RIEES SR ER |

CImiERBFBFARM)) « (GmFFEEBH))

KE
0551-63603804, yuzhang@ustc.edu.cn
FEAFRRKF
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i3 53 .
I O B L T B
R oA = 3 o AX AL ; 9%
| BER | M Y b ifixés
\\ i//—’
L F5
rXEARR

B PRET: % H 6% 8 & 7 (Intermediate Representation)
O E&RER. FERR. ZHHHALS. LLVM IR
B R RK3fizdHRE
B a4 AL A & R,
O FHER] (SO 5%)
O XA, WEER (OERNTE. B 5
O Fi/RFEX. BHIIER (=>hS/REERE AR, BB

KE: (RIFFREAEA M) PEIESSPEMKEER
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R AN, BH AT
= Mo bt X AL
AR BA




@)=t LEAELEL
SBRTEE=R): EENEEESENRZEF

-

B-5)+28ELEEATRA85-2+ AFTEFES ﬁ:jf;,_
BREERNEANAR: ETEVNAERIEN, Ik{E. KBERF
B TN
85-2+
3 5 -2+
85 -2 +
3 2 + N T e
FHENZEXISR, MiCEEHEk;
22 Y SREbEE, SNSRI
EEEHTIE, BEERELE

5K (HmIEFRIBRFLAR H) ) EHES SHEMRBER 4

e



A1 — 2 & &
2%1958 E%ﬁm ‘# rsity o i* é and Technology o fChé
S BRI EEES (Aite: A=)

(8-5)+28ELEATABE5-2+
RRARTHRAMNRARETTENAERZERN
ARRRIIRIEGET]

B TR B R TRALIE @) Fe 2 H]35 4

B iR B AR R FE 05 9 69+ I

BIZERT CE=3)

B —#F4H FRFREMYETFHE, = opa b, c)
B AT RAFAZTENGRE =l = UL e

-

-

-

B EELIRIFRIE

KE: (WFREMZARM) ) FiEESSHERBDERR 5



) ERsET FOHZLAL %S
%5 H’%'T\ University of Science and Technology of China
BER E—MER AR ERR

R EBE—fRERR
| DT RS |
aSS|gn (Nc*d) S assign

C EOEEEE A~ S+

//// \\\\ ROESIHE /2+////

umlnus ¢ d uminus *
I C//\\d * o N

b b
(a) IEEN (b) DAG

a = (b + cxd) + cxd W EE R~

KE: (WFREMZARM) ) FiEESSHERBDERR 6
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ISR BB AR ENEIEERISE X
5 A% 4 289 R FmkNode T £ A @ LR A :
— A R F LA ITEE N £ E XM, 4= B ValueNumbering (VN)

[l -V w X AN
S—id=E S.nptr = mkNode(‘assign’, mkLeaf (id, id.entry), E.nptr)
E—>E, +E, E.nptr = mkNode( ‘+°, E,.nptr, E,.nptr)

a3

E— E *E, E.nptr = mkNode( ‘*°, E,.nptr, E,.nptr)

E—>-E, E.nptr = mkUNode( ‘uminus’, E,.nptr)
E—(E) E.nptr = E_.nptr
F—id E.nptr = mkLeaf (id, id.entry)

KE: (WFREMZARM) ) FiEESSHERBDERR 7
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= Hb 3R BS (three-address code)
—#& M X: x=yopz
REINER, REINFTHDECEHT R34

= =it

Bl RIAX X +y* 7 8FRAZ3AIEG FIZ
t,=y*2
L=X+1,

KE: (WFREMZARM) ) FiEESSHERBDERR 8
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= HHR IS 25 AR e DAGH —MZL 1 R/
] a=(-b+c*d) + cxd

