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Objectives

s Understand the definition of a process
s EXxplore the process structure
s Discuss the relation between program and process structure

s Grasp the detalls of stack

s Refer to Chapter 6 in the LPI and Chapter 8 in the CSAPP

Section 8.2 Processes 715
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Process Definition (1/2)

s What is a process (also called as task)?

Program in execution
Having its own memory space and CPU registers

v
v Scheduling entity

v Conflict each other for resource allocation
v

Parent-child relation (family)

Figure 1.4 CPU
Hardware organization ReW \
of a typical system.
CPU: Central '
Processing Unit, ALU: e Process staskuz
Arithmetic/Logic Unit, PC: System bus  Meémory b
Program Counter, USB: l
Universal Serial Bus. 1

Bus interface e

1/0 bus .
Expansion slots for

otheX devices such

3

us Graphics Disk as ndtwork adapters
controller adapter controller
? rogram

Mouse Keyboard  Display hello executable
@ stored ¢n disk

(Source: CSAPP)
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Process Definition (2/2)

s Related terminology

v Load
» from disk into main memory

= carried out by OS (e.g. page fault mechanism)

disk: file system (LN 3)
main memory: virtual memory (CSAPP 9, OS Course)

v Fetch
* from memory into CPU

= carried out by hardware
Transparent to OS

Figure 1.4 CPU
Hardware organization Register file

of a typical system.

instruction fetch and data fetch (LN 7)
lfrzli;sfienngtrfjlnit, ALU:
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Arithmetic/Logic Unit, PC:
Program Counter, USB:
Universal Serial Bus.
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use Graphics
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Process Structure (1/6)

s Conceptual structure
v text, data, heap, stack
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Figure 6-1: Typical memory layout of a process on Linux/x8&-32
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Process Structure (2/6)

s Process structure in C program: function pointer

/* f_pointer.c: for function pointer exercise, by choijm, choijm@dku.edu */
#include <stdio.h>

inta=10;

int funcl(int argl)
{

}

int main()

{

printf("In funcl: argl = %d\n", argl);

int *pa;
int (*func_ptr)(int);

pa = &a;
printf("pa = %p, *pa = %d\n", pa, *pa);
funcl(3);

func_ptr = funcl;
func_ptr(5);

printf("Bye..A\n");




Process Structure (3/6)

s Process structure in C program: address printing

/* task_struct.c: display addresses of variables and functions, choijm@dku.edu */
#include <stdlib.h>
#include <stdio.h>

int glob1l, glob2;

int func2() {
int f2_locall, f2_local2;

printf("func2 local: \n\t%p, \n\t%p\n", &f2_locall, &f2_local2);
}

int funcl() {
int f1_locall, f1_local2;

printf("funcl local: \n\t%p, \n\t%p\n", &f1_locall, &f1_local2);
func2();

}

int main(){
int m_locall, m_local2; int *dynamic_addr;

printf("main local: \n\t%p, \n\t%p\n", &m_locall, &m_local2);
funcl();

dynamic_addr = malloc(16);

printf("dynamic: \n\t%p\n", dynamic_addr);

printf("global: \n\t%p, \n\t%p\n", &glob2, &glob1l);
printf("functions: \n\t%p, \n\t%p, \n\t%p\n", main, funcl, func2);




Process Structure (4/6)

s Process structure in C program: address printing

@ choijm@system02: ~/syspro/chap4 O
choijm@system02:~/syspro/chap4$ 1ls
f pointer.c task struct.c
choijm@system02:~/syspro/cha
choijm@system02:~/syspro/c]€%‘ztask struct.e 0xff892cca .
choijm@system02:~/syspro/chap4 — StaCk for main
choijm@system02:~/syspro/chap4$ gcc -o task struct -m32 task strugﬁﬂygzcco
choijm@system02:~/syspro/cha — -
choijm@systemoz:~/5yspro/cK§§§§::ZEask strggg::::::) 0xff892c84
main local: — stack for funct
0xf£892cc4, 0xff892c80
| 0xff892ccO
[funcl local: 0xff892c64 i ¢ 5
0xff892c84,
0x££892c80 0xff892c60 stack for tunc
func2 local:
0xff892c64, ‘E:L'
0xf£f892c60
dynamic:
0x9l1lef410
lglobal:
' 0x80497b8,
{ 0x80497b4 T
functions:
0x80483ff,
0x80483d8, 0x091ef410 heap
0x80483b6
choijm@system02:~/syspro/chap4$ 0x080497b8
choijm@system02:~/syspro/chap4$ gcc -v
Usingg built—in specg-p i N 0x080497b4 data
Configured with: ../src/configure -v --enable-languages=c,c++,f77,pascal —-preti
X=/usr --libexecdir=/usr/lib —--with-gxx-include-dir=/usr/include/c++/3.4 —-—-enabl .
e-shared —--with-system-zlib —--enable-nls —--without-included-gettext —--prograp-su }text for maln
ffix=-3.4 —--enable- cxa atexit —--enable-clocale=gnu —--enable-libstdcxx-debudy x8
6_64-linux-gnu S 0x080483ff
Thread model: posix
gcc version 3.4.6 (Ubuntu 3.4.6-6ubuntus) 0x080483d8 tGXt for funC1
choijm@system02:~/syspro/chap4s
choijm@system02:~/syspro/chap4S whoami
choijm text for func?2
choijm@system02:~/syspro/chap4$ D 0x080483b6

= Addresses can be different bas&€d on Compiler, OS and CPU (32bit vs. 64bit) A



Process Structure (5/6)

s Summary
v Process: consist of four regions, text, data, stack and heap
eg.ﬁedassegment or vm_object
v Text

» Program code (assembly language)

» Go up to the higher address according to coding order
v Data

» Global variable

» |nitialized and uninitialized data are managed separately (for the
performance reason)

v Stack

= Local variable, argument, return address

» Go down to the lower address as functions invoked
v Heap

= Dynamic allocation area (malloc(), calloc(), ...)

