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CMMBO/bI

struct Cat
{

static int x;

}s
Cat::x = 0;

int foo(int arg)

{
static float symbol

static char x = 2;
static Cat dog { };

return 0;

= 3.14f;

sym.cpp

<X, int, static>

<foo, int(int)>

<symbol, float, static>
<X, char, static>

<dog, Cat, static>




Tabanubl CMMBONOB

% llvm-readelf -s -C sym.cpp.o

Symbol table '.symtab' contains 8 entries:

Num: Value Size Type Bind Vis Ndx Name
0: 00000000V © NOTYPE LOCAL DEFAULT UND
1: 0000000000V © FILE LOCAL DEFAULT ABS sym.cpp
2: 0000000000004 1 OBJECT LOCAL DEFAULT 4 foo(int)::x
3: 0000000000V 1 OBJECT LOCAL DEFAULT 5 foo(int)::dog
4: 0000000000000000 4 OBJECT LOCAL DEFAULT 4 foo(int)::symbol
5: 0000000000000000 © SECTION LOCAL DEFAULT 2 .text
6: 00000000V 22 FUNC GLOBAL DEFAULT 2 foo(int)
7: 0000000000000000 © NOTYPE GLOBAL DEFAULT UND Cat::x




Linkage

no |inkage int foo(int x1 /* no linkage */)
: . {

internal linkage int x4; // no linkage
external linkage

: struct A; // no linkage
module linkage y o °




no linkage
internal linkage
external linkage
module linkage

Linkage

static int x3; // internal
const int x4 = @; // internal

void bar()

{
static int x5; // internal

¥

namespace // internal

{
void internal(int a, int b)
{
}

} ’



Linkage

no linkage
' ' extern int x2; // external
internal Im_kage void bar(); // external
external linkage

module linkage




Linkage

export module foo;

no |inkage import :counter;
internal Iinkage import export :arith;
external |inkage export int get value()
. {
mOdUIe Ilnkage return ::counter;
}

C++20



Object Files

ELF header
Program header
table
ELF
text
COFF
.rodata

Mach-o

.data )

Section header table




ELF
COFF

Mach-o

File header

.text
section header

<named> section
section header

.text
section header

<named> section
section header

.text
section header

<named> section

relocation information

Object Files

— Section headers

L_  Raw data

Relocation
— information

Symbol table

String table




Object Files

Header

Load Commands

Segment Load 1

E L F Segment Load 2
Data
CO F F Section 1 data

i
€
GE) Section 2 data
g
IVI a C - O n Section 3 data
Section 4 data <
(o]
€ .
GE) Section 5 data
oo
8| ..
(7]
Section n data

Mach-o



Object Files

File header
ELF header Toxt B
section header Header
Program header -data Load Commands
______ sectionheader | [ ;
table bss Section headers Segment Load 1
------ Sggt'-onbga-dsr------ Segment Load 2
<named> section
section header
text ot -
______ section header _____ Data
.data . Raw dat
section header aw data — Section 1 data
""" <named> section €
. rOdata section header :'c_) Section 2 data
text g)o .
section header % Section 3 data
=" """ """ dqta """ """ Relocation
section header information ~ Section 4 data
""" <named> section =
.data relocation information _ g Section 5 data
N Symbol table o
. String table w .
Section header table Section n data
Format COEE Mach-o



MeXMoaynbHbIN aHA/IN3 B KomnmnﬂTopﬁé
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OI'ITI/IN\VI38LI,VIVI BpeMeHWN CBA3blBAHWA /{Ké

/
[
| ‘
/ 4
//
/

LTO — Link Time Optimizations
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OI_ITI/IIV\I/I3aLI,I/lI/I BpeMeHW CBA3blBAHWA

yAaneHne mepTBoro Koaa
Pa3BOPOT LUKIOB
pPacKpy4YnBaHMe XBOCTOBOM PeKypCcum

NOACTaHOBKA Pe3y/1IbTaTOB BbIYMCAEHMIN HA 3Tane KOMNUAALNN
nT. A.



