JIEKL, 1

YUnanmmH CUCTEMUNH OHOJ

Xn433n 3aax b6arw: MT —H canbapbiH
noktop, npogeccop O. baTt-2Hx



YnognnmH CUCTEMUNH OHON

bynari
TaHunnuyynra

[okTop, npodeccop O. baT-OHX



YunanunH cuctem (1)

Op4nH YENUH KOMMNbIOTEP:

o Har 6a TyyH33C ONoH npoueccop
. YHOC3H caHax ou

J LOnckHyyna

 [lpuHTEpyya
Tepen oypunH oponT /rapanTbiH TEXeepemXxyya

D0raap OypaNAdXyYH Xacryyaunr yagupaax nporpam
XaHraM>X —yUnarimmH cuctem



YUnanumH cuctem (2)

E —main XOrKuM
YHIIMIY  TODJIyYyJard

~ | ™
X3PANITYUNH . . .

B»206 6poy3ep

TOPUM
P 3 [Iporpamm
X3p3nIBryuiiH uHTEpIIC TPOrpaMm >- XAHTaAM¥XK
-
(V3 -
[HemuiiH . .
i Y WIUINNH cCUCTEM
TOpPUM 2
— —
TexHuk
XaHTaM¥K

-

3ypar 1-1. Ynnanuma cucteMmmninH dampnarn

A



©pretreceH malumH (YC)

X3P3NIIHAN IPOTPaMM

OMX PTUTIN Xs10ap

- uHTepderic
XYHI X21YY
- uHtepdeiic

TexHuk xanramx

3ypar 1-2. YnnanuuH cuctemMyyn Xauyy TEXHUK XaHramkaac amx
L3ruTam XMMUCBIP pyy bangan pyy LWNMKUXK ?ﬁHa.



HeeunnH yompanara

Har 33par onoH nporpamMmm axkunnaxbir
36BLLUB6BPOX

Canax oun, O/ —bIH Texeepemxyya 6a bycan
Heeuyyauur yaupgax 6a xamraanax

Heeuunnr xamTpaH 33aMLInX 2 apra banHa.
» Xyrauaa
« 3au



YnnaonyyaumH cuctemyyanmH tyxau

Xoernkun:

*  (1945-55) Vacuum Tubes

*  (1955-65) Transistors and Batch Systems
*  (1965-1980) ICs and Multiprogramming

*  (1980-Opoor xyptan) Personal Computers



|C 6a ofloH nporpammynar

Job 3
Job 2
Memory
Job 1 partitions
Operating
system

3ypar 1-5. CaHax ong banpnax 3 axkunrtam onoH NporpamMmmbIH
CUCTEM. 3



KoMnbloTEPbIH TEXHUK XaHFAMXUWH Tyxau

Monitor

Hard
Keyboard USB printer disk drive
| (= 0oooo
; Hard
GEL Memory co\g’ﬁﬁﬁer Eixﬁgﬁ;? cogt?gl;ler disk
MMU controller
Bus

3ypar 1-6. QHMMNH NepcoHarib KOMMbTEPbLIH BYPanaaxyyH
Xacryya. 9



CPU Pipelining

Execute
unit
Fetch Decode
unit — unit
Holding Execute
Fetch Decode Execute ;
unit
unit md unit — unit
Fetch Decode
unit - unit
Execute
unit
(a) (b)

3ypar 1-7. (a) 3 ye warttau pipeline. (b) A superscalar CPU.
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OnoH canbap npouecc 6a onoH LemMnnH
ymnnyyAa

L1
cache Core 1 Core 2
L2 L2

7
Core 3 Core 4

L2 L2

3ypar 1-8. (a) 4 uemMTan 4mn (xamTpaH 33aMLIMXK Davraa L2
KOLUT3N).
(b) 4 uemTan 4ymn (L2 kawyyn 6mes gpaacaH 1];;l:naa)



Typical access time

CaHax ou (1)

Typical capacity

1 nsec Registers <1 KB

2 nsec Cache 4 MB
10 nsec Main memory 512-2048 MB
10 msec Magnetic disk 200-1000 GB
100 sec Magnetic tape 400-800 GB

3ypar 1-9. CaHax ovH waTnanbiH Tepern.
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Surface 7

Surface 6
Surface 5

Surface 4
Surface 3

Surface 2
Surface 1

Surface 0

[nckHyyA

)
Il

— Read/write head (1 per surface)

e T
o SN

—_—
O S —

Direction of arm motion

3ypar 1-10. [nck gpanBepbiH OyTaL,.
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O/’ Texeepemxyya

Disk drive

53 ¢ Current instruction

. I Next instruction +

CPU |« Interrupt Disk
~ | controller controller 3. Return
1. Interrupt

(] A
1 ! \ /
2. Dispatch f
to handler \T

Interrupt handler -

f= fl=?

