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(Z) CompilerGym

CompilerGym [3] $24#t T — DM THIEAE RAESF AR ESIFAE, FFxt g ik iR S
Rt TR B, FHETFA RRE A T S 3, X+ LLVM IR K, S—RIRMARTE
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NS g REER AN FER, AU RIE R EXE LE RIS LLVM IR K77 5N
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(X) Opentuner

Opentuner [1] SEBL T fFEZE L (Differential Evolution). Nelder-Mead 82, KiFHEL
£, bandit ZRARF-RINESEIZETIME, EEIMATERYIER, S8R AREE,

IL N 7 1L
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IS, BATRBIREFIZITRIN LT & IEASDE, ik, TAMEH K-STest X #mit
rkese, Sk 7 REFIE TR AR EUE S 2162,

itk FRATIEERT DO AR 50 19 75 SN IE M U IS B P Is TR R A R 2 5=,
M IRIBTT )R RIS TN A, i RiIgK RIS IE G IC E AT §E, 72— e 2 E ERENS G IR Al
RIGERIRZE,

2. NHT iR R R
X Optimizers KAYIET, HARSHA 01 Bifd, RIFESAIE, HEHEAT#7 U MRIR
f g :
1. EENZ RV KRk i
TRE HO: R IZIMETSEH 1> po
BRI HL: FFRIZMAETUEH 1 < po
FRSCHLE B /K HE (significant level) o , SCHEFEIER o = 0.05

2. fHHYE T K% (Student’s T-Test) HBERKRRESIHH®

BT R B TN AR, TATRBUNMEAR (n < 30, XCHEHRILEE n =5), RH
BREARSEAE T RS (Student’s T-Test) BEATERMIAGTE,

MFTRZIETE 1S ZIRT AT HIT SR 2 00 T TR (PRI n = 5), 140/ T k&
RERI RS & ¢ {E,
3. W€ p fii, WUbHERIETIE
EIRDEMKEE o, BIKRE, ABE J =n-15E THREHMER, WE pE.
£ op < o, FARKIKHE o 154 HO, YONIZKIETONRTHEFPIERER B A BY,
£ p > o, NELE HO, WOIZIETON R TR 7 MERE A B R Bl

HRIEXS Optimizers FEATE LM, R HNZREPEUE, REWHREBIIR TR IERERTE
Ui

N

TESKPMUE K, yaTuner JEMH LUNHERARREAT Optimizers B H ) Ffiig,

Algorithm 1: Hypothesis testing for optimizers

Input: optimizers set K; threshold «; sample size m, n;
Output: selected optimizers set S;
B < sample baseline with size m;
p <+ B;
forall optimizer k € K do
M < sample with optimizer k on with size n;
t « T_test_one_sample(M, u);

if t < —ton—1 (table of selected values for t-distribution, one sided) then
let ke S

end

end

HELFRAIUS B AT RS IR P IS TN AR S IEASRIEG, HME AT s h 2 MERE (RAEE.
AREEADE), HTEREISKERIEE, FAMIREEY Y ESDMALE, FHR A T BES MR AR T DA THE R
1k,
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3. M THSHPEEBNIBI R R RIA
XTF Parameters JAIEIL, HSEUEN THRIFEIRNIBE IXE [min, max] N, AT
DA B AG 5 -
1. LIRS Kok ik

S ANERZIEINSE R IME (min)>FISEERAKME (max) MY ISR IEIETT

FRE HO: AHGRFIEIT 1y = po

BRI HL: FAGRBEIT 1y # po

FRSCHE B /KHE (significant level) o , SCHEFRIER o = 0.05

2. 2% T K% (Student’s T-Test) FERRSH
KBUNERKG (n < 30, XXHEIEIER n =5), RAYAE T K5 (Student’s T-Test) 3
TR AL ARSI ERC S
R PRI TS BT AT SR B 202 T TRAE CCHPEEIER n = 5), JEXTkE
AT levene 77 AT (Levene test), HIWTBERFE 7727, Z/GHEHBHIFEAR
T KEEETESRIT & ¢ {H

