PB153 :
OPERACNi SYSTEMY
A JEJICH ROZHRANI

“ Struktura a rozhrani OS




KOMPONENTY OS

® Sprava procesu

® Sprava operacni pameti

® Sprava souboru

® Sprava /O zarizeni

® Sprava sekundarnich pameéti
® Sprava sitovych sluzeb

® Ochranny systém

® Interpret prikazu (shell)
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I
SPRAVA PROCESU

® Proces (aktivni entita) je spusteny program (pasivni
entita)
e jeden program muze byt zaroven spustén fadou
uzivatelu

e proces je jednotkou prace systému
procesy jadra OS
uzivatelské procesy

® Proces pro svou cinnost potrebuje zdroje
e procesor, pamet, soubory
e zdroje se alokuji pri spusteni nebo pri behu
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SPRAVA PROCESU (2)

® Typickée aktivity OS v oblasti spravy procesu

e vytvareni a ukonCovani uzivatelskych a systémovych
procesu

e potlaCovani (suspending) a obnovovani (resuming)
procesu

e mechanismy pro synchronizaci procesu
e mechanismy pro komunikaci mezi procesy
e mechanismy pro detekci a reSeni uvaznuti (deadlock)
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SPRAVA OPERACNI PAMETI

® Pri spusteni procesu musime program
nahrat do pameti

® Pozdéji muze proces vyzadovat dodatecnou
pamét pro data a tuto pameét OS vracet

® Jakmile proces konci, musi OS veskerou pamét
uzivanou procesem opet uvolnit
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SPRAVA OPERACNI PAMETI

® Typické aktivity OS v oblasti spravy pametsi

e znalost, ktera Cast pameéti je vyuzivana a kym (kterym
procesem)

e pridelovani (alokace) a uvolnovani (dealokace) paméti
podle pozadavku procesu

e rozhodovani o tom, ktery proces kdy zavest do paméti
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I
SPRAVA SOUBORU

® Soubor
e kolekce souvisejicich informaci definovana svym
tvarcem

e muze mit strukturu, ale nemusi
e z hlediska OS typicky jen posloupnost bajtu

® |/O zarizeni na kterych jsou soubory ulozeny mohou
byt nejruznéjsSiho typu
e magnetickeé disky, opticke disky, magnetické pasky
e OS zavadi abstraktni koncept souboru
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SPRAVA SOUBORU (2)

® Typicke aktivity OS v oblasti spravy souboru

vytvareni a ruseni souboru
vytvareni a ruSeni adresaru (slozek)

zakladni operace pro manipulaci se soubory a adresari
(napf. Cteni ze souboru, zapis do souboru, seznam
souboru v adresairi)

zalohovani
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SPRAVA /0 ZARIZENI

® Snaha o skryti specifik jednotlivych 1/O zarizeni
e co nejjednotnéjsi pristup k jednotlivych 1/O zarizenim
e mnoho OS zpristupnuje I/O zarizeni pres specialni
soubory
/dev/sda, /dev/lp0 v UNIXu
\W\PHYSICALDRIVEZ2, CONIN$ ve Win32

® Ovladace jednotlivych HW komponent

® Rizeni bufferd, kedovani, spooling
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I
SPRAVA SEKUNDARNI PAMETI

® Typicke sekundarni pameti jsou disky

® Sprava sekundarnich pameti obvykle formou
souboru — souboroveho systému

® Typické aktivity OS
e sprava volného mista
e pridelovani mista
e planovani Cinnosti disku (které pozadavky kdy vyfridit)
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SPRAVA SITOVYCH SLUZEB

® Komunikace je rizena protokolem
e protokol je nekolikastranny algoritmus pro dosazeni
urcitého cile
® Snaha o transparentnost

e sitové souborové systémy (SMB, NFS, ...)
e API podobné jako pfistup k souborum
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OCHRANNY SYSTEM

® \ multitaskingovem a multiuzivatelskem OS musime
jednotlive procesy navzajem chranit

