Operacné systemy
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Von Neumannova architektira

 John von Neumann - First Draft of a Report on the EDVAC
» Dizajn elektronického digitalneho (binarny) programovatelného pocitaca
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Zakladny hardvér pocitaca
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Ulohy

» Definicia : ,,Zakladné programové vybavenie pocitaca“

Pohlady:

1. Top-down: jednotné a zjednodusené rozhranie — virtualny stroj
2. Bottom-up: prerozdelenie a spravovanie hardvérovych zdrojov
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Historia — davkoveé spracovanie

 Nahradza ¢loveka manualne spustajiceho programy
- Davkoveé spracovanie uloh salovymi pocitacmi (mainframe)

1955 - GM-NAA I/0 (General Motors, IBM704)

1960 — IBM 7090/9¢4 IBSYS — dierne Stitky
1966 — 0S/360 (System/360)
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Historia — zdielanie casu

Interaktivne zadavanie aloh cez terminaly

,,BYy time sharing, a big computer could be used as several small ones“

1961 - CTSS (Compatible Time-Sharing System)

- Fernando J. Corbaté, MIT (IBM 7090)

- John Backus

1969 — Multics (Multiplexed Information and Computing Service)
- MIT, GE, AT&T Bell Labs
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Historia = UNIX

* 1969 (1973) — AT&T Bell Labs — skrinové pocitace DEC PDP-7,11
« ,Ithink the major good idea in Unix was its clean and simple interface:
open, close, read, and write.“ - Ken Thomson
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Historia - I\/||L<ropOC|tace

« CP/M - 1974, Intel 8080 a Zilog Z80

« DOS (Disk Operating System) — 1980
 Basic Input/Output System (BIOS)
 Basic Disk Operating System (BDOS)
« Console Command Processor (CCP)

Current date is Tue 1-81-1980

Enter new date:
Current time is 21:35:24.18

Enter new time:

The IBM Personal Computer DOS
Uersion 2.00 (C)Copyright IBM Corp 1981, 1982, 1983

fxdir

Uolume in drive A has no label
Directory of A:\

COMMAND COM 17664 12:00p
COoM 6016 12:00p

CoM 6400 12:00p

COM 1408 12:00p

coM 11904 12:00p

32 7:44p

6 File(s) 292864 bytes free




Dnesné operacné systemy
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GUI = Grafické pouZivatelské prostredie

Jednoduché ovladanie cez interaktivne obrazové prvky
Dolezité pre pouzitelnost: ergonomia, dizajn, psychologia
1963 - Ivan Sutherland: sketchpad so svetelnym perom
1970 - Douglas Engelbart, Xerox PARC : okna, tlacidla, mys
1983 - Popularizacia s Apple Llsa a Macmtosh




CLI = Rozhranie cez prikazovy riadok

 Textové rozhranie — preklad prikazov ako akcie pre systém

COMMAND FILESPEC SWITCHES

/home/miroslav C:\work>dir e:\photo\*.jpg/os/s/p
$ mkdir priecinok S —

. . PROMPT COMMAMD LINE
$ cd priecinok

$ echo "Text zapisem do suboru" > zaznam.txt

$ 1s -la

celkom 12

drwxr-xr-x 2 miroslav miroslav 4096 jun 20 16:16 .
drwxr-xr-x 91 miroslav miroslav 4096 jun 20 16:19 ..
-rw-r--r-- 1 miroslav miroslav 23 jun 20 16:16 zaznam.txt
$ makewords sentence | lowercase | sort | unique | mismatch
$ grep -rnw '../Programy/Python/SEN' -e 'def'
/home/miroslav/Programy/Python/SEN/sachovnica.py:4:def rgb():
/home/miroslav/Programy/Python/SEN/strom.py:6:def strom(x, y, r, h, w):
$ mv zaznam.txt pokus.txt

$ rm pokus.txt

$ _




Kedy bezi OS?

Prerusenie (IRQ)
- Softvérové (syscall) — aplikacia potrebuje OS sluzbu
 Hardvérové — elektricky signal od periférie pre procesor
Analdgia: citanie knihy - - zvoncek dveri

Figure 2: Interrupt Processing Flow

Process the interrupt
’ Interrupt-Processing Program

Interrupt

Program is executing. ..