3. Wi p 1H, WabHEwSsie

BT EVKUE o, BUNKEES, HRIBTT 2257 MERE n — 1 BA%IE Satterthwaite LA THEA
HHE df & T fRinFER, #E p H

tip < o, HRRIKIHE o 848 HO, DONIZIETIN TR PERER T 5200,
£ p >, NMELE HO, WOMZIETON R TR 7 MERE A T 0,

MRIEX Parameters JEATIZE—FM, {8 A] G KO XA P BUK, REGSRZNNAR P IEREATIE T,
TELFRUACIFRIKERH, yaTuner % H AR EIRAEHAT Parameters 1Y H B i%E,

Algorithm 2: Hypothesis testing for parameters

Input: parameters set K (name, min, max); threshold a; sample size n;
Output: selected parameters set S;
forall parameter k € K do
M in < sample with optimizer k.,;, with size n;
M 42 < sample with optimizer k., with size n;
if Levene test(Myin, Mpmaz) < a then
t + T test_equal_variance(Mpin, Mmaz);
else
t + T_test_unequal_variance(Mpin, Mmaz);
end
if [t| > to/2,0 (table of selected values for t-distribution, two sided) then
let k € S;
end

end

SRR IR TS O 0 N5 SEERNERY, HFHHERME +1 AV SEERIME,
AREE T A RO BRI, T IRIEIR, A DES KB ETT A R AE B HEBIME,
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Before After Percentage

Optimizers® 81 12 14.8%
Parameters 227 6 2.6%

2R 1: (RIS IR TG AT S A0 ITALS

o WVHRITE
R FIRATHEIT# D, BUSHREREE (WAR3 HypoT #2), MELTAAERAL
TEFEFAE R R PR RRCR, RIZRRT AR R/, SRR, RN T
SHURHLR AR, WD 7RSI R E,

o ROETER
E T IRIRAGIR A 75 TR RS GG ROR AR AR T, BETSAE ] I ] P PR R th e th 0 1% 2
R A R B I, e AR TR R RIRRE ISR, XE DA S WSR2 1 SRR )
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(=) LinUCB
1. @&

LinUCB [4] &2—#5TF R X (context-based) Fl UCB [ Bandit 5.7%, HIEL 1% reward
HYHE (feature) BALM KRR, HRAERGEHR L EEGXE, EEEEXHE ER SRR arm,
ME R G RS R RS E,  DUEFNIAR 22 ST R B,

TEgmIE S IRAL IR A (BN AR 12T I L), 7T DAREAR 7121 TIN s E S I RHIE,
HEER (MEREHEES BN context, R LinUCB BiEZ IHIFIENE context FIXR, AJ
DAIER ISR, /ML E], [FIR UCB BYSEEIE I 7RI  TIN I RENLIE, 50 T RAE
RZEE M BIRAI R,

STE O3 BAh Liffk, WiseEE T 03 BE4FFEMIEDL,
SIIAFEF A Triple, 454 7 Matmul, RayTracer, TSP-GA =/MEF, X=EMEFIRE T Opentuner X g++
WAL RE, 4RIESHA GCC for openEular 10.3.1,
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2. FRAER I

yaTuner B T X linux perf PEREHT T EAVIEHAINEEY, @I AT perf s il f 3
HHATACEIREEE R, yaTuner WEM T HIEE T AT counters YENRHIE:

Counters
branch-instructions alignment-faults cpu-cycles emulation-faults cache-references
branch-misses bpf-output instructions major-faults cpu-migrations
bus-cycles context-switches ref-cycles minor-faults duration_ time
cache-misses cpu-clock task-clock page-faults

72 2: yaTuner WE T E{#HAM perf counters

3. JEHTWSHBENT LinUCB Bik

yaTuner X 75 ZUIHY Parameters #1T BE RIS, X 81 Parameter ##—> LinUCB,
KRN TTIE, 2 LinUCB AT HATIUE, B OOE AN I IR O T 9161217, 4K
BUZATIN TRIADPERE T 48s, DAPERETHEESEN context, BA to —t; TEN reward, £k LinUCB
BERN. REIEBERE—RBTTERENERER,

