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FoAAR AAEE AadHE A% IR
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ARE @ol & & Qlojof gt} o & &9
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U Al 2% instructions Y AQIEHEH =5
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He 8 Z2a99 455 Y + A&
A2 instructions A|st=d] &40

2 ARRE Ak
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H AlEHel A E = A= IR AlEdHH
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o= Aok P vl AR A
v Aol & #1gk 7w Ale] Sl vt Akl
2= Al 23S platform independent
IR (intermediate representation)$! bytecode
2 WA 2ZEE 7 HAL(JVM) S o]
bytecodeE A YA AA EAANA A7l
St machine codeE AJ/d3sHAl H ).

3 Microsofte] NET Frameworks
AFE3EE code MY BAE 2 =i AT
o} wW]Z=slty. NETS %3 7fas
-2 Microsoft Intermediate Language(IMSIL)

52 Common Intermediate Language(CIL)

IR

of PAoz Hupdo] Ak 1l 5o
B} Alo] ¥ platformoll Al Asjo] & wj t}
Al gk M 9t = o] machine language®
@L%‘jr

Aol F 7HA dAFE FE RS T
portabilityel]l 28d& @FvH B A=
IRS %3 machine language 4 Al A%
Fodol Tgol ¥ ARE Az & the
Aol A ko] 7b At

3. 71AF H&l(Virtual Machine, VM)
IR (Intermediate Representation)

3.1. 7k ofal(VM) IR

713 w4l 9] Instruction Set Architecture
(ISA)= 574 Architecture AgE FiE&
vl A ¢k Architecture independent minimal
setO & FASIAT 71 7124 0 & move,
load,
logical operation®] wajA =
1= S 23
conditional branch, unconditional branch
aea FoiA AT
data mode?] A% fixed point data type2]
7 9ol SI modeE 1 word(32bit) &2 73}
i, QI, HI, DI mode7t#| A ¥at=s -7
skt

931, arithmatic,
gelHol 3l

control flow operation® 7%

store operation®]

call operation® & 9]

QI Quarter integer (word %)
HI Halfinteger(word %)

SI Single integer (word)

DI Double integer(word 2)

[d2! 1] Data mode



Control BEQ, BLE, BGE, BLT,

transfer BGT, JUMP

Function CALL,RETURN

call

Arithmetic ADD, SUB, MULT,
DIV, ASHIFT

Logical AND, IOR, XOR,
LSHIFT

Arithmetic NOT, EXTEND

Logical NEG

[32! 2] Operation category

7V WAl9] Instruction Set Format<
3-address code® (set : DEST SRC)9| &
& 7bxth DEST® SRCE+= 7H7h9
instruction®] A ¢ 7ol wetA] 2] 2~H,
HEg F4 dbedite] A Fo] o7t
Al Ho

Inst. Meaning Virtual Machine IR
MOV R[0] <- 1 (set (SI:R[0]) (const: SI 1))
LOAD R[0] <- MEM[R[3] + 0] (set (SL:R[0]) (S:0(R[31)))
STORE MEMI[R[4] + 0] <- R[0] (set (SL:0(R[4])) (SI:R[0]))
ADD R[3] <- R[3] + R[0] (set (SL:R[3]) (ss_plus:SI
(SI:R[3]) (SI: R[0])))
[O&l 3] Basic instructions
Inst. Meaning Virtual Machine IR
CALL Function pin_down (call (function:pin_down))
call
JUMP Unconditional branch  (jump (label:L2))
toL2
BLE Branchto L3 (jump (label:L.3) (le:SI
if (R[4] <= 16) (SI:R[4]) (const: SI 16)))