Running Program Pause

Save program slate ] Restore program slate ]

So program can resume at
right place, with same information |—




Procesy

 Program pocas vykonavania
vratane dat a stavu (kontext):

1. Adresny priestor (obr.)

2. Registre (pc, sp, iny hardvér)

3. Systémové zdroje (subory,
signaly, metadata, prava)

1 GB —

3 GB -

b

Dynamic memery allocation through malloc/new free/delete
(grows towards higher memory addresses)

Text
Binary image of the process (e.g. /bin/1s)

OxFFFFFEEE

0xC0000000

0x0B048000

0=00000000

/include/linux/sched.h (struct task_struct)



Sprava procesovV (windows

17 Sprévca dloh = o X {5 Spravca dich = O X
Stbor  MoZnosti  Zebrazit Sibor  MoZnosti  Zobrazit
Procesy Vykon Historia aplikicii Spustenie PouZivatelia Podrobnosti  Sluzby Procesy VWykon Historia aplikacii Spustenie Pouzivatelia Pedrobnosti | Sjuzby
o 37% 78% 29% 6% Nazow z |dentifikator PID Stav Meno pouzivat Proc.. Pamit (si.. Popis
Nazav | Stav | Prcce:cr_ | Pamat Disk | Siet | & chrome.exe 3882 Spusteny 9 00 6832 K Google Chrome
likacie (5) # |8 csrss.exe 372 Spusteny SYSTEM 00 384K Client Server Runtime
Aplikacie () [ csrss.exe 4024 Spusteny SYSTEM 00 656 K Client Server Runtime

& Google Chrome (13) 27.0% 280,1MB  12,5MB/s 0 Mb/s A ctfmon.exe 1888 Spusteny 9 00 2588 K CTF Loader
e [55] dllhost.exe 5272 Spusteny 9 00 1776 K COM Surrogate
7] Kalkulacka (2) il L [ dwm.exe 5140 Spusteny DWM-6 02 30384K  Desktop Window Man
@ Microsoft Word 0,9% 47.6 MB 0 MB/fs 0 Mhb/fs 1 explorer.exe 3864 Spusteny 9 "M 30783 K Prieskumnik
[#5)fontdrvhost.exe N2 Spusteny UMFD-0 00 DK Usermode Font Driver
P FreFiitanlk 0 e e i e [/ fontdrvhost.exe 488 Spusteny UMFD-6 00 1212K  Usermode Font Driver
J Spravca dloh 195 12,9 MB 0MB/s 0 Mb/s {9 GoogleCrashHandler... 5112 Spusteny SYSTEM 00 176K Google Crash Handler
'bGoogleCrashHandler... 5104 Spusteny SYSTEM 00 DK Google Crash Handler
Proces}; na pozadf {24) [85] Isass.exe 716 Spusteny SYSTEM 00 3520K Local Security Authoril
EEMSASCuiL.exe 280 Spusteny 9 00 508K Windows Defender no
FELe L e iabic GG L [ MsMpEng.exe 204 Spusteny SYSTEM o §9544K Antimalware Service B
Application Frame Host 0% 5.1 MB 0 MB/s 0 Mb/s [ NisSrv.exe 3624 Spusteny NETWORK 5ER... 00 1232 K Microsoft Metwork Re:
[5] OfficeHubTaskHost. 7160 Odstaveny 9 00 336K Office Hub Task Host
I COM Surmgate e AL UALEE AL & OneDrive.exe 2820 Spusteny 9 00 1764 K Microsoft OneDrive
CTF Loader 0% 2,5 MB 0 MB/s 0 Mb/s | Preruzenia systému - Spusteny SYSTEM o 0K OdloZené volania proc
. | Procesy systémovej ... 0 Spusteny SYSTEM 58 8K Percento casu, kedy je
5 Boogie Crach Hardlet b i Dl el Registry i Spusteny SYSTERM () 300K NT Kernel & System
1Ly Google Crash Handler (32-bit.) 0% 0,2 MB 0 MB/s 0 Mb/s o) Tn”"":"""“"" Eis i = £ P S

Menej podrobnosti |Ukonéit dlohu| [ Menej podrobnasti Ukencit dlohu



Sprava procesov (linux- htop
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Planovanie behu procesov

- Uloha planovaca: efektivne vyuZit vypoctové zdroje a byt fér

« Typy systémov:
1. Davkové (Batch)
2. Interaktivne
3. Real Time

Keady queue

Running

QOO

4>®—» Completed

Waiting — Ready

pregmpted

OYOXOXO,

Wailing queues

Block on /O



/mena kontextu

« UlozZenie stavu beziaceho procesu a obnovenie iného efektivne
« Iniciacia: prerusSenie

