l m Iter2 = Iter3 0.40 | u Jter0 m Iter] m Iter2 = Iter3
1.00 :
= 035
& 09 F £ 030 |
*"?(p; 098 t }:E 025 |
YBS 097 | 020 ¢
# 096 | g 015 r
= 010
0.95 ¢ 0.05 |
0.94 0
BT-GCC BT-LLVM CG-GCC CG-LLVM BT-GCC BT-LLVM CG-GCC CG-LLVM
B8 SR AR A IS AP BRI ZRACR B9 S ARG AR AN [R5 AR AR R I ZR0T 8

A5 A O 1 P DA AR ) 1 0 5 0 3o AP R TN 5 A 2 SE B AT O AT R, I T VA RE IS AR K
FEPE 13 Whisl > 22 G (0 B AR DO AE. VEBE TR BERIFEAR L BIC N S,={(xs, 11, 1)1 i=1, 2,..., W}, Hor o, RoRIETIAH
B x; FITPAAT I 18], 27 200 SR PR AT IR 180 A i D0t A w00k P 9 6 S0 6T T P B3 AT DR 9 T e A, DA
TG SBRz AT )7 3, SWTuner £EERETRINF B ThAET 4 Ll T it 22 2K (9) It 53045

L

Z((x;.t,',tl’)eS,,)r‘v(t,sET) !

PINIES YR
((xitist)ES p)NGHSET) ((xisti t)ESpN(G>ET)

E 10 E7n T NPB i A0 A ] 78 14 R F000 B B O SRR ST & B 00, T SR 9 1 ST 34 TR 35 44 Bl 408
23.2%. MK 10 ] DUE H, dmitds D0 ThFE 1T 48 12 BOA 235, GCC A LLVM 4w i 193 ThFE T 4 L

(C)]

RanoPowerSaving ~
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DRI 34.11% A1 12.28%. HELIZIN 51 R FE LLVM 4 i3 2% 18 R EB 20 D0 A 08 T00 x5 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
0

m [ter0 m Iterl = Iter2 = Iter3

BT.GCC BT-LLVM CG-GCC CG-LLVM
B 10 s R0k A 5 7 Atk B TR B A DA 1T 4 LA

TIFETI A L] (%)

3.2.3 IS BT K ik

G PR TR I IS K S 80 T M R I Fe SR, (4538 0 SR LI B AR A V) SEBR. F i gm B R IUHE
R R R 7R R I R A, E R LR B AUSCR AU . ASCHR 36T SHAP [R3% T0 43 #T 2 ik 7
TREE A2 LB Y PRI T 1) B B RR P AR 00 R, 8 14850 /INE 2R 2 ) [ 7 U RAIE A 22 I P SR A T o e TR
FERWIETEES. B 11 LA GCC m %234 31 BT M #1941, B~ T SWTuner 7EA R A B A 1) St 1
AR LI, I H 5 BOCA HEZEA AL RCRHEAT 1T Eb, e rp AR BR N BA-O3 A A AR B HE A A — Ak B A8 AT I
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