YnpaBneHue Ha
onepaTtuBHaTa namet

aou. A-p uHx. Xpucto BbrnyaHoB

http://cs.tu-varna.bg



YnpaBneHue Ha namMmeTTa - U3BUCKBAHUA

NpemecTBaemocT
3awumTa
CnopensiHe

- Jlornyecka opraHusauus
Pusnyecka opraHmsayus
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N3nckBaHuUA KbM agpecuTe Ha npouec

Process control -
information Entry point . Process control block
to program
Branch
Program instruction
B
Increasing
address
values
Reference
to data
Data
——
Current top -
of stack
Stack
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HacTpouka Ha agpecuTe B nporpamuvTe

- [lo BpemMe Ha KoMmnunauusa — ako € U3BECTHO
npenBapuUTENIHO MECTONMOSIOXEHNETO Ha nNporpamMara.
[‘eHepupa ce koa B abcontoTHM agpecu. Npu npomsiHa Ha
MECTOMNOSOXEHNETO TPSAOBA Aa ce NnpekoMnunupa.

- Mo BpeMe Ha 3apexaaHe B NamMeTTa - ako HE € U3BECTHO
npeaBapuUTEnHO MECTOMOMOXEHMETO Ha NporpamarTa.
[eHepupa ce Ko B NpemMecTBaemMu agpecu.

- lNo Bpeme Ha n3nbiHEeHUe — agpecuTe ce n3duncnssaTt
npean Bcsiko obpbuieHne kbM Ol1. M3nckBa oonbfHUTENEH

xapayep.
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ETanu Ha 0OpaboTka Ha nporpama

source
program

compiler or compile
assembler time
object
module
other
object
modules
linkage
editor
load q load
module time
system
library
loader
dynamicall J
loaded
system L 4 ~
library in-memor
= y H
dynamic binary - ?i)tfrfgl(ﬁ?nn
linking memory time)
image
7
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JIlornyecku n donsnveckun agpecu

e Jlornyecku agpec — reHepupaH ot CPU.
e Pusnyeckun agpec — agpec ot nameTTa

Te ca:
e EOHM 1 cblM Npu HacTponKka No BpeMe Ha KoMnuiauns unm
3apexjaHe;

e Pasnu4yaBart ce npu HaAcTpouKka no Bpeme Ha usnbliHeHne. B
TO3U1 cry4amn NOorMvYeckUAT agpec ce ykasBa KaTo BUpTyareH
aapec.

OnepauunoHHu cuctemn, Xpucto BrnyaHos



OpraHusauusa Ha nameTTa

« Ol TpsibBa ga nogabpxa n notpedutenckun n npouecn Ha OC
« OIl e orpaHunyeH pecypc — TpsibBa Aa ce 3aema epmkKacHoO
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HenpekbcHaTa opraHM3auus Ha nameTTa

m Ol ce pasgensa obnkHOBEHO Ha ABa Asina:

e Pe3npeHtHa OC, TMNMYHO 3aemalla namMeTTa B Ha4yanoTo Ha
afpEeCHOTO NPOCTPAHCTBO

e [loTpebuTtencknte npoLecu 3aemaT ropHaTa 4YacT Ha nameTTa

e Bcekn npouec ce cbabpka B egMHMYHa HENPEKbCHaTA
cekuust oT nameTTa

B l3nons3BaTt ce perMcTpu Ha npemMecTBaHe:
e bBa3oB pernctbp 3a HavaneH agpec Ha pasnonaraHe;

e OrpaHn4nTeneH perMcTbp — BCEKM Normyeckn agpec Tpsbsa
na 6bae no-manbk OT CTOMHOCTTA Ha TO3U PErUCTbP
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HenpekbcHaTa opraHM3auus Ha nameTTa

limit relocation
register register
logical physical
address yes address
CPU < * »  memory
no
v .
trap: addressing error
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[lanoBe Ha NameTTa

[lameTTa 3a NnoTpebuTenckiTe npolecu ce pasgens Ha AanoBse.
Bceku gan cbabpka eauH npoLiec.