= Go up to the higher address as allocated

9



Process Structure (6/6

s Relation btw program and process

| @ choijm@systemO2: ~/syspro/chapé _ 0 ¥ &P choijm@system02: ~/syspro/chap4 = ]
l — choijm@system02:~/syspro/chap4
choijm@system02:~/syspro/chapds choijm@system02:~/syspro/chap gcc -S -m32 —mno-accumulate-ctgoing-args test.c
choijm@system02:~/syspro/chapds 1s choijm@system02:~/syspro/chap4s
f pointer.c ' task struct.c test.c choijm@system02:~/syspro/chap4$ more test.s
choijm@system02:~/syspro/chap4s GLGBE file test.c
choijm@system02:~/syspro/chapds vi test.c [{_data \
choijm@system02:~/sys : .align 4 data
choijmésystem02:~AGyspro/chapd$ more test.c > -type  a, gobject
#include <stdio.h> - =SEEE e
.long 10
int a = 10; .globl b
int b = 20; -align 4 )
int c; -type b, @object
.size b, 4
b:
int main() .long 20 text
{ \\\;section .rodata
_ . -LCO:
CT athb .string "C = d\n"
printf("C = %d\n", c); “Text
} .globl/ main
.type main, @function
s - main:
cho%qm@systemoz. /syspro/chap4s pushl  %ebp
ch01jm@system02:~/syspro/chap4$[:I e 2esp, %ebp
subl $8, %esp
andl $-16, %esp
movl $0, %eax
addl $15, %eax
addl $15, %eax
shrl $4, %eax
sall $4, %eax StaCk
subl %eax, %esp
movl b, %eax
addl a, %eax
movl %eax, c

(=
pushl S$.LCO

call printf

dadx $16; =ctsp /

leave

ret

.size main, .-main

. comm c,4,4

.section .note.GNU-stack], "", @progbits

.ident "GCC: (GNU) 3.4.6 (Ubuntu 3.4.6-6ubuntu5)"
choijxsifitemoz:~/5yspro/chap4$ D 4///;




Process Structure in CSAPP (Optional)

= Another viewpoint for process structure
v text, data, heap, stack + shared region, kernel

Kemal virtual memory
{code, data, heap, stack)

User stack
(created at run fima}

+
1

Memory-mapped region for
shared libranes

¢

Run-tima haap
(created by malloc)

Headwrie segmant
{.data, .bas}

Head-only sagment
003048000 {(32) (.imit, .text,.rodata)

Qx00400300 {64)
H

(Source: CSAPP)
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Stack Details (1/6)

= What is Stack?
v A contiguous array of memory locations with LIFO property

= Stack operation: push and pop

» Stack management: base (bottom) and top (e.g. Stack Segment
and ESP in intel)

Initialby pushl ¥eax popl fedx
Yeax O0x123 Yeax O0x123 Yeax O0x123
Hedx 0 Kedx (4] Kedx Ox123
Hesp Ox108 Hesp 0x104 Hesp 0x108

Stack “bottom™ Stack “bottom” Stack “bottom”
Increasing - *
address
Ox108 Ox108 Ox108
Stack “top” 0x104 Ox123 Ox123
Stack “top”
r Stack “top”

Figure 2.5 Mllustration of stack operation. By convention, we draw stacks upside

down, so that the “top”™ of the stack is shown at the bottom. IA32 stacks grow toward
lower addresses, so pushing involves decrementing the stack pointer (register %esp) and
storing to memory, while popping involves reading from memory and incrementing the

k pointer.
stack pointer. (Source: CSAPP) _

I
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Stack Details (2/6

s Stack in Intel architecture

v How to access Intel manual?
U 8= Jongmoo Choi's Hore Pags s

c A Fe| 2w

KR

dankook.ac.kr/ ijm/course/c...

AlA”I2 O30 (System Programming)

1l = 22| X}& (Lecture Notes)
o Lecture Note O Cowrse overview
Lecture Note 1. What is System Programming?
Lecture Note 2° Programming Environment
Lecture Note 3. File Programming
Lecture Note 4: Process Structure
Lecture Note 5! Process Programming
Lecture Note 6! /4 Assembly Programming
Lecture Note T: /4 History and Features
Lecture Note 8! Optimization and Monitoring
Lecture Note 9. Assembier
Lecture Note 10: Linker, Dubbger and Tools
- Ze| 2
o Te § B3 or Systems: A s Perspective B.ci.Ed.umm,LbyR Bryant and D. O'Hallaron
= Lecture site of the "Computer Systems: A Programmer’s Perspective”
= Chapter 1 of the "Computer Systems: A Programmer's Perspective (2nd edition)”
o Textbook2:! The Linux Programming.interface by M. Kerrisk

- e pARR
© Advanced.

©000000000

in the UNIX by B, Ste Adle

o fmct A LEAE by Mady, HER, Ol
o

o RAG Z/HF B @w
e Driee’s Kaggle dema

° How.do Hard Disk Rrives Work?

e Intel® 64 and IA-32 Architectt. X 4
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Owverview

Four-Velume Set of Intel® 64 and |A-32

Combined Volume Set of Intel® .
Architectures Software Developer's Manuals

64 and IA-32 Architectures
Software Developer’'s Manuals This set consists of volume 1, volume 2 (combined 2A, 2B, 2C,
and 2D), volume 3 (combined 3A, 3B, 3C, and 3D), and volume
4. This set allows for easier navigation of the instruction set
reference and system programming guide through functional
cross-volume table of contents, references, and index.

Four-Volume Set of Intel® 64
and IA-32 Architectures
Software Developer’s Manuals
Ten-Volume Set of Intel® 64 and
IA-22 Architectures Software
Developer's Manuals

Document

Description

Intel® 64 and 1A-
32 Architectures

Software sul
D
Manual Volume 1:
Basic Architecture

escribes the architecture and
PRgramming environment of processors
orting 1A-32 and Intel® 64

Intel® Architecture Instruction
Set Extensions Programming,
Reference and Related
Specifications

Intel® 64 and I1A-32
Architectures Optimization
Reference Manual

Intei® 64 and 1A-
32 Architectures
Software
Developer's
Manual Combined
Volumes 2A, 28,
2C. and

D:- Instruction Set
Reference, A- Z

This document contains the full instruction
set reference, A-Z. in one volume.
Describes the format of the instruction and
provides reference pages for instructions.
This document allows for easy navigation
of the instruction set reference through
functional cross-volume table of contents,
references, and index

Public Repositories on GitHub
Uncore Performance Monitoring
Reference Manuals

Related Specifications,
Application Notes, and
Technical Papers

Intel® 64 and 1A-
32 Architectures
Software
Developer's
anual Combined
Volumes 3A, 38,
3C, and 3D:
System

This document contains the full system
programming guide, parts 1, 2, 3. and 4. in
one volume. Describes the operating-
system support environment of Intel® 64
and 1A-32 architectures, including: Memory
management, protection, task
management, interrupt and exception
handling, multi-processor support, thermal

I
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Overview

Combined Volume Set of Intel”
64 and |IA-32 Architectures
Software Develo 2s Manuals
Four-Volume Set of Intel” 64
and IA-32 Architectures
Software Developer's Manuals

Overview

describe the architecture and programming
e Intel® 64 and IA-32 architectures.

environment of )

C versions of these documents allow you to quickly get
the information you need and print only the pages you want.
The Intel® 64 and IA-32 architectures software developer's
manuals are now available for download via ene combined
volume, a four-volume set, or a ten-volume set. All content is
identical in each set; see the following details.

