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AdeLec XpRonG

* To mapov EKTTOLOEUTLKO UALKO UTIOKELTOL OE AOELEG
xpnong Creative Commons.

* [a eKTALOEVTLKO UALKO, OTIWC ELKOVEC, TIOU UTTOKELTOLL

o€ aAAou tumou adeloc xpnong, n adela xpnong
avadpEPETAL PNTWC.
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Xpnuatodotnon

* To mapov ekmaldeUTIKO UALKO €xeL avarmtuxBOel ota mAaiola
TOU ekTtaoltdevTIKOU £pyou Tou SLbaokovTa.

* To €pyo «Avoikta Wnoiaka Madbnuorta oto Maveniotipio
Avtiknc Makedoviac» Exel ypnUATOOOTACEL LOVO TN
avadLlapopdwaon Tou KTOLOEVUTIKOU UALKOU.

* To €pyo vAomoleital oto mAaioLo tou Emyewpnolakou
Mpoypappatoc «Eknaidevon kat Ata Blov Mabnon» kat
ouyxpnuoatodoteitol amno tnv Evpwrnaikn Evwon
(Evpwraiko Kowvwviko Tapelo) kat amo Bvikouc mopouc.

uuuuuuuuuuuuuuuuuuuuuu

Me ) ouyxpnparoddétnon tne¢ EAAadac kat tng Evpwnaikric Evwong
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2 KoTto¢ Evotntac

* H katavonon Twv KANCEWV CUOTAUATOC.

* H katovonon twv SOUwWV AELTOUPYLKWV
CUOTNUATWV.

* Hnopouoilaon TwV oPYLTEKTOVIKWY
SnuodplAwv AZ.
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Ta AZ ocuyva TIPETEL VAL LOOPPOTINCOLV
O€ QVTIKPOUOMEVEC QTTOULTNOELC

Mey£Bn nou yapaktnpilouvv tnv arnodoon evoc A.2. :
— MéEon Xpnolpuomoinon Twv TTopwv.
— PuBuoanodoon (throughput).
— XpOvoc amokpLong.
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Baolkec evvolec A2

* Processes.

* Address spaces.
* Files.

* Input / Output.

* Protection.
* The shell.
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lepapyla ALEpyaoLwV

‘Eva 6€vtpo diepyaciwv:

H &iepyaoia A dnuovpynoe Vo diepyaoiec maidia, tnv B kat tnv C.
H Siepyaoia B dnpiovpynoe tpelc diepyaoiec maidida, tnv D, E kat F.

-
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Emikowvwvia
Sdlepyaoclwy pe dStaowAnvwaon

nighb# ps
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COMMAND

lmgiﬂ

fusrflibexec/getty Pc ttyvO
fusr/libe /getty Pc ttyvl
fusr/libexec/getty Pc ttyv2
tcsh (csh)
fusr/local/bin/sudo su - mdasyg
suU - mdasydg

1o IQ;]J'_ M [ pam ] l: lo IQ;]J'_ ﬂ]l

ps

fusr/local/bin/sudo su -

su -

-su (csh)

mc

grep mc
mc

Process
Pipe

Process

A

B

Eoa
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Katnyoptlec KANOEwV ZUOTNMOTOC

* EAeyxoc Siepyaoiwv (Process control).

* Altaxeiplon apyxeiwv (File management).

* Awaxeiplon cuokevwv (Device management).

* Atatnpnon mAnpodoplwv (Information
maintenance).

* Enkowvwviec (Communications).

**H vAomolnon Twv KANoewv cuotnuatoc dtadEPEeL
oTa AELTOUPYLKA cuoTnpata ***
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Aetovpyia KANOEWV UGTNUOTOG

Ol KANOELC ocuoTnpatog mapexouv tn dtaocvvdeon

(interface) petofv evoc IPOYPALLLLATOC TTOU EKTEAELTOLL
Kol Tou A2:

— [evikwce, SLaBEoLpeC wC opadec eVTOAEC o€ YAwooo
assembly.

— OL YAWOOEC TTOU £XOUV OPLOTEL VAL QLVTLKATOLOT|OOUV TNV
assembly otov mpoypappUATIOMO CUCTAUATOC (Ssystem
programming) ETUTPETOUVV TNV aneuBelag enikAnon

KANogwvV ocvotnuatoc (m.y., C, C++) HEow avtioToXwv
BLBALOONKWV.
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3 elval oL pebodol ya mepaopua
TIOPOLLETP WV OE KANOELC CUOTALLOTOC

* MEpaopa MAPAMETPWY OE KATAXWPNTEC (registers).
* AmoBOnKeuon TwWV MAPAUETPWY OE EVAV TIVOKA OTN
LV LN, Kol TtEpacpa tng dteuBuvong Tou Tivaka

WC TOPAUETPO OE KATAXWPNTH.

* Jripwélpo (Push) (6nAadn arrodnkeuvon) amno to
TPOYPOLULUO TWV TIOPAMETPWY OTn otolfa (stack),
KoL avaktnon (pop) oo to AZ TwV MOPAUETP WV
aro tn otoifa.
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ATtoBnKevon TWV NMOPOUETPWV

o€ Evayv Ttivaka (KANoELC cuotnuatoc)

X: parameters
for call

USEr program

register

| load address X f
i| systemcall 13 =

use parameters
from table X

-

operating system

}

code for
system
call 13 |

-
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KA OELG CUOTAUOTOG

Address
OxFFFFFFFF _
Return to caller 1 .
Trap to the kemel UbrEry
rap to the kerne procedure
5| Put code for read in register read
10
4
User space < Increment SP 11 -
~ Call read
3| Push fd User program
2| Push &buffer calling read
1| Push nbytes
6 9
Kernel space . i 8 | Sys call
(Operating system) < HIEpalch g R handler

or
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POSIX

* POSIX (Portable Operating System Interface for Unix) eivat to ovopa (oG
oelpag npotunwy IEEE (IEEE Std 1003.1-1988) mou kaBopilouv Ti¢ BACLKEG
UTTNPEOCLEC TTOU TTAPEXEL EVA AELTOUPYLKO cUoTNUA Kol Kupiwg To APl Twv
SLaBeoipwv KANOEWY CUOTHUOTOG.

