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® T[RRI E] EFIRRIE, MEFZE Compiler
o REERL THAANAATRFEA: Toolchain
® B A Compiler H& HMLIT .

GE

MEHS

Assembly

Netlist

A compiler is a computer
program (or set of programs)
that transforms source code
written in a programming
language (the source
language) into another
computer language (the
target language, often having
a binary form known as
object code)

source : http://en.wikipedia.org/wiki/CompiIer
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#include <stdio.h>

int main() {
printf (“Hello World”) ;
return 0;

}

® 257 E — (- EpEs ! Hello World FUFES
® % )T\
gce -o hello hello.c (E, ) clang -o hello hello.c
® i B 1 ) ELF A& =CAY B THE
* file hello
* fﬁﬁﬂ%ﬁﬂj:
hello: ELF 64-bit LSB executable, x86-64, version 1
(SYSV), dynamically linked (uses shared libs)

® BT A ;
* ./hello
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#include <stdio.h>

int main() {
printf (“Hello World”) ;
return 0O;

stdio.h

int printf (const char* fmt, ..);

int main() {
printf (“Hello World”) ;
return 0;

}

® C preprocessor 2 RIZTEM stdio.h AIAZ, FEBE macro FlEas5
prototype , [l H ISR AE H RE| #include FE&



iz

i TR (3/5)

#include <stdio.h>

int main() {
printf (“Hello World”) ;
return 0O;

}

stdio.h

int printf (const char* fmt, ..);

int main() {
printf (“Hello World”);
return 0;

}

® C compiler & HH # EFIAHEFES . LESTE ARM 284F
® BAL ;= ARM M —HBkEETE S, 1277 &% printf BUALHE B
® M ELANFIE printf BUNHE, FTDAERFIEA printf £79544 1
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#include <stdio.h>

int main() {
printf (“Hello World”) ;
return 0O;

}

int printf (const char* fmt, ..);

int main() {
printf (“Hello World”) ;
return 0;

}

B>

® ARM assembler {15 4z 5%
AR S, s
FERY ARM A8

® W HFHIAFITE printf AYNL
fk, FrDUETRRANE A
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#include <stdio.h>

int main() {
printf (“Hello World”) ;
return 0O;

stdio.h

int printf (const char* fmt, ..);

int main() {
printf (“Hello World”) ;
return 0;

® printf BN 1ibc. a(C ESiErE R EE A )
HArhkA 0x1000, Linker EHECE (relocate)
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il : GCC 2=l C fmisas
GCC &1l Compiler Driver

Source (.c and .h)

. Binary
(Executable)

—— Assembly (. s)

— Relocatable (. o)

—Preprocessed source (.ior .ii)

GCC EE# 4T, 7% Compiler, 6% Preprocessor ,

HEeE Assembler , EELE Linker
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(FRGEE A RFEREE FbE(KfE - 1070 FAA KA C FEE 1%
Ho - 444 Jii ik B A Fortran B2 COBOL KPS )

® First compiler (1952)

® 55—l S 5 A

® A-O, Grace Murray Hopper
® First complete compiler (1957)

® 55— (H SR BE A A J ,

® Fortran, John Backus (18-man years) ffgcggggfeg;lé”;’f;tor of
® First multi-arch Compiler (1 960) tern; “Compilér_”

® E—(fZ & XTI iEar

® COBOL, Grace Murray Hopper el al.
® The first self-hosting compiler (1962)

® = —{HEE H CoaE B O HUAmEds

® | ISP, Tim Hart and Mike Levin

Image source: .
http://www-history.mcs.st-and.ac.uk/PictDisplay/Hopper.html -
http://upload.wikimedia.org/wikipedia/commons/thumb/5/55/Grace_Hopper.jpg/300px-Grace Hopper.jpg
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® i E Cit Bt CimiFan”
® 7= . Ken Thompson - Reflections on Trusting Trust
® (Compiling a compiler)
7£ C compiler( Z=& & pre-processor) i T —fE&F, #
compiler I AT EEIRAVFE TS login IR GAFEE, Bt e 78 # i in
A—BFEZHE, 3 Ken Thomposon 7] LUEE login 5% F 1% o B
5 UNIX 4820515 H C compiler 2E4w:%, 18 &K% Thompson 1%
A2 AR 2288 UNIX 758
® H[S ¥ EE 3T compiler 80T LAIE 2 {H3T compiler 1R a5 HE
compiler 2AwaE . A T iEE(AFSF RS RMEE . WRE
compiler & H . 1F B ERAIR 2 75— ( (EH Y ) C compiler. E ¥
IR ALE AR 2 login , BLIIA—BEt---1 BURE=UHE, HEARE
{E#r Y compiler #RTH