[a2! 4] Control flow instructions

IR Al &0l 15

32 7k ol FE Mg flst GCC

GCC+= theFst Cross Platformoll A &=
s 4 %= E macro expansion®] 2= code
generation W& ARESI 9t o] u
GCCN A A-F3Nok & Target AH= F 7F
A7} e}, = register class, stack layout,
calling conventions o] 3t=gjoje] 29
#3 AHE @2 Target description macro
olal, thE stu= HWHEY T w4
o #3t AHWE 7|43 Machine description

ol

o

GCCol A Al&4d Targete] = 714 H
212 otge] 5AE 7z 2 E Hilo
2 E33] @& general registers st
o] spill code”’} A H A =5 St} Byte
addressable memoryZS 7}A ™ addressing
mode= Base Offset addressing mode<}
Rilcia=

stack frame #2E 98] stack pointer

Absolute addressing modeE

register®} frame pointer registerE <=t}
GCC Code generation®] Targets 7} o

A1 (Virtual Machine) 2 & A3}l porting

Virtual Machine |

Compiler Back-End ‘

p J

[Z&! 5] Virtual Machine IR
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S 3o Cross CompilerE o] o] o] &
3 714 M2 IR(Intermediate Representation)
S A 3th Compiler backend:= IRE &
gy Z2 WS oy 7% 7|HS 935
of BAS 2AE ARE o] §ste] Y

A 4 8t5 A=dto] #F target machine
codes AAstAl € Th

o
o
H

i
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4. 7kAF H2AI(VM) IR Simulator

4.1. 7|2 ofo|c|of

7Fd Al IR codeE FYE semanticS
7+ C code® W+ A]7]¥ host machine
o Al Hutd 2 A aPslo] simulationd =
t}. Al e, instrumentation 7]1H S AME-
3te] VM IR9 instructions function© =,
memory %} registers global array® X 33}
o] C codes A7dstrt o]e} o] simulator
7ol simulations 73 3= code®} semantic
codeE ¥ 3311 9= compiled simulation
< TdsAH

o9 simulationg &34 VM IR A&
el dlst H5©] 7Fs3lal instruction count,
Basic block(BB) frequency %% profiling

datas €< 4 Advt o] H profiling H =

VM IR

Translation

Host machine
Compile

—

[d2! 6] VM simulator

Sim C Code

Compile

S& T2 s =Y F Ude A=
& instructionS AQtst=d & 95 &
T S Aol

42. 71 HA(VM) IR Simulator &
421, BlX|AE 2 o222 73

g A

frame pointer, program counter, general

YA 2~El = stack pointer,

register®} return value save register®
AEol 9la, o]5L ColA integer global
variableZ X|$3tt}, 53] general register

o] AF Fdl T size® arrays FFobA

B 39 registerE zt=thE 7HA
B3 sE FEsA
7F W9 w2 &= byte accessibledt

= 714l &3t == char global array =
B omEE 99S global
data area, stack area, run-time heap T &
sto] 7h wale] wixe] oju|x & st
At

422. Instruction &

Instruction< 7]¥#-2 © 2 simulator code
el A function call® XZ|gHt}E. MOVE,
LOAD$} STORE instruction?] 7%+ 7]
222 memcpy()S AHE3Fo] FHSEATE

Arithmatic, Logical instruction 5& [
H 8lell Ao o] C dojelA ATE= A
2SS AFESEe] FFE s

Branch instruction® Call instruction-

label ¥}
pointerE argument® W& 3=
A gl ste s kgl

Library call®] 79+ semi-hosting 7| ¥

= AH&ete] A stglth. &, libraryE A H

A3tA] 231 host machine®] libraryell ¢

7} 7} o) target function

wHgo]

target

-



A¥ =5 sho] At
7

Atk OV] gk, o]
pointer?] JH &

epilogue H-#o] §

7 *}%’5‘}71 A

il kA

wold VASH MOVE_REG(vold *

nemcpy (dst, src,

vold VASM MOVE (void +

nemcpy (dst, &sre,

vold VASM LOAD(int *

memcpy idst, SVASM M[src],

vold VASM STORE (int

nemcpy (SVASM M[dst],

Foll o] &S
SKe)

A A 7F s sk =

o owold *sroc, 1nb I
size);
., int , int , const ok
size);
, int , int o
size);
. int *sro, int |
sro, size);

