e BIG R  NRILE IE R MG Rty
(Computer System and Architecture)

unil 15

szuuaaniieauazanilaonssnaaniiead (Computer System and Architecture)

AL IRIGEE
(Operating Systems)

szuuaaniieaduazanilaonssnaaniiiead (Computer System and Architecture)

wivesszuudfiians

mafasatiui 14 nieuaesduina i
(User Interface)

auanauaalnsal (Control Devices)

JARIIMINEINT 11303703792 UL

(Resources Management)
o NANBNNIVRNIZUUAINAR
o 3wenIanapYszLan

Tisiass (Process)

sruunaniunesuazamilaonimaeniieed (Computer System and Architecture)

= asdlsznavveslusiaa
Vs 1 saars

Téalusunsn

STRFD

uRenauan lUsiuw

PSW (Program Status Word)
amantifves Ui

0 O O DO IO

o

szuunaniunasuazamilaonimaeniined (Computer System and Architecture)




Tis1ais (Process) Tusiaa (Process)

ufanauan lUas

NaElas anuzlUsiaa ﬁﬂ’]ugmaqg[ﬂ‘jlqja
- = aanusianeu (New)
waretaalUsdg .
e — 5 WMUSWIRN (Ready)
M,,, sauzIu (Run)
s = snugsa (Wait)
fayani1sdntial | dayaniiionadi = amuzlvmaﬂ (BIOCk)
foyauinieid | dayasnius 170 NOMUSTURN (Termmate)
szuuaaniieauazanilaonssnaaniiead (Computer System and Architecture) 5 szuuaaniieaduazanilaonssnaaniiiead (Computer System and Architecture)

Tilsiass (Process) I Tisiass (Process)

S CRBIRI G|

= madana s

o i) 9z Tnanidny 1vidneniiae |

o suudftiansss sl sisanunsie s
ULNHN
5zuuUHTIAN G BIN T INENUBANNINUAN

o

INEHWDSD 1M | |
scheduler dispatch . . . - ol =4 o & ! 2 o o T
Sunmn/1dnaniaflandiaiaudd o F0FUNA/LBIANANRTDDLIUG = LN'?]'&’TNT‘L]ilmﬁﬁlﬁﬂﬁ]ylﬂuaﬂﬂuﬂ’lwL‘if_]ﬂ’]’] A

WiaN”

sruunaniunesuazamilaonimaeniieed (Computer System and Architecture) szuunaniunasuazamilaonimaeniined (Computer System and Architecture)




Tusiass (Process)

Tusiass (Process)

PCBS PCB8
Ready N T
Queue FHamad] Faamad
S I = lawewriuvesliaas
i = o
it 0 g — maa3ldsis
o 3 3= = wwmusitisnaudnd@sdsie luwden  fuldsasgn
e T T = lWawmuisasvaunseislunosnunsllsasmionn
L Tusaadusa lUian 3a5usndane
LATaIWHN T iy
. = madusavesll s
- | Fees Gens o = Tdswmanld5vesmnnifiuniimmua 14
REN it il bl = o | £ & a o
o e T e o Liganwsududesldlysiamanitiudni
o Tdsasusifivaa lUuan il isnansndnd@ne L sis
an
szuuaaniieauazanilaonssnaaniiead (Computer System and Architecture) 9 szuuaaniieaduazanilaonssnaaniiiead (Computer System and Architecture) 10
Tilsiass (Process) Tisiass (Process)
. = mMafiaseszninly s
o ldssfovsean (InterProcess Communication)
(Cooperating Processes) Tgm‘mwuim
= MIUVITONALIIRT 15N13AAAD
g =1 . n3fasalauns
2 MIAILANNHLII LUNTIINUIN MIGaA NI oN
ANHRZAIN = Myvatimnes
2 aNHIAUL
ANNILUURVIULYA
anwa liidveuian
1 12

sruunaniunesuazamilaonimaeniieed (Computer System and Architecture)

szuunaniunasuazamilaonimaeniined (Computer System and Architecture)




Tusiass (Process)

n3Bulas lugdldsas (Process Synchronization)
= myihanupealdsas 2 Tdsasidanuiioldasfiv

Tusiass (Process)