OI_ITI/IIV\I/I3aLI,I/II/I BpeMeHWN CBA3blBAHWA

A.cpp B.cpp
void eFree(void *ptr); void eFree(void *ptr)
{
int *foo(); free(ptr);
}
int main()
{ int* foo()
auto p = foo(); {
memset(p, O, int *ret = (int*) malloc(
sizeof(int)); sizeof(int));
eFree(p); return ret;

¥ }

20



OI_ITI/IIV\I/I3aLI,I/II/I BpeMeHWN CBA3blBAHWA

A.cpp B.cpp
void eFree(void *ptr); void eFree(void *ptr)
{
int *foo(); free(ptr);
}
int main()
{ int* foo()
auto p = foo(); {
memset(p, O, int *ret = (int*) malloc(
sizeof(int)); sizeof(int));
eFree(p); return ret;

¥ }

21



LTO B Clang

: Resolve .
Preprocess Compile Link
symbols
.Cpp ”_ N "|— IR "| mmmmm=) | slobal IR | =======) | binary

Symbol
table




Intermediate Representation

C x86

= Front-end
C++ ——p» Clang ARM
Middle-end Back-exy
/_,_——v RISCV

LLVM IR —{ LLVM optimizer » LLVM IR — LLVM static compiler
|_1—V T
Rust ——+# rustc v S MIPS

Go ——p{ Gollvim

'/

Toy = -4 >: toyc : PowerPC

23



Intermediate Representation

int add(int x, int y) define dso local i32 @ Z3addii(i32 %0, i32 %1) #0 {
{ %3 = add nsw 132 %0, %1
return x + y; ret 132 %3
e
} A }
\
\
simple.cpp 7 \\ simple.cpp.ll 7
\\
~ -~ —
= ~
N
\
\

$> clang++ -S -emit-1llvm -Xclang -disable-00-optnhone simple.cpp -0 simple.cpp. 11
i$> opt -mem2reg -S simple.cpp.ll -o simple.cpp.ll !



LTO B Clang

: Resolve .
Preprocess Compile Link
symbols
.Cpp ”_ N "|— IR "| mmmmm=) | slobal IR | =======) | binary

Symbol
table




LTO B Clang

: Resolve .
Preprocess Compile Link
symbols
.Cpp ”_ N "|— IR "| mmmmm=) | slobal IR | =======) | binary

Symbol
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LTO B Clang

: Resolve .
Preprocess Compile Link
symbols
.Cpp ”_ N "|— IR "| mmmmm=) | slobal IR | =======) | binary

Symbol
table




LTO B Clang

: Resolve .
Preprocess Compile Link
symbols
.Cpp ”_ N "|— IR "| ) | s|obal R | ===} | binary

Symbol
table




writer

LTO B GCC

ojolo

reader
LGEN
LGEN —> LTRANS
LGEN




LGEN

LGEN

WPA

WOC

LGEN

LTRANS

LTRANS

LD

LTRANS




MeXXMOAYNbHbIM aHaNN3 B f'fé
CTaTUYECKMX aHaAIM3aTOPaX
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McxodHaa apxnUTeKTypa iﬁé

XPaHUT BHYTpeHHee npeacrtas/ieHne
;
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3a4a4a; 06beANHUTb AaHHbIE U3 PA3HbIX
MOAaY1EN



[lepBas npobaema



HepBaH |_|p06f|6N\a ﬁ;—e&udio

OaHonpoxoaHaA cXxema aHamn3a
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[lepsaa npobiema ié

OaHonpoxoaHaA cXxema aHamn3a
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[lepsaa npobiema ié

OaHonpoxoaHaA cXxema aHamn3a

37




[lepsaa npobiema ié

OaHonpoxoaHaA cXxema aHamn3a
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TpaHcnAaumMA

Visitor

struct Cat
{

}s

static int x;

Cat::x = 0;

int foo(int arg)

{
float symbol = 3.14f;

char x = 2;
Cat dog { };

return 0;

a:

39



TpaHcnAaumMA

Visitor

struct Cat
{

}s

static int x;

Cat::x = 0;

int foo(int arg)

{ |
, Tloat symbol = 3.14f;;

Cat dog { };

return 0;

}

a:

40



TpaHcnAaumMA ﬁé

struct Cat
{

}s

static int x;

Cat::x = 0;

int foo(int arg)

{ o |
. float symbol = 3.14f;; )

Cat dog { };

return O;

}

41



[locTpoeHmne cMMBOJ10B

struct Cat
{

s

Cat::x = 0,
static void bar();

static int x;

int foo(int arg)

