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B PEET: % A6 P E & T (Intermediate Representation)
O E&HFR. KRR, ZHHARE. LLVM IR
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BERHA. BHET
= XA KA
A RAL




Q) EBER MRl LA
RBRR(EE=3): BEFEHERENRZE

-

(8-D)+2MBERATABS 2+ AFEEHFES ;Jf,
BEFFERAME: ETFHENLEREN, NkE. KEBERF
it H A& B\ P
85-2+
8 5 -2+
85 —2+
3 2 +

HIEEENR, MCEEHK,
FHRNEERT, FARIREHERN 2L
HIEENSRHTHER, BREREHK

32 +
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RRRRAIFTERS AIE: A=)
(8-5)+28BEEATA85-2+
RARTHREAMAZRETIHEILERZERN
RRRRHIRIEEET]

B T A3E) B R TIRALE ) Fe i 445 )

B iR B AR R R E B 59 69

AIEFRR CE=30)

B —AF, FRPREWETHTE, 4= op b,c)
B A TRieaZHEegki ES EEMTEREk

-

T

-

-

ESREELEMIYRE
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EERE—FERANRERR
BRI ELE—FPEFTRR

| DT HER _
aSS|gn (Nc*d)gS: assign

C EOEREEE A~ S+

//// \\\\ RO ESITE /2+////

umlnus ¢ d uminus *
| c/ ~d | ¢

b b
() TEIEM (b) DAG

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

KE: PEESSHERBEER 6
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ISR IR ANEEW IR RIS E X

BB Ak 4 B 69 FHHmKkNode T £ A @ L3R A :
—H i R F LR ITES N6 £ XM, 3= ValueNumbering (VN)

I B M
S—id=E S.nptr = mkNode(“assign’, mkLeaf (id, id.entry), E.nptr)
E—E, +E, E.nptr = mkNode( ‘+’, E,.nptr, E,.nptr)

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: PEESSHERBEER 7
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— Hu kXS (three-address code)
— A& X: X=yopz
REINER, REINTHEIE(EH 3T F09305L)

= =it

Bl ZIA X X +y*z F R A i35 G K| &
t,=y*z
=X+t

KE: PEESSHERBEER 8
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" —
R

= Mt RS B e AR DAGRY— 2
# a=(-b+cxd) + cxd

e 4 R EHTEREEI: J
- BEFERS
1 assign
t,=cx*d a =~ i
L=ttt N /
%
t,=c=*d :
4 uminds >* - ~ N
L=t,+1, e d
b

a=1t; WEZEMHITERFER, =i

— I RSN BINE

RiFs LIPS RV EFERUM, FEEER. REF

KE: PEESSHERBEER 9
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= I RIBSEM T DAGH — MLk TR <

#] a=(-b+cx*d) + cxd

DAG#9 XA

t, =—b

t,=c=*d assign
t,=t, +t a 4

17 b
L=+ _,_/)
a=t .~

uminus N
| d
b

EDAGESMEINE, w=integ (0) DAG

KE: PEESSHERBEER
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1Y =1 hEER)

KL% %) X=yopz, X=0py

2 5iE9 X=Yy

E&H/HA gotoL

44 ifxrelopygotoL

s EiITETERIZIE (convention)
TAL R F inEZME#aparamBNBILBIRE
param X SHERE

callp,n AR A NS KA T4

I AL IR H returny

FHBAE  x=y[i[Fx[i]=y

B A4 x=&y, x=syfaxx=y

KE: PEESSHERBEER 11
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B s IR {E 25X (static single-assignment form, SSA)
B — AT X RRAELE F E £

B fe=3bh KB EE X5

iR BALRR AR A AR L2 FH T BAL

PHITE(E | = o bt 4K 2D 735 F AL X
p=a-+b p,=a+b
g=p-=¢C Q1 =P —C
p=qgx*d p,=q, *d
p=e—-p P3=€—=D;
q=p+g d; =Pz + s
SSARYfEES: BRFAANE
i ol AR

KE: PEESSHERBEER 12
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B —FE TR RAAELE P E] £ T

B =it XA EK 5
TR BAL AR AT AR L F R0 RAE
B — /R AR EF IR A2 AR AL M Ik
If (flag) x =-1; else x = 1;

y=X#*a;
PRk,
If (flag) x, = -1; else x, = 1;
= ¢ (X, Xo); /I dflaghy4E 2 & Flx, & & X,
y=X3*a,

PhiSF: iCaxd J
EA T EEE(ERE]