* AnploupynBnke pe otoxo tnv e€aodpaiion tng cupBatotnToc HeTall Twv
TOLKIAAWV AELTOUPYLKWV cuoTnpatwy UNIX.

* Yrapyouv noAAarmAa nipoturna POSIX.

* Ta mpoypApUOTA TTOU TPEXOLV OE £vayv uttoAoylotn pe UNIX va pmopouv va
HLETAYAWTTLOTOUV o€ omolovénmote aAAov urtohoyloth pe UNIX xwpic va
Xpelaletal va tpomomnolnBei o mnyaiog kwdikag

* Ynootnpiletal amno linux, bsd, Solaris, VxWorks, Mac OS X, HPUX, AlX, Minix,
QNX, RTEMS, Tru64, ....
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EUpeon ekboonc POSIX og A2

* FreeBSD

rootiéparsys:~ # uname -a
FreeBSD parsys 12.1-RELEASE-pl0 FreeBSD 12.1-RELEASE-pl0 GENERIC amdé6d
rooti@parsys:~ # more fusr/include/unistd.h | grep POSIX2 VERSION

#define POSIX2 VERSION 199212L

rooti@parsys:~ #

* Linux

rootibbeuropos:~# uname -a

Linux bbeuropos. 5.4.51+ #1333 Mon Aug 10 16:38:02 BST 2020 armv6l GNU/Linux
rootébbeuropos:~# more /usr/include/unistd.h | grep P0OSIX2 VERSION

#define PDSIXE _VERBION PUSIXE _THIS VERSION

root@bheuropos ~# more fusrflncludefunlstd h | grep POSIX2 THIS VERSION

# define  POSIX2 THIS VERSION 200809L

# define  POSIX2 THIS VERSION 200112L

# define _ POSIX2 THIS VERSION 199506L

# define  POSIX2 THIS VERSION 199209L

#define PDSIXE _VERBION PUSIXE _THIS VERSION

#define POSIX2 C VERSION _ _POSIX2 THIS VERSION
#define POSIX2 ¢ BIND _ POSIX2 THIS VERSION
#define POSIX2 ¢ DEV _ POSIX2 THIS VERSION
#define POSIX2 SW DEV _ POSIX2 THIS VERSION
#define POSIX2 LOCALEDEF __POSIX2 THIS VERSION

root@bbeuropos: ~#




POSIX o Windows

http://support.microsoft.com/kb/308259

* Partial POSIX Support.

* Windows Services for Unix (extra package).

Cygwin (http://www.cygwin.com)

* Posix compatible enviroment.

* A collection of tools which provide a Linux look and feel environment for
Windows.

* ADLL (cygwinl.dll) which acts as a Linux API layer providing substantial Linux API
functionality.

(W,
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Kuplotepec KANOELC GUOTNMATOC
via Staxetplon diepyaowwv (1/2)

Process management

Call

Description

pid = fork()

Create a child process identical to the parent

pid = waitpid(pid, &statloc, options)

Wait for a child to terminate

S = execve(name, argv, environp)

Replace a process’ core image

exit(status)

Terminate process execution and return status
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Kuplotepec KANOELC GUOTNMATOC
yia Staxelplon apyeiwv (2/2)

File management

Call

Description

fd = open(file, how, ...)

Open a file for reading, writing, or both

s = close(fd)

Close an open file

n = read(fd, buffer, nbytes)

Read data from a file into a buffer

n = write(fd, buffer, nbytes)

Write data from a buffer into a file

position = Iseek(fd, offset, whence)

Move the file pointer

s = stat(name, &buf)

Get a file’s status information

Call

Description

s = mkdir(name, mode)

Create a new directory

s = rmdir(name)

Remove an empty directory

s = link(name1, name2)

Create a new entry, name2, pointing to name1

s = unlink(name)

Remove a directory entry

s = mount(special, name, flag)

Mount a file system

s = umount(special)

Unmount a file system
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Kuplotepec KANOELC
OUOTAMOTOC XWPLC KaThyopia

Call Description
s = chdir(dirname) Change the working directory
s = chmod(name, mode) Change a file’s protection bits
s = kill(pid, signal) Send a signal to a process
seconds = time(&seconds) Get the elapsed time since Jan. 1, 1970
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Evac amhoc pAoLoc

#define TRUE 1

while (TRUE) { /* repeat forever */
type_prompt( ); /* display prompt on the screen */
read_command(command, parameters); /* read input from terminal */
if (fork() !'=0) { /* fork off child process */
/* Parent code. */
waitpid(—1, &status, 0); /* wait for child to exit */
} else {
/* Child code. */
execve(command, parameters, 0); /* execute command */
}
}

% MavemoTuio AuTikAG Makedoviag



KaBe diepyaoia
£XEL 3 TIEPLOYEC LVNUNG

* Kwowka (text) {read

only}. Address (hex)
FFFF
* AsSopévwv (data). i Stack |
07
Gap
* Jwpou (stack). ///%
Datal
Text
0000

-
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Ta Windows €xouv SLadpOpETLKEC
kKANnoelc cvotnuoatoc armo UNIX

UNIX Winadz2 Description
fork CreateProcess Create a new process
waitpid | WaitForSinglsObject| Can wait for a procass to exit
execve | (none) CreateProcess = fork + execve
axit ExitFrocess Terminate execution
open CreateFile Create a file or open an existing file
close CloseHandle Close a file

read ReadFile Read data from a file
write WriteFile Write data to a file
lseek SetFilePointer Move the file pointer
stat GotFileAttributesEx | Get various file attributes
mkdir CreateDirectory Create a new direclory

rmdir RemoveDirectory Remaove an empty directory
link {nona) Win32 does not support links
unlink DeleteFile Destroy an existing file
mount | {none) Win32 does nat support mount
umount | (none) Win32 does not support mount
chdir SetCurrentDirectory | Change the current working directary
chmod | (none) Win32 does not support security (although NT does)
kill {none) Win32 does not support signals
time GetLocalTime Get the current time

% MavemoTuio AuTikAG Makedoviag
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lepapyla ZuoTHUATOG APXELWV

Root directory
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[pocaptnueEva cuoThuata

(a) Mpwv TNV Mpocaptnon ta apxelo mov Bplokovtal oTo
CD-ROM bev eival dLabBeoipa

(b) Meta tnv mpocaptnon, ylvovtol TUNMa TG
LEPOLPXLOC TWV APXELWV.

