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Abstract

In the business software, especially on game dpusat, script languages take
more and more important roles. It represents traistation and communication
between scripting languages and programming laregiaand translation as an
important thing become an important part of busnesftware development,
especially at the early stage of development -sylséeem architecture is not stable yet.

Until now, this work is mostly handled by the pragmer, this situation wastes
a lot of time for software developers at early stafjdevelopment, and produce many
useless codes. However, if we have an softwareabwlith these work, it is possible
to reduce this unnecessary wasting, and improve dffigiency of software
development.

In this paper, we propose a translating system hvigiembines with LLVM
system, and discussed related optimization teclesigquthis system. Let target source
code have higher efficiency, simpler instructioatsment, and higher readability.
Expected source code which is translated by soffwwacome more similar to human
version.
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Instruction optimization

Ht LLVM RR=E B GBS A RIEEE S » &F load DL K storeiz
T < AT REUEAEC RS DU 7 as Z ML - 2R - 152645 < — H g i)
KBS > MBS BAIMN S8 MEEIVEIE - s B EIEIE - BHHRIA
s AMEEE T DIRIEHY -

16



AL - BV RIS HHE s ST — ERREME(L > B > BEEH KLY
HIAGES N E B TS E B statemengE S A IANIGE -

Pointer variable process

HINKRETHIRIASES S - —RRHVEELE HEELL By Value 751k
7ALL By Referenceli =U{#H4E - #m)ahak » MIASE S AR B2 @ ATa RS 8nIiEl
SHY e FTLAHEE LLVM iR Fon s E AR BT - Pt o O TR R R B

PHI instruction process
HIY LLVM SRR =0A A SSA Fromiy#5< " phi, » S SRl
s S TR A - HILEEE phi fE< SRRV EE T

Boolean to I nteger tranglation

HY Lua lARE = BA @R - Btk ESEE R RS - 28— T =
Bl % True» JEZRIAy False, VRGBS AE » NIELE LLVM frfiiZeor = £
AAE BB B RIS - SRR B -

3.3 E{E4NEn

FERT—E - PEFIEEE LLVM RUmHIAMEHETT T RESHYIM4E - [EIRF i
HEFTGRI Y S {EP B - M EE 6 FREH LLVM (&l 2 1 B E T
ARANIAYER B

17



3.3.1 Function Generalize

WELZAIATEERY > LLVM Fill e A TP i on=UHI ek =8 R =iy 5 (8
AL E - B ek =N B R TR ZMHEHEY > LLYM Bl S & H 181

SRR  EAINHAEEEE C++1 templates=i - Sk1R FTAE & 2 A DI S
- LLVM it — (8 templatest=CIRR R 2 AHIEITAE (25 | BRI AIR
[FHg R -

s el AE AR | - Al A FHIIASE = Weak TypeREit B MG R
—  BLANE]E 3-2 FR -

LLVM IR
Function1
NGLLEE NI 2

Template LIVM IR Function |
: ) | Lua Function
Function Function2 Abstraction
\ L T

ATTIRRTTIT TR
LLVM IR
Function3

N

3-2 LLVM pitglmit Templatep =0y B

Function Generalizgh E5&sT2REFIL— TAF - H N a5 B sy

Preliminary Function Match
EL¥ A (E ek =P R AR < - TR L DhRE R G AEIE - WIRATATE S HIZhRERIAE

[EIEYES > B eRECAHEIA TRl HYE B (Mateh Listyfr 5 205 BR 1 ez
18



LAY MG HIERE EARIRIRYES » {EE ez UEIUE < Fri L et A AR RIS - R
SEerEAHEIIA T AT E A= #Y75 H(Similar List)f - 4fE 3-3 Fr e

Functi Matched Matched
T = Basic Block Match il Instruction Match
Argulnents Match

Matched Exist unchecked function call
Insert into Match Insert into Similar
List List

3-3 Preliminary Function Match

Nested Function Analyze
MRAB AR TR R eki=C ) B E - A A eR = T B R B E Y
L - R =Nay call #5-S HyHEZ IR FIThRE AT Rz -

Search 1':he Lowest Function Call Matihed Update Match
Function from Match 3 Liat
Similar List from Match List
No Not matched
T 1 _ y

< e :
S Emp L‘V? P L L].St J

3-4 Nested Function Analyze

19



Y& 3-4 Frif - FrAHYEHE Preliminary Function Matckg Rl sk =4l Z & 7
IEEBH G ETTIEY - EEIFTA Rt nY ek =N B iR e 5 > SN EE
EATR

Preliminary Function Match

for(every function F1 in module){
for(every function F2 in functionMap){
if(the number of argument in F1 == the number glanent in F2){
if(isFunBodySimilar(F1, F2) == STRONG)
templateMap.insert(F1, F2)
else if(isFunBodySimilar(F1, F2) == WEAK)

weakTemplateMap.insert(F1, F2)

}

functionMap.insert(F1, F1's name)

