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Passh.o PassC.o

MyOptimizer.cpp

PassD.o

PassManager PM;

PM.add(createPassA());
PM.add(createPassB(});
PM.add(createMyPass());

\

LLVMPasses.a

/

MyPasses.a



Chapter 3

(<X suyog@ubuntu: ~
suyog@ubuntu:~% cat examples
def fib(x)
if x < 3 then
|
else
fib(x-1)+fib(x-2);
suyog@ubuntu:~5% ./ /toy examples
; ModuleID = 'my compiler'
target datalayout = "e-m:e-p:32:32-T64:32:64-T80:32-nB:16:32-5128"

define 132 @fib(i32 %x) {
entry:
¥ecmptmp = icmp ult i32 %x, 3
br i1 ¥cmptmp, label %ifcont, label %else

else:
%subtmp = add i32 %x, -1
%calltmp = call i32 @fib(i32 %subtmp)
%¥subtmpl = add 132 %x, -2
%calltmp2 = call i32 @fib(i32 %subtmp1)
%addtmp = add i32 %calltmp2z, %calltmp
br label %ifcont

ifcont: ; preds %entry, %else
%iftmp = phi 132 [ %addtmp, %else ], [ 1, %entry ]
ret 132 %iftmp

}



FrameIndex<-1> [ID:l]\ EntryToken [ID:D]\ {FrameIndex<-2> [ID=3] undef [ID=2] ! PrameIndex<-3> [ID=4]
Oxa3czaf0 0xa3a7cb0 Oxa3c2cal 0xa3c2b80 0xa3c2dcO
i32 ch i32 i32 i32
»
——f*} ____________ y __7_4_'f'___,)/‘k /{ \\ \ Y ~
//’—— f,/ —__—_—_—\
e ~
7 '
, 0 ] 1 | 2 0 \ 1 | 2 4 0 | 1 \ 2
/ load<LD4 [FixedStack-1] (align=16)> [ORD=1] [ID=7] load<LD4 [FixedStack-2]> [ORD=1] [ID=8] load<LD4 [FixedStack-3] (align=8)> [ORD=1] [ID=9]
’,f Oxa3c2cl0 0xa3c2d30 Oxa3c2eb0
/ - - ;
i L i32 | ch L 132 | ch L 132 ‘ ch
|
|
|
| 0 1
\ add [ORD=2] (ID=10]
\\ Oxa3c2eed
| i3z
|
\ A
1

Register %EAX [ID=6]

| 0 1
|

0xa3c3090 |
|

sdivrem [ORD=3]
0xa3c3240
i32
i32 i32
/
/
|
(" 0 I 1 [ 2
TargetConstant<0> [ID=5]
CopyToReg [ORD=4] [ID=12]
0xa3c3000
0xa3c3120
i16

ch I glue

T r/‘

[

o | 1 [ 2 | 3

X86ISD::RET_FLAG [ORD=4] [ID=13]
0xa3c31b0
ch
A

GraphRoot

isel input for test:




FrameIndex<-1> [ID=1]\

EntryToken [ID:O]\ FrameIndex<-2> [ID=3]\ undef [ID=2]\‘ FrameIndex<-3> [ID=4J\
0xa8ddbl8s OxaBc2cd8 Oxa8ddcc8 0xa8ddbas Oxa8ddde8
i32 P} ch » i32 y, i32 jq\_ i32 Y,
R 4:::::::‘2::;::’/
P - 7
/s I
S 0 } 1 { 2 h 0 | 1 | 2 A
// load<LD4 [FixedStack-1] (align=16)> [ORD=1] [ID=7] load<LD4 [FixedStack-2]> [ORD=1] [ID=8] load<LD4 [FixedStack-3] (align=8)> [ORD=1] [ID=9]

/ 0xasddc3s 0xa8dddse 0xasdde78

! : B A

, i3z ‘ ch \ 132 | ch \_ i32 ‘ ch )
|
|
|
| 0 1
|
\ add [ORD=2] [ID=10]

\ 0xa8ddfos

\ ;