Root CD-ROM

b X \y a b

(@) (b)

(W,
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[lpocapTtnUEVA CUCTNMOTA
(napadeyua)

(a) Adeloc kataAoyoc.

(b) EvtoAn mpoodptnong AAAOU CUCTHATOC OPXELWY OTOV KATAAOYO.
(c) O kataAoyoc €xeL apxeia.

(d) EvtoAn amo-npoocadptnonc.

(e) Adelocg kataAoyoc.

C 00 wheel 512 Jul 2
drwxr-xr-x 23 rooct wheel 512 Dec
nighb# mount -t ufs /fdev/dal@ /mnt

. -La /mnt

4 root wheel 512
wheel : 2 ..
X t  operator 512 J: 7019:28 .snap
drwxr-xr-x 15 root wheel 512 J: 61 05:05 Zndbackup
nigbh5#) umount /mnt

(c)

wheel . ) _
wheel she-12 . le)

(EoRE
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[poypappato 2UGTNUOTOG

* Ta MPOypPAULOTO CUCTHOTOC TIAPEXOUV £va BoALko TtepLBaAlov yLa

QVATITUEN KOl EKTEAECN TIPOYPALUATWY. AVAAOYQ LLE TOV POAO TOUC
Xwpilovtal o€:

— XELPLOUOG KAl TPOTIOTIOlNCN OPXELWV.

—MAnpodoplec kKATACTAONC OUOTIMATOC.

— Poptwon Kol EKTEAECH TIPOYPALLUOTOC.

—YmootnpleEn YAwoowv MPoypaUUaTIOLOoU.

— Emkowvwviec.

— Mpoypappata epappoywy.

H amoyn twv xpnotwv yla to AZ kabopiletal ano ta mpoypappata
OUOTNHOTOG 0 CUVOUAOHO UE TOV SLEpUNVED EVTOAWV (KoLl OXL TOCO

armo to A2 kaB' auto - .x. T Windows omou o xpnotng 6 «BAEMEL» TO
TPAYMATIKO AZ TTapA LLOVO TO YPODLKO TTEPLBAAAOV EVIOAWV).




Aopec A2: (1)
MovoABwka cvotnuata (1/2)

* Elval po mpooEyyLon XwpLc Kopd Soun.

* To A amoteAeital Ao OUCLOOTIKA EVA LEYAAO KOUMATL
KwOLKAL.

* To A.Z. elvail pta ouAhoyn armo Stadikaoieg, KABe pLa amo
TLC OTTOLEC UTTOPEL VAL KAAEDEL OTIOLAONTIOTE AAAN, OTAV TN
XPELAOTEL.

* H emkowwvio HeETAEL TwV SLadIKACLWYV YIVETAL UE
TOLPOLLLETPOUC.

* KaBe dtadikaoia eival opatn o€ omoladnmote AAAn.
* Mapadeiypata povoAtBikwv A.2 : 0S/360, VMS, Linux.

5 =)
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Aopec AZ: (1)
MovoABika cuotnuota (2/2)

* MovoAlBika cvotnuata — Baocikn doun:

—'Eval KUPLO TIPOYPALLLA TTOU TO OTIOLo
eTUKAAELTOL TNV attoupevn dtadikaola
TOLPOXNC UTINPECLWV.

—'Eva oUVOAO TWV SLaOLKACLWY UTINPECLWV TTOU
NP OYLLATOTIOLOUV TIC KANOELC CUOTNMOTOC.

—'Eval cUvoAo BonBnTtikwv SLadlkacLwy Tou
BonBouv TIc SLadLKAOLEC UTINPECLWV.
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Aopec AZ: (1) MovoAlBka
cvotnuota (KAnon cuotnuatog)

* To mpOoypopo TOU XpNotn dSnULoupyel pa oyida
oTOV TIupNVa (eKTEAEiTOL pta ELOLIKN EVTOAN N KAnon
rtupnva — kernel call).

* To A.2. mpoodlopilel Tov aplOuo eEumnpetnong mou
(NTNONKE.

* To A.2. evtomilel kat KaAel tn Stadkaolo
geEumnpetnong.

* O €Aeyx0OC ETUOTPEPETAL OTO TIPOYPOALLLLOL TOU
Xpnotn.
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Aopec A2: (1)
MovoAlBika cuotnuata

Applications

|

User space

Y

System call interface

Wit i S

Kernel
MM PS IPC FS

/0 Net

Kernel space

MM = Memory manager

PS = Processor scheduler

IPC = Interprocess

communication
' FS = File system

I/O = Input/output manager

' Net = Network manager

-
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Aopec AZ: (1)
MovoAlBwka cuotnuoata (kernel)

* Apopoloyntnc ditepyacwwv ( process scheduler).
* Alaxelplotnc Lvnung ( memory manager).
* Aloxelplotnc cvokevwv E/E ( 1/0O manager).

