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2.1. SFX ArtAadHE A1 A

ko

Squirrel Fish Extreme(SFX)& €171 (WebKit) e EZ3he zpn}
~AYE dPo2AM Appled Safari ¢ Heh$-Aol A= At}
71= dE =z WAQl Squirrel Fish el 2A] Ao 45
F7hgE SFX QIS QIEZg g et A Hupd, F 7FA] A=Ay
E 3 B2 Add.

AA SFX+= x86, x64, ARM, MIPSE & o}7] &
st AuPAAHE A2 =5 A AoE FF o9

= ARe Fo ARz dEy 44 A9y F @ A gaHow

g
SFX Bytecode(Register based) Java Bytecode(Stackbased)

enter Method int top()
init_lazy_reg | r@ aload @ //push the object
init_lazy_reg | r2 getfield //pop the object
init_lazy_reg | r1 iconst_@ //push @
mov r3, | “A” (@k8) ialead //pop the top two value
new_cbject rd ireturn //pop top value and
put_by_id r4,|get(@ida), rs5 push it to op stack

[7219 1] SFX Bytecode®} Java Bytecode H|xl



SFX Bytecode®™ <QIEIZZE et 2] FHupde]o] = 7k w2 d
M FEAHoE AREEHE HA 2 e S AdojRA, kel X~
g 7|9k Bytecode ¢+ ©EA Virtual Register, Constant,
Identifier 5= "7} WsE AFE-FHCHS]

Tag (High 32bit) Data (Low 32bits)

Integer (32hit) Oxftf it Integer value
Boolean exftfffffe Boolean value
Null Oxft+f+ffd 0

Undefined Oxfffffffc 0

Object (JSCell) oxfffffffb Pointer

[72¥] 2] SFX Bytecode® Virtual Register W &g =4

153

Bytecodei= 64bite] Virtual RegisterE AF&3st=d Apup2~=
A dHeoly BYdE 7IFshrl fs A9l 32bitel= EFY
JEE 7]538tal sh9] 32bitell = HA @S AGstes dH=E FA5
). o] ¥ double®d 9] ©lo]¥ &= IEEE754 Representations U
23 Jd3 vy e HolHEX IEEE754 Representation?]

Nan encoding %2S A}F-&3ht},
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Global Frame Call Frame Header Callee’s Call Frame

HH-HMEI
r-3 r-2 r-1 10 T i | i
| K |

[1¥ 3] SFX Register File 7%
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: TRalh e AT

.



Register File2 Bytecodeol A A}83}= Virtual Registerg< A
Fal7] figh viE WAl AmFxE C Ao 2" {ASE
7 A2 37 SE2HY A s A 0ol AR
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497}
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A%

A=
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Compilation
s A st Foll 5 Wied AMEE
WAHE ]

FunctionType, Prototype 59 7] %<l

A ek AAR BEE
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o)
3.
)

BAs mEa e

// SFX Bytecode

mov

ré, @ke

// SFX Interpreter (C++)
op_jmp : { ... }

mov

rl, @kl

jmp
get_global_var
add

pre_inc
loop_if_less

ret

17(->24)

r2, [global], -7
ré, r@, r2

ri

rl, @k2, -15(->9)
@k3

op_mov : {
int dst = vPC[1].u.operand;
int src = vPC[2].u.operand;

callFrame->uncheckedR(dst) =
callFrame->r(src);

vPC += OPCODE_LENGTH(op_mov);
NEXT_INSTRUCTION();
}

op get by id : { ... }

[2¥] 4] SFX Interpreter 53§ 2]
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2.2. SFX AntAaHE Ao AA Hupd A

WebCore Abstract
Syntax Tree

HTMLScriptRunner Executable B i
[ FunctionBodyNode |
‘ i ExpressionNode

Interpreter
Y - Bytecode ©
Interpreting Generator | ° °
e () ()

- CodeBlock

Machine R I
umpTable
Code

Just-in-Time Bytecode RareData

Compiler ’—I
[219 5] SFX A & 7A

ScriptController

(2% 5= % neleAe E@E SFX 7o AnpsagE S
HAE G, 4§ BASANN FIT AaagE b

o S 7 1 A94E A HEH" A2 AL
SFXE WA AulAaHE AA 7=Z2 271 20]¢l Bytecode®
g3ty 1§ SFX izl i= 3t oAl wEt QI Z ey

S~
=2
o
o,
o

A Agd F 3 7 A ow Fested, A Haded

2]
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: Bytecod
ecoqe
_L Parser Generator f JaT

Source code Bytecode Machine code
SourceCode ScopeNode CodeBlock JIiTCode
SourceElements Bytecode CodeReference
VarStack Constant Pool
FunctionStack JT-related Info
CapturedVariables symbolTable
RareData
JavaScript code Bytecode Machine code
( Idr r2, [rd] ]
enter
mov 0. undefined(@k0) :j’ ‘;’ [’i’ ﬁj]a
function test() { mov r1, undefined(@k0) it 2, Ir 4’ #201
vari=0; call r-13.1. 8 Cn'm :1’ 5;1’ ]
lr;t]rn : | ggacrgll_put_resull ] | Rk e T
} ’ . 1 cmn r7, #1
bne 0x4121e310|
enter
2 adds rQd, rd, 2
oSl ”i‘;"' i‘:l‘ Eo(@kﬂ) bvs 0x4121498
rpet = str 10, [r4, #16]
b 0x4121e33c