FHrp modulelI 2 mii—#fi ARy & ARG EE A A B & S A1
functionMapfIlZEC##E Fr AT E 2 A PLR=iryek =R » £7° templateMap
Eso#k CALHEETIREAIE HY = 4H > weakTemplateMagll 2 Stk nlREDIREHEIHY
PR A CEARTERT call 155 2 & 2P EZhEERT k=) - HE=1E Map W15 E &

7 o

o

isFunBodySimilang =L AllE & B & SHAETE S HIDIRE R G AHIE - HAH

20



[BHELST R =8 © STRONGFR L — = SHAEE S HIDIRE 5E =AH[E - WEAK JI
REFEH N EHE S HITHREREAEE - (HAA call f5 SR ERY ALl
FiE—PHfEEY - NOT AR =UAHAYDIBE M AHE -

Nested Function Analyze(Base)

while(weakTemplateMap.size dosen't decrease){
for(every function pair<F1, F2> in weakTemlateMap){
if(isWeakFunBodySimilar(F1, F2) == STRONG){
templateMap.insert(F1, F2)
weakTemplateMap.remove(F1, F2)
}
else if(isWeakFunBodySimilar(F1, F2) == NOT)

weakTemplateMap.remove(F1, F2)

1% Nested Function Analyzes &iE i) isWeakFunBodySimilag =) F &
FIH templateMapicfs 2 Frigs A Yk =C4H F Y call $5-5 Bty s R & & FH
5] - HH[E{EAE L isFunBodySimilang =(AH[E - EEDELATT ¢

isFunBodySimilarWeak(F1, F2){
for(every basic block B1 in F1 and every basic kiB2 in F2 ){
for(every instruction 11 in B1 and every instructit? in B2 ){

if(11 and 12 are call instruction){

21



CF1 = called function of 11
CF2 = called function of 12
If(CF1 = CF2 and templateMap.find(CF1) != CF2)

return WEAK

}
return STRONG

BRI S WIENEEDARTEE R - £F Preliminary Function Matchiti &5 2
17 templateMap>l 5z weakTemplateMapi4H & - 2 {& 1F Nested Function Analyze
EF AN A templateMaph Y& H-—— ks weak TemplateMap (194 =04H )
REE A - ey &R A X RE[EIERF] templateMap #5 1L HH{KfEE S
R HEE weakTemplateMaph iy el =04l 2 &5 — 2y 5 Y -

22



- @
. &

@ -

3-5 WA i AR 1
2RI > R B T IR E A —(EEhE  p s s AR IRE (RIif
R BRAUHIIEHIR - T AR A AR > BIANARAE bR - e bR AR A AR
Bz U & A HHEIRYIHRE -

3-6 #E A i EE ] 2

FEERGIRNL T - PR A5 7A R S o b A — (B e =UZ AHEITORERY > 24
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TRAURPAMBE MESEHEE » BUiAR e Bl AR B YRR = - IR B (A o
He B R BAEETIRE - EEDEATT ¢

Nested Function Analyze(Recursive)

intl=0
while(l < weakTemlateMap.size()){
orgWeakTemplateMap = weakTemplateMap
orgTemplateMap = templateMap
function pair<SF1,SF2> = weakTemlateMap]l]
templateMap.insert(SF1, SF2)
while(weakTemplateMap.size dosen’'t decrease){
for(every function pair<F1, F2> in weakTemlateMap){
if(isWeakFunBodySimilar(F1, F2) == STRONG){
templateMap.insert(F1, F2)

weakTemplateMap.remove(F1, F2)

}
if(weakTemplateMap.find(FF1) '= NULL)

weakTemplateMap = orgWeakTemplateMap
templateMap = orgTemplateMap

[++

else

24



weakTemlateMapd 5z TemplateMad /& > FisE B AR ER 2P > 1
orgWeakTemplateMapl & orgTemplateMaglll/2 & 728 Fr LA 1 &kt - —
Fige - FRILAE weakTemlateMaph Bk —4H g =U4H G & A templateMapii
FoBUE FIRIRIAR A » 2 IR P THE -

FEHEEIAERE T - #el e 2 ED s =U4H &7 weakTemplateMapi %
[ o FrLLEHEESERIR - 415 weakTemplateMapi/ 245 JRASFT BUE B HT4GRA
& - AR EEHEDEREE AR B & - AREEE{ERCE 2T » n LIRS gy
weakTemlateMagl 2 TemplateMapEfT RS EGE © FHEHY > 4058
weakTemplateMaph (K Z3F R AR ECE R IR R =04H » ARFE R AR EE 5
F - VETEIFE AT weak TemlateMaph ST — A ACGETTHTATHES

3.3.2 Loop Recovery

W1[E] 2-2 i Luafyyréd > Luafg ReRfkey—&S - sbEMIFE A5 AR E
RAGESTEHEA - B2 SIEEEESRANMARES » LualhhFE—LiE
A REEERBLE FRE S HYE M - S ENEUE - AR HiE R R s HhT
BE TR

