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brief history of
computers




Computer History — A Timeline

The Analytical
Engine (1837)
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Charles Babbage’s Analytical Engine & punched cards used to program
the machine.

Source: Wikipedia



Computer History — A Timeline

Ada Lovelace
The “first
programmer”




Computer History — A Timeline

George Boole:
Boolean Algebra
(1847)




Computer History — A Timeline

*

Walther Bothe:
Logic Gate (1924)




Computer History — A Timeline

Vannevar Bush:
partly electronic
Differential
Analyzer (1930)

“



Computer History — A Timeline

Kurt Godel:
Founder of

Computer Science
(1931)




Computer History — A Timeline

Alan Turing: Also
Founder of
Computer Science
(1937)




Computer History — A Timeline

. Atanasoff—Berry computer replica at 5 the ABC (Atanasoff-

Durham Center, lowa State University Berry Computer)

i prototype (1939)

E Source: Wikipedia



Computer History — A Timeline

ENIAC (1945)

ENIAC panels and one of its three function
tables, University of Pennsylvania

E Source: Wikipedia



Computer History — A Timeline
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First Report of a
computer bug
(1947)




Computer History — A Timeline

The Transistor
(1925 & 1947)




Computer History — A Timeline

First transistor
computer (1953)




Computer History — A Timeline

Jack Kilby &
Robert Noyce:
chip




Computer History — A Timeline

Xerox Alto (1973)




Computer History — A Timeline

Windows 1.0 OS
(1985)




Computer History — A Timeline

GNU (1983)
Linux (1991)




Linux, the
basics




Linux OS

e What is an OS?

» Connects various pieces of hardware comprising the
computer

» Allocates resources
» Allows other programs to run on it
(Almost all software runs on top of the OS)

HARDWARE

KERNEL

SHELL

APPLICATIONS




Linux or GNU/Linux?

Linus Torvalds Richard Stalilman Bill Gates
Linux Kernel GNU utilities (e.g. as
(a UNIX clone) cp, my, Is, date,
bash etc)

In trying to understand the Linux phenomenon, then, we have to look not at a single
innovator but to a sort of bizarre Trinity : Linus Torvalds, Richard Stallman, and Bill
Gates. Take away any of these three and Linux would not exist.

Neal Stephenson



Linux Market Share

Other: 4.01 %

Windows 8: 1.24 %

Linux: 3.04 % /\

Mac OS X 10.12: 3.84 %/\\\
Windows XP: 5.69 % /\ \

Windows 8.1: 5.89 %

Desktop OS Market Share

— Windows 7: 47.21 %

netmarketshare.com

Windows 10: 29.09 % / September, 2017

Top 1M Server OS Market Share
Web Server Market Share ™
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W3Cook, May 2015
securityspace.com, Jan 2017



— compatible Hardware

LINnuxX

. uga _/

_~_

v

e _i. ..__ .

~

./ /*.

w

N .. b\
R ,../
I\




Why Linux in Bioinformatics

* Free

* Large Community

* Powerful command line (shells)

* |deal for remote connections

* Multiuser

* Modular & scalable

* Much more user friendly than before



Why Linux in Bioinformatics

Ve rsatl I |ty Linux Distibution Timeline,
wikipedia
* Huge number of distributions -

3 (0] (9] [
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ubuntu debian W rednat

e Large number of Desktop Environments

K11 4 L
€ [ =

GNOME- CINNAMON

e Lots of software
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Linux, Tew
more technical
details




Linux Architecture - Kernel

Linux kernel map

functions : human
system -
layers o Yy “g”rocessing e memory ! storage M:networkmg ntartaca
system interfaces processes memory access files & directories sockets access HI char devices
linux/syscalls.h systern files - access
user space it e T sy e e

interfaces ch - o

w7 ¢ 13 500 developers from >1,300 S
Bovis companies have contributed to the ':'"f\
' Linux kernel last 10 yrs &

R average number of changes

accepted per hour: 7.8

~ *>80% of kernel development is

- done by developers being paid for

4 |\ their work.

virtual

inet_stream_ops

Linux Development Report 20186, d
The Linux Foundation

memory disk controllers network controllers user peripherals
2 it AR S 3 e keyboard am



The Linux Kernel

Total Lines of Code in the Linux Kernel Linux Kernel linecount (mid-2015)
=00
22,000,000
20,000,000 / Item Lines %
18000000 / fusr 845 0042
o / ./init 5,739 0283
16,000,000 ./samples 8,758 0432
o / Jipe 8,926 0440
14,000,000 ./virt 10,701 0527
’ ./block 37,845 1865
12.000.000 / ./security 74,844 3688
o / ./crypto 90,327 4451
./scripts 91,474 4507
10,000,000 ./1ib 109,466

./firmware 129,084

/ ./tools 232,123

6,000,000 . /kernel 246,369
/ ./Documentation 569,944

4,000,000 ./include 715,349
/ ./sound 886,892

2,000,000 ./net 899,167
: / ./fs 1,179,220

Vi b B WNERPODODODOO OO O OO ®
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w
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8107
./arch 3,398,176 16.7449
./drivers 11,488,536 56.6110

