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Objectives

Discuss the history of Linux
Understand key concepts of Linux
Learn how to access Linux

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

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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Linux Introduction (2/7)

s Linux Definition

v Linux is a clone of the UNIX Operating System

v Written from scratch by Linus B. Torvalds, with assistance from a
loosely-knit team of Hackers across the Network|

- Linus Benedict Torvalds 91.8.26. 4 S@:FIHD 2391 -

BIEOIE AR B

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/dislike 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 Il 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 anything other than AT-harddisks, as that's all | have :-(.

v Univ. of Helsinki in Finland
v May, 1991: Release 0.0.1 version
v 4. September, 2020: Release 5.8.5 (refer to https://www.kernel.org/)
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s Unix-like OSes
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Linux Introduction (4/7)

s Ken and Dennis

/W Ken Thompson - Wikipe X \"L'.I

€& > C | & 22 9F | httpsy//en.wikipedia.org/wiki/Ken_Thompson 7 |
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b caret Kenneth Lane "Ken" Thompson (born February 4, 1943), commonly referred to as ken in hacker circles,!'l is an American pioneer of computer science, Having worked at Bell Labs for
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SEdit links crested the Bon programming langudge.™ He also created a video game called Space Travel Later, Bell Labs withdrew from the MULTICS project.i®l In erder to go on playjg the Gogye Inc

game, Thompson found an old PDP-] machine and rewrote Space Travel on it.7] Eventually, the tools developed by Thompson became the Unix operating system: Working on a PDP-
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 and device files, a

command-ling interpreter, and some small utility programs: In 1970, Brian Kernighan 5uggessed61re name "Unix’", in a somewhat treacherous pun on the name "Multics”. Bl After initial work




Linux Introduction (5/7)

= Contributors

v GNU (www.gnu.org)
» Richard M. Stallman (rms)
* Free software
v Minix
= Andrew Tanenbaum
v BSD
» Bill Joy (cofounder of Sun Microsystems), FFS, TCP/IP, ...

= Linus Torvalds has said that if 386BSD had been available at the time,
he probably would not have created Linux
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s Applications
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Linux Introduction (7/7)

s Some notes about UNIX and Linux (From LP| Chapter 1)

v Linux is a member of the UNIX family

v One feature of the UNIX is that its development is contributed by many
groups, both commercial and noncommercial

v History

1969~ : UNIX Invented by Ken and Dennis, UNIX 1~7 edition at AT&T

1975~ : popularly used at universities include Berkeley, MIT and CMU.
1979~ : BSD and new features (FFS, TCP/IP, C shell, ...)

1981~ : System Il and System V from AT&T

1985~ : UNIX golden ages (IBM, HP, Sun, NeXTStep, SCO, ...) = UNIX War
1990~ : Standardization (POSIX, FIPS, X/Open, SUS (Single UNIX Spec.)
2020: 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
2020: Linux kernel version 5.8.5

v Linux version number
» Xx.y.z: Major.Minor.Revision

even minor: stable, odd minor: development (but NOT strict today)

9



Fundamental Concepts of Linux (1/7)

s From LPI 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

- ti = J = Monolithic Kernel Microkernel
System User | User ' based Operating System based Operating System

=" Compilers
Softwares Process Utility
- .

System Libraries

Kernel

Kernel Modules

zgource: Https:”tamlngaBoutme.tllstory.coﬁentryIStudy-MonoIithic-KerneI-Mic

rokernel)




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)

Vi Command line editing N N

i if

Unix Shell application comparison table

Y b

= Application H sh ﬂ csh ksh }l bash;:_ tcsh
= Job control TN Y Y Y Y
= Aliases N Y i b § Y
= Input/Output redirection Y N Y Y N
= Command history N i i Y W Y
= Command line editing N N ¥ Y Y

11

Underlying Syntax sh

csh ksh sh csh

(Source: https:/Istackoverflow.com/questions/5725296/difference-between-sh-and-bash



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

Cjava) I .bashzrc I Csys) Istdio.hl

( directory )

I regular *Filel I Go. java I | types.h I
Figure 2-1: Subset of the Linux single directory hierarchy _—

12



Quiz for 3M-Week 1st-Lesson

v 1) Who invented the UNIX? Answer two persons (hint: One
developed the Go language at Google and the other invented the C

v 2) Explain what are differences between monolithic kernel and
microkernel?

v Due: until 6 PM Friday of this week (18, September)

1.1 A Brief History of UNIX and C

The first UNIX implementation was developed in 1969 (the same vear that Linus
Torvalds was born) by Ken Thompson at Bell Laboratories. a division of the tele-
phone corporation, AT&T. It was written in assembler for a Digital PDP-7 mini-
computer. The name UNIX was a pun on MULTICS (Multiplexed Information and
Computing Service). the name of an earlier operating system project in which AT&T
collaborated with Massachusetts Institute of Technology (MIT) and General Elec-
tric. (ATET had by this time withdrawn from the project in frustration at its inirtial
failure to develop an economically useful svstem.) Thompson drew several icleas
for his new operating system from MULTICS. including a tree-structured file svs-
tem. a separate program for interpreting commands (the shell). and the notion of
files as unstructured streams of bytes.

In 1970, UNIX was rewritten in assembly language for a newly acquired Digital
PDP-11 minicomputer. then a new and powerful machine. Vestiges of this PDP-11
heritage can be found in various names still used on Mmost UNIX implementations,
including Linux.

A short time later. Dennis Ritchie. one of Thompson's colleagues at Bell Labo-
ratories and an early collaborator on UNIX. designed and implemented the C pro-
gramming language. This was an evolutionary process: C followerd an earlier
interpreted language. B. B was initially implemented by Thompson and drew many
of its ideas from a still earlier programming language named BCPL. By 1975, C had
matured to a point where the UNIN kernel could be almost entirely rewritten in
the new language. UNIX thus became one of the earliest operating svstems to be
written in a high-level language. a fact that made subsequent porting to other hard-
ware architectures possible.

The genesis of C explains why it, and its descendant C++, have come to be used
so widely as system programming languages today. Previous widelv used languages
were designed with other purposes in mind: FORTRAN for mathematical tasks
performed by engineers and scientists;: COBOL for commercial systems processing
streams of record-oriented data. C filled a hitherto empty niche, and unlike FOR-
TRAN and COBOL (which were designed by large committees). the design of C
arose from the ideas and needs of a few individuals working toward a single goal:
developing a high-level language for implementing the UNIX kernel and associated
software. Like the UNIX operating system itself. C was designed by professional
programmers for their own use. The resulting language was small. efficient. power-
ful, terse. modular, pragmatic, and coherent in its design.

e _

13 -




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()

I
168 =<

3GB <

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

exceeeeeed == TASK_SIZE

} Random stack offset

Stack (grows down)

»~ RLIMIT_STACK (e.g., 8MB)

F Random mmap offset

Memory Mapping Segment
File mappings (including dynamic libraries) and anonymous
mappings. Example: /f1lib/libc.so

program break

L

Heap

brk

start_brk

F Random brk offset

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

Data segment
Static variables initialized by the programmer.
Example: static char *gonzo = “God’s own prototype”;

ttttttttt

Text segment (ELF)
Stores the binary image of the process (e.g., /bin/gonzo)