3ypar 1-11. (a) O/ TexeepeMXuUnH axXrnax, Tacangax oun 6omnox
anxamyyn 14



Lyramyyn

Cache bus Local bus Memory bus
Level 2 PCI l Main
cache @ CRL <£> bridge < memory
ZAN PCI bus
< ] 1 =
JL \/
scs| USB USB Graphics
bus ISA 2 IDE adaptor Available
; { bridge disk PCl slot
& = = T |Mon_
T Ky IDE bus lfor
Mouse )
SCS| bus boar ISA bus
¢ e (107 >
4 | Il Srh
Modem Sound Printer Available
card ISA slot

3ypar 1-12. [NeHTnymMm cncteMmmmH oyTall.
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YnanumH CUCTEMUUH Tepnyya

ManHdpenm y/c

CepBepunH y/c

OnoH npoLeccopbIiH Y/c
[lepcoHarnb KOMMbIOTEPLIH Y/C
366BpPUINH Y/C

Embedded y/c

Sensor node y/c

Real-time y/c

CwmapT KapTbiH Y/C

16



YWUnanumH CUCTEMUNH Tyxau

[Mpoueccyyn
XasarmnH opoH 3au
dannyyn
Opont/l'apanTt
Xamraanant

Llen

Xerkun . ..
* X XOMXX33HUN caHax oun
 TexXHUK xaHraM>XumH xamraanant

* HOukcHyya
* OpreTreceH caHax ou

17



[Mpoueccyyn

3ypar 1-13. lNpoueccbiH mog. Npouecc A Hb B 6a C xoep xyy
npoLiecchbIr yycracaH. INpouecc B Hb D, E 6a F 3 npouecchir
YYCraCaH.

18



Pavnyya (1)

Root directory

-

N

Students \FaCulty

ya -
4 ~
Robbert Aﬂy { Leo Prof.Brown Prof.Green Prof. White
Y
J ya ya
I 2 1/
/ /
] 7 S #
ry ¥ X Y
Courses Papers Grants Committees
Vi J J \
/ / \
\ i S
\ [ 1\ \

/
JIN LN
Y Y
O O
CS101 CS105 N Y

SOSP COST-11

3ypar 1-14. X cypryynuimnH TaHxmmMa 3opuyricaH dpans CUCTEM.
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Pavnyya (2)

Root CD-ROM

a \ b 'S NV a b

y

of \o j// :

(a) (b)

3ypar 1-15. (a) Cyypunyynax emHe, CD-ROM paxb dpannyynan
xaHgax oonomxryn (b) CyypunyyncaHbl gapaa, dansbiH
LuaTaricaH xacar 60sHo.. 20



Pannyyn (3)

Process Process

OO

3ypar 1-16. Pipe —aap xonboracoH 2 npouecc
21



CucteMunH gyyonaryya

Address
OxFFFFFFFF _
Return to caller ] .
T ek I Library
rap to the kerne procedure
5| Put code for read in register read
10
4
User space ve
a < Increment SP 11
~ Call read
3| Push fd User program
2| Push &buffer calling read
1| Push nbytes
6 9
Kernel space . e 8 | Sys call
(Operating system) HIERRIch - “| handler

0

3ypar 1-17. CuctemunnH gyygnara xmurggar 11 anxam
read(fd, buffer, nbytes). 22
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[1lpouecchiH youpanarag sopuynargcaH
CUCTEMUNH ayyanaryya

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

3ypar 1-18. POSIX cucteMuinH yHAC3H ayyanaryya.
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dannblH yaupanarag sopuynaracaH
cuctemunH ayyonaryyan(1)

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

3ypar 1-18. POSIX cucrtemnnH yHAC3H ayyanaryya.
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dannblH yaupanarag sopuynaracaH
cucteMmunH ayyonaryyn (2)

Call Description
s = mkdir(name, mode) Create a new directory
s = rmdir(name) Remove an empty directory
s = link(hame1, name2) Create a new entry, name2, pointing to name
s = unlink(name) Remove a directory entry
s = mount(special, name, flag) Mount a file system
s = umount(special) Unmount a file system

