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BEGINNING OF LINUX KQEE:A(

Linus Usenet-Posting from 25. Aug. 1991 in group comp.os.minix
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 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 (torvalds@kruuna.helsinki.fi)

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

Historical notes
» Developed by Linus Benedict Torvalds
» Inspired by UNIX derivate MINIX
> First linux kernel published on 17. Sep. 1991 (v0.01)
» Free OS under GNU GPL since Dec. 1992 (v0.12)

Linus Torvalds 2002 Linux mascot Tux

g
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Linux concepts

» Multi-user multi-threading operating system

use many UNIX concepts

hierarchical file system

identical interface for file, device and process input/output
background processes

user/group security, access control

vVvyVvYyVvyy
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» Multi-user multi-threading operating system

use many UNIX concepts

hierarchical file system

identical interface for file, device and process input/output
background processes

user/group security, access control
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Linux is running on. ..

> Available for a wide range of hardware architectures,
e.g. x86/x64, ARM-family, PowerPC, RISC, SPARC, some Amiga and Atari. ..
» Installation on desktop/server PCs, mobile phones (Android), routers, embedded systems, NAS, ...

» All of the Top500 supercomputers use Linux as OS

g
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What is a Linux distribution?

» Software collection around Linux kernel » more or less interoperability between different

> package manager for software installation l(i)l(s;;rtlit())l.rl]tlsor(ljsir(etiltfl‘)er;elrlatygﬁ?:age)formats, standard file
provide software repositories, updates, ... » Standardization: Linux Standard Base (LSB), Filesystem
>

Main distros: Debian, Ubuntu, RedHat Hierarchy Standard (FHS)

g
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What is a Linux distribution?

» Software collection around Linux kernel » more or less interoperability between different
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What is a Linux distribution?

» Software collection around Linux kernel » more or less interoperability between different
> package manager for software installation lc:)lztartlitguntlsor(ljsir(ect(ijltl‘ger;elrl;ygﬁ::age)formats, standard file
provide software repositories, updates, ... » Standardization: Linux Standard Base (LSB), Filesystem

» Main distros: Debian, Ubuntu, RedHat Hierarchy Standard (FHS)
Linux distro tree

Linux distro
timeline
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Basic file system (selection) Virtual/Temporary file systems

/ Filesystem root /proc  Virtual file system providing process and kernel
/bin Essential command binaries informations
/boot Boot loader files (e. g., kernels) /sys Contains information about devices, drivers, and
Jdev Device files somelkernel Teatures.
/etc Host-specific system-wide configuration /run  Run-time variable data.

files ; . N Further standard directories
/home Users home dITECFOI’IES, containing saved /media Mount points for removeable media

files, personal settings, etc. ) )

) ) . S . /mnt Temporarily mounted filesystems
/1lib Libraries essential for binaries in /bin|/sbin . -
. /opt Optional application software
/root Home directory for the root user .
; o /srv Data served by this host (e. g. web server)

/sbin Essential system binaries
/tmp Directory for temporary files Typical Ubuntu file system hierarchy
/usr Secondary hierarchy for read-only user

data
/usr/bin Non-essential command binaries
/usr/lib Libraries for binaries in /usr/bin
/usr/local  Tertiary hierarchy for local data and apps
/usr/share  Architecture-independent (shared) data.
/var Variable files
/var/log Location for log files

i L
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USER AND GROUP MANAGEMENT

Each user belongs to one or more groups

Each Linux system keeps its own user/group database

Centralized user management possible

Standard administrator account: root

Methods to execute a command as another user (e. g. root) available
User: User-ID (uid) and user name

vyVvVvYvYyVvyYyYVvyy

Group: Group-ID (gid) and group name
s

1it@lr

(kraehlit) groups=1000(krashlit),4 (adm),2
}, 116 (1xd)

|
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Each user belongs to one or more groups

Each Linux system keeps its own user/group database

Centralized user management possible

Standard administrator account: root

Methods to execute a command as another user (e. g. root) available
User: User-ID (uid) and user name

vyVvVvYvYyVvyYyYVvyy

Group: Group-ID (gid) and group name

kraehlit@lns: 3
uid=1000(k h1i 000 (kraehlit) groups=1000(krashlit),4 (adm),24

xzd)

Do not log in directly as administrator unless you really know what you are doing!