[pu 3aBbpLUBaHE Ha NpoLEeC, AsSnbT ce 0CBOOOXaaBa 3a Apyr
npouec.

Bb3MOXHOCT 3a nosfiydaBaHe Ha pparMeHTnpaHe

0S 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

OnepauunoHHu cuctemn, Xpucto BrnyaHos




PparmeHTUpPaHe Ha NamMeTTa

BHHWHO — obWwWnaT obem namMmeT e gocTtaTbyeH 3a NpoLEeC,
HO NPOCTPAHCTBOTO HE € HEMNPEKBbCHATO U HE MOXe Aa ce
N3Mnona3Bsa.

BbTpellHo — 3aeTarta nameT B Asria € no-Marnka oT HeroBus
pasmep.
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IanoBe ¢ dpuKkcupaH pasmep

Operating system Operating system
M EM
M
e aM
oM
EM
M
EM
M
EM
12M
M
M
16M
M
{a) Equal-size partitions (b Unequal-size partitions
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IanoBe ¢ AMHaAMU4eH pa3mep

Operating 1 Operating Operating Operating
system &M system system system
1
Process 1 | L 20M Process 1 | L 20M Process 1 | L 20M
1 {
L S6M Process 2 lv 14M Process 2 | + 14M
1
+ 36M
39 Process 3 | » 1EM
, b aMm
(a) ib) ic) (d)
Cperating Oiperating Operating (perating
system sysiem gystem system
Process 2 |4M
Process | 20M Process | 20M + 20M
|
1 {
LM Process 4 M Process 4 | ¥ BM Process 4 | + 8M
* |
GM | ik
1
Procioss 3 18M Process 3 18M Process 3 | » 1BM Process 3 |EM
AM AM b am M
(e} (f) (e} (h)
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CtpaHunyHa opraHusauumsa Ha OI1

dusnyeckarta namMeT ce pasaensi Ha brnokoBe ¢ uKcupaH
pa3smep — dpenmose ot 512 — 16Mb. PaamepbT Ha dpenma
€ CTENEH Ha 2.

Nornyeckata nameT ce pasaernst Ha 6510KoBe CbC ChLUUSA
pasmep — CTpaHuULM.

MN3nonsea ce Tabnuua Ha cTpaHULMTE 3a TpaHCnMpaHe Ha
niorn4yeckus agpec.

EnvMmnHmpa ce BbHLWHATaA doparMeHTauums.

Bb3moXHa e BbTpeluHa pparmeHTauus.
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3apexaaHe Ha

npolecu

Frame
number

Main memory

E=0- - I = R e e e

(a) Fifteen available frames

GDG'-\JQ'\LJ'I-I-'-'HI._I—Q

Main memory

A

Al

AZ
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L
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A/,
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(d) Load process C

Main memory

] AD
1 Al
2 A2
3 Al
4
5
]
7
8
9
10
11
12
13
14

W0 =] Oh Lh e i R —

12
13
14

(b} Load process A

Main memory
Al
Al
A2
Al

S,

i
7 57/

DR,

(e) Swap out B

Main memory

0 A0
! Al

2 .-5. 2

3

4 \\\\‘ﬁh\\\
5 RNNE NN
3 NANEAN
8

9

10

1

12

13

14
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(c) Load process B

Main memory

AD
Al
A2
A3
D0
D1
D2
i
//// Cro 7
i
o g :/7//
D4

(f) Load process D
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Tabnuumn Ha npouecuTe

0

0
1
2

3

Process A
page table

0

Process B
page table

0 7 0 4 13
| 8 1 5 14
- 9 - & Free frame
3 10 3 11 list
Process C 4 12
page table Process D

page table
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Cxema Ha TpaHcnupaHe

« JlornyeckoTo agpecHoO NPoOCTpaHCTBO € 2™

- PaamepbT Ha cTpaHmuya e 2"

page number | page offset
P d

m -n n
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Cxema Ha TpaHcnupaHe

N
7f
logical physical J
address address  fO00O ... 0000
v
CPU = p | d f|d >
A
11 i [JPROR
p{
— f
physical
page table Ll

OnepauunoHHu cuctemn, Xpucto BrnyaHos



N3yucnasaHe Ha aagpecuTte

Logical address =

Relative address = 1502 Page# = 1, Offset = 478
[0000010111011110] [0000010111011110]
=
2, 4
£

r 478

User process
(2,700 bytes)

Page 1

Page size= 1K

Page 2
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AcounaTuBHa nameT

Ako Tabnuuarta Ha ctpaHuuuTte e B Ol e Heobxoamm aBa

NbTU OOCTHLN 4O NaMeTTa — eduH 3a Tabnvuyarta v eguH 3a
VHCTPYKUMATa/OaHHUTE.