35 ke 8 R AT RS ]

i HFEPS
t,=—
1 assign
t2 =cx*xd a ~ \+
L=4+1 -+////

%
t. =cx*xd -
4= C uminué >*\ ¢’ 4
=t +t, | d
b
a=t, TSR ERE, WSS
— RSN

RiFsa LIPS RV IEFERUM, FEEBER. REF

KE: (WFREMZARM) ) FiEESSHERBDERR 9
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= MRS BiE AN DAGH — MLk 4 =R
#l a=(-b+c*d) + c*d

DAG &9 /X.4

t, =-b

t,=cx*d assign
L=+ a S+

L=+ _,_/)
a=t, PR

uminus *
b

EDAGE SIS, W=ttt (0) DAG

KE: (RIFFREAEA M) PEIESSPEMKEER 10
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I = HlEEA)
MAEEE  x=yopz, Xx=o0py
2 EiEq X =y
RE&HHEA gotolL
484 ifxrelopygotoL
EF B ERILE (convention)

TAZ 8 A NS S S param BN E IR
param X 2R E

callp,n BRSNS E T IAED

IIIII.‘.]]}

B FAERE returny
B L3 BA  x=y[ilFx[]=y

B b4 x=&y, x=*xyfexx=y

KE: (RIFFREAEA M) PEIESSPEMKEER 11
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7>F = 4"@@?-&% é
1958% n

;;IU\EM rsity of Science and Technology of Chin

o

B AS B Wt {2 =X (static single-assignment form, SSA)
B —AE T ERRAEAE F 8 & T

B fe=3bh KD 6 £ 2 X5

P B BAL AR AR A3 Rl % F 6 T2 6 AL

TIPRIREME | =y pb X AT AR BAK X
p=a+b p;=a+b
g=p-c¢ =P —¢C
p=q*d P, =0, *d
p=e-p Ps=€—=D,
q:p+q qZ:p3+q1
SSARIEEE: BRFRENE
XJphISIF | ﬁﬁ%lgg’gzigﬂi;%

KE: (RIFFREAEA M) PEIESSPEMKEER 12
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B AR R AL W R
SRR N PR X8
PR A BRARAG AR R R R 4 349 K B O BAR

B — AR EARREFRSEZ LA AL R & I ik
If (flag) x =-1; else x = 1;

or

Yy =X*a;
PCRK,
If (flag) x, = -1, else x, = 1;
X3 = @ (X, X,); Il B flaghy{a 2 2 B x, & & X,
Y =X3™a;

PhiSF: iCaxd J
ZAEIEEEENEIE

KE: (RIFFREAEA M) PEIESSPEMKEER 13
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7.2 BARFIEGRE
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a8 $AHGLAE %G
) BaR

AR =R
(1)prod =0

o 2) i =
pro = ; ?ﬂﬂ%f t iﬁﬂﬂﬁ?rwéﬁt
= 1 ﬁ (@) t=alt] "’
do { ((0) =4 *1

prod = prod + a[i] * b[il; " (6) t, = b[t,]

I=1+1 (7) t,=1,* ¢,

1 while (i <= 20); (8) t,= prod + t.

(9) prod =t

(10) t,=1+1
(11)i=t,

(12) if i <= 20 goto (3)

KE: (RIFFREAEA M) PEIESSPEMKEER 15



Ezlst;&*umb FEAZLLE S

AR (basic block)
(1)prod =0
B BHAREHFBEN-EAD, (@)t =4x]
HRCOREBF-FH o, %A (4) t,= aft,]
1% 2k R4 69 T Bk CREBIH) (B) t;=4*1
(6) t,= b[t;]

& (flow graph) )= tat,

B A @ R A A S Z 1] 6 32 (8) t, = prod + t.
HAE & (9) prod = t,

B A AKREHRBEGLE R (10) t; =1 +1

(11)i=t
(12) if i <= 20 goto (3)

KE: (RIFFREAEA M) PEIESSPEMKEER 16
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ERRBIXI 57
‘ (1)prod =0
B BAAZHAANDEAG (2)i=1
O FHIHE—EA (3)t, =4 *|
O BeH(R) & EBIERREBIRIER (4) t,= a[t,]

