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YnpaBrneHue Ha namMmeTTa - U3BUCKBAHUA

- [lpemecTBaemocT

- 3awumTa

- CnopensiHe

- Jlornyecka opraHusauus

Pusnyecka opraHusauus
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N3nckBaHuA KbM agpecuTe Ha npouec

Process control - > ——
information Entry point . ocess control bloc
to program
Program
Increasing
address
values
Data
Current top -
of stack
Stack

Branch
Instruction

Reference
to data
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HacTtpouka Ha agpecuTe B nporpamuTe

- [lo Bpeme Ha KOMNUNauua — ako € U3BECTHO
npenBapuTENHO MECTOMNOSOXEHNUETO Ha nporpamara.
[[eHepupa ce kog B abcontoTHU agpecu. Npn npomsiHa Ha
MECTOMNOSOXEHNETO TPSIOBA Oa ce npekoMnunumpa.

- Mo Bpeme Ha 3apexnaHe B NnamMeTTa - akoO HE € U3BECTHO
npegBapuUTENHO MECTOMONOXEHNETO Ha NporpamMara.
[eHepupa ce koA B NpeMecTBaeMun aapecu.

- lNo Bpeme Ha u3NbLIIHEeHUe — agpecuTe ce n3dncnsBaT
npean Bcsko obpblueHne kbm Ol1. NanckBa gonbnHUTENEH

xapayep.
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ETanu

Ha obpaboTKa Ha nporpama

other
object
modules

system
library

dynamicall
loaded
system
library

dynamic
linking

source
program

compiler or
assembler

compile
fime

object
module

linkage
editor

load
module

loader

k 4

in-memory
binary
memory
image

load
time

execution
= time {run
time)
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JIlornyecku n donsnvecku agpecu

e Jlornyecku agpec — reHepupaH ot CPU.
e dusnyecku agpec — agpec oT nameTTa

Te ca:
e EOHM 1 cblM Npu HAcTpoWKa NO BpEME Ha KoMMunauusa unu
3apexjaHe;

e Pasnu4yaBart ce npu HacTpouKa No Bpeme Ha usnbliHeHne. B
TO3M cry4an NOrM4YecKUAT agpec ce ykasBa KaTo BUpTyareH
aapec.
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OpraHn3auua Ha nameTTa

- OIll TpsibBa na nogavpxa n notpedbuterncku n npouecu Ha OC
« OI1 e orpaHunyeH pecypc — TpsibBa ga ce 3aema emkacHo
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HenpekbcHaTa opraHM3auus Ha nameTTa

m Ol ce pasgensa obnkHOBEHO Ha ABa asana:

e Pe3npeHtHa OC, TMNMYHO 3aemalla nameTTa B Ha4anoTo Ha
agpecHOTO NPOCTPAHCTBO

e [loTpebuTtencknte npoLecu 3aemaT ropHaTa 4acT Ha nameTTa

e Bcekn npouec ce cbabpka B egMHMYHA HENpPeKbCHaTa
cekuust oT nameTTa

B l3nons3BaTt ce pernctpu Ha NnpemMecTBaHe:
e bBa3oB pernctbp 3a HavaneH agpec Ha pasnonaraHe;

e OrpaHn4nTeneH perncTbp — BCEKN Normyeckn agpec Tpsbsa
na 6bae no-manbk OT CTOMHOCTTA Ha TO3U PErucTbp
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HenpekbcHaTa opraHM3auusi Ha nameTTa

limit relocation
register register
logical physical
address yes address
CPU = + »  memory
no
T '
trap: addressing error
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[1anoBe Ha namMeTTa

[lameTTa 3a NnoTpebuTenckuTe nNpouecu ce pasgensa Ha ganoBe.
Bceku gan cbabpika eanH npouec.

[pn 3aBbpLUBaHe Ha Npouec, ASANbT ce ocBoboXaaBa 3a Apyr
npouec.

Bb3MOXHOCT 3a nonydaBaHe Ha oparMeHTUpaHe

0S8 0S 0S 0S
process 5 process 5 process 5 process 5
process 9 process 9
process 8 process 10

process 2

process 2

process 2

process 2
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PparmeHTUpaHe Ha NamMeTTa

BBbHLWHO — obwmnaT obem nameT e gocTaTbuyeH 3a npouec,
HO NPOCTPAaHCTBOTO HE € HEMNPEKBCHATO U HE MOXe Aa ce
N3Mnona3Bsa.