PRIt o B —R VBRI =R [E] > BRAVIR I S i AR AR S M B A
—ERVELK - 1fl Loop Recoveryil /g fy B ] 38 M i LAV H 2 — - FE2
] 47 B Branch Analyze CFG Rebuild>L 5z Reloop=1{{& 47 » MEH.# ReloopE iz

25



BT

FAR L > ReloopilfiA g sl [5]18 R A E 4L gk BV A Rl - 12 ELRER
IRIRANY CFG BT LITHEEGET - ERAEEEF LILEE S > EetfE
PR B e At S A5 R A Rl s

401[5] 3-2 6P » EE S T B R A (R R B2 2 Control Flow4g
SHAEEE) - B T (Rl AN EREME - Ff 5084 Emscripten Relooper
SELE B L ACHEE - Reloopers Bk (i FI U B/ m A i CFG A ENH
71y Basic Blocks - FEA L@ By Shapely&s e mil St e 3-7
T -

/ Shape \

4'/—- i i
Shape Shape
| Block | Block |—{ Block | @

3-7 Shapédim il

I EFT{#E AT Shapesdite o] Lo By —=fd

Simple Shape
Simple Shapeg i Z:HEHY Shape [FFF 2w /EfEHY Shape & H&H—(#
Basic Block 4 > Simple Shapel /& B 4di 1 B ([ Basic Block - fjl_F— & Shape

26



FY7T E - & Reloopers FUAFT #8 2 H /2 AR B A el Basic Blocksy -

Ert e Basic Blockz £k Simple Shape

Ligh

3-8 Simple Shap#if

W

L oop Shape

Loop Shape Nl &R Basic Blocke B Simple Shapes Fs R Y
RIEFER? - Loop Shapély Entry Block &#4—({ELL LAY in-edger iR &H %
{# Basic Block branckl| Entry Block- fEi2fE k% T > ReloopersE &AL & H|E
75 & Basic Blocka] LI4H K —i#l Loop Shape [%:{E Loop Shapgr iz s g s
fk— (& while [ -

——>  Entry } ‘ Inner blocks(Beside of entry)

3-9 Loop Shapég i
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Multiple Shape

BRI H WIfE Shapef[d] - Multiple Shapef KHVHRFEEIE Y E#EA 2l Entry
Block - £ Entry Block 247 —{[E 4% £ Independent Grouff) 1 Block & - [fj{F

%1% - Multiple Shapedy B if LUK else if5 -

Entr}-' 1

Independent Group 1

/

Independent Group 2

Independent Group N

3-10 Multiple Shapéiifi]

REL{AIGE CFG HP L& Shape R[5 LU NHERE |

S

Analyze and build Simple and L oop Shape

BlockSet NextEntries = NULL
Shape Ret = NULL

while(1){
if (The number of blocks in Entries is 1){

28



Block Curr = Entries
if (The other in-edges of Curr == 0)
Shape Temp = MakeSimple(Blocks, Curr, NextEntries)
else
Shape Temp = MakeLoop(Blocks, Entries, NextEntries)
if (Prev != NULL)
Prev.Next = Temp
if (Ret == NULL)
Ret = Temp
if (NextEntries.size() == 0)
return Ret
Prev = Temp
Entries = NextEntries

continue

EEDERTR T B R AE 77 1% £ Basic Block&: 245 Fy Simple=l, Loop Shape
WNFREETR Pl RINFAEERY Shapei ek o He » Blocks {3 3B +
FiA 1Y Block 24 (BlocksSet) #J#a1{HE f k= A Basic Block; Entries{tF#H
TIrEEE T Y Entry Block & - #4G{EZei=(HY Entry Block: PrevAIZZR7y
MreaEHT AT —{E Shape #J4a{E & 22 - P EY ek =0 MakeSimplell 5z MakeLoop
HEDEAT

Shape MakeSimple(Blocks, Inner, NextEntries){

29



SimpleShape Simple
Simple.Inner = Inner
if (Blocks.size() > 1){
Blocks.erase(Inner)
Add Inner’s next block to NextEntries if it is ind®ks.

}

return Simple

Shape MakelLoop(Blocks, Entries, NextEntries){

BlockSet InnerBlocks

Search all blocks’s previous block B1 of Blocksnfr&ntries, then insert B1
to InnerBlocks and erase from Blocks.

Search all blocks’s next block B2 of InnerBlocks

if(lnnerBlocks.find(B2) == NULL)

NextEntries.insert(B2)

LoopShape Loop

Shape Inner = Process(InnerBlocks, Entries, NULL)

Loop.Inner = Inner

return Loop

‘& Entriest 275 —{[& Basic Blockii% {7z Blocks[E:% 217 5% Simplezi, Loop
Shape [:HFFE ¥ Entriesti—fY Basic Blockflif@aEs - fR#5 L Basic Blockie &

H2% 6507 in-edger EEAL MakeSimplepr = 17 Simple Shapel MakelLooppi =,
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717 Loop Shape i #E— 43 #1117, ShapeN Eh#Y Basic BlockE AAESETT.
+ Shape: £:1% > FHUSHTHY Entries.