O ZRERTE ()& A 18 5 T 15 ) (5) t;=4 * i
B EAANDEGITAANDEgZ (6),=D[Y]

T (RERBLER) 0iEa A5 (D=t
A—A A (8) t;= prod +
(9) prod =t
(10) t,=1+1
(11)i=t
(12) if i <= 20 goto (3)

KE: (RIFFREAEA M) PEIESSPEMKEER 17
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(1)prod = 0 (1)prod =0 B,
2)i=1 2)i=1
(8)f,=4x] @) =4
(4) t,= a[tl]_ (4) t,= a[t,]
(B) tz=4*1 (5) t,=4 * |
(6) t,= bt;] (6) t,= b[t;] o
(1) ts=1t,*t, (MNt.=t,*t, 2
(8) tg=prod + t; (8) tg = prod + t;
(9) prod = t, (9) prod =t
(10) t,=i+1 88 it7_=tl +1
. = t,
8;)) Iif it<7: 20 goto (3) (12) if i <= 20 goto (3)

KE: (RIFFREAEA M) PEIESSPEMKEER 18
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(1)prod =0 (1prod =0

(2)i=1 (2)i=1 — B,
(3) =4 =i

(4) t,= aft,] (3)t, =4 =i

(B) tz=4x*1 (4) 1= a[ty]

(6) t,= b[ty] g 3= éf[* ]'

(7)t=t,*t t, = b[t,

(8) tz = p2r0d4+ t (7) =11, B,
(9) prod = t; 8; Erodprotd t 1

(10) t,= i +1 =1

)=t i

(12) 111 <= 20 goto (3) (12) if i <= 20 goto (3)

KE: (RIFFREAEA M) PEIESSPEMKEER 19
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;:“séuwii( Tikpk SSA 1{1l)

(1)prod =0

@i=1
A

(3)t,=4 =1

(4) ;= a[t;]

(5) t;=4 =1

(6) t,= blt,]

(1) =11,

(8) t;= prod + tg

(9) prod = t;

(10) t,=1+1

(11)i =t

(12) if i <= 20 goto (3)

FIFRE, "JREHEIBAIRIIRERIR,

BRSPS REXT iFlprod RIEE
(2. (REFIZREA W) RIEEES 5B

B,

(1)prod, =0
(2)1=1
(3) 1= ¢(1y, 1,)

(4) prod,= ¢(prod,, prod,)
O)ty=4*13( 42\ 2]
(6) t,=a[t,] B,A & 4

(1)prod, =0

2)1,=1
1 4

(7) t;=4* 1
(8) t,= blt,]
(9) 5=t,*
(10) t; = prod; + tg

(11) prod, =t

(12) t, = i;+1

(13) 1, =t

(14) if i, <= 20 goto (3)

(3) 1= ¢(iy, 1)

"(4) prod,= ¢(prod,, prod,)

(5) =4 *1;

(6) 1= alt,]
(Ntz=4x*1,

(8) t,= blt;]

9) ts=1,* 1,

(10) t, = prod, + t;

(11) prod, = t;

(12) t, = i;+1

(13) 1, =1

(14) if i, <= 20 goto (3)

B,

20
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B AR £

LLVM IR

LLVM Pass Manager
LLVM Tools
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.
o 53
S
oy

ce

C Sl >\l > x86
C++E§| ET A LLVM IR q:% ) LLVM IR ‘ )"5%‘ s s ARw
LLVMAEAL &5 R & pi 5 Loongreh