* Alaxelplotnc SLadLEPYACLAKN G ETILKOWVWVLOC
( interprocessor communication (IPC) manager).
* Alaxelplotnc ovotnuatoc apxeiwv ( file system
manager).
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H Aoun tou UNIX

* UNIX — meploplopevo amo tic SuvatotnTteC Tou UALKOU,
apxtka to A2 UNIX eixe meploplopevn dopnon To A2 Unix
artoteAeital amo dvo Slaxwplolpa TUAMOTO:

— MpoypAppoto CUOTHHATOC.
— Tov ntupnva (kernel):

* AntoteAeital amo otdnmote UmapxeL “katw” armo tnv
TIPOCOPUOYI TWV KANOEWV CUOTAUATOC Kol “Ttavw” amo to
UALKO.

* MapExeL TIC AELTOUPYLEC CLUOTAATOC aApXEiWY, Slaxelplong
LvAUNG, xpovorpoypappatiopol KME kot dAAec Aettoupyieg
evoc A2 (peyalocg aplBuoc Aettoupylwy yla eva eTtimedo).

&
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NMuprvag koL 06nNyoL CUCKEVWV

* «Evac mupnvag otn mapadoolakn opoAoyla Twv
AELTOUPYLKWVY CUCTNUATWY, ELVAL EVOG ULKPOC
nupnvac AoyLopLkoU Ttou SLoBETEL LLOVO TLC AKPWC
QTaPALTNTEC TIAPOYXEC VIO TNV EPapPUOYN TWV
NMPOCOETWV UTINPECLWY TOU AELTOUPYLKOU
OUOTINMOTOCY.

* Odnyol cUOKELWV
— [poypAMHATO TTOU TTOPEXOUV LA OTTAN), CUVET
Slaovvdeon otic cuokevec E/E.
— 2uvnBwc¢ amoteAoUV HEPOC TOU TTUPNVAL.

5 =)
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H lotopia touv BSD

4.2BSD (1983)
first widely available
release of TCP/IP
and sockets AP1

'

4.3BSD (1986)
TCP performance improvemenits

'

4.3BSD Tahoe (1955)
slow start,

congestion avoidance,
fast retransmit

BSD Networking Software

Release 1.0 (1989): Net/1
— % 4.3BSD Reno (19%0)

fast recovery,
TCP header prediction,

SLIP header COMpression,
/ routing table changes;
length field added to seckaddr{ };

BSD Netwaorking Software control information added to meghdr{ }
Release 2.0 (1991): Net2 l
44BSD (1993)

multicasting,
/ long fat pipe modifications

44BSD-Lite (1994) i
referred to in text as Net/3 BSD/OS
FreeB5D
l NetBSD
OpenBSD
14BSD-Lite? (1995)
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UNIX timeline

1930 KENTX O3
" 1
4 1B5D i)
L 1931)
¥
42BSD KENIX30
( 1983) ( 1983)
[]
1585 ' lm“]mmm
43BED
{ 193a) L]
SCOXENDX V335
{ 1987)
SC0 TUNIX Vi385
( 1289)
1990 '
Linn= 0.1 BSDMet/2
1891 1991
( ) ( ) Uhixwat= L
ATX A0 R
o (1993
Linox 1O
( loagy — ]
1005 I ) r_'m:wau 2 (4 2P Oipen Setver
1995 | 1895
Linox 20 Op=n-zcuic= BSDe ¢ ) ‘__ )
{1996} =~ {19934 e
ATX 43 LT
(1997 J e
1 Unixwar= T
Tihux 22 7 L
1 e
1999 ? AIX 5L
2000 +-— [EM Lethel votk f= (2000 3
Linnx 24 Cipen Unix 8

{ 20015 (2001 -
S0 Unizwate 7
| (2002)
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XpNnon Twv AELTOUPYLKWV
atwyv (1/2

OuUOT

2005

2000

195

1920

1985

120

1975

1970

1

wWindows Wista
_| _ MacOS ¥ 104 Solaris 10 Linux 2.6.11
FreeDOQS Beta @ Unix Ware 7.1.4 _ DragonFly BSD 1.0
_ Mac S X 10.3 Minmix 2.0.4 FreeBSD 5.0
_MacOS X 10.2 Splaris 8 GMNU-Darwin Beta 2.5
Windows XP _ MacOS X 100 _ Open UNIX & _ OpenB30D 3.0
1 Windows ME _ Mac OS X Beta Unix Ware 7.1.1 EreeBSD 4.0
Windows 2000 Darwin 0.1 Linix Ware 7.1 Linux 2.2.0
Windows 98 Lnix Ware 7 44 BSD Lite 2
| MS-DOS 7.1 _Mac OS5 8 _ OPENSTEP 4.2 BSD/OS 3.0
_ Machd UKZ22 Linux 2.0
1 wWindows 8% Unix Ware 2.0 _ OpenBSD 1.0
PC-DOS 6.3 _AIX 41 MeiBSD 1.0 _ QS22 Warp 3.0
Windows NT 3.1 Irix 5.3 FreeBSD 1.0
Windows 3.1 Liltrix 4.3 286 B3SD
| MS-DOS 50 GNLUAHUrd Linux 001
1 DRDOS S50 __Mac Systemn 7 __Solaris 1 _ 43 BSD Reno _ BeOS 1.0
_NMNeXTSTEP 1.0 _2 101 BSD
_HP-UXx 2.0 _ 43 BSD Tahoe
¥Windows 2.0 pMinix 1.0 270 BSD _ OS2 1.0
__Plan 9 _ 4.3 BSD
A4 wWindows 1.0 LUMNIX vE 2.9 BSD-Siscmo_Amiga0s
_ Mac System 1 _ QMNX
| MS-DOS 2.0 Lisa O Upix System W 42 BED
SunQs 1.0 281 BSD
| MS-DOS 1.0 Unix Systerm 41 BSD Xerox Star
_ _ XEMNIX OS _ 40 BSD
LIMIDX W7 2 B=ED
__Apple DOS 3.1 USG 2.0 1 BSD
__EBEunice
| CP/m _LUMNIX Ve
LMIX WS
LIMIX W3 & W4
LIMIX W2
LIMIEX %1
LMICS __Multics
IndowssDOs Apple IR LM e BsSDAGMLULirmuzx Swriga
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Xpnon Twv AELTOUPYLKWV
atwyv (2/2

OuUOot

1969

1971 to 1973

1974 to 1975

1678

1679

1880

1981

1682

1683

1984

1985

1686

1687
1988
1989
1990
1891

1992

1993
1804

1995
1996
1997

1998

1999

2000
2001 to 2004

2005

2006 to 2010
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4.4 BSD

* BOOLKEC TIALPOXEC TIUPAVAL: XPOVOLETPO KOL XELPLOMOG TOU poAoyLloU
ouotnuatoc, dtaxeiplon meplypadeic kot Staxeiplon dtadkaoLwv.