Ten-Voll
1A-32 Architectures Software
Developer's Manuals

and

y
TZur @ wosesmedne. x |+ 88 ' ® o ® zipg - O
SEET WY wE  HIMY EEEFWIQA B B S .
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Intef® 64 and 1A-32
Architectures Software
Developer's Manual, Volume

intel.

Intel® 64 and IA-32 Architectures
Software Developer's Manual

Volume 1:
Basic Architecture

Chapter 1 About This Manual

Chapter 2 Intel® 64 and 132
Aschitectures

Chaptee 3 Basic Execution
Eniconement

Chapter 4 Data Types

-

Chapter 5 Instruction Set
Summary

> Chapter 6 Procedure Calls,

NoTE: The niaf 64 200 .32 A ot Intesrupts, and Exceptions
Basic Arc
Chapter 7 Programeming With
o Pl General- Purpose Instructions

Guide. Part 3, Onder Numbes 326011 System
332831; Model-Spectfic Registers, Order Numbe 335592, Refer 10.al ten volumes when
your desion eeds.

f

Chapter 8 Programming with
the 87 FPU

Chapter 9 Pragramming with
Intel® MMX™ Technology

Chapter 10 Programming with
Intel® Streaming SIMD
Extensions (Intel® SSE)

Chapter 11 Programming with
Intel® Stieaming SIMO
Extensions 2 (intel® SSE2)
Oeder Number: 253665-088US
i 2025

-

Chapter 12 Programming with
Intel® SSE3, SSSE3, Intel®
SSE4, and Intel® AES-HI

Chapter 13 Managing State
Using the XSA\ Set




Stack Details (3/6)

s Stack in Intel architecture

v Real manipulation of push and pop
» ESP (Extended Stack Pointer): pointing the top position
» push: decrement the ESP and write data at the top of stack (down)
= pop: read data from the top and increment the ESP (up)

v What are in the stack?

= 1) argument (parameters), 2) return address, 3) local variable, ...

» Return address: an address that returns after finishing a function (usually
an address of an instruction after “call”)

Stack Segment

Bottom of Stack

(lnitial ESP Walue)

Local Wanables
for Calling
Procedure

The Stack Can Be
16 or 32 Bits Wide

The EBF register is
typically set to point

to the retum
/ \ mstruction pointer.
Frame Boundarny _
( Ret“"ﬁ;’i?_ﬁg"r‘cu‘:'” - /EBF" F-Eegister\
\\ / - k ESP Register )
Top of Stack
Pushes Mowve the Pops Move the
Top Of Stack to Top Of Stack to
Lower Addresses Higher Addresses _
I Figure 6-1. Stack Structure ;

(Source: Intel 64 and 1A-32 Architedtures Software Developer’s Manual)



Stack Details (4/6)

s Stack in Linux

int func2(int x, int y) {

int *pointer, i;

.-

void funcl()
{

int ret_val;

f1 local++;

-

int main()

{

;‘.t;ncl();

int f2_locall =21, f2_local2 = 22;

int f1_locall =11, f1 local2 =12;

ret_val = func2(111, 112);

< Compiler (and version) dependent
< Especially, recent compiler makes t
of local variables are changed acc
@ But, gcc 3.* version comply with tf
For lecturing purpose, gcc 3.* is n

arguments,
return address,
local variables

arguments,
return address,
local variables

stack frame
for main

stack frame
for funci

argument 2

argument 1
return address > stack frame
saved ebp for func2

local variable 1

local variable 2

S -

(see Appendix)

1se of obfuscation, where the locations
ording to program contents.

e Intel’s suggestion (like this figure)

1
|

(O]

ore effective (Use 3.4 in this Iem




Stack Details (5/6)

s Stack example 1

/* stack_struct.c: stack structure analysis, by choijm. choijm@dku.edu */
#include <stdio.h>

int func2(int x, int y) {
int f2_locall = 21, f2_local2 = 22;
int *pointer;

printf("func2 local: \t%p, \t%p, \t%p\n", &f2_locall, &f2_local2, &pointer);
pointer = &f2_locall;

printf("\t%p \t%d\n", (pointer), *(pointer));
printf("\t%p \t%d\n", (pointer-1), *(pointer-1));
printf("\t%p \t%d\n", (pointer+3), *(pointer+3));

*(pointer+4) = 333;
printf("\ty = %d\n", y);
return 222;

}
void funcl() {
int ret_val, f1_locall = 11, f1_local2 = 12;
ret_val = func2(111, 112);
}
int main() {
e B

(@)




Stack Details (6/6)

Stack example

/* stack_destroy.c:
#include <stdio.h>

void f1() {
inti;
printf("In func1\n");

void f2() {
int j, *ptr;
printf("f2 local: \t%p, \t%p\n", &j, &ptr);
printf("In func2 \n");

AEH QX Z 42,98 192, choijm@dku.edu */

“é?.hmingAyQuum}‘,\;qygﬁhgpﬂ

}

\void f2() {
int j, *ptr;
printf("f2 local: \t%p, \t%p\n", &j, &ptr);
printf("In func2 \n");

/! ptr = &3;
//  *(ptr+2) = f1;

}

ivoid £3() {
| printf ("Before invoke £2()\n"):
£2();
printf ("After invoke £2()\n");
}

ptr = &j;
*(ptr+2) = f1;

main() {

£3():
}
choijm@system02:~/syspro/chap4s

void f3() {
printf("Before invoke f2()\n");
f2();
printf("After invoke f2()\n");

main() {
3();

—L

Before invoke £2()
f2 local: 0xf£9c5304,
Tn Tmee——

choijm@system02:~/syspro/chap4$ gcc -o stack_destroy -m32 stack destroy.c
choijm@system02:~/syspro/chapds
i System02:~/syspro/chap4$ ./stack_destroy