BbTpellHo — 3aeTaTta nameT B Asria € no-Marnka oT HEroBus
pasmep.
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IanoBe ¢ dpuKcupaH pasmep

Operating system
M

M

EM

M

M

EM

M

M

» BCWMUKKM ca Cc egHAKbB pa3Mmep

HoB npouec
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IanoBe ¢ dpuKcupaH pasmep

Operating system
EM

» [lanoBeTe ca C pa3sindyeH pasmep

M

4n

Al

M

HoB npouec

EM

laM
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BbTpewHa dpparmeHTaums

Operating system
EM

M

4n

Al

M

EM

10M

I - BbTpewHo dparMeHTUpaHe B
asna

laM
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IanoBe ¢ AMHaAMMN4eH pa3mep

Operating L Cperating Operating Operating
sVstem EM system system system
b1
Process 1 | L 20M Process 1 | L 20M Process 1 | L 20M
1 i
b SEM Process 2 lv 14M Process 2 | » 14M
1
+ 36M
59 Process 3 | + [EM
, b am
(a) b} ic) (d)
Operating Operating Operating Operating
SVStem s¥slem system system
Process 2 |4M
Process | 20M Process | 20M + 20M
ahd
1
LM Process 4 EM Process 4 | ¥ BM Process 4 | + 8M
* !
oM | aM
1
Process 3 1 BM Process 3 18M Process 3 | + 1EM Process 3 BN
aM aM b 4M M
() (f) (e} (h)
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BbHWHA dhparmeHTauus

Cperating
system

Process 2 14M

]
HoB npouec

Process 4 Ay

Process 3 | » 1BM

b aM
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HedparmeHTUpaHe Ha namMeTTa

Operating

system

Process 2 |} 14M

Process4 | > 8M

Process 3 | ) ISM
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CtpaHunyHa opraHusaumsa Ha OI1

dusnyeckata namMeT ce pasaensi Ha briokoBe ¢ uUKcHUpaH
pasmep — ppenmone oT 512 — 16Mb. PasmepbT Ha dbpenma
€ CTEneH Ha 2.

Nornyeckata nameT ce pasaenst Ha 6110KoBe CbC CbhLUS
pasmep — CTPaHULM.

MN3nonsea ce Tabnuvua Ha cTpaHuUMTe 3a TpaHCcnMpaHe Ha
niorn4yeckus agpec.

EnvMmnHmpa ce BbHLWHATA doparmMeHTaums.

Bb3mMoXHa e BbTpelluHa oparMmeHTauus.
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3apexaaHe Ha npouecwu

Frame Main memory Main memory Main memory
number
1] ] AD 0 AD
1 | Al | Al
2 2 A2 2 A 2
3 3 Al 3
s s I NN
5 5 3 PN —
6 6 6 \\\“ﬁ“\\\\
7 T T
B ! 1
0 ) ]
10 10 10
11 11 11
12 12 12
13 13 13
14 14 14

(a) Fifteen available frames (b} Load process A (¢} Load process B

Main memory Main memory Main memory

0 AD 0 A0 0 AD
1 Al ! Al 1 Al

2 A2 2 A2 2 A2

3 A3 3 A3 3 A3

4 RS BN 4 4 DO

5 o T ] 5 5 D.1

& P e & f D2
Q7247 Y7778 W77/
N7/ (777877 S
77//%77 N7/, 577
0 ST 0 ) 10 ”//Ag‘;f%’
12 12 12 D4

13 13 13

14 14 14

(d) Load process C

{e) Swap out B

(f) Load process D
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Tabnuuun Ha npouecuTe

0

0
1
2
3

Process A
page table

Process B
page table

] 7 0 4 13
l B 1 5 14
- 9 - & Free frame
[ 10 :AIRY list
Process C 412
page table Process D

page table
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Cxema Ha TpaHcnupaHe

