System Programming ©NN————

Lecture Note 2.
Programming Environment

September 15, 2025

Jongmoo Choi
Dept. of Software

Dankook University
http://embedded.dankook.ac.kr/~choijm

(2 wiHs 20258 US| =HESAE L FESAI2E IR 'SWSHUSAIY X3S &0 M& D ASLICH)

—— DRy

NANKOOK UNIWERSITY

0



Objectives

s Discuss the history of Linux

s Understand key concepts of Linux

s Learn how to access Linux

s Learn how to use commands in Linux
s Learn how to make programs in Linux

s Refer to Chapter 1, 2 in the LPI
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Linux Introduction (1/7)

s Operating System

v Definition: Resource Manager

v Examples: Linux, Windows, OS X and so on.
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s Linux Definition

v Linux is a clone of the UNIX Operating System |
v Written from scratch tﬁy Linus B. Torvalds, with assistance from a

loosely-knit team of Developers across the Network

» Linus Benedict Torvalds 91.8.26. ¢ EtEsIH™ 29

=M E HALA S

Hello everybody out there using minix -

I'm doing a (free) operating system (just a hobby, won't be big and
professional like gnu) for 386({486) AT clones. This has been brewing
since april, and is starting to get ready. I'd like any feedback on
things people like/disiike in minix, as my OS resembles it somewhat
(same physical layout of the file-system (due to practical reasons)
among other things).

I've currently ported bash(1.08) and gcc(1.40). and things seem to work.
This implies that I'll get something practical within a few months, and

I'd like to know what features most people would want. Any suggestions
are welcome, but | won't promise I'll implement them -)

Linus (torv...@kruuna_helsinki.fi)

PS. Yes - it's free of any minix code, and it has a multi-threaded fs.
It is NOT protable (uses 386 task switching etc), and it probably never
will support anvthing other than AT-harddisks, as that's all | have :-(.

v Univ. of Helsinki in Finland
v May, 1991: Release 0.0.1 version
v 2025: Release 6.14.1 (refer to https://www.kernel.org/)
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(Source: wikipedia.org)

D Open source
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s Ken and Dennis
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Kenneth Lane "Ken” Thompson (born February 4, 1943), commaonly referred to as ken in hacker circle

is an American pioneer of computer science. Having worked at Bell Labs for
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most of his career, Thompson designed and impl
programming language, and was one of the creat

Go programming language.

Other notable contributions included his work on

that included creation of endgame tablebases and the chess machine Belle.

Contents [hide]
1 Biography
1.1 Early life
1.2 1960s
1.3 1970s
14 1980s
1.5 1890s
1.6 20005
2 Awards
2.1 National Academy of Engineering
2.2 Turing Award
2.3 IEEE Richard W. Hamming Medal
24 Fellow of the Computer History Museum
2.5 National Medal of Technology
2.6 Tsutomu Kanai Award

il ey W 2 i =) l

rs and early developers of the Plan 9 operating systems. Since 2006, Thempson has worked at Google, where he co-invented the

L I . L
—iaim e g s e L g ) i s g 3

P2
T

L 2 o L o I TN Y e W
hoir k= e L LRy R ki i ) g e g e TR L
7

b

Kenneth Thompson

A Picture of Ken Thompson

Born February 4, 1943 (age 75)
New Orleans, Louisiana, U.S.
Nationality American

Alma mater University of California, Berkeley

(B.5. 1965; M.S., 1966)
Linix

B (programming language)
Belle (chess maching

Known for

UTF-8
2.7 Japan Prize Endgame tablebase
3 See also e
ot - = Awards IEEE Emanuel R. Piore Award
L Thompson (sitting) and Ritchie =~ & = ’
5 External links R Y - s
working together at a PDP-11 Turing Award (1582)
|EEE Richard W. Hamming
: . e Medal (1330
Blograph} fedi] Computer Pioneer Award (1994
2 . Computer History Museum
Early life [edit] Eallow: t1as7)
Thompson was born in New Crleans. When asked how he learned to program, Thompson stated, "l was always fascinated with logic and even in grade school I'd work on arithmetic National Medal of Technology
s : : i (1992)
problems in binary, stuff like that, Just because | was fascinated."?! '.rsu‘én" sesral N fp5e
u wu i Vi )
lapan Prize 2011}
1960s [edit] .
Scientific career
Thompsen received a Bachelor of Science in 1965 and a Master's degree in 1966, both in Electrical Engineering and Computer Science, from the University of California, Berkeley, Fields Computer science
where his master's thesis advisor was Elwyn Berlekamp.™! Institutions Bell Labs
Thompson was hired by Bell Labs in 1966.% In the 1960s at Bell Labs, Thompson and Dennis Ritchie worked on the Multics operating systerm. While writing Multics, Thompson Er‘-tr\s::here. Inc
: ) : 3 P G Inc.
created the Bon programming langudge.~” He also created a video game called Space Travel Later, Bell Labs withdrew from the MULTICS p:rOJect.-51 In order to go on play|ng the SO R
game, Thompson found an old PDP-] machine and rewrote Space Travel on it."] Eventually, the tools developed by Thompson became the Unix operating system: Working on a PDP- R ———
7, a team of Bell Labs researchers led|by Thompson and Ritchie, and including Rudd Canaday, developed a hierarchical file system, the concepts of computer processes anq device files, a 1L | [

command-ling interpreter, and some small utility programs. In 1970, Brian Kernighan suggestedgﬂe name "Unix’, in a somewhat treacherous pun on the name "Multics".%] After initial wo

rk I
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s Contributors

v GNU (www.gnu.org)
* Richard M. Stallman (
* Free software
v Minix
* Andrew Tanenbaum
v BSD

= Bill Joy (cofounder of Sun Microsystems), FFS, TCP/IP,

rms

= Linus Torvalds has said that if 386BSD had been available at the time,
he probably would not have created Linux
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= Applications
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s Some notes about UNIX and Linux (From LPI| Chapter 1)
v Linux is a member of the UNIX family

v History

= 1969~ :
= 1975~ :
= 1979~ :
= 1981~ :
= 1985~ :
= 1990~ :

UNIX Invented by Ken and Dennis, UNIX 1~7 edition at AT&T
popularly used at universities include Berkeley, MIT and CMU.

BSD and new features (FFS, TCP/IP, C shell, ...)

System Ill and System V from AT&T

UNIX golden ages (IBM, HP, Sun, NeXTStep, SCO, ...) = UNIX War
Standardization (POSIX, FIPS, X/Open, SUS (Single UNIX Spec.)

= 2021: Three representative OSes + Vendor proprietary OSes + New OSes

= 1984~ : GNU by R. Stallman (gcc, Emacs, bash, ...), GPL (General Public
License)
= 1991~ : Linux by L. Torvalds, Minix + Intel optimization, GNU incorporation

= 2025: Linux kernel version 6.14.1

v Linux version number
» X.y.z: Major.Minor.Revision
= Even minor: stable, odd minor: development (but NOT strict today)

9



Aside (Optional)

= Linux vs. Distribution
v Linux: Kernel
v Distribution: Kernel + Packages + Frameworks + ...
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(Source: https://www.samsungsds.com/kr/insights/linux_distribution.html)
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Fundamental Concepts of Linux (1/7)

s From LP| Chapter 2
s 2.1 The Core of Operating System: kernel

v OS: Computing environments vs. Kernel: Central part of OS
» OS = Kernel + Other System Programs (GUI, Shell, GCC, Packages, ...)

» Kernel's role: 1) Process mgmt., 2) VM, 3) FS, 4) Device access, 5)
Networking, 6) system call, 7) multi-user support

» Kernel module: dynamic loadable SW runs in kernel mode

v User mode vs kernel mode (also called as supervisor mode)
= To protect kernel from applications
» Monolithic kernel vs. Microkernel (u-kernel)

v System: process’s viewpoint vs. kernel’s viewpoint

Monolithic Kernel Microkernel
System User Uf"f"" CrRpilars based Operating System based Operating System
Softwares Process Utility
A .

System Call

System Libraries
Y- =

Kernel

Kernel Modules

zgource: https:”talkingaboutme.tistory.coﬂentry/Study-MonoIithic-KerneI-MicrokerneY!)a__”



Fundamental Concepts of Linux (2/7)

s 2.2 The shell

v Special-purpose program designed to read commands typed by a
user and execute them = command interpreter

v Examples: Bourne shell (Bell Lab.), C shell (BSD), Korn Shell
(AT&T), bash (GNU)

s 2.3 Users and Groups
v 3 categories: user, group, others
v Superuser: has special privileges (User ID: 0, login name: root)

Unix Shell application comparison table

= Application . sh ‘ csh ksh ‘ bash| tcsh
= Job control N Y Xy L § Y

= Aliases N X Y i § Y

= Input/Output redirection Y N Y Y N

= Command history N Y Y b w

= Command line editing N N i i Y b

= Vi Command line editing N N b i y b il

= Underlying Syntax sh csh ksh sh csh

(Source: https:/lstackoverflow.comlquestionslS7252961difference-between-sh-and-bash—
|
12
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Fundamental Concepts of Linux (3/7)

s 2.4 Directory and Links
v file types: regular, directory, link, device, ... (almost everything is file)
v directory: a set of related file, support hierarchical structure
v Home directory, root directory, current directory

s 2.5 File I/O Model

v stdio library: fopen(), fread(), fwrite(), fclose(), printf(), scanf(), ...
v system call: open(), read(), write(), close(), ... = LN3
v After open(): file name - file descriptor

I bash I I vmlinuz I I group I I passwd I (avr) include
Cdirectory ) (java) I .bashrc I sys stdio.h
I regular *Filel I Go. java I I types.h I
Figure 2-1: Subset of the Linux single directory hierarchy _—
e —
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Fundamental Concepts of Linux (4/7)

s 2.6 Programs
v A set of instructions that describes how to perform a specific task
v Two forms: source code, binary (machine language)

m 2.7 Processes

v An instance of an executing program = LN4, 5
v Has its own virtual memory (layout: text, data, heap, stack, map)

s 2.8 Memory Mappings
v mmap(): maps a file into the calling process’s virtual memory
v Access file using a pointer instead of open()/read()/write()

y
168 <

L,

3G8

Kernel space
User code CANNOT read from nor write to these addresses,
doing so results in a Segmentation Fault

Stack (grows down)

Memory Mapping Segment
File mappings (including dynamic libraries) and anonymous
mappings. Example: /lib/libc.so

"

Heap

BSS segment
Uninitialized static wvariables, filled with zeros.
Example: static char *userName;

Data segment
Static variables initialized by the programmer.

Oxcoeeeeee == TASK_SIZE

F Random stack offset

/~ RLIMIT_STACK (e.g., 8MB)

} Random mmap offset

program break
brk

start_brk
~ Random brk offset

end_data

Example: static char *gonzo = “God’s own prototype™; | iart data
Text segment (ELF)
Stores the binary image of the process (e.g., /bin/gonzo)

(Source: brunch.cotkr/@alden/13)



Fundamental Concepts of Linux (5/7)

s 2.9 Static and Shared Libraries

v Compiled objects (relocatable and logically related)

v Static libraries (also called as archive): compile-time linking

= extracts copies of the required object modules from the library and copies
these into an executable file

v Shared libraries: run-time linking

» instead of copying object modules from library into executable, just write a
record, which allows shared libraries to be linked on-demand

s 2.10 IPC and Synchronization
v Inter Process Communication and Process orchestration

v Examples: signal, pipe, socket, message queue, shared memory,
semaphore, ...