[19 6] SFX AA] #Hdd 34

5 TERES BHoFErh

ARPAAHE 42 FZE=E Bytecode® W3l 342 Parsert
Bytecode Generator’} =@ 3%tt}. Parseri= AHHFAAHE A F&
of et ARt AgE o] U= SourceCode A& T-EE 97 8ko] 3t
22 Eg](Abstract Syntax Tree) % 7]} HHE ScopeNodedti= At
7% A9l Bytecode Generators= oS o] 83}]
Bytecode ¥ 7]E} AHZE CodeBlockol gt A& FZo| #7443k}
gl AAl FHAsdyoelA  CodeBlock A&+%E  ©] 83k

m

; 5 42T

|  S—
i
o

&k
1

ETlA



il

=
=

Bytecode
%

il

Executable Poolo] 2}
JITCode A=FZ9 7]

o

e &k

A -



2.3. SFX AtAaHE o] Hupd e ud=

o
)
e
to
Iz
{0
"
N
)
2
2
>
o
>,

o,

v8

50% — —
a0% —— ==
30% — — etc
B Machinecode Generation
20% — — B Bytecode Generation
B Parsing
N I I
- - > : . -
0

P, b
& oF 1}(‘\ A‘H‘ ,ﬁ’ _‘\q; &
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M Bytecode Generation

W Parsing
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Source
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T o Run
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Aok HFAA A F4S 71T = vk wepA el 9lol 3
ds e ewE=g AR, A8 AAHE EEA R HAste=
Aol A8 Hupd iAo Fad 2 HAVE drh

17Al0] =5 AFste A3l web A4 A
g A A(S-AOTC, Server Ahead-Of-Time Compilation)®} 2}
ol]AE A3 #H}A(C-AOTC, Client Ahead-Of-Time Compilation)
2 ydo A A8 AodS A8 F3es AW FolA Faskal

X,
o
)
X
S,
yu)
)
>,
rlo
N

Y 7)Ao HEG FetoldEst Wwol oha] A YA S 9
ath FetoldE AW ARAL AMAA k2 mEE wobd F
eholdlE Zo| A fFAZrl vl A FAe su AA 5ol
= AFE A REE ARgEHE WAL AW A 75
o Aol uslo] 4L Agatel HAsY FAel s A ;e
g AT 5 93 FeoldE SNAE AW 4 glo A+
2wz @ F dvks gl k. ae AWelAE FopoldlE
9 %

sedol $42 43 Hetd 4 gy WEel Ad FIS
B AHE A ==l AHAe nAY S oYs @At 24
A4 4 GAYL Fodne sdudol AU

ol

e
=2 WEyy) i dd AddS
e A ol F 3o A7 ALY F vk ta FelAde A
g AndyE A, T3 Ao (Bytecode)9t 71 Aol Z= WA
ANxel A8 AgdelE st 1 Aes SASL A9 HAd
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Parser&
IR Generator
Bytecode Mg:';?e
. Jm
First-Run Compiler
N

I AOTCLoader I
AOTCed
AOTCWriter File

\ AOTCManager

~,

.
A Y

JavaScript

Source

AOTC-Run

e
T ——

’I

_______ - -

(27 10] A3 Hudefe] +=

[ 1012 A= HAadde AA 722 7 AA dady o
2ol AOTC EE5& F7F3 EFolth SFX dxleA= A8 3Had
Aol wgl F3F Ao (Bytecode)9} 71 Ao Z=9] F
M, AOTC &2 F 3t E5FolA ALgHTh
AOTCManager 55 AOTCWriter 23 AOTCLoader B &
S dAubx o g #eslE EEoltl. AOTCManager 52 ApHlA~=
HE <Xlo] &2 I=E AF 3T o iFd Z=oA AP =
s T A9 HAod | drsEd AEE ¢ #Ysta it 2
S 7 3o Avde] ZoF weith dEsta W Al HAY
H s AEAA Y e AEE Folr i AOTC HlolH
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Function Offset  Size .
Global Function
Global

Function A Function A

Function B

Function B

<Meta File> <Data File>

[2% 11] AOTC ¢ %

shpe] At~ agE 28 E9e gis] AOTCManager: 19 &
oA AP E = Frss A8 HAd sl 2 23S meta L
% data Tl o] AGFEHI12] FA SFX AL 3 dej =
Autdeta gFasta glove Ay Hud A d dezE vd
of Agsta ¢l =th data FHell= AutAAHE Tt HAod @
JE(AOTC dlol®)7F A=l i, meta Fdoll= 242be] 4
of g AOTC dHle]El7} data L] o= fJx]el] A FH o] A=A
 ®AE =uh olE =4 skebd [ 1119 2k