« JlornyeckoTo agpecHO NPOCTpPaHCTBO € 2™

- Pa3mepbT Ha cTpaHuua e 2"

page number | page offset
P d

m -n n
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Cxema Ha TpaHcnupaHe

CPU

7f
logical physical /
address address  fO000 ... 0000
)
p | d f d >
M1 ¢ e 1 TH
p {
— -|:
physical
page table DR
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N3uuncnasaHe Ha agpecuTe

Logical address =

Relative address = 1502 Page# = 1, Offset = 478
[0000010111011110] [0000010111011110]
=
2 <
&

A 478

User process
(2,700 bytes)

Page 1
A

Page size= 1K

Page 2
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AcounaTuBHa nameT

Ako Tabnuuarta Ha ctpaHuuuTte e B Ol e Heobxoamm aBa

NbTWU OOCTHLN OO NaMeTTa — eduH 3a Tabnvuarta v eduH 3a
VHCTPYKUMATa/OaHHUTE.

M3nons3Ba ce 6bp3a kew nameT — Translation Look-aside
Buffer (TLB).

AcouuaTuBHa NamMeT — napanenHo TbpCceHe

Page # Frame #
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TLB TpaHcnupaHe

CPU

logical

address |

g 7

d

page frame

number number

E TLB hit physical
IE | | address
f | dp——
TLB T
P
TLB miss
> f
e physical
memory
page table
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Tabnuua Ha cTpaHuuuTe

3non3BaHe Ha ronsam obem nameT 3a TabnuuuTe.

[pumep:
« AIpECHO NPOCTPaHCTBO — 32 BGMUTOBO (232);
« Paamep Ha ctpaHmua — 1K (210);
« Bpon enemeHTn Ha Tabnuuarta — 4 munuoHa (232 / 219);
* Bcekun enemeHT e 4 bytes -> Pasamep Ha Tabnuuyarta 16Mb.

» Mpun 64 MTOBO aApPECHO NPOCTPAHCTBO?
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CtpaHuunpaHe Ha HUBa

4-Kbyte root
page table

4-Mbyte user
page table

4-Gbyte user
address space
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CtpaHuuupaHe Ha gBe HUBA

* [lornuecknat agpec (32 bits), ctpannua 1K ce pasgens:
* HOMep Ha cTpaHuua (22 bits)
« OTMecTBaHe B cTpaHumua (10 bis)
 HOMepbT Ha CTpaHuLa ce pasgens:
* HOMep Ha cTpaHuua (12 bits)
* oTMecTBaHe B cTpaHumuara (10 bits)

page number page offset
Py P, d
12 10 10

- Forward-mapped Page Table
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AppecHa cxema

logical address

P1

P2

d

.

outer page

table

=

page of
page table
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AppecHo npocTpaHcTBO 64 bits

[pumep:
« CTpaHMUMpaHe Ha ABe HUBA;
« Paamep Ha cTpaHuua — 4K (212);
« Bpon enemeHTN Ha TabnuuyaTta — 2°;
» Bcekn enemeHT e 4 bytes
-> inner table e ¢ 210 enemeHTa
-> outer table e ¢ 242 enemeHTa

outer page inner page offset

P1 P2 d
42 10 12
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CtpaHuunpaHe Ha Tpy HUBA

Pa3nenade Ha outer table:

2nd outer page , outer page | innerpage  offset

P1 P> Ps3 d
32 10 10 12

> O6em Ha outer table — 232 bytes
» 3a norny4yaBaHe Ha (pu3nyecku agpec — 4 pocrtona
A0 nameTTa
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AppecHu cxemu npu 64 bits

* Hashed Page Table

physical
logical address vL address

p d r d >

physical
——>|q|8|’_||_r|p|r|_lT-" S

hash table
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AppecHu cxemu npu 64 bits

* Inverted Page Table

logical ;
address pgésu:al
address :
. : physical
CPU > pd| p | d ,In d » memory
search J }i
pid| p
page table
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3awmTta Ha namMmeTTa

Peanunanpa ce 4ypes 61T 3a 3aLlimnTa, yKkassall ganu
3a (ppenm e paspelleH goctwn read-only unu read-
write:
- Valid- acouymnpaHara ctpaHuua € B
FIOrMYEeCcKOTO NMPOCTPAHCTBO Ha NMPOLEeCa;
* Invalid — cTpaHuuara He e B IOrM4eckoTo
NPOCTPaHCTBO Ha Npoueca.