\ i32

| . R
Register $EAX [ID=6]
‘ sdivrem [ORD=3]
0xa8de0bs I
- | 0xa8de268
132
i32 i32
I
i
|
o | 1 | 2
TargetConstant<0> [ID=5]
CopyToReg [ORD=4] [ID=12]
0xa8de028
Oxa8del48
ile
v ch I glue
T f_/‘
[
o | 1 | 2 | 3
XB6ISD::RET_FLAG [ORD=4] [ID=13]
Oxa8deld8
ch
i

dag-combine2 input for test:




GraphRoot

dag-combinel input for test:

(oo om0\
(FrameIndex<-1>) /EntryToken\ (FrameIndex<-2>) ( undef ) FrameIndex<-3>
0xb4bbbl8 0xb4a0cds 0xb4bbcc8 0xb4bbbas 0xb4bbdes
A i32 \ ch I i32 Y, i32 /4!32
A=Y P =
P F\
e |
(o ‘ 1 2 o | 1 2 )
i[ load<LD4 [FixedStack-1]> [ORD=1] load<LD4 [FixedStack-2]> [ORD=1] load<LD4 [FixedStack-3] > [ORD=1]
! 0xb4bbc38 0xb4bbds58 0xb4bbe78
I
L i32 ch PN i32 ch PN i32 | ch )
| b\_/,_\
|
|
| 0 1
!
| add [ORD=2]
| 0xb4bbf08
| -
| 1‘3L2
|
|
| e
e ——r el e =
Register %EAX | -
sdiv [ORD=3]
0xb4bc0b8s |
- | 0xb4bbf 98
132
————— i3z
|
I
|
0 I 1 ’ 2 )
TargetConstant<0>
CopyToReg [ORD=4]
0xb4bc028
0xb4bcl48
ils
h ch glue y,
- 4 /‘
[
o) 1 2 3 )
X86ISD: :RET FLAG [ORD=4]
0xb4bcl1ds
\ ch J
A




(TargetConstantei&s [1D=3] EntryToken [10-01 (comatant<ds (10781
cn

! OxsesnLag

{ [eallaeq stare [omD=3] [10-22]

Ox5e87za0

[‘undet [1D=21
socamen |

or [0ap-1] [10-21]1 | | lcadera[Fixedstack-

Oxges7e50

21 (align-16)> [oRD-1]
x9es8160

[10-16]

load-Ln4 [Fixedstack-3] (align=6} > [oRD=1] [1B=17]

axses7ETQ

or [oRp=1] [10-20]

Oxgesab7e

i12
»

R B

loads<LD4 [FixedStack-1+4)> [ORD=1] [ID=26)

[
| 10ade

. "i

v [ s

Y
load-Ln4 [Fixedstack-5] (align=16)> [oRD=1] [1D=18] | |

or [oRB-1] [ID-19]

LD4 [FixedStack-3+4]= [ORD=1] [1D=35) | | Xa6TsD
oxsesacos ox9e38120 | Ox9esadbs
2 I = n o a2 | oim
— ~ i .

Teg

H6ISD::ADC [ORD=3]

0x9087430

Ox303b358

i3z

CopyFromieg [0aD-3] [1D-38]

- T [ 2 T Ve ] 1 ER|
CopyToReg [GRD=4] [1D=40] | | CopyFromReg (0RD=3] (1D=41 |
GxoespaTD Gxsesbeen
o | ewe ) im [ e | e
i = I

R f

<h

X861SD: :RET_PLAG [ORD-d]

P o 1 B 3 )
TargerConstant<a> (1051 i ol
Ax3e8750 CepyTeRag

ox3088350

11D-43]

_}7

storecsTd [Stacked]> [0RD-3] [ID=35]

0x9231478

oxsesrcin Oxsesnzan
P 132 ]
kY
; T
/| 10ad<tp4 (Fixedstack-5+4] > [GRD=1) [10=34]
Oxaeaazan
3z

storecsTd [Stacke@]s [ORD=3] [IG=3a] storecGTd [Stacks12]> [0RD=3] [15-33]
x9e9628 0x9esL7d8

ah )

[] 1 z 3 .
| 16ymbol __divdi [1D-13] | [BegisterMask [IBald
TokenFactor [ORD=3] [1D=361
axsesmate [ oxsesnems
Oxse3bBaE |
32 . uatyped ]