TIX—THET yatuner.utils R, STERIMIRMMIANREIRMIFAREIMER, NTRRGROFREHES
W77k, hR] DRI VE A A A a6 VR (A T S B
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Algorithm 3: Parallel LinUCB for parameters
Input: parameters set K (param,min, maz); number of bins M;

random selection size N; o € R4
Output: optimized parameters set S(param,val);
forall parameter k € K do
Initialize A;, with arms of M evenly distributed values € [kmin, Kmaz);
forall a € A; do
Ay o < 1 (d-dimensional identity matriz);
by ¢ 0451 (d-dimensional zero vector);
end
end
fort=1,2,3,...,7T do
forall parameter k € K do
forall a € A;, do
B0 — A,;}lbk}a;

~T
[T -1 .
DPk,a < gk,axk7‘1 +a xk,aAk,axk7a7

end
Randomly choose arm ay, from N arms with highest py q;
Sk ag;
end
Observe performance features x; with current parameters S and observe payoff r;
forall parameter k € K do
Apap < Apg, + xk,akX£ak;
bi,ay, = bk,ay, + Xk,q,
end
end
Choose S with highest reward;

. yaTuner 32§

yaTuner HEARZEMLNE 1R,

yaTuner f#H Python & FSEH, 8L B4 RNET Python 15 5 WA LIIA S0 Hid
TR LUE R AR TR, IBITIRIIA G RERS (R faE H sk N7 EA X LEs R LA
AL EIREE,
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A
N
H 3 A AT aG L A 4 Optimizers R8RS — itk Optimizers ~r; Bayesian fRAL#F
/ N J
v | ,//////////’ /
/ N N/
FRNSE IR LT [ | >| Parameters BRI —= At Parameters 1|  LinUCB fift4
J
\_ J f
A SRR perf stat
J S J

2: yaTuner J21722451&]

() VAERRAR R S A B

yaTuner SCRIFEIA LA R B4R, BT BahAEREIEMEA AR, 454 yaTuner
TRBEHINE T H, a] DMEFE A T — PRI .

1 import logging

2 import yatuner

3 import os

4

5 cc = 'gec!

6 build_dir = './build’

7 workspace = './workspace'
8 metric = 'duration_time'

10 if not os.path.isdir(build_dir):

11 os.mkdir(build_dir)

12

13 optimizers = yatuner.utils.fetch_gcc_optimizers(cc=cc)

14 parameters = yatuner.utils.fetch_gcc_parameters(cc=cc)

15

16 def comp(optimizers, parameters, additional):

17 raise NotImplementedError("You need to tell yatuner how to compile.")
18

19 def run():

20 raise NotImplementedError("You need to tell yatuner how to run.")

21

22 def perf():

23 raise NotImplementedError ()
24
25 tuner = yatuner.Tuner(call_compile=comp,
26 call_running=run,
27 call_perf=perf,
28 optimizers=optimizers,
29 parameters=parameters,
30 workspace=workspace,
31 log_level=logging.INFO,
32 norm_range=1.0)
33 tuner.initialize()

SH T Ko
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34

35

36

37

38

39

40

41

42

43

44

tuner.test_run(num_samples=500, warmup=0)
tuner.hypotest_optimizers(num_samples=5)
tuner.hypotest_parameters(num_samples=5)
# tuner.optimize (num_samples=10, num_epochs=50) # using bayesian optimization
tuner.optimize_1inUCB(alpha=0.25,

num_bins=30,

num_epochs=200,

nth_choice=4,

metric=metric) # using linUCB
tuner.run(num_samples=50)

tuner.plot_data()