More

Check number of il

il LG Make Multiple Shape
1
entry block Shape ‘ L ALk s
) entrv blocks
\ J -
More than 1 |
( Search all blocks’ AL
Make Loop Shape previous block from bla E:]Z: 3 111?;1;1"
entry blocks, and insert _0 i 1 i
them to inner blocks e

3-11 Reloop#E -0 EE 1

Analyze and build Multiple Shape

IG = FindiIndependentGroups(Blocks, Entries)
if (IG has at least 1 child block set){
for(every child blockset G1 of IG){
Block Entry = the entry block of G1
Search all in-edges of Entry
if(Some in-edge of Entry is reached from outsid&a)

IG.erase(G1)

}

if (IG still has at least 1 child block set)
31



Shape Temp = MakeMultiple(Blocks, Entries, 1G, RiggxtEntries)
else

Shape Temp = MakeLoop(Blocks, Entries, NextEntries)
if (Prev != NULL)

Prev.Next = Temp
if (Ret == NULL)

Ret = Temp
if (NextEntries.size() == 0)

return Ret
Prev = Temp
Entries = NextEntries

continue

2N RFESEE SR Basic Blocks: 217 £ Multiple Shape H i IG {3
2% Entry Block & NHYT- Block 2284442 & - [f FindIndependentGroupg =t HI|
MR Entry Block s =& N YT Block £ - £ /2 MakeMultiple b =05 F

AT

Shape MakeMultiple(Blocks, Entries, IG, Prev, Nexties){
MultipleShape Multiple
BlockSet CurrEntries
for(every child block set G1 of IG){
Block Currentry = the entry block of G1

BlockSet CurrBlocks = the total blocks of G1

32



BlockSet CurrEntries

CurrEntries.insert(CurrEntry)

for(every block B1 of CurrBlocks )}
Blocks.erase(B1)
Search all blocks’s next block B2 from B1
if(CurrBlocks .find(B2) == NULL)

NextEntries.insert(B2)

}

Multiple.InnerMap[CurrEntry] = Process(CurrBlocKsurrEntries,
NULL)
}

for (every block B3 of Entries){
if (B3 isn’t the entry block of IG)
NextEntries.insert(B3)

}

return Multiple

& Entries A% Basic Blockis » {72 Blocks AJFE 0] LAZETLAR Multiple
Shape 7EEEARN T » B/ ZARESE Entry Block i Z|H A&+ Block £ »
WS AEHE Entry Block 25 AVFEEHYE Entry Block: iR 2 HIHY Entry BlockJ&E

- Block £y —{-1- -

WRAVHER —{E LAY Entry Block fF& R+ » {712 5= Basic BlockiVhf
A DI T AR Multiple Shape HIJPEIL MakeMultiple gt =t7 17, Multiple Shape If7 it
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—3 5T 1T ShapeN iy Basic BlockiZ: BRESE T T Shape £21% » FHEUE:
Wi Entriese FHZ0Y > AOSRAVHEZ A (E 0] —(& Entry Block &84 > A0HL - AE

32 ¢ Basic BlockzZ 175 Loop Shape

group which is lead

Find independent
from entry block

Check number of
independent groups

thani Make Multple set inner block’s next block to

More For each independent group,
Sh
P next entry blocks

1
1

! ‘ |

LMake Loop Shape J Analyze each

independent group’s
inner blocks to build

inner shape

3-12 Reloop#E {720 EE 2

3-13~ 3-14~ 3-15R1 5 —REHEAVE] - 1EE 3-13F » —fAB A ~B~C
D-E-F- G- H BFEFESHHY Basic Blocks§ » H A 5 Entry Blocke FHi A
(4 in-Edge A H—1{% > #7837 — Simple ShapeE A Block H A A - i NEh Block
rhfy Next Block =75 B » L3 Entry Block 5 B » E43 1Y Basic BlockaE &

HB~C-D-E~-F~-G-H-
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| Block Range : A, B, C, D, E, F,
N G, H

Entry Block : A

In-Edge : 1—=>"Simple

Next Entry blocks : B

Simple Shade 1 : {A}

-
®

— = \J</<:E/
2 L
\\
I|
/ }
[ ]

L ]

L
Q‘D)
3-13 Reloop#{T#uf 1
1EE 3-14 9 » L0 E 47y Basic Blocksg 5B~ C-D~E~F~G-H i
B & Entry Blocke £5j7> B T HH A branchia sk iy Edge 4 i 5 557h—1{¢ in-Edge>
WAL Loop Shape f¢ B £E[E[f={% » a[$LE[AYNES Block £ F ~ C~ B(A
RAETESTTHY Basic Blocke2 ) « 1iAEs Block Hffg Next Block B D ~ E » FfLL

¥iy Entry Block 25 D ~ E > JE4>#771y Basic Block$28 5D~ E~ G~ H -
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Block Range : B, C, D, E, F, G,
H

Entry Block : B
In-Edge : 2—>Loop

Next Entry blocks : D, E
Simple Shade 1 : {A}
Loop Shade 2 : {B, C, F

-
e —

{%2;—6

~
W

[& 3-14 ReloopE/T#if] 2

q...‘_\\
_ O y !,& —
®

S, e’