[d2! 7] Move, load and store operaton

int VASH DPER(Enum VASM_OPER_TYPE

int

. int Lo

if (oper == VBSM_SS_PLUS) {
result = srcl + srcl;

else if {oper == WASM MULT)

result = srcl * srel;

else if {oper == WASM AND) {

result = srcl & srcl;

else if (oper == VASM_IOR) {

result = srcl | srel;

else 1f (oper == VASM_XOR) {
result = srcl
else if (oper == WASM_ S5 _MINUS) {

srcl;

result = srcl - srcl;

else if {oper == WASM DIV, f{

result = srcl / srcl;

=zlse if {oper == WASM_MOD) {

result = srel % srcl;

ezlse if {oper == WASM_ASHIFT) {

result = sroll << srcl;

(A8

8] Aithmatic and logical operation

stack pointer, frame
2] 3} function prologue,
7] W&o semi-hosting
A 0}

IR Al Edloly 17

5. &g Zu

5.1. Simulator code2| 24Ad

Compiled simulationS F33}7] ¢ 3] A]
obzf o] [1¥ 10]3} 2ol €] source code
25E IRS o] IRY wdgt
c codeE A3t} o] ¢£lo)| %= simulations
et codesol A= simulator’} &2t
'3}74] Hroh o2 A A E simulator ¢ code
ol 4 compileste] 53

semantic 9

host machine A}

S 3kA =4 IR correctnessE W21l A
g3tAl HAFE 4 A "k

5.2. Profiling information

5.2.1. Instruction Count

Compiled simulationg 43} &
24 total instruction count® ¥
th GCCol HA g 7+es 2= A&
A3} Ao W instruction
Toto] Blue} & = Utk B9
[28 11]2 fir, dijkstra_small, adpcm_decode
benchmarkel] thgh # % s} @Alo] W& total

instruction countE % # 3k o]t}

_/I:O]ODE

count=

Inst.

VMIR

Simulator C function

MOV

LOAD

STORE

ADD

BLE

(set (SI:R[3]) (const: SI 1))

(set (SLR[0]) (SL:0(R[3])))

(set (SI:0(R[4])) (S:R[0]))

(set (SI:R[3]) (ss_plus:SI (SI:

R[3]) (SI: R[0])))

(jump (label:L3) (le:SI
(SL:R[4])(const: SI 16)))

VASM_MOVE(VASM R[3],(1), 4)

VASM_LOAD(VASM_R[0], (VASM R[3] +
.4

VASM_STORE((VASM_R[4] + (0)),
VASM_R[0],4)

VASM_OPER(VASM_SS_PLUS,VASM R[3],
VASM_R[3],VASM_R[0], 4)

VASM_BRANCH (VASM_LE, VASM_R[4], (16),
L8, 4);

[Z&! 9] Instruction to Function
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nt sum(1iat
{
eturn srel + srel;

1

2] A 227 A235.(2008,12)

that will l:e cmhhared in t

nst: ST 24)))

s function

void sum() {
ENTER_FUNG{ ¥
ENTER BB{ )i
WVASM_STORE ((VASN_SP + (0)), VASM FPR, 4);
VASH MOVE_REG (VASK_FPR, VASM SP, 4);
VASM_OPER(VASH_SS_PLUS, VASM SP, VASH S8, (24), 4);

EXIT_BB( )i

EWTER_EB ( )i
srcl VASM LOAD (VASH R[107), (VASH FER + (-4), 4]
VASH_LOAD(VASH R[108], (VASM FPR + (-8))
Src VASM_OPER(VASH_SS_PLUS, VASN R[100], vasi n[m'ﬂ] VASI_R[108], 4);

JoSH MOVE REG(VaSK RETO, VASH R[109], 4);

RIT BB( )i

ENTER_EB ( )i
VASM MOVE_REG(VASK_SP, VASH FPR, 4);
VASH_LOAD(VASM_FPR, (VASK_FER + (0)), 4);
VASM_RETURN () ;