M3nona3Ba ce Obp3a kel nameT — Translation Look-aside
Buffer (TLB).

AcouuaTuBHa NameT — napanesniHo TbpceHe

Page # Frame #
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TLB TpaHcnupaHe

CPU

logical
address |
page frame
number number
; TLB hit physical
2 r ' address
> il >
TLB 1
P
TLB miss
» f
= physical
memory
page table
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Tabnuua Ha cTpaHuuuTe

3non3BaHe Ha ronsgm obem namet 3a TabnuuuTe.

[pumep:
« AApPEeCHO NpPOCTpaHCTBO — 32 6uTtoBo (232);
« Paamep Ha cTpaHuua — 1K (219);
« bpor enemeHTn Ha Tabnuuata — 4 munuoHa (232 / 219);
» Bcekun enemeHT e 4 bytes -> Pasamep Ha TabnuuaTta 16Mb.

> Mpwn 64 uTOBO aapPeCcHO NPOCTPAHCTBO?
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CtpaHunumnpaHe Ha HUBa

4-Kbyte root
page table

4-Mbyte user
page table

4-Gbyte user
address space

= 3
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CtpaHunuunpaHe Ha oBe HMUBa

* [lornueckmnat agpec (32 bits), ctpaHnya 1K ce pasgens:
* HOMEp Ha cTpaHuua (22 bits)
* oTMecTBaHe B cTpaHuua (10 bis)
* HomepbT Ha cTpaHuua ce pasgens:
* HOMep Ha cTpaHuua (12 bits)
* OTMecTBaHe B cTpaHuuaTta (10 bits)

page number page offset
P4 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 npocTtpaHCcTBO 64 bits

[pumep:
« CTpaHuuMpaHe Ha ABe HUBA;
« Pasmep Ha cTpaHuua — 4K (219);
« Bpon enemeHTN Ha Tabnuuata — 2°;
* Bcekn enemeHT e 4 bytes
-> inner table e ¢ 219 enemeHTa
-> outer table e ¢ 242 enemeHTa

outer page Inner page offset

P1 P> d
42 10 12
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CtpaHuuunpaHe Ha Tpu HUBA

Pasgenade Ha outer table:

2nd outer page , outer page . innerpage offset

P P> P3 d
32 10 10 12

» O06em Ha outer table — 234 bytes
» 3a norny4yaBaHe Ha (pu3nyecku agpec — 4 gpocrtbna
A0 namMmeTTa
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ApgpecHu cxemu npu 64 bits

« Hashed Page Table

physical
logical address J address
p d r d M
A
physical
——»Iq|8|'I|IIp|r|_T-~ memory

hash table
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ApgpecHu cxemu npu 64 bits

* Inverted Page Table

CPU

logical :
address l pgyc/ismal
3 B : d agulees physical
P P - memory
search l }i
pid| p
page table
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3awmTta Ha namMmeTTa

Peanunanpa ce 4ypes3 61T 3a 3alimnTa, yKkassall ganu
3a openm e paspelleH gocton read-only unm read-
write:
- Valid- acouyunpaHara ctpaHuua € B
FIOrMYeCcKOoTO NMPOCTPaHCTBO Ha NMPoLEeca;
« Invalid - cTpaHuuara He e B IOrM4eckoTo
NPOCTPaHCTBO Ha npoueca.