= Tmm%wﬁugmmi Process Synchronization
Race Condition

Mutual Exclusion wag Critical Region
Mutual Exclusion with busy waiting

o o

[n]

szuuaaniieauazanilaonssnaaniiead (Computer System and Architecture) 13 szuuaaniieaduazanilaonssnaaniiiead (Computer System and Architecture) 14
A 71 Critical Region A Banain Crtical Region
L Tusiga 1 Tusida 2 Tusiza 3 [T
Tustea A I | |
I
| | | | :
| | | | Nufaasdld
| | B wanaw |
| | W1 cr | LBWICR | B ©@n31n CR
: I [ Thread Thread
Tsiaa B r ] | fuf Kemel Kernel Kernel
T B gnudan T4 (n) (2)
T2 T3
» 1281
. n) 3 Tsiauaazlusmd 1 thread @) 1 Tusiwwid 3 thread
Mutual Exclusion lagld Critical Region
15 16

sruunaniunesuazamilaonimaeniieed (Computer System and Architecture)

szuunaniunasuazamilaonimaeniined (Computer System and Architecture)




Threads

=i muﬂ‘szﬂauﬁugﬁumm thread
vineaw thread (thread ID)
@1ty (Counter)

A V4338005 (Registers)
suan (Stacks)

o o

o

[n]

Threads

| 1Am ‘ | faua ‘ | Told ‘ | lem | | ?Tﬂm1| ‘ e ‘

. F . = = ;

"nmma'ﬂ | Aufin ‘ |'nmma'5'1 |'§qaLma'§1 "iaﬂ,ma'ﬂ
& = =

| aufin | | aufin | ‘ audin ‘

8] Jsfsfs

—thread

Single-threaded Multithreaded

szuuaaniieauazanilaonssnaaniiead (Computer System and Architecture) 17 szuuaaniieaduazanilaonssnaaniiiead (Computer System and Architecture) 18
Threads Threads
o de ldiUSpuves thread
2 MIRDURUD = User waz Kernel thread
=2 MILYTIVOIR User thread
aNuiazniia Kernel thread
o madetsrlppiveswwniaonssudiad
Tisismares
19 20

sruunaniunesuazamilaonimaeniieed (Computer System and Architecture)

szuunaniunasuazamilaonimaeniined (Computer System and Architecture)




Threads I

Taeawas Multithreading

= luaa Many-to-One 5 5 5 ?_U, e

4—— HKernel thread

Threads I

Tuiaawas Multithreading
Tuiea One-to-One

§ § § ; User thread

<L A <L gd— Kernel thread

szuuaaniieauazanilaonssnaaniiead (Computer System and Architecture) 21 szuuaaniieaduazanilaonssnaaniiiead (Computer System and Architecture) 22
Threads I Threads
Tuiaaves Multithreadin -
o Many-to-Many g = MsunLan thread
§ § § §-— User thread = MIsnanuy Asynchronous
/ = masnaniuy Deferred
A Kernel thread
23 24

sruunaniunesuazamilaonimaeniieed (Computer System and Architecture)

szuunaniunasuazamilaonimaeniined (Computer System and Architecture)




ns3aaging (CPU Scheduling)

o

WINANNABINTWUFIU

o dewansanlumsianm

91305z levivesdinn (CPU Utilization)
3w (Throughput)

avsvng (Turnaround Time)
LIavanay (Waiting Time)

=2 AedURUDY (Response Time)

o o o

o

nsvaagiNg (CPU Scheduling)

" P N P . 25
sruuneNiueasuazanasnssnaaniames (Computer System and Architecture)

DANDINNVDINIFIALIA

(Scheduling Algorithm)
msdanauuusnnau ldnau (FCFS)
mafanmuusnuduvihneu (SJF)
M3IARMNIOUANNFAY (Priority)
MdanuLUIBIaLU (RR)
mM3danauudmaIpscau (Multilevel Queue)

0 o WO @

o

N P N P . 26
sruuneniueasuazananssnaaniames (Computer System and Architecture)

2119590 (Deadlock) I

fndalganles A A Sesaaldiaraaiauds

| p Tusiza A l
)

TB FasaeldirTaaununed

fdsgn’dlag B |

TUswa B [

2149590 (Deadlock)

