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1. Compiler[4miFEsE]

 Compiler is a system software

— System software provides platforms for other software

* The elephant in the room

— People are always use the compiler, but very few are paying much attention to it
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2. Compiler History[##iFs8V A E]

* Compiler origins
—1952: A-0, term ‘compiler’ (Grace Hopper)
— 1957: FORTRAN, first commercial compiler (John Backus)
—1962: LISP, self-hosting and GC (Tim Hart and Mike Levin)
— 1984: GNU Compiler Collection (Stallman)
— 2000: (Vikram Adve and Chris Lattner)

* Turing awards (see link)

— Compiler: 1966, 1987, 2006, 2020

— Programming Language: 1972, 1974, 1977-1981, 1984, 2001, 2003, 2005, 2008
* Compilers today

— Modern compilers are complex (gcc has 7M+ LOC)
— There is still a lot of compiler research (LLVM, Pytorch, TVM, ...)
— There are emerging compiler developments in industry


https://www.britannica.com/topic/Turing-Award

3. Why Compilation?[ I+ AERFZI JmiFE?]
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4. What is Compilation?[{+424w1%E?]
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4. What is Compilation?[{+424w1%E?]
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4. What is Compilation?[{+424w1%E?]
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4. What is Compilation?[{+424w1%E?]
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5. C Compilation[CIESR1FE]

- JEF2% (hello.c) = BI#{T3{E (./hello) $clang hello.c -o hello

CESIMFERII R
MERFS | BERBAR | AU |t S fZIER(E
1 ffkiE | hello.c | hello.i cla[rd:é;) Ez;rjell@(,)éij%&:.lo'i
2 | &% | heloi | hellos | a9 Shelloionelos
3 iL4%m hello.s | hello.o Z[:%E%L%?g /2\0 (S E—;ﬁk;e(l{lijo
4 | helloo | hello | sppod” @ s




5. C Compilation[CIESR1FE]

« JRFE2F (hello.c) > BJHRITIH (./hello)
@ FRALERIYER (Preprocessor)
VICERER, BAEEN, &£H.iXHE (B—1NCXARH)
vhello.c = hello.i (RX{&->IBEHREE)

v'clang -E hello.c -0 hello.i €
05 40 00
fe tf ff
00 00 00
' 00
printf("Hello World! .
5 Preprocessed Object g
return 0; C source | (D source files ' Executable
} o e e
c | I 0
: J

y S em aw -

EPreprocessor Compiler Linker
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5. C Compilation[CIESR1FE]

« JRFE2F (hello.c) > BJHRITIH (./hello)
@ #miEMER (Compiler)
vhello.i > hello.s (&BERESXE>ICHRAEIE)

vclang -emit-llvm hello.i -S -0 hello.ll

v'clang -S hello.ll -0 hello.s €
05 40 00
fe ff ff
00 00 00
' 00
pruntf("Hello World! . .
§ Preprocessed Object g
return 0; C source source 2)(3) files ' Executable J
: j| 5 j'_l {1 1
C : "M .o “.
= v ?

EPreprocessor Compiler Linker
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5. C Compilation[CIESR1FE]

« JRFE2F (hello.c) > BJHRITIH (./hello)
® iL%wmPiER (Assembler)

v . s {H45 /9.0 E

[ILLT

vhello.s & hello.o (GCEwmMAREIE > BIr3E/H 8818 < X1H)

vclang -c¢ hello.s -0 hello.o

printf("Hello World!\n");

return 0,

¥

C source
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source (2)(3) files
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Executable
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5. C Compilation[CIESR1FE]

« JR¥E (hello.c) > BT (./hello)
@ EEMEE (Linker/Loader)
VIEEENBMNMEMEHRIT (executable) X (Hl2FE<S
vhello.o > hello (B4R {4 ATHATSTH)

v'clang hello.o -0 hello €
05 40 00
fe ff ff
00 00 00
O
printf("Hello World! .
5 Preprocessed Object g
return 0; C source source files @ _ _ _ iExecutable
} — ( T ﬁ
.C ll- ||. .0 I
| Ve =

EPreprocessor Compiler Linker
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5. C Compilation[CIESR1FE]

Compiling: {bE
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5. C Compilation[CIESR1FE]

e $vim test.c

void main() {
int:  $clang -o test test.c

Int a,;
int b. c: test.c:l:1: warning: return type of 'main' is not 'int' [-Wmain-return-type]
INt D, C; : ,
} void main() {
A
test.c:1:1: note: change return type to 'int'
void main() {
Avrere
int
test.c:2:3: warning: declaration does not declare anything [-Wmissing-declaratio
ns]
int;
Ao
test.c:3:9: error: expected identifier or '(°

int a;¢
A

2 warnings and 1 error generated.