A

extern float symbol =

static char x =
Cat dog { };

return 0;

2;

3.14F;

Type Declarator | Linkage Storage Class
(kev)

Cat::x
bar
foo
arg
symbol
X

dog

Class
Builtin
Function
Function
Builtin
Builtin
Builtin
Object

O O dJd W =

external
external
internal
external
no

external
no

no

static

automatic
automatic
static

automatic

42



CemMaHTUN4YeCKMM aHanus3

Data Flow

Symbolic Computation
void check(int *ptr)

{
° — * °
int a = *ptr; // dereference Symbol Data Flow Fact

} A \

[ \ [ \

> Fact[check][ptr] : <pointer, dereference, non-checked>

int bad()
{ /
int *x = nullptr;

check(x); // error

¥

43
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[TpeaBapuUTeIbHbIM aHANN3

Preprocess

CPP

Collect info

.dfo

Merge info

Analyze

I global
m—1 dfo
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Preprocess
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[TpeaBapuUTeIbHbIM aHANN3

Preprocess

CPP

Collect info

.dfo

Merge info

Analyze

I global
m—1 dfo




BTopaa npobnema



BTopaa npobnema

Y Hac HET NPOMEKYTOYHOro NpeacTaBaeHns



BTopaa npobnema

Y Hac HET NPOMEKYTOYHOro NpeacTaBaeHns

—-— Visitor

A.cpp A.ir
B.cpp | wmmmsp | B.ir
C.cpp C.ir

--




BTopaa npobnema

Y Hac HET NPOMEKYTOYHOro NpeacTaBaeHns

«— - —-— Visitor

A.cpp A.ir
B.cpp | wmmmsp | B.ir
C.cpp C.ir

--




BTopaa npobnema

Y Hac HET NPOMEKYTOYHOro NpeacTaBaeHns

—-— Visitor

A.cpp A.ir
B.cpp | wmmmsp | B.ir
C.cpp C.ir

--




PeweHne f'(%

COXpaHATb TONbKO CEMAaHTUYECKYIO
MHOOPMALUIO

Symbol Info -i- Semantic Info + Source Location

!

D\
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Data Flow Object

DFO section

.symbols

header

entries

facts

55



ELF Format

ELF Header:
ELF header Magic: 7f 45 4c 46 02 01 01 00 00 00 00 00 00 00 00 00
Class: ELF64
Program header table Data: 2's complement, little endian
Version: 1 (current)
OS/ABI: UNIX - System V
text ABI Version: %)
Type: REL (Relocatable file)
Machine: Advanced Micro Devices X86-64
Version: ox1
.rodata Entry point address: 0x0
Start of program headers: @ (bytes into file)
Start of section headers: 688 (bytes into file)
Flags: 0x0
data Size of this header: 64 (bytes)
! Size of program headers: 0 (bytes)
:t> Number of program headers: 0
Section header table Size of section headers: 64 (bytes)
Number of section headers: 12

Section header string table index: 1
@ Format There are 12 section headers, starting at offset 0x2bo:



ELF header

Program header table

text

.rodata

.data

Section header table

&5

@ Format

ELF Format

Section Headers:
[Nr]

[ |

rFrm e e

[

0]
1]
2]
3]
4]
5]
6]
7]
8]
9]

[10]
[11]

Name

.strtab

.text
.rela.text
.data

.bss

.comment
.note.GNU-stack
.eh_frame
.rela.eh_frame
.1lvm_addrsig
.symtab

Type

NULL

STRTAB
PROGBITS
RELA
PROGBITS
NOBITS
PROGBITS
PROGBITS
X86_64_UNWIND
RELA
LLVM_ADDRSIG
SYMTAB

off

000000
0001b9
000040
000188
000058
00005d
00005d
00008b
000090
000120
0001b8
0000c8

Size

000000
0000a3
000016
000018
000005
000001
00002e
000000
000038
000018
000001
0000co

ES Flg Lk Inf Al

00
00
00
18
00
00
o1
00
00
18
00
18

0

OO 0 OOOOONOOC

0

Ok 00O RFRFRRERPMOWOLEER



ELF header

Program header table

text

.rodata

.data

Section header table

&5

@ Format

Symbol

Num:
: 00000000
: 0000000000
: 0000000000004
: 000000000
: 000000000
: 000000000
: 0000000000
: 000000000

