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Gerenciamento de Memoria - 2



Memaria Virtual
Permite a execucao de
e programas maiores do que a memoria disponivel

e um numero maior de programas do que poderia residir
na memoria em um dado instante



Memoria Virtual

The CPU sends virtual

CPU addresses to the MMU
package
CPU
/ Memory y Disk
- management emory controller
unit

A |

N

The MMU sends physical
addresses to the memory

l Bus

Memory Management Unit (MMU)



Virtual
address
space

60K-64K
56K-60K
52K-56K
48K-52K
44K-48K
40K-44K
36K-40K
32K-36K
28K-32K
24K-28K
20K-24K
16K-20K
12K-16K
8K-12K
4K-8K
OK-4K

}Virtual page

NlrRr|lo|lo|dr|w]| X XIX]o| XN X]|X]X] X

N\
A

Paginacao

Physical
memory
address

28K-32K
24K-28K
20K-24K
16K-20K
12K-16K
8K-12K
4K-8K

J\ OK-4K

Page frame

A
[1[1]ofofo[ofoo]o]o]o]o]1]o0]0]
%_/ J

A -
15| 000 | O
14| 000 | O
13| 000 | O
12| 000 | O
1] 111 1
10| 000 | O
L L 12-bit offset
-bit offse
Patge o L copied directly
table 71000 |0 from input
6| 000 0 to output
5[ o011 1
41 100 1
3| 000 1
2| 1o [1}| 110 |
1| 001 1 5 "
resen
| 0 1 A/absent bit
Virtual page = 2 is used
as an index into the
page table
LoJo[1]ofofofofo]o]o]o[o]o]1[0]0]

!

Outgoing
physical
address
(24580)

Incoming
virtual
address
(8196)



Espaco de enderecamento

e Apenas as paginas ocupadas precisam ser mapeadas

Address (hex)
FFFF

Stack

Data

.|

Text

0000




Paginacao - Exemplo
e 04 bits de endereco
e paginas de 4k
e 12 ultimos bits indicam o deslocamento dentro da

pagina

e \Veja o codigo pagesize.c e brk.c



Memoria compartilhada

Processo A Processo B
Pilha Pilha
'Shmem
Shmem_.”“
Data Data
Texto Texto




Memoria compartilhada

int shmget(key_t key, size_t size, int shmflg);
void *shmat(int shmid,

const void *shmaddr, int shmflg);

e Veja os exemplos: shl.c sh2.c sh_fork.c



Second-level
page tables

Paginacao em
varios niveis —

Page
table for
the top
4AM of
memory

P

Top-level
page table

1023 /
. /

Bits 10 10 12
PT1 | PT2 | Offset

@)

R

1023

To
pages

R

(b)



Espaco de enderecamento

e Apenas as paginas ocupadas precisam ser mapeadas

Address (hex)
FFFF

Stack

Data

.|

Text

0000




Caching

disabled

/

Entrada na tabela

Modified

/

Present/absent

/

T

Page frame number

\

\

Referenced Protection




Translation Look Aside Buffers

(TLBs)
Valid | Virtual page | Modified | Protection | Page frame
1 140 1 RW 31
1 20 0 R X 38
1 130 1 RW 29
1 129 1 RW 62
1 19 0 R X 50
1 21 0 R X 45
1 860 1 RW 14
1 861 1 RW 75




Tabela de paginas invertida

Traditional page
table with an entry
for each of the 252
pages
52 1 | |
252 -1 E -

N N

256-MB physical
memory has 216

4-KB page frames Hash table
— I H

16 .1 | ] 16 .1 |
2161 [ =] 216-1 [ 1

e 4

~N— N

: L ) TN

Indexed Indexed
by virtual by hash on Virtual Page
page virtual page page frame

e Uma entrada por pagina na memdria fisica



Substituicao de paginas
Algoritmo 6timo:
e Baseado no uso futuro de uma pagina
e Impossivel de ser implementado

e Pode ser simulado (segunda execu¢cdo do mesmo
processo com a mesma entrada)

o Util para medidas de desempenho



Nao usada recentemente

e (Classe 0:
o (Classe 1:
e (Classe 2:

e (Classe 3:

nao referenciada, nao modificada
nao referenciada, mas modificada
referenciada, mas nao modificada

referenciada e modificada



First In, First Out

e Simplemente coloca as paginas em uma fila

e Pode remover paginas importantes



Segunda chance
Page loaded first
o 3 7 8 12 14 15 18 Most recently
\ o loaded page
A C ErFHoHH
(@)
A is treated like a
3 7 8 12 14 15 18 20 ' newly loaded page
BtHctHHpoHeEHFHeHHHA
(b)
e Se 0 bit R == 0, a pagina é substituida, senao

e bit R é limpo e a pagina é colocada no final da fila



Reldgio

When a page fault occurs,
the page the hand is
J D pointing to is inspected.