PowerPC
RISC-V

corran 4| GCC LLVM BISEER4S4E
Ada Java ——> ﬁ@#fr 3§

Python KRBT
JavaScript
Rust Go %—’5 éﬁﬁ@*ﬁ’%

T e exe &
ibraries exe & LLVM g Offline Reoptimizer
LLVM LLVM

Native [‘“M—  —— ..--- ] v B A Profile

Compiler FE 1

I' Linker ¥|CodeGen &Pﬁg'f; g
— | IPO/IPA — Runtime
Compiler FEN ey Optimizer

KE: (RIFFREAEA M) PEIESSPEMKEER 22



xw L LV M IE ﬁve@y oﬁnznﬁhnigyiih%
Eit TR

llvm-as: Convert from .l (text) to .bc (binary)

llvm-dis: Convert from .bc (binary) to .1l (text)
llvm-link: Link multiple .bc files together

llvm-prof: Print profile output to human readers

llvmc: Configurable compiler driver

FRTR

B bugpoint: automatic compiler debugger

® |lvm-gcc/llvm-g++: C/C++ compilers

KE: (RIFFREAEA M) PEIESSPEMKEER 23
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©))LLVM IR FRHELL*Z

SE 7R
B LLVM IRAZ FH; (http://llvm.org/docs/LangRef.html)
B #AZ(http:/Ilvm.org/docs/tutorial/Langlmpl03.html)

+ ZEAFHE

RISC R A& 9 = 3t bk X AL

SSA# XK. RIR&EMIF A H

B, KA BRI
load/store4§ 4w £ RIAL F5 4t

IRBYFET: text(.Il). binary(.bc), in-memory

g++ f.cpp llvm-config --cxxflags --ldflags --1libs --system-1libs -o f

19

KE: (RIFFREAEA M) PEIESSPEMKEER 24


http://llvm.org/docs/LangRef.html
http://llvm.org/docs/tutorial/LangImpl03.html

LLVM IRGYEERE FEAZLALL G

YRIFECIH
B ERC++I 4, NHFgeckclang#emg++Rxclang++

gcc -S f.c -o f-gcc.s # g B g A
clang -S f.c -o f-clang.s # i A B G A

clang -emit-11lvm -S f.c -o f.1ll # JmPEAE AL . 11304
clang -emit-1lvm -c f.c -o f.bc # JmPEAE AL . b XA

111 f£.11 # HATF.11
11i f.bc # BATF.bc

1lvm-dis < f.bc | less # i Ym
1lc f.bc -0 f.s # AR O g SO

https://llvm.org/docs/GettingStarted.html#an-example-using-the-llvm-tool-chain

KE: (RIFFREAEA M) PEIESSPEMKEER 25
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C program language

* Scope: file, function

* Type: bool, char, int, struct{int, char}

e A statement with multiple
expressions

 Data-flow:
a sequence of reads/writes on
variables

e Control-flow in a function:
if, for, while, do while, switch-case,...

K=

H

LLVM IR

module, function
i1,i8, 32, {i32, i8}

A sequence of instructions each of

which is in a form of “x =y op z”.

1. load the values of memory addresses
(variables) to registers;

2. compute the values in registers;

3. store the values of registers to
memory addresses

* each register must be assigned exactly
once (SSA)

A set of basic blocks each of which ends
with a conditional jump (or return)

(HmIEFRIBRFLAR H) ) EHES SHEMRBER 26
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©)) LLVMEBRIZ 5 YRR LL%S
KR R G R

B Primitives: integer, floating point, label, void

3

i

[0 no “signed” integer types
[J arbitrary bitwidth integers (132, 164, i1)

B Derived: pointer, array, structure, function, vector,...

No high-level types: type-system is language neutral!

Type system allows arbitrary casts:

B Allows expressing weakly-typed languages, like C

B Front-ends can implement safe languages

B Also easy to define a type-safe subset of LLVM

KE: (RIFFREAEA M) PEIESSPEMKEER 27
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) FBl: C FHETILLVM

int callee(const int *X) {
return *X+1; //load
}

int caller() {
int T; // on stack
T = 4; /] store
return callee(&T);

