Jol s - Jole (s poimanw ()0 glaclosl

toy 5l Sidu oyl Glaal

fole pitap [,z @

Jole pinn Lol iy @
o gla o E olal e

Jdlesea b glal e



?J»Lcwlﬁ

Operating System (OS)




Y TS o0 oolisiul pHgunols SO 5l >
§ Jols s 1y '

Computer Hardware




¢ Jole ot 152>

S0y sl

(Application Programs) ¢o,,l5" sladeli

(Word Processor) ;yio ,Sislo p glodsl
(Multimedia Player) oLé L _dowge (idu gloasl,
(Games) l ¢;L

(Simulators) la;lua i

(Web Browsers) g ,5,9 0

(Interpreter) » uis 9 (Compiler) b Lol

o 9 PDF slacs 3 45 Slaaiins jioles gdely
&3l Gl S )0 253 (gaeb

e 9 ;';Lw} u.w;Lo



8w + 50,5 slraol

Application |
| VLC Player Firefox MS Word
Programs |
I
I
L L — —

Computer Hardware

CausS ocolaswl )|)_9|u.>r.w)l w 6\)).3)[5 LQLQML:).’ L4



4 Sleciw oy90 4o Sledlb
§ Jole oo |2

Processor

(od.'a)" S ).a)
Input/Output Devices

Buses (L5>9)'> L: 8999 dlﬁomo)

(Lool5,55)
Main Memory Graphics Card | | Network Card Keyboard Harddisk Drive) ...
(Lol gabssl>)




¢ Jole o |52

3Pl a4 (609,15 (540l o oo o Liiul

Application Program

Sl lakal ¢ o5
& 9o sl oo + ouijle oS, i

azhd o ol SYsb sladiins

Network

(20 mfrs, 300 models)

Harddisk

(10 mfrs, 100 models)

Graphics

(10 mfrs, 200 models)

Mouse

(50 mftrs, 200 models)

Audio

(20 mfrs, 300 models)

Keyboard

(50 mfrs, 1000 models)




¢ Jole o |52

S b LU, gl il 5 oliciul

BLLS S o 8l b bl opols 41,8

Application Program

Hardware Library

Network

(20 mfrs, 300 models)

Harddisk

(10 mfrs, 100 models)

Graphics

(10 mfrs, 200 models)

Mouse

(50 mfrs, 200 models)

Audio

(20 mfrs, 300 models)

Keyboard

(50 mfrs, 1000 models)




8l 3l raol p pudiino (goolisiw] Mo

Application |

| VLC Player Firefox MS Word

Programs |

I
L — ]

I

Computer Hardware

Lmo)lo); ul.o).o.lb 6')"‘
@L;A . oae
Lol 1o 51 5 5ol

o3l s ol



K Jole i
€ Jole pitmans 2
r-—-———_ -~ -~"~—~"-~"_-—-_—_ -~ “—"—-"—-—_—-—— == 71
| |
Application | I
| VLC Player Firefox MS Word |
Programs |
| |
e [ — —

!

Operating System

Computer Hardware




R S 03Y fole it dinod U
§ Jole oot | 2>

s gl | Jole gt SG 4 28
Comd 9290 A0S G o Ll jlaslel, b dsus sgase bl dlecen @

o Jlo Jole it oo Sloas 4y @



\Y

¢ Jole ot 152>

&390l Jole lopmonw

(https://kernel.orgl) wSgid casms :Linux

oS Loz iealeo YV 51 iion VAR [0 4,0

¢(Berkeley Software Distribution) BSD ¢lqil 51 S :FreeBSD

(https://www.freebsd.org/) Unix 5laus S,

(https://www.illumos.org]) Solaris ;| a:3,5,, :Illumos



https://kernel.org/
https://www.freebsd.org/
https://www.illumos.org

'Y Jole piwans Lol cisllog

Application |
| VLC Player Firefox MS Word

Programs |

I
O I

! ! !

Operating System

Computer Hardware

Dy 5o 03¢ a8l s Lzl Sl 5o slaasl oo ole pis



V¥ Sdlesew gl
Jale i ol ilss

A8 oo o e |y jlblesen Jole g @
i3 o Jole it o 1) 8IS Ay yiws CoslgS o Ll > o sladsl,, @
.d.fbdgo )I)S LQO)IOJ.:)LM?I)JL&:,IQJI)&J(&JI; u)IS J.w) Lg)I)BIw Lgd..t.Ia_‘l 69")‘“&95" L4

Application Program

Operating System

r 71
I Network Harddisk Graphics I
I I
| (20 mfrs, 300 models) (10 mfrs, 100 models) (10 mftrs, 200 models) |
Hardware | I
I Mouse Audio Keyboard I
I I
| (50 mfrs, 200 models) (20 mfrs, 300 models) (50 mfrs, 1000 models) |
L - - - - - - __ -

g i loo o 51 ele pias oS b eyl sShiizr Coedl oo &) g 95 ol ol @

OI}I9Q9.$6A 0,55 ledbl o] o Jale s SoS b oylas Slais Comal S g9 loacl ol @

Db se 2k

5l g 0o 0,8 Sl 45 fols piecns SaS b 3,05 iz Cavodl a8 &1 £95 ool gl @

Pys sk o



VO L0313 53y Zobio (5,138 STl 4o
Jole i (Lol Ll

35 o oolitasl _aslis j1 Lol Jl> 4 gl o
s&d|)fg)§JL> «&M\io «4;.“» calhsl> wd..’)‘d))J.st_uLA L4

Application |
| VLC Player Firefox MS Word
Programs |

I
O I

! ! !