B cnyyaii Ha HapylLUeHue - NPeKbCBaHE KbM
A0pOToO.
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3awuTa Ha nameTTa (2)

page 0

page 1

page 2

page 3

page 4

page5

0
1
2| pageO
frame number valid-invalid bit
\ / 3| pagel
0|2 |v
113 1y 4| page?
214 | v 5
3
418 | v 6
5E AR
5 o 7| page3
710 | i
: 8| page4d
page table
9| pageb
pagen
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CnopeneHun cTpaHnum

« CnoaeneH Kon

* EQHO Konune Ha read-only (reenfrant) kog ce
cnogens Mexay MHOXeCTBO npoLlecu (peaaktopu,
KoMnunatopu n ap.);

« CoOCTBEH KOoaA U AaHHM
* Bcekn npouec cbxpaHaBa OTAENHO KOMUE Ha Kof U
OAHHW;
e CTpaHuumnTe 3a TO3K1 Kog 1 gaHHKM MoraT da ca

HaBCAKbAE B JIOMTMYECKOTO NPOCTPAHCTBO Ha
npotieca.
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CnopgeneHun cTpaHnum

ed1
3
ed 2 4
ed 3 6
p 2| data3
data 1 page table 3| edi
for P, ed 1
process P, 3
ed 2 4
ed3 6
7
data 2 age table
P o 7| data2
ed1 2
process P,
3
ed2 4
ed3 6
2
data 3 page table

for Fs

prmsPa
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CermeHTtHa opraHmnsauusa Ha OIl

- Cxewma 3a ynpaBneHue Ha nameTTa, noaabpalla rnegHaTa
TOYKa Ha noTpebuTen 3a NnameTTa.

subroutine stack

segment 3

symbol
Segment 0 table

segment 4

main
program

segment 2
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CermeHTtHa opraHmnsauusa Ha OIl

JNlormyeckoTo agpecHoO NPOCTPaHCTBO Ce pa3srnexaa Kato
CBbBKYMHOCT OT CErMEeHTW.

JlornyeckunaT agpec ce npeacrass KaTo ABOMKaA
<segment _number, offset>

3nons3Ba ce Tabnuua Ha cermeHTuUTe, Cbabpxalla 6a3a-
HayanHus usnyeckn agpec Ha CErMeHT B nameTTa u
ABbIDKUHA Ha cermeHTa (NMMMuT).

TabnuuaTta Ha cerMeHTUTe ce cbXxpaHsiBa B nameTTa.
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TpaHcnupaHe

CPU

.

limit |base
segment
table
d
es
o y
no
Y

trap: addressing error

physical memory
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[Tlpumep Ha cerMeHTUpaHe

subroutine stack
1400
segment 3 segment 0
2400
symbol
segment 0 table
limit | base
segment 4 0| 1000 | 1400
1| 400 | 6300 3200
main 2| 400 | 4300
prog ram 3 1100 3200 Segment 3
4| 1000 | 4700

segment table 4300

segment 2

segment 1 segment 2

4700

logical address space segment 4

5700

6200 segment 1

6700
physical memory
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3awmTta Ha namMmeTTa

« CermeHTn 3a MHCTpYKUmu (read-only) n cermeHTm
3a gaHHu (read-write).

- Bcekn cermeHT Mma 6uT 3a 3awmTta Ha gocTbna
(3anuc B read-only cermeHrT).

Mpumep: macuB ce NoMecTBa B CETMEHT.
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CeI'MeHTHO-CTpaHVI‘-IHa opraHn3auus

« Bcekn cermeHT ce cbCTOM OT CTpaHULMWN.

« JlornyeckuaT agpec ce npeacTaBs KaTo Tponka:

<segment_number, page _number, offset>

« V3uckBa nose4ye TpaHcnauum.
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Mpumep: 1A32

I'Io,u,p,bpma cerMmeHTHa n CcerMeHTHO-CTpaHNU4Ha OpraHmn3auud
Ha NMNamMeTTa.