The action taken depends
on the R bit:
R = 0: Evict the page
| R = 1: Clear R and advance hand

e Implementacao circular da segunda chance



Uso recente
LRU (Least Recently Used)
Implementacao utilizando lista ligada

Implementacao em hardware com contador
— incrementado a cada instrucao

— marca o timestamp do ultimo acesso

Implementacao com matriz n x n



LRU em hardware

Page

Page

Page

Page

Page

O[O0

0l0]0]O0

1

0(O0]O

0({0]0]O

1

1

1
1

0|0

0(0]O

1

0(0|l0O]O

1

00|00
0l0]0]O0

11000} O

2010107160

3[0J0]0|O

()

(d)

(©)

(b)

(@)

00|00

0j]0]0]0

1

0(0|0O]O

1

010]0O0

00|00

1

010

0(O0]O

0j]0]0]0

1

1

(9) (h) (i) ()

Acessos: 0123210323

(f)



Simulando LRU em software

Pagina nao usada frequentemente

e Contador de uso para cada pagina (soma o bit R a cada
clock tick)

e Nao esquece nada...

e Considere um compilador baseado em passos



Aging
e O contador é deslocado a direita

e Bit R é adicionado a esquerda

101011 101101
>> 1 10101 >> 1 10110
+ 1 110101 + 0 010110



Page

Aging

| | | |

R bits for | R bits for | R bits for | R bits for | R bits for

pages 0-5, | pages 0-5, | pages 0-5, | pages 0-5, | pages 0-5,

clock tick O | clock tick 1 | clock tick 2 | clock tick 3 | clock tick 4
| | | |

ol1fo]1 i 1]olof1 i 1lof1fo i ololo|1 i 1|1{olo0
: : : :
| | | |
| | | |
| | | |
: : : :

10000000 | 11000000 | 11100000 | 11110000 | 01111000
| | | |
| | | |

00000000 i 10000000 i 11000000 i 01100000 i 10110000
| | | |
| | | |

10000000 i 01000000 i 00100000 i 00100000 i 10001000
| | | |
| | | |

00000000 | 00000000 | 10000000 | 01000000 | 00100000
| | | |
| | | |
| | | |

10000000 | 11000000 | 01100000 | 10110000 | 01011000
| | | |
| | | |
| | | |

10000000 ! 01000000 ! 10100000 ! 01010000 ! 00101000
| | | |

(@) (b) (c) (d) (e)




Working Set w(k, 1)

Conjunto de pdaginas utilizadas nas dltimas k referéncias
em relacao ao instante t.

Paginacao sob demanda
Prepaging

Implementacao exata é muito cara



Information about{
one page

Time of last use

Working Set

2204 | Current virtual time

Page referenced

during this tick

Page not referenced

during this tick

2084
2003 | 1
> 1080 |1
12130
—\
2014 |1
2020 |1
2032 |1
—
1620 |0

Page table

R (Referenced) bit
1‘V///

Scan all pages examining R bit:
if (R==1)
set time of last use to current virtual time

if (R==0and age > 1)
remove this page

if (R ==0and age <1)
remember the smallest time



WS Clock

2204 | Current virtual time

R bit

1620]0
2084[1 20321
2003]1 \ 20201
1980 [1 2014]1
12130 T
Time of
last use
(@
1620]0
2084[1 20321
2003]1 2020]1
1980 [1 2014]0
1213]0

(©

1620]0
2084[1 2032[1
2003[1 20201
1980 [1 2014]0
1213]0
(b)
1620]0
2084[1 2032[1
2003[1 20201
1980 [1 2014]0
22041 |
New page
(d)



Resumo

Algorithm Comment
Optimal Not implementable, but useful as a benchmark
NRU (Not Recently Used) Very crude
FIFO (First-In, First-Out) Might throw out important pages
Second chance Big improvement over FIFO
Clock Realistic

LRU (Least Recently Used) | Excellent, but difficult to implement exactly

NFU (Not Frequently Used) | Fairly crude approximation to LRU

Aging Efficient algorithm that approximates LRU well

Working set Somewhat expensive to implement

WSClock Good efficient algorithm




Anomalia de Belady

Algoritmo FIFO e nimero de page faults

All pages frames initially empty

0O 1.2 3 01 4 0 1 2 3 4
Youngest page 0111230111414 14|12]|3]|3
O|l1]12]|3|011|1|1|4]|2]2
Oldest page 011]2(3|0]0|0]1]|4]|4
P P P P P PP P P 9 Page faults
(a)
O 1.2 3 01 4 0 1 2 3 4
Youngest page O[1]12]|3|3|3|4]0]1]2]|3]|4
011121212 |3|4|]0|1]|]2]3
Oldest page O|l1]11]1]12|3|4]|0]|1]2
0Ol]0|0]1]12|3|4]0]|1
P P P P P P P P P P 10 Page faults

(b)