........llllIIIIIIIIllllllIllllllllllllllllIlIIIlllllll.lllllllll..llllIIIIIIIIIIIIIIIIIII



5. C Compilation[CIESR1FE]

#include <iostream>

using namespace std;

'test.cpp:6:22: error: expected-class name

//Derived class class Child : public Base {
A

class Child : public Base {

stzing mylnteger; test.cpp:15:8: error: class member cannot be redeclared

void doSomething() {
A
test.cpp:9:8: note: previous definition is here
void doSomething() {
A
test.cpp:12:24: error: use of undeclared identifier 'y'
x[5] = myInteger * y % z;
A
test.cpp:19:26: error: invalid operands to binary expression ('void' and 'int')

return doSomething() + n;
~~~~~~~~~~~~~ A~

void doSomething() {
int x[] = {8; 1; 2, 3, 4};
int z = 'a';
x[5] = myInteger x y % z;
}

void doSomething() {
}

int getSum(int n) {

; return doSomething() + n; 4 errors generated.

&

—



5. C Compilation[CIESR1FE]

#include <iostream>

using namespace std;

//Derived class test;cl;p;:;:Z:c::i'igrf szgigzegazia:s-name before '{' token
class Child : public Base { | A

string myInteger; test.cpp:15:8: error: 'void Child::doSomething()' cannot be overloaded with 'void Child::doSomething()'
15 | void doSomething() {

l A s et st it ot et vt s

void doSomething() { test.cpp:9:8: note: previous declaration 'void Child::doSomething()'

int x[] = {el ; 2; 3; 4}; 9 | void doSomething() {
int z = 'a'; | R iwcosesioosenseoitoe
x[5] = myInteger *x y % z; test.cpp: In member function 'void child::do§omet{\ing()':
} test.cpp:12:24: error: 'y' was not declared in this scope
12 | x[5] = myInteger * y % z;
l A
void doSomething() { test.cpp: In member function 'int Child::getSum(int)':
} test.cpp:19:26: error: invalid operands of types 'void' and 'int' to binary 'operator+'
19 | return doSomething() + n;

: . | s A
int getSum(int n) { | I I
return doSomething() + n; I void int

¥
&




6. Compilation Procedure[4miFidFE] Sourci Code

* B (217): XWiRERr, RAWEEEWERE, HER

/ |
| Lexical Analysis |
Token Stream| |

BEXER, RIBHEES [ syntax Analysis RO
A A . . A Y t
—18iE9 1T (Lexical Analysis) 1] . Syntax Tree | | (r,::aly:is)
I c .
SEME/N : - . Semantic Analysis | |
|r=) I%D *Fl_ (Syntax Analysis) 1|:|@ ' Syntax Tree| )
\E \ /\ . . s T T -" _______ ~S
— 18X 73T (Semantic Analysis) TRz "| Intermediate Code ‘.
kY ] — L~ \ —fs - 1 ' —_—
- B (GA8): RADIER, LHRBLESNTR | Ceneston || g
I
= £ —r | — ' Back End
*EEF?'_EIJ E*ZR*EEF?’_ : Optimization E (Synthesis)
— FRECEEEE R (Intermediate Code Generation) | IR | |
_ _ ! Code Generation ;
— Intermediate representation (IR) #%#& oo oo ’
— (XEE{L{t (Code Optimization) &4F Target Code
— Eﬁ?ﬁﬁgiﬁﬁ (COde Generation) Egg;ﬂee Frontend Optimizer Backend Mg-;l;ige

A AT

e



6. Compilation Procedure[fmiFidiZ]
Source Code

(1) Lexical Analysis[ia; &5 1] |
- IIEFEERFFRR, RBA RO EIEERNREERS (token) Lexical Analysis
— N JBFRRR, MiH: tokenE% Token étream:& o
_tokenFE: <%B|, EiE> keyword(for)|fid(arr) : tyr;tax nalysts
—— o e s—am e | SYMDO symbol([ yntax Iree,
-REF. . BE EEgg S0V |0 T e Anaiysi
- tokenE BT H ? symbol(=) ||symbol(]) | Syntax Tree|