EXIT EB( )i
EXIT FUNG("20n");

[32 10] Correctness check

S Optlv
00 01 02
Benchmark .
fir 1219 53 520
dijkstra_small 4560213 2,209002 2,192,689
adpen decode 11,967,070 6,038,754 5,676,305
[d2! 11] Instruction count

5.2.2. Basic

Simulation%

T s=7k] o

BE Freq.:
BE Freq. :
BE Freq. :
BE Freq. :
BE Freq. :
BE Freq. :
BE Freq. :
BE Freq. :
BE Freq. :
BE Freq. :
BE Freqg.
BE Freq.
BE Freq. :
BE Freq. :
BE Freq.:
BE Freq. :
BE Freq. :
EE Freq. :
BE Freq. :
BE Freq. :
BE Freq. :
BE Freg. :

(28 12]

. adpcm_decoder BS62
. adpem_decoder BEES

Block frequency

&Sl A basic block<

HE }\2]‘0‘]‘

=54
3 ARE 57

=
T

148
148
148
T3760
140834
147520
28574
147520
8951
147520
65211
147520
70437
147520
147520
147372
73760
(31111
147520
148
1482
TI0e3

adpcm_decoder BSZ9
adpcm_decoder B532
adpcm_decoder BE3S
adpem_decoder_BE38
adpen_decoder BS41
adpcm_decoder_B547
adpcm_decoder_BSS0
adpem_decoder BES3
adpen_decoder_BEGE
adpen_decoder BSSY

adpem_decoder_BEGE
adpcm_decoder BST1
adpcm_decoder BETT
adpcm_decoder B580
adpcm_decoder BES3
adpem_decoder_BLEE
adpen_decoder BSSY
adpcm_decoder_B595
adpem_decoder_BE9E
adpem_decoder BAOL

Basic block frequency

glth. o] profiling dataZ EafiA] ZE 19
°] hot spot2 & F Yo o= nfE =g

=
A dess =Y & Jde 4=z &84
F AL Aot}

5.2.3. Pattern information

Basic block(BB) W €] Instruction patten
ARE F8T 4 vk o] HRe} Basic
block frequencyE €34 ©J® Instruction
o] 7} ol FPE=A dopd
AAZ M B 3345 Hol= BB
=9 3Fv}el adpem_decoder_B5772] W
Pattern information [Z19 13]3} 2t} ¢
o} 22 patterno] FoH S o & T2
He] s TS e
A Z& instruction®] ™ g ideas

=2 7 & Aotk

O~
F 9

ol S >~
=4 5 e

SRS

5.2.4. Semi-hosting 7|

%3l 4] host machine
oA APsE BE library calle A&
T A7 el AYE A 34 &2l
e Qs Rk olyet Aol A Ao
st HAEx A & = Aok [29 14]&

Semi-hosting 71 <



dijkstra_small®] source code & Y4-o|t}.

printf¢} #Zo] host machine ¢ standard
libraryoll 43 9+ function® 7% semi-
hosting 7| H& %sﬂlﬂ g AFgE
ATt ofge] [17 15]= o] 7IHS AF&3f
o] A4 % simulator code®] T}

BasicBlock : BS

TizeTab] 9201 v14El|
1 1 1 0

[d2! 13] Pattern information

printf( . rgnModes [chEnd] . iDist);
printf( )i
print_pathi{rgriodes, chEnd);
printf( T
[d2! 14] Source codes
VASM_LOAD(VASM K[288], (VASM R[287] + (0)), 4);

VASH MDV‘E(VBSM R[289], (void +)dijkstra_small_c_LCZ, 4. Vi
VASM_MOVE_REG (VASM_ARG[0], VASM_R[289],74);
VASM_MOVE_REG (VASM_ARG[1], VASM R[288], 4);
EXIT BE( T
ENTER_EE( ;
vasm_call wrapper
EXIT BB :
ENTER_EE 3
VASM_MOVE (VASM_R[200], (woid *)dijkstra_small_c_L03, 4, Ji
VASM_MOVE_REC (VASM_ARG[0], VASM_R[290],74);
EXIT EB( T;
ENTER _BE( ¥
vasm_call_wrapper |
EXIT BB( Vi