* YrniootnptEn dtaxeiplong pvnung: oeAtdomoinon ko evailayn.

* levikec Slemadec ovotnpartoc: E/E, EAeyxoc Ko oAUTAEE O TV AELTOUPYLWV
TIoU yivovtal otouc replypadelc.

* To cvoTNUO apXELWV: apxela, KATAAOYouC, LETADPACH OVOLLATOC SLadPOUNC,
KAelOwpa apyeiwv kot E/E Swaxeiplon buffer.

* Yrootnplen dtaxeiplong teppatikol: o o6nyog dlemadrg TEPUATLKOU Kol
KAQOOU TEPUATLKOU.

* Erukowwvia evdo-6lepyaociwyv: urmtodoxelc.

* YrmootnpLlén emkovwviag SIKTUOU: TTPWTOKOAAO ETILKOLVWVIOG KoL YEVLKEC

NapoxEC SKTuou, onwe dSpopoAoynon.

&
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To 80% tou kKwdka oto 4.4 BSD
elval Kwdkac aveéaptnNTnNg APXLTEKTOVLKNC

Table 2-1. WMachine-independent software in the 4. 4BSD kernel

Category Lines of code Percentage of kernel

headers 9393 4.6
nitialization 1,107 0.6
kernel facilities 8,793 4.4
generic interfaces 4782 2.4
nterprocess communication 4,540 2.2
terrminal handling 3,911 1.9
virtnal memory 11,813 5.8
whode management 7,954 39
filesystem natning 6,550 32
fast filestore 4 365 2.2
log-structure filestore 4,337 2.1
memoty-based flestore 645 0.3
cd?660 flesystem 4,177 2.1
miscellaneous filesysters (100 12,695 6.3
networl filesystem 17,198 8.5
netwotlt cotrmunication 2,630 4.3
ternet protocols 11,984 5.9
IS0 protocols 23,924 11.8
H 20 protocols 10,626 5.3
IS protocols 5,192 2.6
total machine independent 162,617 30.4

=
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To 20% tou Kwowka oto 4.4 BSD eival
KWOLKOC YLOL OUYKEKPLUEVEC OLPYLTEKTOVLKEC

Tahle 2-2. Machine-dependent software for the HP300 in the 4 4B5SD kernel

Category Lines of code Percentage of kernel
machine dependent headers 1,262 0.4
dewice drver headers =455 1.7
dewice driver source 17,506 6. F
wirtual mermoty 5,087 1.2
other machine dependent 287 5.1
routines i assetnbly language 5014 1.2
HPMTX compatibality 4 64 2.4
total machine dependent 39,634 19.6

-
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H dtadkaota bootstrap tou 4.4BSD

Ot pnxaviopol Bootstrapping xpnoLLOMOLOUVTAL YLOL VO EKKLVI)OOUV TO TPEXWV
ovotnua. Apxika, o mupnvag 4.4 tou BSD npenet va poptwOel otn KUPLA VAN TOU
ene€epyaotr). MOALG doptwOel, pémel va epdoel pa paon apxitkonoinong
TIPOKELLEVOU VoL BECEL TO UALKO O€ pLa yvwoTh Kataotoon. Emetta, o mupAvac mpemet
Vo KAVEL Yot auTtopatn puluon, pa dtepyacio mou Bplokel kot puBuilet Tta
neplpepeLlakd mou ival cuvdedepEva e TOV eMeEepyaoTn.

To ocvotnua EeKVAEL O KOTAoToon AElToupyiag EVOg XPROTN , EVW VO OEVAPLO
(script) exkivnong eA€yxel Toug SLoOKOUC Kol EEKLVA TOV EAEYXO TNG AOYLOTLKAC KL TWV

TTOOOOTWOEWV.

TEAOG, TO OEVAPLO EKKIVNONG EEKLVA TLC YEVLKECG UTINPECLEC TOU CUCTAMATOC Kol PEPVEL
10 cuotnua o€ MARPEN Asttoupyia MOAAWV XPNOTWV.

&
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4.4BSD Aettoupyla
Yvotnuoatoc MoAAamAwyv Xpnotwv

* Kata tn dtapkela Asttoupylac ToAAWY XpnoTwy, ol SLEPYOACLEC
TLEPLULEVOUV VLA TLC OLTAOELS CUVOECEWV OTILC YPOLULHEG
TEPMUATLKOU Kol 0TI OUpEeC SkTUOU TTOU £XOoUV SlopopPpwBel
yla tTnv mpooBaon twv xpnotwv. Otav eva aitnpo cuvdeong
aviyveletol, pa dtadikaoio cUVOEDNC YEVVLETAL KOl YIVETOL N
emBefaiwon Twv XpNoTwV.

* Otav n emkupwon cuvdeon elval emITUXNC, Eva KEAVPOC
oUVOECNC dnLoupyELTal AtO TO Omola 0 XProTNnG UIMopEL va
Tpe€el TPOoOeTeC SladLkaoLeC.