User Process A Kernel User Process B Response

— ~ e
> N / X
- \ \
// |
/ A
Reques
copy / Request
/
co [ -

| O DO S
\‘
\ /

\ / ® e

\ /

\ 7

N\

i, g

(Source: http://www.gerhardmueller.de/docs/UnixCommunicationFacilities/ip/node6.htmli, _
e

https:/lwww.softprayog.inlprogramminglinterprotéss-communication-using-system-v-message-queuésii’n-linux)

cansed by

"write” system

call




Fundamental Concepts of Linux (6/7)

s 2.11 Signal

v User-level interrupt: inform to a process (*C)
v c.f.) Interrupt: a mechanism to inform an event to kernel

s 2.12 Thread

v A flow control in a process (threads share virtual memory) = LNS5

s 2.13 Job control (Process group)

v Allows the user to simultaneously execute and manipulate multiple
commands or pipelines. soas -z | sSore —Esn |l Less

s 2.14 Session
v A session is a collection of process groups (jobs).

v Related with a terminal (controlling terminal, usually login terminal)
» One foreground job and multiple background jobs

Sesssion

Bash tail grep sleep 100

session leader foreground process group

[ sleep 101

SIGHUP on disconnect 1 terminal 1/0 background process group

Controlling Terminal

i s=~oc
zgource https: ”tW|ttercom7|gor sgrcevic/status/1157349076809191425) ~



Fundamental Concepts of Linux (7/7)

s 2.15 Pseudo-terminal
v Connected virtual devices (e.g. terminal emulator)

s 2.16 Date and time

v Real time (also called as epoch time): Since 18t January, 1970.

v Process time (also called as CPU time)
» Total amount of CPU time that a process has used since starting
» system CPU time, user CPU time

s Others
v Client-Server architecture, Realtime, /proc file system

user process user process
q e g et

L ), wserspace

RS st
}: “:“:.\:\‘ ' U

! ! ' s p——
l! i ] ,,,:-' —

b gaphicdver " ] 3 foreground process G ot :1‘4" (PTY slave)

4 " kemelterminal emulator Ine dsdplne

I (console)

gl Keyboard driver TY driver
keyboard i keyboard
hardware hardware
Source: https://kb.novaordis.com/index.php/Linux_TTY) =7 SEROC)

i
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How to access Linux (1/4)

s 1) Standalone (usually with multi-boot)
s 2) Virtualization (or WSL)
s 3) Client-Server

v In our course
= Client: terminal emulator (telnet/ssh client, putty, ...)

= Server: Linux system (PC)
IP: 220.149.236.2 (primary), 220.149.236.4 (secondary)

= Alternative: Amazon EC2, Google Cloud, MS Azure or Solid Cloud

I —
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How to access Linux (2/4

s Client

v telnet, ssh, ping, ...
v putty, SecureCRT, powershell, ...

" @ Download PUTTY: latest relea: X W Jongmoo Choi's Home Page x =+

“ [ & 2z chiark.greenend.org.uk/~sgtatham/putty/latest.html

Download PuTTY: latest release (0.

Home | FAQ | Feedback | Licence | Updates | Mirrors | Keys |
Download: Stable - Snapshot | Docs | Privacy | Changes

This page contains download links for the latest released version of PuTTY. Currently this is 0.83, released on 2025-02-08.

When new releases come out, this page will update to contain the latest, so this is a good page to bookmark or link to. Al

Release versions of PUTTY are versions we think are reasonably likely to work well. However, they are often not the most up-to-date version of the code available. If you have a problem with this
release, then it might be worth trying out the development snapshots, to see if the problem has already been fixed in those versions.

s =
Package files

You probably want one of these. They include versions of all the PuTTY utilities {except the new and slightly experimental Windows pterm).
(Mot sure whether you want the 32-bit or the 64-bit version? Read the FAQ entry.)

We also publish the latest PuTTY installers for all Windows architectures as a free-of-charge download at the Microsoft Store; they usually take a few days to appear there after we
release them.

MsSi (‘Windows Installer”)

64-bit xB6: putty—84hit—0.B3-inatellsr mai Isignature)

64-bit Arm: putti-er=84-0 B3-instalier.msi Isignature)

32-bit x86: putty—0 B8—instal ler mai Isignature)

Unix source archive

targ= putty—0. 85 tar.g= Isignature)
i =
- ™y

Alternative binary files

The installer packages abowve will provide versions of all of these (except PuTTYtel and pterm), but you can download standalone binaries one by one if you prefer.

(Mot sure whether you want the 32-bit or the 64-bit version? Read the FAQ entry.) -

(Source: https://www.chiark.greein@nd.org.uk/~sgtatham/putty/latest.html)



How to access Linux (3/4)

s Putty with ssh

v IP:220.149.236.2 (check that “type is ssh” and “port is 22" or “2222")

v Colours: click “Use system colours
v Translation: choose “UTF-8"

3 PuTTY Configuration

Category:
=) Session Basic options for your PuTTY session
Logging . S
& Terminal Specify the destination you wantto connectto
Keyboard Host Name (or IP address) Port
Bell 220.149.236.4 2222
Features . )
) Window Connection type:
Appearance ©OssH  (OSeral ()Other  Telnet v
Behaviour
Translation Load, save or delete a stored session
-Selection Saved Sessions
COIOWS Linux Server4
(= Connection
-Data Default Settings Load
- Proxy Linux Server4
FH-SSH Save
Serial
Telnet Delete
-Rlogin
SUPDUP
Close window on exit
(OAways  (ONever @ Only on clean exit
About Help Open Cancel
- 4

20

2 PUTTY Configuration ? X
Category:
E)-Session Options controlling character settranslation
Lo_gglng Character set translation
[=- Terminal
. -Keyboard Remote character set i
- Bell |UTF-8 v]
Features - :
- Wind (Codepages supported by Windows but not listed here,
-Timdow such as CP866 on many systems, can be entered manually)
Appearance
Behaviour OT ) y )
b reat CJK ambiguous characters as wide
[-Selection ("] Caps Lock acts as Cyillic switch
. Colours ) ) )
E3-Connection Adjusthow PuTTY handles line drawing characters
- Data Handling of line drawing characters:
i Proxy © Use Unicode line drawing code points
[-SSH () Poor man's line drawing (+.- and |)
-Serial () Fonthas XWindows encoding
- Telnet () Use fontin both ANSI and OEM modes
-Rlogin (O Use fontin OEM mode only
SUPDUP ("] Copy and paste line drawing characters as Iqqqk
(") Enable VT100 line drawing even in UTF-8 mode
About Help Cancel '



How to access Linux (4/4)

s Login and shell

B9 220.149.236.4 - PUTTY

& login as: ||

- 0o X

= wl TN UL - WTF TR =T TR T T [ I = )}

|

@ choijm@system02: ~ = g b
login as: choijm
choijm€220.149.236.4"s password:

Welcome to Ubuntu 16.04.4 LTS (GNU/Linux 4.15.0-142-generic x86 64)

* Documentation:
* Management:
* Support:

https://help.ubuntu.com
https://landscape.canonical.com
https://ubuntu.com/advantage

133 packages can be updated.
0 updates are security updates.

|New release '18.04.6 LTS' available.
Run 'do-release-upgrade' to upgrade to it.

Last login: Fri Sep 5 13:39:16 2025 from 218.148.59.238
To run a command as administrator (user "root"), use "sudo <command>".
See "man sudo root" for details.

choijm@system02:~5

choijm@system02:~5 1s

chapl examples.desktop syspro

choijm@system02:~5 15 chapl
hello.c hello.o hello.s

choijm@system02:~5

choijm@system02:~5 passwd

Changing password for choijm.

(current) UNIX password:

Enter new UNIX password: I

v ID: sys= ¥ (8 numbers of Student ID)
v Default passwd: sys***** (change using the “passwd” command)

21
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How to use commands in Linux (1/12)

= UNIX

v Two key objects in UNIX: file as a “place” and process (task) as a
“life” (by M. Bach, The Design of the UNIX Operating Systems)

s File

v Array of bytes, stream of character (attributes: start, size, current
offset)

v Associated with disk blocks

v Supports a variety of objects using file concept (eg. device, network,
memory, and even process)

s Process (Task)

v Program in execution
v Associated with CPUs (Scheduling entity)
v Having context such as memory space and CPU registers

22



How to use commands in Linux (2/12)

s file related command

v

v

v

v

v

v

create

= vi, gcc, mknod, ...
copy/move

= cp, mv,In, ...
delete

" rm
listing

" |s
file content view

= cat, more, less, head, tail, objdump, hexdun

file attributes manipulation
= chmod, chown, chgrp, touch

redirection
- >

llchoiim@embedded—desktop: ~
llchoiim@embedded—desktop: ~
llchoiim@embedded—desktop: ~

choijm@embedded—desktop: ~
choijm@embedded—desktop: ~

choijm@embedded—desktop: ~
choijm@embedded—desktop: ~
choijm@embedded—desktop: ~
hello.c

choijm@embedded—desktop: ~
choijm@embedded—desktop: ~
Hello System Programming
choijm@embedded—desktop: ~
choijm@embedded—desktop: ~
#¥inclunde <stdio.h>

R T O o R I T

4 A

4 A

imnt main()
i
printf ("Hello Swystc

choijm@embedded—desktop: ~%
choijm@embedded—desktop: ~%
choijm@embedded—desktop: ~%
choijm@embedded—desktop: ~%

hello.c hello new.
choijm@embedded—desktop: ~%

lchoijm@embedded—desktop: ~£

choijmBembedded—desktop: ~%£

choijm@embedded—desktop:~% 1=
hello.c _5
choijm@embedded—desktop:~% man 15. v'

1=

wvi hello.c

goc hello.o

1=

~JSasoat

more hello.c

em Programminghn™) ;

cp hello.c hello new.c

mn

rm hello new.c

Ls (1) User Commands LS (1) -
MAME
1s — list directory cContcents
|symoPsIS
1s [QPTION]... [EILE]...
DESCRIPTIOCHN
List information about the FILEs {the current
directory by default). Sort entries alphabetically
if none of —cftuvSUX nor ——sort is specified.

23

Mandatory arguments to long options are mandatory
for short options too.

