wfﬁ-’ffh?f*l'?

COMPUTER SCIENCE

BFEARMHSITHERRERBIMERE
=% Ezd B%E s E5R8

5IAEX

=%, BN, B5E mikE 2R ETEMNOTIERRZEEIMERED]. TEHRE, 2025,
52(6): 44-51.

JIANG Jun, ZHAI Yanhe, ZENG Zhiheng, GU Yichao, HUANG Liangming. Loop-invariant Code Motion
Algorithm Based on Loop Cost Analysis [J]. Computer Science, 2025, 52(6): 44-51.

HUXEEE (SERXMEE IE JEREENE)

Similar articles recommended (Please use Firefox or IE to view the article)
ETHEIF A7 m H RIBRTUESSR ML

Pre-selection Optimization for Spill Heuristic on Shenwei Platform

HENRIE, 2025, 52(6): 82-87. https://doi.org/10.11896/jsjkx.240800128

[ R SE A RS | MDIRFEE IR 55
Design and Research of SIMD Programming Interface for Sunway

HENESE, 2025, 52(6): 66-73. https://doi.org/10.11896/jsjkx.240700009

ENEBETFEFPGANRIEMIL ST
Compilation Optimization and Implementation of High-order Cryptographic Operators on FPGA
HENEE, 2024, 51(11A): 231200184-11. https://doi.org/10.11896/jsjkx.231200184

EFEr 86 EEEMCP2KIIEBIES L
CP2K Software Porting and Optimization Based on Domestic c86 Processor

IHEHRIE, 2023, 50(6): 58-65. https://doi.org/10.11896/jsjkx.230200213

ETGCCRmERIIRNFHEMMNTTIE
Optimization Method of Streaming Storage Based on GCC Compiler

BRI, 2022, 49(11): 76-82. https://doi.org/10.11896/jsjkx.211200252


https://www.jsjkx.com/CN/10.11896/jsjkx.240300166
https://www.jsjkx.com/EN/10.11896/jsjkx.240300166
https://www.jsjkx.com/CN/10.11896/jsjkx.240800128
https://doi.org/10.11896/jsjkx.240800128
https://www.jsjkx.com/CN/10.11896/jsjkx.240700009
https://doi.org/10.11896/jsjkx.240700009
https://www.jsjkx.com/CN/10.11896/jsjkx.231200184
https://doi.org/10.11896/jsjkx.231200184
https://www.jsjkx.com/CN/10.11896/jsjkx.230200213
https://doi.org/10.11896/jsjkx.230200213
https://www.jsjkx.com/CN/10.11896/jsjkx.211200252
https://doi.org/10.11896/jsjkx.211200252

http: /www. jsjkx. com

DOI.:10. 11896/jsjkx. 240300166

St A 2
COMPUTER SCIENCE

ETHERM DTN BEAANZEIMERE

£ FE EpA BXRE mHEE #E=M#H
EHAH#BEAFRIE TH LH 214122
(goodsun_jj@163. com)

W OE OBRARE IR E R A A AR A PR R S MG T D B R AL SR, Bl B ER AR P 69 R T 3 S5 A5 3 B 8 3R s
HEABRVELTHENGTFAE AR IZIBRFEFTHRE, PELLVM %32 P FAWAFRRE TR ELBLAFMEARRE
FIRBVEIRARSP R SRR EZT A — AR BIHATHFTHREE, BV AT NRIN G375 H RN, AT 528 = 4 5 AL 2
R, AN ERPM, EELE LLVM AR R E SR 20 AR L IIAT —RAERRN MR, B AARRE Z AR
P HEBEFRN A RBETRT RGBRRN FHELNRTRFTROKBE AN TAERENBERTZHATHR.EAH
BB YR E L AR R, BB SN BN e R, E B S PR 831 LB & 4 A A A ) B AT R A RCR M E
EFFRBERT METFREABERRESHACE £, 32 AL Tk B A 17% 2 L 4e4R It ;4 8 SPEC CPU2017 & o il
iX & (SPECspeed 2017 Interger £4#) Perl #2# % DKbench 2 & 0l X 4 | Python ### % pyperformance 3 /& 0| iX & 3 47 4% &1
AR RN, ERER MR TEEBAREERAMLEE R BEGHTHALEZMEA 0.4%,0.63% A 1% 6P A,
KEIFELLVM %55 HIFERABARREBINR T AB BB AERRN 2

PESES TP3l4

Loop-invariant Code Motion Algorithm Based on Loop Cost Analysis

JIANG Jun,ZHAI Yanhe,ZENG Zhiheng,GU Yichao and HUANG Liangming
Wuxi Institute of Advanced Technology, Wuxi,Jiangsu 214122, China