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

end_cade
e



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 Kemnel User Process B Response

‘\\‘ / "\\‘
(e y \
, |
/
A
— Request
/
/
copy,
cansed by A - -
"write” system “read” syste
call call

(Source: http://www.gerhardmueller.de/docs/UnixCommunicationFacilities/ip/node6.html,

https://www.softprayog.in/programming/interprotess-communication-using-system-v-message queueg -in- I|nux)



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) = LN5

s 2.13 Job control (Process group)

v allows the user to simultaneously execute and manipulate multiple
commands or pipelines. e i s s T dose

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 ] terminal 1/0 background process group

Controlling Terminal "

zgou rce: Https :”tW|tter.com7|gor_$grceviclstatusl1 157349076809191425) -



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 1st 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

= =

keyboard keyboard

kernel

hardware

Source: https://kb.novaordis.com/index.php/Linux_TTY) SRR
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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

A

e Linux

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 ToastCloud

18 o



How to access Linux (2/4)

EX chojm@embedded: ~

s Client

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

g Download PuUTTY: latest release X -+
«— 2> & chiark.greenend.org.uk/~sgtatham/putty/latest.html

Download PuTTY: latest

Home | FAQ | Feedback | Licence | Updates |
Download: Stable - Snapshot | Docs

This page contains download links for the latest released version of PuTTY. Currently this is 0.72, released on

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

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 prot
then it might be worth trying out the development snapshots, to see if the problem has already been fixed in those versions.

-
Package files

You probably want one of these. They include versions of all the PUTTY utilities.
(Not sure whether you want the 32-bit or the 64-bit version? Read the FAQ entry.)

MSI (‘Windows Installer”)
32-bit: putty=0.72-installer msi (or by FTP), (signature),
64-bit: putty=64bit-0, 12—instal ler .msi (or_ by FTP) (signature)

Unix source archive

tar.az: putty-0.72.tar .gz (or by FTP) (signature)

Alternative binary files

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

(Not sure whether you want the 32-bit or the 64-bit version? Read the FAQ entry.)

19 -~



How to access Linux (3/4)

s Putty with ssh

v IP:220.149.236.2 (check that “type is ssh” and “port is 227)
v Colours: click “Use system colours
v Translation: choose “UTF-8"

8 PUTTY Conf S| (863 puTTY Configy ———
Category: - Category:
B L ok i B your TRTTY & o) - Session | Options cortroling character set translation
4 T;;n"i‘:if"”g Specify the destination you want to connect to - Logging B e ot e
- Keyboard Host Mame (or IP address) Port B- TTT;;:L i St
- Bell 2 - Bell UTES i
- Features C_nnnectinn type: : . - .- Features ({Codepages supported by Windows but not listed here,
= Window (1 Raw () Telnet ) Rlogin @ 5SH () Seral - Window such as CP866 on many systems, can be ertered
manually}
P-.ppea!ance Load, save or delete a stored session P-.ppea!ance
- Behaviour - Behaviour
- Translation Saved Sessions - Translation g Treat CJK ambiguous characters as wide
- Selection | . Selackion ["Caps Lock acts as Cyrilic switch I
Colngm Defautt Settings Load -+ Colours Adjust how PuTTY handles line drawing characters
=1 Connection LabServer = [=- Connection SN N
T UNILinioe - Dat fandiing of fine drawing characters:
Py Pn:c:' (@ Use Unicode line drawing code points
i () Poor man’s line drawing (+, -and [} i
Telnt.at @ TElm_ﬂ (7 Fort has XWindows encoding
# Rlogin - Rlogin ) Use font in both ANSI and OEM modes
G- SSH [#-55H (71 Use font in OEM mode only
- Senal Closewindowonedt: || W Seridl [T Copy and paste line drawing characters as lggglk
(T Mways () Never @ Only on clean exit
About [ Open } [ Cancel } J About [ Open ] [ Cancel ] J




How to access Linux (4/4)

s Login and shell

B 220.149.236.2 - PUTTY - 0 X BP choijm@embedded: ~ - O X

login as: choijm
choijm@220.149,236.2"s password:
Welcome to Ubuntu 16.04.4 LTS (GNU/Linux 4.15.0-81-generic x36_64)

login as: I

“ Documentation: https://help.ubuntu.com
* Management: nttps://landscape.canonical.com
“ Support: nttps://ubuntu. con/advantage

14¢ packages can be updated.
0 updates are security updates.

®%% Gystem restart reguired ***

Last login: Mon Aug 31 15:26:12 2020 from 112.136.55.140
choijm@embedded: ~5

choijmBenbedded: ~5

choijm@embedded:~§ 13

Downloads 03LEp SYspIo test.s virt cpu.c
Desktop examples.desktop Pictures Templates Videos
Documents Music Public test.c
choijm@embedded: ~§

choijm@embedded: ~5 passwd

Changing password for choijm.

(cuzrrent) UNIX password: I

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

21 o




How to use commands in Linux (1/13)

= 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)

= 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 (2/13

s file related command

v

v

v

v

v

v

v

create

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

= cp, mv,In, ...
delete

=rm
listing

" Is
file content view

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

file attributes manipulation
= chmod, chown, chgrp, touch

redirection
- >

choijm@embedded-desktop:~%
choijm@embedded—-desktop:~% 1S
choijm@embedded-desktop:~%
choijm@embedded-desktop:~% wi hello.c
choiijm@embedded-—desktop: ~&
choiijm@embedded-—desktop:~% goc hello.coc
choiim@embedded-—-desktop: ~S
choijm@embedded—-desktop:~5 1s

hello.c
choijm@embedded—-desktop:~5
choijm@embedded—desktop:~& ./ a.ouatc
Hello System Programming
choijm@embedded—-desktop:~&
choijm@embedded-desktop:~5 more hello.c
#include <stdio.h>

int main()

1

printf ("Hello System Programminghn™) ;
3

choijm@embedded-desktop:~£

choiijm@embedded-—desktop: ~&
choiim@embedded—-desktop:~% 1s
hello.c hello new.c

llchoiimBembedded—-desktop: ~$
llchoiimfembedded—desktop:~5 rm hello new.c

choijm@embedded—-desktop:~&
choijm@embedded—-desktop:~& 1s
hello.c

llchoiijm@embedded-—desktop:~5 man 15.

choijm@embedded-desktop:~§% cp hello.c hello new.c

m

List dinformation abo
directory by defaulct).
if none of —cftuvSUX =

Mzandatoxry arguments
for short options too.

—a, —-—all
A, --almost-all
do not list imp.

——author
with -1, print

-b, —-—escape
print C-style e
ters

LS (1) User Commands L5 (1) =
1= — list directory contents

SYNOFSIS
is [CPTICN]... [FILE]...