® Ochrana je mechanismus, ktery fidi pristup
programu, procesu a uzivatelu ke zdrojum
pocCitacoveho systemu
e HW za pomoci OS zajistuje, Ze proces muze pouzivat
pouze adresy sveho adresoveho prostoru

e Casovac brani jednomu procesu v ziskani plneho
pristupu k CPU

e rezim CPU brani uzivatelskym procesum spoustét
privilegovane instrukce

® Ochranny mechanismus rozlisuje autorizovane a
neautorizovane pouziti prostredku
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INTERPRET PRIKAZU

® [nterpret prikazu, neboli command-line interpreter
(command line interface - CLI), neboli shell

e Ukolem je ziskavat prikazy od uzivatele a provadét je

® Za tento interpret pfikazu muzeme povazovat i
moderni GUI

® Neékdy je interpret pfikazu primo soucast jadra
operacniho systemu, nekdy je to jen specialni
program
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INTERNI SLUZBY OS

® Zabezpecluji efektivni provoz samotného OS

® Alokace zdroju
e planovaci algoritmy pro pridélovani CPU
e pridelovani pristupu k tiskarnam apod.
® Udtovani
e mame prehled o tom, kteri uzivatele kdy vyuzily které
zdroje

® Ochrana
e autentizace, rizeni pristupu
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Functions by Category ~msdn

WI N DOWS The following is a list of the categories of functions in the Windaows application

programming interface (APT). For a list of functions in alphabetical order, see Functions
in Alphabetical Order, Far a list of functions by release, see Functions by Release,

= Application Recovery and Restart

® \Vindows API . Backup

rozdeluje funkce i

W4 = Color
100 kategorii

= Common Dialog Box
= Common Log File System
= Communication

» Consale
= Coordinate Space and Transformation
= Cursaor

= Debug Help Library

= Debugging

= Device Context

= Device Management

= Dialog Box

= Directory Management

= Disk Management

= Dynamic Data Exchange

= Dynamic Data Exchange Management
= Dynamic-Link Library

= Edit Contral

= Error Handling

= Event Logging

= File Management

= Filled Shape
Font and Text

PB 153 OPERACNIi SYSTEMY A JEJICH ROZHRANI Handle and Object




I
SYSTEMOVA VOLANI

® Systémova volani tvofi rozhrani mezi
uzivatelskym procesem a OS

e typicky jsou popsana jako instrukce assembleru a jsou
uvedena v programatorském manualu k OS

e VvySSi programovaci jazyky obsahuji nektere funkce,
které odpovidaji systemovym volanim (napr. open,
write) a dale knihovni funkce, které poskytuji vyssi
funkCnost a v ramci této spousti (treba hned nekolik)
systémovych volani (napr. fopen, fwrite).
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SYSTEMOVA VOLANI

user application

open ()
user
mode | |
system call interface |
kernel Y
mode
open ()

implementaion
» ofopen )

system call

return
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R
SYSTEMOVA VOLANI (2)

® Ruzné OS a ruzné HW platformy mivaji ruzné
zpusoby jak volat sluzby OS a ruznou strukturu
techto sluzeb

® Nicmeéne existuji urcité standardy, které usnadnuji
prenositelnost programoveho kodu

e v oblasti UNIXu: POSIX (Portable Operating System
Interface)

e V oblasti Windows: Win32 (Windows API)

® Teoreticky kod, ktery bude psan podle standardu
bude prelozitelny na kompatibilnich platformach,
v praxi vsak existuje cela rada verzi standardu a
mnoho vyjimek co je a neni implementovano
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-
POSIX

® Od POSIX.1 (1988) po POSIX:2008
e |EEE Std 1003.1-2008 —
e ISO/IEC/IEEE 9945:2009 + wotpe [0
e The Open Group e
Technical Standard Base , memepyl]
Specifications, Issue 7 © wmemser

® V gasti ,System interfaces” . wite()

je popsano 1191 polozek.

1191 Interfaces
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POSIX PRIKLAD - READDIR

NAME
readdir, readdir_r - read a directory

SYNOPSIS

finclude <dirent.h>

struct dirent *readdir(DIR *dirp);
int readdir r(DIR *restrict dirp, struct dirant *rastrict antry,

struct dirent **restrict resulg);
DESCRIPTION

The type DIR, which iz defined in the <dirent h> header, represents a directory stream, which is an ordered sequence of all the directory entries in a
particular directory. Directory entries represent files; files may be removed from a directory or added to a directory asynchronously to the operation of
readdir().