Abstract

grams. By moving the invariant calculations in the loop body to outside the loop,the algorithm reduces the overhead of duplicate

Loop-invariant code motion(LLICM) is a commonly used compilation optimization algorithm for loop structures in pro-

calculations, thus improving program execution speed. However,in LLVM compiler, the traditional LICM algorithm hoists all
loop-invariants outside the loop body, which will lead to register overflow when the number of loop-invariant reaches a certain
level. It will introduce additional memory access cost in the loop,resulting in a negative optimization effect on the loop. To address
this issuesa loop cost analysis algorithm is introduced based on the traditional LLVM LICM algorithm. This algorithm evaluates
the running cost of loop-invariant code inside the loop and the overflow cost that may be caused by moving the code outside the
loop.and assesses the benefits of moving the code outside the loop. Only the loop-invariant code that produces positive benefits is
moved outside the loop,effectively reducing the overhead of duplicate calculations in the loop while avoiding the risk of introdu-
cing additional costs. The proposed new optimization algorithm achieves more than 17% performance improvement compared to
the traditional LICM algorithm in typical use cases for the domestic SW831 processor platform under millions of loops. Compre-
hensive optimization effect evaluations are conducted using the SPEC CPU 2017 benchmark test suite (SPECspeed2017 Integer
Suite) , Perl interpreter DKbench benchmark test suite,and Python interpreter pyperformance benchmark test suite. The results
show that compared with the traditional LICM algorithm, the proposed algorithm has 0. 4% ,0. 63% and 1% performance im-
provement respectively.

Keywords LLVM compiler.Compilation optimization, LLoop-invariant code motion, Register overflow,lLoop cost analysis
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switch(O) {
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case B:
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AREFPG K P 2 A TEF N VA EAE . 539 H Coi T Crrs
FERIX BB A BB AT AR W SEBR AT LICM B3k 5 G Y
BATRM AT AR RN .

Clay = Cot 2 Cpu -G H L 2(C—Co -Cuna) *

m+q+§m, 9
FH 23 98 22 3K (9) W 5, 7 52 B 3E 47 15 31 AN A2 1 b 3R
Ja ER BT BEIR T
Cotnee =1L 2« —Coi) ¥ fi— D Cpi+Cpu+Cos (10
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PGB A S AR S 7 AR BRI Cy — Coa BIME .
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T S A0 H2 5 4R T 7 2 AN 19 U AE B 4 BB AT AR A
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[ CPU I 4 Ji JAE S 2 28 o W08 BR AR 1 53 9 U
FPEFEATIRUE . BUAC AL 3 25 09 8 A it AL P AT 00, B 3
B LB 2 A R AR P SR A48 21 CPU B4 A T (NG D) Bl
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int func(int x,int y,int z) {

for(int i=03i< 100000000031+ =16) {
ali]=21+y+y*s+x;

Xt =y%*z;

TEREGIPE SR A WA AR AR &, 43 502 21 % y My % 2, 16
O2 AL FETF A= B a0 FIC S AGAD .
func:
mull $18,$17,%0
sdaddl $17,%$17,$1
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sl $17,4, $ 21
addl $21,$1,$1
ldl $2,a($29)
Idi $3,—16($3D
.LBB0_1:
addl $16,0,$16
addl $16,%$1, %4
stw $4,00$2)
Idi $3,16($3)
Idih $4,1526($31)
Idi $4,—7952(%$4)
cmpult $3,$4,$4
ldi $2,64C$2)
bne $4,. LBB0_1
.LBB0_2:
bis $31,$31,$0
ret
T FRIC g AR A & 21 % y Fll y * 2 945243 ) 2
i staddl,sll PL & addl 4 A48 4 )7 51 mull 484 . @ %
BT S 2R OR AR R0 G A 7 kL A B 4 SR g b
FrAE 3 69 CPU B A 39,
SCHG 1 AL A B
SEEY 2 AL G AN AR
S 3 PEMANAE # AR
SCEY 4 PRI ANAE AN
Sy 1 AEFR R Ry A, HON G B AR B BT IE FE 1Y CPU B 4
SR S 2 M AR AL 21 % y Bl y % 2z PRI A
FRIE AR CPU I 4 J8 1 5 9256 3 I & 7R PR AN A2 E&Mmfm*
BT SE S GRS FE 1 CPU A 4o J8 391 5 5238 4 W0 &5 76 18 35
RAERRSME RS LT, 58 896 20 BT iE #ER CPU IHh R ),
WL RINE 1,