—MeRIE, X yaTuner #4625 BRAEMIAIA, FHER PLRTL NN S TIAE:

optimizers
GwiEasHIIT /R IR IIFIER, T GCC, RLMER yaTuner WE THMTIRE, FHIEL
Behi TR TR EREERN,

parameters

Ymikas IS EORTY R, NT GCC, RJRAEH yaTuner W& T HFITIREL

comp FR%K

BUWCREI AT 4aHIET, MNIEFITHE, B X — BRE B B97E & N A R4 1%
T HLRERS ORI E i R RR B 2 M B R AR SR

run PREL

EE P TECR T T IRBU R I TERE. AR IL EARRYEUE, T RREELA

perf K
IRMEFEFFRRHE R T AT RABH yaTuner B T HMEFTIREL, ] DLE & LR
IERERE T 2

HEH XA RAERL, IEAUEF,

() ZHBPEMLY

an,

-

TEVLIERES, yaTuner 2B run IX—FE W LRIA A E SRR BAREUE L B ARRIEE R, 6l
NTRFPBITEE (M) B, — DA run BFISCIANTT:

def run():
return yatuner.utils.fetch_perf_stat('./build/matmul.exe')['duration_time'] / 1000

xS TR, ATDASKELAN R :

def run():

return yatuner.utils.fetch_size('./build/matmul.exe')

AT run X—REOREMERE K ERZ SR E A, SRAXATT ZERBOE I H ARAg£5 R

A DME— R EHRAT R RRIAE, e Itr e hRE.
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(=) HEFRIGESRLIED

HTFFEaEIINE S, hTREERE, yaTuner X5 17 HAFKE GCC YRiRARILILIE
i,

yaTuner A AT gcc --help=optimizers Ffifid iENIFRIK AN IR [ 45 Rk TR B L
F#H Optimizers; JEIHIT gecc -Q --help=params FfifIL (F M FRIEF IR [0 45 51T BRER
BUSZFFI Parameters 70 B AN ERIMES

A, AT PAEHE A TE B SREA LA _ETFshis i tb#Y Optimizers 1 Param-
eters, X T3F GCC optimizers FIZEIT /5 —Trdmii il (BN T EEE S TRIEGES), tHATBL
ZNINE] Optimizers IX—FIFRH TR,

() AR

XF Optimizers X —ULILTT, yaTuner B 5EMAIRIAIRAYTTIEBAT —IRIfE, $RHL
HATREX R R L H AR B A U RCR AT, FE B B GPyOpt [2] THRMVUH-HT
fLasdt T — P HEMmE, YIIEE— MRS R,

4k, Xt Parameters (FFIEIRMEATIRIE, fEIELAN b i H P AR VA DURIA HZe e Y DL
WL ZR s/ yaTuner SEIHY LinUCB AL S 8O T IR R LKL,

() s

IBITEE R G yaTuner BAETEEN TIEX XHFH BEIE R — RIS RE, REEMNLES
=,

AL PA PolyBench HHfY deriche #2001, 7EHH yaTuner XTI Z S5, BJPATEH
TAEEFHERILAR LA

LinUCB (AnRFERIE) FIRSOIRE:

13000
12500
12000
11500
11000

10500

10000 “

9500

3: LinUCB Yl #2

SHEMMAEITUA LIRSS R MES A
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11

12

13

14
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20

21

Time Comparison

o1

0z %
Ofast <—ﬂ}
Optimizers <—¢>——
parameters <{>—

10000 12000 14000 16000
Time/Tick - Lower the better

Optimization_methods

4: MAGER/NMESF

fiiZe 1Y Optimizers hrF selected_optimizers.txt) :