The readdir() function shall return 3 pointer to a structure representing the directory entry at the current position in the directory stream specified by th
argument dirp, and position the directory stream at the next entry, It shall return 3 null pointer upon reaching the end of the directory stream. The
structure dirent defined in the <dirent.h> header describes a directory entry. The value of the structure's d_ino member shall be set to the file serial
number of the file named by the d_name member. If the d_name member names a symbolic link, the value of the d_ino member shall be set to the file
senal number of the symbaolic link itself.

The readdir() function shall not return directory entries containing empty names. If entries for dot or dot-dot exist, one entry shall be returned for dot ar
one entry shall be returned for dot-dot; otherwise, they shall not be returned.

The pointer returned by readdir() points to data which may be overwritten by another call to readdir() on the same directory stream. This data is not
overwritten by another call to readdir{) on a different directory stream.

If a file is removed from or added to the directory after the most recent call to gpendir() or rewinddir(), whether a subsequent call to readdir() returns a1
entry for that file is unspecified.

The readdir() function may buffer several directory entries per actual read operation; readdir]) shall mark for update the last data access timestamp of
the directory each time the directory is actually read,
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POSIX - DETAILY

EPERM The system does not allow unlinking of directories, or unlinking of directo-
ries requires privileges that the current process doesn't have. ({This is
the POSIX prescribed error return; as noted above, Linux returns EISDIR for
this case.}

EPERM (Linux only}
The filesystem does not allow unlinking of files.

EHUIROHMENT
POSIXLY CORRECT
This environment wariable is examined by the getopt{3) routines. If it is set, parsing stops as soon
as a parameter is found that is not an option or an option argument. All remaining parameters are also

interpreted as non-option parameters, regardless whether they start with a "-'.

The behavior of execlp() and execup() when errors occur while attempt-
ing to execute the file is historic practice, but has not traditionally
been documented and is not specified by the POSIX standard. BSD (and
possibly other systems) do an automatic sleep and retry if ETXTBSY is
encountered. Linux treats it as a hard error and returns immediately.
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POSIX KOMPATIBILITA

Fully POSIX-compliant Mostly POSIX-compliant

The following, while not officially certified as POSIX compatible
conform in large part

The following operating systems conform (i.e., are 100%
campliant} to ane or more of the various POSIX standards

« ALK s BeOS / Haiku

* AlX o FreeBSDI™

« BSDIOS ¢ Linux (most distributions — see Linux Standard Base)

‘ EgF’L'J‘f'”“ « Contiki

e HP-UX

« INTEGRITY » Netosh

. IRIX s MNucleus RTOS

. Lynx0S » OpenBSD

e Mac 08 X% « OpenSolaris

o MINIK o PikeQ0S RTOS for embedded systems with optional PSES1
« MPE/X and PSE52Z partitions

e QN T o« RTEMS — POSIX APl support designed to IEEE Std. 1003.13
« RTEMS (POSIX 1003.13-2003 Profile 52) -2003 PSES2

e Solaris s Sanos

e TruGd s SkyOS

» Unison RTOS * Syllable

» Unix\Ware « VSTa

e vel0Sity

ViWorks 7

Zdroj: Wikipedia, heslo POSIX
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ZPUSOB PREDANI PARAMETRU

® Registry
® mov ah,01h
® mov c¢cx,2000h
e int 10h

® /Zasobnik
e mov ax,0001h
® push ax
e int 10h

® Blok (struktura, tabulka) v paméti & pointer
e mov ax,0001h
® mov [tabulkal],ax
e mov bx,tabulkal
e int 10h
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PRIKLAD VOLANI API (WIN32)

return value

l

BOOL ReadFile c¢ ( HANDLE file,
4 LPVOID buffer,
DWORD bytes To Read, parameters
LPDWORD bytes Read,
LPOVERLAPPED ovl) ; .

function value

® Popis parametru funkce ReadFile()

e HANDLE file — deskriptor otevieneho souboru
LPVOID buffer — buffer pro ¢tena data
DWORD bytesToRead — pocet baijtl, které chceme Cist
LPDWORD bytesRead — kam ulozit po¢et nactenych baijtu
LPOVERLAPPED ovl — pro asynchronni |/O
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PRIKLAD VOLANI API (WIN32)