F 1 PRI I LB

Table 1 Loopcost measurement experiments
LR G5 S B 4 CPU #f 4 A #]
L] X AE FF 4% 12550505
LR 2 REFRAFEE 27141695
LR 3 BHRAEESR 384547297
L4 RS i3 400172340

HRHE (8 AR T R, Croguee IR (IR K (715 1, I
SEG 4 pyal Ry Fe 5L 3 ISR, 15625043 /B IEC. & X,
ctnee 1) 2B 2 BUSE RN 20 1 45 2R3, O 14591 190,
EE S ECHE S AN g R Wamxﬁ%:l MR R Ul
1,07 GE A X H A — 5 B HER
3.2 fE% LICM BRFE 5 #7
S T T Ly 1 A A 8 LICM B3k 78 O Ak 30 4318 36 3 5w iif
PR B T — AN A6, FEART IR iR
extern void init_func() ;
long func(long x,long y,long z,int control) {
for(long i=031 << 3000000031 +=16) {
switch(control) {

case 0

ali]=x+y;

alit1]=x—y;
ali+2]=x*y+z;
ali+3]=x%y—z;
alit4]=xNy—z;
alit5]=x%y—z;
break;

case 1:
alit6]=xx%y—z;
ali+7]=x—y*z;
alit8]=x+ty+z;
ali+9]=x|y—z;
ali+10]=x*y|z;
alit1l]=x*ylz;
break;

case 2:
ali+t12]=xAy|z;
ali+13]=x|yAz;
alit14]=x—y* z;
ali+15]=
break;

}

init_func() ;

}

return 0;

Nx+y‘z;

15 3R I, for/switch 48 & T R )% (19 108 35 . 76 B A
case W E FPHAA — @Mt B #AME, b T2 <,y 2 BIE
ANBETEI K A AR AL D B T e TR B R R A KAy 245 R 2
IR RAS

TEWA TR 0 LICM B304 015 B0 5 BT A= 18 19 36
S0 G ACRS QR FER
# preheader

£ case
. LBB0_7:
subl $12,$11,%0
st $0,0($ D
bis $2,16,$1
addl $14.%$10.%0
st $0.0($ 1D
br $31,. LBB0_2

WAL 2 ARG BT DLt 48 4 4 b i 0 B 228 &5t 1938 474X
Hr EEJE addl/ subl $84 (K TN /8 2 03 50O 4 R g A
Qo Hmc, .

ikt seh, #E47 him R AL AE, LLVM £ 52 /9 LICM
R Ay RS U RO E2 W NGRS Y e R AW
A A A A AT Y PR L SR A NS R s — T U
B ARR P, S BUE LT A0 TR TR 938 A g ARG

# preheader

addl $17,$16,%5
stl $5,104C$30)
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subl $16,$17,%1
stl $1,72¢$30)

1dl $3.104C$30)
stl $3,00$2)
addl $11,%$3,$5
ldl $6.72C$30)
stl $6,00$5)
br $31,. LBBO_2
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Fig.4 Overall framework diagram of LICM algorithm
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D https://github. com/dkechag/Benchmark-DKbench

» https://pyperformance. readthedocs. io
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5.1 RGRE

AR SCHE T IR %A% LLVM 13.0.0 ES2 Bl T 3 TR LM
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Table 2 Software and hardware environment parameters

AR SW64

CPU 4 2.5GHz

W KN 16 GB

M AR A 4.19.0
BHERE UOS Desktop 20 Pro

5.2 HEAGIERRAYER

EFXE 3. 2 WA SR ], AR ST LICM X6 F AR Y x,
oz AL 2R 3K AT R 2 M . A 18 B b HE AT AR DU AR
FHLSRE VR TE 1 P A7 e Hh RV . 7R T 0 S AIE R RLBE R, AR S
LICM %464 LICM 4 17 % LA F i P RE 2Tt .
5.3 EEMRE

T A% R 4 I M DTl AR SC LICM B 3k A A bk L SR
CPU #5 #E 1k 68 PEAL I ik & SPEC CPU 2017, 41t 28 37 Fil Perl
iR % 25 B L v X 4 DK bench #1457 1] Python fif B #8 4
FEEM R 4 pyperformance 3X 3 A4~/ FF 3 v I 52 42 o 170 55
BEIGERM, Hop, Perl 1 Python fif B8 (0 .0 AR5 1 &
2 | O P 5 0 2 s v T R I B AN S Ak B L 3E AR S
LR IGHIE
5.3.1 SPEC CPU 2017

SPEC CPU 2017 447 SPECspeed 2017 Interger, SPEC-
speed 2017 Floating Point,SPECrate 2017 Interger, SPECrate
2017 Floating Point & 4 AN, 43 51l I T 37 &b 3 25 8 4 o
1155 17 BT 55 VBB ZAT 55 1T 2 AT 5 b B gE H T,
AR IR SPECspeed 2017 Interger 2 £ (£ & 10 A I3 72
J¥) . fl SPEC CPU 2017 #UE B LA ¥ 31 L2 A 45 51
5.3.2 DKbench