&

18000

-funroll-all-loops
-ffast-math

e i) Parameters® (fi T selected_parameters.txt) :

align-loop-iterations
analyzer-max-enodes—per-program—-point
asan-instrument-writes
asan-stack
comdat-sharing-probability
hot-bb-frequency-fraction
inline-heuristics-hint-percent
ipa-cp-max-recursive-depth
ipa-max-agg-items
lim-expensive
loop-block-tile-size
loop-invariant-max-bbs-in-loop
loop-max-datarefs-for-datadeps
max-average-unrolled-insns
max-combine-insns
max-completely-peeled-insns
max-cse-insns
max-debug-marker-count
max-delay-slot-live-search
max-find-base-term-values

max-fsm-thread-length

9 B T MR PR A Al 4
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22 max-grow-copy-bb-insns
23 max-inline-insns-single
24 max-inline-insns-size
25 max-partial-antic-length
26
VLG5 EI Parameters'® (fii T optimized_parameters.txt)
1 align-loop-iterations 4
2 analyzer-max-enodes-per—program-point 38
3 asan-instrument-writes 0
4 asan-stack 0
5 comdat-sharing-probability 110
6 hot-bb-frequency-fraction 2413
7 inline-heuristics-hint-percent 689686
8 ipa-cp-max-recursive-depth 33
9 ipa-max-agg-items 49
10 lim-expensive 186
11 loop-block-tile-size 175
12 loop-invariant-max-bbs-in-loop 31034
13 loop-max-datarefs-for-datadeps 1724
14 max-average-unrolled-insns 165
15 max-combine-insns 2
16 max-completely-peeled-insns 827
17 max-cse-insns 6206
18 max-debug-marker-count 379310
19 max-delay-slot-live-search 2296
20 max-find-base-term-values 896
21 max-fsm-thread-length 689654
22 max-grow—copy-bb-insns 63
23 max-inline-insns-single 627
24 max-inline-insns-size 0
25 max-partial-antic-length 931
26
BR_EIRTUDNEESCASL, A IAIaTTHIZE RICE PR ID RS S A A7 R TAEIX A,
1O E TR IRRR I T g
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A MAER

(—) PolyBench

Case Name o1 02 03 HypoT!' LinUCB'? AHypoT13 ALinUCB
doitgen 35.66 14.31 14.23 13.37 12.14 6.59% 15.15%
syrk  12.57  10.77 7.10 6.55 6.28 39.21% 41.66%
trisolv 2.25 2.04 2.03 1.60 1.57 21.62% 22.93%
deriche 17.23 14.25 12.26 10.54 9.72 25.99% 31.81%
gemm  25.77  20.12 9.79 8.83 7.44 56.12% 63.01%
adi 196.84 159.34 144.01 142.45 142.93 10.60% 10.30%
gesummyv 2.46 2.43 2.50 1.85 1.70 23.93% 30.08%
ludemp 235.73 227.22 165.48 151.27 150.85 33.42% 33.61%
durbin 0.96 0.92 0.89 0.82 0.82 10.63% 10.31%
fdtd-2d  78.93  63.61  40.68 39.88 39.92 37.31% 37.25%
seidel-2d  320.16 318.99 262.60 117.33 117.32 63.22% 63.22%
mvt 4.10 3.24 3.21 2.49 2.26 23.09% 30.24%

floyd-warshall 287.93 288.67 286.73 242.93 206.84 15.84% 28.35%
cholesky 248.58 204.17 144.02 144.36 142.58 29.29% 30.16%

symm  18.90 16.13  16.15 15.36 15.31 4.80% 5.08%
atax 3.46 2.99 2.95 2.12 2.14 29.01% 28.56%

lu 303.91 224.68 166.33 165.77 164.11 26.22% 26.96%
jacobi-1d 0.80 0.79 0.76 0.75 0.75 5.10% 5.11%
trmm  25.67  10.46  10.45 9.94 9.11 5.06% 12.91%
nussinov.  66.90  31.05  31.12 25.28 22.51 18.59% 27.48%
jacobi-2d  67.37  67.46  36.93 36.08 36.05 46.51% 46.56%
gemver 4.96 3.97 3.49 2.56 2.56 35.52% 35.55%
correlation  42.12 17.17 17.20 16.21 14.62 5.57% 14.86%
bicg 3.47 3.49 3.49 2.70 2.53 22.51% 27.66%

dmm  122.62 47.54 47.50 46.92 42.68 1.30% 10.23%
gramschmidt  43.07  22.52  22.52 22.31 20.86 0.96% 7.36%
2mm  79.95 31.82  31.65 31.07 27.07 2.35% 14.95%
heat-3d  76.93  73.32  59.54 59.03 59.25 19.48% 19.18%
syr2k 28.02 23.57 18.00 15.11 15.16 35.92% 35.70%
covariance  41.86  16.83  16.86 15.79 14.06 6.17% 16.42%