5 =)
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H epapylo Twv CUCTATIKWY
TOU rupnva tou Linux

Simplified Linux kernel diagram in form of a matrix map

unctons
layers

networking

memory

| processing

user space
interfaces
and wirtual
subsystems

internal
subsystems

inter
operability

HW
abstraction

Systemn calls

Device model.
modubes

=> network
management

Wirtual
file system

Virtual
memory

mmag

Process:
execution
|_and resources |
- process
L memory
|

Scheduler

Designed with Opentiffice.org by (cc) [by-nc-sa) Constantine Shulyupin, wew linucdriver.ca.il
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Aopec AZ: (2) MoAvenimeda
(N oTpwpatonolnpeva) cvuotnpata (1/4)

H oTpWHOTOTIOLNUEVN APXLTEKTOVLKN TtpooTtaBel var PEATLWOEL TO
OXEOLOOUO TWV HOVOALBLKWY TTUPAVWY OHASOTIOLWVTOC OUOTATLKA TTOU
LUAoTIoLOUV MTAPOUOLEC AELTOUpYieG o€ emimeda.

* KaBe emimedo eMIKOWVWVEL LOVOV LLE TA YELTOVLKA TOU (EMAVW KoL
KOTW).

* OLamoLtnoeLc Twv dlepyaociwy dlarmepvolv apKeTa mnimeda npwv
oAokAnpwOouv.

* H puBpoanodoon (throughput) pnopel va eivat pkpotepn amo ta A.2.
LLE TOUC HOVOALOLKOU G TTUPNVEG.

* Antattouvtol emutAgov peBodol yla tn petaBifaon kot tov EAeyXo Twv
dedopEvwy.

&
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Aopec AZ: (2) NoAvenineda
(N oTpwpatonolnpeva) cvotnpata (2/4)

O TeEAEOTAG
[poypappara XpnoTn
Alaxeipion E/E
ETikolvwyvia TEAEOTH — OIEPYATIAG
Aiaxeipion yvApNg

KaTavoun €TeSEQPYAOTI) KAl
TTOAUTTPOYPOMNHATIONOG

O = NN O 5 O
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Aopec AZ: (2) NoAvenineda
(N oTtpwpatonolnpeva) cvuotnpata (3/4)

Kfﬁ-ﬂnf;

 Mépoc xpijom ETmTimEdo 44 Euppoyig xprioTn r | e B
Mipog Tupipva
Emritredo 3{-__%'EEEEE_'_'EH_F!F_ b
| Y
Etitredo EJ AlEpUnvEac PNVUPATWY A | ?
K
Emitrséo 1) Alayzipion pvipng k :
Etritredo |0 Katavopn erespyacTn Kl

¥povodiaypuadpa S1Epyac o

-
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Aopec AZ: (2) NoAvenineda
(N otpwpatonolnpeva) cvotnpata (4/4)

User
]
Mode Fé Users

File System

Interprocess Communication

K 1
#r“t 1/0 and Device Management
Mode

Virtual Memory

Primitive Process Management
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Aopec AZ: (3) Mikpo-TtupNVEC

* Evac povoABikoc nmupnvocg nepthapBavel tn dpopoloynon, To
cvotnua apxeilwyv, Tn Siktuwon, Touc odnyoUC CUCKEUNC, TN
Slaxeiplon pvNUNg K.a. YAormoteital we pa povadikn dtepyaocia ko
oAa ta otolyela drapolpalovrat tov idlo xwpo dlevuBuvoewv.

* H apxLtekTtovLKn HIKpoTtupnva avaBetel Alyec AelToupyleg oTtov
TIUPAVA KoL TLG UTTOAOLTTEC TG OVOLOETEL O EEUTINPETNTEC IOV
ekteAovvtau o€ Kataotaon xprnotn. H dtepyacia tou xpnotn (client
process) oTEAVEL TNV amaitnon otn dlepyaoia eEumtnpetntn (server
process) n omoia emtteAel tn Slepyaoia Kal EMLOTPEDEL TNV
aravinon. O pwpomupnvac SLaxelpilletal TNV EMLKOWVWVLA LETAEY

clients koL servers.

&

;% MavemoTtriuio AuTtikng Makedoviag



Aopeg AZ: (3) Mwkpo-rtuprveg (1/2)

ﬂPmcess

-
. . / User progs.
User <

\_
Microkernel handles interrupts, @ @
processes, scheduling, IPGC
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Aopec AZ: (3) Mkpo-rtupnvec (2/2)

Epappoyég

/Als.rraq)r'I SelieRreTil e \

XpovotrpoypappaTioTiig

ZUOTNHA apXEiWV Siepyaaioe Alaxeipion cuockeuwy
1 Mépog xpfioTn
Mépog TTupnva
r MNMupRvag
IPC
Alaxegipion pviung 2UYXPOVIOHOG

(W,
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Aouéc AX: (4)
[NeAatn Awakoptotn (1/3)

* To oxnua tn¢ TomobETNoNG AOYLOULKOU TIAVW OO TOV TIUPHVA WOTE Vol
Xelpiletal tn Stadikaoia client-server dev gival amoAvto peAALOTLKO.

* Karmolecg Aettoupylec Tou xpnotn €ivat SUCKOAO, akopn Kot
aKaTOpOwTOo VA paypatornotn8ouv aro 1o XwPo TPOYPAUATWY TOU
Xpnotn.

* Tpomnol enilvong :

— Oukplotpec diepyaoiec tou e€unnpétn (drivers 1/0) va tpExouv oe
KOTaotaon mupnva Pe AN pn npocfaon oto UALKO aAld va
ouvexiloouv va emkolvwvoUV e TIC AAAeC Slepyaoied.

— Na gpduteuBel Evac otolxelwdNEG LNXOVIOUOC OTOV TIUpAVA OAAA N
TIOALTLKI) Ao ACEWV VA TIOPAUELVEL OTOUG EEUTINPETNTEC.

&
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Aopec N\2: (4)

[NeAatn Awakoutotn (2/3)

Machine 1 Machine 2

Client L File server

Machine 3

* e Kernel Kernel

Process server

Machine 4

| |

Kernel

Terminal server

|

Kernel

|

\

Message from
client to server

Network
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Aopéc AZ: (4)
[NeAatn Awakoptotn (3/3)

* Ta Windows xpnoLpomoloUV TO HOVTEAO TNE TEAATELAKNC
SOUNAC yLaL TNV VAOTIOLNON TWV UTINPECLWYV TIOU TIPOCHEPOUV.