B cnyyan Ha HapyLlleHune - NpeKkbCBaHE KbM
A0pOoTO.
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3awumTa Ha nameTTa (2)

page 0

page 1

page 2

page 3

page 4

page5

0
1
2| page0
frame number valid-invalid bit
\ / 3| pagel
O [ 20(F5
13Ty 4| page?2
214 | v 5
3 [
418 | v 6
519 | v
& EoRlE 7| page3
710 i
! 8| page4d
page table
9| pageb
page n
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CnopeneHun cTpaHuumn

« CnoaeneH Kopn,

« EqHo konue Ha read-only (reentrant) kog ce
cnogens Mexay MHOXeCTBO npoLlecu (peaaktopu,
Komnunatopu n ap.);

* IanonaBa ce 3a MexaynpouecHa KOMyHUKaLuus.
e COOCTBEH KOO U AaHHM

* Bcekn npouec cbxpaHsaBa OTAEMNHO KOMMe Ha Kof U
OaHHU;
« CTpaHMuuTe 3a TO3M Kof 1 JaHHK MoraT Aa ca

HaBCAKbAE B JTOMMYECKOTO NPOCTPAHCTBO Ha
npotieca.
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CnopgeneHun cTpaHMum

ed1
3
ed2 4
ed3 ': 2| data3
data 1 page table 3| edi
for P, ed 1
process P, .
ed2 4
ed3 6
7
data 2 page table
for P,
od 1 process P, 2
3
ed2 4
ed 3 6
2
data 3 page table

for Py
process F’3
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CermeHTHa opraHmsauusa Ha OI1

- Cxewma 3a ynpaBsrieHne Ha nameTTa, nogabpalla rnegHarta
TOYKa Ha noTpedbuTen 3a nameTTa.

stack

subroutine

segment 3

symbol
%gment 0 table

segment 4

main
program

segment 2

OnepauunoHHu cuctemn, Xpucto BrnyaHos



CermeHTHa opraHmsauusa Ha OI1

JNlormyeckoTo aApecHO NPOCTPaHCTBO Ce pasrnexaa KaTto
CBbBKYMHOCT OT CErMEHTW.

INTornyeckuaTt agpec ce npeacraBst KaTo ABOWKA
<segment_number, offset>

3nons3Ba ce Tabnuua Ha cermeHTuUTe, CbabpXKalla 6a3a-
HayanHus don3ndeckn agpec Ha CerMeHT B NnameTTa u
ABbIDKUHA Ha cermeHTa (MMMuT).

Tabnuuarta Ha cerMeHTUTe ce CbXxpaHsBa B NnamMeTTa.
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TpaHcnupaHe

CPU

o

limit [base
segment
table
d
es
2 y
no
Y

trap: addressing error

physical memory
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[lpumep Ha cerMmeHTUpaHe

subroutine stack
1400
segment 3 =aien0
2400
symbol
segment 0 table
limit | base
segment 4 0| 1000 | 1400
1| 400 | 6300 3200
main 2| 400 | 4300
program 3| 1100 | 3200 segment 3
41 1000 | 4700

segment table 4300

segment 1 segment 2 segment 2
4700

logical address space segment 4
5700

6300 segment 1
6700

physical memory
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3awmTta Ha namMmeTTa

« CermeHTu 3a MHCTpYKUUK (read-only) u cermeHTun
3a gaHHu (read-write).

- Bcekn cermeHT nma OumT 3a 3awmTa Ha gocTbna
(3anuc B read-only cermeHT).

Mpumep: macuB ce NnoMmecTBa B CETMEHT.
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CeFMeHTHO-CTpaHM‘-IHa opraHn3auuns

« Bcekn cermeHT ce cbCTOU OT CTpaHULUMWN.

- JlornyeckuaTt agpec ce npeactaBs KaTo TPoMKa:

<segment_number, page number, offset>

« W3nckBa noBeye TpaHcnauuu.
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Mpumep: |IA32

I'Iop,u,bpma cerMeHTHa n cerMeHTHO-CTpaHU4Ha OpraHmn3auund
Ha NMNamMeTTa.

« Bcekun cermeHnT o 4Gb.
- Jlo 16K cermeHTa 3a npoduec.

