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Substituicao de paginas
e \Veja os codigos: pagl.c pag2.c
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



Entrada na tabela de paginas

Caching
disabled Modified Present/absent

[/ /

/ 7 14 7
Page frame number

N

Referenced Protection

Tanenbaum: Figura 4.13



Nao usada recentemente

e (Classe 0:
e (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 Coloca as paginas em uma fila

e Pode remover paginas importantes



Page loaded first

Segunda chance

Most recently

0 3 7 8 12 14 15 18 loaded page
\ A Nl g
()
A is treated like a

3 7 8 12 14 15 18 20 — newly loaded page
B C E F G H A

(b)

Tanenbaum: Figura 4.16
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



Relégio

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

Tanenbaum: Figura 4.17

e Implementacao circular da segunda chance



Uso menos recente
LRU (Least Recently Used)

Implementacao utilizando lista ligada

Implementacao em hardware com contador
— incrementado a cada instrucao

— entrada na tabela deve armazenar o contador

Implementacao com matriz n x n



LRU em hardware
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Tanenbaum: Figura 4.18



Simulando LRU em software

Uso nao frequente

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



Uso nao frequente
Aging
e O contador é deslocado a direita

e Bit R é adicionado a esquerda

Pagina referenciada Pagina ndo referenciada
101011 101101

>> 1 10101 >> 1 10110

+ 1 110101 + 0 010110

e Quais sao as limitacoes desta abordagem?



Page

Uso nao frequente

| | | |

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

pages 0-5, I pages 0-5, I pages 0-5, I pages 0-5, I pages 0-5,

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

ol1{o]1 i AR i 1lof1fo i olofo|1 i 1|1(o]0
: : : :
| | | |
| | | |
: : : :

10000000 | 1| 11000000 | || 11100000 || 11110000 || 01111000
| | | |
| | | |

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

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

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

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

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

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

Tanenbaum: Figura 4.19




Working Set

Paginacao sob demanda
Localidade de referéncia
Prepaging

Como implementar?



w(k,t)

w(k,t)

k

Tanenbaum: Figura 4.20

e w(k,t): nimero de paginas utilizadas nas ultimas &
referéncias em relacao ao instante ¢.



Working Set

e Ultimas k referéncias a memoria

e Referéncias no ultimo 0 intervalo de tempo

— tempo virtual



Working Set

2204 | Current virtual time

Information about{
one page

Time of last use —

Page referenced

during this tick

Page not referenced

during this tick

2084
2003 1
— 1980 1
1213 0
—
2014 1
2020 1
2032 1
—A
1620 0
Page table
Tanenbaum:

R (Referenced) bit
1/

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

Figura 4.21



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 2020]1
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

Tanenbaum: Figura 4.23




Politica de limpeza

e Gravar as paginas modificadas na dltima hora pode ser
pouco eficiente

e Paging Daemon
— Varre periodicamente a meméria
— Tenta manter um namero de frames livres

— kswapd



Controle da carga

e [hrashing

— O Sistema Operacional sé se ocupa das tarefas de
paginacdo e escalonamento

— Todos os processos precisam de mais memoria

— Swap (como escolher quais processos vao para o
disco?)



Fixacao de paginas na memaria

e Melhora do desempenho para processos com
caracteristicas especiais

int mlock (const void *ADDR, size_t LEN);
int munlock (const void *ADDR, size_t LEN);

e S6 para super-usudrios? :-(



Mmap
e Um arquivo pode ser mapeado em memoria
e Memoria compartilhada

e Veja map.c



Segmentacao
e Varios espacos de enderecamento

e Maior flexibilidade



Limites de um espaco unico

Virtual address space

Call stack *
} Free
Add _
alloggtsesdst%at%ee P " Space currently being
arse tree
parse tree used by the parse tree

Constant table *

Source text *

bumped into the
source text table

Symbol table

} Symbol table has




20K

16K

12K

8K

4K

oK

Symbol
table

Segment
0

Segmentacao

16K
12K 12K —
8K - 8K |- Parse
tree
Source
text
4K 4K -
Constants
0K OK 0K
Segment Segment Segment
1 2 3

12K

8K

4K

oK

Call
stack

Segment
4




Consideration Paging Segmentation
Need the programmer be aware No Yes
that this technique is being used?
How many linear address 1 Many
spaces are there?
Can the total address space Yes Yes
exceed the size of physical
memory?
Can procedures and data be No Yes
distinguished and separately
protected?
Can tables whose size fluctuates No Yes
be accommodated easily?
Is sharing of procedures No Yes

between users facilitated?

Why was this technique
invented?

To get a large
linear address
space without
having to buy
more physical
memory

To allow programs
and data to be broken
up into logically
independent address
spaces and to aid
sharing and
protection




Segment 4
(7K)

Segmentacao pura

Segment 3
(8K)

Segment 4
(7K)

S

Segment 2
(5K)

Segment 3
(8K)

Segment 5
(4K)

A

Segment 1
(8K)

Segment 2
(5K)

Segment 3
(8K)

Segment 5
(4K)

7

(10K)

)

U,

LLsLl

Segment 2
(5K)

Segment 6
(4K)

Segment 5
(4K)

Segment O
(4K)

Segment 7
(5K)

X7,

Segment 2
(5K)

Segment 6
(4K)

Segment O

(@)

Segment 7
(5K)

(4K)

Segment O

(b)

Segment 7
(5K)

Segment 2
(5K)

(4K)

Segment O

()

Segment 7
(5K)

(4K)

(d)

Segment O
(4K)

(€)



MULTICS: segmentacao e paginacao
il L

»~ »~

—~—36 bits——

l l Page 2 entry

Page 1 entry
Segment 6 descriptor Page 0 entry
Segment 5 descriptor Page table for segment 3

Segment 4 descriptor
Segment 3 descriptor l l

~ ~

Segment 2 descriptor i i

Segment 1 descriptor Page 2 entry

Segment O descriptor Page 1 entry
Descriptor segment Page 0 entry

Page table for segment 1

@)
18 9 111 3 3
Main memory address Segment length
of the page table (in pages)
A A

Page size:
0 =1024 words
1 =64 words

0 = segment is paged
1 = segment is not paged

Miscellaneous bits

Protection bits

(b)




MULTICS: Conversao de enderecos

MULTICS virtual address

Segment number Page Offset
number
Word
Descriptor Page frame
Offset
Segment Page |
ALLLES Descriptor ALl Page Page

segment table



Intel Pentium: segmentacao e

paginacao
e Seletor de segmento
Bits 13 1 2
Index

/X

0=GDT/1=LDT Privilege level (0-3)

e LDT (Local Descriptor Table)
e GDT (Global Descriptor Table)



Registradores de segmento
e CS - Code Segment
e DS - Data Segment
e SS - Stack Segment
e ES, FS, GS - Extra Segments



Conversao de enderecos

(seletor, deslocamento) — linear

Selector

P <

Offset
Descriptor
Base address +
Limit
Other fields
Y

32-Bit linear address




Conversao de enderecos

linear — fisico

Linear address

Bits 10 10 12
Dir Page Offset
(a)
Page directory Page table Page frame
A
JR J: JR JR Word J? JR
selected
1024 T
Entries T
Dir Offset
b / |
Directory entry Page table
points to entry points
page table to word

(b)