- Bceku cermeHT go 4Gb.
- Jlo 16K cermeHTa 3a npotec.

JNlormyeckoTo NPOCTPaHCTBO Ha NpoLeca e pasaeneHo B [Ba
asana:

1-B1 — cbabpka go 8K cermeHTa cobcTBEHM 3a npouec (B
Local Description Table);

2-pu — cbabpxa o 8K cermeHTa, cnogeneHun mexay
npouecwu (B Global DescriptionTable).

lMpuHyunu Ha onepayuoHHUmMe cucmemu, Xpucmo BbiyaHoe



[Mpumep: 1A32 (2)

JlornyeckuaT agpec ¢ BbB BMaa
<selector, offset>

CenekTopbT € 16 6buToB:

5 & P
13 1 2

OTmecTBaHeTO e 32 buTa.

Ha 6as3aTa Ha nornyeckmns agpec ce dopmmpa JIUHEEeH
adpec (32 6uma).

Ha 6as3arta Ha nuHenHuns agpec ce dopmupa ¢pusuYvyecku
adpec (32 6uma).
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NMpumep: 1A32 (2)

logical linear physical

CPU address i segmeqtation address i pagi‘ng address | physical
unit unit memory

JlnHeeH agpec:

page number page offset

P1 P2 d
10 10 12
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Mpumep: 1A32 (3)

logical address |" salmfor b

l

descriptor table

. . . :j;oﬂsép',

Y

segment descriptor

linear address

page frame

L———3| physical address

page directory

directory entry
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BuptyanHa namer

PasgensHe Ha norndyeckarta ot domsmnyeckarta namer.

[To3BonigBa U3nosi3BaHe Ha NoBeYye BUpTyariHa nameT oT
peanHo Hann4HaTta usmndecka.

[lo3BonsiBa HanMyue B NnameTTa camo Ha 4acT OT
nporpamaTta, KOSiTO Ce U3MbJIHSABA.

[lo3BonsiBa pasnuyHuM nNpouecun ga cu crnogenat dpannose n
namer.

Peanunsnpa ce oCHOBHO Ha Da3aTa Ha MexaHM3Ma Ha 3adBKU
3a cTpaHuuu (demand paging).
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[MpexBbLpnsiHe Ha npouecu (swapping)

« CbxpaHsiBaHe Ha nameTTa 3a NpoLec Ha BbHLIEH HOCUTEN
nnun 3apexanaHeTto n ot amcka B Of.

- [encreueTo ce ctapTupa npun n34yepreaHe Ha HanmyHara
donsnyecka namer.

-  Moxe ga ce npexBbpris YacT oT npoueca.
«  TuUnn4HO e cBBP3aHO C KOHLIENUUATa 3a BUpTyanHa namer.
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BupTtyanHa namert

page O

page 1

page 2 i

I\

memory

page v physical
_ memory
virtual
memory

lMpuHyunu Ha onepayuoHHUmMe cucmemu, Xpucmo BbiyaHoe



BupTtyanHo agpecHoO nNpocTpaHCTBO

Max

stack

heap

data

code
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3asABKM 3a CTpaHULMU

3apexaaHe Ha cTpaHuua Ha
npoLec B nameTTa npu
HeEobXoaAnUMOCT.

KOMMNOHEeHTHbT, n3BbpLLBaLL
npoLieca — pager.

program

program
B

swap out

<
N

o N 2] =

b s

(Y Swap in

a0y s o0 70)

8 1 9 1o H1[ ]
e [13] 4] s |

16D17g18g19@

main
memory

20 21 j22[ ]23[ |

-,
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3asABKM 3a CTpaHULMU

« AKO npouechbT nMa A0CTbMN A0 CTPaHuua, KOSATO HE e B NaMeTTa,
Pager TpsibBa ga 3apean namnckBaHaTa CTpaHuua.

« OnpegensHeTo Ha ToBa KOW CTPaHUUM ca B NMaMeTTa U KOU Ha AMCKA
Ce M3BbpLIBa 4Ype3 cxeMa ‘"BasinaHa-HeBanunaHa” ctpaHuua (v — B
nameTTa, i- Ha AUCKa).