S ——

Gr G
GG

E[E 3-15f1 » S H7#Y Basic Blocks: 5 D~ E~ G~ H » [ D ~ E A
i £y Entry Blocke EH A Entry Block s 2 —({& > & 7] 55 7] DL T7 5 Multiple Shaper
JrAlfE D ~ EAE M=% AIHEIREEF Block £5{D ~ G} A RAE ~ H} - Hij* D
E # R E¥E N+ Block &£ 1y—{5-F » # Multiple Shapesk 17 - fj Next Block
RyZE > TREIIATSERL > AIARE ShapesEE e i -
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Block Range : D, E, G, H
Entry Block : D, E—=Multiple
Next Entry blocks : NULL
Simple Shade 1 : {A}

5 Loop Shade 2 : {B, C, F}

_,/
® @ @ @

Multiple Shade 3 : {{D, G},
| (E, H} )

© ®

& 3-15 ReloopETa#Ef] 3

3.3.3 Implementation of Instruction translation

RN EN T R VEE B Lua IASE S IVEE AL R S EE R M - FTlL
TEEAE Instruction translatiof 780 T 5T 2 HI A ETRIE I DU EL - LT &
SEANAT A 4E -

3.3.3.1 Pointer variable process and I nstruction optimization

FER i WA B o> —-ERSEK Instruction translatiofy 148 » HURE—i#EaREH » H
BT ERAE 3-16 FR -
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Preliminary Variable

Process

1L-Value Anal}-'ze Ana l}-'ze variable is

replaceable variable
Replaceable Map
Not replaceable

Reference orValue Analyze

3-16 Instruction translatio® {75 B

—Ff4a[Y Preliminary variable process5ig £y | FHCHERI S B E & - FHINE
AT S 1B IE R » R B R U AR 2 R A [EAY - 41 SR B 3|

LSO B T © 75 T A A TR 3-17 KRR -
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¢ Translation Order

LIVM IR Lua
f.._/' h . y
A il A
‘.’/-E:.a”_—. load i32* %b, align 4 l.c.J;:.a.l.}:_"q[l] =v_b[1]
B LB
%%a = add nsw 132 %c, 1 v all]= v 1] +1

* Runtime Order

LIVMIR Lua
i S 3 E: \_\..
|' | { A
B =1 B:
%a = add nswi32 %c, 1 v_a[l] =v_c[1] + 1—=Error!
A =l A
%a = load i32* %b, align 4 local v_a[1] = v_b[1]
f oo y j
L s e 5

3-17 SN TIERE R [E 2> R
MAERLH Preliminary variable processitAE E# =TS < 2 FilFk /oD FT i 22
MR - iEhE 2 1R HEBEE DL K Instruction optimizatiort BE RS 1 o bt — & -

e 3-18Ff
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® Runtime Order

LLVMIR Lua

/ iocal v.a={}

B = 132 %e,
...... v_a[l] =v_g[1] + 1—>correct
A:

§i. —

3-18 Ey M Preliminary variable process

1£ Preliminary variable process > % » #:3& HIlEA BRI THE S 05347 ~

BAELU R R - 52 L-Value Bl R-Value g5 » SHA A By B B DL i,
BIEERS - LLVM R R S i AR L A B Ry L-Value 2R &
BIRMEER 2 R RGE R R T BB EE - EiaE R B
EEREICSESEERSET - AMBPNWAE SN S - SO Idg 2
BT R EEIE DR statemenBI NI T, - RIILE B EESAHE SR » Fll:
FEE O TERE RME T indexMapiz (B Map 4518 » 20 #4551 L-Value
PUKe R-Value = fHEHY » fEEEREANHSS0F - TSRS indexMaphg s H
L-Value LUK R-Value g5 ZHZ MU -

£ Replaceablé&yigfliE1% » R ZHEI TR (% 1Y By Reference or Valug) 5347 o
ARy Lua flASE S HYE it BELL By Value J52\U{#IE - LA E & & Tablegi{ll
ArrayRUREIVSEE T HELL By Referenceli =Sk « By 1R —HIRE - BEHILAY
RIRTTE - BB E S AN LY Table ZMERIBHS SO ERH By
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ReferenceZ & By Value J7 = {H{H - &+ B8] AR R ILRTRE - (EAHEIY - 4
A B DL Table BB £y - (R FRBC& 2 Ry Preliminary
variable procesg &% - 717 varMapiz (i Map 45% » 2RECEEfE SHYRIRE -

3-19~ 3-20 Ll fe 3-21H[1 R EARYPT T~ - TR 3-1 A2 ¥ EE AR
indexMapLl 5z varMap Az - Horpr » SLEHHE < B HHE Ry T a g His < > A
SE M7 HE indexMaprfr - HItE AT &, - 2P BRAE n] DUSC ST S 8 - iz
FINCETRERAY HAY -

LIVM IR Lua

...... ::1_while cond::
while.cond: v_0= {v (1]}
%0 = load i32* %c, align 4 if (v_0[1] < 10) then
%cmp = icmp slt 132 %0, 10 goto | while body
bril %cmp, label %while.body, else
label %while.end gotol while end
...... End

3-1 Instruction translatiofiiff] 1
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LIVM IR

while.body:

%1 = load i32* %b, align 4
%sub = subnswi32 0, %1
%2 = load 132* %b, align 4
%3 = load 132* %b, align 4
%mul = mul nswi32 %2, %3
%% = load i32* %a, align 4
Y%mull = mul nswi32 4, %4
%5 = load 132* %c, align 4

%mul2 = mul nswi32 %mull, %5

/.