One program counter

. Four ram counters
A Process prﬁg e

- switch B A e
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_Nf D Tima -

(a) (b) (C)

Pohlad OS Pohlad aplikacie Programy nebeZia naraz



Sprava pamati - Strankovanie

 Adresovatelost = dostupna pamat (32-bit = 2A32 B)
- Stranka (4 kB) = najmensia jednotka pre spravu pamati
 Proces ma zoznam pridelenych stranok - fragmentacia

168K used 45KE free

E

18KE used 18KE used 32EB free
—_—
2 first alloc second alloc
16KE used 16KE used 16KE used 16KE free
A e
3 : first alloc second alloc I I
16KE used 168KE free 168EE used 16KE free

e - e,

I
E}




Virtualny adresny priestor

« Memory Mangement Unit = Virtualna adresa - > Fyzicka adresa
- Po zmene kontextu: Page fault -> Page tables -> TLB

Fragmentovana fyzicka pamat je virualne savisla
— oddelenie adries procesov

Ochrana

Copy-on-write

Swap

— zdielanie fyzickych stranok
— nepouzivané stranky na disk

th'_m"SiC-Ell Memﬂr;-.:"

B8
B1x
B2 x
B3x
B4 x
B5x
B6x

B7x|:

Process A

[Page Table]

[ Virtual Memory |

B0 |00
01lx |02
02x (01
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O5x (07
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HELL
0 WO

RLD:!
B
b ST
;- )

1 ercess B
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O1x (85 B1x LOT
02x |06 82x |5 0 F
03x |04 83x F UN
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Vonkajsie pamatoveé zariadenia

Magnetické Optické Flash




/

izacia papierov

Organ

1. Kartotéka
(File Cabinet)

2. Obal na spisy
(File Folder)

dny spis

3. Ura
(File)




Organizacia bytov na disku

* Fyzicka:
1. Cylinder-Head-Sector (geometria disku)
2. Logical Block Adressing (linearne)
« Virtalna
1. Partition table (tabul'ka diskovych oddielov — MBR, GPT)
2. Saborovy systém (formdt - FAT, NTFS, ext4, HFS+, ...)

Track/
Cylinder

Sector

Heads

8 Heads,
4 Platters




File Allocation Table

00000050
00004000
00004010
00004020
00004020
*

003cb840
003cb850
003cb860
003cb870

*

003cd810
003cd820
003cd830

20 20 46 41 54 33 32 20
ff ff ff of ff ff ff of
05 00 00 00 06 00 00 00

of 1a 00 00

f7

49
d7
53
d7

49
be
6d
74

ff

4e
4c
95
4c

be
719
20
68

ff

46
d7
42
d7

66
20
74
65

af 20 20
4c 00 00
44 49 52
4c 00 00

6f 72 6d
65 6e 74
68 61 74
20 61 6e

20
3cC
20
61

61
69
20
73

00

20
80
20
80

74
74
70
17

20 20 0e 1f

ff
00
ff

54
d7
20
d7

69
79
712
65

ff
00
ff

58
4c
20
4c

6f
20
6f
712

ff of
00 00
ff of

iilll

20 10
03 00

be
6f
76
20

20
12
69
74

be 77 7c ac
04 00 00 00

00

00
18
00
00

69
20
64
6f

00

64
01
64
00

73
66
65
20

00

3cC
00
61
00

20
6f
73
61

00

80
00
80
00

61
712
20
20

| FAT32 WL
| |
| |
| |
| |
| INFO TXT .d<.|
|.L.L..<..L...... |
| SUBDIR .da. |
|.L.L..a..L...... |

| Information is a|
|ny entity or for|
Im that provides |
| the answer to a |




Stromova hierarchia

- Stborovy systém

s : « Navigacia: cesty
 Adresare (Directory, Folders) ; J
- Stibory (Files) absolutne /Epika/Verne/Ostrov.mp3

) : - relativne Verne/Ostrov.mp3, ./, ../
Odkazy (Links) (Win - C:\Lyrika\Marina.txt)

Koren

Knihy. txt Lyqika Epﬁka Drama

Marina.txt Hﬁr—Hu.trtyerne May

Ostrov.mp3 Mesiac.avi



Vlastnosti sUboru (metadata

- Operacie so sibormi:

Nazov — subor.txt

« Format — urceny priponou / magickym ¢islom
 Velkost — v Bytoch
« Casové znacky — vytvorenie, iprava