« AKO Mo BpeMe Ha TPaHCNMPaAHETO Ha aapec CTpaHuuaTa 9 HAMa B
MnaMeTTa — 0TKa3 3a cTpaHuua (page fault).

Frame # valid-invalid bit

page table
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OTKa3 3a cTpaHuua

» Heobxogumata cTpaHuua s HAMa B
nametTta -> Page Fault.
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OTKa3 3a cTpaHuua

®

operating
system

load M

page table

\v

®

free frame te o

physical
memory
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OTkKa3 3a cTpaHuua (2)

1. OC npernexpa TabnuuaTa Ha cTpaHuunuTe

2. AKo e HeBanunaHa pedgepeHunsa = abort. AKo e BanugHa, HO
He € B NaMeTTa - KbM CTblKa (3)

3. Hamunpa ceobogeH ppenm B nameTTta

4. 3apexaa cTpaHuuaTa BbB (ppenma vpes nraHmpatHa /O
onepauus

5. Moguduumpa TabnuunTte ga ykaseart, Ye cTpaHuuaTa € B
nameTTa (OUTHT 3a BanuagupaHe = V)

6. PectapTupa MHCTpYKUUATA, KOATO € AoBena 40 OTKas 3a
cTpaHuua
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3aMfAHa Ha CTpaHuMUun

Cutyauus: B criyyam Ha HeobXoaAUMOCT OT 3apeXxJaHe
Ha HOBa CTpaHuua, He ca HanM4Hu cBoboaHM
dpenmose B OI1.

PeweHune: “n3xsbpnaHe” Ha gpyra ctpaHuua ot Ol u
CbXpaHsBaHe Ha aucka.
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ba3oB anroputom

1. Hamupa ce nosmumsata Ha Heobxogmmarta cTpaHuua Ha
avcka
2. OTkpuBa ce cBoboaeH hpenm:
- aKo € Hanu4yeH ce 13nona3ea;
- aKo He e ce cTapTupa anropuTbM 3a 3aMsaHa Ha
cTpaHuua:
- n3bupa ce onpegeneH ppenm 3a N3XBbLPNSHE
(victim);
- ako e bun mogmndmumpaH ce 3anmcBa Ha AUCKa;
3. 3apexgaHe Ha HeobxoguMmaTa cTpaHuua BbB hpenma,
obOHOBSIBAHE HA TabnMunUTe Ha CTpaHNLNTE U
dopenmoBeTe
4. lNpogbrrkasa npoueca 4Ypes pecrtapTupaHe Ha
MHCTPYKUUATA, NpeansBuKana otkas 3a cTpaHuua
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ba3oB anroputom

frame valid—invalid bit

N Y <«

1@
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f| victim

page table

/

physical
memory
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CTpaTEFVIM Ha 3aMeCTBadHeé Ha CTPpaHUUU

Random cTtparterus:
« W3bupa ce cnyvyanHa cTpaHuua 3a N3XBbPrsHe.
 He e pobpa crtpaterns — moxe aa ce U3XBbprm
CTpaHuMua, KOATO Lie ce K3rnorna3ea B crieaBallus
MOMEHT
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CtpaTternu Ha 3amecTBaHe Ha CTpaHULUM

FIFO cTtpaTterus:

 Bcska cTpaHuua € mapkupaHa ¢ BpeMeTO Ha
3apexaaHe B namMmeTTa.

« [lpun 3amsiHa ce n3bunpa Han-oTgaBHa cTosnara B
nameTTa.

 He nobpa npom3BognTENHOCT- CTPaHMLATa MOXe
Oa cbabpa Moayn 3a nHmumanusaums (M3nonssaH
npeau MHOro Bpeme), HO Aa BKN4YBa NPOMEHSIMBY,
KOUTO Ce 13rnon3BaT MHOIo YecTo.
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CTpaTeFVIM Ha 3aMeCTBadHeé Ha CTPpaHUUU

Last Recently Used (LRU) cTtpaTterus:

basunpa ce Ha nHdopmauma B MMHANOTO.
3amMeHs ce CTpaHuua, HemanonasaHa 3a ObJTbr
nepuog oT BpeMe.

3a BcHAKa CTpaHuua ce noaabpa Bpeme Ha
NnocriegHOTO N3ron3BaHe.