Nouuph wWdNhNEO

Value

Size
%]

O NOP~RLPELPO

ELF Format

Type
NOTYPE
FILE
OBJECT
OBJECT
OBJECT
SECTION
FUNC
NOTYPE

table '.symtab' contains 8 entries:

Bind
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
GLOBAL
GLOBAL

Vis

DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT

Ndx
UND
ABS

ONDNDBMWU

Name

sym.cpp

foo(int)::
foo(int):

foo(int)
.text
foo(int)
Cat::x

:dog
::symbol



Data Flow Object /?’(é

DFO section

.symbols

header

entries
]

facts

.data

59



Data Flow Object ﬁé

DFO Header

DFO section

.symbols Magic
header Version
entries Section offset

— ]
Flags
facts 5

.data

60



Data Flow Object

DFO section

.symbols

header

entries
——

facts

.data

Symbols

Header
Entry 1
Entry 2
Entry 3

a:

61



Data Flow Object

DFO section

.symbols

header

entries
——

facts

.data

Symbols

Header
Entry 1
Entry 2
Entry 3

a:

Symbols Header

Entries number

Entree size

62



Data Flow Object

DFO section

.symbols

header

entries
——

facts

.data

Symbols

Header
Entry 1
Entry 2
Entry 3

a:

Symbols Header

Entries number

Entree size

mangled name

translation unit
line number
flags (linkage)

63



Data Flow Object

DFO section

.symbols

header

entries
P ———————————————

facts

.data

Header
Entry 1
Entry 2
Entry 3

a:
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Data Flow Object

DFO section

.symbols

header

entries
P ———————————————

facts

.data

Header
Entry 1
Entry 2
Entry 3

a:

Facts Header

Entries number

Entree size

65



Data Flow Object

DFO section

.symbols

header

entries
P ———————————————

facts

.data

Header
Entry 1
Entry 2
Entry 3

Facts Header

Entries number

Entree size

Symbol

Function facts
Args facts
Args number

66



Data Flow Object

dfo section

.symbols

header

entries
]

facts

.data

-> % hexdump

00000000
00000010
00000020
000BB030
00000040
0000B050
0000006
000BE070
00000080
00000090
000000aon
000000BhO
000000CcOo
000000do
000000e0d
000BEOfO
00000100
00000110

YA
20
64
00
30
20
Oa
02
01
ao
01
00
30
73
00
79
69
65

44
00
01
00
00
00
00
00
00
00
00
00
00
01
00
01
00
73

simple.PVS-Studio.dfo

46
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
44
61

4f
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
3a
5c

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
5¢c
73

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
52
69

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
65
6d

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
70
70

01
03
00
48
01
00
01
6¢c
00
30
20
28
02
02
f8
61
6f
6¢c

00
00
00
00
00
00
00
01
00
00
00
00
00
00
00
64
5c
65

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
64
74
2e

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
2d
65
63

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
46
73
70

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
69
74
70

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
69
50
00

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
2d
V2
00

........
........

oooooooo
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BblpaBHMBaHME

Align(x) = alignof(decltype(x))
Size(x) sizeof(x)



BblpaBHMBaHME /’(é

Align(x) = alignof(decltype(x))
Size(x) = sizeof(x)

Dfo data

69



BblpaBHMBaHME /?'Ké

Align(x) = alignof(decltype(x))
Size(x) = sizeof(x)

T @

Fommmmmmmmnnoon Dfo data

additionalBytes = (align - data.size() % align) % align;

70



BblpaBHMBaHMe /?’Ké

Align(x) = alignof(decltype(x))

Size(x) = sizeof(x)
P @
:' """ I“““: Dfo data
Int x = 10;
additionalBytes align - data.size() % align) % align =

&~
| =N

= (4 -3%4) % 1 byte;

71



BblpaBHMBaHMeE /?’(é

Align(x) = alignof(decltype(x))
Size(x) = sizeof(x)

I o0 | oo [ oo | on

Dfo data

additionalBytes

= (align - data.size() % align) % align =
=(4'3%4)%4=

1 byte;

72



Symbol Resolution

.dfo Ycnosua:
1. [porpamma Komnuamnpyerca
2. Ha Bxog, aHanmn3aTopa

.dfo Global .dfo noaatoTca To/IbKO dbannbl,

npUHaaexKalme NPoeKTy

.dfo




Symbol Resolution

A.cpp
std::string Revert(std::string value);

B.cpp
std::string Revert(std::string value)

{
.