JNlormyeckoTo NPOCTPaHCTBO Ha NpoLeca e pasaerneHo B ABa
asana:

1-Bn — cbabpxa o 8K cermeHTa cobcTBEHM 3a npouec (B
Local Description Table);

2-pyn — cbabpka oo 8K cermeHTa, cnogeneHn mexay
npouecwu (B Global DescriptionTable).
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NMpumep: IA32 (2)

ITormyeckuaT agpec ¢ BbB BUAA

<selector, offset>

CenekTopbT € 16 6uTOB:

8 8 P
13 1 2

OTmecTBaHeTO e 32 buTa.

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

Ha 6a3aTta Ha nuHenHns agpec ce dopmupa ¢pusuyecku
adpec (32 6uma).
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Mpumep: IA32 (2)

CPU

physical
memory

logical linear physical
address N segmeqtation address i pagi.ng address I
unit unit
JlnHeeH agpec:
page number page offset
P1 1, d
10 10 12
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Mpumep: IA32 (3)

logical address [ ° 52l R

A 4

linear address

page frame

page directory page table

v

» directory entry - age table entry
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BuptyanHa namer

PasgensHe Ha norndyeckarta ot omsmyeckata namer.

[To3BonigBa n3nosisaBaHe Ha noBeYve BUpTyarnHa nameT oT
peanHo Hann4yHaTta dousnyecka.

[lo3BonisiBa HanNM4yne B NnameTTa camo Ha 4acT OT
nporpamaTa, KOSiTO ce U3MbIIHSABA.

[lo3BonsiBa pasnuyHu npouecu ga cu cnogendar pannose um
namer.

Peanunsnpa ce oCHOBHO Ha Da3aTa Ha MexaHM3Ma Ha 3asdBKU
3a cTpaHuum (demand paging).
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MpexBbLprnsiHe Ha npouecu (swapping)

« CobxpaHsiBaHe Ha NnamMeTTa 3a Npouec Ha BbHLLUEH HOCUTEN
nnun 3apexgaHeTto 1 ot aucka B Or1.

- [JlencrtemeTto ce ctaptupa npu n3yeprneaHe Ha Hanu4HaTa
donsnyecka namer.

- Moxe ga ce npexBbpris YacT oT npoLeca.
«  TuUNM4YHO e CBBP3aHO C KOHLIENUUATa 3a BUpTyanHa namMer.
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BuptyanHa namer

page O

page 1

page 2 <

[\

memory
map &/’/

page v physical
_ memory
virtual
memory
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BupTtyanHo agpecHoO nNpocTpaHCTBO

Max

stack

heap

data

code
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3aaABKM 3a CTPaHNLUM

3apexaaHe Ha cTpaHuLa Ha
npoLec B nameTTa npu
HeobXxoaMMOocCT.

KOMMNOHEHTHT, N3BbpLUBALL
npoueca — pager.

program

program
B

swap out

TR
N

0 1M1 [ 2] 88 |

b

W Swap in

o0 50 601 701

8 ] 9[ HO[ 11 [ ]
12 18 14[ 15[ ]

16D17|;|18|;|19Q

main
memory

20 ]21[J22[ J23[ ]

-,
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3aaABKM 3a CTPaHNLUM

« AKO nNpouechbT nMa AOCTbMN A0 CTPAaHULA, KOATO HE e B NaMeTTa,
Pager TpsibBa fga 3apean namckBaHaTa CTpaHuua.

« OnpenensgHeTo Ha TOBa KOM CTpPaHMLUM Ca B NnaMeTTa M KOW Ha AMCKa
Ce U3BbpLlIBa 4Ype3 cxeMa ‘"BaniaHa-HeBanunaHa” ctpaHuua (v — B
naMmeTTa, i- Ha AMUCKa).

« AKO NO BpeMe Ha TpaHC/AMpPaHEeTO Ha aApec CTpaHuMuaTa 9 HaAMa B
MnaMeTTa — 0TKa3 3a cTpaHuua (page fault).