DESCRIFTION

ut the FILEs (the current
Sort entries alphabetically
or ——soxrt is specified.

to long options are mandatory

do not ignore entries starting with

lied . and .. M
the auther of each file
|

scapes for nongraphic characO

23



How to use commands in Linux (3/13)

= 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 comman

v create
= mkdir
v change
= cd
v delete
= rmdir

v current position
= pwd

d

24

@ choijm@embedded: ~

choijm@embedded:~$ pwd
/home/choiim
choijm@embedded:~$ 1s
examples.desktop README sysprol8
choijm@embedded:~$
choijm@embedded:~$ mkdir programming
choijm@embedded:~$ mkdir music
choijm@embedded:~$
choijm@embedded:~$ cd programming/
choijm@embedded:~/programming$ vi hello.c
choijm@embedded:~/programming$ gec hello.c
choijm@embedded:~/programming$ ./a.out
Hello DKU World
choijm@embedded:~/programmings$
choijm@embedded: ~/programuing$ 1s

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

hello.c
choijm@embedded:~/programming$ 1s ..
examples.desktop music programming README sysprold
choijm@embedded: ~/programming$
choijm@embedded:~/programming$ cp ../README .
choijm@embedded:~/programming$ 1s

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

hello.c README README new
choijm@embedded:~/programming$ cd ..

{choijm@embedded: ~$ I
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» file attribute manipulation
v Permission and owner
v cf. Command format: 1) command, 2) option, 3) argument

choijmEembedded—-desktop:~5 -
choijmEembedded—-desktop:~5 1=

hello.c muIsic Drogn AT
choijmBembedded—-desktop:~%
choiimEembedded—-desktop:~5 1=z -1
A 20
—IWEIWXI—X choijm choijm 4696 Bﬁﬂ 10 16:11 1
—IrwW—IrwW—Yr—— choijm choijm T4 Eig 10 16:20 hello.c
Arwxrwxr—x choijm choijm 4096 giﬂ 10 16&:15 music
drwxrwxr—x 2 choijm choijm 4096 Bﬁﬂ 10 1917 programmin
choiimEembedded—-desktop:~5
choijmiEembedded—desktop:~% chmod o+w hello.c
choiimEembedded—-desktop:~£
choijmEembedded—-desktop:~5 1=s -1
=4 2o

—IWEIWET—X

SRR

1]

choijm choijm 4696 Eﬁg 10 16:11

—EW—EW—IEW— choijm choijm T4 giﬁ 10 1€:20 hello.c
ArwErwxr—x choijm cholijm 4096 Bﬁﬂ 10 18:15 music
drwxrwxr—-x 2 choijm choijm 4096 9%5 10 1617 programming
choijmiEembedded—desktop:~%

choijm@embedded-desktop:~2 chmod g-x a2.out
choijmEembedded—-desktop:~%

choiimEembedded—-desktop:~5 1=z -1

A 20

—IWEIW T —X

(SRR

m

choijm choijm 46946 9%5 10 16:113

choijm choijm T4 Bﬁﬂ 10 18:20 hello.c
choijm choijm 4096 9%5 10 16:15 music
drwxrwxr—x 2 choijm choijm 4096 Biﬂ 10 16:17 programming

—rW—IW—ICW—
ArwErwxr—x

SRR

choijm@embedded-desktop:~$ [ -I

25 'a



|@@@| Quiz for 31d-Week 2nd-Lesson
(T IME]

s Quiz
v 1) Discuss how to change your password in Linux.
v 2) Explain all information that we can see using the Linux command
of “Is —I". (at least 6)
v Due: until 6 PM Friday of this week (18", September)

15 Useful 'ls'
Commands to
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= Vi editor (vim)
v What are the differences between vi and nodepad (or VS code)

» |nstant editable (explicit input mode)
= No “file” or “Format” button (need line command mode)

choijm@enbedded-desktop:~$ - Zbs wat

choijm@embedded-desktop:~% 1s /' Notepad++ "=
hello.c music programming L = > “Q/‘

choijm@embedded-desktop:~% A ol st
choijm@embedded-desktop:~% 1s -1 ) o=E o
A =20 e
—rWRrwxr-® 1 choijm choijm 4696 9‘% 10 1e:11 S no - 5 Aap wo > = T
—rw-rw—r—— 1 choijm choijm T4 B‘E 20 16:11 hello.c _
drwxrwxr-x 2 choiim choiijm 4096 98 10 16:15 music S ~
drwxrwxr-x 2 choijm choijm 4096 93 10 16:17 procramming Recent
choijm@enmbedded-desktop:~% [} README Kaggle
choijim@embedded-desktop:~% vi hello.c B ax
choijmBenbedded-desktop:~% I 0 zezo= sz

[ o=z

B

j]
N coeE

bt | O oz

T HS 8tS - Windows TR & - o x
_ 5 AR HHE) MAUO) B7IV) ERUH)
de <atdio.h> - #include <stdio.h>
int main()
int main()
{ printf("Hello System Programming#n");

printf ("Hello System Programminghn™): !

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

=

/n.
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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, ...

v Switch to the command mode Input Mode
= ESC

v Switch to the line command mode
= : at command mode :;,LR,A},.

Command
Mode

—

v Switch to the command mode
= Enter or ESC

SHELL

(Source: https://www.slideshare.net/TusharadriSarkar/vim-vi-improved-23917134)

| L
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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
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
_ vsp Split current window vertically into two
$ Move cursor to end of line i |
Vil = n = = .
) Move cursor to beginning of next sentence files...] Opens n windows, files split vertically
( 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 q Quit current window
cursor on {}1() :ga Quit all windows
*. (Apostrophe dot) Move cursor to previously modified line xa Save and quit all windows
i o Ctri-+w]+/- Increase/decrease window size
‘a (Apostrophe a) Mave. cul;sor_to line mark "a" generated by [ 1 *
marking "ma [Ctri+w] [Ctri+w] Toggle between windows
Pattern Substitutions e s .
#include <stdio.h> o~
® General format of substitution int a, b, c;

[I$|%]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,$s/#tl/g Globally remove #
:3,10s/ M/ Insert # at the beginning of line 3 to 10
:$s/$// Insert a ; at the end of last line b= ogla
:%s/abc/xyz/gc Globally replace abc by xyz interactively printf("Hello\n");

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

@ v_
(Source: https://lwww.slideshare.net/Tusharad2iBarkar/vim-vi-improved-23917134) .
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s Reference: Dr. Jeong-Yoon Lee’s Kaggle demo (terminal
mode