Operating System

Computer Hardware

LQ;T)'Io.:.’,ls.’.géb.':.;uQ)e,aglj.?lgjb)odubﬁxqw@@ﬁmI)@Luoﬂlg&&@uhbw °
AoaS eolasul

ol Gyl o I3l S s i o3l 0 @



V¥ Lol p (yilols 455 |32
ol o ol sl

Dyl 0 oSG a1 o505 1o Jole it @

D,10 s 0dl oolo plais] Slaas glabsl> a hisojlo,s 0 @



\V Lo 31y Jolss (4ol
ol s Lol iyl

DS el po b laoglo el oY 215 @

Java Applet

S e w3 Cilise o3l o L sl ) (SUIl Jole pivcns @



A AN
Jole i (ol g

Jole it olbg 51 >
SRl Copasg glyol @
L&'bo)‘o).:u.ueh.o Lg)‘dfc_ﬂfw:‘ )O L
ojlon pblagSla> @

ojloy ol @



14

S0y sl 3l Jole piwsw (o>

Processor

.4.:56@ Ll 1) aladl> 5l g 95mws caiylo,y alaxd o 0 @

Main Memory




Yo 031 33 9 dols
6°)€)l5 61@4.0\3).3 )’l J.nl.:w@k.\a

By00 )18 Sss o aS el >l LB L G (Program) asbp G @
ool ol ol S /usr/bin/firefox |1 wges ol @
L]

firefox process

/usr/bin/firefox

Process

Program (Executable File)

Sy oo a5 Al 3 b ojlo s Process >l Jl> o gasbpa @

Caily 09290 o3loy dizr deliyy Sl el (Sas LT @



R oudjloy gl
628 saol w3l Jole o o

S o [yl yaladls 5l e 5l g 95w oaijloy malaxd o 0 @

Main Memory

Process 1

+ Operating System

Processor 1P

Process 2




Yy Laojlo ) (ow yiwd (30,5 Sgdxo
6O, ol w5l Jole o ol

$ogds oo dz wibl atdlo cwyitws l8lesen 4 losdiuw wiilgy laoyle n ST @

Application |
| VLC Player Firefox MS Word
Programs |

I
O I

! ! !

Operating System

Computer Hardware

0,5 dgazme |y Loyl g yiws (lg5 oo LS @



Yy 033318 3 g1yl slacd >
6O, ol w5l Jole o ol )

Wigd oo Ll Sl sz jo gh9,0l slaoassls,, @

i 00331055 4y aS” Sl ygws abl cdl (ol jo easylo (ST i(User-mode wgome cdl>) )5 cll> @
O3S | wilgs e ly asyls

ouyle 51 :(Priviledged-mode System-mode «Supervisor-mode (Kernel-mode) aiws o> @
Wlgs oo 1y Ol jgtws (gdad tail ailo g iws l38lccun 4 Codgisme (g Wlgi oo wil Sl il jo
S

“‘“56"@@“-")6)%6&@[" LCbo..\.a)b).aY}oJm o



Y¥ 5l 4o bojlo s gl
ééx)lf 6[.&54.0[3).3 )’l J.nl.c Wgs""\"’ ’

Main Memory

Process 1

+ Operating System

Processor I

Process 2

g s 2l S el s lasgls,y @

e ool atws el o ole g @



YO o3l 59 31 Jole ot Sl
Lg.bﬁ)lf 6[.&54.0[3).3 )’l J.ol.c P, &53|"\""

Process A Process B

User-mode

Kernel-mode

Operating System

gy oo aiiS w2 Kernel b atns 0gi o Lol awn cll> 0 a8 enda, @



\4 A3yl o w8l a0 Sldos 4>
6205 ol 3l Jole PEOWESWIp KT 2

Processor

(od.'a)" S ).a)
Input/Output Devices

Buses (L5>3)'> L: 5999 LSLQOLiMm))

(ool5,35)
Main Memory Graphics Card | | Network Card Keyboard Harddisk Drive| ...
(Lol galzil>)




YV )ﬁ‘w a l.ba)’b)g ‘:.u)x.wo
628 saol w3l Jole o o

Taibl andls gwpiws lblecun 4 wsSa laoylo,, @

Application |
| VLC Player Firefox MS Word

Programs

|
O I

! ! !