K= : FENES SHEMRBER 13
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=3t hE AL
FEFF25
(1)prod =0
A (2)i=
-9 A pint samiaiy
| = 1, mr_—\h(ll-) t2: a[tl]
do{ "(B) ;=4 *1|
prod = prod + a[i] * b[i[; " (6) t, = bt,]
i=1i+1;
o (i <= 20)- (Mt=t,%t,
} while (i <= 20); ®) .= prod + t
(9) prod =t
(10) t.=1+1
(1)) i=t,

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

KE: PEESSHERBEER 15
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EZISB&*I]}?.‘E = YHAZLEA S

FE AR (basic block)
(1)prod =0
B EFRACHTFREN-FAD, (B)t,=4*i
HRCHREBF-£H o, %F (4) t,= a[t,]
1% 2k B 5 X 8 T etk (KAL) (B) tz=4*I
(6) t,=b[ts]

B (flow graph) (Dt=t,xt,

SR RGEUE S . AL D Ees (8) ty=prod + t.
wfE & (9) prod =t

B EARMERHRBEGLEE (10) t;=1+1

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

KE: PEESSHERBEER 16



EZISiJ&EI’.‘lt'Jﬁ YERZLL S

EARRBX 537 E
‘ (1)prod =0
B ARARTAADIEAG 2)i=1
O FHIHE—AMER] (B)t,=4*i
O gEl (o) K MFEBIEIEIIRIES (4) t,= a[t,]

O EREDAHRBEORENED  (5)t,=4 %1
B AAANDEBEHITFT—AARESGNZ  (6)t,=Db[t,]

W (REABAFER) WizarIH  (DE=4L*T
A A3k (8) t = prod +t,
(9) prod =t
(10) t,=1+1
(11)i =t
(12) if i <= 20 goto (3)

KE: PEESSHERBEER 17



MR R é

(1)prod = 0 (1)I3_F_C>d =0 B,
(@i=1 (2)i=1

(3)t1_:4*l B t=d=i

) 1.~ alt (@) t,= alt]

(B) ;=4 *1 (B)t,=4 * |

(6) t, = b[t,] (6) 1, = b[t.] i
(7) ts=1t,* 1, (MNt.=t,*t, 2
(8) t;= prod + t; (8) t;= prod + t;

(9) prod =t (9) pI’OEi =1

(10) t,=i+1 8;))) :7_—t| +1

(11) 1=t T 7_

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

KE: PEESSHERBEER 18
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(1)prod =0
(2)i=1

Bt =4=*i

(4) t,= a[t]

(5) ;=4 * |

(6) t, = b[t,]
(Nt=1t*t,

(8) t;= prod + t;
(9) prod =t
(10) t,=1+1
(11)i =t

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

=F

(1)prod =0
(2)i=1

(3)t,=4 =1

(4) 1= a[t,]

(5) t;=4 =i

(6) t,= blt,]

(7 t=1t*1,

(8) t; = prod + t:

(9) prod =t

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

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

FE)IE S 5 P E RS R

B,

19



FIFIRE, vIRiEHETIB,RIBIIRESIR,
;&;:fﬁjlllbﬁﬁﬁﬂ%i&iq i*l]prod H(JTTE{E

13) 1, =1
(14) if i, <= 20 goto (3)

KE: PEESSHERBEER

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

=Y 125R FAHELL XS
= lllb(z;ﬁm SSA F_t) rsity of Science and Technology of Chin
(1)prod = 0 (1)prod; =0 (1)Pro_dl =0
(2)i=1 ], B, 2)i=1 (2)1, =1 T B,
! (3) 15= (14, 1) —
(3) =4 (4) prod;= ¢(prod,, prod,) ,8; Er;)g)(ll’q)l(zp))ro d.. prod,)
oAl Ot =4*13( 42 n 532 || |5 " B
(5)t,=4 *i O)t,=4 =1,
(6) t, = bt,] i E% :z fz[tl] B A& || [(6)t,=at,]
(N ts=1,%t, 2 3= 4 * 3 () t,=4 i
(8) t,= prod + 1 (8) t, = blt,] ) t,= blt,] B,
(% p:og ‘Jffi Q) =t*t, O) 5=t*1,
(10) 7= (10) t;= prod, + t: (10) ts = prod; + tg
(11) ' - t; (11) pl’Od =t (11) pI’Od — t6
(12) if i <= 20 goto (3) (12)t,= 41 6 (12) 1 = i,+1
13) 1, =1

20
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73 LLVM R®iIFRZESLLVM IR

B AR EEH]