3 meta FL % data Lol xaw FrEe PAT 5 9

)

= 1 g e 91
ARE & 7IF22 ARG EBd AutAadHEgAE LS
s At SR oY s il e AAR Fojd sk
A=l F A Hud @ A v=27] we] Hudo] I 3
So A% AAA oW AA PSS g A=A HAEE
meta 3ol &7 A A3}

Aut~agE Qo] &2 AlZtelH AOTCManager”t 3@ 4
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2 o] thE meta HLS gojok A A @ o ARE
Fel= vl A HolE9 7] FHoRE oA
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4o gk AOTC dlolE 9] data 7+ Ul 971 A},

o] % o Hupdo] Hadk AFAA aF ot A A9
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AOTCLoaderol| Al data I+l #FE AOTC dle|lHE & A
725 A, AR st AA"ES AA bR s v
A Aadol Heol A g, AddS 3l AOTCWriter

1o
=
BEES 53 data HYF meta FLo AHES 7| =3}

Primitive type data Bytecode

Bytecode

Identifier 1

Identifier2 [ seeee

(28 12] AOTC 3 9 oA

AOTCWriter+= A4d A8 5
A= A7dse). primitive typed] HAHEES w2 Ao A o] 7}t
S3A W vectoroll AFE ABREL vectord FA7|E A A #EH]
A% Loaderol A A&atA HolHE Hole + U=F s [LH
12l AFEe 3de S =43t 3 som R A B A

50| A= BEs WET

AOTCLoaderel A= data 3tdelA AOTC HolHE &21¢ d &
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o= AujAgth HolHE ¢ & W= AOTCWriterdl Al HEE
= AFste oAl srEA AEd R Hol

Kb o] dACAe] A Agdels AW FIyoA AAE
Bytecode?} A& TZEE AOTCWriterE %3 A F3c). agx
dut oA AOTCLoaderE &3l AOTC tdHlelHE ¢
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class CodeBlock {
int m_numCalleeRegisters;
int m_numVars;
int m_numCapturedVars;
int m_numParameters;
bool m_isConstructor;
int m_thisRegister;
bool m_isStrictMode;
CodeType m_codeType;
SourceProvider* m_source;
unsigned m_sourceOffset;

Vector<Instructions> m_instructions; // Bytecode

Vector<GlobalResolveInfo> m_globalResolveInfos;

Vector<unsigned> m_jumpTargets;

Vector<Identifiers> m_identifiers;

Vector<WriteBarrier<Unknown> > m_constantRegisters;

Vector<WriteBarrier<FunctionExecutable> >
m_functionDecls;

Vector<WriteBarrier<FunctionExecutable> >
m_functionExprs;

SymbolTable* m_symbolTable;

struct RareData { // RareData
Vector<HandleInfo> m_exceptionHandlers;
Vector<WriteBarrier<RegExp> > m_regexps;
Vector<Vector<JSValue> > m_constantBuffers;
Vector<SimpleJumpTable> m_immediateSwitchJumpTables;
Vector<SimpleJumpTable> m_characterSwitchJumpTables;
Vector<StringJumpTable> m_stringSwitchJumpTables;
Vector<ExpressionRangeInfo> m_expressionInfo;
Vector<LineInfo> m_lineInfo;
Vector<CallReturnOffsetToBytecodeOffset>
m_callReturnIndexVector;
} m_rareData;
}
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Abstract

JavaScript language which is one of scripting language, is
expressive and easy to use even for non-expert and is widely
used for client-side programming in Web environment. In
particular, due to appearance of Web App and RIA, JavaScript
portion of Web environment has been increased.

As mobile environment is getting critical in IT industry, a
performance of mobile becomes important. A performance of Web
service 1s one of the most important factors, because web
services are commonly used in mobile devices. But dynamic
property of JavaScript limits its performance, especially in mobile
environment

Just-in-Time Compiler(JITC) is developed for JavaScript
performance. JITC makes machine code from JavaScript source
code and execute machine code during runtime. However, In
JITC method, compile overhead is included during runtime and
it's portion is significant in the Web environment.

In this paper, we adapted Ahead-of-Time Compiler(AOTC) in
order to improve the performance of JavaScript engine. AOTC
saves machine code generated during compilation, and then reuse
it. AOTC method can decrease compile overhead which 1is
disadvantage of JITC. After the implementation of AOTC method,
we found that it improved engine performance. But AOTC also
need storage space in secondary storage, so it is hard to adapt
AOTC method.

To overcome the Ilimits of AOTC method, we proposed

Selective-AOTC which hasn’t developed yet. By selectively

a4 M =T



applying AOTC method, we can get maximum performance while
using less storage space. To implement Selective-AOTC, we
proposed select heuristic which use compile overhead and
machine code size information. Our Selective-AOTC had 10.8%
performance gain and decreased 65.1% of storage usage compared
to JITC method in V8 benchmark.

Keywords : JavaScript, JavaScript Engine, Just-in—Time

Compilation, Ahead-of-Time Compilation, Selective AOTC, Web

Optimization
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