If you need admin rights for a special command, use sudo <command>!

|
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» directories and devices are files with special meaning

> type of files: - normalfile ¢ character device (modem, printer,...)
d directory b block device (hard disc, usb stick,. . .)
I link p pipe
» each file has a access control triple (read, write, execute) for owner, group, and other
» file names are case sensitive
> file suffix has no special meaning (other than on Microsoft Windows)
>

use commands chown, chgrp, chmod to change owner, group and access rights

kraehlit
kraehlit kraehlit
kraehlit kraehlit

rights for group
rights for owner

file type

|
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Where the shell lifes

Applications

Linux
Kernel

.
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Where the shell lifes Agony of the choice of shells

Applications

» default shell can be defined for each user
» shell can be changed after log in
> bash default shell on many systems

.
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Basic command line commands

|
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Open command line

» Login direct on the linux console
» Login over network via ssh or telnet (not secure)
» On a graphical linux wm open console/terminal

Login direct on the linux machine (here VM) Login via ssh

¥ Lnx-Base wird ausgefunrt]

Datei Maschine Anzeige Eingabe Gerate Hile

After login, the current directory is your home directory

|
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LISTING DIRECTORY CONTENT R ioone

Command 1s
> Is lists the directory content
» output is adjusted by flags

> Listed files can be adjusted with a search string
e.g.use 1s -1 a=x to list only files starting with »a«

» well known windows command dir works on most system also (internal redirected to 1s)

Command: Is -I Command: Is -la

krachlite

|
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Command: cd (change directory)

cd Change to the users home directory

cd ~ dito

cd . does nothing (».« symbols the current directory)

cd .. move up one directory (»..« symbols the parent directory)
cd /tmp Change to the directory /tmp (absolute path)

cd sdir change to subdirectory sdir of the current directory

cd ./sdir dito

cd sdir/ssdir change to the subsubdirectory sdirl/ssdir

cd ../udir go to the directory udir of the parent directory

pwd Output the current working directory

g
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Command: cd (change directory)

cd Change to the users home directory

cd ~ dito

cd . does nothing (».« symbols the current directory)

cd .. move up one directory (»..« symbols the parent directory)
cd /tmp Change to the directory /tmp (absolute path)

cd sdir change to subdirectory sdir of the current directory

cd ./sdir dito

cd sdir/ssdir change to the subsubdirectory sdirl/ssdir

cd ../udir go to the directory udir of the parent directory

pwd Output the current working directory

Question: What is the working directory after the following command?

krashlit@ln $ cd /usr/local/bin/../.. ,a"'-:'.harval

|
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Command: cd (change directory)

cd Change to the users home directory

cd ~ dito

cd . does nothing (».« symbols the current directory)

cd .. move up one directory (»..« symbols the parent directory)
cd /tmp Change to the directory /tmp (absolute path)

cd sdir change to subdirectory sdir of the current directory

cd ./sdir dito

cd sdir/ssdir change to the subsubdirectory sdirl/ssdir

cd ../udir go to the directory udir of the parent directory

pwd Output the current working directory

Question: What is the working directory after the following command?

cal/bin/../../share

/u are
krachlit@lnxb usr/share$ I

|
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» For most commands: flag —h or —~help print command help

» Further help methods:
man <command_name> show man page of command
apropros <search_string> search man pages for search string
whatis <command_name> short info for command

Command: man Is

(FILE)

|
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Copy/Move/Delete/Create

cp <src> <dest> Copy file src to dest
cp <srcl> <src2> <dest> Copy files into directory dest
cp -r <src> <dest> Copy directories recursive
mkdir <dir> Create directory
mv <src> <dest> Move file src to dest
mv <srcl> <src2> <dest> Move files into directory dest
rm <files> Delete given files
rm -r <files> Delete given files/directories recursive
rmdir <dir> Delete empty directory
Find files

find [options] <pattern> find files (more on next slide)
locate <search pattern> search files in database
whereis <command> search for command in binary search path

g
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FINDFILES R,
= L

Powerfull tool: find

» search file based on name pattern, permissions, age, age relative to another file, ...
» combination of search expressions with logic operators
» execute command for each found file

basic usage extend usage with command execution

|
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FURTHER COMMANDS FOR FILES RE‘E;‘:{@

Working with text files

cat [options] <file(s)> Output file(s)

grep [options] <regex-pattern> [file(s)] Search for regex-pattern in files

more <file(s)> display file(s) page by page

less [options] <file(s)> display file(s) page by page (enhanced more)
sort [options] <file(s)> sort lines of text files

g
T. Krahling | Working on the Linux command line | 11. March 2021



FURTHER COMMANDS FOR FILES KQE‘;Z\Z(:;e

UK Miinster
- L

Working with text files

cat [options] <file(s)> Output file(s)

grep [options] <regex-pattern> [file(s)] Search for regex-pattern in files

more <file(s)> display file(s) page by page

less [options] <file(s)> display file(s) page by page (enhanced more)
sort [options] <file(s)> sort lines of text files

