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Simple Page Table vemory
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Full Page Table emory
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Complete Page Table Entry (PTE)

Present Protection@R/W/X Ref Dirty Index

Index is an index into (depending on Present bit):
* frames
- physical process memory
* backing store

- if page was swapped out

Synonyms:

* Present bit==Valid bit
Modified bit == Dirty bit
Referenced bit == Accessed bit
Index == frame number



How large must the page table be?

* Suppose:
* 32-bit address space
* 32-bit PTEs (4 bytes)
» 12-bit offset (4K pages)
9
e 32 -12=20-bit page number
* Thatis, 2?° = approx. 1 million PTEs
* Page table is 22° x 4 = 222 bytes (4 M)
* Foreach process!
* Doesnotfitinaframe...
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Multi-Level Page Tables to reduce

page table space Prysial
1index1 | index2 | offset | —

Physical
Address .

Level 1

Frame Offset
b
4
Level 2 ;
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PTBR points to level 1 page table

+ Allocate only PTEs in use

+ Simple memory allocation

—more lookups per memory reference




Two-Level Paging Example

32-bit machine, 4KB page size
* Logical addressis divided into:
— apage offset of 12 bits (4096 = 21?)
— apage number of 20 bits (32-12)
* Since the page table is paged, the page number s
further divided into (say):
— a l1l0-bitfirstindex
— a10-bitsecond index
* Thus, a logical address is as follows:

page mljmber
I i

| index 1 | index2 | offset |
10 10 12
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Let’s run the numbers

Suppose 32-bit virtual address, 2-level page table
e addressis 10+10+12 bits

Page Table Entry (PTE) is 32 bits (4 bytes)

e convenient: PTE is the size of a word

How many pages in the virtual address space?
* Answer: 210x 210= 7220

How many PTEs in a page table?
* Answer: 210=1024

How large is a page table?
* Answer:210x4=4KB
e conveniently fits in a frame
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How many levels for 64-bit RISC-V?

* 39-bit address (25 bits unused)

» 12-bit page offset (4K pages)

* 64-bit PTE (8 bytes)

9

* Apage table can fit4K/8 =512 (2°) PTEs
—> An index must be 9 bits

* A page numberis 39 - 12 =27 bits

e 27 /9=3levels

page
offset
25 9 9 9 12




3 level page table example

Processor
Virtual
Address
>| Index 1 Index 2 Index 3 Offset
Level 1

Physical
Memory
Physical Z
Address .
Frame Offset >
Level 2
Level 3

+ First Level requires less contiguous memory
— even more lookups per memory reference
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