3 (1) Kaggle Competition Pipelin > e

< & @ youtube.com/watch?v=861NAO5-XJo

==

@& YouTube “° 2 4

=

@ Terminal Shell Edit View Window Help = B} B € = =W wWoxBS & Suni12:36AM  Q
L =
——test—file input/test.csv \
_future__ division ——train-feature-file build/featur
argparse e/j2.trn.hS \
logging —test—feature—file build/feature
numpy a np fij2.tst.hE \
os ——feature-map—file build/feature/
pandas as pd j2.fmap
time Using TensorFlow backend.
Traceback (most recent call last):
sklearn.model_selection StratifiedKFold File "./src/generate_j2.py", line 64, in <module>
kaggler.data_io load_data, save_data args.feature_map_file)
kaggler. Dreprocessinn LabelEncoder, TargetEncoder File "./src/generate_j2.py", line 34, in generate_feature
df te.fit_transform(df)
const ID_COL, TARGET_CO SEED, N_FOLD TypeError: fit_transform() missing 1 required positional argument: 'y°*
make: =%% [build/feature/j2.trn.h5] Error 1
(py36) jeong-CO2XN34UIGH&6:cat-in—the-dat—ii $ make —f Makefile.lgb2
(train_file, test_file, train_feature_file, python ./src/generate_j2.py —train—file input/train.csv \
test_feature_file, feature_map_file): —=test—=Ffile input/test.csv \
logging.infol ) ——train-feature-file build/featur
trn = pd.read_csvi(train_file, index_col=ID_COL) efj2.trn.hS \
tst pd.read_csv(test_file, index_col=ID_COL) ——test—feature—file build/feature
fi2.tst.h6 \
fl = trnlTARGET_COL].values ——feature-map-file build/feature/
n_trn = trn.§hapel 1 j2.fmap
Using TensorFlow backend.
trn.drop(TARGET_COL, axis= , inplace= Traceback (most recent call last):
logging.infolf File "./src/generate_3j2.py", line 65, in <module>
args.feature_map_file)
df = pd.concat([trn, tst], axis=") File "./src/generate_j2.py", line 34, in generate_feature
te.fit(trn, y)
logging.infol ) File "/Users/jeong/. conda/envs/pbe/lxb/pythcnq fAlfaita-—nackanas/kannlar/nran
= StratlF]e Fold(n ;plzts N_FOLD, shuffle= « random_state=SEED) rccessxngf:ategorlcal Py Jn fit 2

This tlme the error was raised because TargetEncoder expects pandas formats
instead of numpy's.

>l =) 4:00/9:34

@ LOS ANGELES
Kaggle Competition Pipeline Demo

=== 1,142%] - =|Z= Z7l: 2020. 2. 9. iy 44 & 4 -, =

(Source: https://www.youtube.com/watch?v=861NAO5-XJo) IS v SEroc)
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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

nello.c RS E e G =)

choijmEembedded—desktcoo  —5
choijm@Eembedded—deskcop:~% DS ]

PID TIXTX TIME CHD

913131 ptsS3 D0 :00:00 bash

oz2a9 pot=s/S3 OD:00: 00 DS
choijm@Bembedded—desktop: ~%
choijmEembedded—desktop:~%£ wi hello.c
choijm@emnbedded—deskcop::~%
choijmEembedded—desktop:~2 more hello.c
#include <stdio.h>

inmt maim ()

g oy e - em Programmirzghm™) »
wWwihildle L I ]

choiimEembedded—desktop: —S
choiimEembedded desktopn: ~£ goo hello.c
choijm@Bembedded—desktop: ~%
choijmEembedded—desktop:~% ./ a.ouatc
Hello Swy=tem Programmi g

- l
e S = Je == = =1 Jici = 2

choiijmBenbedded deskfop:~2 ./ a.out & ]
[1] 9=271

choliljmBembedded—desktop:~% Hello System Programmirng

choijmBemnbedded—deskcop: ~%

choijmBembedded—desktop:—% Dps
PID TITX TIME CHD
G111 pEtsS3 DO 00:00 bash
9271 pt=S3 oo 07 a.ouat
9272 pr=S3 o0 = 00 D=

choijm@embedded—deskicp =

choijmBenbedded—deskforn Eill —9 9271 ]

choiimEembedded—desktConr = l’

11+ =92 ./a.out

flechoijm@embedded—desktop: ~% ps. -

]

0
0
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s Advanced commands: pipe

fchoijm@embedded: ~ = O >

choijm@embedded:~$ pwd ~
/home/choijm

choijm@embedded:~5 1s -1

total 56
—TWHETWXY—X
drwxr—-xr—x
=T ——T—
ArwXrwxr—x
drwxr—-xr—x=
ArwXrwxr—x
—IrW—IW—Ir——
—FrW—YrwW-Y——

choijm choijm 4676 11@ 19 2018

choijm choijm 4096 54 5 1T:51 Desktop

choijm choijm 8980 g3 31 2018 examples.desktop
choijm choijm 4096 38 13 09:22
choijm choijm 4096 9€ 5 2019
choijm choijm 40%6 11@ 20 2019
choijm choijm 95 98 I7F 2018
choijm choijm 517 98 A7 RE1S
—TWHRTWXY—X choijm choijm 4880 38 13 09:27
=FEW=TW=E—— choijm choijm 269 38 13 09:27 wvirt cpu.c
choijm@embedded:~$

choijml@embedded:~% 1ls -1 | sort

drwxrwxr—-x 10 choijm choijm 4096 118 20 2019 Syspro

H
HREHRONNEQR

drwxrwxr—-x 2 choijm choijm 4096 3a 13 09:22 OSTEP
drwxr—-xr—-x 2 choijm choijm 4036 g 5 2019 Public
drwxr—-xr-x 9 choijm choijm 4096 98 5 11:51 Desktop
—Iw—r——r—— 1 choijm choijm 8980 g8 371 2018 examples.desktop
—rw—rw—-r—— 1 choijm choijm 2692 38 13 09:27 virt cpu.c
—FW=Frw—Tr=— 1 choijm choijm 517 9= 27 2019 test.s
—trw-rw—r—— 1 choijm choijm 85 98 17 2019 test.c
—rwxrwxr—-x 1 choijm choijm 4676 113 19 2018 a.out
—rwxrwxr-x 1 choijm choijm 4880 38 13 09:27 virt cpu
total 56

chojijm@embedded:~$ 1s -1 | sort —-k5n

total 56

—rw—rw-r—— 1 choijm choijm a5 98 17 20198 test.c
—FW=Frw—Tr—=—— 1 choijm choijm 269 38 13 09:27 wvirt_cpu.c
—trw-rw-—r—— 1 choijm choijm 517 98 17 2019 test.d
drwxrwxr—-x 10 choijm choijm 4096 118 20 2019 Syspré
drwxrwxr—-x 2 choijm choijm 4096 38 13 09:22 OSTEP
drwxr-xr—-x 2 choijm choijm 4096 98" 5 20198 Public
drwxr—-xr—x 9 choijm choijm 4086 po | 5 11:51 Desktop
—rWXTWxr—-x 1 choijm choijm 4676 118 19 2018 a.out
—rwxrwxr—x 1 choijm choijm 4880 38 13 09:27 wvirt_ cpu
—trw—r——r—— 1 choijm choijm 8980 8& 31 2018 examples.desktop

choijmilembedded: ~5
choijml@embedded:~% 1s -1 | sort —kbn | wc —1

11
choijm@embedded: ~$ l ~ _

32
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s Advanced commands: pipe, redirection and background

fchoi}'m@embedded: ~ _— O >

choijml@embedded:~$ 1s -~
examples.desktop Publi
Desktop OSTEP Syspro test.s virt cpu.c
choijmRlembedded: ~5$
choijm@embedded: ~5 man pipe
choijm@embedded: ~$
choijm@embedded:~$ man pipe > man pipe_ output.txt
choijm@embedded: ~$
choijml@embedded:~$ 1s
examples .desktop STEP Syspro test.s Virt cpuse
Desktop man pipe output.txt Public eSSt
choijmBembedded: ~5$

e

choijm@embedded: ~5 grep —o process man pipe output.txt | we —1
4
choijm@embedded:~3 grep —o file man pipe output.txt | wc -1
~
choijm@embedded: ~3 grep —o O _NONBLOCK man pipe_ output.txt | wc -1
2
choijm@embedded: ~$
choijm@embedded:~$ grep —o process man_pipe output.txt | wc -1 &
[1]1 4283
choijmR@embedded:~5 4
[1]+ Done grep ——color=auto —o process man pipe output.txt |
we —1
choijml@embedded: ~$
choijm@embedded: ~$ (grep —o© process man pipe output.txt | we —1) & (grep —-o file
man_ pipe output.txt | wc —1) & (grep —o O _NONBLOCK man pipe output.txt | wc —1)
&
[ 1 ] 4290 Shuffiing Reducer
[2] 4291
[3] 4292 Input Splits
choijm@embedded:~5$ 4
7
2