® Funkce Win32 ,CreateProcessAsUser”

BOOL CreateProcessAsUser(

HANDLE hToken, /I handle to a token representing the logged-on user
LPCTSTR IpApplicationName, // pointer to name of executable module
LPTSTR IpCommandLine, Il pointer to command line string
LPSECURITY_ATTRIBUTES IpProcessAttributes, // process security attributes
LPSECURITY_ATTRIBUTES IpThreadAttributes, // thread security attributes

BOOL blnheritHandles, /l whether new process inherits handles
DWORD dwCreatlonFIags, /I creation flags
LPVOID IpEnvironment, /I pointer to new environment block

LPCTSTR IpCurrentDirectory, // pointer to current directory name
LPSTARTUPINFO IpStartuplnfo, // pointer to STARTUPINFO
LPPROCESS_INFORMATION IpProcessinformation // pointer to PROCESS_INFORMATION

);

Windows NT: Requires version 3.51 or later.
Windows: Unsupported.

Windows CE: Unsupported.

Header: Declared in winbase.h.

Import Library: Use advapi32.lib.

Unicode: Implemented as Unicode and ANSI versions on

Windows NT.
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® Programatorske
rozhrani neni
definovano na urovni
systemovych volani
jadra

® \Windows API
e drive Win32
e kernel32.dll, user.dll

® NizSi vrstva ntdll.dll




I
SYSTEMOVA VOLANI WINDOWS

® Preruseni Ox2E

® Priklad ReadFile z ntdll.dlII:

Ntdll!ZwReadFile

77f8¢c552 mov eax, Oxa1l ; the service number
77f8c557 lea edx, [esp+4]

77f8¢c55b int 2e

77f8c55d ret 0x24

® Priklad pouzivajici SYSENTER:
mov aex, 112h
mov edx, 7TFFEO0300h

call dword prt ds:[edXx]
retn 24

Pricemz volame funkci s kodem:
mov edx, esp
sysenter
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I
PRIKLAD: SYSENTER

® ,The SYSENTER instruction is part of the "Fast System Call"
facility introduced on the Pentium® Il processor. The
SYSENTER instruction is optimized to provide the maximum
performance for transitions to protection ring 0 (CPL = 0). The
SYSENTER instruction sets the following registers according to
values specified by the operating system in certain model-
specific registers.
e C(CSregister set to the value of (SYSENTER _CS_MSR)
e EIP register set to the value of (SYSENTER_EIP_MSR)
e SS register set to the sum of (8 plus the value in SYSENTER _CS_MSR)
e ESP register set to the value of (SYSENTER_ESP_MSR)*

® SYSENTER/SYSEXIT pro procesory Intel (od Pentia Il)
® SYSCALL/SYSRET pro procesory AMD (od K7)
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SYSTEMOVA VOLANI WINDOWS