LLVM IR

LLVM Pass Manager
LLVM Tools
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(C:: 3 B = ‘_‘,]_ ol LLVM IR C'?jr%; LLVM IR }éjrdﬁ; N if XSRGM
'|.'+ T = H' < - ] N ‘ ‘ <
ObjC 5 LLVMAL AL B NP R Loongareh
PowerPC
RISC-V
C/IC++ —m>
Fortran ——> GCC

LLVM RYKERISIIE
Ada Java ——> ﬁ@#ﬁ’%
Jaehon K HAiEE
Rust Go % E WA B

Librai exe &
e LLVM ol Offline Reoptimizer
. LLVM
Compiler FE 1 LLVM

Native |-V Neve /——\.---- . v P A Profile

|I' Linker "C.‘OdeGen &P_rl_cr:glcé'; Info
1 IPO/IPA

— Runtime
Compiler FEN Optimizer

LLVM

KE: PEESSHERBEER 22
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llvm-as: Convert from .1l (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

ST AR

B Dbugpoint: automatic compiler debugger

B llvm-gcc/llvm-g++: C/C++ compilers

KE: PEESSHERBEER 23
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B LLVM IREZFM (http://llvm.org/docs/LangRef.html)
B #AZ(http:/llvm.org/docs/tutorial/Langlmpl03.html)

¥ 4FE

RISC X A& &) = 3 ik X AL

SSAK XK. IR EMIT A&

B, ARE AR IR LA
load/stored§ 4 £ B L35 4+

IREYHEIN : text(1), binary(.bc). in-memory

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

4 g

KE: PEESSHERBEER 24


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

LLVM IRGYEERE FEAZLALL G

YRIECICHF
B ERC++#, WHKgeckclang#emg++Hclang++

gcc -S f.c -o f-gcc.s # i A I e A
clang -S f.c -o f-clang.s # Y PR AL G A

o &
S

27

X 8 & »
~
)

iadi '\-cc\‘“"\

® q
19
c g
2 N—~—4 &
0 s
3 &
"'”a

clang -emit-1lvm -S f.c -o f.1l # iR, 1100
clang -emit-1lvm -c f.c -o f.bc # iR be XU

11i f.11 # HATF.11
11i f.bc # HATE.bc

1lvm-dis < f.bc | less # YW
1lc f.bc -0 f.s # 91 AE  gn SCA

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

KE: PEESSHERBEER 25


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

X &k .

~ 3¢
=
1958
< g
%, &
and e

% o

S,

LLVM IREY FEAZLALL G

C program language LLVM IR

lce

* Scope: file, function module, function
* Type: bool, char, int, struct{int, char} i1,i8,i32,{i32, i8}

e A statement with multiple A sequence of instructions each of
expressions which isin a form of “x=y op z”.

1. load the values of memory addresses

* Data-flow: : _
(variables) to registers;

a sequence of reads/writes on _ _
2. compute the values in registers;

variables
3. store the values of registers to
memory addresses
* each register must be assigned exactly
once (SSA)
* Control-flow in a function: A set of basic blocks each of which ends

if, for, while, do while, switch-case,... with a conditional jump (or return)

KE: PEESSHERBEER 26
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B Primitives: integer, floating point, label, void

[0 no “signed” integer types
1 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: PEESSHERBEER 27
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2))FBl: C HETILLVM

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

¥

int caller() {
int T; /l on stack
T=4: /] store

return callee(&T);

}

define internal 132 @callee(i132* %X) {
entry:

%tmp2 = load 132* %X

%tmp3 = add i32 %tmp2, 1

ret 132 %tmp3

}

define internal 132 @caller() {
entry:
%T = alloca 132
store 132 4, 132* %T
%tmpl = call iI32 @callee(132* %T )
ret 132 %tmpl

}

KE: PETES SHEMREER
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O #&ERModule: BEREFFEE

B RRBEFEIPATRGERE 35 —AEF A
O Z&¥Function: BEEAXR/SH
O EZABRBasicBlock: {5473

[Target Informatioﬁ

\
" Global Symbols [ Argument ]

[Global Variable]

Module |:-:| Module

[ Basic block ]

\[ Function
Function
~ 7N [ Other ] \ /
k Program Module /

KE: PETES SHEMREER 29



OY) LLVM IRGGFERREHS b L2

2 &
® ~- 2
<
7;'2 =R 5
3, <
5 <
ce and Te

O #&ERModule: BEREFFEE

B RRBEFEIPATRGERE 35 —AEF A
O Z&¥Function: BEEAXR/SH
O FEARBasicBlock: {E$ K

O #5<Instruction: opcode + vector of operands

B A EAERKoperandsHiE £ A, HBALALERLZ LA

a

(. 3 NEREE | g
[ Argument ] [ Label ] BIEH 7 Bhic s BAER
Y7o o
; _ %4 = add i32 %1, 1
[ Basic block [ Instruction ] R ——— === -1
. H %ﬁ%& s L]
 Function Basic blockj A o) e Y