* OLumnnpeoiec o eninedo xpnotn vAomolovuvtal we SLEPyaoieC
TIOU ETUKOLVWVOUV HETAEY TOUG LLE TO TPWTOKOAANO RPC.

* Otav pia epapuoyn (client) yperaletal pio umnpeotia, eva
LAVU MO oTEAVETOL HEOW TOU Executive og kamoLov
gtuntnpetntn (server) o omolocg eKTEAEL TLC ATIAPOULTNTEC
gepyaoiec kat eEMOTPEPEL TO (NTOUUEVO OTTOTEAECUO OTNV
epapuoyn, maAl peow tou Executive.

Eoa
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Aopec AZ: (4) Melatn Alakoploth,
Apyttektovikn Windows

POSIE Miin3? 052 Security
subzystem subzystem subzystem zubzystem
z R x
= P : Lz er Mad' e
‘. ‘, ' ' Femel Made
Executive Services
| System Services |
10 Manager
MCan:he _ Security p Local | Wirtual |Window hanager
anager Mgi]:;r Reference M;Drg;s:r Praocedure | Memory | [WINIZK.573]
File System Manitor Call | Manager
Drivers Facility
MHetimark .
Drivers %raphlc
Microkernel EuVCe
Hardware Drivers
Dewice Drivers
. Hardware Abstraction Layer [HAL) -
¥ L ¥
| Hardware

-
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Aopec NA2: (5)
Ewkovikec Mnyavec (1/3)

* H glKOVLIKN pnxavr opEXEL «n» avtiypada amnod Guolko
UALKO XPNOLUOTIOLWVTAC AOYLOULKO.

* Etol, dladopetika AZ pmopouv va EpyacTouV oTo 1010
LNXOVN oL TOLUTOXPOVAL.

[lpoypappara Xpnon
OS1 OS2 0S3 0S4

EIKOVIK pnxavn

(W,
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Aopec AZ: (5)
Ewkovikec Mnyavec (2/3)

* YAomoinon o€ AOYLOULKO EVOC UTTOAOYLOTIKOU GUOTHHLOTOG, TIOU

EKTEAEL TTPOYPALUATO OOV VA ELval GUCLKN pLnXowvn.
— EwkovikeC Mnxavéc Zuotnuatwy (Xen, Virtual Box, Vmware, ESX).
— Ewovikéc Mnxaveg Atepyaotwv (Java VM, .NET CLR).

*  ELKOVIKEC MINXQVEC 2UCTNUATWV:
— To AZ TtoU TPEXEL OTO TIPAYHATIKO UALKO KOl TIAPEXEL TNV AELTOUPYLKOTNTA
Twv Ewovikwv Mnxavwv ovopaletal host OS.
— To AX tou ekteleital pEoa otLg Etkovikeg Mnxavecg ovopaletal guest OS.

* OLTmopol Tou cuoTtnuatoc potpalovtal otig Etkovikec Mnxavec
(ouvnBwc¢ pe otatiko TPOTo), aro to host OS. OL opol KAbe
Elkovikng Mnxavng eiva umto tn dtaxeiplon tou guest OS.

&
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Aopec A2: (5)
Ewovikec Mnyavecg (3/3)

Virtual 370s

System calls here
/O instructions here CMS CMS + Trap here
Trap here —p= VIM/370

370 Bare hardware

-
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Aopec NA2: (5) Elkovikec Mnyovec
[TAeovekTnuata & MeloveKTNUoTA

*H €vvola TNG LOEATAC KNXOVNC TIOPEXEL TTARPN MPOOTAGLA TWV TTOPWV
TOU cuoTnpatoc adou n KABe wWeatn Lnxavn eivat TANPWC
QTTOLOVWLEVN OTTO TLG AAAEC LOEATEC UNXAVEC. AUTA N ATTOUOVWON
TIAVTWG, OEV ETITPETEL AUECO OLOLOLPACO TIOPWV.

‘Eval cuoTnUa LOEATAC LNXOLVAC ELvVaL TO TEAELO OXNUOL YLOL EPEUVA KOl
avamntuén otnv mepLoxn Twv AZ. H avamtuén Tov cuoTAMATOC YivVETOL
otnVv WOEATr UNXovV, OVTL yla TNV TPAYHOTLKA KoL €ToL 6€ Staomartal n
KOLVOVLKA AELTOUPYLO TOU GUGTHHATOC.

*H €vvola Twv deatwyv pnxovwy eivat S8UokoAn otnv vAomoinon Aoyw tou
$doptTou Mov arauteitot yia tTnv mapoxn evog ritotol avtlypadou tng

UPLOTAEVNC LNXOVAC.

&
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Aopec A2: (5)
Ewkovikec Mnyavec (tutov 1 & 2)

Guest OS process

Excel Word Mplayer Apolion Host OS
(g (g O O process

Guest OS
Type 2 hypervisor O
Type 1 hypervisor Host operating system

(a) (b)

Windows
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PuBuioeic Virtual
Machine o Vmware