Frame # valid-invalid bit

page table
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3aABKM 3a CTPaHULUM - npumMep

~N o o1 B~ W N

Q| m|m| OO | T| >

H

logical
memory

frame

valid—invalid

bit

4

6

v
[
v
|
[
v
i

~N oo o1k~ W N = O

page table

0

1

2

3 N
SR e
: (] O [
o © O & [
; [ [0 [E
o ¥
° (] [ [
" - e
13

14

15

physical memory
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OTKa3 3a cTpaHuua

» Heobxogmnmarta cTpaHuua s HAMa B
nametTa -> Page Fault.
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OTKa3 3a cTpaHuua

®

operating
system

load M

page table

\v

®

free frame

f
(

physical
memory
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OTkKa3 3a cTpaHuua (2)

1. OC npernexaa Tabnuuyara Ha cTpaHuyuTte

2. Ako e HeBanugHa pedepeHuma = abort. AKo e BanuaHa, HO
He € B NamMeTTa - KbM CTblKa (3)

3. Hamunpa cBobogeH bpenm B nameTTa

4, 3apexpna cTpaHuyarta BbB hpenma 4ypes nnaHupana I/O
onepauus

5. Moguduumnpa Tabnuumnte ga ykasear, Ye cTpaHuuaTta € B
nameTTa (OUTHT 3a BanuagupaHe = V)

6. PecTapTmpa MHCTPYyKUUATA, KOSATO € AoBena 4o OTKa3 3a
cTpaHuua
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3aMsAHa Ha CTpaHnuun

Cutyauus: B criydam Ha HeobXOAUMOCT OT 3apeXxJaHe
Ha HOBa CTpaHuua, He ca Hanu4yHn ceobogHu
dpenmose B OI1.

PeweHue: “n3xsbpnaHe” Ha apyra ctpaHuuya ot Ol u
CbXpaHdABaHe Ha OuckKa.
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ba3oB anroputobm

Hamupa ce nosmumarta Ha Heobxogmmara cTpaHuua Ha
ancka
OTkpmnBa ce ceBobogeH ppenm:

- aKO € HasriM4yeH ce U3Mnons3Bea;

- aKo He e ce cTapTvpa anropuTbM 3a 3amsiHa Ha
cTpaHuua:

- n3bumpa ce onpeneneH ppenm 3a N3XBLPNSHE
(victim);

- aKo e bun moaudunumpaH ce 3anucea Ha gucka,;
3apexnaaHe Ha Heobxoaumarta cTpaHuua BbB dpenma,
obOHOBsIBaHE Ha TabnuuuTe Ha CTpaHMUUTE U
dopenmoBeTe
[MpoobmkaBa npoLeca 4Ypes3 pectapTmpaHe Ha
NHCTPYKUMATA, Npean3Brkana otTkas 3a cTpaHmua
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ba3oB anroputbm

frame valid—invalid bit

N Y

0 [1|®
®

page table

victim

physical
memory
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CtpaTternu Ha 3amecTBaHe Ha CTpaHULUM

Random cTparerus:
« W3bupa ce cnyvyanHa cTpaHuua 3a N3XBbPrsHe.
 He e nobpa ctparernsa — moxe ga ce U3XBbpnu
CTpaHuMua, KOATO LLe ce N3nos3ea B crieaBallus
MOMEHT
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CtpaTternu Ha 3amecTBaHe Ha CTpaHULUM

FIFO cTpaTterusa:

Bcska cTpaHuua e mapkmpaHa ¢ BpeMeTO Ha
3apexgaHe B nameTTa.

[Mpn 3amsaHa ce n3dupa Han-otTaaBHa cTosnaTa B
nameTTa.

He nobpa npon3BoguTeSNIHOCT- CTpaHMuaTta MoXe
Oa cbAabpXka Moaysn 3a nHuyuanusaums (M3nonssaH
npeau MHOro BpeMe), HO Aa BKNYBa NPOMEHSIMBY,
KOUTO Ce MU3non3saTt MHOMO YecCTo.
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CtpaTternu Ha 3amecTBaHe Ha CTpaHULUM

Last Recently Used (LRU) cTpaTerus:
« basunpa ce Ha MHOpPMaLMA B MUHASOTO.
« 3aMeHs ce CTpaHuua, HensnonseaHa 3a ObNbr
nepuog oT BpeMeE.
« 3a BCsIKa CTpaHuua Ce nogabpxa Bpeme Ha
nocnegHoTo M3rosi3BaHe.
« Waunckea cneunaneH xapayep.
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CtpaTternu Ha 3amecTBaHe Ha CTpaHULUM

Least Frequently Used (LFU) cTtpaTerus:

« bpown pedepeHUMN KbM CTpaHULa.