Archiver and compress

tar <action> [options] <file(s)> archiving utility (default suffix .tar)
gzip [options] <file> Compress/expand file (default suffix . gz)
bzip2 [options] <file> Compress/expand file (default suffix .bz or .bz2)

Some frequently used tar commands:
— tar -czvf <archiv-name.tgz> <files/directories>
Archive all given files and directories in a tar archive and compress the archive with gzip
— tar -cjvf <archiv-name.tar.bz> <files/directories>
Dito, but compress with bzip2
— tar -xzvf <archiv-name.tgz>
Decompress given archiv using gz ip and unpack into the current directory

g
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PROCESS MANAGEMENT EQK;MH ‘

command ps ufx — display processes of the current user

STAT START  TIME
0 0

With command ki1l <PID> you can terminate a process

|
T. Krahling | Working on the Linux command line | 11. March 2021 19



PROCESS MANAGEMENT R s
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command htop

o kraehlit@Inxbox: ~

: 0 -
Rbicls [Bioetup [Escorcigieilcorlirree |

Alternativ top is a less graphical version (exit with g) or atop

|
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DispLAY RAM AND DISK USAGE RP‘
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command free — display RAM usage

kraehlit@ln

To add a hard disk or removeable media use mount [options] <device> <mount-point>

|
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(More or less) Bash specific commands

P

.
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Globbing patterns

? question mark represent any single character

* asterisk represent any number of characters
[--] square brackets  specifies a range of characters
{...} curly brackets list of pattern

g
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USING WILDCARDS FOR FILE PATTERN (R oo

UK Miinste

Globbing patterns

? question mark represent any single character
* asterisk represent any number of characters
[--] square brackets  specifies a range of characters
{...} curly brackets list of pattern

Examples

o

et

k:
k.

fa3
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Globbing patterns

? question mark represent any single character
* asterisk represent any number of characters
[--] square brackets  specifies a range of characters
{...} curly brackets list of pattern

Examples

kraehlit kraehlit
kraehlit kraehlit

kraehlit kraehlit

kraehlit k hlit
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Globbing patterns

? question mark represent any single character
* asterisk represent any number of characters
[--] square brackets  specifies a range of characters
{...} curly brackets list of pattern

Examples

kraehlit
2 Xk hlit
2 kraehlit
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Globbing patterns

? question mark represent any single character
* asterisk represent any number of characters
[--] square brackets  specifies a range of characters
{...} curly brackets list of pattern

Examples

~/Datal$
~/Datal$ 1s

2 kraehlit kraehlit
hlit k lit
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Globbing patterns

? question mark represent any single character
* asterisk represent any number of characters
[--] square brackets  specifies a range of characters
{...} curly brackets list of pattern

Examples

~/Datals I
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REDIRECT COMMAND OUTPUT

Redirect stdout to file

krashlit@lnxbox:~/Datals
kraehlit@lnxbox:~/Datal$|ls -1 > output.txt I
krachlit@lnxbox:~/Datal$
krachlit@lnxbox:~/Datal$ cat output.txt
total 36

Arwxrwir-x
drwxIwir—-x
ArwXrwir-x
AdrwxIwir-x

kraehlit kraehlit 4096
kraehlit kraehlit 4096
kraehlit kraehlit 4096
kraehlit kraehlit 4096

experiment-la
experiment-1b
experiment-1lc
experiment-2a
experiment-2b
experiment-2c
experiment-3a
experiment-3b
experiment-3c
output.txt

kraehlit kraehlit 4096
kraehlit kraehlit 4096
drwXIrwir—x kraehlit kraehlit 4096
drwiIrwir—x kraehlit kraehlit 4096
-rw-rw-r—- 1 kraehlit kraehlit 0
krachlit@Inxbox:~/Datals I

Arwxrwer—-x
drwxIwir—-x

2
2
2
2
drwxrwxr-x 2 kraehlit kraehlit 4096
2
2
2
2

B B B B e I IR |
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REDIRECT COMMAND OUTPUT RM

UK Miinste:

Redirect stdout and append to file

B B B e [ IR |

-1

N ]

-1

kraehlit
k hlit
kraehlit
k hlit
kraehlit
k hlit

-1 -

[}

-
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REDIRECT COMMAND OUTPUT

Redirect stderr to file

krashlit@lnxbox:~/Datal$
kraehlit@lnxbox:~/Data1$l rm experiment-4a > output.txt I
'experiment-4a : NO SUCH I1l€ Or OLLEctory

rm: cannot remove
krashlit@lnxbox:~/Datals
krachlit@lnxbox:~/Datals 1ls -1 output.txt