HAETSD: :CALL (ORD=3) (1D=37]
oxsesbals

dag-combine? input for test




FrameIndex<-1> (Frameindex<-2>w rﬂntry’rakan FrameIndex<-3> undef FrameIndex<-4> FrameIndex<-5> FrameIndex<-6>
Oxasafafo I Oxagafcal | I 0xas%4ch0 O0xaSafdcO Oxasafbso Oxagafeel 0xasb0000 0xa%h0120
i32 132 s i i i32 i32 i3z
’JTTC—_),_f ————————— — —l—““ﬂ
Lo 7 =375 -
/ 0 [ 1 [ 2 0 [ 1 [ 2 Y [) [ 1 [ 2
f/ load<LD4 [FixedStack-1]> [ORD=1] load<LD4 [FixedStack-2]> [ORD=1] load<LD4 [FixedStack-3]> [ORD=1] load<LD4 [FixedStack-4]> [ORD=1] load<LD4 [FixedStack-5]> [ORD=1] load<LD4 [FixedStack-6]> [ORD=1]
| Oxa%afcl0 Oxa9afd3io OxaSafesS0 Oxa9aff70 0xaSb0090 0xasb01b0
| 132 ‘ ch p i32 | ch i32 | ch i3z | ch 132 [ ch 132 ‘ ch
| & \
\
! 0 1 o 1 o 1
build pair [ORD=1] build pair [QORD=1] build pair [QRD=1]
0xa9b0240 0xagb02do
i64

|
|
| 0xa9b0360
| i64 i64
| S R S
|
: T
1 add [ORD=2]
| 0xagb03£0
|
|
|
|
|
|
|
|
|
|

i6a

0 1
sdiv [ORD=3]

Constant<0>
0xash0630

0xa%b0480

i64

| 0 1

extract_element [ORD=4]

Register $EAX
0xag9b07e0

Constant<1l>

0xa9b0510
| 0xa%b06c0
|4 i3z
|
o [ 1] =2 o T ) —

Register $%EDX
CopyToReg [ORD=4] extract_element [ORD=4]
0xa%bh0900
0xagb0E70 0xa9b05a0 5
i

ch ‘ glue i3z

TargetConstant<0>

CopyToReg [ORD=4]
0xag9b0390

0xa9b0750

glue

X86ISD: :RET_FLAG [ORD=4]
0xag9b0az0
ch

;*—/

dag-combine] input for test:




(su(a): MOV32rm<Mem:LD4 [FixedStack-1] (align=16)> [ORD=1] [ID=3]W

(

0xb770eb0

)

A

(éu(zj; ADD32rm<Mem:LD4 [FixedStack-2]> [ORD=2] [ID=2]\

.

0xb770de0 )

A

SU(1) : CopyToReg [ORD=3] [ID=1]
CDQ [ORD=3] [ID=1]
IDIV32m [ORD=3] [ID=1]
CopyFromReg [ORD=3] [ID=1]

L, 0xb770d10 )
F \

RETL [ORD=4] [ID=0]

(éu(o): CopyToReg [ORD=4] [ID:O]T

0xb770c40

Scheduling-Units Graph for sunit-drag.test:




(EntryToken TargetConstant<1>\ /TargetFrameIndex<—1;\
0xb70ccb0 0xb7282d0 0xb727cal
= ch is \ i32

|
|
|
|
Loy
| \ \
[N N
| AN ~
I N
| N
Ry — I S
Register $%EAX | N
0xb728090 :
i3z
N~
~—

) 1

2

MOV32rm<Mem:LD4 [FixedStack-1] (align=16)> [ORD=1]

0xb727c10

/TargetFrameIndex<—3>\

0xb727£70

i3z

. 0 | 1 | 2 b
CopyFromReg [ORD=3]
0xb7285a0
i32 | ch { glue

0

IE

| 2

CopyToReg [ORD=4]

0xb728120

N

ch

glue

A
|

—

Daalater Erncran)

Register %noreg

0xb728000

i32

/}argetFrameIndex<-2>

/TargetConstant<0

~

>

0xb728360

~

0xb727dc0

i3z

i32

o | 1 | 2 | 3 | 4 | 5 | 6 )