—a, ——all
do not ignore entries starcting with

-n, ——almost-all
do not list implied . and .. ‘
|

——author
with —1, print the author of each file

~b, ——escape
print C-stvle escapes for nongraphic characO
ters

ize=SIZE
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= directory
v a set of files

v provide hierarchical structure of files
v home directory, root directory, current directory
v

relative path, absolute path

s directory related command
v create
= mkdir
v change
" cd
v delete
» rmdir
v current position
= pwd

24

lchoijmeembedded:~§ |J

f’choijm@embedded: ~

choijm@embedded:~5 pwd
/home/choijm
choijm@embedded:~$ 1s
examples.desktop README
choijm@embedded:~$
choijm@embedded:~$ mkdir programming
choijm@embedded:~$ mkdir music
choijm@embedded:~$
choljm@embedded:~$ cd programming/
choijm@embedded:~/programming$ vi hello.c
choijm@embedded: ~/programming$ gcec hello.c
choljm@embedded: ~/programming$ ./a.out
Hello DKU World
choijm@embedded: ~/programming$
choljm@embedded: ~/programming$ 1s
hello.c
choijm@embedded: ~/programming$ pwd
/home/choijm/programming
choijm@embedded: ~/programming$
choljm@embedded: ~/programming$ 1s .
hello.c
choijm@embedded:~/programming$ 1s ..
examples.desktop music programming README
choijm@embedded: ~/programming$

sysprol8

choijm@embedded: ~/programming$ cp ../README .

choijm@embedded: ~/programming$ 1s
hello.c README

sysprol8

choijm@embedded:~/programming$ cp /home/choijm/README README new

choijm@embedded: ~/programming$ 1s
hello.c README README new
choijm@embedded: ~/programming$ cd ..
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= file attribute manipulation
v Permission and owner
v cf. Command format: 1) command, 2) option, 3) argument

choijmEemnbedded—-desktop:~5% 1=

- hello.oc music pDrogrammi Tig
choijmiEemnbedded-desktop: ~5

llchoijmienbedded—-desktop:~5% 1s -1

224 zo

—IWEIWXr—xX 1 choijm choijm 4696 Eﬁﬂ I0 Ie-311 =
—IrwW—Iw—r— 1 choijm choijm T4 Eﬁ% 10 16:20 hello.c
drwxrwxr—x 2 choijm choijm 409& Eﬁﬂ 10 16:15 music
drwxrwxr—x 2 choijm choijm 409& Eﬁﬂ 10 1&6:17 programmirig
choijmiEemnbedded-desktop: ~5

choijmenmbedded—-desktop: ~% chmod o+w hello.c
choijmiEemnbedded-desktop: ~5

choijmi@enmbedded—-desktop:~% 1= -1

Al zo

—IWXEIWXIr—X 1 choijm choijm 4696 Eﬁﬂ 10 1&:-311 =
—XrwW—Irw—rw— 1 choijm choijm T4 Eﬁﬂ 10 16:20 hello.c
drwxrwxr—x 2 choijm choijm 409& Eﬁﬂ 10 16:15 music
drwxrwxr—x 2 choijm choijm 409& Eﬁﬂ 10 1&6:17 programmirig
choijmiEemnbedded-desktop: ~5

choijm@enmbedded—-desktop: ~% chmod g-x &.o0ut
choiimiEenmbedded—-desktcon: ~5

choijmfenbedded—-desktop:~% 1= -1

24 zo
—Ir'WEIW—I—X choijm choijm 46396 Eﬁﬂ 10 1&:-311 =
—EW—EW—EW— choijm choijm T4 Eﬁﬂ 10 16:20 hello.c
drwxrwxr—x choijm choijm 4096 Eﬁﬂ 10 16:15 music
drwxrwxr—x 2 choijm choijm 409& Eﬁﬂ 10 1I&6:17 programmirig

SR

m

choijmiEemnbedded-desktop: ~5 l -
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= Vi editor (vim)
v What are the differences between vi and notepad (or VS code)

Explicit input mode vs. Instant editable

No “I}&” or “H &” button = need line command mode

choijm@embedded-desktop:~$
choijm@enmbedded-desktop:~% 1=

hello.c

masic programming

choijm@embedded-desktop:~%
choijm@enbedded-desktop:~% 1s —1

=4 =0

—IWHEIWETI—X

choijm choijm 4696 998 10 16:11

1
—-rw-rw-r—— 1 choijm choijm 74 99 10 16:11
2

drwXrwixr—x

choijm choijm 40986 9% 10 16:15

drwxrwxr—-x 2 choijm choijm 4056 B‘E 1D 16:17
choijm@embedded-deskcop:~$
choijm@enmbedded-desktop:~% vi hello.c
choijmEenbedded-desktop:~%

Zhar et
./ Notepad++
Sk

A4

main ()

printf("Hello System Prog

rammingi\n™y

=+
1 ol=E mlaE.; -
o oz
O no - ® @ =7 [="
Z2ol 7+) ~
Recent
7] README_Kaggle
B a=tx
B = o= sz
B esww
[ 2at2=_tmp
[ sate=_ve
[ sates=
1 Hwp2014_KEY
O o=

T RIS 84S - Windows Ol =5
melF BEEE) MAH©O) =2V FSH)
#include <stdio.h>

int main()

{

printf("Hello System Programming#n");

¥

Ln 7, Col 1 100%  Windows (CRLF) UTF-8

(vi vs. notepad)
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= Vi editor (vim)
v 3 modes
» command/input/line command(a.k.a. execution mode)
v At first (just before loading vi): command mode
v Switch to the input mode

* a (append) i (insert), o,r,... ~ EEWEE
v Switch to the command mode \ =i
™ ESC [ g-g g2t ]
v Switch to the line command mode ¢4 \ k\
/
= : at command mode " /! \\\{Es& oz
. -0 / H3
v Switch to the command mode | ’,’ ! <Ese 28 W
/ (EE)EE
= Enter or ESC V' \
[ ELIS [ 2l ]
90 48 %8 3 44 75 e aay

(Source: https://dololak.tistory.com/379)

I —

27 2
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= Vi editor (vim)
v Actions allowed at the command/line command mode
= Navigation (cursor movement): up/down, begin/end of word/line, ...
» File management: save, quit (e.g. :wq or :q), open, ...
= Editing: delete, change, substitute, transpose, ...
= Multiple windows, files, shell interaction, ...

Vim: Navigation - ‘ i
Advanced editing: Multiple Windows
This is a Vim only feature

B/b Move cursor to bottom of page *
Ele Move cursor to end of word *
0 (Zero) /| Move cursor to beginning of line * sp Split current window horizontally in two
N vsp Split current window vertically into two
$ Move cursor to end of line - omi
vim — n " " .
) Move cursor to beginning of next sentence files...] A e e L D S R DS S =Ly
( Move cursor to beginning of current sentence new Open a new blank window
G Move cursor to end of file * on Make current window the only window
% Move cursor to the matching bracket; Place =5 MR LT Mt W IR
cursor on {}1() ga Quit all windows
‘. (Apostrophe dot) Move cursor to previously modified line xa Save and quit all windows
i "a» Ctri+w]+/- Increase/decrease window size
‘a (Apostrophe a) Movg cu:sor"to line mark "a" generated by [ ] :
marking "ma [Ctri+w] [Ctri+w] Toggle between windows
Pattern Substitutions Ay .
#include <stdio.h> ~
® General format of substitution ek, B,

.15 |%]s/s1/s1[switches] or :n1,n2s/s1/s2/[switches]

® [switches] are: g|c]|i]l meaning
global/confirmation/ignore-case/no-ignore-case

Some interesting examples of pattern substitutions

:1,$s/#tllg Globally remove #
:3.10s/"38/ Insert # at the beginning of line 3 to 10
B/ Insert a ; at the end of last line
:%s/labcixyz/gc Globally replace abc by xyz interactively

:1,$s/include/<&=>/g Globally replace include by <include>

(Source: https://www.slideshare.net/TusBdradriSarkar/vim-vi-improved-23917134) .~
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m process related commands
v process status
= ps, pstree, top, /proc
v Creation and deletion

= Implicitly: using shell (fork(), execve() and exit() internally)

= Explicitly: signal, kill command

-cnoijm@embedded—desktap:~$ 1=
hello.c e s B PpProgrammi T
choiimBembedded—desktcop t ~
choijmBembedded-—desktop: ~% ps
PID TITY TIME CHMD
9313131 pos/A 3 DD::D0D D00 bash
9zZz49 posS3 OD:00: 00 p=

choijmEemnbedded—desktop
choijmBembedded—desktop
choijmBembedded—desktop
choijmEemnbedded—desktcop
#F¥include <stdio.h>

~Z wi hello.c

!
i

~E more hello.c

It maims ()
£

- e e - g e 7 em Programminghn™) .
while (1) ]

‘cnoljm@embeddeddesktap:~$

choiimEembedded—desktop:~% gooc hello.c
choiimBembedded—desktop: ~%
choiimEembedded—desktop:~5 . //a2 .ot
Hello System Programmirag

g = =, g J— | =3 i o =
[1)] 927a

choijmEembedded—desktop: ~% Hello System Programming

choijmEemnbedded—desktop: ~5
choijmBembedded—desktop: ~% ps

PID TITY TIME CHD»

9313131 pos/A 3 DD::DD D0 bash

Q2271 potsS3 OD: 00 :07 a.out

9z272 pos/S3 OD:=:00:00 po
choiimBembedded—deskiffop: ~5%
choijm@embedded—deskiap:~$ kKill —9 9Z27T31 ]
choiim@embedded—deskCoobr: —
[1y+ =531 =2 ./Aa.out

croljmﬁembeddeddesk{aps -Ja.outc & ]

m

!choijm@embedded—desktop:~$9ﬁk.
—J
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s Advanced commands: pipe

fchoijm@embedded: ~ — O X

choijmlembedded: ~$ pwd
/home/choijm
choijm@embedded:~35 1s -1
total 56
—IWXTIWXIr—X
drwEr—xXr—x
—=EW—E B
drwxrwxr—x
JEWRr—Xr=X
drwXrwxr—x
—IrW—Xrw—Ir——
—IrW—Trw—Ir——

choijm choijm 4676 11€ 19 2018

choijm choijm 4096 o9& 5 11:51 Desktop

choijm choijm 8980 82 31 2018 examples.desktop
choijm choijm 4096 38 13 09:22 OSTEP

choijm choijm 4096 9= 5 2019 Public

choijm choijm 4096 11€¥ 20 2019 Syspro

choijm choijm 95 94 17 2019 test.c

choijm choijm 517 o= A7 2019 test.s

—EWE PR S choijm choijm 4880 3& 13 09:27

—TW—TW—T—— choijm choijm 269 3¢ 13 09:27 virt cpu.c
choijmRembedded:~S
choijm@emljedded:~$ 1ls -1 | sort

