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Abstract Loop invariant code motion (LICM) optimization includes relatively heavy code analyses,
thus being not readily applicable to Java Just-In-Time (JIT) compilation where the JIT compilation
time is part of the whole running time.

“Classical” LICM optimization first analyzes the code and constructs both the def-use chains and
the use-def chains, which are then used for performing code motions. This paper proposes a
light-weight LICM algorithm, which requires only the def-use chains of loop invariant code (without
use-def chains) by exploiting the fact that the Java virtual machine is based on a stack machine, hence
generating code with simpler patterns.

We also propose two techniques that allow more code motions than classical LICM techniques.
First, unlike previous JIT techniques that uses LICM only in single-path loops for simplicity, we apply
LICM to multi-path loops (natural loops) safely for partially redundant code. Secondly, we move
loop-invariant, partially-redundant null pointer check code via predication support in Itanium.

The proposed techniques were implemented in a JIT compiler for Itanium processor on ORP (Open
Runtime Platform) Java virtual machine of Intel. On SPECjvm98 benchmarks, the proposed technique
increases the JIT compilation overhead by the geometric mean of 1.3%, yet it improves the total
running time by the geometric mean of 2.2%.
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I loop preheader ]

!

1 copy as0 € al0
add 10 € asD'+ 48

load as0 € {t0’]
|2_ copy is2 € ill

add il € i1 +8
3 cmp p4.0 € as0 , 0

(p4*)branch  throw_null
add t0 & as0' + 58
load as1 < [t0']

4 cmp pd0 € as1 , 0
(pd4')branch  throw_null

add t0 € asi +8
load t0 € [t0°)
cmp pd4.0 € is2 , t0°
(p4*)branch  throw_bound
add t0 € asi'+ is2’
load is0O € [t0']
(5 | omp pd.p5€ (80", 100
(p4" )oranch loop exit
(p5°)branch loop_header

'

I loop exit |

(a) LICM & 9] 9A} 3= 39 o

loop preheader
copy asm0 € al0
add tm0 € asm0’ + 48
load asm0 €< [tm0"]
3-1 cmp pm4,0¢ asmd , 0

I

copy is2 € itt
add i1l € il1 +8

’—_.—

IT

32 (pmd)branch throw_nul!

add 10 € asm0 + 58
load as1 < [t0°]
cmp pd,0 € as1 , O
(p4')oranch  throw_nutl
add 10 € as1+8
load t0 € [t0°]
cmp pd,0 & is2 , tO°
(p4° )branch thr ow_bound
add t0 & asl'+ is2’
load is0 € [t0"]
|5 cmp  pd,p5€ is0", 100
(p4*) branch fall_through
(p5*) branch |oop_header

!

I kitl asm0,pmd l
+
I loop exit j

(b) 71&H YieEHs F88 A

a2 2 LICM HE9 <

F

=RAAME 2184 &t X QoA 2 A9t A
o] BE Euohd AFA EAs QA Hez FAF
Aoz IT ole g T 4 U olFA HY HA2H
ARgFol Z71ELART “load”9} 2L FLF wWHEols
F2 LICME &3, HALEH AMZFE #else
& heuristic® H-E3td, wWE £4E 534 o] F
L AeE A& 4 Atk dE E9] “store” WP 2
< WRey FALE 7M7) A& g & ghe) spHe]
2 AZLEE "load” WHOF A o), 2 FAE AN
he e dite Fesida wasR] gold FHRA
B ARSEE 93 LICMe] dldez 4 ghett

A HEE HAA=E AHEFE AZ23e paEd
heuristic® e g2tk HX2HE &3 e £ Je
FEY HMFEY F NFE FZS 1 A g
A ke WA LICME &3t Aotk & Ba}
HHo] 2% W9l § basic block® dA ¥ §&
Bo7E w2 AP 2 Age] A gkgic,

Aok 22 WEE FE3e AR g Haee w=
Al FE QblA 1 ARgo] FuA HERZ RE I
exit basic blockel 7 YAl WFE9] last useE HA
Fom Yo S BHAF werh o] BWAH last
uset AA olRY IEE WHEZR g1 @A 2FHEY
o AL 3 Ao R AZYG LaTTed %
ARt Sl Bxo) disfA o]l B Wb e AL%
stk ARt AR g3 AU AF 2 FLE A
o-Atg AL FalA def W7t X QMW K&
A Fg sk A Eslop gt Ejoryt Fde]