%sub3 = sub nswi32 %mul, Yomul2
vadd = add nswi32 %sub, %su
%add = add nsw i32 %sub, Ysub3

%6 = load i32* %a, align 4

3-2 Instruction translatiofii{sl 2

LIVM IR

%mul4 = mul nswi32 2, %6
Yodiv = div 132 %add, Yomul4
store 132 %div, 132%* %sx, align 4
%7 = load i32* %c, align 4
%ing = add nsw i32 %7, 1

store 32 %inc, i32%* %c, align 4
%8 = load i32%* %a, align 4
%inc5 = add nsw 132 %38, 1
store 132 %inc5, i32* %a, align 4
%9 = load i32* %b, align 4
%dec = add nswi32 %9, -1
store 132 %dec, i32* %b, align 4
br label %while.cond

3-23 Instruction translatio#ifyl] 3

indexM ap

42

Lua

::1_while_body::
v_1[1] = v_b[1]
v 2[1] =v_b[1]
v_3[1] =v_b[1]
v_4[1] = v_al1]
v_s[1]=v_[1]
v_6[1] = v_al1]

Lua

v_x[1] = (((0- v_1[1]) +
((v_2[1] *v_3[1]) - ((4*
v_A[1]) ¥v_5[1]))) / (2 *
v_6[1]))

v_7[] = v_e[1]

v 1] = (7] + 1)
v_8[1] = v_a[1]

v.a[l] = (v_8[1] + 1)
v_9[1] = v_b[1]

v b[1]= (v _9[1] +-1)
gotol while cond

varMap



v_cmp
v_sub
v_mul
v_mull
v_mul2
v_sub3
v_add

v_mul4

v_div

v_inc
v_inch

v_dec

(v_0[1] < 10) and 1 or O

(0-v_1[1])

(v_2[1] * v_3[1])

(4 *v_4[1])

((4 * v_4[1]) * v_5[1])

((v_2[1] * v_3[1]) - ((4 * v_4[1]) * v_5[1]))

((0 - v_1[1]) + ((v_2[1] * v_3[1]) - (4 * v_4[1]) v_5[1])))
(2*v_6[1])

(((0 - v_1[1]) + ((v_2[1] * v_3[1]) - ((4 * v_4[1]y v_5[1])))
/(2 *v_6[1]))

(v_7[1] + 1)

(v_8[1] + 1)

(v_9[1] +-1)

72 3-1 indexMapll &z varMap4Eit

3.3.3.2 Special instruction process

PHI instruction process

£ LLVM iR RS e <
HYFTHR T L-Value FY{E > G 1R{E Control Flow 5, - MiEfEiE<

Em; E/Rjgg/j
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%a = phi 132 [ 0, %BBO |, [ %b, %BB1 ], [ %c, %BB2 ] l

3-22 PHI¥5%
RIIE o EEEEE LTS 0F > FERA SSA Form Destructiornty =2k sz # I fRE
B A PHIFES T R-Value » fiESE T BIAE FF44(# Basic Block Branch

AR 2 %R PHIFE S o Ir eiEds < - MR F2KE Basic Blockiy Rl »
Y& 3-2341[E 3-24 -

Destination Basic Block

Variable s Value

Source Basic Block

Variable Value

3-23 43f# PHI $52
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LLVM IR Lua

br label %B 3 I
Bt: || s
Yoa = phi i64 [ %0, %A1 ], [ %1, %A2], v_a[l]=v_0[1]
[ %2, %A3 ] v.b[l]=0
%b = phii64[ 0, %A1 ], [ 2800, %A4], v c[1] =v_4{1]
[%3, %A5 ] v d[1] =0
%c = phi i64 [ %4, %A1 ], [ %5, %A2 ], v_e[l]=v_9[1]
[ %06, %A6 | gotol Bl
%d = phii64 [0, %Al], [ %7, %A4],
[ %08, %A6 | =1 B
%e = phi i64 [ %9, %A1 ], [ %10, v a[l]= v b[1] +1
oA 1%l %A @ || s

| %a = load i32* %b, align 4

3-24 {5 PHI 5551
PBRREMETTE » BoRAYERTER o] DUB VB R FTRR 1Y if statement & >
M THFI AR ZA THY statemenBit R e % - HEZAEERGHY statemenBg Al