7% 3: PolyBench JA{LEERICE M 19

DL fef F RIS AG 36 K DU AL %1% Optimizers 2 JGHNBITEE R,
127 HypoT HIE:AH _EGfii% Parameters i LinUCB ifb 2 5B T45 R,
ISYEREIR A B LRI E T A = @, Hrv P ORALEEITERE, Poo 9 gee HBEERANITH O2 WELigmiE
02
JEHIPERE,
VARRMERESR A E A LS, AR HARBIE AR,
ISEEIREN 02 IB1T45R, AT IR AMFIET - HAR T R ILEE R,
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<. MR 4R yaTuner: %% % 8 AL

1.0 HE 01

02

s 03
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: B LinucB
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0.2 4
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doitgen syrk trisolv deriche gemm adi gesummv  ludcmp durbin

1.0 01

0z
03

0.8

0.6

0.4 4

0.2 4

0.0 -
seidel-2d mvt  floyd-warshall cholesky symm atax [} jacobi-1d trmm

1.0 01
02

03

0.8

0.6

0.4 1

0.2 4
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jacobi-2d  gemver correlation bicg 3mm  gramschmidt  2mm heat-3d syr2k

5: Polybench &5 451116
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X,

oK

yaTuner: %% A shiAK

(%
Al

(=) HeRw

Case Name 01 02 03 HypOT LinUCB AHypoT ALMLUCB

Matmul 351.74 289.04 331.05 65.14 80.53  77.46% 72.13%
RayTracer 280.41 242.75 242.72 211.36 197.17 12.93% 18.77%
TSP GA 383.29 393.20 378.78 35299 346.06 10.22% 11.99%
Triple!” 976.68 888.51 914.41 605.19 602.26 31.88% 32.21%

® 4 LR

/t:\ JI;__;.‘g:I!l:

AT H @ A IR, Wik DA LinUCB 85N T A T — N 9R T
HaAH TR, SEhRmiARAHEAEB g IR BRSO BRAFIRCR, TR T RIS
1977 I D SRR D], yaTuner AHELT EHEIRPT DAIRTS B8 HR A EE AT B 47 UROR A &
WelE, HR, B A BOR A < AT sh iR i A A TS B AR Hh & R A R RS TEE B ARAl
W&

BRILLASN, @ Fh9EE yaTuner BIVEMLIAIA, IEA] DOKFEN FHEIH B 5IATUF G, 280k
BAXNESBUILRE s =, HEdR 2 BiR (WRMRSEF . RS millanhREy,
50 Wt 1ESERRITE L AR R E,
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T Ho

PRI H i i A

FRRFR [R50 BT R AFF b 2 LAY R R QIET MR Y T is - RIS 36 77 iR Uik s 28
HATREYE, FFEK T LinUCB KRB AEAMN 7 = HEE R AT IERIE, £ TR RRIE
B UE TR LEE R AR R 3o

TR A ERTHIEFT RGBT R R LA 20T 7 eI AR R TIERIE, S8R T I
HAEZR S SRS, FHoEm 7 EHIRE USRI EA, BEE DU SRS T, AET
RPH TR T R T,

L6 R AR AT — (ARSI R, N FRE—MEF, eI AR R i EdE B a7 RBR AR T
HERKIBITIN AL, N TE—MER, EREEESMURISTIN AR, RIgRRT,

172447 Matmul, RayTracer, TSP-GA =MEF, X=MEFYIRET Opentuner X g++ MIEIRE,

18 IV R IEIIA 5 R 3— 5,
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