RREAHom ZEI: It AR last use AR
she Hye] ZAIglel AFeA FgEo] AREE 4= itk

5.2 49 ZRUH I IZCE A= =2a2]7|

oW AA WErE d(nul)o] ohJgtm BAS wolol
T2 O @S Y 5 Q7] g, o] d 2
B 39l FE(null pointer check code, ©]8} ZcjA
null check FE)N= T o)Fd QoA Aoty Ay
o] Hr}. ulREe AL WEaZRE ¢loje Q2 Ao
He A7 22 e i, wi=A] null check IE
7} dojob dt} T o] gre] BWololx= 2 pull
check FE=& Autel F&3§ o9 Ed(Precise Ex-
ception Model)®W&o] ZE3tlz AU 4 itk
£ 2 AAE o83= 1 399 HHOEL
Holx] E3tAl "k 2@ 29 (b)9} 2¥ 38 Hm
B a9 20M g B 2= R0 A e

W S o

7) dWH 2.2 hardware trap® ©l &8t} & B3 (compare) 9t B7)
(branch) B@ol S AHEGCE Intel® 03 A4l Hulde|ep B =5o
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4= Itk null check 2= wj &9
& B 3= 9 Aol ol null check ZE A
Az Sk 2¥ 244 4709 2=t IR null
check ZE7t &A7F =2 gevhd 29 33 go| 7]
Z9 4718 749 2= 0 39 5 Uk

9ol R 2=

B

loop preheader
copy asm0 € al0
add tm0 € asm0' + 48
load asm0 € [tm0"]
cmp p4,0 € asm0 , 0
(p4*)branch throw_nul |
add tm0 & asm0’ + 58
load asmi € [tm0"]
4-1 cmp p4,0 € asmt , O
(p4*)branch throw_nul |
add tm0 € asmi + 8
load tm0 € [tm0']

e

e
|2 copy is2 € il
add ill € il1+8
4-2 cmp p4,0 € is2 , tm0
(p4’ )branch throw_bound
add t0 € asml + is2’

load is0 € [t0']

cnp  p4,p5€ is0', 100
(p4') branch fall_through
{p5") branch loop_header0

!

{ Kill tn0, asnf |

F

[ loop exit I

a3 349 2AY el m=rl Yz g7t o
(39 2% 2L 9} 2E)
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e} Al AR Jhe AR U1 (F ER3E wEF
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7h B hsAdel flolA Aube] FEE ole) 2d
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I preheader ]
]

v
copy as0 = al0
add t0 =as0'+48
load as0=[t0’]

add i1 =il1+1

branch left or right

cmp p4,p0=as0, 0
{p4"Ybranch throw_null

add t0=as0 +58

load as0 = [0}

cmp p4,p0=as0, 0
{p4")branch throw_null

add t0=as0+8

load 10 =[t0']

cmp p4,p0 = il1, tO°
{p4 )branch throw_bound

add t0=as0" +il1

toad isO = [t0']

addil2=il2 +1

| throw exception I

loop exit 2

) Shab == £33 o

copy asm0 = al0

add tm0 =asm0 +48
load asm0 = [tm0’]
cmp pm4,pmS5 =asm0,0

(pm5) add tm0 = asmQ" + 58
(pm5) load asm0 = [tm0’]
(pm5')cmp pmB,pm7=asm0,0
(pm7) add tm0 =asm0 +8

(pm7°) load tm0 = [tm0’] add i1 =il1+1

branch left or right

(pm4)branch throw_null

addil2=il2+1
throw exception

kill am0, tm0
pm4, pm6

(pm6)branch throw_null
cmp p4,p0 = il1, tm0’

{p4’)branch throw_bound
add t0 =asmQ +il1"
load isO = [t0']

(b) Zézi Fag o)lafAM 4 EUE FA 2= dolA o
73
F70) wA e A2 de B¢

A% null check ZE % &4 % A3 ¥ null check

2o &7 BUE 942 B A=ES A9 BEF &€
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6. &8 Zat
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