« 3aMeHs ce CTpaHuua ¢ Han-manbk 6pon
pedepeHUnn (aKTUBHO NU3MNON3BaHNTE MMaT ronsm
6pon).

« CwuTyaumm npu MHTEH3NBHO U3Mof3BaHa cTpaHuua
npuv NHMUMann3auna Ha rnpouec, Ho nocne psako
N3nos3BaHa.
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CtpaTternu Ha 3amecTBaHe Ha CTpaHULUM

Most Frequently Used (MFU) cTtpaterus:
« bpown pedepeHUN KbM CTpaHULa.
« 3aMeHs ce CTpaHuua ¢ Han-manbK bpown
pedepeHunmn (ToKy-LLO € 3apedeHa 1 oLe He e
N3rosfi3BaHa).
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[MpoOnemu npmn 3amecTBaHe Ha CTPaHULUM

AKO npouec n3nosns3sa akTUBHO BCUYKUTE CU CTPaHULM U
“Ma HeobXxoOMMOCT OT HOBa CTpaHuua, TpsibBa aa ce

N3XBBLPIN HAKOS, KOSATO OTHOBO Le 6bae Heobxoauma.
Ako OC TpsibBa oa ctapTmpa HOB MpoLec.

» [lpogbmxkuTteneH npouec Ha NpPexBbpigHe Ha
CTpaHuUM MeXxay nameTtTa un aucka (trashing)
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Trashing

CPU utilization

degree of multiprogramming
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MeToa Ha paboOTHUTE MHOXeCcTBa

 MogndnumnpaH sapmaHT Ha LRU
« [lonyckaHe 3a NokanHoOCT — AOCTbM Ha npouec Ao
CTpaHWLUWU, KOUTO Ce KU3Non3eaT akTUBHO 3aedHo.

3a BCekU npoLec B JafleH MOMEHT OT BpeMe ce onpeaerns
OpPOoSAT Ha CTpaHUUUTE, KbM KOUTO ce € 0DpbLuan Han-ckopo
3a onpegeneH nepuog A — pabomHo MHO)XXecmeo Ha
npoueca.

A- working set window

AKO CcTpaHuua He ce n3nonsea, T8 ce npemaxsa A eanHULN
BUPTYyariHO BpeMe cnep nocriegHarta u pedepeHuums.
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MeToa Ha paboOTHUTE MHOXeCcTBa

[Mpumep 3a A = 10

page reference table

...2615777751623412344434344413234443444...

t1 t2
WS(t)) = {1,2.5.6,7) WSi(t,) = {3.4)
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MeToa Ha paboOTHUTE MHOXeCcTBa

» KopekTHOCTTa Ha paboTHOTO MHOXKECTBO 3aBUCK OT A
* aKO A e NpeKkaneHo Marnko HAMa a BKJIHYM NOoKanHoCTTa
* aKO A e nNpeKaneHo rofiamMo Lie BKMoYM HAKOSIKO JTOKarIHOCTU
* aKO A = oo , LLie BKMNOYKM uganara nporpama

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

AKO m — o6 6pon HanNn4YHN bpenmoBe.
» Mpn D > m = Thrashing

MonuTtuka: Ako D > m, To cnupaHe unm n3xBbprisiHe Ha Usn npouec
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MeTon Ha paboTHMUTEe MHOXecTBa (2)

A
l,'l _______________________________________________
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NMpumep 3a page fault

int[128,128] data;

Bcekun pen ce cbxpaHsiBa B eaHa 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 (i = 0; i < 128; i++)
datal[i,j] = O;

> 128 x 128 = 16,384 page faults
Program 2:
for (i = 0; i < 128; i++)
for (j = 0; j < 128; j++)
datal[i,j] = 0;

> 128 page faults
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Bbrnpocu ?
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