A LHTF Perl 5. 28. 1 ¥ DKbench 2. 4 #4758, DK-
bench 2. 4V 1% Moose(Perl X} R HE42) . DBI, SQL (Perl £ ¥
PR (\Regex(Perl 1IEM #3520 % 18 4~ Perl JLAIN FH, 3
¥ Single Al Multi 3t 2 AKX 4, 43 50 T 00 3% 4k 32 2% 20
155 FZ AT 55 (AL B RE F7 . R SCR A Single &4, f# F DK-
bench B 9B ARSI H 45 G 45 % .
5.3.3 pyperformance

A SCHET Python 3. 9. 9 Xf pyperformance 1. 10. 0 #4755
4. pyperformance 1.10. 0”5 91 4~ Python %Y Ff fi] , 4
PR ST S DR Z N R 1080555 E %
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FR P R SR AR AL 7 AT, ACRHA
pyperformance SR A B I F1 45 S 6) T 2.
5.4 EAMNRELHRHEBESHF

TEE ™ gL 831 Ab B 8% F & I, 4y Bl /E SPEC CPU
2017 ,DKbench Fl pyperformance A 7 (42 4 b i#E 47 M3t , ¥
K H1-02 Fi-static gk,
5.4.1 SPEC CPU 2017 #i& 4 %

EM I SPEC CPU 2017 W, LICM % 32 B 8 % 5 K
Tt =6 s Tooma = 24 PIRORESF  MIFLERNHE 3 Frgl, WFE
R LLE . A S LICM 5 354 L 1% 48 LICM 535 £E 600.
perlbench_s, 625, x264_s, 648. exchange? s % F I HLHF —
SE R B2 ) MERe ER T 2R LTS3 LB 0. 4% R #, B
B BN TR F T SRR

%3 SPEC CPU 2017 iz 2% %

Table 3 SPEC CPU 2017 test results
%
2 4 LICM #y AR X LICM i
M f 42 AR Mg 47 AR
600. perlbench_s —2.68 0
602. gee_s 1.27 0
605. mef_s 0 0
620. omnetpp_s 0 0
623. xalancbmk_s 3.12 3.01
625. x264_s 0.58 1.16
631. deepsjeng_s 0 0
641. leela_s 3.88 3.88
648. exchange2_s 4.09 5.85
657. xz_s —0.23 0.11
JUAT 3 0.98 1.38

5.4.2 DKbench M iX £ &

16 3 DKbench A, LICM % 4 B (5 1% & 5 T = 6
T oo = 24 TR B AT AT L5 R A0 4 i g, ME T L
F il A SC LICM B35 # A %8 LICM B3k 7€ Math::DCT,
Regex/Subst, Regex/Subst utf8 25 12 5 I B A — & IR B 1o v
fEd I, R B UL 0. 63% MM BE I Ll T 1% 4
LICM 5l AR iR,

# 4 DKbench it 45 F
Table 4 DKbench test results

%)
. # % LICM #y A LICM #y
[EX R B & MR 3R A AR
Astro —0.72 —0.72
CSS: i Inliner 0 —1.77
Crypt:: JWT 0 0
DBI/SQL 0 0
DateTime 0.77 0
Digest 0 0.33
Encode 1.61 1. 20
HTML::FormatText 0.92 1.83
Imager 0 0
JSON:IXS 0.52 1.56
Math::DCT —1.95 0.65
Math:: MatrixReal 1.56 0.78
Moose 0.96 0.96
Moose prove —1.87 —0.93
Primes 1.32 —1.97
Regex/Subst —4.82 1. 81
Regex/Subst utf8 4.78 1.37
Text:: Levenshtein —0.29 —0.29
HAFH —0.57 0.06

5.4.3 pyperformance M X % &

TEMBF pyperformance B, LICM B BE K E N T =
05 Trorma = 24 PR I PELE RN SR 5 Fral. MRl
VLA A0 LICM B LA G 58 LICM 83k L 76 7 ANk +
2 bl AE AR YERE AR T FE AR BT 1 i M RE AR B

# 5 pyperformance JI iz 4% 5

Table 5 pyperformance test results

7 A X LICM 2tk % LICM # % # 4 #+
apps 1.01X faster
asyncio 1. 02X faster
math 1.00X faster
regeX 1.01X faster
serialize 1.01X faster
startup 1.02 X faster
template 1.01 X faster
all 1.01X faster
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