DD;DV alFIDZdiEI'at' Zobrazit’ )

[' i | | Velmi velké ikony

=iz Stredne velké ikon, Malé ikony - ﬂ_i]'
Navigaéna 8  mge - T g | | Zoradit
tabla - [ &E zomam ' podia~ fm
Tably RozloZenie Aktualne zob...
&« i s Tento poéitaé > Dokumenty > Clanok
Nazov Datum
3+ Rychly pristup
Rozhovo
B Pracovna plocha e o
" \m| kniha.pdf
Stiahnuté sibo ) :
: 2 &] kvet.jpg
=] Dokumenty \=] pocitace.bdt

=| Obrazky
Skolské prace
Clanok
Kvarta

¢@ OneDrive

3 Tento poéitad

& Siet’

Polozky: &

| Velké ikony I :'

@] skladba.mp3
M text-clanku.doc

<

Vybrata polozka: 1, 6,50 kB

[[] zatiarkavacie politka poloZiek I'—"
| G ;l
Skryt vybraté  MoZnosti
polozky =

Pripony nazvov siborov
[ Skryté polozky

Zobrazit alebo skryt’

v O Prehladavat: Clanok 2

Typ Velkost

Priecinok suborov
Stbor PDF
Sdbor JPG
Textovy dokument

Sdbor MP3

Dokument Microsoft Wordu 97 - 200

VEeobecne  Zabezpedenie Podrobnosti

=

Typ stiboru:

Ctvorit v
programe:

Umiestnenie:

Welkost:
Welkost'na
disku:
Wytvareny:
Upraveny:

Otvoreny:

Aributy:

Predchadzajlice verzie

|poc'rtace.txt

Textovy dokument {bxt)

mj Poznamkovy blok Zmenit...

C:\lJsers\9\Documents\Clanok
6,50 kB (6 664 bajtov)
.00 kB {8 152 bajtov)

Dnes, 25. juna 2018, Pred & min.
Dneg. 25. juna 2018, Pred 5 min.
Dnes, 25. jana 2018, Pred & min.

[lbana gitanie [ Sknyty Spresnit’...

OK

Vytvor — Vymaz

Otvor - Zatvor

Prava pristupu (rwx)— Uzivatel, Skupina, Ostatni

pocitace.tet — viastnosti

VSeobecné Zabezpedenie  Podrobnosti

Citaj - Zapis

Predchadzajice verzie

Nazov objektu: C:\Users\3'Documents'\Clanok \pocitace txt

Nazvy skupin alebo mena pouZivatelov:

et

_ASYSTEM

a 3 (DESKTOP-6DII73QNT)

2 Administrators (DESKTOP-6091780" Administrators)

Ak cheete zmenit’ povolenia, kliknite na tladidlo |

Povolenia pre: SYSTEM

Upravit'...

Povolt®  Odmietnut

Uplny pristup
Upravy

Citanie a vylonanie
Citat:

Zapisovat'
Specidine povolenia

Ak cheete zobrazit’ Specidlne povolenia alebo

rozgireng nastavenie, kliknite na tladidlo
Spresnit’.

Spresnit’




Ovladace periférnych zariadeni

Universal Serial Bus (USB) HDMI (High-Definition Multimedia Interface) Audio mini-jacks
USB 1.1- 12 MB/s [ &=
USB 2.0 - 480 MB/s
USB 3.0-5 GB/s

DVI1 (Digital Video Interface) @ O @

_1 LISEA | DV | -
=" ] & 4 : —
. Printers/ Scanners
r._-n MinicA ] Micro-DVI1
e Newer
—— technology
r'mﬁ Micro B
Newer technology Older technology
S Bl o o S-Video (for video in/ out)
Serial Port P5/2 Port . .
. VGA Port (Video Graphics Array)

Parallel Port Games Port

CCEED ) (&)




Human

Brain senses

S SIA

Actuators

,@;;

S

Hardware

Peripheral hardware

TFT-Display
60/95Hz

1920x 10805 60Hz £ 16,6ms / frame
Pixel response time: 4-20ms
Sample-and-Hold, problematic
VR-TFT-Display
1280=800@95Hz £ 10,5ms | frame
Pixel persistence = Ims
p—

= e
. Mouse

Gamepad
Accelerometers, Tilt-sensors, et al.

Speaker/Headphone
3D Positional Audio, etc

Gamepad
ForceFeedback et al.