0x££9c5300

In
after invoke f£2()

|choijm@system02:~/syspro/chap4$

choijm@system02:~/syspro/chap4$ vi stack destroy.c
choijm@system02:~/syspro/chap4s

choijm@system02:~/syspro/chap4$ gcc -o stack destroy -m32 stack destroy.c

stack _destroy.c: In function ‘f2':

stack_destroy.c:14: warning: assignment makes integer from pointer without a cast
choijm@system02:~/syspro/chap4$

choij > [chap4$ ./stack destroy

Before invoke £2()
f2 local: 0xffad6274,
In func2

‘In funcl

entation fault (cor
choijm@systemuZ:~/syspro/chap4s
[choijm@system02:~/syspro/chap4$ [

xffad6270

o




Summary

s Understand the differences between process and program
» Discuss the differences among text, data, heap and stack

s Find out the details of stack structure
v Argument passing, Return address, Local variables
v Stack overflow

= Homework 4: Make a program of the stack example 2 and examine its results.
1.1 Requirements
- shows student’s ID and date (using whoami and date)
- discuss why the segmentation fault occurs in this program
1.2 Bonus: overcome the segmentation fault problem
1.3 Deadline: Next week (same time)
1.4 How to submit? Send 1) report and 2) source code to google form

18 Fa



Homework 4: Snapshot example

ﬁl choijm@system02: ~/syspro/chap4

printf ("Before invoke f£2()\n"):;

£2 ()

printf ("After invoke f£f2()\n"):
}

‘main() {
i £34) -
}
choijm@system02:~/syspro/chap4s

choijm@system02:~/syspro/chap4$ gcc —-o stack_destroy -m32 stack_destroy.c
choijm@system02:~/syspro/chap4s

choijm@system02:~/syspro/chap4s$ ./stack _destroy

Before invoke £2 ()

£2 locail: O0xff9c5304, O0xff9c5300

In func2

After invoke f£2 ()

choijm@system02:~/syspro/chap4s$

choijm@systemO2:~/syspro/chapd4s vi stack destroy.c
choijm@systemO02:~/syspro/chap4s

choijm@systemO02:~/syspro/chap4$ gcc —-o stack _destroy -m32 stack _destroy.c
stack_destroy.c: In function “f2':

choijﬁ@systemoz-~/syspro/chap4$
ch01jm@system02-~/syspro/chap4$ ./stack_destroy

xffad46274, Oxffad46270

In funcl
Segmentatlon fau
im@syste
4ch01jm@system02'~/syspro/chap4$ Vi Stack desStroy.c
choijm@systemO02:~/syspro/chap4ds

stack destroy.c: In function “f2':

choijm@system02:~/syspro/chap4s
ch01jm@system02.~/syspro/chap4$ ./stack _destroy
Before voke f£2 ()

OxffcO95bf4, OxffcO9Sbfo

In fancl
iAfter invoke f£2 ()
ijm@syste ~/syspro/chap4S$ whoami

choijm
choijm@system02:~/syspro/chap4s || -
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choijm@system02:~/syspro/chap4$ gcc —o stack _destroy —-m32 stack _destroy.c

stack destroy.c:15: warning: assignment makes integer from pointer without a cast

stack destroy.c:14: warning: assignment makes integer from pointer without a cast




| ‘QUIZ) Quiz for this Lecture

TIME)

s Quiz

v 1. Explain the differences among 1) high-level program, 2) binary
program, and 3) process.

v 2.In C language, the scope of local variables and global variables
are different. Discuss the reason of the differences using the process

structure.
v 3. Discuss the differences between stack and queue.

v 4. Describe what are in the stack? (three key components)

int WorldZZang:

int rnaiy/
{ MRy

(Source: https://dasima.xyz/c-local-global-variables/) _
20 >




Appendix 1

s Assembly differences with or without - m32

v Task structure

&P choijm@system02: ~/syspro/chap4 — O X

choijm@system02:~/syspro/chap4$ 1s

f pointer.c task_struct.c

choijm@system02:
choijm@system02:
Ichoijm@system02:
:choijm@systemOZ:
:choijm@system02:
ichoijm@systemOZ:

~/syspro/chap4$

~/syspro/chap4$ vi task struct.c

~/syspro/chap4$

~/syspro/chap4$ gcc -o task struct -m32 task struct.c
~/syspro/chap4$

~/syspro/chap4$ ./task struct

main local:
’ 0xf£892cc4,
0x££892cc0
funcl local:
0xff892cB4,
0x££892c80
func2 local:
0xffB892c64,
0x££892c60
dynamic:
0x91ef410
global:
0x80497b8,
0x80497b4
functions:
0x80483ff,
0x80483d8,
0x80483b6
choijm@system02:~/syspro/chap4$
choijm@system02:~/syspro/chapd4$ gcc -v
Using built-in specs.
Configured with: ../src/configure -v --enable-languages=c,c++,f77,pascal --prefi
x=/usr --libexecdir=/usr/lib --with-gxx-include-dir=/usr/include/c++/3.4 --enabl
e-shared --with-system-z1lib --enable-nls --without-included-gettext --program-su
ffix=-3.4 --enable- cxa atexit --enable-clocale=gnu --enable-libstdcxx-debug x8
6_64-linux-gnu
Thread model: posix
gcc version 3.4.6 (Ubuntu 3.4.6-6ubuntu5)
choijm@system02:~/syspro/chap4$
choijm@system02:~/syspro/chap4$ whoami
choijm
choijm@system02:~/syspro/chap4$ D

#&2 choijm@system02: ~/syspro/chap4 - O X

choijm@system02:~/syspro/chap4$ 1s

f pointer.c task_struct.c

choijm@system02:
choijm@system02:
|choijm@system02:

|choijm@system02:
1choijm@systemOZ:
choijm@system02:

~/syspro/chap4$
~/syspro/chapd$
~/syspro/chapd$
~/syspro/chapds
~/syspro/chap4$
~/syspro/chap4$s

vi task_struct.c

gcc -0 task struct task struct.c

./task_struct

main local:
0x7ffcd5dadeéc,
0x7ffcd5dadeés
funcl local:
0x7ffcd5dadedc,
Ox7ffcdSdadeds
func2 local:
0x7ffcdS5dade2c,
0x7ffcd5dade28
dynamic:
0x66b420
global:
0x600abs,
0x600ab4
functions:
0x400511,
0x4004e6,
0x4004c5
choijm@system02:~/syspro/chap4s$
choijm@system02:~/syspro/chapd$ gcc -v
Using built-in specs.
Configured with: ../src/configure -v --enable-languages=c,c++,£77,pascal --prefi
x=/usr --libexecdir=/usr/lib --with-gxx-include-dir=/usr/include/c++/3.4 --enabl
e-shared --with-system-zlib --enable-nls --without-included-gettext --program-su
ffix=-3.4 --enable- cxa atexit --enable-clocale=gnu --enable-libstdcxx-debug x8
6_64-1linux-gnu
Thread model: posix
gcc version 3.4.6 (Ubuntu 3.4.6-6ubuntu5)
choijm@system02:~/syspro/chapd$
choijm@system02:~/syspro/chapd4$ whoami
choijm
choijm@system02:~/syspro/chap4s I