- . . . . 27
sruunaniunesuazamilaonimaeniieed (Computer System and Architecture)

o Gouladvihl¥iinsasdu

fAnswennsi lisnunsaanldsmtvra ) U5
w3anfiu I (Mutual exclusion condition)
Amshionsaauazsa (Hold and wait condition)
mavihnuluseoy ludnsunsnnasdu (No
preemptive condition)

\iaa59aaa (Circuit wait condition)

o

o

o

I}

P P . 28
szuunaniunasuazamilaonimaeniined (Computer System and Architecture)




13500 (Deadlock)

ISWEINT A

AsauAsaslag

1SWe1Ns B

ASOUASDIlAY

lis1zia
P2

59928

13500 (Deadlock)

nstfasnunaiinigasou (Protection)
M3 ldmIwennsTniu

(Mutual exclusion prevention)

nstfasfiunsfiandadlazNI39ana

(Hold and wait prevention)

pan 1N sunInnasédiu (Preemptable)

Msilasiumatinieassenss

(Circular wait protection)

o

o

o

szuuaaniieauazanilaonssnaaniiead (Computer System and Architecture)

29

30

szuuaaniieaduazanilaonssnaaniiiead (Computer System and Architecture)

2119590 (Deadlock)

2149590 (Deadlock)

2 MINANLRENNNSLNAN930U (Avoidance)
msdfiisnmavirnuses s
= MIUYRFINIATOUATINTWEINT

2 APMINTIINDULLATNINAULHDINANITOU
2 AIHIININITOU

MsNaUITUY

pALRAMIYNNUYBLaas lUsIaAia 9 ufiazen
imMsunsaiazisoan3nensduannllsiwsiazen
wnINITEUITY 1
pRlnMsnuesmnldsaaiinw sy
ynmasadienann o lUsaaiin 938y duidaai
ynMsaaseunauntin

[1

o
o m

0

o

sruunaniunesuazamilaonimaeniieed (Computer System and Architecture)

31

P P . 32
szuunaniunasuazamilaonimaeniined (Computer System and Architecture)




ANIIANTITUUILANNIN

2 NMFIANTAULANNIINAN
zuuldsunsudsn (Monoprogramming)

user OXFFF... Operating device driver
program system in in ROM
ROM
user
user program
program
Operating Operating
system in system in
RAM 0 0 RAM e

(n) (2) (/)

ANIIANITUUIIANIN

NIIANIAUANMHINNAN

seuUAae 15N INARMAUAUUIAWI TR TUAST

multiple input queues L1 partition 4

partition 4

single

partition 3 input queues partition 3

1 partition & partition 2

CHH 1 partition 1 partition 1
0s 0s

(m

(2)

szuuaaniieauazanilaonssnaaniiead (Computer System and Architecture) 33 szuuaaniieaduazanilaonssnaaniiiead (Computer System and Architecture) 34
Q/ 1 o (- %4 1 o
NIFINNIINUILAITNIN NIINNIINUILAITNIN I
os |t12ek[ os 0s 0s
Process ‘\} 320K |Process 1| 320K |Process 1( 320K
% | o Q/ 224K 224K
2 NMINITNUIIAITHIINAN saek Process 3 Frocess 2
| ¢ ' ' ST76K 288K
szuuiimvuaiamsaduliidfoundas e } 352K Process Sk -
(m (® (7) ()
0s 0s 0s 0s
Process 1|\ 320K | Process '\} 320K 320K |Process 2| 224K
96K
224K Process 4}' 128K |Process 4| - 128K |Process 4| 128K
26K 96K 96K
Process El 288K |Process BI 288K |Process 3| - 288K |Process 3| » 288K
64K I 84K 64K 64K
(@) (%) (1) ()
35 36

sruunaniunesuazamilaonimaeniieed (Computer System and Architecture)

szuunaniunasuazamilaonimaeniined (Computer System and Architecture)