‘Welcome 1o Hadoop

Class Hadoop is
(= Bl Done ( grep ——color=auto -—o
| W —1 )
[Z2] — Done ( grep ——color=auto -—-o
we —1 )
L3] Done ( grep ——color=auto -—o
txt | we —1 )
choijm@embedded:~5 [l @guruddicon
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s Generalization of file concept
v Treat device, socket, IPC as a file

1 R 1 1. 1
CHOULT JTHICTIHIEUUIT UL . [

choijmlembedded: ~$ ps

B !_l § _

PID TTY
22492 pts/9
22532 pts/9

TIME

CMD

00:00:00 bash
00:00:00 ps

choiim@emha
B |

dded:~3

main ()

{

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

& choijm@embedded: ~/programming — O X
choijm@embedded:~/programming$ ps A

PID TTY
22561 pts/8
22610 pts/8

choijm@embedded:~/programming$ ls

hello.c

TIME CMD
00:00:00 bash
00:00:00 ps

README README new

choijmlembedded:

~/program

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

o B8

Chrome “python

CloudStation
- HEZ 747

putty

(-

1ings$

choijm@embedded: ~/programfiing$ cat hello.c ]
#include <stdio.h> \

main ()
{

printf ("Hello DKU World\n");
}
choijm@embedded: ~/programfiings ]

choijm@embedded:~/programpings cat hello.c > hello backup.c
choijm@embedded: ~/programiings

choijm@embedded: ~/programming$ more hello backup.c

#include <stdio.h>

main ()

{
printf ("Hello DKU World\n");
} e
choijm@embedded: ~/programpings$ cat hello.c > /dev/pts/9
choijm@embedded: ~/programping$ [
\_

34 hn
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s Overall

printf.o

I

hello.c I i (}gnnp“ﬁr _ hello.s Assembler hello.o
(cc1) (as)

Source Medified | 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)

5-System: ~/syspro/chap2 lm = ﬂ i

choijm@sungmin-Samsung-DeskTop-System: ~/ syspro/chap2s -
choijm@sungmin-Samsung-DeskTop-System: ~/syspro/chap2s 1=

test.c

choijm@sungmin-Samsung-DeskTop-System: ~(SvoDLOf CRED2 =
cnoijm@sangmin—Samsung—Deshop—System:~[syspro!cnap2$ gcc —5 test.c ]
choijm@sungmin-Samsung-DeskTop-System: ~/ syspro/chap2s
cholijm@sungmin—-Samsung-DeskTop-System: ~/syspro/chap2s 1=

test.c test.s

lchoiim@sungmin—-Samsung-DeskTop-System: ~jfewspra/obhapnds
lchoiim@sungmin-Samsung-DeskTop-System: syspro/chap2f as —o test.o cesStc.s ]
lchoijm@sungmin—-Samsung-DeskTop-System: ~Yasapsalanamis
lchoiim@sungmin-Samsung-DeskTop-System: ~/syspro/chap2s 1s

Itest.c test.o test.s

|

choijm@embedded-desktop: ~/svespro/chap2$
choijm@embedded-desktop: ~/syspro/chap2s vi test.c
choijm@embedded-desktop: ~/syspro/chap2s
choijm@embedded-desktop:~/syvspro/chap2f 1=

|test.c

choijm@embedded-desktop: ~/svespro/chap2$
choijm@embedded-desktop: ~/syspro/chap2$ more test.c
#include <stdic.h>

int my by c;

int main{()
bnd SmiE s in-—Samesung-DeskTop-_Systems ~ syaprn/iohand s

{ lchoijm@sungmin-Samsung-DeskTop-5System: ~/sysprofchap2$é fusr/lib/gcc/id4B6-1linux—gn N
a = 10; u/3.4.6/collect? fusr/lib/i386-linux—gnu/crtl.o fusr/lib/i386-linux-gnu/crti.oc /
b = 20; usr/lib/i3g6—linux—gnu/crtn.o fusr/iib/gcc/i4B86-linux—gnu/3.4.6/crtbegin.o fusz/
c=a + b; lib/gcc//i486-1inux—gnu/3.4.6/crtend.o test.o —-lc —-dynamic—linker /1ib/id-linux.
printf({"C = Sd\n", c): |50-2 y

} = T T e O e T T Sy ST eI T Sy oo e Y

choiimBembedded—desktop: ~/sysprofchap?s choijm@sungmin-Samsung-DeskTop-System: ~/syspro/chap2s 1= Al

S test.c test.o test.s

choijmfembedded—-desktop: ~/syspro/chap2$ gcc test.c L L L e A

choijm@embedded-desktop: ~/syspro/chap2Z$ ./a.out choijm@sungmin-Samsung-DeskTop-System: ~/syspro/chap2$ ./a.out

C = 30 c = 30

choijm@embedded-desktop: ~/sysprolfchap?s | hoijmBsungmin-Samsung-DeskTop-System: ~/syspro/chap2s =

choijm@embedded-desktop:~/syspjo/chap2$ goc -o test.out test.c H b1 im@sungmin-Samsung-DeskTop-System: ~/syspro/chap2§ i

choijm@embedded-desktop: ~/sysproroimarn TrTEstTOnE

C = 30

choijm@embedded-desktop: ~/svspro/chap2s I 5

= S EEEEEEE—— . - h__ ,é/"’,/
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s Assembly code

4

@choijm@embedded: ~/syspro18/chap2 — O X g’choijm@sysprog‘t: n ::zl 3::3::3::: %m
choijm@embedded: ~/sysplkol8/chap2$ gcc -8 test.c ~ | lchoijm@sysprogl:~$ more test.s movl %eax, 0x804946¢
choijm@embedded: ~/sysppol8/chap2$ more test.s .file "test.c" =

.file "test.C .section .rodata ‘

.section .rodata i e 00a1 8893 0408
.LCO: .string "C=%d\n 0305 8493 0408

.string "C = %d\n" .text 00a3 6c94 0408

.text .globl main v
.globl main | .type main, @function 7 e

.type main, @function imain: SN e
main: .LFB2:

pushl sebp ! pushqg $rbp

movl Sesp, %ebp 1.1crrIo0:

subl 58, %esp movqg %rsp, %rbp

andl 5-16, %esp K TCF T

movl $0, %eax movl $10, a(%rip)

addl 515, %eax movl $20, b(%rip)

addl $15, %eax movl b(%rip), %eax

shrl $4, %eax addl %eax, c(%rip)

sall $4, %eax movl c(%rip), %esi

subl teax, %esp N mov] $.1C0, %edi

movl $10, a movl $0, %eax

mov I 520, D !; - ) printf

mov1l b, %eax 1 leave

addl a, %eax E ret

movl %eax, C .LFE2:

movl c, %eax .size main, .-main

mov.l seax, 4(sesp) . comm a,4,4

mowvl $.LCO, (%esp) . comm b,4,4

call printf . comm c,4,4

leave .section .eh frame,"a",@progbits

ret .Lframel:

.size main, .-main ; .long .LECIE1-.LSCIE1

-comm  a,4,4 SEECTELS

. comm b,4,4 .long 0x0

. comm c,4,4 .byte 0x1

.section .note.GNU-stack,"", @progbits .string ™"

.ident "GCC: (GNU) 3.4.6 (Debian 3 4.6-5)" |
chot sneenbedded: ~/ syosto 1 amsbe different based on 1E e versmgg,lg? Kernel and compiler
choi jm@embedded: ~/sysprol8/chap2$ i ] M”lH__(
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s Relocatable code

v Hexdump (or xxd), objdump

o B

choiim@embedded-desktop:~/3yspro/chap2s 1s
test.c test.o teat.s
choijm@embedded-desktop:~/syspro/chap2é

A

choijm@embedded—desktop:~£sy;{pro;’chap2$ MOre TEest.o

rakaiked testoon NHob & texE Eile Mhhkiis

choijmfembedded-desktaop:~/syspro/chap2é

choiim@embedded-desktop: ~[,-’ syspro/chap2f hexdump test.o

0000000 457f 464c 0101 00O €000 QOO0 OOCO 0000
0000010 0001 0003 0001 0OOO 0000 0OOO 0OOO 0OOO
0000020 0110 0000 0OQO 0OOO 0034 0000 0000 0028
0000030 000b 0002 8955 83ed O8ec =483 bELf0 0000
0000040 _0000 c083 830f 0fcO eBcl cl04 04e0 c42%
05c7 0000 0000 000a 0000 O5c7 0000
0014 0000 002l 0000 0300 0005 0000
0000 0000 002l 0000 2800 2444 c704
0000 0000 fcef fIff c8ff 00c3 2043

6425 000z 4700 4343 203a 4728 S54e
2e33 2e34 2036 5528 The2 T4ee 2075

00000cO 7873 T4ed 6261 2200 T473 T472 626l 2200
00000d0 6873 7473 7472 626l 2200 6572 2ebc 6574
00000e0 7478 2e00 6164 6174 2e00 7362 0073 722e
00000f0 646f 7461 0061 6ele T46f 2ebd 4247 2d3d
0000100 7473 6361 00eb 632e 6def 656d T46e 0000
0000110 0000 0000 0O0O 0000 0000 OO0OOC 0000 0000
*

0000130 0000 0000 0000 0000 001 OOOOC 00O 0000
0000140 0006 0000 0000 0OOO 0034 0000 0057 0000
0000150 0000 0000 0000 0000 0004 0000 0000 0000
0000160 001b 0OOOO 0OOS 0000 00OC 0O0OOC 0000 0000
0000170 03b4 0000 0040 0000 0005 0000 0001 0OOO

IDOOOIED 0004 Q00O ©OOO2 QOO0 0025 0000 0OOL1 OOOO

i

test.o:

HAS RELOC, HAS_SYMS

test.o:

start address 0x00000000

“cholim@embedded-desktop: ~/syspro/chap2 . . o= ) S
test.c test.o test.s -
choijm@embedded—desktop:~/syspro!cﬂ?p2$ objdump -f test.o ]

file format elf32-i386&
architecture: i386, flags OxO00000D11:

choijm@embedded—desktnp:~/sysprP/chap2$ objdump -d test.o ]

file format elf32-i38&

qﬁ@?jm@embedded—desktnp:~/syspro/chap2$ I

Disassembly of section .text:
00000000 <main:
0: o5 push %ebp
1 4 89 e5 mov ¥esp, ¥ebp
3: 83 ec 08 sub S0x8, Tesp
[ 83 e4d £0 and SOmfEfE£E£0, ¥esp
9: 8 00 DO DD 00 mov S0x0, Teax
e 83 oD O add S0xf, Teax
11: 83 oD OFf add S0xf, Teax
14: cl =8 D4 shr S0x4, Teax
17: cl =0 D4 shl S0x4, %eax
1a: 29 c4 sub $eax, fesp
1z: c7 05 00 00 00 00 Oa movl S0xa, 0x0
23: 00 0O 00
26: c7 05 00 00 0O OO0 14 mowvl £0x14,0x0
2d: 00 00 00
30: al 0D 00 ©O DO mov 0x0, %eax
a5 03 05 00 OO0 00 00 add 0x0, ¥eax =
3b: a2 00 00 ©O OO mov teax, 0x0
40: al 0D 00 ©O0 DO mov 0x0, %eax
= 89 44 24 04 mov feax, 0x4 (fesp) 1
Exa FEr i e & ey =
50: e £z £f £f £E call 51 <main+0x51>
rpT c8 leave
56: c3 ret E ]

1




How to make and run a program in Linux (4/6)

s EXxecutable code

“thoijm@embedded-desktop: ~/syspro/chap?2

test.Cc

0000000
0000010
0000020
0000030
10000040
0000030
0000080
0000070
0000080
0000030
00000al
00000b0
00000cO
00000do
00000e0
00D00ED

457f 464c
000z 0003
0680 0000
0019 0016
8034 0804
0004 0000
8114 0804
0001 0000
8000 0BO4
1000 0000
%480 0804
1000 0000
9480 0804
0004 0000
8128 0804
o004 0000

0101
0001
0000
0006
00ed
0003
0013
0001
0480
0001
00ed
0002
00c8
0004
0020
e551

]

movl 0x8049388, Yeax
addl 0x8049384, %eax
movl %eax, 0x804946c

00a1 8893 0408

0305 8493 0408
00a3 6c94 0408

(Language hierarchy )

0000200
0000210
0000220
0000230
0000240

005f 4c4a7T
o000 0001
0010 0000
0042 0000
9558 0804

test.

0001
0000
o000
0000
[s]s]ele]
0000
0000
o000
0000
[s]s]ele]
o000
0000
o000
0000
0o0oo0
6474
0000
6263
0000
0035
o000
0000
[a]s]ele]
0000
0000
o000
0804
[s]s]ele]
6E73
6273
5fa3
e6fed
5f43
o000
0000
o000
0000

=

choijm@enbedded-desktop: ~/syspro/chapZs 1s
test.o

choiimiEembedded-desktop: ~/s¥yspro/chapZf hexdump a.out

L¥LELeLe]
3318
0034
0034
00ed
0114
0013
o000
0480
0480
o0f4
0480
00c8
0128
0020
o000
0000
6o2f
0004
0000
o003
0003
0001
0000
0000
o000
0004
o000
362e
O00e4
T4T3
Sfee
2e32
o001
6910
5548
855c

L¥LFLeLY]
0804
0020
0000
o]s]sle}
0000
o000
o000
0000
o]s]sle}
o000
o000
o000
0000
oooo
o000
0000
2de4
0000
o000
o000
0000
o]s]sle]
0000
oooo
o000
0000
o]s]sle}
5fo0
T270
TZ261
7473
0030
o001
Odes
0804
0804