PREE N - (B LLBTRERAE » GLLHRATE ] if statementETHEERELFHIZ -

Boolean to Integer translation

HINMRZIEEEE TS  AERREEAE—ERRE L2 T UG AR -
LLCEEE RBIT » & HEEACE T AE - FFZSEGHHEL True M
GHEHIERRL Falser MHEY - EAAMEBIARE(ER - —RIMTS » True GEHNY

1 |y FalsegriE#agi O -

ZAIM > Lua ASE S 2 e MM E IR B E 1T BRIy > S EHE
F LLVM iR sUET TAMMEBR BUEE . R R A M E S AR B E AR %
BN HE TR EE -
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® ¥ ANdIFLINE > WRIGCHVR —HEHIHER False A And 155
PEE[E] False: {511 > And §5< ELEEH S5 B EHIE > A amEl R -

® HOrfg<isE » WRIECHVR HEHEA K False> Jl Or 155 H#H
[E5E—EEEEHYE © SR> Or {55 ERHEEE B HAE - AmE
Fofe o

NI - FAT AR ARYAR M EREINLE "and 1 or Q AGETEH#A -

® EFEAINAEMES TrueliF : Trueand1or0-> 1or0— 1

® EERAYAIIA{E B Falsel : False and 1 or 0> False or0— 0
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BT BEREIT

4.1 IRBEEE

WA AR L LR LLVM Rl 2 AHREEEERR G B DR IS (6 26 -
Hef (5 BenchmarkiE {50 S 2 H B B EuR AU R I AP tH AV ESER R il 2 5
B

FHRFRAVISEREs A BB (A Linux 2 E 7RSS - M 5 2] Lua filiAEE =

A S 2 R B e B S Clangbl K, Linux (e s S i -
SEATERHIEE 4-1 T ¢

Benchmark EEMBC benchmarks
Test Machine 48 core x86_64 machine
Test OS Linux Debian 3.2.35-2
Frontend for benchmar Clang-3.0
LLVM LLVM-3.0
CPU AMD Opteron™ Processor 6172 , 2.1 GHz
Memory Size 48GB

* 4 -1 IR
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4.2 BEJTA

HWRNRAEES S - P ZOVAERE A 2 C & 4w Y Binary
Code T2 Rémernk P EZon=(ryFaim » AIEEA EEMBC Y makefileilf 1 7
F o BT BEF & FsRiliiy Clangz 4b - AR Ivm-Id LUK Iivm-dis #Ef AR
YIS DR RS A - it A llc BiBhIkny & miE  TiEE -

4.3 R ER

4.3.1 B Instruction Optimization &Rk > S8

4-1 D) Kz & 4-2 53 BB A Instruction Optimization#f 1% ¥t Statementiy
DURB TR 7 522 o Hofeilif Fy Benchmarke [& 4-1 7 4t# £ Statement
EEA - [&] 4-2 7 4l R THF ] 2 BB -

102.00%
100.00%
98.00%
96.00% -
94.00% &
92.00% H
920.00% H
88.00% H
86.00% H
§4.00%

® With Instruction optimization B Without Instruction optimization

4-1 754 Instruction Optimizatiod%%[¥%} Statemengl > 228
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105.00%

100.00%¢ — —7 — — — —— -
95.00% = . _— I N N N N N e e
90.00% = _— - I N EE B
85.00% _— || | i
80.00% = B
75.00% = B
70.00% -
65.00% -
60.00%
b & b b b b &> v v » v H boN
Y N N N N N
k&‘b 66& '&C& §3 §o 250 \QQ% b’b‘"’}/b’!;@ b’s’&/b'?;&/gé?/b%@/b‘g’@/bé?/}}é}/
& & &S X S &L » D DL
RN T R L S
T
B With Instruction optimization Without Instruction optimization

4-2 F i Instruction Optimizationfill 3 £ THE R 2 22
HH & 4-1 7] DS B A Instruction Optimization#é 1% - fE 254 Benchmark
Z [RIBER DR B S R AG R EE B[R] > S RESiR ) 5%y Statemeng > £
E D 10%LL LY Statement [ HHE 4-2 5 EUR ARSI THF R 5 E
Instruction Optimization] DL#E R 119 B AL -

4.3.2 B Loop Recovery i&pk 2 s 28

4-3 /& Loop Recovent#HiFTHER, 21 StatemenBiLLET - 9= > A
44%) Statementd B o A EISE AT — B 73 o [RIRFRIENE] 4-5 H[ 151 > Loop
RecoveryiilATRE R 2L LL B DI HIEAE S - ST I B A A ) -
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80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

[ | Loop Recover}-'

4-3 Loop Recoveryi s 2 & [E

4-4 1) K[ 4-5 HIE B Loop Recovery#ill{% #f Statement DL 1 728
[ 7 22 - Hrptgi £ Benchmarke [ 4-4 7 &t £y Statemen 2 LLA) > [& 4-5

Z A Ry AT T Z BRI -

101.00%
100.00%
99.00%
98.00%
97.00% -
96.00% -
95.00%
94.00%
93.00%
92.00%

B With Loop Recovery B Without Loop Recovery

4-4 754 Loop Recoveri#l|¥f Statemeni;” 5228
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110.00%