}

define internal 132 @callee(i32* %X) {

entry:
%tmp2 = load 132* %X

%tmp3 = add 132 %tmp2, 1

ret i32 %tmp3
}

define internal i32 @caller() {

entry:
%T = alloca 132
store 132 4, 132* % T

%tmpl = call 132 @callee( 132* %T )

ret 132 %otmpl
}

KE: (RIFREBMEA M) ) FEES SHERDER

28



®lai

©))LLVM IRB9TER£E1 kA LA %S

S o
;
ey,

University of Science and Technology of China

O #¥Module: BEERHENLETE
B RRE/IPAIKRAERELE S —ANFL ) A
O R/EFunction: BEEA/SH

O FZAIRBasicBlock: 8§47

[Target Informatiom

\
" Global Symbols [ Argument ]

[Global Variable]

Module |--:| Module

[ — [ Basic bIock]
9 unction

Function
[ Other ] \ J

Module /

\. J \

\ Program

KE: (RIFREBAFAR H) Y PENES S EMBERK 29
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o

)
3o

O &k Module: B&RHBMEFTE

B RGEFEISTEGREREE TR —AEF LA
O ¥ Function: BEELAR/ESH
O EZABrBasicBlock: #5431

O #<Instruction: opcode + vector of operands

B AR HEAERoperands#E £, HLELERA LR

(- ) NN | [
[ Argument ] [ Label ] BEH T2 BhicH BIEH
NN
. ] %4 = add i32 %1, 1
[ Basic block [ Instruction ] L= -=-==A-1
i . e it St 2
\ Function y Basic block) 8 R e b e

KE: (RIFFREAEA M) PEIESSPEMKEER 30
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Module&s#4

#include <stdio.h>
int main(){

return O;

by

& B ARiR A

GIobaI Symbols
[Global Varlable]

\[ Function L

[ Other ]

\ Module /

Garget Informatloa\

printf("hello, world\n");

helloworld.c

(SLALR AL )
$2: My A%,
47 —m32 & T & A%

32/ P35 KA )

clang -emit-1lvm -S $1.c -o $1%$2.11 $2

target datalayout = "e-m:e-p270:32:32-p271:32:32-p272:64:64-164.64-f80:128-

n8:16:32:64-S128"

target triple = "x86_64-pc-linux-gnu"

@.str = private unnamed_addr constant [15 x i8] ¢"hello,\C2\A0world\0OA\00", align 1
» ; Function Attrs: noinline nounwind optnone uwtable

define dso_local 132 @main() #0 { - g A%
%1 =alloca 132, aIiM A SARIR R

store 132 0, 132* %1, align 4

%2 = call i32 (i18*, ...) @printf(i8* getelementptr inbounds ([15 x i8], [15 x i8]*

@.str, 164 0, 164 0))
reti32 0

}

declare dso_local i32 @printf(i8*, ...) #1

5K

2: (WIFFREMEAMH) ) PEESSHEREER
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#include <stdio.h>
Modu|egﬂ=*’g int main(){
printf("hello, world\n");

return O;
Y helloworld.c

H *TV\JY??-‘IF%E (=15,

= —\ | target datalayout = "e-m:e-p270:32:32-p271:32.32-p272.64.64-|64.64-f80:128-
[Target Informatlon] N8:16:32:64-S128"

target triple = "x86_64-pc-linux-gnu" { S EERELS!
@.str = private unnamed_addr constant [15 x i8] ¢"hello,\C2\A0world\0OA\00", align 1

- ; Function Attrs: noinline nounwind optnone uwtable
[ ] define dso_local i32 @main() #0 {

\. 2 %1 = alloca 132, align 4

[ Other ] store i32 0, i32* %1, align 4

%2 = call i32 (i18*, ...) @printf(i8* getelementptr inbounds ([15 x i8], [15 x i8]*
\_ Module ] | @striea0,i640)
reti32 0

by
declare dso_local i32 @printf(i8*, ...) #1

4 Global Symbols A
[Global VariabIe]

Function

H

KE: (RIFRIEBFIFAR M) Y FENESSHEREERK 33
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#include <stdio.h>
Modu|egﬂ=*’g int main(){
printf("hello, world\n");

return O;
Y helloworld.c

(= —\ | target datalayout = "e-m:e-p270:32:32-p271:32:32-p272:64:64-i64:64-f80:128-
[Target Informatlon] 18:16:32:64-S128"

target triple = "x86_64-pc-linux-gnu" :! LR EE X
@.str = private unnamed_addr constant [15 x i8] c¢"hello,\C2\A0world\0OA\00", align 1
» ; Function Attrs: noinline nounwind optnone uwtable