System Call Symbol [MT-5P3 NT-5P4 [NT-5P5 [NT-5P4 2E-5P0 [2E-53P1 [2E-5P2 |2K-5P3 |2E-5P4 [KP-5P0 [XP-5P1 [HP-5P2 [XP-5P3 ég%;'_ gc'p?}_ ‘S"[IEIIA_ :E;'-EH'
NtAcceptConnectPort 00000 [ec0000 J0x0000 |0x0000 Wx0000 (00000 [0x0000 |0x0000 |[0ec0000 |0x0000 |0x0000 |0x0000 |0x0000 [0x0000 [0x0000 |0x0000  [0x0000
MNrAccessCheck 00001 00001 J0x0001 |0x0001 [0x0001 |0x0001 [0x0001 |0xO001 |[0m0001 |Oxd001 |0x0001 |0x0001 [0x0001 [0x0001 [0x0001 |0x0001 |0w0001
NtAccessCheckAnd AnditAlarm 0x0002 0002 J0x0002 |0x0002 Wx0002 |0x0002 [0x0002 |0x0002 M0e0002 J0x0002 |0x0002 J0x0002 |0x0002 [0x0002 [0x0002 |0x0002  |0x0002
NtAccessCheckByType 0003 00003 00003 [0x0003 [Ooc0003 J0x0003 |0xD003 J0x0003 |0x0003 [0x0003 [0x0003 J0x0003  |0xD003
NtAccessCheckByTypeAndAuditAlarm {0004 |0w0004 00004 [0x0004 [Ooc0004 0x0004 |0xD004 J0x0004 |0x0004 00004 [0x0004 J0x0004  |0xD004
NtAccessCheckByTypeResuliList {0005 (00005 00005 [0x0005 [0oec0005 J0x0005 |0xD005 J0x0005 |0x0005 [0x0005 [0x0005 |J0x0005  |0xD00S5
NtAccessCheckByTypeResuliListAndAuditdlanm {0006 (00006 00006 [0x0006 [Ooc0006 |Ox0006 |0xD00S J0x0006 |0x0006 |[0x0006 [0x0006 (0x0006  |0xD00G
NtAccessCheckByTypeResuliListAndAuditA larmByHandle) {0007 (00007 [0x0007 |0x0007 (00007 JOx0007 (0xDB007 J0x0007 |0x0007 00007 [0x0007 J0x0007  |0xD0O7
NrAddAwom 00003 00003 J0x0003 |0x0003 Wx0008 |0x0008 [0x0008 |0xO00E 00008 |Ox0008 |0x0008 |0x0008 |0x0008 [0x0008 [0x0008 |0x(008 |0x0008
NrAddBootEnTy 0000 00009 |0m0009 00009 (00009 [0x0008  [0x0009
NrAddDriverEnmy 00004 |0x000A [0x000A |0xD00A
NirAdjustGroups Token 00004 00004 |0x0004 |0x0004 0xd009 (00009 [0x0008 |0x009 |[0w0009 |0xd00A |0x000A |0x000A [0x000A [0x000B [0x000B |0x000B |0xDO0B
NtAdjustPrivilegesToken 0x0005 0005 J0x0005 |0x0005 x000A |[0x000A [(0x000A |0x000A e000A |Ox0MEB |0x000E |0x000B |0x000B [0x000C [0x000C |0x000C |0xDO0C
NAlertFesumeThread 00006 (00006 J0x0006 |0x0006 [x000B |[0x000B [0x000B |0x(00B [ix0l0B |0x000C |0xi00C |0x000C [0x000C [0x000D [0x000D |0x000D |0x0O0D
NtAlertThread 00007 (0007 J0x0007 |0x0007 Pxd00C [0x000C [0x000C |0x000C [e0l0C |ixid0D |0x000D |0x000D [0x000D [(x000E [0x000E |0x000E |0x000E
NtAllocateLocallyUniqueld 0x0008 (00008 J0x0008 |0x0008 Wx000D |0x000D [0x000D |0x000D 00D |txME |0x000E |0xdME |0x000E [0x000F [0x000F |0x00O0F |0xDO0F
MiAllocataFeserveObject 00010
NtAllocateUserPhysicalPages {0 000E |0x000E [0x000E [0x000E [Oec000E 0x000F |0xD00F J0xO000F |0x000F [0x0010 [0x0010 J0x0010 |0xD011
NrAllocateUuids 00009 [ec0009 J0x0009 |0x0009 Wx000F |[0x000F [0x000F |0xO00F |[0ec000F 00010 |0x0010 J0x0010 |0x0010 [0x0011 [0x0011 |0x0011 |0x0012
NrAllocateVirmalhlsmory 0x000A [0e000A |0x000A |0x000A 0010 (00010 [0x0010 |0xO010 |[0m0010 |0xd011 |0x0011 j0x0011 [0x0011 [0x0012 [0x0012 |0x0012 |[0x0013
MiAlpc AcceptConnectPort 0x0013  [0xd014
MiAlpoCancelhlessage 0x(014 [0=D015
HiAlpcConnectPort 00015 [0xDO16
NtAlpcCreatePort 0x(016  |0xDO17
HiAlpcCreatePortSection 0x3017  [0xd018
MiAlpcCreateFesourceFeserve 0x0018  [0xD019
MiAlpcCreateSectionView 0x0019  [Dxl01lA
MiAlpcCreateSecurity Context 0x001lA [0x001B
HiAlpcDeletePortSection 0x301E  [0xD01C
HiAlpcDeleteFesourceBeserve 0xG01C  [0xD01D
HiAlpcDeleteSecionView x0T |0x001E
HNiAlpcDeleteSecurity Context 0x(01E |0xD01F
MiAlpcDisconnectPort 0x001F  [0xd020
NtAlpcImpersonateClientOfPort 0x(020  |0mD021
HiAlpcOpenSenderProcess 0x(021  [0xD022
NtAlpcOpenSenderThread 0x(022  |0mD023
MiAlpoQueryinformation 0x0023  [0xD024
MiAlpcQueryInformationhlessaze 0x0024  [0xd025
MiAlpcRevokeSacurinContaxt 0024
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PRIKLAD 1: MS-DOS