ANIIANTITUUILANNIN

B 214 I 100K

C flusias 419 300K
X=120K fazld

114 I TOOK g1y lailel writile
1sinstiudn

B . ] C
waaslafiug

114 I 100K 300K B

Operating System Operating System

mauiilgmmssgaiiuidesmeuen Tasmsdudanuiigalan

ANIIANITUUIIANIN

2 NN “Sﬁ(ﬂﬂ'] ‘iﬁﬂ)ﬂﬂ’)ﬂ“ﬁﬁﬁﬁﬂ
ANIIANIUUIZUUTAR

szuuaaniieauazanilaonssnaaniiead (Computer System and Architecture) 37 szuuaaniieaduazanilaonssnaaniiiead (Computer System and Architecture) 38
NMIIANMINUWANHNN NMIIAMINUWANHNN
024K
1MB block | 1 MB | TMB = [ I
request 100K [_A=128K] 128K | 256K [ 512K |
512K 512K
request 240K [_A=128K[ 128K | B=256K [ 512K | 512K =
request 64K [_A=128K[c-84 64K B=256K [ 512K |
256K 256K 512K
request 256K [ A=128K[c-6#{64K[  B=2656K |  D=p56K | 256K | . ‘ I | | H ‘ ‘ ‘ H ‘ ‘ ‘ \‘
release B[ A=128K[c=-64 64K 256K [ D=256K [ 256K |
128K 128K 256K 512K
release A 128K [o=64{ 64K] 256K [ D=256K [ 256K ]
128K = \
request 75k [ E=128K]c-64{ 64K] 250K | D=z 2l [ el | A dnldululnussan waz B awnandrlUldowlulnundawléiae
release C [_E=128K[ 128K | 256K | D=256K | 256K | K BAK 64K K 512K
oa= || [[ [ [T LD
release E | 512K [ D=256K I 256K | — -
wia © el nuafiaesszgnutsesniluaasdiuuazly ¢ wildowls
release D| 1 MB | ve em o o o X
mﬂmmﬂmmmuaumimmm:uuumm
sruunaniunesuazamilaonimaeniieed (Computer System and Architecture) 39 szuunaniunasuazamilaonimaeniined (Computer System and Architecture) 40




ANIIANTITUUILANNIN

A13IANTITUUANNINFN DU
msuuatduniin (Paging)

ANIIANITUUIIANIN

4 udmLATAINIMEW
oJofefofola]1]o[o]
11 oln.|o|o[pooouo 1o 21881 (24580)
| S
15[ o00_J e
14 000 0
13 o000 |0
12 000 [
nfom |1 S282INAU
10( 000 0 o
AR mnmﬁw zéym
. 8 000 |0
AT WWHT — ;0T fana
IRamsaan
6| 000 O - -
s[om |1 Gume lUgs
4 100 |1 «
N TR LBIANA
20 no [1] 110 ]
1. 001 |1 e - 4w
o[ oo |1 |+ Umiudpa Unniniely
wiuaiion = 2 gnldiiu
Suindludamaonida
L o - .
[a[e[ ]e]olc]o]o o oo oo [0]6] UERALAIALANUT LY
(81986)

m13 U0 (Page table)

szuuaaniieauazanilaonssnaaniiead (Computer System and Architecture) 4 szuuaaniieaduazanilaonssnaaniiiead (Computer System and Architecture) 42
Q/ 1 o @
NMIINNTIIVUIAIININ I NSO TTHUUILANAN
Virtual Address Main memory Secondary memory
Page # | Offser [ [
| Translation ~ ' S =
Lookaside Buffer Q ﬂ’]i%ﬂﬂ’]‘jﬁu’)ﬂﬂ’)’]“%’]tﬁ“au
EE ot —} = mMAadudasumin
- TLB Hit >
|EE Load|
Page| o
Page Table ”; "g
TLB Miss ~ . :E %
i h 4 ¥ ,,% ’% :
Frame #| Offset :
T
Real Address P W N
Page Fault 5
- o o (n) aumasnin () Sruruzaansufifl
twwWasaumiat (TLB)
43 44

sruunaniunesuazamilaonimaeniieed (Computer System and Architecture)

szuunaniunasuazamilaonimaeniined (Computer System and Architecture)




ANIANTITUUILAININ |

reference string

7 o1 2 o0 3 0 4 2 3 O 3 2 1 2 0 1 7 0 1

Page Frame

35madudasuntinuy FIFO

ANIIANTTUUILAININ

16

14

12

10 \

YIWIW page fault

o

i 2 3 4 5 6
FIWIUNTH

armsiauiitresmaduaountiuy FIFO

szuuaaniieauazanilaonssnaaniiead (Computer System and Architecture) 45 szuuaaniieaduazanilaonssnaaniiiead (Computer System and Architecture) 46
ANIIANIUUA NI I ANFIANTUULA NI I
| . wlsansnludvhwad : & ]
i vamnou wifilvarnasge wuURnaNsa T za_,ie? Djs: 119 1
0 3 7 8 12 14 15 18 o asfinsdun feumsi
Lo Lo oL
page 45 2 page 45 2
()
A wfouduninfinaslvsigs 3 8 3
3 7 8 12 14 15 18 20
G
() . . 6 5 .
(n) douszaniviasnauiiazinsaudawmin () douzaesiulainasainduliowninsaly
madudasuminuulileman3siiaes
13 a v
ARV RVUAUILUDINIDUUIRN
47 48