1991 1995 2000 2005 2010 2015

The Linux Foundation, August 2016 wikipedia



Linux Architecture - Shell

Ongn :> pavlos@mypc:~$ 1s :>

2000
i pavlos@mypc:~$ 1s
ﬂn ~ n Documents Music
- <: Public

myfile.txt
Downloads Pictures




Linux Directory Structure

bin JEEE?[ ] [dev ] [L:l'r.‘ ][humc ] (llb ] 'mudia l(ﬂ)}ﬂ) [pmr: ) [ruut ] [sbin )(sn- ] [:.-:,rs-. ] __

vimhinuz [kdu- ) [gnmnrj

Id.s0

/hda / [sda [ [ 50 f
) (tinux ) (wx ) (x11r6 ) (bin ) (etc) (iib ) (local ) (sbin ) (share )

test.c

Tmin

xdm xlerm XV

Source:
https://www.suse.com/documentation/sles10/book_sle_reference/data/sec_bash.html



Linux Directory Structure

root

Every single file and directory starts from
the root directory.

Only root user has write privilege under
this directory.

Please note that /root is root user’s home
directory, which is not same as /.

A i

Source: http://dev-random.net/linux-directory-structure-explained/



Linux Directory Structure

User Binaries

=

System Binaries

=

Configuration Files

Ve

Device Files

=

Process Information

L=

/bin User Binaries

® binary executables.

e Common commands for single-user modes
e Commands used by all users of the system
e example: ps, Is, ping, grep, cp.

Variable Files

=

Temporary Files

=

User Programs
L

Home Directories

=

Boot Loader Files

=

/sbin System Binaries

® also contains binary executables.

e commands typically used by system
administrator, for system maintenance

e example: iptables, reboot, fdisk, ifconfig

System Libraries

=

Optional add-on Apps

Va

Mount Directory

=

Removable Devices

==

R S

Service Data

=

/etc Configuration Files

e configuration files required by all programs.
e startup and shutdown shell scripts used to
start/stop individual programs.




Linux Directory Structure

User Binaries

=

System Binaries

=

Configuration Files

Ve

Device Files

=

/dev Device Files
e device files.

e terminal devices, usb, or any device attached
to the system.

Process Information

L=

Variable Files

=

Temporary Files

=

User Programs
L

Home Directories

=

/proc Process Information

e information about running system processes.

® pseudo filesystem.

e example: /proc/{pid} contains information
about the process with that particular pid.

Boot Loader Files

=

System Libraries

=

Optional add-on Apps

Va

Mount Directory

=

Removable Devices

==

R S

Service Data

=

/var Variable Files

e variable files - files that are expected to grow
e example: system log files (/var/log)
packages and database files (/var/lib)
emails (/var/mail)
(/var/spool)
temp files for reboots (/var/tmp)




Linux Directory Structure

R S

User Binaries

System Binaries

=

Configuration Files

=

/tmp Temporary Files

e temporary files created by system and users.
o files are deleted when system is rebooted.

Device Files

=

Process Information
=

Variable Files

Temporary Files

User Programs

Home Directories

Boot Loader Files

System Libraries

=

Optional add-on Apps

Va

Mount Directory

=

‘Removable Devices

==

/lusr User Programs

® usr binaries, libraries, documentation

® /usr/bin contains binary files for user programs.
example: awk, cc, less, scp

® /usr/sbin contains binary files for system
administrators.
example: atd, cron, sshd, useradd, userdel

e /usr/lib contains libraries for /usr/bin & /usr/sbin

e /usr/local contains users programs that you
install from source
Example: when you install apache from source, it
goes under /usr/local/apache2

Service Data




Linux Directory Structure

R S

User Binaries

System Binaries

=

Configuration Files

=

/tmp Temporary Files

e temporary files created by system and users.
o files are deleted when system is rebooted.

Device Files

=

Process Information
=

Variable Files

Temporary Files

User Programs

Home Directories

Boot Loader Files

System Libraries

=

Optional add-on Apps

Va

Mount Directory

=

‘Removable Devices

==

/lusr User Programs

® usr binaries, libraries, documentation

® /usr/bin contains binary files for user programs.
example: awk, cc, less, scp

® /usr/sbin contains binary files for system
administrators.
example: atd, cron, sshd, useradd, userdel

e /usr/lib contains libraries for /usr/bin & /usr/sbin

e /usr/local contains users programs that you
install from source
Example: when you install apache from source, it
goes under /usr/local/apache2

Service Data




Linux Directory Structure

R S

User Binaries
Ve

System Binaries

=

Configuration Files

=

/home Home Directories

e home directories for each user
e example: /home/nikolas, /home/pavlos

Device Files

=

Process Information
=

/boot — Boot Loader Files

® boot loader related files.
e Kernel files

Variable Files
Temporary Files Nlib & lib64 System Libraries

e library files to support binaries under /bin & /sbin
User Programs

Home Directories

/opt Optional add-on Applications

Boot Loader Files e Optional add-on applications
System Libraries
— | /mnt Mount Directory
Optional add-on Apps
~— | @ Temporary mount directory to mount filesystems.
Mount Directory

=

‘Removable Devices

==

Service Data

=

/media Removable Media Devices

e Temporary mount directory for removable devices.
® For examples, /media/cdrom for CD-ROM




Linux, basic
commands




Basic shell commands

* Show current directory:
pwd

* List files:
o1ls
o 1ls -1 (listfile details)
ols —1h (list file with human readable filesize)
o 1ls —a (listallfiles, including those that start with .)