H
FHERRONNREWOR

U

y drwxrwxr— & L,}juijlll L,ljuijlll e v e 0 2019 SYSPI‘O
drwxrwxr—x 2 choijm choijm 4096 3% 13 092:22 DSTEP
drwxr—-xr—-x 2 choijm choijm 4096 od 3 201% Publigc
drwxr—-xr—-x 9 choijm choijm 4096 9:2l 5 11:51 Desktop
—FEW—fr——r— 1 choijm choijm 8980 832 31 2018 examples.desktop
—rW—TrW-—I—— 1 choijm choijm 265 3& 13 09:27 wvirt cpu.c
S 1 o T e S 1 choijm choijm 517 9=l 17 2019 test.s
—rw—rw—Ir—— 1 choijm choijm 95 g3 17 2019 test.c
—FWXTXrWXIr—x 1 choijm choijm 4676 113 19 2018 a.out
—rwxrwxr—-x 1 choijm choijm 4880 32 13 09:27 wvirt cpu
total 56

choijm@embedded:~% 1ls -1 | sort —kb5n

total 56

—TrW—TW—T—— 1 choijm choijm 95 ga 17 2019 test.c
—rw—Irw—r—— 1 choijm choijm 269 38 13 08:27 wvirt cpu.c
—rw—rw—r—— 1 choijm choijm 517 o= 177 2019 test.s
drwxrwxr—x 10 choijm cheoijm 4096 118 20 2019 Syspro
drwxrwxr—-x 2 choijm choijm 4096 38 13 0%9:22 OSTEP
drwxr—-xr—-x 2 choijm choijm 4096 °od 5 201% Publigc
drwxr—xr—x 9 choijm choijm 4026 LE 5 11:51 Desktop
—Irwxrwxr—x 1 choijm choijm 467¢ 112 19 2018 a.out
—rWXIrwxr—x 1 choijm choijm 4880 38 13 059:27 virt cpu
T o e S 1 choijm choijm 8980 824 31 2018 examples.desktop

choijmlembedded =3

choijm@embedd%d:~$ ls -1 | sort —-kbSn | wc -1 ]
11
choi jm@embedded: ~$ l

e
30
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s Advanced commands: pipe, redirection and background

= choijm@embedded: ~ — 1 >
choijm@Rembedded:~$ 1s ~

examples.desktop Public tE&st.e
Desktop OSTEP Syspro Eaest s VAR Pt 1
choijm@embedded:~$ q
choijm@embedded:~$ man pipe |
choijm@embeddeg=S (
choi jm@embeddel:~3 man pipe > man pipe output.txt ] 1
choijm@embedded:~$ |
choijm@embedded:~$ 1s

examples.desktop OSTEP Syspro test.s virt cpu.c i
Desktop man pipe output.txt Publie test.c
choijm@embedded: x5
choijm@embedded:~$ grep —o process man pipe output.txt | wc —1 ]
4
choijm@embedded:~$ grep —o file man pipe output.txt | wc —1
7
choijm@embedded:~$ grep —o O NONBLOCK man pipe output.txt | wc -1
2
choijm@embedded: ~$
cheoijm@embedded:~$ grep —o process man_ pipe output.txt | wc -1 &
[1] &EZ83
choijm@embedded:~$ 4
L1 )=+ Done grep ——color=auto —o process man_ pipe output.txt |
Tk i |
choijmRembedded: ~35
choijmB@embedded:~$ (grep —o process man pipe output.txt | wc —-1) & (grep —-o file
man_ pipe output.txt | wc —1) & (grep —o O NONBLOCK man_ pipe output.txt | wc -1}
&
[ 1 1 A2 S0
[Z] 4221
= 4292 Input Splits
choijm@embedded:~5 4
>
2

e o

[ Done ( grep ——color=auto -—-o prod|Frreess
| we —1 )
[2]— Done { grep ——color—auto —o £i l«
we —1 )
[3]1+ Done { grep —color=auto —o O_ N
txt | wWwe =1 3}
choijmRembedded:~$ [} @gurug9.com

31
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s Generalization of file concept
v Treat device, socket, IPC as a file

ﬁ?cﬂoy“iéewxe:dgd-

PID: TTY

22492 pts/9

1 L] Fal 1 < I | 1
UL THITC IS UUT UL .

choijm@embedded:~$ ps

Fa
o)

TIME CMD

00:00:00 bash

main ()

{

}

CloudStation
=Hr= 77|

I

£ 9

putty

Chfome

choijm@embedded:~$ #include <stdio.h>

printf ("Hello DKU|World\n"):

—

pythen

g’choijm@embedded: ~/programming —
choijml@embedded: ~/programming$ ps

BT Y TIME CMD
22532 pis/o 00:00:00 ps 22561 pts/8 00:00:00 bash
chol im@embhedded-~8
;i T 22610 pts/8 00:00:00 ps

choijml@embedded: ~/programming$ 1s
hello.c README README new
choijm@embedded: ~/programfiing$ ]

choijmlembedded: ~/programping$ cat hello.c
#include <stdio.h> §

main ()
{

printf ("Hello DKU World\n");
}

choijm@embedded:~/programfing$
choijm@embedded: ~/programping$ cat hello.c > hello backup.c
choijm@embedded: ~/programmings$

J

choijm@embedded: ~/programming$ more hello backup.c
#include <stdio.h>

main ()

{
printf ("Hello DKU World\n");

} (
choijm@embedded: ~/programping$ cat hello.c > /dev/pts/9

choijmlembedded: ~/programping$ I
\_

32
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s Reference: Dr. Jeong-Yoon Lee’s Kaggle demo (terminal

mode)

Tarrmlmal

<

Shaa

no changes added to commit (use *"git add"
(py36) jeong—CoZNNILUIGHSE:cat—in-the-dat-
lgb2_42 @.795751
lgh2_41 @.767919
lghli_3i1 @.769587
lgh2_esbl

(py36)
(py3a)
(py3a)d
(py3é)
(py3é)
total 248

@.755933

ong—Co2XNILUIGHS : cat—in—-the—dat—
j eong-CO2XANILUIGHS : n
jeong—CR2XNILUIGHS : cat—in-the—dat-

staff 18X Feb

jeong 9
staff B328 Feb 9
?
L

Jeorg
Jearng
Jjeang
jeong
Jeang
jeong
Jeong
Jeong
Jeong
Jeong
Jjeong

staff 1.6K Feb
stafrf 3848 Feb
staff AB4LB Feb
staff 1.4K Feb
staff 1.9 Feb
ataff B368 Feb
staff 1.4% Feb
staff 1.4K Feb
staff 2248 Feb
staff Feb
staff § Feb
Feb
L] Feb
L] Feb
st
L3

-R-R-E-E-E-E-E-E-R-E-E-E-E-E-E.

L]

Bk e e e e e e e D b e R D R RO

LOS ANGELE

T ——

Z=Z7l- 2020

= 020. 2. 10.

‘Source: httgs://www.youtube.comlwatch?v=861 NAOS5-XJo) -t

andfor

id

jeong—-CR2XNILUIGHS: cat—in-the-dat—1i

jeong-CA2XNILUIGHS :cat-in-the-dat-ii

Kaggle Competition Pipeline Demo

e

"git commit -a")
s

cat build/msetric/=|sort

cp src/train_predict_lgb
wi sreftrain_predict_sut
cp Makefile.lgbl Makefil
wvi Makefile.asutolgh

11 -t

asutolgb_32.log
o
Makefile.asutolgh
src/
@it/
lgb2_32.log
Makefile.lgh2

Makefile.feature. j

lgb2_esbl.log

lgbl_iji.log
tox.ini
requirements.txt
notebook,

33

Traceback (most recent call last):
File *./arc/train_predict_autolgbh.pw®,
n_stop=args.n_stop)
File *./src/train_predict_sutolgb.py*,
model.tunelpd.DataFrame(X), w)
File */Users/jeong/.conda/envs/py3dé&/lib/pythenld. & /site—packeges/ kaggler /scde
1/sutoml.py®, line 129, in tune
self.features = self.select_features(X_s, y_s)
File ="/users/jeong/.conda/envs/ py3&/lib/pythond.&fsite-packoges
| utoal .py"™, ne 1784, in select_features
—» trialws f.optimize_hyperparam{X.values, y.values, n
AttributeError "numpy .ndarray”® object has no sttribute *wvalues
make: [build/wvalfeautolgh_j2.val.yht] Error 1
(py36) jeong-CRo2NMNILUIGHS::cat—in-the-deat—ii

line 91, in <module>

line 38, in train_predict

aggler/mode

val=gelf.n_Ffu)

-
S make - Makefile.autolgb
reftrain_predict_sutelgb.py —train-file build/feature/jZ.trn.hE \
-=test le build/feature/j2.tst.hE \
—predict-—valid-file build/val/autelgbh_3j2.wval.yh
~—predict-test-Ffile build/tst/autolgb_§2.tst.wht
—sarly-stop 28
100% NN | 1es10 [ 1<00:008, S.89it/s,
100% N ee 184 [ 2<RR:08, &6.25it/s,
Training wntil idation scores don"t
[108] valid @"s auc: @.762119
{200) valid_@"s auc: 0.783878
Did mot meet e stopping. Bast
(287] valid _@"s auwc: 0.789382
Training i lidation Tes
@ B X

best loss: -@.7701474480815785)
best loss: -9.7B6SRSATERL1IEE1Z]
improve for 28 rounds

iteration is:

don't improve 29 rounds

0y 81 ch o ¥y S iL=1




How to make and run a program in Linux (1/7

s Overall

printf.o
. I
hello.c Pre- | 1he110.1 | Compiler | hello.s | hello.o | Linker hello
pr?cesicr et (1d)
Source “PP Modified Assembly | Relocatable Executable
program ' source program object ~ object
(text) program (text) programs program

(text) (binary) (binary)

Figure 1.3 The compilation system.
(Source: computer systems: a programmer perspective, Figure 1.3)

ki —
- b @sungmin System: ~/syspro/chap2 EM
choijmfenbedded-desktop: ~/ayspro/chap2$ choijm@sungmin-Samsung-DeskTop—-5System: ~/sysprofchap2$é

choijmfembedded-desktop: ~/syspro/chap2f vi test.c choiim@sungmin-Samsung-DeskTop-System: ~/syspro/chap?s 1=

choijmf@enbedded-desktop: ~/ayapro/chap2g teatie

choijm@embedded—desktop:~fsysprofchap2$ 1= cholijm@sungmin-Samsung-DeskTop—-System: ~(Evanros chapes =

test.c choijm@sangmin—Samsung—DeskTop—System;~Isyspro!chap2$ goo —5 test.c ]

choiim@embedded-desktap: ~/syspra/chap? s cho%jm@sungm%n—Samsung—DeskIap—System:~fsysprofchap£5
choijm@sungmin-Samsung-DeskTop-System: ~/sysprofchap2g 1s

choijm@embedded-desktop: ~/syspro/chapZ$ more test.c SEhe ey

#include <stdio.h> lchoijm@sungmin—-Samsung-DeskTop—-System: ~ fsy=sprofchapn?s

lchoiim@sungmin-Samsung-DeskTop—Sy=stemn: ~} =syspro/chap2é as —-o test.o Lest.= ]

int a, b, oI lchoijm@sungmin-Samsung-DeskTop—SysStem! ~Yawag ey

lchoijm@sungmin-Sam=sung-DeskTop—System: ~/=syspro/chap2s 1=

test.c test.o Ltest.s

iSmEsnnemin - Samanng-—De=skTon - Sustems ~ S svamrn fiehant s

int main()

i

lchoijm@sungmin-Samsung-DeskTop—System: ~/sysprofchap2s fusr/libfgcc/id486-1linux—gn
a = 10: u/3.4.6/collect?2 fusr/lib/i3g86é-linux-—gnu/crtl.o Sfusr/lik/i386é-linux-gnu/crti.o /
b = 20; usr/lib/i386—-1linux-gnu/crtn.o fusrflib/fgecc/id486—linux-gnu/3.4.6/crtbegin.o fusc/
c=a + b; lib/gcoc//i4B86—1linux—gnu/3.4.6/crtend.o test.o —lc —dynamic—linker flib/ld-linux.
printf ("C = 3d\n", c): so.2