Hwnyero He cobpaHo

— Revert-FQstd::stringQstd::string
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Symbol Resolution

A.cpp
std::string Revert(std::string value)

{

}

B.cpp

std::string Revert(std::string value)

{
.

— Revert-FQstd::stringQstd::string

NrHopupyeTcs Nnpu coBNageHnm

 ———

aTpmnbyTtos

75



Preprocess

.CPP

[ 1yOOKMM aHANN3

Collect info

.dfo

Merge info

Analyze

global
m—1 dfo




[ 1yOOKMM aHANN3 ﬁé

int f1(int *ptr); int f2(int *ptr); int f2(int *ptr)
{
int main() int f1(int *ptr) return *ptr;
{ { }
return f1(nullptr); return f2(ptr);
} }

77




[ 1yOOKMM aHANN3 ﬁé

int f1(int *ptr); int f2(int *ptr); int f2(int *ptr)
{
int main() int f1(int *ptr) return *ptr;
i { }
return f1§9HElPﬁf23J return f2(ptr);
} }

78




[ 1yOOKMM aHANN3 ffé

int f1(int *ptr); int f2(int *ptr); int f2(int *ptr)
{
int main() int f1(int *ptr) return *ptr;
i S }
return {f1(nullptr); | | return £2(ptr); |
} }

79




[ 1yOOKMM aHANN3

a:

int f1(int *ptr);

int main()

i
y o e

int f2(int *ptr);

int f1(int *ptr)

int f2(int *ptr)

80




[ 1yOOKMM aHANN3

a:

Lar 1 — O6HapyXuntb daKT, yTo f2 BbINONHAET pa3biIMeHOBbIBaHMUE apryMeHTa

dereference

int f1(int *ptr);

int main()

i
return-fl(nullptr),.
}

int f2(int *ptr);

int f1(int *ptr)
{ M

81




[ 1yOOKMM aHANN3

Lar 1 — O6HapyXuntb daKT, yTo f2 BbINONHAET pa3biIMeHOBbIBaHMUE apryMeHTa

Lar 2 — O6HapyXuntb daKT, yto f1 BbINONHAET pa3biIMeHOBbIBaHME apryMeHTa

dereference

int f1(int *ptr);

int main() 7

{ ¥

}

return-fl(nullptr),.

dereferencet f2(int *ptr);

— —
/ —

/ —

int f1(int *ptr)

{ AZ
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[ 1yOOKMM aHANN3

Lar 1 — O6HapyXuntb daKT, yTo f2 BbINONHAET pa3biIMeHOBbIBaHMUE apryMeHTa

Lar 2 — O6HapyXuntb daKT, yto f1 BbINONHAET pa3biIMeHOBbIBaHME apryMeHTa

Liar 3 — O6HapyKnTb 4YTO BbI30B f1 NpuBeaeT K ownbke

dereference

~ TN
Ve N
/ \

int f1(int *ptr); dereference t f2(int *ptr); /A int f2(int *ptr)

T T T —— / {
int main() e int f1(int *ptr') -r‘etur‘n *ptr; |
¢ v o O ‘f T |

return if1(nullptr); | | ireturn £2(ptr); |

} }
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CPP

[ nyboKMM aHanms

global
dfo

1. Cbop aaHHbIX N3 .cpp pannos B global dfo



[ nyboKMM aHanms

1. Cbop aaHHbIX N3 .cpp pannos B global dfo

T T 2. MoBTOPHbIN cOOP AaHHbIX U3 .cpp Pannos C
CPP|[]----1 - | -CPP MCNONb30BaHNEM NpeablayLnX.