¥ LV L]
0034
o007
8034
0005
8114
0004
8000
0005
9480
0006
9480
0006
8128
0004
o000
0006
636
0010
0002
0005
0000
0000
0000
0012
0020
0011
0012
4f49
6263
5fT4
7261
0000
0001
0000
02086
0207

Toog
oooo
0028
0BO4
o000
D804
oooo
0804
o000
0804
o000
DBO4
o000
D804
oooo
o000
oooo
T56e
o000
oooo
o0oao
o000
[ss]uv]
o000
oooo
o000
000e
[ss]sv]
T35E
6674
6led
Sf74
oooz2
o000
oooz2
o000
o000

m

a.out:

080482c0 <main>:

op: 4?5y5pro/chap2

:choijm@embedded—deskdpp:~/sy5pro!chap2$ objdump -f a.out ]

Disassenbly of section

choijim@embedded-desktop:
choijmfembedded-desktop:
choijnfembedded-desktop:
choijm@embedded-desktop:
choiim@embedded-desktop:

~{ syypro/chap2§ cbjdump -d a.out > cbjdump result.txt
~/3ygpro/chap2s

file format elf32-i386

architecture: i386, flags 0x00000112:
EXEC P, HAS S5YMS, D PAGED
atart address 0xDB804EB318

~/sygpro/chap2$ vi objdump result.txt

~/aygpro/chap2$
~/ sy{pro/chap2§ more cbjdump result.txt

Cext:

L iag&asﬂ:

80482c0: 55 push febp
80482c1: 89 el hiila)ig %e=p, %ebp
80482c3: 83 ec 08 sub S0xE, ¥esp
80482c6: 83 e4 f0 and SOxffffELLf0, Sesp
80482c9: b8 00 00 00 00 MOV 50x0, $eax
80482ce: 83 0 OF add S0xf, Teax
80482d1: 83 0 OF add S0xE, ¥eax
80482d4: cl e8 04 shr 50x4, %eax
80482d47: cl e0 04 shl S0x4, %eax
80482da: 29 c4 sub teax, ¥esp
80482dc: cT 05 70 85 04 08 0Oa movl 50xa, 0x8049570
B0482e3: 00 00 0O
80482e6: cT 05 68 S5 04 08 14 movl S0x14,0x8049568
acacd, [T LU R F LTI FLY )
80482f0: al 68 95 04 08 mov 0xB049568, Seax
B0482f5: 03 05 70 S5 04 08 add 0xB048570, 3eax
80482fb: a3 &c 95 04 08 WOV teax, 0x804856c

AU Qi Ul E*J r i s A e h iy ==
8048305: 89 44 24 04 MOV $eax,0x4 (3esp)
8048309: c7 04 24 d0 B3 04 08 movl £0xB0483d0, (te=p)
8048310: el Tb £f £f ff call 8048290 <printf@plt>
§048315: c8 leave
8048316: c3 ret

a0 nop

m




How to make and run a program in Linux (5/6)

s What are the execution results of this program?

E2 choijm@embedded-desktop: ~/syspro/gdo_sxam . ==

choi jmBembedded-desktop: ~/ syspro/gdb exams -
choijmBembedded-desktop: ~/syspro/gdh exam® vi gdb test.c

choijmBembedded-desktop: ~/syspro/gdb exams
!chnijm@embedded—desktnp:~fsysprnfgdb_exam$ cat gdb test.c

l#include <stdio.h>

|int afd) = {5; & T; 89});
;int *oags

main ()

i
printf ("Ed\n", al[01):
printf ("Ed\n", al[21):
printf {"Ed\n", *a):
printf{"Ed\n", *[la+2));
printf{"td\n", *pa):
printf{"td\n", *(pat2)):

;

choijm@embedded-desktop:~/syspro/gdb examf
choijm@embedded-desktop:~/syspro/gdbk examf l

1 [m]

39 p -



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

s debugger

Op: :ﬁyspm/gdb_emm B

choijm@enbedded-desktop: ~/ayapro/qdb exam$
choijm@enbedded-desktop: ~/ayapro/qdb exan$ vi gdb test.c
choijn@enbedded-desktop: ~/syapro/qdb exam$
choijm@enbedded-desktop: ~/ayapro/qdb exan$ cat gdb test.c
#include <atdio.hy

int a[4]
l‘im: *pa;

= {5 & T, 8};

|main(}
{
printf ("sd\n", a[0]);
printf ("sd\n", a[2]);
printf ("sd\n", *a}:
printf ("sd\n", *(at+l}}:
printf ("sd\n", *pa):
printf ("3d\n", *(pa+?)):
i
choijn@enbedded-desktop: =/ avapro/qdb_exam$

choijn@enbedded-desktop: ~/ayapro/qdb_exam$ gec - gdb test.out gdb test.c
choijm@enbedded-desktop:~/svapro/odh exam$

choijm@embedded-desktap[: ~/ayapro/gdh exam$ ./gdb test.out ]

5
7
5

7
[ AzdH0)d 2 F (core dumped) ]
choijn@enbedded-desktop:~/ayapro/gdh exam$

-

lin;

L]

choijn@enbedded-desktop:~/ayapro/gdh exam$ I
- —

<=l here are variou AlUdDIC

See http://beej.us/guide/bggdb/

choijm@embedded-desktop: ~/syspro/gdb_ex

-
choijm@embedded-desktop: ~/syspro/gdb_ex gcc —g —o gdb_ test.out gdb test.c ]

choijm@embedded-desktop: ~/syspro/gdb_exam
choijm@embedded-desktop: ~/syspro/gdb_examy gdb gdb test.out ]
GNO gdb (Ubuntu/Linaro 7.4-2012.04-0ubunt I o S R v v 3

Copyright (C) 2012 Free Software Foundation, Inc.

License GPLv3+: GNU GPL wersion 3 or later <http://gnu.org/licenses/gpl.html>
This i=s free software: you are free to change and redistcribute it.

There iz NC WARRAWNTY, to the extent permitted by law. Tvpe "show copying™
and "show warranty™ for details.

iTh_‘LS GDE was configured as "=x86 64-linux—gnu".

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

-Reading symbols from /home/choijm/s=yspro/gdb exam/gdb test.out...

H ToanT
(gdb) rTun
e o o mn g ey 2 gdlb_test.out

Iwarning: no loadable sections found in added symbol-file system-supplied DSC at
ORTEEFF7TEFabO0

done .

=1t -] tn

Program receiwved signal SIGSEGV, Segmentation Ffauwltc.
Ox0000000000400567 in main () at gdb test.c:12

= princEtradln B
(gdb) list

k] i

DrIncr [ saniy L0171~

a princf ("3d\n", al2]):

10 princf ("3d\n", *a):

i1 printcf ("3d\n™, *(a+2)):
iz printcf ("3d\n", *pa):

i3 printcf ("3d\n", *{pa+2)):
14 ¥

(gdb)

Line number 15 out of range: gdb test.¢ has 14 lines.

(gdb) break 10

l s -z, line 10.

(gdb} run
The program be1ng debugged ha=z been stgrted already.