KE: PEESSHERBEER 30
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#include <stdio.h> ($1: ﬁi}%’iig h
int main(){ $2: P ey S
MOdUIeg:E*I‘g printf("hello, world\n"); 42 —m32 /%ﬂ'ji)gg‘(‘
return O; [T
— } helloworld.c  \327 =05 )
& RITIRA clang -emit-1llvm -S $1.c -o $1%$2.11 $2

n8:16:32:64-S128"
target triple = "x86_64-pc-linux-gnu"

/ \ target datalayout = "e-m:e-p270:32:32-p271:32:32-p272:64.64-164:64-f80:128-
[Target Informatlon]

GIobaI S mbols
y @.str = private unnamed_addr constant [15 x i8] ¢"hello,\C2\AOworld\OA\00", align 1
[ Global Variable ] » ; Function Attrs: noinline nounwind optnone uwtable

Function define dso_local i32 @main() #0 { Py
\[ L %1 = alloca i32, align 4 Ry ST IRA

[ Other ] store i32 0, i32* %71, align 4
%2 = call 132 (i8*, ...) @printf(i8* getelementptr inbounds ([15 x i8], [15 x i8]*

\ Module / @?;t:},ifgo' i64 0))

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

K= : FENES SHEMRBER 32
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#include <stdio.h>
Modu|eg-'|=1:’;g int main(){
printf("hello, world\n");

return O;
Y helloworld.c

H s WA (E B

- —\ | target datalayout = "e-m:e-p270:32:32-p271:32:32-p272:64:64-164:64-f80:128-
[Target Informatlon] 18:16:32:64-S128"

target triple = "x86_64-pc-linux-gnu" Q HizmBEER
@.str = private unnamed_addr constant [15 x i8] ¢"hello,\C2\AOworld\OA\00", align 1
» ; Function Attrs: noinline nounwind optnone uwtable

4 Global Symbols A
[Global Variable]

[ Function ] define dso_local i32 @main() #0 {
\. - %1 = alloca 132, align 4
[ Other ] store i32 0, i32* %1, align 4

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

\ Module / @r;t:éizego, i64 0))

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

KE: PETES SHEMREER 33
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#include <stdio.h>
Modu|eg-'|=1:’;g int main(){
printf("hello, world\n");

return O;
Y helloworld.c

( - \ target datalayout = "e-m:e-p270:32:32-p271:32:32-p272:64:64-164.64-f80:128-
[Target Informatlon] 18:16:32:64-S128"

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

4 Global Symbols A
[Global Variable]

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

%2 = call i32 (i8*, ...) @printf(i8* getelementptr inbounds ([15 x i8], [15 X i8]* @.str,
\_ Module /] |is40,i640))
reti32 0 BR ¥ = B
} V-l

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

KE: PETES SHEMREER 34
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FunctionZ544

: : : double foo();
dso: dynamic shared object !
dso_local: &8st FE R & 75 F7 B A e iy double bar(float a) {

dso_preemptable: return fOO(a, 40) + bar(31337),
FEIBAT I A BEAR AN R A 5 BUAX b
\\:%o\n Attrs: noinline nounwind optnone uwtable
/ \ 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 Y

KE: PETES SHEMREER 35
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FunctionZ544

double foo();
double bar(float a) {

return foo(a, 4.0) + bar(31337);
bs

; Function Attrs: noinline nounwind optnone uwtable
efine dso_local double @bar(float %0) #0

(¢ N o aiae foat. align 4+~ T T o e AT

[ Argument ] store float %0, float* %2, align 4 ﬁj\@aﬁwﬁm%ﬁ%f’@z
%3 = load float, float* %2, align 4 AR T RE, &fE

» %4 = fpext float %3 to double H T >F R

%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

¥

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

[ Basic block ]

KE: PETES SHEMREER 36
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FunctionZ&#4
double foo();
double bar(float a) {
return foo(a, 4.0) + bar(31337);
s
; Function Attrs: noinline nounwind optnone uwtable
/ \ define dso_local double @bar(float %0) #0 { — \
%?2 = alloca float, align 4 MEZHE, ¥Kfloatk
[ Argument ] store float %0, float* %?2, align 4 R e ydouble