* Go to directory directory _name:
cd directory _name

* Go one directory up:
cd ..

* Go to home directory:
cd ~ (orjust cd)



LiInux man pages

man pages (e.g. manual pages) are concise documentation pages

e.g..man 1s

NAME
ls - list directory
contents

SYNOPSTIS
ls [OPTION]... [FILE]...
DESCRIPTION
List information about the FILEs (the current directory by
Sort entries alphabeticallgefiduhbhe of -cftuvSUX nor -- is speci -
sort fied.

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

-a, --all
do not ignore entries starting with

-A, —-—almost-all
do not list implied . and

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




Create files & directories

* Create directory:

mkdir

* Multiple ways for files:
>newfile
touch newfilel newfilelZ
/dev/null > newfile



History

* history

displays a history of all commands
me@mypc:~S history

1300 1s -1
1301 cd /home/me/data/

typing:
! number of command

me@dmypc:~$ 1300

repeats the command



Some shortcuts

e Ctrl + L

Clears the screen. Alternatively, one can use the
clear command

me@mypc:~S$S clear

*Ctrl + R

Search for a previously typed command. As you type,
the first maching command is displayed. Pressing
Ctrl+R again, displays next match. Ctrl1+S again,
displays previous match



Copying, moving, deleting

* cp (copy)
cp <file_to be_ copied> <target_directory>

* mv (move file - also rename)
mv <file_to _be moved> <target _directory>

mv <file_to_be renamed> <new_name>

e rm (delete file), rmdir (delete directory)



Creating custom commands

* alias <custom;name>='<command>'

eg:
alias 11="'1ls -1"



pico, nano, vi, vim, ed, emacs

nano or nano <filename>

help:
save:

exit:

"G
"0
~X

nano? REAL HEY. REAL WELL, REAL NO, REAL | |REAL PROGRAMMERS EXCUSE ME, BUT
PROGRAMMERS PROGRAMMERS | | PROGRAMMERS | | PROGRAMMERS | | USE A MAGNETIZED REAL PROGRAMMERS
USE emocs USE vim. VSE ed. USE cot. NEEDLE AND A USE BUTTERFLIES.
\ J | | ETEHDT HAND.
THE DISTURBANCE RIPPLES  WHICH AT AS LENSES THAT NICE,
THEY OPEN THEIR OUTWARD, CHANGING THE FLOW  DEFLECT INCOMING COSMIC COURSE, THERE'S AN EMACS
HANDS ANDLET T | OF THE EDDY CURRENTS  RAYS, FOCUSING TEM TO0 | comMAND TO DO THAT
DELICATE WINGS FLAPONCE.|  |N THE UPPER ATMOSPHERE.  STRIKE THE DRIVE PLATTER .

sk

THESE CPUEE HOT\'EMHR‘( F‘DG(ETS

OF HIGHER-PRESSURE AIRTD FORM,

AND FLIP THE DESIRED BIT.

OH YEAH! GOOD (L
Cx It c M-butterfly.

Wﬁf

CAMT, EMACS.

https://xkcd.com/378/




Adding commands in .bashrc

nano ~/.bashrc

. At the end of file, add line:

alias 11="'1ls -1\

. Save and exit

. Force changes to take effect now (instead of next
time shell opens)
source ~/.bashrc



Reading files

e more OR cat OR less (show file contents)

* head & tail: view first lines or last lines of a file



Installing stuftf

* apt—get update

downloads the package lists from the repositories

e apt—-get install <package name>
downloads and installs package package name
e.g.:

apt—-get install sl

apt-get 1nstall fortune cowsay

* apt—-get remove <package name>
apt—-get purge <package name>

removes package and purges configuration files



Redirection: piping

e Connects Standard Input of one command with the
Standard Output of another command

commandl | command? | command?3




Redirection: piping

*]ls -1 | more

e fortune | cowsay



Redirection: piping

» Show directory contents omitting the first line (i.e.
starting from the second line)

ls =1 | tail —-n +2

* Show 2 lines from directory contents after omitting the
first line (i.e. show lines 2 & 3)

ls -1 | tail —n +2 | head —n 2



Redirection: >

* echo hall > myfile.txt

e cat > myfile.txt
linel
line?

line3
CTRL+D

*ls -1 | tail —n +2 | head —n 2 > myfile.txt

* Appending (adding at the end of file instead of replacing):

use >> instead of >



tail —f

e tail —f in action
1. ping www.google.com > mytestfile.txt &

2. tail —f mytestfile.txt

3. CTRL+Ctostop tail

 How do we stop (kill) the running command?
1. ps aux | grep ping or
pPs —u <username>
2. Note the PID of the command
3. ki1ll -9 <PID>