ADD32rm<Mem:LD4 [FixedStack-2]> [ORD=2]

0xb727ee0

i32 | i32

|
o

1

| =2

CopyToReg [ORD=3]

0xb7283f0

glue

I
(o |1 [2 |3 |4 }5 |6\

IDIV32m [ORD=3]

0xb728510

\ ch | glue

/S
0
CDQ [ORD=3]
0xb728480

glue




FrameIndex<-1> [ID=1] EntryToken [ID=0] FrameIndex<-2> [ID=3] undef [ID=2] FrameIndex<-3> [ID=4]\
Oxa3c2af0 0xa3a7cb0 0xa3c2cal 0xa3c2b80 Oxa3c2dco
ch i i32 i32
e
-
p ~
// 2 0 1 | 2
// load<LD4 [FixedStack-1] (align=16)> [ORD=1] [ID=7] load<LD4 [FixedStack-2] > [ORD=1] [ID=8] load<LD4 [FixedStack-3] (align=8)> [ORD=1] [ID=9
]/ Oxa3c2cl0 0xa3c2d30 Oxa3c2e50
/ i32 J ch i32 [ ch i32 [ ch
I
I
|
| ™~
1 1
1\ add [ORD=2] [ID=10]
\ Oxa3c2eel
\
| i32
!
1
1
: ! 0 1
Register %EAX [ID=6] | !
| sdivrem [ORD=3]
0xa3c3090 |
] 0xa3c3240
i32 - -
i32 i3z
!
/
!
o [ x| 2
TargetConstant<0> [ID=5]
CopyToReg [ORD=4] [ID=12]
0xa3c3000
0xa3c3120
ile
el ch I glue
R
[
0 1 !
X861ISD::RET_FLAG [ORD=4] [ID=13]
0xa3c31b0
ch
A

GraphRoot

isel input for test:




FrameIndex<-1> [ID=1] EntryToken [ID=0] FrameIndex<-2> [ID=3] undef [ID=2] FramelIndex<-3> [ID=4]
Oxb4sfafo Oxb444cb0 Oxb45fcal 0xb45fb80 0xb45fdcO
ch > i32 L i3z ii2 Y,
Ps
~
2 0 1 ‘ 2
// load<LD4 [FixedStack-1] (align=16)> [ORD=1] [ID=7] load<LD4 [FixedStack-2] > [ORD=1] [ID=8] load<LD4 [FixedStack-3) (align=8)> [ORD=1] [ID=9]
/f 0xbasfclo 0xb45£d30 0xb45£fes0
/ i32 | ch i32 | ch | ch
i
|
|
|
\ ] 1
\ add [ORD=2] [ID=10]
\ Oxb45feed
\
\ i32
1
\
i
J 0 1
Register %EAX (ID=6] ) !
| sdivrem [ORD=3]
0xb460090 |
| 0xb460240
i3z
i32 i32
!
/!
|
~ o | 1 | =
TargetConstant<0> [ID=5]
CopyToReg [ORD=4] [ID=12]
0xb460000
- 0xb460120
ile
v ch ‘ glue
P
[

- —~

I E
X86ISD: :RET_FLAG [ORD=4] [ID=13]
0xb4601b0
ch

A

dag-combine2 input for test:




/%rameIndex<-1> [ID=-3] EntryToken [ID=-3] FrameIndex<-2> [ID=-3] undef [ID=-3] /frameIndex<-3> [ID=-3
0xb409af0 Oxb3eecbl 0xb409cal 0xb409b80 0xb409dc0
ch »> i32 i32 4\_‘_
2 | | (o | )
load<LD4 [FixedStack-1] (align=16)> [ORD=1] [ID=-3] load<LD4 [FixedStack-2]> [ORD=1] [ID=-3] load<LD4 [FixedStack-3] (align=8}> [ORD=1] [ID=-3]
,/ 0xb409¢c10 0xb409d30 0xb40%e50
i i32 | ch 132 } ch 132
I
|
|
| 0 1
|
| add [ORD=2] [ID=-3]
| 0xb409ee0
\ i32
\
\
1
\l 0 | 1
Register %EAX [ID=-3]
I sdiv [ORD=3] [ID=-3]
0xb40a090 |
- | 0xb409f70
i3z ! -
i3z
!
/
|
o [ 1 ] 2
CopyToReg [ORD=4] [ID=-3]
0xb40alz0
ch | glue
S0
|
1 I
X86ISD: :RET_FLAG [ORD=4] [ID=-3]
0xb40alb0
ch
A