—-rw-rw-r—— 1 kraehlit kraehlit 0 Mar 7 12:07 output.txt

krachlit@lnxbox:~/Datal$ I

he Linux command line |11. March 2



REDIRECT COMMAND OUTPUT

Redirect stderr to file

krashlit@lnxbox:~/Datal$

kraeshlit@lnxbox:~/Datal$ rm experiment-4a > output.txt

rm: cannot remove 'experiment-4a': No such file or directory

krashlit@lnxbox:~/Datals

krachlit@lnxbox:~/Datals 1ls -1 output.txt

—-rw-rw-r—— 1 kraehlit kraehlit 0 Mar 7 12:08 output.txt

krachlit@lnxbox:~/Datal$
~/Datal$|rm experiment-4a >& output.txt I
~/Datals

krachlit@Inxbox:~/Datals I

e Linux command line | 11. March 2



REDIRECT COMMAND OUTPUT

Redirect stderr to file

krashlit@lnxbox:~/Datal$

kraeshlit@lnxbox:~/Datal$ rm experiment-4a > output.txt

rm: cannot remove 'experiment-4a': No such file or directory
krashlit@lnxbox:~/Datals

krachlit@lnxbox:~/Datals 1ls -1 output.txt

—-rw-rw-r—— 1 kraehlit kraehlit 0 Mar 7 12:08 output.txt

~/Datals rm experiment-4a >& output.txt
~/Datals
krachlit@lnxbox:~/Datal$ 1ls -1 output.txt
-rw-rw-r—- 1 krashlit kraehlit €1 Mar 7 12:08 output.txt
krachlit@lnxbox:~/Datals cat output.txt
rm: cannot remove 'experiment-4a': No such file or directory
krashlit@lnxbox:~/Datals [I
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PIPE OUTPUT TO ANOTHER PROGRAM

Duplicate output and print on stdout and file

krashlit@lnxbox:~/Datal$
kraehlit@lnxbox:~/Datal$|ls -1 | tee output.txtl
total 36

ArwxXrwir-x
Arwxrwer—-x

kraehlit kraehlit 4096 Mar
kraehlit kraehlit 4096 Mar
drWwXIWRI-X kraehlit kraehlit 4096 Mar
drwXIrwir—x kraehlit kraehlit 4096 Mar

2 experiment-la
2
2
2
drwxrwxr-x 2 kraehlit kraehlit 4096 Mar
2
2
2
2

experiment-1b
experiment-lc
experiment-2a
experiment-2b
experiment-2c
experiment-3a
experiment-3b
experiment-3c
output.txt

ArWwxIWAr—X kraehlit kraehlit 4096 Mar
drwiIrWir—x kraehlit kraehlit 4096 Mar
drWwXIrWir-x kraehlit kraehlit 4096 Mar
drwrrwir-x kraehlit kraehlit 4096 Mar
-rw-rw-r—- 1 kraehlit kraehlit 0 Mar
krachlit@lnxbox:~/Datal$
krashlit@lnxbox:~/Datal$ I

N B B B Bt A R R |
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PIPE OUTPUT TO ANOTHER PROGRAM (R ioone

UK Miinste:

Duplicate output and print on stdout and file

N

-1

kr
kra
kr

-1

-1

-1 -

-1

-1

2 kraehlit
2k hlit
2 kraehlit
2k hlit

kraehlit
2 Xk hlit
2 kraehlit

-1 -

-1 -

I I

-
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PIPE OUTPUT TO ANOTHER PROGRAM

Several pipes can be connected

krashlit@lnxbox:~/Datals
kraehlit@lnxbox:~/Datal$|cat /var/log/syslog | grep servicell

ahling | Working he Linux command line | 11. March



PIPE OUTPUT TO ANOTHER PROGRAM RP‘
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Several pipes can be connected
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PIPE OUTPUT TO ANOTHER PROGRAM

Several pipes can be connected

krashlit@lnxbox:~/Datals
kraehlit@lnxbox:~/DatalS|cat /var/log/syslog | grep service | sort +5II

e Linux command line | 11. March 20



PIPE OUTPUT TO ANOTHER PROGRAM (R ioone
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Several pipes can be connected

ully activa

ully activate
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CONDITIONAL EXECUTION OF A COMMAND