%3 = load float, float* %?2, aIign% B3hRARF
# float>double

%4 = fpext float %3 to double I

%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

¥

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

[ Basic block ]

\ Function Y

KE: PETES SHEMREER 37
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FunctionZ5#3
double foo();
double bar(float a) {
return foo(a, 4.0) + bar(31337);

s

; Function Attrs: noinline nounwind optnone uwtable

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

0 X O i
i/t%re_f:oat %0, float >|</%2, allg.n 4 T foom ¥, Tifoolh
03 = load float, float* %2, align 4 3 % /> 45 2 ~double
» %4 = fpext float %3 to double ﬂ‘ﬂi%%[a’\]l%iﬁz%ﬂ
%5 = call double (double, double, ...) bitcast bi;:bc;sté'i‘rﬁljiggﬁe
(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

¥

declare dso_local double @foo(...) #1
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[ Basic block ]

\ Function Y
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FunctionZ&#4
double foo();
double bar(float a) {
return foo(a, 4.0) + bar(31337);
bs
; Function Attrs: noinline nounwind optnone uwtable
/ \ 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 JE F bar

b 31337% fiifloat

declare dso_local double @foo(...) #1
skE: PEES SHPERBER 39

[ Argument ]

[ Basic block ]

\ Function Y
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FunctionZ&#4
double foo();
double bar(float a) {
return foo(a, 4.0) + bar(31337);
bs
; Function Attrs: noinline nounwind optnone uwtable
/ \ 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, 0/06T|
ret double %7 i irdouble2i® frifadd
b B, HitE R R
declare dso_local double @foo(...) #1
sk = : PENES 5PEMKBER 40

[ Argument ]

[ Basic block ]

\ Function Y
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#define N 10
B AT E yoid fne 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(8A[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
orfic R AR e, Y% 3
5: ; preds = %14, %1 YAy AN RL T AP
%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 HE: RIEES SR 41
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#define N 10
B AT E yoid fne 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, aIign 4 Sum(&A[l], &P),
%4 = alloca i32, align 4 )
store i32* %0, i32** %2, align 8
store i32 0, i32* %3, align 4 N
br label %5 — ———— T S Ak Bl bR 2 R 5
i
5: ; preds = %14, %1 br label =5
%6 = load i32, i32* %3, align 4

%7 = icmp slti32 %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 K. PENES S hEREER 42
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#define N 10
B AR pold e AL
{
5 - reds = %14, %1 inti, P;
. = Y% (0] . . .
' ' for (i=0;i<N; ++
%6 = load i32, i32* %3, align 4 or ( Su(r)‘l"](&A[i], &P)I?
%7 = icmp slt i32 %6, 10 3 el
br il %7, label %8, label %17 \\_
3:  preds = %5 FEA P AT YR S AR T
%9 = load i32*, i32%* %2, align 8 oyl s 9 14K L
/ 4 /\
%10 = load i32, i32* %3, align 4 MREA
%11 = sext i32 %10 to i64 preds {5 U1 ATSKITbR 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, align 4
%16 = add nsw i32 %15, 1
store i32 %16, i32* %3, align 4
br label %5
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#define N 10
£ ARFRE yold e A
{ - .
5: » preds = %14, %1 nti, by ,
%6 = load i32, i32% %3, align 4 ' for (i = 07 1< Nj ++1)
00 .Oa | ,-| 0o, align SUI’T](&A[I], &P);
%7 = icmp slti32 %6, 10 )
br il %7, label %8, label %17
3: . preds = %5 @ﬁﬁetglemeptptr(gep)
%9 = load i32*, i32** %2, align 8 PITER AL

%10 = load 132, i32* %3, align 4 nbounds #7riiEHi 10 (%11).
%11 = sext i32 %10 to 64 /7 NligepiZIal 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

K=2: PENES SHhEMRBERK 44
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C 1 C Frontend /

-
C++ C++ Frontend

Optimizer PowerPC Backend | —e PowerPC
- A . __________________________
Object-C ARM Backend > ARM

Object-C > Frontend
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))LLVM Pass Manager YERZLA xS

miEasB 2R Rk — R FAYpasses
B B/ passE— oKLk
Passgy 3 #Y

ModulePass: general interprocedural pass

CallGraphSCCPass: bottom-up on the call graph SCC 5]
FunctionPass: process a function at a time

LoopPass: process a natural loop at a time

BasicBlockPass: process a basic block at a time

HMEMBYZY3R (e.g. FunctionPass):
B FunctionPass Rt & & & a7 & &
B R A5 R R Z A AR S

N

H B E RN
e
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d\
gl
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