l LLlar 1 Merge

global

global
—) .dfo m——) dfo

dfo




CPP

[ 1yOOKMM aHANN3

1. Cbop aaHHbIX N3 .cpp pannos B global dfo

CPP

global
dfol

2. MoBTOPHbIN cOOP AaHHbIX U3 .cpp Pannos C
MCNONb30BaHNEM NpeablayLnX.

3. MoNHOUEHHbIN aHaNn3 C UCNOJIb3OBAHNEM
global dfo2

LLlar 1 Merge Ular2 un 3

lobal




AHa/IM3 COCTABHbIX I POEKTOB

project(multylib)
add_library(libl A.cpp B.cpp)
add_library(lib2 B.cpp)

87



AHa/IM3 COCTABHbIX I POEKTOB

compile commands.json:

[

{
"file": "....\\A.cpp",
"command": "clang-cl.exe ....\\A.cpp -m64 /zZi /0Ob@ /Od /RTC1l -MDd -std:c++latest”,
"directory”: ".\\projectDir"

}s

{
"file": "....\\B.cpp",
"command": "clang-cl.exe ....\\B.cpp -m64 /Zi /0bO /0d /RTC1l -MDd -std:c++latest"”,
"directory"”: ".\\projectDir "

}s

{

"file": "....\\B.cpp",
"command": "clang-cl.exe ....\\B.cpp -m64 /Zi /0bO /0d /RTC1l -MDd -std:c++latest"”,

"directory”: "....\\projectDir "



AHa/IM3 COCTABHbIX I POEKTOB

CMakelLists.txt: cmake 3.20

project(multilib)

set (CMAKE_EXPORT_COMPILE_COMMANDS FALSE) #disable generation for all targets

add_library(libl A.cpp B.cpp)
add _library(lib2 B.cpp)

#enable generatrion for 1ib2

set_property(TARGET 1ib2 PROPERTY EXPORT COMPILE_COMMANDS TRUE)



OnTMmm3aumm aHanmsa



PasaenbHbl aHan3
internal n external cumBo0B

................................

.Cpp n .Cpp n

internal
external

merged.dfo w

internal
external




PasaenbHbl aHan3
internal n external cumBo0B

................................

.Cpp n .Cpp n

internal

external

92



MHTepHUpoBaHMe

.symtab

symb|[0]

add-Fii-i

external
facts

Jusr/home/a.cpp
symb|[1]
Another value
Jusr/home/b.hpp

fact[O]
dereference

Jusr/home/a.cpp
/usr/home/a.h

fact[1]
nullptr

Jusr/home/b.hpp




MHTepHUpoBaHMe /77%

Key Value

/usr/home/a.cpp DataOffset + 0

strings
Jusr/home/a.cpp

Jusr/home/a.h DataOffset + 16

/usr/home/b.hpp DataOffset + 33

/usr/home/a.h

Jusr/home/b.hpp
values
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[ToeduKcHoe AepeBo

/home/builder/develop/repo/my-project/trunk/featurel/lib/A.cpp
/home/builder/develop/repo/my-project/trunk/featurel/lib/A.h
/home/builder/develop/repo/my-project/trunk/feature2/1ib/B.cpp
/home/builder/develop/repo/my-project/trunk/feature2/1ib/B.h



[ToeduKcHoe AepeBo

/home/builder/develop/repo/my-project/trunk/feature
/home/builder/develop/repo/my-project/trunk/feature
/home/builder/develop/repo/my-project/trunk/feature
/home/builder/develop/repo/my-project/trunk/feature

cpp

cpp

/home/builder/develop/repo/my-project/trunk/feature
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NHKpEeMeHTaNbHbIM aHANN3

int f1(int *ptr);

call site

—
——
”
-

int main()

{ _
return f1(nullptr);
}

Axpp‘z;;7

BapuaHT nepBbin

int f2(int *ptr);
Ve
-3 int f1(int *ptr),’
{ /
return f2(ptr);
}

call site

-

=

B.cpp L;;7

—

{
}

> int f2(int *ptr)

return *ptr;

C.cpp L;;7
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~MyStruct()

new MyStruct()

call graph, call site
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Hy*XHO MHOrO pa3 aenatb
TPaHCAALUIO KOAa

~MyStruct()

new MyStruct()

call graph, call site
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Hy*XHO MHOrO pa3 aenatb
TPaHCAALUIO KOAa

~MyStruct()
yruc MK HY>KHO NPOMEKYTOUHOE

npeacrasjieHume

new MyStruct()

call graph, call site
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NHKpEeMeHTaNbHbIM aHANN3 /77%