4 Global Symbols A
[Global Variable]

Function define dso_local 132 @main() #0 {
\[ L %1 = alloca i32, align 4 N E¥EX
[ Other ] store i32 0, i32* %1, align 4

%2 = call 132 (i8%*, ...) @printf(i8* getelementptr inbounds ([15 x i8], [15 x i8]* @.str,
\_ Module ] |i640,i640))
reti32 0 & & 7= BH
by Vel
declare dso_local i32 @printf(i8*, ...) #1

KE: (RIFRIEBFIFAR M) Y FENESSHEREERK 34
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FunctionZs#4

: : : double foo();
dso: dynamic shared object /
dso_local: kit B PR &I 7E B B Ak iy double bar(float a) {

dso_preemptable: return fOO(a, 40) + bar(31337),
FEIEAT B B BeR S0 38 4475 BUAR b
\\:%cin Attrs: noinline nounwind optnone uwtable
g R define dSo_local double @bar(float %0) #0 {

%2 = alloca float, align 4
store float %0, float* %2, align 4
%3 = load float, float* %2, align 4
» %4 = fpext float %3 to double
%5 = call double (double, double, ...) bitcast (double (...)* @foo to
double (double, double, ...)*)(double %4, double 4.000000e+00)
%6 = call double @bar(float 3.133700e+04)
%7 = fadd double %5, %6
ret double %7

b
declare double @foo(...) #1

[ Argument ]

[ Basic block ]

\ Function )

KE: (RIFFREAEA M) PEIESSPEMKEER 35
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Function&&44
double foo();
double bar(float a) {
return foo(a, 4.0) + bar(31337);
b
; Function Attrs: noinline nounwind optnone uwtable
define dso_local double @bar(float %0) #0 { - —
f[ - ]\ %2 = alloca float, align 4 TSR %0M L T
rgument store float %0, float* %2, align 4 o AL R AU 25 47 45 %02
%3 = load float, float* %2, align 4 AR T RA, &4
[ Basic block ] » %4 = fpext float %3 to double B T % Z D5t
%5 = call double (double, double, ...) bitcast (double (...)* @foo to
. double (double, double, ...)*)(double %4, double 4.000000e+00)
\Function %6 = call double @bar(float 3.133700e+04)
%7 = fadd double %5, %6
ret double %7
b
declare dso_local double @foo(...) #1

KE: (RIFFREAEA M) PEIESSPEMKEER 36
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FunctionZ5#4
double foo();
double bar(float a) {
return foo(a, 4.0) + bar(31337);
s
; Function Attrs: noinline nounwind optnone uwtable
/ R define dso_local double @bar(float %0) #0 { — \
%?2 = alloca float, align 4 INEZEE, ¥floatsk
[ Argument ] store float %0, float* %?2, align 4 %Y & ydouble
%3 = load float, float* %2, align 4 Hsh R AR T
[ Basic block ] » %4 = fpext float %3 to double l float>double
%5 = call double (double, double, ...) bitcast (double (...)* @foo to
L Function ) double (double, double, ...)*)(double %4, double 4.000000e+00)

%6 = call double @bar(float 3.133700e+04)
%7 = fadd double %5, %6
ret double %7

¥

declare dso_local double @foo(...) #1

KE: (RIFFREAEA M) PEIESSPEMKEER 37

H



University of Science and Technology of China

Function&&44
double foo();
double bar(float a) {
return foo(a, 4.0) + bar(31337);

s

; Function Attrs: noinline nounwind optnone uwtable

g R define dso_local double @bar(float %0) #0 {
[ %2 = alloca float, align 4
Argument ]

store float %0, float* %2, align 4

W Hfoord L, Hfooss

%3 = load float, float* %2, align 4 .
- # _ \ ' #2424 double
[ Basic block ] %4 = fpext float %3 to double ﬂ%%{ﬂ@l&%ﬁﬁé@

