Gerenciamento de Memoaria

Paginacao



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

Paginacao

} Virtual page
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Substituicao de paginas
Algoritmo otimo:
e Baseado no uso futuro de uma pagina
e Impossivel de ser implementado

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

o Util para medidas de desempenho



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 Simplementes 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 C E Fldcl<H ~
(a)
A is treated like a

3 7 8 12 14 15 18 20 '~ newly loaded page
BHclb E FldeclHH A

(b)

e Se o0 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

e Implementacao circular da segunda chance



Menos recentemente usada
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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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



Menos recentemente usada
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 olofo|1 i 1|1(ol0
: : : :
| | | |
| | | |
| | | |
: : : :

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 pdginas utilizadas nas udltimas £ referéncias
em relacao ao instante ¢.

Paginacao sob demanda
Prepaging

Implementacao exata é muito cara

— Registro com k posicoes

Conjunto passa a ser definido por tempo



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



WSClock (R==1 e R==

2204 | Current virtual time

1620]0 1620]0
2084[1 20321 2084]1 2032]1
2003]1 \ 2020]1 2003]1 2020]1
1980 [1 2014[1 1980 [1 2014]0
1213]0 T \ : 1213]0
) R bit
Time of
last use
(@) (b)
1620]0 1620]0
20841 2032[1 20841 2032[1
2003]1 2020]1 2003[1 2020]1
1980 |1 2014]0 1980 [1 2014]0
1213]0 2204[1 |

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 namero de page faults

All pages frames initially empty

0O 1.2 3 01 4 0 1 2 3 4
Youngest page O[1]12]|13[0]1]14]14]14|12]|3]|3
O|11]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
()
O 1.2 3 01 4 0 1 2 3 4
Youngest page 0O[1]12]|3|3|3|4]0]1]2]|3]|4
0O11|12|2]12|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)



Reference string 0 2

Algoritmos a pilha

Page faults

Distance string

Nao apresentam a anomalia
13546 3747 3 355 31117131471
012113514163 |7|4]|7]|3|3|5]|5]|3|1f(2(1|[7(1(3|4]|1
O(211]3|5(4|6]|3|7]|4|7|7|3|3|5]|3(3(3[1]|7]|1|3]|4
0{2|1]3|5|4|6|3|3(4|4|7|7]|7]|5]|5|5|3|3|[7|1]|3
0l2]|1|3|5|4|6|6|6|6|4]|4|4|7|7|7|5]|5|5|7]|7
O[2]1)1|5(5|5|5|5|6|6|6|4]|4]4]|4[4[4]5]5
Of212)1|1f{1f2|21]21|2|1|6|6|6|6|6|6|6]|6
O(o0121212|2|2|2|2|2|2]|2]|2]|2]|2]|2]|2]2
ofojojofojojofojofofojojofojojo
PPPPPPP P P P P
w o o © o o o 4 o 4 2 3 1 51 2 6 114 2 3 5 3

Exemplo: LRU
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Espacos separados de enderecamento

Single address

- space . | space D space

J Unused page

Data <

> Data

Program < Program {
0

(@) (b)



Paginas compartilhadas

\\\

Process

table

Program Data 1 Data 2
.

VT
Page tables



Area de swap

Main memory Disk
Pages
0 Swap area
7
4 5
2
Page 1

table

a)

Main memory

Pages
0 3
4 6
Page
table
6.. _
Disk

Z :3
3 ~.map
a4 %

Disk
N
~

Swap area

DN




Paginador externo

: 3. Request page
Main memory

[ =~ Disk
/\
N
User User
space process External
pager 4. Page
2. Needed arrives L
page ~
RE Page¢ /5. Here
fault is page
Fault
Kernel
<
space handler 6. Map
page in




Limites de um espaco unico

Virtual address space

Call stack *
} Free
Add _
aIIochfeSdSth))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)

78577,

Segment 2
(5K)

Segment 3
(8K)

Segment 5
(4K)

K

Segment 1
(8K)

Segment 2
(5K)

Segment 3
(8K)

Segment 5
(4K)

77

92004995,

/ (10K)/

Segment 2
(5K)

Segment 6
(4K)

Segment 5
(4K)

Segment O
(4K)

Segment 7
(5K)

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)

Segment O

(d)

(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)




Process A

Stack pointer —-

20K

8K

Y

Unused

memory\

UNIX

Physical memory

7
Y,
Y,
Y,
)

AN

- Wz

0S
(b)

Process B

Y

<«— Stack pointer

24K

8K
OK



Memoria compartilhada

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