, printf, 2, 4, 4);

| printf, 1, 4);

[aJ2! 15] Simulator code

IR Al EdelH 19

Shortest path is 10 in cost. Path is: 0 16 & 9 1 11 23 15
Shortest path is 3 in cost. Path is: 1 11 23 27

Shortest path is 17 in cost. Path is: 2 58 0 17

Shortest path is 11 in cost. Path is: 3 16 5 9 1 11 23 27 10 21 18
Shortest path is 17 in cost. Path is: 4 26 19

Shortest path is 15 in cost. Path is: 5 9 1 11 23 27 10 14 20
Shortest path is 23 in cost. Path is: & 91 11 23 27 10 21
Shortest path is 10 in cost. Path is: 7 26 19 15 22

Shortest path is 11 in cost. Path is: 8016 5 9 1 11 23

Shortest path is 11 in cost. Path is: 91 11 23 27 16 5 & 24

10 21 27 16 5 9 25
11232716 591726
12 16 5 91 11 23 27
13 11 23 27 10 28

Shortest path is 10 in cost. Path is:
Shortest path is 13 in cost. Path is:
Shortest path is 7 in cost. Path is:
Shortest path is 14 in cost. Path is

Shortest path is 9 in cost. Path is: 14 12 16 & 20
Shortest path is 4 in cost. Path is: 15 28 0
Shortest path is 1 in cost. Path is: 16591

17 18 2

4

1
Shortest path is § in cost. Path is:
Shortest path is 8 in cost. Path is: 18 3
Shartest. nath is 7 in rnat. Path is-

[OJ2! 16] Simulation result

simulator codeE 7 3 d3d}o] 43 A
Yo} 2o AxE 42 & A= o
source codeZE 719+

Fsteh olsh gol ARE iz FY3

gtolslk 4= 9l7] W&ol IR code?l correctness
ALY Aps Aoz ol FAan —“i?%‘}?} code

o tw 7 A7E

dEHE w29} 9

6. 2 E
Application Specific Instruction set
Processor(ASIP)ol| 4] o] AL&%+= AA

F4 AadeE 8 RS Al & o
ol 2 54 Wil o 7k e Efef
gk o]qrEo] Wol Stk 1 FAAME 7HE T8
3k AL 213 o] hot spot®]U instruction
AREZA ol 58 &

g A 5

patters & F U+

A RO s ¥

A Z-& instructions &Aoo = Tz}

T At AT ojgd FHEL uHioly
A

=8 Qojd 4% Aus) 1]

ro o

o o o

HEHJ

5
Ir
£
A

< T Aok F oA Fag ofe
7hA et Abgetal A A9 IR
o] correctnessE A F A& FHe] 9l

=7 oot
olgt & WFHIALF E =idA=
7} #41(Virtual Machine) & 7|HFo. 2
; .

IR¥ ol #HH AEH)AT & A= IR

frontend =
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SimulatorE AQFeFSt) o] & 13l compiled
simulation 'S AF&-3to] Simulatorg T
d *6}04 host machine Aol A 73} slo]
& E£55 2 A%E gl = F Ak

U‘ixi Libraryg semi-hosting 7| ARHE-3}]
host machine’d9] library callZ2 AZAEHEE 3}
£ source code$} 3] FY3t
A 38 4= 9)0] IR coded correctnessE A3}
o) wme B s s 49 s

S

Simulatdon 2

3k basic block(BB) frequency AXE
AL o z2H IR Aol A o= 39| hot spots!
= dold 4 At} pattern information
& ojW pattern? instructionE°] A+
Efvt Fa =R giEfA] HolErh 99
BB frequency$ pattern informatione &
§ ZRO) A 1Y F A= RS
instructions A|¢tst=dl &&4o0 2 ALE

4 5 9 Aol

Xoq
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