sruunaniunesuazamilaonimaeniieed (Computer System and Architecture)

szuunaniunasuazamilaonimaeniined (Computer System and Architecture)




ANIANTITUUILAININ

ANIIANTTUUILAININ

n 0

page 7
HIbH
z

ufinua ;

page 9
‘:ﬂﬂLN
udnud ;

Stri age 94
reference string modified | modified A89lHudniza
7T 0 1 2 0 3 0 4 2 3 0 3 2 1 2 0 1T 7 0 1 not modified
poeeos 2
g laiudniag ;
not modified
_ Jpage 47 age 96
H9LHLANLAH | doldudnizg :
8 \ not modified 3
T page 46 page 97
DU ¢ dslaludniad ;
modified modified
. D U 4
%4 = o/ aaa
ﬂ’]‘iﬁULﬂﬂﬂH‘VM’]LLUUM@WIE\’!@] -
hi]
Q/ = o/
nMssutasuniinuy NRU
szuuaaniieauazanilaonssnaaniiead (Computer System and Architecture) 49 szuuaaniieaduazanilaonssnaaniiiead (Computer System and Architecture) 50
NMIAANTIUUIA NN o | )
0123210323
Page Page Page Page Page R
0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3
olof1|1]1 ofol1|1 0|0|0]|1 o|jofo0|0 o|o0|0]o0
110(0]|0]|0C 110111 10|01 11000 10|00
2lolo0|0fQ c(ojo|0O 11|01 1]1(0]0 1(1]0](1 o . ° .
a[ofo|o|o| [o]o]o]o| [o]o]a|o| [T[t[t]a| [T]T]0]0 2 AMIIONTINRUILAINMHINRTND U
1 | < 12 "
() @ (") ®) @ = mandafudinue (Segmentation)
010|0]0 o111 cl1(1]0 gj1(o0]|o o(1|0|0
11011 0|01 ([1 clof1|0 0jo|o0|c o|jojoj|o
110(0]1 g|lojof1 o|a|o0jo 11101 1110 |a
110|100 oglojo|of| [1]1|1]|0 11|00 11111]0
(%) (v) €] () ()
Y] a o
masutasuninuy LRU
51 52

sruunaniunesuazamilaonimaeniieed (Computer System and Architecture)

szuunaniunasuazamilaonimaeniined (Computer System and Architecture)




ANIANTITUUILAININ

Logical Address =
Segment#=1, Offset=752

|0001001017110000]

VFnnaimse 0
(720 lud

o

752

VARG 1
(1950 Tud
A

=

ANIIANTTUUILAININ

Virtual Address

Segment Number Offset

Segment Table Entry

P | M |Other Control Bit Length Segment Base

P = Present bit
M = Modified bit

Logical Address wazea13 Segmentation

szuuaaniieauazanilaonssnaaniiead (Computer System and Architecture) 53 szuuaaniieaduazanilaonssnaaniiiead (Computer System and Architecture) 54
[ 1 o o/ 1 o
NN INUIIAINIIN NI INUIIAININ
1 1 1
[ 1 1 1 J—
: : _
L L ! Virtual Address
1 1 1
! R — : ! =) Segment Number Page Number Offset
: Table : :
1 1 1 }
1 1 1 Page
: : : Frame Other Control bits Length Segment Base
I I I
1 1 1 W
1 1 1 .
Program 1 Segmentation 1 Paging 1 Main Memory p | Ml other Control bit Frame Number P= Prese-r?t blt
M = Modified bit
n3iiias address wa99cUU Segmentation/Paging N 7ALinnM33M Segmentation/Paging
55 56

sruunaniunesuazamilaonimaeniieed (Computer System and Architecture)

szuunaniunasuazamilaonimaeniined (Computer System and Architecture)