105.00%
100.00% — - -
95.00% E—— || m B
90.00% -
85.00% =
80.00%
I I I N S SN A
gfb 6@'3{ C_éb Oga cgo &% \QQ% b’gib/b’;' /&,} /b";@/b’é?/b%@ b@/b&?/}}@/
$ S P M SN &S N
5 & LTI TS S S
¢ SIS IR SR S
N & &L &
IS
B With Loop Recovery Without Loop Recovery

4-5751 Loop Recoveff il T 2 522
H1lY Loop Recover il 22 F EARSHE AlEIEREAL - AL T
FERRZEAT A BRI - AN AETERGIT S > Loop Recover {574 n Ly Statement
B A A%IEAL o EIRHEEIE 0 0.25%61 B THEE] > R AHme i vl g ey
B o B DI A IR Z IR -

4.4 FERRRIR

SR AT ER BB R - M ERA T EER RS AY A - B
Statement# L B TERE Tt AE R T A DHIEGE - BRI S - ERUHFTARY
PEALRER 2 1% > (AN [E] [ 4-6 LUK [ 4-7 B 135 _EEAEH ) 8%y Statement
A FLER - LO%Y T HE -
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105.00%

100.00%

95.00%

90.00%

85.00%

80.00%

75.00%

B Full Optimization M No Optimization

4-6 AR (LAY Statementy ” 22

110.00%
105.00%
100.00% & — — — — — — — — — — -
95.00% — — SN BN Em BN BT ENE EEE T . E
90.00% — - - B B B I = E
85.00% - — . 1 —-— - o B : | N e .S
80.00% ' = S - : ' -
75.00% - . 1 - . . : . . |
70.00% - ' ' - : - B
65.00% o a1 . . ! . . i
60.00% '

B Full Optimization No Optimization

A-7 BERGE LRI TR 2 o
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4.5 Lua 7&iwEL Emscripten BYER#R:

1% HIl 281 Emscripten” fEHYELES - [& 4-8 2R Loop Recoveryiliz
Statementiy 7 2228 - H kgl & Benchmarke 4t £ Statemengy -

8000
7000
6000
5000
4000
3000
2000
1000

B LuaBackend B Emscripten

4-8 Luaf&lmEl Emscriptenisf Statemen$ ~ LLig

Hijt Emscriptemili R $H¥5 S TE(E - 1 H A A58 EAY System function
% o I StatemenB IR IVIRIRZ AR 2 - FrAlE AR S E R IR S0y
Benchmarke

ERPITHEREN Y - FEE T - EmscripterBZ LR AV IRZAG R - B2
EmscriptenfESEEs & 7= £ —(E M - L2 H 1% Benchmarkll A~ gEIEH #ifT
EmscriptenSz# i 2y JavaScripfE Ui & A #5535 - FIN LTS & 2 P
tes TR RN 2 » R R RS R & A BT 2 LR AR

53



Iy
iy
By
s
i
=

IR EE

5.1 zl:lnﬁﬂ

FEiER T > AT LLVM st 7 — (3 Bay &y - 2KEH C oS
IEERL Lua fIARSE SRR - BRI A [F] > RAVIRImR IR B3R T RPEEE
SHEERNATE ST R I HROR T8 2B bR EER R A U I &
IAsE S EERRIPRE  LURETE T e RIEsE S SN e S g E AN
RREHRE -

[FiF > FEFH LR IHEL LLVM 285 > SREEFIEERY Lua il AGESEL C - C++> &
EHEZHEES Z AT E R - QU2 B R R B sE = Frist R AR ik

CHEET  HIBEER/ES - FrlE i ER C SR Lua iliAsE=H
WAL S - A DUKIEHY R 2 AR BT A LRI A - ERNE F#ER C
id 5 et Lua U ASE S YR SR RG KGR - AlRiiE — KRS -

5.2 RIS EHELHETTH

FETRIIHEF T R EISESEERNEIEESY LLYM &y > 28 ELH
AU S - AR 288 iR -

BRI LLVM 1Y getelementptfis 2 T SZH6 A1 - I Lua flAHH
GBI - 8 getelementptfs <3l A ARINAVIE - FLoh iR BT B F-H)
7 getelementpttis & fF HLRE R &8 SATTETE LualilA3E 2 » BF i
{ « PRIBLTRASEAE AR » B L T
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HIAZEE System functionly #2112 » EHAEFEATR - Bk LLVM
FrAREfE RN C si=UREE T BENVHEEE - A H AT 2NV ETRM - T
DItg e B L a0 s T THISE -

AR AIE TR — DAY (E - FEE(F T Loop Recoveryl Kz Function
GeneralizeZ 1% » Fe=(HYAEEMEEIZR ERA /D » (HEEERRAVE SR A
DUEYZER] - NEEARBES R R R VIR S — DB (L > B R E RIS
R HVRRE - BB AR (R R R S - e e A E A RIEGE -
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