Bootstrapping & Cross-compilation

® 55 RN E C compiler F BEER SRR ZE
K13 AM AR 5 HY compiler FIE B compiler 4
i, INBRERARSINED Compller :
o L HHIREIAEY
® H X:E=E (2EWEEN Fortran , BiE BREHAAE
5 ) B C- (L CHESHEMUMES ) Bz
e /EH C- %—‘{ C E/{J%ﬁﬁ%% Oracle JP'—(_T.;' Java 4R :E28 javac Fi 2
® i C B A C HUME  VmEnLBm dova Rt vove SREH
FHEAE+/\ 40, 7= Baron Miinchhausen 5 B 55 KWlE B CRUE B =g, HP 52
[HE HCOWEESE, 9 H O MEIEEFRRE ) | BRI (B KT R |

R THSEALE Ciss T hEA ] , B TR 1 (bootstrap) FEHYE RATHLHL
TR iR 7 B/ NR T, e DU B 5 R ARl - EF A @Y B R B RES KEIE, AR E]<EEAY

\

N A bootstrapping 5| F & —fE A&, RIFIHIR AL EE’JF@)J’*ZIK
RBRAERIRGRET ERMRERFFRRISHERA, R —ERIFRIESR & o 728 mMEsE,
HIFIOEIEERIRAA, SIeBiR i E AR E AR, PUTR BN E S - ﬁ‘fﬁﬁ%?ﬁ
HAT, BEEMEXRAR T EI]AR L, KA bootstrapping |
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{ Compilers: Principles, Techniques, & Tools »

Compilers

Principles, Techniques, & Tools L) » , Principles, Tec mlque
ifd. and Tools -

Second Edition
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Source: Compilers: Principles, Techniques, and Tools (2nd Edition) p.5
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Basic Block

int foo (ini n)
{
int ret;
if (n > 10)
ret =
else
ret =
return ret;

}

n * 2;

n + 2;

ret =n* 2;

H BRI REZCE B

int ret;
if (n > 10)

return ret;

ret = n + 2;
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CFG (Control Flow Graph)

. A

int foo (ini n)

{

int ret;
if (n > 10)

ret = n * 2;

else

ret = n + 2;

return ret;

e EcaM R e =

int ret;
if (n > 10)
ret = n > 2; ret = n + 2;

\/

return ret;



Basic Block vs. CFG

int sum (int n)
[BasicBiock] [orc]
_O;

int ret =
Int ret = 0; ;rrt Eu o1 , int ret = 0;
. - E ‘ < . 4+ . .
int i; or (1 ;1 n; i) int i:
ret += 1;
i=0; return ret; i=0:
}
1<n; i<n;
ret += 1; ret += i;
++1 ++1

return ret return ret
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[BEE | AYRBASEME S : Syntax Directed Translator
« BRAK ?Efi%::%zli
o FETCHYEE V2510 A i s TR 2 A1 i P o 2R e i 2

. @ﬁ%ﬁﬁﬁ@@i@@? ~ M R T

® GCC E/jq:‘f @ ﬂkn% int main()
« WIRZMEES ( Al ; front-end) t N
i%ﬁ&%ﬁﬁig ( ﬁlﬁﬁ back- end) IamDea'dCode();

T T ——— /
« W: JEFRIEE HEIRFEZS (Dead code elimination)

® GCC 5| A\ [HlJE s M0 ( A atan tHEA AL )




Code Motion ( F2UREFRFZ )

o HLUGERBIREIPIT, FEES thick, 40 Loop
Invariant

® | oop Invariant: JE & N A LEER, NEmEAAKE M
[FlAS R, B RRRE R o E SR S B — R R A]




ERNAFE 74 (Data-flow analysis)
o o lF R B R

® i {lfl TS AT AR L Ml A8 #L (& (code motion) ?
o W05 P AE T8 S IR B AR TR RS

 SRHAME AT = (HHITE < MK

® Reaching definition for a given instruction is another
Instruction, the target variable of which may reach the given
Instruction without an intervening assignment
® Compute use-def chains and def-use chains




Code Motion & Pointer Aliasing

C i 2 PrEEmES R EL—RIRE
® Pointer Aliasing: Wi {# AR FIFiETa 2! [F] —(Hsd IS im A &

SRR T BESK x=a+b 5 L B ML A
while (y < z) { int t1 = a + b; Zﬁ%&f fE ﬁ‘ﬁa%ﬂbﬁ:while

mexserr | gy (s (R e

y += X; y += tl;
} }

x WRANEREE), Fr DI iEHY

SEREEN A 7E while BORATTASE
AR LA T A e 75 0 P i S e e 2 P atb MIE, AE while

USRI N
void foo(int *a, int *b, int *y, int z) {
while (*y < z) {
int x *a + *Db;
*y +=

ool




Code Motion & Pointer Aliasing
® EINMINEREN, FEEUTERR?

void foo(int *a, int *b, int *y, int z) {
while (*y < z) {

int x = *a + *b;