%5 = call double (double, double, ...) bitcast ]
(double (...)* @foo to double (double, bitcastiffIR M
double, ...)*)(double %4, double 4.000000e+00)

%6 = call double @bar(float 3.133700e+04)

%7 = fadd double %5, %6

ret double %7

¥

declare dso_local double @foo(...) #1

\ Function )
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FunctionZ5#4
double foo();
double bar(float a) {
return foo(a, 4.0) + bar(31337);
s
; Function Attrs: noinline nounwind optnone uwtable
g R define dso_local double @bar(float %0) #0 {

%2 = alloca float, align 4
store float %0, float* %2, align 4
%3 = load float, float* %2, align 4
» %4 = fpext float %3 to double
%5 = call double (double, double, ...) bitcast
(double (...)* @foo to double (double,
double, ...)*)(double %4, double 4.000000e+00)
%6 = call double @bar(float 3.133700e+04)
%7 = fadd double %5, %6
ret double %7 i H bar

) 31337% Hifloat

[ Argument ]

[ Basic block ]

\ Function )

declare dso_local double @foo(...) #1
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FunctionZ5#4
double foo();
double bar(float a) {
return foo(a, 4.0) + bar(31337);
s
; Function Attrs: noinline nounwind optnone uwtable
g R define dso_local double @bar(float %0) #0 {

%2 = alloca float, align 4
store float %0, float* %2, align 4
%3 = load float, float* %2, align 4
» %4 = fpext float %3 to double
%5 = call double (double, double, ...) bitcast
(double (...)* @foo to double (double,
double, ...)*)(double %4, double 4.000000e+00)
%6 = call double @bar(float 3.133700e+04)

%7 = fadd double %5, %6TI
ret double %7 H4TdoubleZk A ifadd

b B, Rt E A IRR

declare dso_local double @foo(...) #1

[ Argument ]

[ Basic block ]

\ Function )
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#define N 10
BARFRE o e AL
define dso_local void @f(i32* %0) #0 { { inti, P
%2 = alloca i32*, align 8 for (i = 0: i < N; ++i)
%3 = alloca i32, align 4 Sum(&A[i], &P):
%4 = alloca i32, align 4 }
store i32* %0, i32** %2, align 8

store i32 0, i32* %3, align 4
br label %5 N
IR R AT &, Y 3H1
5: ; preds = %14, %1 %473 HIXTRL i Al P
%6 = load i32, i32* %3, align 4
%7 = icmp slt i32 %6, 10
br il %7, label %8, label %17

%5

8: ; preds
%9 = load i32%*, i32** %2, align 8
%10 = load i32, i32* %3, align 4
%11 = sext i32 %10 to i64
%12 = getelementptr inbounds i32, i32* %9, i64 %11
%13 = call i32 (i32%*, i32*, ...) bitcast (i32 (...)* @Sum
to i32 (i32%*, i32%*, ...)*)(i32* %12, i32* %4)

br label %14 WD, (HEEEMBAR M) hiEiES S EREE R 41
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#define N 10
B AR o fnt AT
define dso_local void @f(i32* %0) #0 { { inti, P;
%2 = alloca i32*, align 8 for (i=0; i < N; ++i)
%3 = alloca i32, align 4 Sum(&A[i], &P);
%4 = alloca i32, align 4 )
store i32* %0, i32** %2, align 8
store i32 0, i32* %3, align 4 N
br label %5 — ——m—m Tk ek 2l hr 5 N5
(R 3E A1)
5: ; preds = %14, %1 br label {1+ 5
%6 = load i32, i32* %3, align 4