RTOS = latency

i Joystick

Microphone

Integrated circuits

Graphics accelerator
1020 %1080 @60fps
60fps £ 16,6ms between 2 frames

1280x800E95fps for VR
95fps £ 10,5ms between 2 frames

Desktop computer
or
Mobile computer
or
Video game console

<

INPUT

Software

User space

Kernel space

Latency?
Latency?

Video subsystem
{GEM/TTM) DRM

KMS

user space

Audio subsystem . ©
device drivers

ALSA

Gesture recognition

Speech recognition
evdev

Input subsystem

Linux kernel Middleware Game



Sucasti jadra OS (Linux)

~( Linux kernel SCI (System Call Interface) b
Memory Process
1/0 subsystem management management
subsystem subsystem
4 Linux kernel N e N
Virtual File System Virtual Signal
Terminals Sockets File systems memory handling
Netfilter / Nftables Generic
o) )
o = Network block layer Paging process/thread
c o age '
e, protocols Pay crealtlon.&
v Linux kernel replacement termination
© Linux kernel /O Scheduler
Packet Scheduler
Character Network Block Page Lﬁ”r”;é‘zr;:'
device device device cache
: ) : Scheduler
drivers drivers drivers
= — L y,

https://github.com/torvalds/linux
https://elixir.bootlin.com/linux/latest/source


https://github.com/torvalds/linux
https://elixir.bootlin.com/linux/latest/source

Bootovanie (x86)

Low Memory (Real mode)

A OXFFFFF
System BIOS OxF 8000
©-3-E3-
BIOS Shadow Area
OxC8000
Video ROM BIOS
0xCo000
1) CPU (RESEt VECtOI') cotor Yideo Memory 0xB8000
b Monochrome Video Memor
« EIP register: 0xFFFF FFFF (ROM) " oxe0000
Video RAM (VRAM
2) BIOS / UEFI o 0xAQ000
« POST (Power On Self Test) — e
Detekcia a nastavenie hardvéru
’ , o RAM
3) Bootovaci sektor (0xAA55) skopiruje
na 0x7C00 avykona kod
/) Bootloader (GRUB) zavedie OS na Mo oatoader 0x07C00
Ox100000
256 B BIOS data area 0x00400
"1@24 B Interrupt Vector Table
0x00000




Bootovanie (OS - Linux)

« Nacitanie harvérovych nastaveni od BIOSu

« X86: Real mode (16b) -> Protected mode (32b) -> Long Mode (64b)
 Nastavenie OS (Prerusenia, Planovac¢, MMU, SMP)

« Vytvorenie procesu: init (PID 1)

£3-03- -8

!

login shell X 0 userlogin <::I[ }




Dakujem za pozornost

,computer programs are the most intricate, delicately balanced and
finely interwoven of all the products of human industry to date.“
- James Gleick



/droje

+ Andrew S. Tanenbaum - Operating Systems Design and Implementation, Third Edition (ISBN 978-0-13-142938-3)

» https://www.quora.com/What-is-a-batch-operating-system-time-sharing-operating-system-distributed -operating-system-network-operating-s
ystem-and-an-embedded-system

http://www.computersciencelab.com/ComputerHistory/HistoryPt4.htm
http://www.computerhistory.org/revolution/punched-cards/2

https://publi.cz/books/11/05.html

https://wiki.osdev.org/Memory_ management

https://www.tutorialdocs.com/article/how-linux-start-up.html

Obrazky:

https://www.computerscience.gcse.guru/theory/von-neumann-architecture

By W Nowicki - https://commons.wikimedia.org/w/index.php?curid=15258936
https://qz.com/461040/how-to-design-an-enduring-logo-lessons-from-ibm-and-paul-rand/
http://es.internereaa.wikia.com/wiki/El__correo__electr%C3%B3nico

https://phrasee.co/a-brief-history-of-email/

http://bansalwiki.blogspot.com/2013/01/time-sharing-operating-system.html

By Peter Hamer - Uploaded by Magnus Manske, CC BY-SA 2.0, https://commons.wikimedia.org/w/index.php?curid=24512134

By Jason Scott - Flickr: IMG_ 9976, CC BY 2.0, https://commons.wikimedia.org/w/index.php?curid=29457452

By Guillem, Wereon, Hotmocha (copied from old version's history)Christoph S. (redrew the image with Inkscape) - Original image: Image:Unix.png,
Public Domain, https://commons.wikimedia.org/w/index.php?curid=1667764

http://www.internetlooks.com/altair8800.jpg
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