*y += X;

) s void foo(int *a, int *b, int *y, int z) {
| int t1l = *a + *b;
while (*y < z) {

*y += tl;

}
}

Jn*'w% SANBEIE (xa) + (*b) FBEEEBE S
R Ry NHEE R 3 B & DBk e
foo (&num, &num, &num, 5566) ;
o JJ‘« a, b, v HARZ (allas) xy BIEMUBEE o F1 *b
iU, B UANEESE H 21 Bl A




Strict Aliasing &
Restrict Poinfer Aliasing

® {15 Pointer Aliasing ZERR -4
e —HiE%| Cpointer , #wiFasrfr A BYmIRLARHE FH H 2 #y
® Strict Aliasing Rule
o I (LA ar B N [E] type Z FHIAY pointer ;2% aliasing
o (HEMRZERENMBIW IRERAE, B T RZHE
® GCC HAH -fno-strict-aliasing SR8y, ARANH]
Strict Aliasing rule
® (C99: Restrict Pointer Aliasing
® il restrict BT (GCCHEE—HHIA - -std=c99 HES
BGEGERS R Co9 Hitk ) S RNAWE e T5 € 1Y pointer A& A
Pointer Aliasing &%




Static Single Assignment, SSA Form
® {+EX2 SSA Form

o SHEEEEAK{EZ I Diego Novillo, GCC Internals - IRs

et , EEETTEET
* S{EH Assign HEBRAEHIE—
® {Ei% 1. S{EH Assign H’Jéé%&lﬁ’-\—ﬂﬁl

® \/ersion number 2. {8 © functions

® Example:
® INPUT:y=1,y=2,x=
® SSA:yl1=1,y2=2,x1




Static Single Assignment, SSA Form

int foo (ini n)

{
int ret;
if (n > 10)
rety = n * 2;
else
ret, = n + 2; int foo (ini n)
return ret,; { .
int ret;
T e | if (n > 10)
9 R T T ret; = n * 2;

R

*********

HHFEEE(F H © function  REEEEEEEEEEEE 2
AR P S R E I . SRR (E Y

EREEE AR
o T H AR

rety = ? (retq, ret,



{5 FH SSA mIjn5aE / IR UM RO s

® Constant propagation

® Sparse conditional constant propagation
® Dead code elimination

® GGlobal value numbering

® Partial redundancy elimination

® Strength reduction

® Register allocation

S
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SSA: Constant Propagation (i)

® 577 SSA , X constant propagation &% 100 4

GCC-3.x (No-SSA)

main:

mov
.L5:

mov
add
add
add
bl

cmp
ble

rd, #0

rl, #61184
r0, r4, #143

int main ()
{
int a = 11,b = 13, ¢ = 5566;
int 1, result;
for (1 = 0 ; 1 < 10000 ; i++)
result = (a*b + 1) / (a*c);
return result;

}

gce3 HY ARM ZH & 55 e th 45 R 7l i aad i
bl

__divsi3 (MY Ilbgcc e HERIPRIAE R ) |

ri- Vi ri— Vi Eiz z@ﬁﬁﬁ[@[’jﬁgﬁﬁnfﬁﬁ a*b+l a*C H/j%b,ﬁg
rd, r4d,
Edlzfﬂ GCC-4.x (Tree SSA)
Lt gocA AEBEEM O, ARMAS [
: FESMHEN CFEEM return 0 y 3 e
T EENRY R BB PRIEHEE, MoV ro,
HPRBUIGR NAREL, 5 R bx 1r
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. %] Basic Block

main () {

a = 11
b = 13 op
c = 5566

result = UNDEFINED

if (1 < 10000)
else goto bb3

goto bbb

result = (a*b + i) / (a*c)
i+ 1

goto bb2

1 =

int main () int
{ bb0:
int a = 11,b = 13, ¢ = 5566;
int 1, result;
for (1 = 0 ; 1 < 10000 ; di++)
result = (a*b + i) / (a*c);
return result; bbl:
} ]
_>bb2 :
bb3:
bb4 :
bb5:

return result
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W bt

Basic B

int

() A

malin

bb0:

11
b = 13 op
C 5566

result

a

UNDEFINED

bbl:

bb2:

if (1 < 10000)
else goto bb3

goto bbb

bb3:

result (a*b+1)/ (a*c)

bb4:

1 i+ 1
goto bb2

bb5:

return result

ock

int main() {

bb0:
a = 11
b = 13

| > c = 5566

result = UNDEFINED
i =20

bb2:
if (i < 10000) goto bbb5
else goto bb3

bb3:
result = (a*b+i)/ (a*c)
1= 4 A
goto bb2

bb5:

return result
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s FE CFG

int
bb0:

bb2:

bb3:

bb5:

main () {
a = 11
b = 13
c = 5566

result = UNDEFINED
i =20

if (i < 10000) goto bbb
else goto bb3

result = (a*b+1i)/(a*c)
1 =1 + 1

goto bb2

return result

int main() {
bbO:
a = 11
b = 13
c = 5566
result = UNDEFINED
i =20
goto bb2
bb3:

| result = (a*b + i) / (a*c)
) i - i+

bb2:
if (i < 10000) goto bb3
else goto bb5

bb5:
return result
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int main() {
bb0:
a = 11
b =13
c = 5566
result = UNDEFINED
i =0
goto bb2
bb3:
result = (a*b+i)/ (a*c)
i=13i+1
bb2:

if (i < 10000) goto bb3
else goto bb5
bb5:

return result

BEAY v 3-address code

m—

int main () {
be.
a = 11
b = 13
c = 5566
result = UNDEFINED
1 =0
goto bb2
bb3:
t0 = a * b
tl = t0 + 1
t2 = a * c
result = tl1 / t2
i =1 + 1
bb2:
if (i < 10000) goto bb3
else goto bbb
bb5:

return result
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ﬁfF n/':E

HE 5l SSA form

HE 6 assign B H & HEL—IK
® X H assign HYEEUIN
version number

int main ()

bbO:
a0 =11, b0 = 13, cO0 = 5566
result0 = UNDEFINED, 10 = 0
goto bb2

bb3:
t0 = a0*b0, tl = t0+il, t2 =al0*cO0
resultl = tl1/t2, 12 = 1i1+1

bb2:
i1 = @ (i0, i2) < .
if (11 < 10000) goto bb3
else goto bbb

bb5:
result2 = CD result0, resultl)

return result?2 ‘\\\
¥

R & function 3K iR THE

int main (
bb0:
a = 11
b = 13
c = 5566
result = UNDEFINED
1 =20
goto bb2
bb3:
t0 = a * b :>’
tl = t0 + 1
t2 = a * c
result = tl1 / t2
i1i=1+1
bb2:
if (i < 10000) goto bb3
else goto bbb
bb5:
return result
}

Lfifﬁ/ﬂ %%/TEEI’JE%WEEEJE
TARIRE, &G THTHIRRAER
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Fat:  Constant Propagation

int main () { int main () {

bb0: bb0:
a0 = 11, b0 = 13, c0 = 5566 a0 = 11, b0 = 13, c0 = 5566
result0 = UNDEFINED, 10 = 0 resultO0 = UNDEFINED, 10 = 0
goto bb2 goto bb2

bb3: bb3:
£0 = a0*b0, tl = t0+il :> t0 = 11*13, tl = t0+il
t2 = al0*cO | / t2 = 11*5566
resultl = t1/t2 fEi% 11,13,5566 resultl = tl1/t2
i2 = i1+1 FEHE o, t2 i2 = i1+1

bb?2 : | bb?2 :
i1 = @ (i0, i2) {EEHE 0 ] 10 i1 = @0, i2)
if (i1 < 10000) goto bb3 if (i1 < 10000) goto bb3
else goto bbb else goto bbb

bb5: bb5:
result2 = cD(resultO, resultl) result2 = q)(UNDEFINED,
return result?2 resultl)

} return result?2
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~olding

ez .  Constant
int main () {
bb0:
a0 = 11, b0 = 13, c0 = 5566
result0 = UNDEFINED, 10 = 0
goto bb2
bb3:
t0 = 11*13, tl1 = t0+1i1l >
t2 = 11*%5566 | 1
resultl = t1/t2 EHEE, B
i2 = i1+1 AT 11*13,
1h2 - 11%5566 EFRRI
HEEUE
i1 = ® (o, i2)
if (11 < 10000) goto bb3

else goto bbb
bb5:

result?

¢ (UNDEFINED,
resultl)
return result?2

int main () {

bb0:
a0 = 11, b0 = 13, c0 = 556
result0 = UNDEFINED, 10 =
goto bb2
bb3 -
t0 = 143, tl = t0+1i1
t2 = 61126
resultl = tl1/t2, 12 = il+1
bb2:
i1 = @0, i2)
if (i1 < 10000) goto bb3
else goto bbb
bbb5:
result2 = cI)(UNDEFINED,

resultl)
return result?