%7 = icmp slt i32 %6, 10
br il %7, label %8, label %17

8: ; preds = %5
%9 = load i32%*, i32** %2, align 8
%10 = load i32, i32* %3, align 4
%11 = sext i32 %10 to i64
%12 = getelementptr inbounds i32, i32* %9, i64 %11
%13 = call i32 (i32%*, i32%*, ...) bitcast (i32 (...)*
@Sum to i32 (i32%*, i32*, ...)*)(i32* %12, i32* %4)

br label %14 WD, (HBEEMBAR M) hiEiES 5 ER R R 42
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#define N 10
AR o (AL
{

---.--- . B int i’ P;

5: o | ; preds = %14, %1 for (i = 0: i < N: +-+1)
%7 = icmp slt i32 %6, 10 3 ! !
br il %7, label %8, label %17 \\_

8.  preds = %5 HEAHS B AT IR A
%9 = load 32*, i32%* %2, align 8 It 5 914115

4 4 /\
%10 = load i32, i32* %3, align 4 MRRA
%11 = sext i32 %10 to i64 preds {1 AT KT b5 5

%12 = getelementptr inbounds i32, i32* %9, i64 %11

%13 = call i32 (i32%*, i32*, ...) bitcast (i32 (...)*
@Sum to i32 (i32%*, i32*, ...)*)(i32* %12, i32* %4)

br label %14

14: ; preds = %8
%15 = load i32, i32* %3, aligh 4
%16 = add nsw i32 %15, 1
store i32 %16, i32* %3, align 4
br label %5
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#define N 10
£ AR o it A1)
{
lll.lll . B 0 0 int i’ P;
6 = lond 139 139% 043 alama ST ke for (i = 0; i < N; ++i)
00 = _oa | ,.I 0o, align Sum(&A[l], &P),
%7 = icmp slt i32 %6, 10 )
br il %7, label %8, label %17
3 . preds = %5 iH it getelementptr(gep)
%9 = load i32*, i32%* %2, align 8 REGTERAL] L
%10 = load 32, i32* %3, align 4 nbounds {riHi10 (%11),
%11 = sext i32 %10 to i64 /‘I Wgepik[-l poison value

%12 = getelementptr inbounds i32, i32* %9, i64 %11

%13 = call i32 (i32%*, i32%*, ...) bitcast (i32 (...)*
@Sum to i32 (i32%*, i32*, ...)*)(i32* %12, i32* %4)

br label %14

14: ; preds = %8
%15 = load i32, i32* %3, align 4
%16 = add nsw i32 %15, 1
store i32 %16, i32* %3, align 4
br label %5, !llvm.loop !6

KE: (RIFFREAEA M) PEIESSPEMKEER 44

H


https://llvm.org/docs/LangRef.html#poisonvalues

.
o «

& 2R " » ]
Y
N LLVM P ¥R HB2LELLXE
1958
C 4ay c asses University of Science and Technology of China

LLVME’E_'ﬁ:I\:].OSJr P asseShttp://livm.org/docs/Passes.html
B SHE: Alaot. AABRMKE, RESHF
B HBER: ARLHR. FENE. BRRFT. BAFRIEF
B SERRLE: HFEAK, 2HTERRLF

B EAEMH: CFGviewer, X ARREE

C - C Frontend / XB6 Backend - X86

T [ Frontend g;:“m”:f; PowerPC Backend |- PowerPC

T
Object-C
. > ARM Backend —» ARM
Object-C Frontend -

’
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X

‘C))) LLVM Pass Manager PHAZLEARS

YmiERgeH LR R — R FRYpasses
B HFApasst— N RE B
PasspyEHY

ModulePass: general interprocedural pass

CallGraphSCCPass: bottom-up on the call graph SCC i)
FunctionPass: process a function at a time

LoopPass: process a natural loop at a time

BasicBlockPass: process a basic block at a time

HEINBYZ93R (e.g. FunctionPass):
B FunctionPass REE & A L AT H &
B R g5 R HGRS

3
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