(without —-m32 option)

(with —m32 option) - :
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Appendix 1

s Assembly differences with or without - m32

v Assembly code

——
&2 choijm@system02: ~/syspro/chap4

choijm@system02:~/syspro/chap4$ more test.c
#include <stdio.h>

int a = 10:
int b = 20;
int <

int main()

c =a + bs
printf("C = %d\n", c):

choijm@system02:~/syspro/chap4$ gcc —S -m32 test.c
choijm@system02: ~/syspro/chap4s
choijm@system02:~/syspro/chap4$ more test.s

.file "test.c"
.globl a
.data
.align 4
.type a, @object
.size a, 4
a:
.long 10
.globl b
.align 4
.type b, @object
.size b, 4
b:
.long 20
.section -rodata
.LCO:
.string "C = %d\n"
.text
.globl main
.type main, @function
main:
pushl %ebp
movl %esp, %ebp
subl $8, %esp
andl $-16, %esp
movl $0, %eax
addl 515, %eax
addl 515, %eax
shrl 54, %eax
sall $4, %eax
subl seax, %esp
movl b, %eax
addl a, %eax
mowvl %$eax, cC
movl <, %eax
mowvl Zeax, 4 (zesp)
movl $.LCO, (%esp)
call printf
leave
ret
.size main, .-main
. comm c,4,4
.section .note.GNU-stack, ™", @progbits

.ident "GCC: (GNU) 3.4.6 (Ubuntu 3.4.6-6ubuntus)"
Ilchoiim@system02: ~/syspro/chap4s$ .

I R
= a = E22 choijm@system02: ~/syspro/chap4
choijm@system02:~/syspro/chap4$ gcc -S test.c
choijm@system02:~/syspro/chap4s
choijm@system02:~/syspro/chap4S more test.s
-file "test.c™
-globl a
.data
.align 4
.type a, @object
.size a,; 4
a:
-long 10
.globl b
.align 4
.type b, @object
-size b, 4
b:
-long 20
.section .rodata
-LCO:
.string "C = %d\n"
.text
.globl main
.type main, @function
main:
-LEB2:
pushg £rbp
-LCFIO:
movg %rsp, %rbp
~LECFE1:
movl b(%rip), %eax
addl a(%rip)., %eax
movl f$eax, c(%rip)
mowvl c(%rip), %esi
movl $.LCO, %edi
movl 50, %eax
call printf
leave
ret
.LFE2:
.size main, .-main
. comm c,4,4
.section .eh_frame, "a", @progbits
.Lframel:
-long -LECIEl1-.LSCIE1l
-LSCIEl:
-long 0ox0
-byte Ox1
-String "™
-ulebl28 O0x1
.slebl28 -8
-byte 0x10
-byte Oxc
-ulebl28 0x7
-ulebl28 O0x8
-byte 0x90
-ulebl28 Ox1
.align 8
.LECIE1l:
.LSFDE1:
.long .LEFDEl-.LASFDE1l
B - TASFDE1:

(with - m32 option)

22 (without —-m32 option)




Appendix 1

s Assembly differences with or without —-mpush-args and —
mno-accumulate-outgoing-args

v Default: accumulate-outgoing-args =» allocate stack using a sub
instruction =» good for performance (no sp adjustment per each
argument due to reduced dependencies (enhanced pipeline

&2 choijm@system02: ~/syspro/chap4 — =] pad | @@ choiim@system02: ~/syspro/chap4 = =]
choijm@system0O2:~/syspro/chap4$ more test.c 'ChOijm@systemO2: ~/syspro/chap4$ more test.c
#include <stdio.h> #include <stdio.h>
int a = 10; int a = 10>
int b = 20; int b = 20>
int c: int ¢
int main () ?““ main ()
£ < e G e c = a + b;:

printf("C = %¥d\n", <): PLIRELLNC S FANDT (B0
3 }
ChoijmBsyatem02: </ syspro/chapds gee —S <m32 test.c choijm@systemoz ~/syspro/chap4$ gcc -S —-m32 —-mno-—-accumulate-outgoing-—-args test.c
choijm@system02:~/syspro/chapds jeholgm@system02:~/s¥spro/chapds
choijm@system02:~/syspro/chap4$ more test.s |Ch°ljm@5y51.:em02 .‘/syspre/chapq‘. s nadlln it s
“Eite “test.c"™ ] -file e
_globl a j-gicbL a
.data 1 W
-align 4 -align 4 )
.type a, @object -type =, @ohyect
.size a, 4 : ~ELES A
a:
.long 10 I ~AORE A0
.globl b
-globl b i .align 4
.align 4
_type b, @object -Tre o aebaeer
.size b, 4 roe "
b: | -long 20
-long 20 | .section .rodata
-section -rodata .LCO:
-LCO: s " " { .string "C = %d\n"
-string "C = %d\n | .text
-text l-globl main
-globl main . | . type main, @function
. -type main, E@function { .
main: | | pushl Zebp
pushl ebp movl tesp, %ebp
mowvl %¥esp., %ebp subl $8, %esp
subl $8, %esp ] andl $—-16, Sesp
andl $-16, Sesp mowl 50, %Zeax
movl S0, %eax addl $15, %eax
addl $15, %Teax addl $15, Seax
addl $15, =Zeax shrl $4, %eax
shri $4, %eax sall 54, %eax
sall $4, %eax subl Feax, %esp
subl Teax, %Sesp mowvl b, %eax
movl b, %eax addl a, %Seax
addl a, Seax mowvl ¥eax, C
mowvl %eax, c i subl $8, Sesp
mowvl c, %eax ! pushl c
mowvl %eax, 4 (%esp) pushl $.LCO
mowvl $.LCO, (Zesp) call printf
call printf H addl 516, %esp
leave ! leave
ret ret
.size main, .-main -size main, .-main
. comm c,4,4 - comm c,4,4
.section -note.GNU-stack, "", @progbits -.section -note _GNU-stack,"", @progbits
.ident "GCC: (GNU) 3.4.6 (Ubuntu 3.4.6-%6ubuntus5)" .ident "GCC: (GNU) 3.4.6 (Ubuntu 3.4.6—-6ubuntusS)™
.Shoij'm@ system02:~/syspro/chap4s l choijm@system02:~/syspro/chap4s [