6
0
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Constant Propagation

resultl)
return result?

resultl)
return result?2

int main () { int main () {
bbO : bbO :
a0 = 11, b0 = 13, c0 = 5566 a0 = 11, b0 = 13, c0 = 5566
result0 = UNDEFINED, i0 = 0 result0 = UNDEFINED, i0 = 0
goto bb2 goto bb2
bb3: bb3:
t0 = 143, tl = t0+il @tO = 143, t1 = 143 + i1l
t2 = 61126 t2 = 61126
resultl = t1/t2, i2 = il+1 result2 = t1/61126, i2 = il1+1
bb2: bb?2:
i1 = @0, i2) i1 = @0, i2)
if (i1 < 10000) goto bb3 if (i1 < 10000) goto bb3
else goto bbb else goto bbb
bb5 : bb5 :
result2 = @ (UNDEFINED, result2 = @ (UNDEFINED,




B

20 —. . .
f#zn: Dead Code Elimination
int main () { int main() {
bb0: bb0:
a0 = 11, b0 = 13, c0 = 5566 goto bb2
result0 = UNDEFINED, 10 = 0 bb3:
goto bb2 :> tl = 143 + 11l
bb3: resultl = t1 / 61126
t0 = 143, tl = 143 + i1l 12 = 11 + 1
t2 = 61126 bb2:
result2 = t1/61126, i2 = il+l 1= P i2)
Slod: if (i1 < 10000) goto bb3
i1 = @0, 12) else goto bb5
if (i1 < 10000) goto bb3 bb5:
SHEIS Clolge leloiz result2 = @ (UNDEFINED,
bb5: resultl)
result2 = cD(UNDEFINED, return result?2
resultl) 3
return result?2
}
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Value Range Propagation

int main () {
bb0:

int main () {
bb0:

goto bb2 goto bb2
bb3: bb3:
tl = 143 + 1 tl = 143 + il
resultl = resultl = 0
i2 = i1 + 1 i2 = i1 + 1
bb2: bb2:
i1 = @ (o, i2) i1 = P, 1i2)
if (i1 if (i1 < 10000) goto bb3
else g else goto bbb
bb5: bb5:

result2 = 0

result2 = CD(UNDEFIN
return result?2

resultl

return result?
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Constant Propagation

int main () {
bb0:
goto bb2
bb3:
tl = 143 + 11
resultl = 0
i2 = 11 + 1
bb2:
i1 = P, 1i2)
if (i1l < 10000) goto bb3
else goto bbb
bb5:
result2 = 0
return result?2

int main () {
bb0:
goto bb2
bb3:
tl = 143 + 11
resultl = 0
i2 = 11 + 1
bb2 :
i1 = @, 1i2)
if (i1 < 10000)
else goto bbb
bb5:
result2 = 0
return 0

goto bb3
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7. Dead Code

int main () {

bb0:
goto bb2 -
bb3: |
tl = 143 + i1l
resultl = 0
12 =11 + 1
bb2:
i1 = @0, i2)

if (11 < 10000) goto bb3

else goto bb
bb5:

result2 = 0
return 0

E—

—limination

int main() {
return 0

}




source code source code

QCE ¢

actual gcc
preprocessor
cpp
compiler
ccl

assemb|
as

linker

v v

target code target code




GCC %#EFE

source code

Front End parser

genericizet machine

Simplifier independent

tree SSA optimizer

RTL generator

_ machine
optimizer
P dependent

Back End
code generator

target code
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source code

Machine Description

gcc source

code generator

target code



GCC M 4:§

Input Language Target Name
Compiler Generation Framework

Language and Machine -‘-
Language gtag
Specific

Code Independent Generator | | Descriptions Time

Generic Code Code

Selected  Copied Generated Build
. Time
Copied
Generated ~\~

—— — Tree SSA RTL = Code Use

T Generated Compiler (cc1) l' l
Source Program Assembly Program

Machine Dependent Machine Development



GCC HJ Transformation :

Tranformation from a language to a different language

<«——[arget Independent Target Dependent >

Tree SSA Generate

Generate
Optimize RTL

ASM

A 4
GIMPLE — RTL RTL — ASM

1 ] ]

GIMPLE Passes RTL Passes

Parse — Gimplify — —>» Optimize RTL—




The Source SImpIIfIEd AST Glmple IR
int f(char *a) f (a)

{ Q Q {
int n = 10; int i, g; unsigned int i.0; <char * i.1;

char * D.1140; int D.1141;
i= 0;

while (i < n) { Geme R

<D1135>:;
D.1140 = a + i.1; D.1141 = g * i;

return i; <D1136>:;

} if (i < n) {goto <D1135>;}

Tree SSA form

i (a) RTL IR (fragment) Final ASM (partial)

<b1'>.(')>%nt D-i1adi (insn 21 20 22 2 (parallel [ .file "sample.c"

n_2 =10; i.3 = 0; (set (reg:SI 61 [ D.1141 1)

goto <bb 2> (<L1>); (mult:SI (reg:SI 66) it
<LO>:; o

(mem/i:SI pushl %ebp

D.1140_9 = a_8 + i.1_7; (plus:SI ...