3ypar 1-18. POSIX cucrtemnnH yHAC3H ayyanaryya.
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bycan cuctemunnH gyyanaryyan

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

3ypar 1-18. POSIX cuctemMnnH yHOCSH ayyanaryya.
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OHIMMWH Len

#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 */
}
}

3ypar 1-19. A stripped-down Luen.
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CaHax ouH epeHxun byTal

Address (hex)
FFFF

7

Data I

Text

0000

3ypar 1-20. lNpoueccyyn 3 cerMeHTTan banaar:
TEKCT, erergern, 6a cTek. o8



Cyypunyynant

bin dev lib mnt usr b%
(b)

(a)

3ypar 1-22. (a) ©prexxyynaxmmH eMHex pann CUcTem.
(b) ©prexyyncaHuim gapaax damnn CUCTEM.
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Windows —H WIn32 API

UNIX Win32 Description
fork CreateProcess Create a new process
waitpid | WaitForSingleObject| Can wait for a process to exit
execve | (none) CreateProcess = fork + execve
exit ExitProcess 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

Iseek SetFilePointer Move the file pointer
stat GetFileAttributesEx | Get various file attributes

mkdir CreateDirectory Create a new directory

rmndir RemoveDirectory Remaove an empty directory

link (none) Win32 does not support links
unlink DeleteFile Destroy an existing file

mount | (none) Win32 does not support mount
umount | (none) Win32 does not support mount
chdir SetCurrentDirectory | Change the current working directary
chmed | (none) Win32 does not support security (although NT does)
kill (none) Win32 does not support signals
time GetlLocalTime Get the current time

3ypar 1-23. Win32 API gyyanaryyga.
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YUnonivnH cucteMmmH oyTal

Hargman cuctemyya — YHACSH OyTaL;

A main program that invokes the requested
service procedure.

« Aset of service procedures that carry out the
system calls.

« A set of utility procedures that help the service
procedures.

31



Haraman cuctemyya

#define FALSE 0
#define TRUE 1

#define N 2 /* number of processes */

int turn; /* whose turn is it? */

int interested[N]; /* all values initially 0 (FALSE) */

void enter_region(int process); /* process is 0 or 1 */

{
int other; /* number of the other process */
other = 1 — process; /* the opposite of process */
interested[process] = TRUE; /* show that you are interested */
turn = process; /* set flag */

while (turn == process && interested[other] == TRUE) /* null statement */ ;

}

void leave _region(int process) /* process: who is leaving */

{
}

interested[process] = FALSE; /* indicate departure from critical region */

3ypar 1-24. Hargman cuctemyyaag 3opuynaracaH SHrmmH
BbyToUNIArACaH 3areap. 37



[laBxaprat cuctemyyn

Layer Function
5 The operator
4 User programs
3 Input/output management
2 Operator-process communication
1 Memory and drum management
0 Processor allocation and multiprogramming

3ypar 1-25. YnngnunH cucteMmmnH dyTadl.
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User
mode

MukpoLem

~_4Process

/Userprogs.
¥

® 0@ E @ |-
\

Microkernel handles interrupts, @
processes, scheduling, IPC
3ypar 1-26. MINIX 3 cuctemmnH oyTau,.



KnneHT —CepBep 3areap

Machine 1

Client

Kernel

|

Machine 2

| File server

Machine 3

Kernel

Process server

Machine 4

Kernel

Terminal server

|

Kernel

\

Message from
client to server

Network

3ypar 1-27. CyImK33HUN KITMEHT —CepBep 3arsap.
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Buptyans mawmnHyya (1)

Virtual 370s

System calls here

I/O instructions here

Trap here -— VM/370

Trap here

370 Bare hardware

3ypar 1-28. CMS -tan VM/370 —H byTaUl.
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Buptyans mawmnHyya (2)

Guest OS process

Excel Word Mplayer Apollon Host OS
O O process

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

(a) (b)

3ypar 1-29. (a) 1 —p TepnuitH xannepsunzop. (b) 2 —p TepnuinH
Xanrnepsunsop.
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[TporpammunanbiH C xan

* [lporpammunansiH C xan

* Tonrowu cpannyyn

* WX XaMX33Taun nporpammynanbiH Tecnyya
*  AXnNbIH (aXXunnax yenmnH) saresap
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AXnnnax yemmH 3arsap

C
r

Executable
@ binary program

3ypar 1-30. C xanuir xepByYynax npouecc
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