Starting program: /Shome/choijm/syspro/gdb_exam/gdb_test.out
warning: no loadable sections found in added symbol-file system—supplied DSC at
ORTEEFF7TEFabO0

5
T

Ereakpoint 1, main ()} at gdb_ test.c:10

e ) e R s R =7 - |
l (gdb) =n ] =
2 |
i1 princf ("3d\n™, *(a+2)): |

. .
ok o N0 N aloda NOLD aYa NTO aYa al




Summary

m Discuss the features of Linux
s Understand the commands related to file and process
s 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.
- shows student’s ID and date (using whoami and date)
- Server IP: 220.149.236.2 or 220.149.236.4
1.3 Bonus: includes the compilation practice (eg. gcc, as, gdb)
1.4 Deadline: 6 PM Friday of the next week (2"4, October)




Appendix 1. Snapshot Example

s Example

[choijm@localhost reportsls
[choijm@localhost reportsls 1s
hello.c my favorite poem.txt

music subdir

[choijm@localhost reports]$ more my_favurit;:ﬁﬁem.txt

o] A4
R FUWE R L S
[choijm@localhost reportsls

Chol mElocElnosSt IEpOILE]e l

3@' choijm@embedded: ~/Syspro/chap2 - a

choijm@embedded:~/Syspro/chap2$ vi gdb test.c
choijm@embedded:~/Syspro/chap2$ gcc -g gdb_test.c
choijm@embedded: ~/Syspro/chap2$ ./a.out

5
7
5
7
Segmentation fault (core dumped)
choijmlembedded:~/Syspro/chap2$ gdb a.out

|GNU gdb (Ubuntu 7.11.1-0Oubuntul~l6.5) 7.11.1

Copyright (C) 2016 Free Software Foundation, Inc.

License GPLv3+: GNU GPL version 3 or later <http://gnu.org/licenses/gpl.html>
This is free software: you are free to change and redistribute it.

There is NO WARRANTY, to the extent permitted by law. Type "show copying"
and "show warranty" for details.

This GDB was configured as "x86 64-linux-gnu".

Type "show configuration" for configuration details.

For bug reporting instructions, please see:
<http://www.gnu.org/software/gdb/bugs/>.

Find the GDB manual and other documentation resources online at:
<http://www.gnu.org/software/gdb/documentation/>.

For help, type "help".

Type "apropos word" to search for commands related to "word"...
Reading symbols from a.out...done.

(gdb) run

Starting program: /home/choijm/Syspro/chap2/a.out

5

7

5

7

Program received signal SIGSEGV, Segmentation fault.
0x080483f7 in main () at gdb_test.c:12
12

printf ("%d\n",
(gdb) quit
A debugging session is active.

*pa) ;i

Inferior 1 [process 4497] will be killed.

Quit anyway? (y or n) y
choijm@embedded:~/Syspro/chap2$ mkdir reports
choijm@embedded:~/Syspro/chap2$ vi my favorite poem.txt

choijm@embedded:~/Syspro/chap2$ grep include gdb test.c | wec

i Z 13
choijm@embedded: ~/Syspro/chap2$ whoami
choijm
choijm@embedded:~/Syspro/chap2$ date

2020, 09. 05. (&3 20:57:56 KET
Choijmﬂé@bedded:~/Syspro/chap2$ I

Y




Quiz for 4th-Week 1st-Lesson

s Quiz

v 1) What are the differences when we do “$cat hello.c > a.txt” and
“$cat hello.c > /dev/pts/2”?

v 2) What is the background music in “Dr Jeong-Joon Lee’s Kaggle
Demo” in Page 3077

v Bonus) What commands can you find in the Kaggle Demo? (at least
9, only what you have learned in the LN2.)

v Due: until 6 PM Friday of this week (25", September)

e o e - - — (0] b
@25 GDB: The GNU Project De = =

< c @& gnu.org/software/gdb/

GDB: The GNU Project Debugger

[bugs] [GDE Maintainers] [contributing] [current git] [documentation] [download] [home] [irc] [links] [mailing_lists] [news] [schedule] [song] [wiki]

GDB: The GNU Project Debugger

What is GDB?

GDB, the GNU Project debugger, allows you to see what is going on “inside' another program while it executes --

or what another program was deoing at
the moment it crashed.

GDB can do four main kinds of things (plus other things in support of these) to help you catch bugs in the act:
e Start your program, specifying anything that might affect its behavior.
e Make your program stop on specified conditions.
e Examine what has happened, when your program has stopped.
e Change things in your program, so you can experiment with correcting the effects of one bug and go on to learn about anocther.

Those programs might be executing on the same machine as GDB (native), on ancther machine (remote), or on a simulator. GDB can run on most popular
UNIX and Microsoft Windows wvariants, as well as on Mac OS X.

{ What Languages does GDB Support?

43



Appendix 2: 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

-]

220 $7f o

@ Ubuntu
& Ty .
= oty : TIME
g e 4 AR A A o% s
_ 7401 thyl  00:00:00 ¥ a3
v ! Do Tty 00:00:00 ps |
- : Wi g i, 1
4 ’ ! 4 ot 1<} od syspro/
ot [ ~/sysprod
@ 3p H0| Microsoft Edge | ML o [!~/sysprof vim hello.c
o j et [\ =fayzprof
A =5 [i=/aysprof acc hello.c
- i /usr/b\n/\d fusr/ | ib/ecc/_B4-1 inux- gnu/ﬁ/ Ao BB linweanu/Sert ] ot in function _start
A Access : H (text+024): undefined reference to “main'
= collect?: arrort d returned 1 exit status
J- | Acrobat Reader DC ﬁ 18 oh [\ ~/sysprof
_ h [i~/zyzprof vim hello.c
I Ahnlab g Microsaft Sta... o} !1~/syspr0$
ot !1~/syspr0$ gec hello.c
¢ cf [ ~/sysprof
h L~fsysprod /e out

BH: ~/sysprof
| /syspro$ lyi

A
'|:- im"

E’ Chrome : K © ! i Hel \OJ‘ bKU

l Conexant

[~/sysprof acc hello.c
[\ ~/sysprof
{i~/syspref . fa.out

Lenovo

[ ~/aysprof
[1~/sysprof whoami




Appendix 2: How to access Linux: Alternative

s [oast Cloud (or Amazon EC2 or Google)
v Supported by NHN (like Amazon EC2 or Google Compute Engine)

v Using PaaS in this course
= |P: 133.186.152.119 (May be different per each VM instance)
» For general users: same as the Linux server

e - 0 B2 PuTTyY Configuration B
& > C & =% 92 | hipstonsteoninm % Basic options for your PuT TY session
Specify the destination you want to connect to
Host Name {or IP address) Port
A7 MHA 93 nEME  m=d  aAdE  ARRj0l= CONSOLE

|133.186.152.119 | [2=

Connection type:
O Rawe ) Telnet () Rlogin (@) SSH 2 Serial

Saved Sessions

| TeastClowd |

| Eae;ault Settings I Load 1
CONVENIENT, FAST, EFFICIENT! i e S
HEgt olnelol ZHE 1Y, 2 QIS = TOASTO] 27| EHIX 7 2ojdt &L, | Delete
Close window on exit:
) Alwaws ) Mewver @) Onby on clean exit
| Ab ot | | Open | | Cancel
. E2 133.186.152.119 - PUTTY — =} =
£8 2242 MH|A o e e
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