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#include <stdio.h>

int main(int argc, char** argv)
{

printf(“%s\n“, __FILE__);
}

int printf(char const*, ...);

int main(int argc, char** argv)
{

printf(“%s\n“, “main.cpp“);
}

define i32 @main(i32 %argc, i8
entry:

%0 = load i32, i32* %array, 
%arrayidx1 = getelementptr i
%1 = load i32, i32* %arrayid
%add = add i32 %1, %0
ret i32 %add

}

main:
push rax
mov edi, offset .Lstr
call puts@PLT
xor eax, eax
pop rcx
ret

push rax
mov edi,0x402010
call 401030
xor eax,eax
pop rcx
ret
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}

# 2 "hello.cpp" 2

int main() {

std::cout << "Hello, world" << std::endl;

}

#include <iostream>

// silly macro for illustration

#define STD(x) std::x

int main() {

STD(cout) << "Hello, world" << STD(endl);

}
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}

# 2 "hello.cpp" 2

int main() {

std::cout << "Hello, world" << std::endl;

}

#include <iostream>

// silly macro for illustration

#define STD(x) std::x

int main() {

STD(cout) << "Hello, world" << STD(endl);

}
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clang -E main.cpp –o main.ii
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#define product(a, b) a * b

int foo = product(2, 1 + 3); ➔ 2 * 1 + 3 ➔

•
#define min(a, b) (a < b ? a : b)

int amount_to_withdraw = min(user_input(),

account_balance);

➔ (user_input() < account_balance ? user_input()

: account_balance)➔





•

•

while  
main  

-
>  

->  

•

• >>
• int mask = (0x100 >> 8)
• std::array<int, 1024>>2>           
• std::vector<std::array<int, 4>>    

• >>



int 'int' [StartOfLine] Loc=<hello.cpp:6:1>
identifier 'main' [LeadingSpace] Loc=<hello.cpp:6:5>
l_paren '(' Loc=<hello.cpp:6:9>
r_paren ')' Loc=<hello.cpp:6:10>
l_brace '{' [LeadingSpace] Loc=<hello.cpp:6:12>
identifier 'std' [StartOfLine] [LeadingSpace] Loc=<hello.cpp:7:5 <Spelling=hello.cpp:4:16>>
coloncolon '::' Loc=<hello.cpp:7:5 <Spelling=hello.cpp:4:19>>
identifier 'cout' Loc=<hello.cpp:7:5 <Spelling=hello.cpp:7:9>>
lessless '<<' [LeadingSpace] Loc=<hello.cpp:7:15>
string_literal '"Hello, world"' [LeadingSpace] Loc=<hello.cpp:7:18>
lessless '<<' [LeadingSpace] Loc=<hello.cpp:7:33>
identifier 'std' [LeadingSpace] Loc=<hello.cpp:7:36 <Spelling=hello.cpp:4:16>>
coloncolon '::' Loc=<hello.cpp:7:36 <Spelling=hello.cpp:4:19>>
identifier 'endl' Loc=<hello.cpp:7:36 <Spelling=hello.cpp:7:40>>
semi ';' Loc=<hello.cpp:7:45>
r_brace '}' [StartOfLine] Loc=<hello.cpp:8:1>
eof '' Loc=<hello.cpp:8:2>
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int main() {

std::cout << "Hello, world" << std::endl;

}



int 'int' [StartOfLine] Loc=<hello.cpp:6:1>
identifier 'main' [LeadingSpace] Loc=<hello.cpp:6:5>
l_paren '(' Loc=<hello.cpp:6:9>
r_paren ')' Loc=<hello.cpp:6:10>
l_brace '{' [LeadingSpace] Loc=<hello.cpp:6:12>
identifier 'std' [StartOfLine] [LeadingSpace] Loc=<hello.cpp:7:5 <Spelling=hello.cpp:4:16>>
coloncolon '::' Loc=<hello.cpp:7:5 <Spelling=hello.cpp:4:19>>
identifier 'cout' Loc=<hello.cpp:7:5 <Spelling=hello.cpp:7:9>>
lessless '<<' [LeadingSpace] Loc=<hello.cpp:7:15>
string_literal '"Hello, world"' [LeadingSpace] Loc=<hello.cpp:7:18>
lessless '<<' [LeadingSpace] Loc=<hello.cpp:7:33>
identifier 'std' [LeadingSpace] Loc=<hello.cpp:7:36 <Spelling=hello.cpp:4:16>>
coloncolon '::' Loc=<hello.cpp:7:36 <Spelling=hello.cpp:4:19>>
identifier 'endl' Loc=<hello.cpp:7:36 <Spelling=hello.cpp:7:40>>
semi ';' Loc=<hello.cpp:7:45>
r_brace '}' [StartOfLine] Loc=<hello.cpp:8:1>
eof '' Loc=<hello.cpp:8:2>