} LI:I.LIJ.JIIIIE T S a e O - DE S Il O Sy oLl =7 Sy oDy can 2 ¢

choijm@emhedded—desktnp:~fsyspr0fchap2$ choijm@sungmin-Samsung-DeskTop—System: ~/syspro/chap?2s 1s
Testuc test.o test.=s

choijmf@enbedded-desktop: ~/ayapro/chap2f goo test.c cht_;nijm@sung‘m_‘i.n—Samsung—Desk’l‘ap—System:~fsyspro;"chap-2$
choijmBermbedded-desktop: ~/syspro/chap2f ./a.out choijm@sungmin-Samsung-DeskTop-System: ~/sysprofchap2sé ./a.out
C = 30 30

choijm@embedded-desktop: ~/syspro/chap? s hoijm@sungmin-Samsung-DeskTop-System: ~/syspro/chap2$
choijm@embedded-desktop:~/syspjo/chap2% gcoc —-o test.out test.c 01im@sungmin-Samsung-DeskTop-System: ~/syspro/chap2$ [
choijm@embedded-desktop: ~/sysproyohapet— 7 Toot oot

C =30

choijm@enbedded-desktop: ~/2yapro/chap2g I

m
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s Assembly code

4
@ choijm@embedded: ~/sysprol18/chap2 — ::'::I g::%gg:::z:x
choijm@Eembedded: ~/svyvsprol8/chapl2s gococ —S test.c movl %eax, 0x804946¢
choijm@embedded: ~/sysprol8/chapl23 more test.s s
. File TEetest .o a™ &
-.section -rodata 0
- . . . . 0305 8493 0408
-tLex
l-globl main
] . tvpe main . Rfunction (Language hierarchy )
Imain:
3 pushl ebp
moF L SesS., FSebp
) sub 1l 58, SSesp
3 andl s—16, FTesp
e mo~7 1L S0, e asd
1 addl S15, Seasx g
1 addl S15, Seasx
shrl 5 Seasx
sall 54, e ass
i subl Seazx, Fesp
< mow L $10, a
o w7 L S 20, Db ;
mo~r 1 B, STeax A
addl a, Feax -
] mo~7 L Seax, c
mo~s L = FTeasx
T mo~7 L seax, 4 (sesp)
mo~ L S o 1 (Sesp)
call printf -
. leave
E ret
eSize main, -—IMmain L
1 - COoOmm a4, . . .
i comm  “uCanbe different based on the version of kernel and conm piler
- COoOImm e, Rl
B .Ssection -note.SGNU—stack, """, Bprogbits
J -ident GECC e (GNU) 3.4.6 (Debian 3.4.6-—-5) "
s h o i imeembedded: ~/sysprol8/chap2s$
lechoi imRembedded: ~/sysprols8 Mhapl3 . ~
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s Relocatable code

v Hexdump (or xxd), objdump
L e

choijm@enbedded-desktop:~/3yspro/chap2é 1s *
test.c test.o test.s

choijm@embedded-desktop: ~/avspro/chap2$

mr:rijm@embedded—deskmp:~fsy:{prr:rfchap2$ more test.o ]

eeneerat Leatan Hot 5 texh file wXobroek

choijm@embedded-desktop: ~/avspro/chap2$

choijm@enbedded-desktop: {fsysprcrfchapQS hexdump test.o ]
0000000 457f 464c 0101 0001 0000 QOO0 0000 0000

0000010 0001 0003 0001 OO00 000D 0000 0000 00OO

0000020 0110 0000 QOO0 OOOO0 0034 0000 0000 0028

0000030 000b 0008 8955 83eb OBec e483 bELO 0000

0000040 0000 c083 B830f Ofcl efcl cl04 D4el c42%

ODGDQGE>O5CT 0000 0000 000a 0GO0 05c7 0000
0000¢&0 0014 0000 002l 0000 0300 0005 0000
0000470 0000 0000 00zl OOOO0 BS00 2444 c704 24
0000980 0000 0000 fce8 fIff cSff 00c3 2043 20
0000090 6425 000a 4700 4343 203a 4728 554e 20
0000§a0 2e33 2e34 2036 5528 7562 T4ee 2075
0 2e34 2d3e 7536 7562 T4ee 3575 0025 2
000000 7973 T46d 6261 2e00 7473 T472 eZel Zeld
00000d0 &B73 7473 7472 &26l 2e00 6572 Ze&c &574

L= R L RV = R o R L]
im

‘choijm@embedded-desktop: ~/syspro/chap2 . -

test.c test.o test.=

choijm@embedded—desktop:~fsyspro!cﬂép2$ objdump -f test.o

test.o: file format elf3Z2-i3de
architecture: i38&, flags 0x00000011:
HLS RELOC, HAS SYMS

start address 0x00000000

choijm@embedded—desktop:~/syser!chap2$ objdump -d test.o

test.o: file format elf3Z-i3de

Dizagzembly of section .text:

00000000 <maini:

0: 55 push ZTebp

i 89 e5 mov esp, ¥ebp

2 I 83 ec OB sub 20x8, $esp

[-H 83 =4 f0O and SO0xfffffff0, Teap
g 8 00 00 OO0 00 mov 20x0, Eeax

e: 83 c0 O add 20xE, Eeax

11: 83 cO OFf add 20xf, feax

14; cl 8 D4 shr 20x4, 2eax

17: cl el D4 shl 20x4, Teax

la: 29 c4 sub ZTeax, ¥esp

1c: c7 05 00 00 00 00 Oa movl S0xa, 0x0

0000020 7478 2800 6164 €174 2e00 7362 0073 722e 42 Mg An o )
00000ED 646f 7461 0061 6e2e T46f 265 4ed7 2ds5 ;Z; g; g; EE BOGEhAGHL v Sk

0000100 7473 6361 006b 632e 6dAf 656d T46e 0000 h a0: al 00 00 00 0O mov  Ox0,%eax

0000110 0000 0000 0000 0000 0000 0000 0000 0000 35: 03 05 00 00 00 0O add  Ox0,%eax

® 3b: a3 00 00 00 0D mowv Zeax, 0x0

0000130 0000 0000 0000 0000 001f 0000 0001 0000 40: &l 00 00 0O 0O mov Ox0, zeax

0000140 0006 0000 0000 0000 0034 0000 0057 0000 220 RY o 2n M0 mox_ feem(miltean) )
0000150 0000 0000 0000 0000 0004 0000 0000 0000 ;;; ;3 ;; ;; ;; ;; gt c;ﬁ ;;“Z;ﬁ;;;j;;sn
0000160 001b 0000 0009 0000 0000 0000 0000 0000 BE.  oH T

0000170 03b4 0000 0040 0000 000% 0000 0001 0OQO p— T PR ret

0000180 0004 0000 0008 OCGOO 0025 D000 0001 0000 b4 36 choijmlerbedded-desktop:~/syspro/chapls I

m

1
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s Executable code

T

m@embedded-desktop: ~/syspro/chap2
choijmiembedded-desktop:~/svspro/chap2s 1=

test.c

0000000
0000010
Q0000020

457F
o002
&80

464c
0003
0000

00000320
0000040
0o0o0s90
0000060
0o0o0007To

gois
8034
0004
8114
o001

001&
0804
0000
0804
0000

0000080
go0o0a0
00000a0
00000bO
00000cO
0o0o0do
0o000eD
00000f0

8000
1000
5480
1000
5480
0004
8128
o004

i

0804
0000
0804
0000
0804
0000
0804
0000

test.o

0101
0001
0000
000a
00ed
0003
po13
o001
0480
0001
00es
0002
00c8
0004
0020
e551

I

a

addl
movl

movl 0x8049388, %eax
0x8049384, %eax
%oeax, 0x804946¢c

]

00al 8893 0408
0305 8493 0408
00a3 6c94 0408

P e s na

(Language hierarchy )

0000200
000023140
0000220
0o0o230
0000240

4249
o002
Qo090
Qo000
gia7

Test.
chnijmﬂembedded—desktnp:~f5{spru£chap2$ hexdump a.out

0001
0000
0ooo0
0000
0000
0000
0ooo
0000
0ooo
0000
0ooo
0000
0ooo
0000
0000
6474
0000
a2as
0000
0055
0000
0000
0000
0ooo
0000
0000
0804
0ooo
a6f7T3
6373
5fe3
afad
5f43
0000
0000
0000
0ooo0

=

LELELELE)
8318
0034
0034
00ed
01i4
0013
0000
0480
0480
gof4
0480
00cE
0128
0020
0000
0000
ac2f
0004
0000
0003
0003
0001
0000
0000
0000
0004
0000
3eZe
0064
7473
Sfee
2e32
gp0i
6910
S9548
855c

UUU
0804
0020
0000
gooo
Qo000
pooo
0000
0gooo
Qo000
pooo
0000
0gooo
Qo00
Qo000
0000
0000
2ded
Qo000
0000
0000
0ooo
Qo000
pooo
0000
gooo
Qo000
pooo
5£00
T270
T2al
74273
0030
o001
0des
0804
0804

[RELELE)
0034
goo7T
8034
0003
8114
goo04
8000
0003
8480
0006
5480
pooe
8128
0004
0000
pooe
af6c
0010
goo2
0005
0ooo
Qo000
0000
pgoiz
00zZ20
0011
poaiz
4f45
6263
74
T26l
0000
0001
Qo000
0206
pza7

[SLELELE)
Q0oo0
oD2s8
0804
0000
0804
pooo
0gBOD4
0000
0804
pooo
gBOD4
0000
0804
0000
0000
0000
Tooe
Qo000
0000
0000
0000
Qo000
pooo
0000
0000
g00e
0000
Took:
6674
6iad
SiE1e
0002
0000
Qo002
Qo000
0000

'choijm@embedded—deskdpp:

o p: -Z“'?syspro.ichapz

L »

~/a3yapro/chap2$

=

objdunp -f a.out

a.out:

architecture:
EXEC P, HAS 5YMS, D PAGED
start addres=s 0x08048318

file format elf32-i38&
i386, flags 0x00000112:

choijm@embedded-desktop:
choijm@embedded-desktop:
choijm@embedded-desktop:
choijmBembedded-desktop:
choijmEembedded-desktop:

~/3y¥pro/chap2s
~/sy3pro/chap2$
~/ay¥pro/chap2$
~/3y$pro/chap2$s

objdump -d a.out > objdump result.txt

vi objdump result.TXt

~/syipro/chap2$ more objdump result.txt

QW

R

Disassembly of section .text:

0804820 <maini:

80482c0: 55 push %ebp

§0482cl: B89 e5 mov te=p, ¥ebp
80482c3: 83 sc 08 sub S0x8, ¥esp
80482c6: 83 ed4 f0 and S0xLELEfLTE0, 2esp
50482c0: b8 00 00 0O 0D mov S0=0, 3ecax
80482ce: 83 cO Of add 20xf, tTeax
80482d1: 83 cO Of add S0xf, $eax
80482d4: cl =g 04 shr £0x4, 3eax
80482d7: cl e0 D4 shl 50x4, feax
80482da: 29 c4 sub %eax, esp
80482dc: cT 05 70 95 04 08 ODa movl 20xa, 0x8048570
§0482e3: 00 0D 0O

80482e6: cT 05 &8 95 C4 08 14 movl 20x14,0xB8048568
TUdcZed, YL R vLY LY

80482£0: al &8 95 04 08B mov 0xB8049568, Feax
80482£5: 03 05 70 95 04 08 add 0x8049570, feax
80482fb: a3l &c 95 04 08 mov %eax,0xB804856cC
OUIOSUU . al UL JTJa U7 UG T UAOWISI0L, 3TOA
8048305 89 44 24 04 mov teax, 0x4 (3eap)
8048309: cT 04 24 d0 83 04 08 movl 20xB0483d0, (¥esp)
§048310: el Tb £f. ff ff call 8048290 «<printffplt>
804B315: cq leave

8048316: c3 ret

804B317: a0 nop
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s What are the execution results of this program?

choijm@embedded-desktop:~/syspro/gdb exam$ -
choijm@embedded-desktop:~/syspro/gdb exam$ vi gdb test.c
choijm@embedded-desktop:~/syspro/gdb exam$
ichﬂijm@embedded—desktﬂp:~fsy5prﬂfgdb_exam$ cat gdb test.c

fl#include <stdio.h>

op: ~fsyspro/gdo_exam ™ el

"
Y]
A
“]
L3,
7
A0
g
2

|int ald] = 5, o T BY:
lint *pa;

main{}
i

printf{("Fd\n", a[0]}:

printf {("Fd\n", alZ]):

printf {"Fd\n", *a):

princf {"Td\n", *{at2)}:

printf ({"3d\n", *pal:

prinef {"Ed\n", *{pat+2)}:
}
choijm@embedded-desktop:~/syspro/gdb exam$
choijm@embedded-desktop:~/syspro/gdb exam$ l

38

Y



How to make and run a program in Linux (6/7

s debugger

Kiop: :fsysprofgdh_&xam :

o B

choijmfenbedded-desktop:~/syspro/gdb_exam$
choijmfenbedded-desktop:~/syspro/qdb exam$ vi gdb test.c
choijm@embedded-desktop:~/syspro/gdb exam$
choijmfenbedded-desktop:~/syspro/gdb exam$ cat gdb test.c
finclude <stdio.hy

int a[4] = {5, 6, 7, 8}

lint *pa;
lmain()
{

printI("sd\n", a[0]);
printf ("3d\n", a[2]):
printf ("3d\n", *a):
printf("3d\n", #(a+l));
printf ("3d\n", *pa);
princf ("td\n", *(pa+2));

1
i

choijmfenbedded-desktop:~/ayspro/gdb_exam$
choijmfenbedded-desktop:~/syspro/qdb exam$ gcc -o gdb test.out gdb test.c
choijmfembedded-desktop:~/svapro/gdh exans
chuijm@embedded—desktupﬁ~fsysprafgdb_exam$ ./gdb test.out ]

3
1

3
1

—

Hzdge)|d 2% (core dumped) ]

choijmfenbedded-desktop: ~/ayspro/gdb_exam$
choijm@embedded-desktop:~/syspro/gdb exam$ I

|

A

choijm@embedded—-desktop: syspro/gdb exam
choijm@embedded-desktop: ~/syspro/gdb examy goc —g —o gdb cest.out gdb cest.c
choijm@embedded-desktop: ~/syspro/gdb exam

choijm@embedded-desktop:~/=svepro/gdb exam$ gdb gdb test.out ]
GHNU gdb (Ubuntu/Linaro 7.4—-2012.04—0ubuntad2rry—Trro—0r>To
Copyright (C) 2012 Free Software Foundation, Inc.

License GPLwv3+:
This is free =software:
There i= NC WARRANTY,
and "show warranty™ for detcails.

;Ihis GDE wazs configured as "xE6 64-linux—gnu”.

For bug reporting instructions, please see:
<http://bugs.launchpad.net/gdb—-linaro/>. ..

Reading symbols from /home/choijm/syspro/gdb exam/gdb test.out..
[E=E=i=0]

(gdb) run
| =

GNU GPIL wersion 3 or later <http://gou.org/licemses/gpl.html>
yvoua are free to change and redisctribute it.
to the extent permitted by law. IType "show copying™

.done.

. i i
o o p oy v

i — _ufgdp_test.out
lwarning: no loadable sections found in added aymbol-file system—supplied DSC ac
ORTEEFETEF20OD

il
R -

=1t =1 tn

O0x0000000000400567 in main () at gdb_test.c:12

l Program receiwved signal S5IGSEGY, Segmentation faulo.

33 printf ("id\n™,. *pa).:

(gdb) 1ist

7 i

et TNy Lol T

k=] printf ("sd\n", al[2]):

10 printf ("Hd\n", *a);

11 printf ("Hd\n", *{a+2));

12 printf ("sd\n"™, *pa):

3 printf ("sdkn™, *(pa+2));

14 ¥

(gdb)

Line number 15 out of range; gdb test.¢ has 14 lines.
(gdb) break 10
e — = e T s «Cp line 10.

|EE e —
he program being debugged has been started already.
= T - e . T

Starting program: Jhome/choijm/syspro/gdb exam/gdb test.out

warning: no loadable sections found in added symbol-file system—supplied DSC atc
OrTEEEFTEFFad00
S
T
Breakpoint 1, main () at gdb testc.c:10
IO TrImCL anniy Tarjs
lI (gdb) = ]
S
|11 intf ("sd\n™, *(ai2)): - -
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= Make utility

v Why? Using multiple files =» 1) complex gcc command, 2)

dependency
v Makefile format
v Makefile example

target : dependencyl dependency2

commandl
command?2

| 2 choiim@embedded: ~/Syspro/maks slide

choijm@embedded: ~/Syspro/make slide$ 1s
main.c memberl.c memberZ.c myheader.h

et rmemiectchertr—rSy ]«_-P-Lur‘usc:m:_ et
volid funcl (void)
{
printf ("This code is written by Member 1%'n™):
}
choijm@embedded:~f5ysproﬁmake_slide$ cat member2.c
volid funcZ (void)
{
printf ("This code is written by Member 2\n");
}
choijm@embedded: ~/Syspro/make slidef cat main.c
#¥include "myheader . h"

int main()
{
funcl () :
func2 () :
printf("Here is written by Member 3\n"):
}
choijm@embedded: ~/Syspro/make slidef cat myheader.h
#include <stdio.h>
volid funcl (void):
void func? (void) ;

N

-C
choiijm@embedded: ~/Syspro/make slidef ./project

choijm@embedded: ~/Syspro/make slidef gcc -o project main.c memberl.c member2

This code is written by Member 1
This code is written by Member 2

Here is written by Member 3
Jo =3 = N P Loa PN Y PR~ =

choijm@embedded:~f5ysprofmake:511de$ touch memberl.c

choijm@embedded: ~/Syspro/make slide$ gocc —o project main.c memberl.c member2

choijm@embedded: ~/Syspro/make slide$ I
T

E® choijm@embedded: ~/Syspro/make_slide

Eggijmﬁgmbedded'~vasnIafmake_slide3 1=

in.c Makefile memberl.c member2.c myheader.h
choijm@embedded: ~/Syspro/make slide$ cat Makefile
CC = geceo

EM = rm

TARGET = project

CBJECTS = main.o memberl.oc member2.o

all : & (TARGET)

S (TARGET} : $(CBJECTS)
g(CC) —o 28 3~

QiFan:

L I Eljﬂsﬂjb I = IO F i

choijm@embedded:~fSyspIDfmake_slide$ malke
gococ - —0 main.o main.c

goo —-c -0 memberl.o memberl.c

gcoc —c —0 member2.o member2.c

goco —o project main.o memberl.o memberZ.o
cholim@enbedded: -/ Syspro/malkes =lides 1=

AN

main.c Makefile memberl .o memberd.o

main.o memberl.c member2.c myheader.h
choijm@embedded:~fSyspIDfmake_slide$ ./project

This code is written by Member 1

This code is written by Member 2

Here is written by Member 3

choijm@embedded: ~/Syspro/make slideS
choijm@embedded:~fSyspIDfmake_slide$ touch memberl.c

lchoddmBembedded: - /Sysprodmalke slides
choijm@enmbedded: ~/Syspro/make =slidef make
gcc —c —o memberl.o memberl.c

_ ] B i 1 3 >

choijmfembedded:~/Syspro/make slide$ make clean
rm —f project main.o memberl.o member2.o
choijimfBembedded: ~/Syvspro/make slides 1s

e T

= See https://losskatsu.qgithub.io/prograrfi?

main.c Makefile memberl.c member2.c myheader.h
choijm@embedded: ~/Syspro/make slided I

- Sl T




Summary

Discuss the features of Linux
Understand the commands related to file and process
Explore the language hierarchy in Linux (UNIX)

= Homework 2.
1.1 Make a file using vi editor that contains your favorite poem
1.2 Make a snapshot that
- has at least 10 commands (e.g. Is —I, ps, pipe, redirection, ...)
including compilation practice (e.g. gcc, as, gdb, ...)
- shows student’s ID and date (using whoami and date)
- Server IP: 220.149.236.4 (recommended) or 220.149.236.2
1.3 Write a report
- 1) Introduction: What to do, How, ...
- 2) Snapshot for 1.1,
- 3) Snapshot for 1.2,
- 4) Discussion: what you learn, issues, ...
1.4 Deadline: Next week (same time)
1.5 How to submit? Email to choiyg@dankook.ac.kr

41



Appendix 1. Snapshot Example

. EXa I I l p I e @ Chgijm@s stemns ~f:lr:r=rnfr|'u1|n:l — a

systemD2:~-5 ps

PL TTY TIME CMD
#P chojm@embedded: ~/Syspro/chap2/reports S0 e B 127§ pts/8 D0:00:00 bash
137 pts/B 00:00:00 ps

choijm@embedded:~/3yspro/chap2s A choifim@system02:~5
ot e : choiljm@systemD2:~5 cd syspro/chapz/
cho%?m@embedded. /8yspro/chap2s mkdir reports h i “ipl el sty otely i il
choijmgembedded: ~/5yspro/chap2$ D choifjm@systemD2:~/syspro/chap25 vi test.c
choijm@embedded:~/Syspro/chap2$ cd reporta/ choifim@systemD2:~/syspro/chap2$
choiimBembedded:~/5 chap? t choilim@system02:~/syspro/chap2$ gcc -g -0 test.out test.c
0%?1“@& T 3 {Syamno tipe repareay choiljm@systeml2: ~/syspro/chap2$
choi jnfenbedded: ~/Syspro/chap2/reportss 1s choifim@system02:~/syspro/chap25 gdb test.out

chgiamBenbedded: ~/ Syspro/chaps,/reportss GNU pdb (Ubuntu 7.11.1-Oubuntul-16.5) 7.11.1

oijm@embedded:~/Syspro/chap2/reportss vi my favorite poem.txt Copyfpight (C) 2016 Free Software Foundation, Inc. )

ik 3 - = Licehse GPLwv3+: GNU GPL wersion 3 or later <http://gnu.org/licenses/gpl.html>
choijm@enbedded: ~/Syspro/chap2/ reportss This| is free software: you are free to change and redistribute it.