GraphRoot

legalize input for test:




|

——
/FrameIndex<-1>\ /EntryToken\ Framelndex<-2>\ 4 undef N FrameIndex<-3>
Oxa324af0 0xa309cbo 0xa324cal 0xa324b80 0xa324dc0
P i32 //,\ ch /’{\\ i32 J 4 i32 )M:Q
//‘7 H*Hfzzﬁf - —_
7 T~
Vs | ~
/ "o | 1 | 2 ) | 1 | 2 Y o | 1 | 2 )
I | load<LD4 [FixedStack-1]> [ORD=1] load<LD4 [FixedStack-2]> [ORD=1] load<LD4 [FixedStack-3]> [ORD=1]
[}
i 0xa324cl0 0xa324d30 Oxa324e50
;] U i32 | ch ) 4 i32 | ch PR i32 | ch P
I
i
i
| Q 1
|
| add [ORD=2]
|I 0xal2deel
| -
' 112
|
|
(o cror 2onw II 0 &
Register %EAX |
sdiv [ORD=3]
0xa325090 I
| 0xa324f70
i3z
~— - i32
e
|
|
— ~
0 1 2
/TargetConstant<0>\ | ‘
CopyToReg [ORD=4]
0xa325000
o 0xa325120
i
AN vy
ch glue y,
s ,’
{
(o [ 2 | 2 [ 3
X861ISD: :RET_FLAG [ORD=4]
0xa3251b0
- Gl y,
A

GraphRoot

dag-combinel input for test:




EntryToken TargetConstant<ls> TargetFrameIndex<-1> Register %noreg TargetConstant<0>
0xb70ccbo 0xb7282d0 0xb727cal 0xb728000 0xb728360
- ch ; is i32 i32 — i3z
- i — — /
e 1y ——.
\ LA
I (N 0 1 2z | 3 4 5 P
I \ \ TargetFrameIndex<-2>
I \ \ MOV32rm<Mem:LD4 [FixedStack-1] (align=16)> [ORD=1]
I \ 0xb727dco
| \\ v 0xb727c10
I oo
TN RN
I N A -
N
! N e
| “ -
e P Sp—— ! >
Register $EAX | M
| ~ N ADD32rm<Mem:LD4 [FixedStack-2]> [ORD=2]
0xb728090 RS \
- ! ~. 0xb727ee0
i32 prs e B
y S : ‘___\ i3z cl
[
I
I
|
’r CopyToReg [ORD=3]
I 0xb7283£0
|
[
I
l}
! — o
I TargetFrameIndex<-3>
| CDQ [ORD=3]
| 0xb727£70
: - 0xb728480
i32
‘l glue
! |
I
| 01|23 ([4]|5]|¢e6
“ IDIV3i2m [ORD=1]
| 0xb728510
I
| ch glue
|
|
0 1 2
CopyFromReg [ORD=3]
0xb7285a0
i3z ch glue
\\_
= 4] 1 2
CopyToReg [ORD=4]
0xb728120

RETL [ORD=4]
0xb7281b0

ch

scheduler input for test:




Chapter 7

: tailcalll.s - Meld C = ) Apr1411:32
| o Save Undo @
|7 tailcall.s : tailcall1.s ®
/home/mayur/book/chap7/tailcall.s | ¥ ||Browse...| /home/mayur/book/chap7/tailcalll.s | ¥ ||Browse...| =]
_— Jtext Ltext i
.file "tailcall.ll" .file "tailcall.ll"
.globl tailcaller .globl tailcaller
.align 16, 0x90 .align 16, ©x90
.type tailcaller,@function .type tailcaller,@function
tailcaller: # @tailcaller tailcaller: # @tailcaller
.cfi_startproc .cfi_startproc
# BB#0: # BB#0O:
pushg  %rax - | # kill: ESI<def> ESI<kill> RSI<def:
.LtmpO: # kill: EDI<def> EDI<kill> RDI<def:
.cfi def cfa offset 16 leal (%rdi,%rsi), %ecx
# kill: ESI<def> ESI<kill> RSI<def: # kill: ESI<def> ESI<kill> RSI<kill
] # kill: EDI<def> EDI<kill> RDI<def: movl %edi, %edx
leal (%rdi,%rsi), %ecx jmp tailcallee # TAILCALL
# kill: ESI<def> ESI<kill> RSI<kill .Lfunc_end@: -
movl %edl, %edx .size  tailcaller, .Lfunc_end@-tailcaller
o popqg %rax - .cfi _endproc
jmp tailcallee # TAILCALL
.Lfunc_end®: —
.size  tailcaller, .Lfunc_end®-tailcaller .section ".note.GNU-stack","",@progbits
.cfi _endproc
D .section ".note.GNU-stack","",@progbits

Ln9,Col1 INS _



mayur@vaio-linux:~/book/chap9% ASAN_SYMBOLIZER_PATH=/usr/local/bin/1lvm-symbolizer ./a.out

READ of size 4 at Ox7fff273c21b8 thread TO
#0 0x4d406a in main (/home/mayur/book/chap9/a.out+0x4d406a)
#1 0x7f8673850ec4 in _ libc_start_main fbuild/buildd/eglibc-2.19/csu/libc-start.c:287
#2 0x4176a5 in _start (/home/mayur/book/chap9/a.out+0x4176a5)

Address 0Ox7fff273c21b8 is located in stack of thread T® at offset 56 in frame
#0 0x4d3f4f in main (/home/mayur/book/chap9/a.out+0x4d3f4f)

This frame has 1 object(s):
[32, 52) 'a' =<== Memory access at offset 56 overflows this variable
HINT: this may be a false positive if your program uses some custom stack unwind mechanism or swapcontext
(longjmp and C++ exceptions *are* supported)

SUMMARY: AddressSanitizer: stack-buffer-overflow (/home/mayur/book/chap9/a.out+8x4d406a) in main
Shadow bytes around the buggy address:

0x100064e703e0: 00 00 OO GO0 00 OO OO PO OO 0O OO OO OO OO 0O OO

0x100064e703f0: 00 PO OO OO 0O OO OO OO OO OO0 OO OO OO 00 6O 0O

0x100064e70400: 00 GO0 00 0O 00 0O GO 0O 0O 00 0O OO OO 0O 0O 60

0x100064e70410: 00 00 OO OO 00 OO OO PO OO 0O OO OO OO 0O 0O 0O

0x100064e70420: 00 00 0O OO 00 0O GO OO OO 0O OO OO OO OO 0O 0O
=>0x100064e70430: 00 00 04[ 00 00 00 0O

0x100064e70440: 00 00 0O GO0 00 OO OO PO OO0 OO0 OO OO OO 0O 0O OO

0x100064e70450: 00 00 0O GO 00 OO OO PO OO 0O OO OO OO OO 0O OO

0x100064e70460: 00 00 0O GO0 00 OO OO PO OO 0O OO GO OO OO 0O OO

0x100064e70470: 00 G0 00 0O 00 0O GO 0O 0O 00 0O OO 0O 0O 0O 6O

0x100064e70480: 00 00 0O OO0 00 0O OO 0O 0O 0O OO OO 0O 0O 0O 0O
Shadow byte legend (one shadow byte represents 8 application bytes):

Addressable: 00

Partially addressable: 01 02 83 04 85 06 07

Heap left redzone:

Heap right redzone:

Freed heap region: fd

Stack left redzone:

Stack mid redzone:

Stack right redzone:

Stack partial redzone:

Stack after return:




T F
then else
1fcont

CFG for ’baz’ function



entry:
tifcond foemp ocne doubkle %x, 0.

br il %ifcond, lakel %then, label %else

000000e+00

then:
tcalltmp
br label

call doukble Efoo ()
%ifcont

ifcont:
tiftmp phi double [ %calltmp, %then ],
ret double %iftmp

[ fcalltmpl,

t(elze ]

else:
tcalltmpl
br lakel

call double @bar()
%ifcont

Dominator tree for "baz’ function
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