R

Klinik fdir
Radiologie
UK Miinster

Conditions
coml ; com2
coml && com2
coml || com2
coml &
(coml ; com2)

Examples

Execute com1, than com2

Execute com2 only, if com1 was successfull
Execute com2 only, if com1 failed

Execute com1 and move it to the background
Execute both commands in the same shell

g
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Conditions
coml ; com2 Execute com1, than com2
coml && com2 Execute com2 only, if com1 was successfull
coml || com2 Execute com2 only, if com1 failed
coml & Execute coml and move it to the background
(coml ; com2) Execute both commands in the same shell
Examples

1 kraehlit kraehlit 0
~/Datals

|
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Conditions
coml ; com2 Execute com1, than com2
coml && com2 Execute com2 only, if com1 was successfull
coml || com2 Execute com2 only, if com1 failed
coml & Execute coml and move it to the background
(coml ; com2) Execute both commands in the same shell
Examples
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CONDITIONAL EXECUTION OF A COMMAND

Klinik fair

Conditions
coml ; com2
coml && com2
coml || com2
coml &

(coml ; com2)

Examples

aehlit@L

Execute com1, than com2

Execute com2 only, if com1 was successfull
Execute com2 only, if com1 failed

Execute coml and move it to the background
Execute both commands in the same shell

|
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CONDITIONAL EXECUTION OF A COMMAND (R ioone
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Conditions
coml ; com2 Execute com1, than com2
coml && com2 Execute com2 only, if com1 was successfull
coml || com2 Execute com2 only, if com1 failed
coml & Execute coml and move it to the background
(coml ; com2) Execute both commands in the same shell
Examples

0 Mar
0 Mar
0 Mar

~/Datals I

|
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General remarks

» bash has local and global variables

> global variables are set in config files, e. g.
~/.bashrc, ~/.profile (user specific)
/etc/bash.bashrc, /etc/profile (system wide)

g L
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General remarks

» bash has local and global variables

> global variables are set in config files, e. g.
~/.bashrc, ~/.profile (user specific)
/etc/bash.bashrc, /etc/profile (system wide)

Commands for variable handling

<var> = <value> set local variable var to value

export <var> = <value> setvariable var to value and make it global
export show all global variables

set show all global and local variables

unset <var> delete variable value

g
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General remarks

» bash has local and global variables

> global variables are set in config files, e. g.
~/.bashrc, ~/.profile (user specific)
/etc/bash.bashrc, /etc/profile (system wide)

Commands for variable handling

<var> = <value> set local variable var to value

export <var> = <value> setvariable var to value and make it global
export show all global variables

set show all global and local variables

unset <var> delete variable value

Additional notes

» To load variables from file use . <file>or source <file>
» To access variable on command line or script use $<var>

g
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Some system and dynamic variables

SHOME Path of the home directory of the current user
$LOGNAME  Login name of the current user

$PWD Current path

SOLDPWD Previous current path

$? Exit code of the last command (0 means successfull)
$! PID of the last started background process

g
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Some system and dynamic variables

SHOME Path of the home directory of the current user

SLOGNAME  Login name of the current user

SPWD Current path

SOLDPWD Previous current path

$? Exit code of the last command (0 means successfull)

St PID of the last started background process
Examples
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Some system and dynamic variables

SHOME Path of the home directory of the current user

SLOGNAME  Login name of the current user

SPWD Current path

SOLDPWD Previous current path

$? Exit code of the last command (0 means successfull)

St PID of the last started background process
Examples
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Some system and dynamic variables

SHOME Path of the home directory of the current user

SLOGNAME  Login name of the current user

SPWD Current path

SOLDPWD Previous current path

$? Exit code of the last command (0 means successfull)

St PID of the last started background process
Examples
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SOME NICE FEATURES TO IMPROVE PRODUCTIVITY
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Command history

>

vVvyVvyYvyVvyy

bash saves a history of the last used command line entries

command history shows the last executed commands (with a number)
to re-execute a command of the history list use ! <number>

re-execute the last command use ! !

to run two commands back use ! -2

to go through the history list use page-up/page-down key

search in the history list: use ctlr+r and input search string

Tab completion

>
>

tab completion works for commands, files, directories, command arguments, ...

functionality depends on distribution and system settings

]

g
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for loop
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OUTLOOK: CONTROL LOOPS ‘(Q

UK Miinste

for loop

for i in file*.
txt”.bak
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for loop

/Datals
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OUTLOOK: CONTROL LOOPS R
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for loop

while loop
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OUTLOOK: CONTROL LOOPS R
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for loop

while loop

/Datals

/Datal$ I
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