Hy*XHO MHOrO pa3 aenatb
TPaHCAALUIO KOAa

~MyStruct()
yruc MK HY>KHO NPOMEKYTOUHOE

npeacrasjieHume

new MyStruct()

[MTpobnembl € 3aUMKANBAHNEM

call graph, call site
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NHKpEeMeHTaNbHbIM aHANN3

~MyStruct()

new MyStruct()

call graph, call site

Hy*XHO MHOrO pa3 aenatb
TPaHCAALUIO KOAa

Nnn HYXXHO NpoMeKYyTOYHOe
npeacras/eHue

[MTpobnembl € 3aUMKANBAHNEM

CNnoXHO OpraHM3oBaThb
MHOTONOTOYHYIO 0bpaboTKY
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BapunaHT BTOpOU

global

.Cpp .dfo
dfo




NHKpEeMeHTaNbHbIM aHANN3

BapunaHT BTOpOU

global

.Cpp .dfo
dfo

.Cpp




NHKpEeMeHTaNbHbIM aHANN3

BapunaHT BTOpOU

global

.Cpp .dfo
dfo

-
-
-_——
-

.CPP || mup | .dfo




NHKpEeMeHTaNbHbIM aHANN3

BapunaHT BTOpOU

.cpp | .dfo global
dfo
global

.CPP || mmp | .dfO ||=m




NHKpEeMeHTaNbHbIM aHANN3

BapunaHT BTOpOU

Ii T clobal
.cpp .dfo &
dfo
I | global Analysis
CPP || mp | .dfo ||{m=sp 4o E—) log
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BapunaHT BTOpOU
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MWHyChbI:
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BapunaHT BTOpOU

[1atocbl:
e Het 3aumnknuBaHumn
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MWHyChbI:
* Bcé elle HYKHO AenaTb TPAHCAAUMIO NU3MEHUBLUUXCA GanioB



NHKpEeMeHTaNbHbIM aHANN3

BapunaHT BTOpOU

[1atocbl:
e Het 3aumnknuBaHumn
e MHoronoto4yHasa obpaboTKa

MWHyChbI:
* Bcé elle HYKHO AenaTb TPAHCAAUMIO NU3MEHUBLUUXCA GanioB

 [nybuHa aHaNU3a He YYNTbIBAET Bbl30Bbl PYHKLINM



[TOCMOTPUM, YTO YAaNOCh HANTH



Midnight Commander /?’(é

// editcmd.c

gboolean

edit close cmd (WEdit * edit)

{
/] ...
Widget *w = WIDGET (edit);
WGroup *g = w->owner;
if (edit->locked != 0)

unlock file(edit->filename_vpath);

group_remove widget (w);
widget destroy (w); // <=
/] ...
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Midnight Commander /?’(é

// widget-common.c
void widget destroy (Widget * w)
{

send message (w, NULL, MSG_DESTROY, ©, NULL);
g free (w);

116



Midnight Commander /{ﬁé

// editcmd.c
gboolean
edit close cmd (WEdit * edit)
{
/] ...
widget _destroy (w);
if (edit widget is editor(CONST WIDGET (g->current->data)))
edit = (WEdit *) (g->current->data);
else
{
edit = find editor(DIALOG (g));
if (edit != NULL)
widget _select (w); // <=
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// widget-common.c
void widget select (Widget * w)
{
WGroup *g;
if (!'widget get options (w, WOP_ SELECTABLE))
return;

/] ...
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Midnight Commander

// widget-common.h

static inline gboolean

widget get options (const Widget * w, widget options t options)
{

¥

return ((w->options & options) == options);

Pull request c ucnpasneHmnem owWnbKK yxe NPUHAT pa3paboTynkamu
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Codelite

// args.c
extern void eFree (void *const ptr);

extern void argDelete (Arguments* const current)
{
Assert (current != NULL);
if (current->type == ARG_STRING && current->item != NULL)
eFree (current->item);
memset (current, 0, sizeof (Arguments)); // <=
eFree (current); /] <=

¥

Bbi30B memset moxkeT 6bITb yaaneH Npu UCNOb30BaHUM onTummnaumn LTO 120



Codelite ﬁé
// routines.c

extern void eFree (void *const ptr)

{
Assert (ptr != NULL);

free (ptr); // <=
}
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