D.1141_11 = g—lo * i1, (I‘eg/f:SI 54 . .) mOVl _4(%ebp) ’ %EaX
<Li>:: (const int =8 ::s))))) imull -8(kebp), %heax

if (i_1 < n_2) goto <LO>; else goto <L2 (clobber (reg:CC 17 flags)) addb $3, %al

1) -1 (nil)

(nil)) leave
ret




GCC H:
Gimple & Tree SSA O

® Gimple 1i14 H Generic Gimp

ofimizer

ify

® SR il R E L H 5em Wi EEF T (3-Address IR)

tl = A op B (op Bl operator

’ T%X%""*/ %%

® 7 R HIFETE H e A e i H AR
® Gimple 7] AL fE B SSA Form
® o[ - fdump-tree-<type>-<option> KRiEHE H

i

® Tree SSA Optimizer
® 100+ Passes

® | oop, Scalar optimization, alias analysis ...etc

® [nter-procedural analysis, Inte
optimization

r-procedural



GCC 1&g
Register Transfer Language (RTL)

(set (reg:SI (bl )
(plus:SI (reg:SI [a])
(const _int -56 [Oxffffffc8])))

® Z5{lL LISP BY3R7/~i% (S-expression)

® RTL {#H virtual Register ( EBHEPEZ (@ register)

® Register Allocation (Virtual Register -> Hard Register)

® |nstruction scheduling (Pipeline scheduling)

® Peephole optimization

® GCC built-in operation and architecture-defined operation




GCC 1&¥m
RIL Paffen Match Engine

(set (reg:SI [b])

| MIPS.md | (plus:SI (reg:SI [a]l)
(const_int -56 [Oxffffffc8])))

(define insn "*addsi3"
:[(set (match_operand:GPR "register operand" "=d4,d4d") I
! (plus:GPR (match operand:GPR "register operand" "d4,d") |
I

'KTARGET MIPSle" /
Vou
<

[ (set_attr "type" "arith")
(set_attr "mode" "si")])

/ B A r

‘TE FREI (3F MIPS16 A R[{FER ) ‘ _




GCC & ¥
2 iFar 7L (Register Allocation)

® " {Far L H H 2= & (NP-Complete)
® ‘& — R & . AHASHY A vertex A EEE R —HHEHAE
o T%/_ertex RERE 2 . & edge TR P &2 ) £ 17
Ry ] B E B
® GCC M fFar ol . HE L2t M AR
o HHENG , RERSHE LBl AT Fas
o HEHUEELZHE . 52 memory form , B2 23 HEk A EE,
AT LLH BE T BE 21 555 B e
® Old GCC RA: Reload Pass
® GCC ! pseudo-registers R 15 5< 1Y PR i £ 18 21 i 55 2 72 HU &R
o HE SHERERMREIIER, A GEMIENERE T
® NERKNER
® |RA (Integrated Register Allocator) : #£% Coalescing, Live range
splitting DL & #2841 Hard Register HIHE

ITIT

W




GCC &im : BEARHERE

® || KUK 5-stage pipeline 2 {5l

lw $12,c

lw $12,c

s

A O OO NOMOONMNON

oC
oC
oC
oC
oC
0]
oC
OoC
OoC

q0
K 1T
K 2
K 3
K 4
K5
K 6
K/

K 8



GCC &Y : Peephole optimization

¢ DIEHRmEMNIE

® i MAE IR, FFHI2~nfl IR BEARENMIIEE
o R BRI BR 2Ry
¢ n[ UIARESEH . AHe 2T I H
® rERLEORFR . E(EmEMREH

-




1 PR B o v B A L BT

* Loop Optimization

* Inter Procedure Optimization
* Auto Vectorization

* Auto Parallelization



=T C R HE AR SR
® Sy ftJEEEL ] fﬁyﬂ‘%’?'?
® [N IR EMHE
® LT JEMRFEAE TR A] N make -j24 7
® [K Myfwit an (e 1 . c 18 =R AR LGS,
Z TR A AR E

® fH#maEar T EEE A Compilation Unit

® Static Global Variable vs Non-Static Global Variable

il

{:3l1d

® static: H /B 1E1# Compilation Unit 7] LI 21| 52 1 5 8

® non-static: 15 Compilation Unit 7] LU 21| 5E {[E A 5
mQ: /EJEEF BRI Compilation Unit 1A Y588
mA: R extern BAEY, Ul extern int i;



IRAEH Compilation Unit

Compilation Unit

External Data Reference

External Func Reference

® Compilation Unit j& A& A% PR

® A7 B N1 A Y static global
variable

B Compiler AJ DUiRdE"E 2K ffi & 25 [H]

® A7 A N1¥ H Y non-static
global variable

B i as DNEEIIR T

m [} 2 NEEHEE 5/HY Compilation Unit
FARFHEIE

® 1R AHMEEIRARR 1‘53 7;<
A2 EMBEEH, FE
A static




Compilation Unif &%

static int 1i;
int main ()
{
for (i1 = 0 ;
printf ("Hello

1< 10;
%d\n",
}

1++)

i);