® DOS interrupts

INT 20H Terminate a program

INT 21H DOS Services

INT 25H/26H Absolute Disk Read/Write

INT 27H Terminate but Stay Resident

INT 28H DOS Safe Interrupt / DOS Timeslice (UNDOCUMENTED)
INT 2eH Perform DOS Command (UNDOCUMENTED)

INT 2fH Multiplex Interrupt (print spooler, TSR control)

INT 33H Mouse Support

INT 67H Expanded Memory Manager (LIM-EMS)

® Address Pointers (not used as software interrupts)
e INT 22H Terminate address
e INT 23H Control-Break address
e INT 24H Critical Error Handler address

® Volani sluzeb DOSu:

AH = Cislo sluzby

ostatni registry (AL, DL, DX, CX, DS:DX, DS:Sl, ES:DI, ES:BX) = parametry
INT 21H

navratova hodnota byva v AL
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PRIKLAD 1: MS-DOS (2)

® Systemové volani pro otevreni existujicino souboru

® DOS Fn 3dH: Open a File Handle

e Expects:
AH=3dH
DS:DX=address of an ASCIIZ string of a filespec

AL=0Open Mode
AL = 0 to open for reading
AL = 1 to open for writing
AL = 2 to open for reading and writing

e Returns: AX=error code if CF is setto CY

=file handle if no error
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N
PRIKLAD 1: MS-DOS (3)

® Programovy kod

filename: DATA “c:\autoexec.bat”,O0

mov ax, 3d00h
mov dx, [filename]

int 21h
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I
PRIKLAD 2: LINUX

® Systemova volani
e standardné pres int 0x80
e nove i pres instrukci syscall (sysenter)

® Cislo systémového volani
e Vregistru eax
oV jlé,dlv‘,e 2.2 priblizne 200 volani, v jadre 2.6 pres 300
volani

® Parametry systemoveho volani
e Vvregistrech ebx, ecx, edx, esi, edi, ebp
e kromeé fce 117 (parametrem je odkaz na strukturu)

® \/ysledek
e ulozenv eax
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PRIKLAD 2: LINUX (2)

® Hello world v assembleru pod Linuxem
section .text
global _start
msg db 'Hello, world!",0xa
len equ $ - msg
_start:
mov edx,len ;message length
mov ecx,msg ;message to write
mov ebx, 1 ;file descriptor (stdout)
mov eax,4 ;system call number (sys_write)
int 0x80 :call kernel
mov eax,1 ;system call number (sys_exit)
int 0x80 :call kernel
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PRIKLAD 2: LINUX (3)

#include <studio.h>
int main ()

{

[ )
printif (,,Greetings*); —
[ )

return 0;

}

user
mode |

standard C library |

kernel I
(e )
write ()

system call
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PRIKLAD 2: LINUX (4) - STRACE

anxur:~$ strace echo "Ahoj“

execve("/bin/echo”, ["echo", "Ahoj"], [/* 33 vars */]) =0

brk(0) = 0x1a4fe000

mmap(NULL, 4096, PROT_READ|PROT_WRITE, MAP_PRIVATE|MAP_ANONYMOUS, -1, 0) =
0x2b0d6f209000

uname({sys="Linux", node= anxurfl.muni.cz", ..p)=0

access("/etc/ld.so. preload" R _OK) =-1 ENOENT (No such file or directory)
open("/etc/ld.so.cache", O_RDONLY) =3