3uckBa cneumaneH xapayep.
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CTpaTEFVIM Ha 3aMeCTBadHeé Ha CTPpaHUUU

Least Frequently Used (LFU) cTtpaTterus:
 bpoun pedepeHUnn KbM CTpaHuULa.
« 3aMeHs ce cTpaHuua ¢ Han-manbK 6pon
pedepeHUnn (aKTUBHO U3MNOM3BaHNTE MMaT ronsim
Gpon).

lMpuHyunu Ha onepayuoHHUmMe cucmemu, Xpucmo BbiyaHoe



CTpaTeFVIM Ha 3aMeCTBadHeé Ha CTPpaHUUU

Most Frequently Used (MFU) cTpaTterus:
« bpown pedepeHLN KbM CTpaHULa.
« 3aMeHs ce cTpaHuua ¢ ronam dpon pedepeHumnn
(Nnpegnosnara ce, Yye CcTpaHuLa, KOSTO TOKY-LLO €
3ape[ieHa oLle He e n3rnonssaHa).
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Mpobnemu npu 3amecTBaHe Ha CTpaHULMU

AKO npouec n3nosns3sa akTUBHO BCUYKUTE CU CTPaHULU U
“Ma HeobxoQMMOCT OT HOBa CTpaHuLa, Tpsbsa ga ce

N3XBbPIIN HAKOSI, KOSITO OTHOBO LWe 6bae Heobxogmma.
Ako OC Tpsiba ga ctapTmpa HOB MnpoLec.

» [lpoobmkuteneH npouec Ha NpexBbpridHe Ha
CTpaHuuM Mexay nametTta u aucka (trashing)
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Trashing

CPU utilization

|
| thrashing

degree of multiprogramming
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MeToa Ha pabOTHUTE MHOXeCcTBa

 MoagndunumnpaH sapuaHT Ha LRU
« [onyckaHe 3a siokasfHocm — OCTbIM Ha npouec Ao
CTpaHWLUU, KOUTO Ce MU3MNOoSi3BaT akTUBHO 3aeHo.

3a BCeKU NpoLEec B AageH MOMEHT OT BPEME Cce onpeaens
OpoAT Ha CTpaHuUUTEe, KbM KOUTO ce € obpbLian Han-cKopo
3a onpeaeneH nepuog A — pabomHO MHOXecmeo Ha
npoueca.

A- working set window

AKO CTpaHuUa He ce 13rnorna3Bea, T4 ce npemMaxsa A eauHULN
BUPTYyariHO BpeMe cnej nocrieaHara u pedepeHums.
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INTokanHocCT

Page mumbers
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MeToa Ha pabOTHUTE MHOXeCcTBa

[Mpumep 3a A =10

page reference table
. ..2615777751623412344434344413234443444...

Q_T A_T
E =

L ty

WS(t,) = {1,2.5,6,7) WS(t,) = {3,4)
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MeToa Ha pabOTHUTE MHOXeCcTBa

» KopekTHOCTTa Ha paboTHOTO MHOXKECTBO 3aBUCK OT A
* aKO A e rnpekaneHo Marko HsMa fa BKIHo4M floKanHoCcTTa
* aKO A e rnpekaneHo rofigMo LLEe BKITHOYM HAKOSKO JTOKaNHOCTH
* aKO A = oo, LLIEe BKIHOYM UdnaTa nporpama

D =X WSS, - npnbnnantenHo BCUYKNTE 3adBKN 3a CTpaHULIN

AKO m — obLm 6pon Hann4HN bpenmoBe.
» Mpn D > m = Thrashing

[Monutunka: Ako D > m, TO cnnpaHe unm nsxBbpridHe Ha LA npoLlec
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MeTopn Ha paboTHUTE MHOXecTBa (2)

A
I.i _______________________________________________
8 .
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| | | | |
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Stable Stable Stable Stable
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[Mpumep 3a page fault

int[128,128] data;

Bcekun pepn ce cbxpaHdaBa B egHa cTpaHuua (128 aymn):

data[0,0], data[0,1], ..., data[0,127], data[1,0],..., data[127,127]