31452

31453

31454

int main() {

std::cout << "Hello, world" << std::endl;

}

clang -fsyntax-only -Xclang -dump-tokens main.cpp



•
auto a = 3;

➔

auto b = (“hello” * a);
➔

➔



•
auto a = 3;

➔

auto b = (“hello” * a);
➔

➔

•
auto a = 3;

➔

➔

auto b = (“hello” * a);
➔

➔

➔
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int a, b;

auto c = (a) * b;

typedef short a;
int* b;

auto c = (a) * b;

➔

➔



while (b != 0) {
if (a > b)

a = a – b;
else

b = b – a;
}
return a;

https://en.wikipedia.org/wiki/Abstract_syntax_tree


TranslationUnitDecl <<invalid sloc>> <invalid sloc>
`-FunctionDecl <hello-stdio.cpp:3:1, line:5:1> line:3:5 main 'int (int, char **)'

|-ParmVarDecl <col:10, col:14> col:14 argc 'int'
|-ParmVarDecl <col:20, col:27> col:27 argv 'char **'
`-CompoundStmt <col:33, line:5:1>

`-CallExpr <line:4:5, col:25> 'int'
|-ImplicitCastExpr <col:5> 'int (*)(const char *)' <FunctionToPointerDecay>
| `-DeclRefExpr <col:5> 'int (const char *)' lvalue Function 'puts' 'int (const char *)'
`-ImplicitCastExpr <col:10> 'const char *' <ArrayToPointerDecay>

`-StringLiteral <col:10> 'const char[14]' lvalue "Hello, world!"

#include <stdio.h>

int main(int argc, char** argv) {
puts("Hello, world!");

}
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TranslationUnitDecl <<invalid sloc>> <invalid sloc>
`-FunctionDecl <hello-stdio.cpp:3:1, line:5:1> line:3:5 main 'int (int, char **)'

|-ParmVarDecl <col:10, col:14> col:14 argc 'int'
|-ParmVarDecl <col:20, col:27> col:27 argv 'char **'
`-CompoundStmt <col:33, line:5:1>

`-CallExpr <line:4:5, col:25> 'int'
|-ImplicitCastExpr <col:5> 'int (*)(const char *)' <FunctionToPointerDecay>
| `-DeclRefExpr <col:5> 'int (const char *)' lvalue Function 'puts' 'int (const char *)'
`-ImplicitCastExpr <col:10> 'const char *' <ArrayToPointerDecay>

`-StringLiteral <col:10> 'const char[14]' lvalue "Hello, world!"

#include <stdio.h>

int main(int argc, char** argv) {
puts("Hello, world!");

}

1
2
3
4
5

clang -fsyntax-only -Xclang -ast-dump main.cpp
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define i32 @sum_els(i32* %array) {

entry:

%0 = load i32, i32* %array, align 4

%arrayidx1 = getelementptr i32, i32* %array, i64 1

%1 = load i32, i32* %arrayidx1, align 4

%add = add i32 %1, %0

ret i32 %add

}

int sum_els(int const* array) {

return array[0] + array[1];

}
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define i32 @sum_els(i32* %array) {

entry:

%0 = load i32, i32* %array, align 4

%arrayidx1 = getelementptr i32, i32* %array, i64 1

%1 = load i32, i32* %arrayidx1, align 4

%add = add i32 %1, %0

ret i32 %add

}

int sum_els(int const* array) {

return array[0] + array[1];

}
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clang -S -emit-llvm -fno-discard-value-names main.cpp -o main.ll



define i32 @deref(i32* %pointer) {

entry:

%0 = load i32, i32* %pointer, align 4

ret i32 %0

}

define i32 @deref(i32* %pointer) {

entry:

%pointer.addr = alloca i32*, align 8

store i32* %pointer, i32** %pointer.addr, align 8

%0 = load i32*, i32** %pointer.addr, align 8

%1 = load i32, i32* %0, align 4

ret i32 %1

}

int deref(int const* pointer) {

return *pointer;

}
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define void @foo(i32 %a, i32* %b) {

entry:

%arrayidx = getelementptr i32, i32* %b, i64 1

%0 = load i32, i32* %arrayidx, align 4

call void @bar(i32 %a, i32 %0)

ret void

}

foo:

push rbp

mov rbp, rsp

sub rsp, 16

mov dword ptr [rbp - 4], edi

mov qword ptr [rbp - 16], rsi

mov edi, dword ptr [rbp - 4]

mov rax, qword ptr [rbp - 16]

mov esi, dword ptr [rax + 4]

call bar

add rsp, 16

pop rbp

ret

void foo(int a, int* b) {

bar(a, b[1]);

}
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define void @foo(i32 %a, i32* %b) {

entry:

%arrayidx = getelementptr i32, i32* %b, i64 1

%0 = load i32, i32* %arrayidx, align 4

call void @bar(i32 %a, i32 %0)

ret void

}

void foo(int a, int* b) {

bar(a, b[1]);

}

foo:

push rbp

mov rbp, rsp

sub rsp, 16

mov dword ptr [rbp - 4], edi

mov qword ptr [rbp - 16], rsi

mov edi, dword ptr [rbp - 4]

mov rax, qword ptr [rbp - 16]

mov esi, dword ptr [rax + 4]

call bar

add rsp, 16

pop rbp

ret
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define void @foo(i32 %a, i32* %b) {

entry:

%arrayidx = getelementptr i32, i32* %b, i64 1

%0 = load i32, i32* %arrayidx, align 4

call void @bar(i32 %a, i32 %0)

ret void

}

void foo(int a, int* b) {

bar(a, b[1]);

}

foo:

push rbp

mov rbp, rsp

sub rsp, 16

mov dword ptr [rbp - 4], edi

mov qword ptr [rbp - 16], rsi

mov edi, dword ptr [rbp - 4]

mov rax, qword ptr [rbp - 16]

mov esi, dword ptr [rax + 4]

call bar

add rsp, 16

pop rbp

ret



•

•

•

•

•

•

•

define void @foo(i32 %a, i32* %b) {

entry:

%arrayidx = getelementptr i32, i32* %b, i64 1

%0 = load i32, i32* %arrayidx, align 4

call void @bar(i32 %a, i32 %0)

ret void

}

void foo(int a, int* b) {

bar(a, b[1]);

}

foo:

push rbp

mov rbp, rsp

sub rsp, 16

mov dword ptr [rbp - 4], edi

mov qword ptr [rbp - 16], rsi

mov edi, dword ptr [rbp - 4]

mov rax, qword ptr [rbp - 16]

mov esi, dword ptr [rax + 4]

call bar

add rsp, 16

pop rbp

ret
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define void @foo(i32 %a, i32* %b) {

entry:

%arrayidx = getelementptr i32, i32* %b, i64 1

%0 = load i32, i32* %arrayidx, align 4

call void @bar(i32 %a, i32 %0)

ret void

}

void foo(int a, int* b) {

bar(a, b[1]);

}

foo:

push rbp

mov rbp, rsp

sub rsp, 16

mov dword ptr [rbp - 4], edi

mov qword ptr [rbp - 16], rsi

mov edi, dword ptr [rbp - 4]

mov rax, qword ptr [rbp - 16]

mov esi, dword ptr [rax + 4]

call bar

add rsp, 16

pop rbp

ret

clang -c -S -masm=intel main.cpp -o main.s
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https://joellaity.com/2020/01/25/linking.html
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main:

push rax

mov edi, offset .Lstr

call puts@PLT

xor eax, eax

pop rcx

ret

.section .rodata

.Lstr:

.asciz "Hello, world!"