S ———

r—

(without args option) 23 (with args option) o



Appendix 2

s Stack difference between different compilers

v Stack structure

@ choijm@system02: ~/syspro/chap4 = O X

printf("func2 local: \t%p, \t3p, \t%p\n", &f2 locall, &f2 local2, &pointer);
pointer = &f2_locall;

printf("\t%p \t%d\n", (pointer), *(pointer));
printf("\t%p \t%d\n", (pointer-1), *(pointer-1));
printf("\t%p \t%d\n", (pointer+3), *(pointer+3));

* (pointer+4) = 333;
printf("\ty = %¥d\n", y);
return 222;

}

void funcl() {
int ret_val, fl_locall = 1%, fl_local2 = 12;

ret_val = func2(111, 112);
}

int main() {
funcl();

}

choijm@system02:~/syspro/chap4$ gcc -o stack struct -m32 stack struct.c

choijm@system02:~/syspro/chap4$

choijm@system02:~/syspro/chapd$ ./stack struct

func2 local: 0xffb2bcb4, 0xffb2bch0, Oxffb2bcac
0xffb2bch4 21
0x££fb2bcb0 22
O0xffb2bcch 111
y = 333

choijm@system02:~/syspro/chap4$

choijm@system02:~/syspro/chap4$ gcc -v

Using built-in specs.

Configured with: ../src/configure -v --enable-languages=c,c++,£77,pascal --prefix=
/usr --libexecdir=/usr/lib --with-gxx-include-dir=/usr/include/c++/3.4 --enable-sh
ared --with-system-z1lib --enable-nls --without-included-gettext --program-suffix=-
3.4 —-enable-_ cxa atexit --enable-clocale=gnu --enable-libstdcxx-debug x86_64-1lin
Uux-gnu

Thread model: posix

gcc version 3.4.6 (Ubuntu 3.4.6-6ubuntu5)

choijm@system02:~/syspro/chapd$

(gcc 3.4.6)
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| &3 choijm@embedded: ~/syspro/chap4 = ]

ret_val = func2(11l1l, 112);
[}
|
iint main() {
! funcl();
}
|choijm@embedded:~/syspro/chap4$ gcc -o stack_struct -m32 stack_struct.c
choijm@embedded: ~/syspro/chap4$
|choijm@embedded:~/syspro/chap4$ ./stack_struct

|func2 local: 0xff86le20, 0xff86le24, 0xff86le28
0xff861e20 21
0xffBélelc -7987672

| 0xffB86le2c -1448266752
y = 112

|choijm@embedded:~/syspro/chap4$

|choijm@embedded: ~/syspro/chap4$ gcc -v

|[Using built-in specs.

|COLLECT_GCC=gcc
|COLLECT_LTO_WRAPPER=/usr/libexec/gcc/x86_64-1linux-gnu/13/1to-wrapper
:0FFLOAD_TARGET_NAMES=nvptx—none:amdgcn—amdhsa

iOE‘ FLOAD TARGET DEFAULT=1

Target: x86 64-linux-gnu

Configured with: ../src/configure -v --with-pkgversion='Ubuntu 13.3.0-6ubuntu2~2
4.04' --with-bugurl=file:///usr/share/doc/gcc-13/README.Bugs --enable-languages=
c,ada,c++,go,d, fortran,objc,obj-c++,m2 --prefix=/usr --with-gcc-major-version-on
ly --program-suffix=-13 --program-prefix=x86_ 64-linux-gnu- --enable-shared --ena
ble-linker-build-id --libexecdir=/usr/libexec --without-included-gettext --enabl
e-threads=posix --libdir=/usr/lib --enable-nls --enable-bootstrap --enable-cloca
!le=gnu --enable-libstdcxx-debug --enable-libstdcxx-time=yes --with-default-libst
|dcxx-abi=new --enable-libstdcxx-backtrace --enable-gnu-unique-object --disable-v
table-verify --enable-plugin --enable-default-pie --with-system-zlib --enable-1li
bphobos-checking=release --with-target-system-zlib=auto --enable-objc-gc=auto --
enable-multiarch --disable-werror --enable-cet --with-arch-32=i686 --with-abi=mé6
4 —-with-multilib-1ist=m32,mé4,mx32 --enable-multilib --with-tune=generic --enab
le-offload-targets=nvptx-none=/build/gcc-13-£G75Ri/gcc-13-13.3.0/debian/tmp-nvpt
x/usr,amdgcn-amdhsa=/build/gcc-13-fG75Ri/gcc-13-13.3.0/debian/tmp-gcn/usr --enab
le-offload-defaulted --without-cuda-driver --enable-checking=release --build=x86
_64-linux-gnu --host=x86_64-linux-gnu --target=x86_64-linux-gnu --with-build-con
fig=bootstrap-lto-lean --enable-link-serialization=2

Thread model: posix

Supported LTO compression algorithms: zlib zstd

gcc version 13.3.0 (Ubuntu 13.3.0-6ubuntu2~24.04)

lchoijmRembedded: ~/syspro/chap4$ ﬂ

(gcc 13.3.0)




Appendix 2

s Stack difference between different compilers
v Assembly code: stack guard and obfuscation