Program 1:
for (j = 0; j < 128; j++)
for (1 = 0; i < 128; i++)
data[i,j] = O0;
Program 2:

for (1 = 0; i < 128; i++)
for (J = 0; j < 128; j++)
data[i,j] = 0;
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NMpumep 3a page fault — 1 BapuaHT

data[0,0]

data[O0,1]

data[0,127]

data[1,0]

data[1,1]

data[1,127]

data[127,0]

data[127,1]

data[127,127]

- Page O

J

. Program 1:
Page 1 for (j = 0; 3 <128; 3++)
for (i = 0; i < 128; i++)
data[i,j] = O;

— Page 127
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NMpumep 3a page fault - 1

data[0,0]

data[O0,1]

data[0,127]

data[1,0]

data[1,1]

data[1,127]

data[127,0]

data[127,1]

data[127,127]

- Page O i=0’j=o

J

. Program 1:
Page 1 for (j = 0; 3 <128; 3++)
for (i = 0; i < 128; i++)
data[i,j] = O;

— Page 127
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NMpumep 3a page fault - 1

data[0,0]

data[O0,1]

data[0,127]

data[1,0]

data[1,1]

data[1,127]

data[127,0]

data[127,1]

data[127,127]

- Page O i=1’j=o

J

. Program 1:
Page 1 for (j = 0; 3 <128; 3++)
for (i = 0; i < 128; i++)
data[i,j] = O;

— Page 127
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NMpumep 3a page fault - 1

data[0,0]

S [ Peeeo i=127,j=0
data[0,127] B 4

data[1,0] ]

data..[.llﬂ -~ Page 1 Proggir: %3 = 0; j <128; j++)
data[1,127] | for (1 = 0; 1 < 128; i++)

data[i,j] = O;

data[127,0]

data[127,1]

— Page 127

data[127,127]
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NMpumep 3a page fault - 1

data[0,0]

data[O0,1]

data[0,127]

data[1,0]

J

data[1,1]

data[1,127]

data[127,0]

data[127,1]

data[127,127]

- Page O
. Program 1:
Page 1 for (j = 0; 3 <128; 3++)
for (1 = 0; 1 < 128; i++)

data[i,j] = O;

> 128 x 128 = 16 384 oTkasm

— Page 127
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MMpumep 3a page fault — 2 BapuaHT

data[0,0]

data[O0,1]

data[0,127]

data[1,0]

J

data[1,1]

data[1,127]

data[127,0]

data[127,1]

data[127,127]

- Page O

. Program 2:
Page 1 for (i = 0; i < 128; i++)
for (j = 0; j < 128; j++)
data[i,j] = O;

— Page 127
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NMpumep 3a page fault — 2

data[0,0]

data[O0,1]

data[0,127]

J

data[1,0]

data[1,1] Program 2:

- Page 1

data[1,127] for (j = 0;

datal[i, j]

data[127,0]

data[127,1]

— Page 127

data[127,127]

- Page O j — 0’

for (1 = 0, i < 128;

0

i++)

j < 128; j++)
0;
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NMpumep 3a page fault — 2

data[0,0]

data[0,1]

data[0,127]

J

data[1,0]

data[1,1] Program 2:

- Page 1

data[1,127] for (j = 0;

datal[i, j]

data[127,0]

data[127,1]

— Page 127

data[127,127]

- Page O j — 1’

for (1 = 0, i < 128;

0

i++)

j < 128; j++)
0;
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NMpumep 3a page fault — 2

data[0,0]

data[O0,1]

data[0,127]

J

data[1,0]

data[1,1] Program 2:

- Page 1

data[1,127] for (j = 0;

datal[i, j]

data[127,0]

data[127,1]

— Page 127

data[127,127]

- Page 0 j=127,i

for (1 = 0, i < 128;

0

it++)
j < 128; j++)
0;
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NMpumep 3a page fault — 2

data[0,0]

data[O0,1]

- Page O

data[0,127]

J

data[1,0]

data[1,1] Program 2:

- Page 1

data[1,127] for (j = 0;

for (1 = 0, i < 128;
j < 128; j++)

datal[i, j]

> 128 oTKa3m

data[127,0]

data[127,1]

— Page 127

data[127,127]
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Bbrnpocu ?
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