00401130 <main>:

401130:    50                push rax

401131:    bf 10 20 40 00    mov edi,0x402010

401136:    e8 f5 fe ff ff call 401030

40113b:    31 c0             xor eax,eax

40113d:    59                pop rcx

40113e:    c3                ret

...

402010:    48 65 6c 6c 6f 2c 20 77 6f 72 6c 64 21 00

#include <stdio.h>

int main(int argc, char** argv) {

puts("Hello, world!");

}



main:

push rax

mov edi, offset .Lstr

call puts@PLT

xor eax, eax

pop rcx

ret

.section .rodata

.Lstr:

.asciz "Hello, world!"

00401130 <main>:

401130:    50                push rax

401131:    bf 10 20 40 00    mov edi,0x402010

401136:    e8 f5 fe ff ff call 401030

40113b:    31 c0             xor eax,eax

40113d:    59                pop rcx

40113e:    c3                ret

...

402010:    48 65 6c 6c 6f 2c 20 77 6f 72 6c 64 21 00

#include <stdio.h>

int main(int argc, char** argv) {

puts("Hello, world!");

}

≙



main:

push rax

mov edi, offset .Lstr

call puts@PLT

xor eax, eax

pop rcx

ret

.section .rodata

.Lstr:

.asciz "Hello, world!"

00401130 <main>:

401130:    50                push rax

401131:    bf 10 20 40 00    mov edi,0x402010

401136:    e8 f5 fe ff ff call 401030

40113b:    31 c0             xor eax,eax

40113d:    59                pop rcx

40113e:    c3                ret

...

402010:    48 65 6c 6c 6f 2c 20 77 6f 72 6c 64 21 00

#include <stdio.h>

int main(int argc, char** argv) {

puts("Hello, world!");

}



main:

push rax

mov edi, offset .Lstr

call puts@PLT

xor eax, eax

pop rcx

ret

.section .rodata

.Lstr:

.asciz "Hello, world!"

00401130 <main>:

401130:    50                push rax

401131:    bf 10 20 40 00    mov edi,0x402010

401136:    e8 f5 fe ff ff call 401030

40113b:    31 c0             xor eax,eax

40113d:    59                pop rcx

40113e:    c3                ret

...

402010:    48 65 6c 6c 6f 2c 20 77 6f 72 6c 64 21 00

#include <stdio.h>

int main(int argc, char** argv) {

puts("Hello, world!");

}

objdump -Mintel -D program
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https://godbolt.org/
https://cppinsights.io/
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https://github.com/llvm/llvm-project
https://youtu.be/VqCkCDFLSsc
https://llvm.org/docs/LangRef.html
https://clang.llvm.org/docs/Toolchain.html
https://observatory.db.erau.edu/generators/signs/
https://stratus3d.com/blog/2022/01/01/syntax-highlighting-in-powerpoint/
https://unsplash.com/photos/w95Fb7EEcjE
https://github.com/mcejp


•
• clang -E main.cpp –o main.ii

•
• clang -fsyntax-only -Xclang -dump-tokens main.cpp

•
• clang -fsyntax-only -Xclang -ast-dump main.cpp

•
• clang -S -emit-llvm -fno-discard-value-names main.cpp -o main.ll

•
• clang -c -S -masm=intel main.cpp -o main.s

•
• objdump -Mintel -D program



call puts@PLT

_PROCEDURE_LINKAGE_TABLE_:

jmp QWORD PTR [_GLOBAL_OFFSET_TABLE_+0x10]

puts@PLT:
jmp QWORD PTR [_GLOBAL_OFFSET_TABLE_+0x18]
push 0x0
jmp _PROCEDURE_LINKAGE_TABLE_

_GLOBAL_OFFSET_TABLE_:

.qword loader_callback

.qword puts@PLT+0x6
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call puts@PLT
puts@PLT:

jmp QWORD PTR [_GLOBAL_OFFSET_TABLE_+0x18]

_GLOBAL_OFFSET_TABLE_:

.qword puts
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https://stackoverflow.com/a/37774474


https://llvm.org/docs/GetElementPtr.html#how-is-gep-different-from-ptrtoint-arithmetic-and-inttoptr
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