Operating System

Computer Hardware




628 saol w3l Jole o o

Jole gt 5l 03l glacawlss 1o (System Call) poiwpw Slg>1,8 @

Process A
User-mode System Call
Kernel-mode
Operating System

w9ajwwwdbmdf}5db)| oub)lb).adb}' Carog Ws.a‘a}‘)s 6‘)‘>| LQ')" L



Y4

628 saol w3l Jole o o

.

... gIseek() write() aread() copen() o L8 &) owyiws gl

... wait() exec() dork() :ojls,s copie gy
... o Kill() signal() :lo JLS o
... sunlink() «chmod «chown :qiucew 8 o yuae

d'o)ld).: O JaLuJ



Ubw5

| aladl> o szl Yo o aaxt a0 0033105

Main Memory

Process 1

Kernel

Processor 1P

Process 2

ML’ LQ“))“))" L§|J'>| Jb)ogﬁ)lSQJb)o oda)b).aduusua)ﬁ

At 5l pasiin Cwowd glial g aie cJl> @ Jlisl g oassle s ol >l aBgs :(Interrupt) asdg



Y Aldg >

raddg

fonl o3 addy )50 4z 5

Q)|)3‘u9v.~u > LS')T’ L4

SUas Wss'ﬁ L4

User-mode _ = = — — —

Interrupt

Kernel-mode — — — — — — —



Yy

raddg

aa8q &gl

(&l Plecw glaolas , :(Hardware Interrupts) 8l olodsdy @

([Q.JM Lon )L.S) JALC W )‘ L(bo)b); Lstbw‘?})o (System CaHS) LSAM"M LSLQL_S)‘P‘)S L4

cole Sldae b aladl> 590 o :(Software Traps) ¢ l3806 5 clollas @



\RJ

€ ele piueas > @
Jole pien sl @
faowloy pedb vzl @
o S92 @

loass, ®



Y¥ ‘Saﬁ)lf‘_gbd..ol}x)éw@'gébé

Saglools alos! satunm o3l @



Yo Ll

(s S5 3l Caonndd 90 (g e Jlisl g, :(Interface) Ll, ©

Interface

.(Graphical User Interface) GUI g USB LS colSaxis co)lginge (Touchscreen : Jlo @



\i4 O35 cmmigianls s sl

&“’56“ ool QT &Js.s )| Wwlsuls ;S_a)l ool £5|)'~’ °

it 0ol (Application Programming Interface) APL s ;> algs ool @

API
C Standard Library C Programs

ilizes sloly o laslinl calsolss APL: L ®

.LGTK caslsolS APL: Jlze ®



Yv (oo Sg1,8 gl as APT 31 ooliciuwl

S oo olitil cedtugw slo SleB )8 padine Slg3 8 ol 4 laalsoliS APT 5l Lt Yooro @
> 0,0 gyt (Portability) Jlas! colls API 5l eolawl @
Oz el ool Yeaso APL 5l oolazwl @

09 00l (patumn (g3 5l Lol (Sas APL g5 glwosly o @

printf("Hello world!\n");

API

|

int printf(char *fmt, ...);

Implementation

|

write() system call




YA (o 5o g1, 8  Slgl 8

.CLuu‘QQ))Lyug;Mbau?oﬁL35VY}osﬁ Qﬂ°)3“5€45‘;;“1-9”L5L“gs”55;b5‘>L*¢

$ strace 1s
execve ("/root/b/1ls", ["1s"], [/* 24 vars */]) =0

arch_prctl (ARCH_SET_FS, O0x7ffdf8765030) = 0
geteuid() =0
getegid() =0
joctl (1, TCGETS, {B38400 opost isig icanon echo ...}) =0

ioctl (1, TIOCGWINSZ, {ws_row=28, ws_col=97, ws_xpixel=0, ws_ypixel=0}) = 0

mmap (NULL, 4096, PROT_READ|PROT_WRITE, MAP_PRIVATE |MAP_ANONYMOUS, -1, 0) = Ox7f...
mmap (NULL, 4096, PROT_READ|PROT_WRITE, MAP_PRIVATE |MAP_ANONYMOUS, -1, 0) = Ox7f...
mmap (NULL, 4096, PROT_READ|PROT_WRITE, MAP_PRIVATE |MAP_ANONYMOUS, -1, 0) = Ox7f...
stat (".", {st_mode=S_IFDIR|S_ISVTX|0777, st_size=80, ...}) = 0

access(".", F_OK) =0

open(".", O_RDONLY|O_DIRECTORY) =3

fentl (3, F_SETFD, FD_CLOEXEC) =0

mmap (NULL, 4096, PROT_READ|PROT_WRITE, MAP_PRIVATE |MAP_ANONYMOUS, -1, 0) = Ox7f...
getdents (3, /* 4 entries */, 4083) = 104

getdents (3, /* 0 entries */, 4083) =0

close (3) =0

munmap (0x7£14c3452000, 4096) =0

lstat ("log", {st_mode=S_IFREG|0644, st_size=1061, ...}) =0

write(l, "logO, 4) = 4

exit (0) =2

+++ exited with 0 +++
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