5 b 2
& ([ S B

int main ()

main:
mov 3, #0
stmfd sp!, {r4, Ir}
movw r4, #:lower16:.LANCHORO
movt r4, #:upper16:.LANCHORO
mov r1,r3
str  r3, [r4, #0]
L2:
ldr O, .L4
bl printf
Idr  r1, [r4, #0]
add r1,r1, #1
str r1, [r4, #0]
cmp 1, #9
ble .L2
ldmfd sp!, {r4, pc}
L4
.word .LCO

.word .LCO

{
int 1i;
for (1 = 0 ; 1 < 10; 1i++)
printf ("Hello %d\n", 1);
}
main:
stmfd sp!, {r4, Ir}
mov__ r4, #0
L2:
mov r1,r4
Idr r0,.L4
add 4, r4, #1
bl printf
cnmp  r4, #10
bne .L2
ldmfd sp!, {r4, pc}
L4




GCC NEHZ (Built-in Function)

NX&%T@%&% THEIREHE (FAFEE
BRI ) |, B, iy s soE e
5 ZCAK s
® ctrcpy > Xx86 FEREHIES
® printf » puts, putc
® memcpy — Block Transfer Instruction

® i IR A LR E F 1B LA E

® [N AFEFEREE) print £

=, ([ -fno-builtin-XXX BY - fno-builtin K[
s £

1134




PO (Inter-Procedural Opfimization)

® Procedure / Function : 5t LAEZCHY IR , 300 A] A,
TRl RS
® FIFEZCIEIY AEAT B A
m SR BB 2 2 %F <€ register BY, push £ stack
m YRR, REFFIE]TE register Context
o MR : B 2R/ NIEIFES
int IsOdd(int num) {
return (num & 0x1) ;
}
® 1 i H.HY IPO B function inlining
® i Edzk s HNEL{H function body EEL—1{7 % caller HIFE
TR 2=




IPO (Inter-Procedural Optimization)

® 411 inline —1{EMEFER = 2
® UK FimiEas MR E
W [X] % compiler 782 e TL P RHEA T L F Al
Compilation Unit FINZ , DNEIENZ B AR A
inline — &% A 7 A B 2C
® f#% - Link Time Optimization (LTO)
® iifl| : Whole-Program Optimization (WPO)
® A% Link Time Code Generation

FuII
1 |=» ].

[SourceS - -[ IR 3 ]- -




Linker B B ER], %FRZACE LTO

® | inker B <A G2 —MEES
o (i B ZBIEA) = F RN [ (L& ] A0 [ HAERD ]
o B R EEFEAGETE

* Four categories of the options = Examples

Input files ld /tmp/xxx.0 -Ipthread
Attributes of the input files |d —as-needed ./yyy.so
Linker script options |d ~defsym=cgo13=0x224

General options ld -L/opt/lib -T ./my.x



GNU Id linker vs. Google gold linker

finish one GNU Id /ﬂfljﬁﬁ BFD

file
O .‘ O mum) (Binary File Descriptor) ,
Input files l 'f%ﬁ%&u?ﬁ%%

check — -

format

includes A valid object
multiple files

unrecognized

Stage 1 Google gold B H,

GNU Id - 2 1% -

[ OO -
Input files l 1%??& ELF
—
Read symbols S

_ task queue
includes A valid object

multiple files l

unrecognized

)



21 AR 7 I

R LM

® | | VM ( LLHi8 2 Low Level Virtual Machine)
® | HfT C++ 55 5HY Compiler infrastructure
® SIHTARIEST 2R 5 £ (compile-time, link-time, run-
time, and |dIe time optimizations)

o | LVM IR

2000 £ UIUC Vikram Adve EZ Chris
Lattner B 57 55 B 11 A (@ ﬁﬁi L )

® Apple Inc. TR T KIEE
® FreeBSD 10 ﬁﬁﬁ Clang/LLVM %

THEX AU SR i A



__\//\/\794_4\’%%/[_;\ X
VM is a Compll

er IR

® L% Compiler framework 237 #% £ f& front-end F

% f# back-end

® fi ARl RISC - & HEEHHITE< (LLVM Instruction) A&

Kl (Metadata) 2K 3522 R 1615

®LLVMIR gJ=%1 (FEHE=)

® In-Memory Form: JIT

® Assembly language representation: ASM format (.II)
® Bitcode representation: Object code format (.bc)

® [ Rh

® Self-contained Representation B /A E {147 &iHY

Compiler IR
o LU 4R iR E >

SHES SR 5L




LLVM JZERE: 1EJRIRT

[C/C++ Source] [ ARM ASM ] [ X86 ASM ]

- [“arvronieet ) [ xes obiect ]

Execution ] Execution ]
(JIT) (JIT)




LLVM Toolchain (llvm-gcc)