—OQvar, $num num(0) symbol(=) Intermediate Code
int symbol(;) id(x) Generation
man() id i) symbol(*) R |
: : symbol(<) |inum(5) Optimization
num(10) symbol(;) IR |
symbol(;) Code Generation
id(i) ]
symbol(++) Target Code
symbol())

19



6. Compilation Procedure[fmiFidiZ]

(1) Lexical Analysis[ia; &5 1]

- FEFERFAR, RBIFORESITEASXAIRIERFTS (token)

- FEEF, Wl tokenF%!
—tokenZE~: <37, BHE>

I
4

-REF. Irnff. B2, 128F
—token@ & a1 A7

#include<iostream. h»

void main() {
} int la;

Source Code

l

Lexical Analysis

Token Stream|
Syntax Analysis

Syntax Tree |
Semantic Analysis

Syntax Tree|
Intermediate Code

Generation
IR |
Optimization
IR |

error C2059: syntax error : 'bad suffix
warning C4091: '’ ignored on left of
error C2143: syntax error : missing ;'
error C2146: syntax error : missing ;'
error C2065: 'a' : undeclared identifier

1
on number

"int' when no variable is declared

before 'constant'
before identifier 'a'

Code Generation

'
Target Code

20




6. Compilation Procedure[fmiFidiZ]
(2) Syntax Analysis[iEi%5 1]

» FEITIRAERR I tokenRSl, EERRIEIRDITEET (syntax tree, 15;

D)
— N BiEii, Wil 1EAEN
-WANEFERMS ?
_X*+
—a += 5,
) for
\“.e‘l\p . bo
n 0006 //)o/‘ qy
= < ++9  expr
i 0 i 10 i ]

Source Code

l

Lexical Analysis

Token Stream|

Syntax Analysis

Syntax Tree |

Semantic Analysis

Syntax Tree|

Intermediate Code
Generation

IR |

Optimization

IR}

Code Generation

'
Target Code

21



6. Compilation Procedure[fmiFidiZ]

R : Source Code
(2) Syntax Analysis[i& &5 1] |
o FENTIEREFAXI M ETtokenFS, BB ED T (syntax tree, iEi& Lexical Analysis
TR = ztlrnetzr;:&nalysis
—N: BRERR, W 1EEN
- ANEFREARFSIE A else;ZBMLECHTI Semantic Analysis
finclude<iostream. h> XD SER Syntax Tree|
L Intermediate Code
void main() { '
cout<<"Hello world!"<<endl; Generation
else cout<<"0Oh no!"<<endl; IR |
/ error C2181: illegal else without matching if Optimization
IR |
#include<iostream. h> Code Generation
void main() { '
cout<<"Hello world!"<<endl Target Code

}

error C2143: syntax error : missing

".'" before '}




6. Compilation Procedure[fmiFidiZ]

(3) Semantic Analysis[i& N 731T]
- EFEEERHF—LHIMENX
-®WN: EBEN, Wl EBENRSER
- WERRFHNEMES (type, scopeZ)
-WMAEFERERS ?
- TEREHEMER; ESFH

—int x; y = X(3);
) for
\“.e‘l\p . bo
n 0006 //)o/‘ qy
= < ++9  expr
i 0 | 10 i [

Source Code

l

Lexical Analysis

Token Stream|

Syntax Analysis

Syntax Tree |

Semantic Analysis

Syntax Tree|

Intermediate Code
Generation

IR |

Optimization

IR}

Code Generation

!

S Target Code
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6. Compilation Procedure[#miFidE]

(3) Semantic Analysis[i& N 531]

- EFEEERHF—LHIMENX
-®WN: EBEN, Wl EBENRSER
- NERRFFREMEER (type, scopess)
-BWANEFEERSIENHMN? A TIRME

mEBFIfEABREEIRBENX
#include<iostream. h> SRS

void main() {
} int a=10/0;

error (C2124: divide or mod by zero

Source Code

l

Lexical Analysis
Token Stream|
Syntax Analysis

Syntax Tree |
Semantic Analysis

Syntax Tree|
Intermediate Code
Generation

IR |
Optimization
IR |
Code Generation

'
Target Code

24



6. Compilation Procedure[fmiFidiZ]