[ B choijm@system02: ~/syspro/chap4 = 0 X | 22 choijm@embedded: ~/syspro/chap4 = (] X
[choijm@system02:~/syspro/chap4$ gcc -5 -m32 -mno-accumulate-outgoing-args stack_st : ‘choijm@embedded:~/syspro/chap4$ gcc -S -m32 -mno-accumulate-outgoing-args stack
jruct.c struct.c
[choijm@system02:~/syspro/chap4$ more stack _struct.s : choijm@embedded:~/syspro/chap4$ more stack_struct.s
‘ .file "stack struct.c" .file "stack struct.c"
| .section .rodata .text
|.Lco: t .section .rodata
‘ .string "func2 local: \t%p, \t%p, \t%p\n" .LCO:
i.LCl: .string "func2 local: \t3%p, \t%p, \t%p\n"
.string "\t%p \t%d\n" A ot I
<JEC2% .string "\t%p \t%d\n"
.string "\ty = %d\n" LLC2%
.text .string "\ty = %d\n"
.globl func2 .text
.type func2, @function .globl func2
func2: .type func2, @function
pushl %ebp func2:
movl %esp, %ebp .LFBO:
subl 524, %esp § .cfi_startproc
movl $21, -4(%ebp) pushl %ebp
movl $22, -8(%ebp) I .cfi def cfa offset 8
leal -12(%ebp), %eax 1 .cfi offset 5, -8
pushl %eax movl %esp, %ebp
leal -8 (%ebp), %eax ! .cfi_def cfa register 5
pushl  %eax pushl  %ebx
leal -4 (%ebp), %eax subl $20, %esp
pushl  %eax ! .cfi_offset 3, -12
pushl  $.LCO call __xB6.get_pc_thunk.bx

call printf addl $_GLOBAL_OFFSET_TABLE , %ebx
addl $16, %esp movl %gs:20, %eax

leal -4 (%ebp), %eax movl %eax, -12(%ebp)
movl %eax, -12(%ebp) xorl %eax, %eax
subl $4, %esp movl 521, -24(%ebp)
movl -12 (%ebp), %eax movl $22, -20(%ebp)
pushl (%eax) leal -16(%ebp), %eax
pushl  -12(%ebp) pushl  %eax
pushl $.LC1 leal -20(%ebp), %eax
call printf pushl %eax
addl $l6, %esp leal -24 (%ebp), %eax
subl 34, %esp pushl  %eax
movl -12(%ebp), %eax leal .LCORGOTOFF (%ebx), %eax
subl $4, %eax pushl %eax
1 pushl  (%eax) call printf@PLT
movl -12 (%ebp), %eax addl $16, %esp
subl $4, %eax leal -24 (%ebp), %eax
pushl %eax L movl %eax, -16(%ebp)
(gcc 3.4.6) (gcc 13.3.0) IS v SPrRos)
I i S
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Appendix 2

s Stack destroy in gcc 13.3.0

v We can make use of options such as —fno-stack-protector, -fno-omit-
frame-pointer, -fno-pie, -no- ple and —mpreferred-stack- boundary 2

22 choijm@embedded: ~/syspro/chap4 = o

choijm@embedded: ~/syspro/chap4s

choijm@embedded: ~/syspro/chap4$

choijm@embedded: ~/syspro/chap4s

choijm@embedded: ~/syspro/chap4s

choijm@embedded: ~/syspro/chap4s

Before invoke £2 ()

£f2 local: Ooxffo972b74,

In func2

After invoke f2()

choijm@embedded: ~/syspro/chap4s

choijm@embedded: ~/syspro/chap4s

choijm@embedded: ~/syspro/chap4$

choijm@embedded:~/syspro/chap4$ gcc -o stack destroy

stack _destroy.c: In function ‘f2’:

stack _destroy.c:14:14: ass;gnment to ‘int’

ger from pointer without a cast [-W version]
14 | *(ptr+2) £1:;

vi stack destroy.c

gcc —o stack_destroy -m32 stack destroy.c
./stack_destroy

0xff972b78

vi stack_destroy.c
-m32 stack_destroy.c
makes inte

from ‘void (*) ()’

|
choijm@embedded: ~/syspro/chap4s
choijm@embedded: ~/syspro/chap4$s
Before invoke f2()

./stack_destroy

£f2 local: Oxfffbcf74, Oxfffbcf78
In func2
*%* stack smashing detected ***: terminated

Aborted (core dumped)

choijm@embedded: ~/syspro/chap4$

choijm@embedded: ~/syspro/chap4$ gcc -v

Using built-in specs.

COLLECT_GCC=gcc

|COLLECT LTO WRAPPER=/usr/libexec/gcc/x86_ 64-linux-gnu/l13/lto-wrapper
OFFLOAD_TARGET NAMES=nvptx-none:amdgcn-amdhsa

:OFFLOADiTARGETiDEEAULTﬂl

Target: x86_64-linux-gnu

|Configured with: ../src/configure -v —--with-pkgversion='Ubuntu 13.3.0-6ubuntu2~2
4.04' ——with-bugurl=file:///usr/share/doc/gcc-13/README .Bugs ——-enable-languages=
c,ada, c++,go,d, fortran,objc,obj-c++,m2 —--prefix=/usr —--with-gcc-major-version-on
1y ——program-suffix=-13 —--program-prefix=x86 64-linux-gnu- —--enable-shared —--ena
ble—-linker-build-id —--libexecdir=/usr/libexec —-without-included-gettext —-—-enabl
e-threads=posix --libdir=/usr/lib --enable-nls --enable-bootstrap --esnable-cloca
le=gnu ——enable-libstdcxx—-debug —--enable-libstdcxx-time=yes —-—with-default-libst
/dcxx-abi=new —--enable-libstdcxx-backtrace --enable-gnu-unigue-object --disable-v
table-verify —--enable-plugin —--enable-default-pie —--with-system-zlib —--snable-11i
bphobos-checking=release —--with-target-system—-zlib=auto -—-enable-objc-gc=auto —-—
lenable-multiarch —--disable-werror —--enable-cet —-with-arch-32=1i1686 —--with-abi=mé
4 ——with-multilib-list=m32,mé64,mx32 —-—-enable-multilib —--with-tune=generic —--enab
le-offload-targets=nvptx-none=/build/gcc-13-fG75Ri/gcc-13-13.3.0/debian/tmp-nvpt
x/usr, amdgcn—-amdhsa=/build/gcc-13-fG75Ri/gcc-13-13.3.0/debian/tmp—-gcn/usr ——enab

le-offload-defaulted —--without-cuda-driver —--enable-checking=release --build=x86
| 64-1linux-gnu —--host=x86_64-linux-gnu --target=x86_64-linux-gnu —--with-build-con
fig=bootstrap-lto-lean --enable-link-serialization=2

Thread model: posix

Supported LTO compression algorithms: zlib zstd
gcc version 13.3.0 (Ubuntu 13.3.0-6ubuntu2~24.04)
choijm@embedded: ~/syspro/chap4s [

(default in gcc 13.3.0)