choijm@embedded:~/Syspro/chap?/reportsé 1s Therp is NO WARRANTY, to the extent permitted by law. Type "show coplping™
my favorite poem.txt :2?‘ zg;"‘ ""afra“;‘»:'" fa;—’ detaié;'“ i
Tt o i is| was configured as "xB86_ 64-linux-gnu".
choi jmembedded: ~/Syspro/chap2/reports$ Type| "show configuration™ for configuration details.
choijm@embedded:~/3yspro/chap2/reportad 13 -1 For pug reporting instructions, please see:
total 4 <http://www.gnu.org/software/gdb/bugs/>.
1 choi‘m choim 339 9%  § 1§:37 £ . Find| the GDB manual and other documentation resources online at:
L OLIMCUOLIm :37 my_Iavorité poem.txt <http://www.gnu.org/software/gdb/documentation/>.
choijm@embedded:~/5yspro/chap?/reportss For help, type "help™.
choiim@embedded:~/Syspro/chap2/Ieports$ cat my favorite poem.txt Type| "apropos word" to search for commands related to “word"...
B - - Readling symbols from test.out...done.
4 &2 sohge (gdb
Hgd o Fod 237 =& {gdb) list
ol de2g &0 23 EI 1 #include <stdio.h>
2
3 unt a,b,c;
4 %52 Toge 4
¥ ¥4 % 204 5 int main()
& {
Fy £ & a
NgdHd 0% 18 23532 b a = 10;
B b = 20;
4 =2 TGtg =] o =5 + b
GEC2 0 H4 235 BYyc 4 10 printf("C = d\n", c};
(gdb) run
A4, el T Starting program: /home/choijm/syspro/chap2/test.out
C = 30

[Inferior 1 (process 1389) exited with code 07]

choijmfenbedded: ~/Syspro/chap2/reportss {gdb) quit

oijm@embedded: ~/Syspro/chap2/reports$ whoami choijm@system02:~/syspro/chap2$s
idm choljm@system02:~/syspro/chap2$ cat test.c | wc -1
11

choijm@embedded:~/Syspro/chapZ/reportsé I

L e
choifim@system02:~/syspro/chap2$ whoami
choifjm

jimBsystemD2:~/syspro/chap2$ date

0%, 07. () 15:39:09 KST
\m@systemD2:~/syspro/chap2$ hostname -I
¥ 220.149.236. 4
choijm@system02:~/syspro/chap2$ .
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Quiz for this Lecture

s Quiz

v 1. Classify UNIX-like OSes into 5 categories.

v 2. Discuss the difference between OS (Operating System) and
Kernel using the below left figure.

v 3. Explain differences between “$Is .” and “$ls ..”. Also, explain
differences between “Is” and “Is —I”.

v 4. What is the background music in “Dr Jeong-Joon Lee’s Kaggle
Demo”? What commands can you find in the Demo? (at least 5 that

you have learned in the LN2.)
v 5. Discuss three different modes in the vi editor.
v 6. What are the roles of “break™ and “step” command in gdb?

Gﬂux Operating Svstem \\ e ———
ser ser = ==




Appendix 1: How to access Linux: Alternative

s WSL (Windows Subsystem for Linux)

v A compatibility layer for running Linux binary executables

(in ELF format) natively on Windows OS

20 2712
@ Ubuntu
= puTTY

" PuTTYgen

Access
Acrobat Reader DC
-
G
&) Chrome
. Conexant
E
%
F

. FilaZilla FTP Clinnt

£ [usizE ool s

Microsoft Edge

EHAR
o5

Microsoft Sto...

Lenavo

PIDTTY  TIE
208 thyl  00:00:00

usr/bin/ld: fusr/1iblg
(text+0x2d): undef ined
olleth arror: |d ret
| i

Kk
218 tyl
401 ty]

ool lect?:

rror

TIHE CHD
00:00:00 bash
00:00:00 Es

13 cd sysprof
1~fsysprof

~feyeprof vim hello.c
1~fsysprof
~fsysprof gec hello.c

Id returned 1 exit status
1~fsysprof

1~/aysprof vim hello.c
1~fsysprof

1~/sysprof gcc hello.c
1~fsysprof
~/aysprof L fa.out

H: ~/sysprof
t<fsyspraf i

tfysprof gec hello.c
t~feveprod
~feysprof L fa.out

I~fsysprof
1~/sysprof whoan|

1~fsysprof

/usr/b|n/|d fusr/ b/ gce/ w6 B4—||nux gnu/H/ Ao BB linmeanu/Sert] ot in function " _start!
{ ted024). undef\ned reference to ‘main'

: .”."



Appendix 1: How to access Linux: Alternative

s SOLID Cloud (or Amazon EC2 or Google or Toast Cloud)
v Supported by Dankook Univ. (like Amazon EC2 or NHN Toast)

+ Compute -»

¢

& dkukloud zone/client/#/dashboard

nstances 9. Launch Instance

|
[ nee+] {19 45| OJAFIA B0 0FyH & THITIAID) M
SRS = 5, , * [ rsnce ] 19 UG UATAZE S E LTI e
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\ PEANT = ;0 0
:— ‘ t UAMRDUR UN PERSITY ] Delantvisy E‘ u @\'
i)
) Resources & Compute 8 Storage o e (T T ‘,W‘
O Compute v | A5 Gy Coe 0
! {3 e iz e~
Volumes 0 Used ! i ‘ s -
v
£X = 1 i ()
@0 i\ R L Y] 8 Available | 8 Limit I 8 i e ¢ Swe ¢ Mhddes Comutedely I E
2 Netwok v Instances 0Used Volume Snapshots 0 Used I 2 Name Sate P Mddes Conpuleolaly Tone
% & hsiteq
s | - - T g st -
B ar | 8 Available | 8 Limit 8 Available | 8 Limit D sShieypi
mages b '
. CPU cores 0 Used Templates 0 Used g
l | x i : Shawing -1 1 fems D/px
Events A
ﬂE 1 a& J 8 Available | 8 Limit 4 Available | 4 Limit o
oo o .
Fl Projecs Memory 0.00 GiB Used Primary storage
R Accounts A n :] " 0 GiB Available | 16.00 Gif Limit 12000 GiB Available | 12000 Gi8 Limit i
© () A ) . |
v U U Projects 0 Used Secondary storage 00 sed
@ Zones 03 '
Unlimited A 20,00 GiB Available | 2000 GiB Limit . . Step 22 7|-)(‘D|‘|:|'|AI_| E—i} %I'E
arvice offerin v
e | - FhDiA0) HBH o= T4 Al 0f2Y2 20| EAIH
ﬁ Tools v 4 e 3 % ubuntu@sobd-dema: —
 Network @ Help B Events
Public IP addresses 0 Used .
Documentation A
Networks 0 Used | m Load: B ) E jed Security Maintenance for Applicatic
@ API Documentation ’ age: vl 2 3 .18, 8 up can be applied imn
4 Available | 4 Limit bk D] A \
VPCs
& ) Email Support
| co—— » 2 Available | 4 1imit i v) o

‘Source: =P\ k= DL—JFL::'!I SOLID CLOUD AlE 2
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Appendix 2: Effect of different compilers

s Application programmer’s viewpoint

choijm@system02:~/syspro/chap2s
choijm@systen02:~/syspro/chap2s vi test.c
choijm@system02:~/syspro/chap2s
choijm@system02:~/syspro/chap2$ cat test.c
tinclude <stdio.h>

int &,b,¢;

int main()
{

a = 10;

b = 20;

c=a+th

printf("C = td\n", c);
}
choijm@systen02:~/syspro/chap2s
choijm@systen02:~/syspro/chap?$ gec test.c
choijm@systen02:~/syspro/chap2s
choijmPsysten02:~/syspro/chap2§ ./a.out
C =30
choijmBsysten02:~/syspro/chap2s
choijm@system02:~/syspro/chap2s hostname -I
220.149.236.4

chetinfeystentirtoyapralehanis
f]cheijm@systemUZ:~f5yspro!chap2$ gee -v
Reading specs from /usr/lib/gcc/i486-linux-gnu/3.4.6/specs

u --enable-1ibstdexx-debug --with-tune=1686 1486-1inux-qnu
Thread model: posix
gce version 3.4.6 (Debian 3.4.6-5)

Configured with: ../src/configure -v --enable-languages=c,c++, £77, pascal --prefix=/usr --
ir=fust/lib --with-gx-include-dir=/usr/include/c++/3.4 --enable-shared --with-system-z1i]
le-nls --without-included-gettext -—-program-suffix=-3.4 —-enable- cxa atexit —-enable-cl

~

| ibexecd
b —-enab
beale=gn

J

cRO1JMESystenU2:~/5yspro/ chapls ||

~

P

# choiim@embedded: ~/syspro/chap? - O X

choijm@embedded: ~/syspro/chap2$
choijm@embedded:~/syspro/chap2$ vi test.c
choijm@embedded: ~/syspro/chap2$
choijm@embedded:~/syspro/chap2$ cat test.c
#include <stdic.h>

int a,b,c;

int main()

{
a = 10;
b =20;
c=a+h;

printf{"C = %d\n", c);
)

choijm@embedded:~/syspro/chap2s
choijm@embedded:~/syspro/chap2$ gec test.c
choijm@embedded:~/syspro/chap2s
choijm@embedded:~/syspro/chap2§ ./a.out

cC =30

choijm@embedded:~/syspro/chap2$
choijm@embedded:~/syspro/chap2$ hostname -I
220.149.236.2
choijm@embedded:~/syspro/chap2$
choijm@embedded:~/syspro/chap2s gcc -v

{Using built-in specs.