(4) Intermediate Code[FR[EUCHZAERX]

—NXE IR IEEET(F
- MIEEE, ERENTREFNHEETR (IR)

—-RIAN: BIEN, B IR

-BILFEMBRESHRR, 2T

HREALRZE
—IRFZZ: BE A=1lf3 (TAC)

| 1=
loop:
tl:=x*5
t2 = &arr
t3 := sizeof(int)
t4 =t3*1i
t5:=t2+t4
15 = tl
l=1+1
If 1 <10 goto loop

Source Code

l

Lexical Analysis
Token Stream|
Syntax Analysis

Syntax Tree |
Semantic Analysis

Syntax Tree|
Intermediate Code
Generation

IR |
Optimization
IR |
Code Generation

'
Target Code
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6. Compilation Procedure[fmiFidiZ]

. : . < S Cod
(5) Code Optimization[{CH3{L{t] Ourcf ofe
 PNTERAEMCIBEREELF (W0: AREERE. MEeEa. REERED) Lexical Analysis
~BA: IR, B RIIR foken stream, ____
_ _ Syntax Analysis
— 188X (machine independent) Syntax Tree
@%}%1€§}ﬁ: 1%)55 E‘lﬂ]% ------ Syntax Tree"
1:=0 tl.=x*5 Intermediate Code
loop: t2 .= &arr Generation
tl:=x*5 t3 := sizeof(int) IR |
t2 = &arr 1:=0 Optimization
t3 := sizeof(int) [> loop: IR |
t4 :=t3 %I t4:=t3 %I Code Generation
tbh=t2+t4 tbh=t2+t4 '
5 = tl *t5 =1l Target Code
1=1+1 1=1+1

If 1< 10 goto loop if 1 < 10 goto loop 26




6. Compilation Procedure[fmiFidiZ]

(6) Target Code[BHIRMUIBEERK] SourcT Code
- = EERRE (e, iLdR) Lexical Analysis
—N: ((EHE)IR, HiH: BirftrE RS Token Stream|

Syntax Analysis

_BEESE: NEREHNE

Syntax Tree |

—-18<IEE: AENESIE S LIIRER(E

Semantic Analysis

- H—ZRINR B XL

Syntax Tree|

Intermediate Code

BN . HFEERILERL

14: 8b 55 f8 mov  -0x8(%rbp),%edx // edx = x Generation
17: 89d0 mov  %edx,%eax // eax = x IR |

19: c1le002 shl  SO0x2,%eax // eax =(x << 2) Optimization
1c: 01c2 add  %eax,%edx // edx = (x << 2) + x

le: 8b 45 fc mov  -0x4(%rbp),%eax // eax =i L}

21: 48 98 cltq Code Generation
23: 8954 85d0 mov  %edx,-0x30(%rbp,%rax,4) // arr[i] = 5x '

27: 8345 fc01 addl  $Ox1,-0x4(%rbp) /] i++ Target Code
2b: 83 7d fc 09 cmpl  S0x9,-0x4(%rbp) //i<=9

2f: 7ee3 jle 14 <main+0x14> // loop end?




6. Compilation Procedure[ZmiFIdE]

position = initial + rate * 60 Intermediate Code Generator

!
Lexical Analyzer t1 = inttofloat (60)
Y £2 = id3 * t1
(id, 1) (=) (id,2) (+) (id, 3) (x) (60) t3 = id2 + t2
Y idl = 3
Syntax Analyzer v
— y Code Optimizer
a1y >+ *

*
(id,3r ~ 60 idl = id2 + t1
y

Semantic Analyzer Code G;:nerator
. LDF R2, id3
id, 1y )/+\ MULF R2, R2, #60.0

1,2 * LDF R1, id2

. P
(id, 3y mttolﬂoat ADDF R1, R1, R2

(id,2>/ " E tl1 = id3 * 60.0
! 60 : STF idl, R1 _



INES

. |j\:|?§' Sourci Code
R T \‘
— A B RiFRE | Lexical Analysis |
Token Stream| |
_ BRI Aa&Z /NTUNER | I '
mIFRI TR | Syntax Analysis  IEFRIEEE
: 'Front End
, Syntax Tree : )
| , ' (Analysis)
== pnus . | Semantic Analysis | |
P EWTE SyntaxTree| _______’
- WIENE RS "| Intermediate Code ‘.
. |
L e B
X N y ' Back End
- WENZTERENSZIITNE E Optimization : (Synthesis)
\ A LS S —_ N |
ARV EREA— A EESRERES R | :
\ Code Generation ;
N - —— i_ _______ 7
Target Code
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fEE >

B FERRIEREOBI NG (DA, BESH. BN, {5

m

Ehk) IRSHY
(1) else;RBILECAIIT

(2) A TIrHA
(3) fERRRELR

SENX

(4) EFHHPENEHFFR
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