26

@ choijm@embedded: ~/syspro/chap4 ]

choijm@embedded:~/syspro/chap4$
choijm@embedded:~/syspro/chap4$ vi stack destroy.c
choijm@embedded: ~/syspro/chap4$
choijm@embedded:~/syspro/chap4$ gcc -o stack destroy -m32 -fno-stack-protector -
fno-omit-frame-pointer -fno-pie -no-pie -mpreferred-stack-boundary=2 stack_destr
oy.c
stack destroy.c: In function ‘f2':
stack destroy.c:14:14: assignment to ‘int’
ger from pointer without a cast [-Wint nversionl]
P 14 | * (ptr+2) £1:;

|
;choijm@embedded:~/syspro/chap4$
choijm@embedded: ~/syspro/chap4$
1Before invoke £2()
£f2 local: 0xff80db84,
In func2
In funcl
Segmentation fault (core dumped)
choijm@embedded: ~/syspro/chap4$
choijm@embedded: ~/syspro/chap4s$
choijm@embedded: ~/syspro/chap4$
choijm@embedded: ~/syspro/chap4$
fno-omit-frame-pointer -fno-pie
oy.c
stack_destroy.c: In function ‘f2’:
stack destroy.c:15:14: assignment to ‘int’
‘‘ger from pointer without a cast [-Wint-conver n]

15 | * (ptr+2) p 2 B

|
choijm@embedded: ~/syspro/chap4s$
choijm@embedded:~/syspro/chap4$ ./stack destroy
Before invoke £2()
£f2 local: Oxffelec54,
In func2
In funcl
After invoke £2()
choijm@embedded: ~/syspro/chap4d$
.'choijm@embedded: ~/syspro/chapd4$ gcc --version
gcc (Ubuntu 13.3.0-6ubuntu2~24.04) 13.3.0
Copyrlght (C) 2023 Free Software Foundation, Inc.
This is free software; see the source for copying conditions. There is NO
warranty; not even for MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.

from ‘wvoid (*) ()’ makes inte

-/stack_destroy

0x££80db80

vi stack_destroy.c

gcc -o stack destroy -m32 -fno-stack-protector -
-no-pie -mpreferred-stack-boundary=2 stack_destr

from ‘void (*) ()’ makes inte

OxffelecS50

Tt

choijm@embedded: ~/syspro/chap4$
lgh01jm@embedded ~/syspro/chap4s D

(make use of options in gcc 13_

-




Appendix 2

s Stack structure and assembly in gcc 13.3.0

v We can make use of options such as —fno-stack-protector, -fno-omit-
frame-pointer, -fno-pie, -no-pie, and —mpreferred-stack-boundary=2

| dB choijm@embedded: ~/syspro/chap4 D b 22 choijm@embedded: ~/syspro/chap4 o (=] x
choijm@embedded:~/syspro/chap4$ gcc —S —-fno-stack-protector —fno-omit-frame-pointer -£
no-pie —-no-pie -mpreferred-stack-boundary=3 test.c

choijm@embedded:~/syspro/chap4$ gcc —-version

;gcc (Ubuntu 13.3.0-6ubuntu2~24.04) 13.3.0 choijm@embedded: ~/syspro/chap4s
Copyright (C) 2023 Free Software Foundation, Inc. choijm@emb§dded::/syspr?/chap‘is cat test.s
This is free software; see the source for copying conditions. There is NO :;;i Rest-c
‘warranty; not even for MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. lglebl a
1 .data
‘choijm@embedded: ~/syspro/chap4d$ ! -align 4 .
‘choijm@embedded: ~/syspro/chapd4$ vi stack_struct.c | 22: : sc’b:’e‘:t
fchoijm@embedded: ~/syspro/chap4s a:
lchoijm@embedded: ~/syspro/chap4$ .long 10
Ichoijm@embedded:~/syspro/chapd$ gcc -o stack struct -m32 stack _struct.c 'gi‘;b; 4b
fchoijm@embedded:~/syspro/chap4$ jwpg b, @object
ichoijm@embedded:~/syspro/chap4$ ./stack_struct .size b, 4
func2 local: 0xffeS0abl, Oxffe90ab4d, OxffeS0abs8 b:
{ 0xffe90ab0 21 i
Oxffe90aac -1504584 .bss
0xffe%0abc 1917765888 -align 4
= 112 -type c, Bobject
i P ¥ } .size c, 4
‘choijm@embedded: ~/syspro/chapds R,
choijm@embedded:~/syspro/chap4$ gcc -o stack_struct -m32 -fno-stack-protector -fno-omi .zero 4
‘t-frame-pointer -fno-pie -no-pie -mpreferred-stack-boundary=2 stack struct.c i -section -rodata
‘choijm@embedded: ~/syspro/chap4s - R
i ] H ysp P 1 .string "C = %d\n"
ichoijm@embedded: ~/syspro/chap4$ ./stack_struct | .text
ifunc2 local: Oxffed4lfel, Oxffedlfdc, Oxffedlfds i ~globl main .
1 Oxffedlfel 21 e .type main, @function
0xffe4lfdc 22 ks
Oxffedlfec 13X .cfi_startproc
= endbreé4d
| . Y 333 pushg %rbp
ichoijm@embedded: ~/syspro/chap4$ cFi def cfa offset 16
choijm@embedded:~/syspro/chap4$ cat stack_struct.c .cfi_offset 6, -16
/* stack struct.c: stack structure analysis, by choijm. choijm@dku.edu */ movg %rsp, %rbp
1§3 : .cfi_def cfa register 6
#include <stdio.h> ‘ bt S arip), wedx
1. X . movl b(%rip), %eax
{int func2(int x, int y) { addl $edx, %eax
t int f2 locall = 21, £2 local2 = 22; | movl seax, c(%rip)
i s tars = movl c(%rip), %eax
int *poln ¥ ] movl $eax, %esi
| movl $.LCO, %edi
printf("func2 local: \t%p, \t%p, \t%p\n", &f2 locall, &f2_local2, &pointer); i movl $0, Zeax
pointer = &f2 locall; cali pripLt
— movl $0, %Zeax
popq %rbp
printf("\t%p \t%d\n", (pointer), *(pointer)): .cfi_def_cfa 7, 8
printf("\t%p \t%d\n", (pointer-1), * (pointer-1)); o2
printf ("\t%p \t%d\n", (pointer+3), *(pointer+3)): RO EEL_ERapEDC
.size main, .-main
* (pointer+4) = 333; .ident "GCC: (Ubuntu 13.3.0-6ubuntu2-~24.04) 13.3.0"
( . 't t k t t 'th t' ) L .(section .note .GNU-stack, "", @progbits
I - -
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