{7 Other Linux 2.6.x kernel {3) - VMware Workstation

© File Edit View MM Team Windows Help
(mnre  B@HDE |E|IIT: [m]=k=
Sebr x [ @ omer tinux2.xkcernet o) |
[ Powered On ”~
= & Favorites Other Linux 2.6 X kernel {3) 1
ﬁl Cther Linux 2.6.x kernel (3) State- e
Guest 05: Other Linux 2.6.2 kernel
Configuration fle: C:\Documentz and Settingzicompiy DocumentzsMy Yirtual MachineshOther Linus 2.6, \Other Linus 2.6.2 kemel wms
Yerzion: Whorkztation 6= wirtual machine
Commands Devices
|} Start thiz virtual machine Mermnory 256 ME
ﬂ]:'.'l Edit wirtual machine settings &2 Hard Disk {5C5I 0:0) Using device 1), .\PhysicalDrivel
0y - Ciorie this vitoal mschine %CD—ROM (IDE 1:0) Ising file C:\Documents and Settingsicomp,. ..
BB Ethernet Bridged
BB Ethernet 2 Eridged
l@USEE Contraller Present
@Serial Pt Aubo detect
|;|Displeq.f Auto detect
ﬁ Pracessors 1
Motes
Type here to enter notes for this virtual machine
% | [ VS
L\'. Acceleration has been disabled in this virtual machine. i3
Se—
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Apxttektovikn AZ Windows XP

logon 08s/2 Win16 Win32 MSDOS POSIX
process applications applications applications applications applications
F 3 F f F
Y A 4 k 4
security 0Ss/2 Win18 POSIX
subsystem subsystem subsystem
A

Y
authentication
package
A
Y

security account
manager database

Win32
subsystem

user mode
executive
I/O manager
: obiect | Security rocess | Plugand | virtual Iocgl
file system marfa o | reference neuana o play memory proggnure window
cache g monitor g manager | manager facilit manager
manager ey
device
drivers -
network kernel graphic
drivers de_-wce
drivers
'y hardware abstraction layer X
v A
) 4 Y 4

hardware




Apxttektovikr) UNIX

UNIX Commands
and Libraries

System Call
Interface

Kernel

User-written
Applications

-
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Apxttektovikn AZ Linux

Applications

‘ System Libraries

System Call Interface

File Systems Scheduler

Networking Memory Manager

Modules

Device Drivers IPC

Architecture dependent code

Hardware

R/ , , ,
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2€ 1oL YAwooa ypagovtol ta AZ;

* Av kal tapadootakd ypadovtav o€ assembly, ta A2 pmopouv
nMAEov va ypadovtol 6€ YAWOOEC TTPOYPALLUATIOMOU
vynAotepou enunedou.

* O kwdkag ov ypadetatl o€ pa YA\ wooo upnAotepou
ETUMESOU:

— Mmnopel va ypadel ypnyopotepa.

— Elval teploooOTEPO GUUTTOYNC.

— Elvail eUkoAoC oTnVv KATAVONON.

— Elvai o eUkoAog otnv amo-cpaApatwon (debugging).

* Eva AZ gival eukoAOoTeEpA LETAPEPOLUO O AAAN APYLTEKTOVLIKN
(porting) av eivol ypappevo og yAwooa vPnAou emnumedou.

Eoa
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H y\wooa C (1/2)

Source Code Object File Executable
I I
Libraries and /

other Object files /
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H vAwooa C (2/2)

@
preprocesor

Y

C
compiler

main.o @ other.o

linker
Executable
@ binary program
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lepapyla

EvvoLwyv ota

Level Name Obhjects Example Operations
13 Shell User programuming Statements i shell language
environment
12 User processes User processes Quit, kall, suspend, resume
11 Directories Directories Create, destroy, attach,
detach, search, list
10 Devices External devices, such as Open, close, read, write
printers, displays, and
keyboards
9 File system Files Create, destroy. open. close,
read, write
8 Communications Pipes Create, destroy, open. close,
read. write
7 Virtual memory Segments, pages Read. write, fetch
6 Local secondary store  Blocks of data, device channels Read. write, allocate, free
5 Primitive processes Primitive processes, Suspend, resume. wait. signal
semaphores, ready list
4 Interrupts Interrupt-handling programs Invoke, mask, unmask, retry
3 Procedures Procedures. call stack. display  Mark stack, call, return
2 Instruction set Evaluation stack, Load. store, add. subtract.
microprogram interpreter, branch
scalar and array data
1 Electronic circuits Registers. gates. buses. etc. Clear. transfer. activate,

complement

Shaded area represents hardware.

P
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A Simple Program to print a directory

#include <sys/types.h>
#include  <dirent.h> Functions supplied by system
#include "ourhdr.h" libraries.
. o . These functions will contain a
int main(int argc, char *argv(]) trap instruction
{ .

DIR *dp;

struct dirent *dirp;

if (argc 1= 2)
err_quit("a si

err_sys("can't opew®g”, argv[1]);

while ( (dirp sAeaddir(dp)) '= NULL)
printf("%gfh", dirp->d_name);

closedir(dp);
exit(0);
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XapaKTnNPLOTKA
TWV ocuyxpovwv A.2

* E&eAi&n tou UAKOU:
— [MoAAol emeéepyaoTEc.
— YynAn taxvtnta cuvdEcewV SLKTUOU.
— MOoAAEC Kol LEYAAEC OE XWPNTIKOTNTOL CUCKEUEC
amoBnkevonc.
* E&eAn tou Aoylopikou:
— MoAUMECLKEC EdDOPLLOYEC.
— MpooPaon oto dtadiktuo.
— Movtelo niehatn / e€umnpéetn (client / server).

Eoa
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Evbewktikr) Epwtnon

* [olec amo TLC MapoKATW EVIOAEC (instructions)
Bewpelte amapaltnTo va TPOCTATEVOVTAL OTTO TOUC
XPNOTEG;

— AAN\ayn o€ kataotaon xpnotn (user mode).

— Avayvwaon Tou poAoyLou.

— Amnevepyomnoinon dtakonwv (interrupts).

— AAN\ayn o€ kataotaon enontn (monitor mode).
— Avayvwaon oo TN MvnRpn tTou nopakoAovdntn.
— Anmodoon TLUNC OTOV XPOVLOTH).

— Eyypadn otn uvnpn tou mapokoAovOntn.

Eoa
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TeAloc Evotntac

@O0

Eup«mulm ‘Evwon a T L a Lhi
upsmaing Korunus Tapsio
Mz T ovyypnparoddmmon e EAGSac kai tng Evpundinng Evweong
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