fstat(3, {st._ mode=S IFREG|O644 st_size=104404, ...}) =0

close(3) =0

open("/lib64/libc.so.6", O RDONLY) =3

read(3, "177ELF\2\1\1\010\0\0\0\0\0\0\0\3\0>\0\1\0\0\0\220\332\1Y 7\0\0\0".. , 832) = 832

fstat(3, {st mode=S_IFREG]|0755, st _size=1717800, ...}) =0

mmap(NULL, 4096, PROT_READ|PROT_WRITE, MAP "~ PRIVATE|MAP_ANONYMOUS, -1, 0) =

0x2b0d6f224000

close(3) =0
arch_prctl(ARCH_SET_FS, 0x2b0d6f225260) 0
munmap(0x2b0d6f20a000, 104404) =0

open(“/usr/lib/locale/locale-archive”, O_RDONLY) = 3
fstat(3, {st mode=S |IFREG|0644, st_size= =56454288, ...}) =0
mmap(NULL, 56454288, PROT_READ, MAP_ PRIVATE, 3, 0) = 0x2b0d6f226000

close(3) =0
brk(0) = 0x1a4fe000
brk(0x1a51f000) = 0x1a51f000

fstat(1, {st mode=S_IFCHR]|0620, st rdev=makedev(136, 110), ...}) =0

mmap(NULL 4096, PROT_READ|PROT_WRITE, MAP PRIVATE|MAP ANONYMOUS, -1, 0) =
0x2b0d727fd000

write(1, "Ahoj\n", 5Ahoj) =5

close(1) =0

exit_group(0) =7
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PRIKLAD 2: LINUX (5)

System Call Quick Reference

No|Func Name

Description Source
1 |exit terminate a current process kernel/exit.c
2 [fork create a child process arch/i386/kernel/proces.c
3 |read read from a file descriptor fs/read_write.c
4 |write write to a file descriptor fs/read write.c
5 |open open a file or device fs/open.c
6 |close close a file descriptor fs/open.c
7 |waitpid wait for process termination kernel/exit.c
8 |creat create a file or device ("man 2 open" for information) fs/open.c
9 [link make a new name for a file fs/namei.c
10]unlink delete a name and possibly the file it refers to fs/namei.c
11|execve execute program arch/i386/kernel/proces.c
12|chdir change working directory fs/open.c
13|time get time in seconds kernel/time.c
14|mknod create a special or ordinary file fs/namei.c
15]chmod change permissions of a file fs/open.c
16|lchown change ownership of a file fs/open.c
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I
PRIKLAD 3: FREEBSD

® Systemova volani
o pies VOLANI FUNKCE, ktera obsahuje int 0x80
e nebo pres volani brany call 7:0

® Cislo systémového volani
e Vregistru eax

® Parametry systemoveho volani
e na zasobniku (prvni parametr je ukladan posledni)

® \/ysledek
e Vregistru eax
e volajici proces musi vycCistit zasobnik (parametry)
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R
PRIKLAD 3: FREEBSD (2)

® Hello World v assembleru ve FreeBSD
section .text
global _start
msg db "Hello, world!",0xa
len equ $ - msg
_syscall: int 0x80 ;system call
ret
_start: ;tell linker entry point
push dword len ;message length
push dword msg ;message to write
push dword 1 ;file descriptor (stdout)
mov eax,0x4 ;system call number (sys_write)
call _syscall ;call kernel
add esp,12 ;clean stack (3 arguments * 4)
push dword 0 ;exit code
mov eax,0x1 ;system call number (sys_exit)
call _syscall ;call kernel
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KOMPLEXITA OS
® Pocet systemovych volani OS / APl volani
OS Rok Pocet systémovych/API volani
UNIX 1971 33
UNIX 1979 47
Windows 1985 450
SunOS 1985 171
4.3 BSD 1991 136
SunOS 1992 219
SunOS 1997 190
Linux 1998 229
NT 4.0 1999 3443
Linux 2009 336
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KOMPLEXITA OS (2)
® Rozsah zdrojoveho kodu Windows
Verze Rok Miliony radku
NT 3.1 1993 4-5
NT 3.5 1994 7-8
95 1995 10
NT 4.0 1996 11-12
08 1998 18
2000 2000 29
XP 2001 40
2003 Svr 2003 50
Vista 2009 64
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