® {Eok LLVM HZ&1E Compiler-IR , Bt LLVM
1F [l B 4 B BRp A3 2 VR 7B VA 2B 52 B[ A s I A Y
® |LVM-GCC (gcc-4.2)

® F|F GCC E.&A 77 H. 28 2 K EF Y Front-end
® /%78 Richard Stallman Sz ¥ttt 77 = (GCC 4.3, GPLv3)
® 22 Apple Inc. Bk th 2% & H C.HY front-end (Clang)

e R
/7

[ & (e Frontend ]
Source

[ome ] — > [ oo )




LLVM Toolchain (Clang)

® Clang: C, C++, Objective-C Y424 Al
® Apple 2 T BUL GCC EHTTER) Frontend
o HE ARSI ELIEY 5
" GNU/Linux HFFH T GCC 172 A FErIERERERE I
® Clang =% =185 4H 1, Frontend : Clang C API
® 0] export AST ( 21 Android RenderScript 7K 4= Java |
Binding)
m ] 2R EEEE)5ERL ~ Refactor Tool 55
m o] R E A EF R U oA T B (Llntlng tooI =3
® Clang 5= T #Haxifl /S (expressive dlagnostlcs )
® ikt , LR HE, ZZEE MR

Frontend

Iml




VA TAN

il : Clang Expressive Diagnostics

{hand]

struct a {
virtual int bar();
|3
struct foo : public virtual a
{
|3
void test(foo *P) {

return P->bar() + *P;
lg++-4.7] }

xx.cc: In function 'void test(foo*)":

XX.CC:9:24: error: no match for 'operator+'in '(((a*)P) + ((sizetype)(*(long int*)(P-
>foo::<anonymous>.a:;_vptr.a + -32u))))->a::bar() + * P’

XX.CC:9:24: error: return-statement with a value, in function returning 'void' [-

T g e]
lang-3.1

XX.€cC:9:21: error: invalid operands to binary expression (‘'int' and 'foo’)
return P->bar() + *P;




Clang/LLVM Toolchain

[ C Source ]

=]lglellgle Scrlpt
etc

. Clan Compller Driver

_I el GCC HZ , 1BEIAEEHKHT Option A& 1% 12K

T % Cross Compiler, A& i Cross Compiler HJEE /]
» Cross Compiler !'= Cross Compiler Toolchian

Clang C/C++/0ObjC LA
Frontend N, ’ X86 Backend

LLWRM

Fartran ==} llvm-goc Frontend -
Optimize

GHC Frontend

K& : http://www.aosabook.org/en/llvm.html



LLVM TableGen (Target Description)

Input/Output
[ Assembly (For ASMPrinter)

(outs VR256:%$dst), .
(ins VR256:$src1, VR256:$src2), Y (For Selection DAG)

"addps $src2, $srci, $dst”, L/
[(set VR256:%dst, (fadd VR256:%src1, VR256:$src2))]>;

® MiF ey Backend 5| AFFAIFIFEIEE B K TR

12 i e DR
® GCC RTL Pattern : (MD, Machine Description file)

® | L VM TableGen : (TD, Target Description file)

def ADDPS : PI<0x58, \l / Instruction Selection PJtterr




Sarar w0 LLVMINZ

—

Y

[Source1 ]-- | LLVM IR I

[ Source 2 ]-- LLVM IR

[Source1 ]- --l LLVI1VI IR

[ Source 2 ]-o --I LLV;M IR

(

IPOed
executable/
Share
object

Processor Specific
executable/
Share object

 — T T S— Sl m— 2 T —

Ty

[ LLVM IR

PGOed/ Runtime Opted

exe

cutable/ Share object

— S — 3 —r T S—



LLVM BYZERE

® IR, AR
® | | VM Bitcode FH2KE ELEH A 1R Z &
® Binary Compatibility 525 AT
W hitp://lists.cs.uiuc.edu/pipermail/llvm-commits/Week-of-Mon-
20120521/143197.html

® CASE STUDY: OpenCL SPIR
® The OpenCL Khronos group proposes to extend LLVM to

be the standard OpenCL IR (called SPIR)
B hitp://www.khronos.org/registry/cl/specs/spir_spec-1.0-
provisional.pdf
® Khronos SPIR For OpenCL Brings Binary Compatibility
* http://www.phoronix.com/scan.php?
page=news_item&px=MTE4MzM



S R
> =

~

® http://www.redhat.com/magazine/002dec04/features/gcc/
® hitp://gcc.gnu.org/onlinedocs/gcc

® hitp://en.wikipedia.org/wiki/Interprocedural_optimization
® hitp://en.wikipedia.org/wiki/Link-time_optimization

® http://llvm.org/

® hitp://www.aosabook.org/en/llivm.html

e Compiling a Compiler, F{Zhk

* GNU Compiler Collection, Kyungtae Kim


http://www.aosabook.org/en/llvm.html
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