COLLECT GCC=gcc

{COLLECT LTO WRAPPER=/usr/libexec/gcc/x86 &4-1linux-gnu/13/1to-wrapper

OFFLOAD TARGET NAMES=nvptx-none:amdgen-amdhsa
OFFLOAD TARGET DEFAULT=1
Target: x86 64-linux-gnu
Configured with: ../src/configure -v —-with-pkgversion='Ubuntu 13.3.0-6ubuntu2~24.04' --with-bugurl=file:///usz
/share/doc/gcc-13/README . Bugs --enable-languages=c,ada,c++,q0,d, fortran, objc, obj-c++,m2 —-prefix=/usr --with-gc
c-major-version-only --program-suffix=-13 --program-prefix=xfé 64-linux-gnu- -—-enable-shared —-enable-linker-bu
i1d-id --libexecdir=/usr/libexec --without-included-gettext —-enable-threads=posix —-libdir=/usr/lib --enable-n
5 = CERUFUPULFSRETTTEEDDICEL b With-default-
1ibstdcxx-abi=new --enable-libstdcxx-backtrace --enable-gnu-unique-cbject —-disable-vtable-verify —-
in --enable-default-pie --with-system-z1ib —-enable-1libphobos-checking=release —-with-target-system-z1}
-enable-objc-gc=auto --enable-multiarch --disable-werror --enable-cet --with-arch-32=1686 --with-abi=
-multilib-1ist=m32,méd4,mx32 --enable-multilib --with-tune=generic --enable-offload-targets=nvptx-nones
c-13-fG75R1/gcc-13-13.3.0/debian/ tmp-nvptx/usr, amdgcn-amdhsa=/build/gcc-13-£675R1/gec-13-13.3. 0/debian
usr --enable-offload-defaulted --without-cuda-driver --enable-checking=release —-build=x86 64-1inux-gn|
%86 64-linux-gnu --target=x86 64-linux-gnu --with-build-config=bootstrap-lto-lean --enable-link-seriall
Thread model: posix
Supported LTO compression algorithms: zlib zstd
gcc version 13.3.0 (Ubuntu 13.3.0-6ubuntu2-~24.04)
choijm@embedded:~/syspro/chap2s ||
N

< Rablomboot st iitnebiiblonclocilostiiimnsbabloalibstd deky

S u—— -
e =
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Appendix 2: Effect of different compilers

s System programmer’'s viewpoint

choijm@system02: ~/syspro/chap2 - 0O X0
£ choijm@sys yspro/chap

choijm@system02;~/syspro/chap2s

choijm@system02:~/syspro/chap2$ hostname -1

220.149.236.4

choijm@system02:~/syspro/chap2$

choijm@system02:~/syspro/chap2s 1s

test.c

choijm@system02:~/syspro/chap2$

choijm@system02:~/syspro/chap2$ gee -5 test.c

choiim@system02:~/syspro/chap2$

choijm@system02:~/syspro/chap2§ 1s

test.c test.s

choijm@system02:~/syspro/chap2$

choiimisystem02:~/syspro/chap2s as -o test.o test.s

/ choijm@system02:~/syspro/chap2$
choijm@system02:~/syspro/chap2§ 1s

test.c test.o test.s

choijm@system02:~/syspro/chap2$

choijm@systemd2:~/syspro/chap2§ /usr/lib/gcc/i4B6-1inux-gnu/3.4.6/collect? /usr/lib/i388-1inux-gn

u/crtl.o /usr/1ib/i386-linux-gnu/crti.o /usr/1ib/i3B6-1inux-gnu/crtn.o /usr/lib/qce/i486-1nux-gn

u/3.4.6/crtbegin.o fusr/lib/gcc/i486-1inux-gnu/3.4.6/crtend.o test.o -lc -dynamic-linker /Jib/1d-

linux.s0.2

\ choiimlsystem02:~/syspro/chap2$
choiim@system)?-./syspra/chan?d 1g

test.c test.o test.s

choijmsystem02:~/syspro/chap2$

choijm@systemd2:~/syspro/chap2 ./a.out

C =130

choijm@systemd2:~/syspro/chap2}

choijm@system02:~/syspro/chap2$ gce -v

Reading specs from /usr/lib/gcc/1486-1inux-gnu/3.4.6/specs

Configured with: ../src/configure -v --enable-lanquages=c,c++,£77,pascal --prefix=/usr --libexecd

ir=/usr/1ib --with-gux-include-dir=/usr/include/c++/3.4 --enable-shared --with-system-z1ib --enab

le-nls --without-included-gettext --program-suffix=-3.4 --enable- cxa atexit --enable-clocale=gn

u —-=nable-libstdcxx-debug —-with-tune=1686 14R6-1linux-gnu

Thread model: posix

gcc version 3.4.6 (Debian 3.4.6-5

choijmdsystem02:~/syspro/chap2s ||

=

L4

i
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? E® choijm@embeddad: ~/syspro/chap2 et O >

choijmBembedded: ~/syspro/chap2$
choijmBembedded:~/syspro/chap25
220.149.236.2

choijm@embedded: ~/syspro/chap2$
choijm@embedded: ~/syspro/chap2s
test.c
choijm@embedded:~/syspro/chap2s
choijm@embedded:~/syspro/chap2s
choijm@embedded:~/syspro/chap2$
choijm@embedded: ~/syspro/chap2$
test.c test.s

choijm@embedded: ~/syspro/chap2$
choijmf@embedded:~/syspro/chap2$
choijm@embedded: ~/syspro/chap2$
choijmf@embedded: ~/syspro/chap2$

test o teet o testr =

hostname -I

geec -S test.c

1s

as -0 test.o test.s

ls

choijm@embedded: ~/syspro/chap2s

choijm@embedded:~/syspro/chap25
choijm@embedded: ~/syspro/chap2$ /usr/libexec/gcc/x86 64-linux-gnu/13/colle
sr/1lib/x86_ €4-linux-gnu/Scrtl.o /usr/lib/xB6_ &d4-linux-gnu/crti.o /usr/lib/
€ 64-linux-gnu/13/crtbegins.o -L/usr/lib/gcc/x86 64-linux-gnu/13 -L/usr/li
64-linux-gnu -L/usr/lib/ -L/1ib/x86_ 64-linux-gnu -L/usr/lib/xB86_&4-linux-g
usr/lib/ --push-state --as-needed -lgcc s --pop-state /usr/lib/gcc/x86 64-1i
gnu/13/crtends.o /fusr/lib/x86 €4-linux-gnu/crtn.o test.o -lc -lgcc -dynami
er /1ib6d4/1d-1linux-xB6-64.50.2

choijmf@embedded: ~/syspro/chap2$

1s
test.c

test.o test.s

| g e e |

S3md
choijm@embedded:~/syspro/chap25
C = 30
choijm@embedded: ~/syspro/chap2s
choijm@embedded:~/syspro/chap2s gcc -v
Using built-in specs.
COLLECT GCC=gcc
COLLECT LTO WRAPPER=/usr/libexec/gcc/x86 €4-linux-gnu/13/lto-wrapper
OFFLOAD TARGET NAMES=nvptx-none:amdgcn-amdhsa
OFFLOAD TARGET DEFAULT= 1
Target: x86 &4-linux-gnu
Configured with: ../sre/configure -v ——with-pkgversion="Ubuntu 13.3.0-Gubuntu2~2
4.04' ——with-bugurl=file:///usr/share/doc/gcc-13/README.Bugs --enable-languages=
c,ada,c++,g0,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 --enable-cloca
‘le=gnu --enable-libstdcxx-debug --enable-libstdcxx-time=yes --with-default-libst
dcxx-abi=new --enable-libstdcxx-backtrace --enable-gnu-unique-cbject --disable-vw
table-verify --enable-plugin --enable-default-pie --with-system-zlib --enable-1i

IR
./a.out

Frhakse_rhasbinseralases __wdth_taraat_svetam_sldilesaers __smskhla_skg —

i\\v’/
>3




Appendix 2: Effect of different compilers

s System programmer’'s viewpoint

| &2 choijm@embedded: ~/syspro/chap2

choijm@embedded:~/syspro/chap25 gcc -5 test.c
‘choijm@embedded:~/syspro/chap2s
:choijm@embedded: ~/syspro/chap2s more test.s

.file "test.c"
.Text

-.globl a

-bss

-align 4

.type a, fobject
.size a, 4

O

a:
-Zero 4
.globl b
! -align 4
.type b, @object
.size b, 4
b:
-Zero 4
-globl <
.align 4
.type c, @object
.size c, 4
c
-zZero 4
.section .rodata
-LCO:
.string "C = %d\n"
-text
.globl main
.type main, @function
main:
-LFBO:
.cfi_ startproc
endbrad
pushqg ®rbp
.cfi def cfa offset 16
.cfi offset 6, —-16
mowveg %rsp, %rbp
.cfi def cfa register 6
mowl 10, al{srip)
mowl 520, bi%rip)
mowl a(®rip), %edx
mowl b(%rip), %eax
addl fedx, %eax
mowvl %eax, c(irip)
movr ClEL LD s toOR
mowl %eax, Tesi
leagq .LCO(%rip), %rax
mowg frax, %rdi
mowl 50, %Teax
call printf@pPLT
mowl 50, %Teax
Popq %trbp
; .cfi def cfa 7, 8
' ret
! .cfi_endproc
.LFE0:
.size main, .-main
.ident "GCC: (Ubuntu 13.3.0-6ubuntuZ2-~24.04) 13.3.0"
.section .note.GNU-stack, "", @progbits

*

B

#2 choijm@embedded: ~/syspro/chap2 — | e
choijm@embedded: ~/syspro/chap2s 1s
test.c test.o test.s
choijm@embedded:~/syspro/chap2s
choijm@embedded:~/syspro/chap2s objdump -f test.o
test.o: file format elfed-xB6-64
architecture: i386:x86-64, flags 0x00000011:
HAS RELOC, HAS SYMS
start address 0x0000000000000000
choijm@embedded: ~/syspro/chap2s
choijm@embedded: ~/syspro/chap2s objdump -d test.o
test.o: file format elf64-xB86-64
Disassembly of section .text:
0000000000000000 <main>:
0: £f3 Of le fa endbréd
4: 35 push srbp
a3 48 B9 e5 mow %rsp, % rbp
8: <7 05 00 00 00 00 Oa mowl $0xa, 0x0(%rip) # 12 <main+0x12>
L o4 00 00 00
12 o705 00 00 .00 00 14 moul SOxld Dx0(=rip) i lc cmainilxlics
19 o0 00 00
des 8b 15 00 00 00 00 mov 0x0 (%rip), tedx # 22 <main+0x22
22 8b 05 00 00 00 00 mow 0x0 (%rip), teax # 28 <main+0x28
28: 01 4o add fedx, feax
2a: 89 05 00 00 00 00 mow %eax, 0x0(%rip) # 30 <main+0x30
R Bb 05 00 00 00 00 mov Ox0(Srip) Segx § 3¢ int
36: 89 c6 mow %eax, fesi
38: 43 84 05 00 00 00 00 lea 0x0 (%rip), %rax # 3f <main+0x3f>
3af: 43 89 c7 mow frax, %rdi
42: b8 00 00 00 00 mowv $0x0, feax
a7 : ed 00 00 00 00 call 4c <main+Oxdc>
dc: b8 40 00 00 00 mow S0x0, 2eax
51: 5d pop Erbp
52: c3 ret
choijmBembedded: ~/syspro/chap2$
choijm@embedded:~/syspro/chap2s objdump —f a.out
a.out: file format el1f64-x86-64
architecture: i386:x86-64, flags 0x00000112:
EXEC_P, HAS SYMS, D PAGED
start address 0x0000000000401060
choijmBembedded: ~/syspro/chap2s
choijm@embedded: ~/syspro/chap25 objdump -d a.out
a.out: file format el1fé64-xB86-64
Disassembly of section .init:
0000000000401000 < _init>:
401000: £f3 0f le fa endbréd
401004 48 83 ec 08 sub 50x8,%rsp
401008: 48 8b 05 cl1 2f 00 00 mov 0x2fcl (%rip),%rax # 403fd0
<__gmon_start_ @Base>
40100f: 48 85 cO test frax,%rax
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