Flat page table example

Memory Size= 7 bits=> 2**7 = 126 bytes in my memory
Frame/page size=> number of bits per frame=> want 16 bytes/page
=>In base 2 of 16 =4 bits

Can address up to 2**3 VP’s

0000000
l Y A Y J
VP # offset
Page Table P1 Page Table P2
VP # valid PP VP # valid PP
C
1=001 1 5=101 1=001 1 110
2=010 1 3=011 2=010 O
3=011 O 3=011 O
4 0 4 0
5

5
6 6
7

What is the valid range of virtual addresses?

For P1 ->7 bit system, virtual addresses can go from
000 0000->010 1111 (see valid bits)

For P2

000 0000->001 1111

Physical memory

000 0000
0001111

001 0000
0011111
010 0000 P1-0
0101111
011 P1-2
100 P2-0
101 P1-1
110 P2-1



Flat page table example

20 bits VPN Offset=>12 bits

Phys Memory

0x00000000 ]
Code 1 Megof

Heap Storage

~ 2"32-2Meg
~ 21732
unused

1 Meg of
storage

OXFFFFFFFF | Stack




Flat page table example
20 bits VPN Offset=>12 bits

Phys Memory

0x00000000 ]
Code 1 Meg of

Heap Storage

=

_ 2"32-2Meg
~ 21732
unused

OXFFFFFFFF | Stack } 1 Meg of
storage




Flat page table example
20 bits VPN Offset=>12 bits

Phys Memory

0x00000000 ]
Code 1 Meg of

Heap Storage

1 meg/4K=>2/20/2712 = 28
pages or 256 pages

Need 256 pages for stack too

=

_ 2"32-2Meg
~ 21732
unused

OXFFFFFFFF | Stack } 1 Meg of
storage




Flat page table example
20 bits VPN Offset=>12 bits

Phys Memory

0x00000000 ]
Code 1 Meg of

Heap Storage

=

But have 2720 = 1,000,000

2"32-2Meg
~ 2732
unused Of which only 512 are needed

OXFFFFFFFF | Stack } 1 Meg of
storage




Flat page table example

20 bits VPN Offset=>12 bits
Phys Memory
0x00000000 ]

Code 1 Meg of

Heap Storage
| ~ 2732-2Meg

§ ~2/32
i unused

OxFFFFFFFF Stack } 1 Meg of
storage

=

Page table
Code 256

—

Heap Used rows

1048064
Unused
rows

- If 4 bytes
per row
then
4192256
bytes
wasted

=

256

Stack
Used rows

Page table size = 2220 *4bytes page
= 4Megabytes



Multilevel page table version

Outer=10 bits

Inner=10 bits

Offset=>12 bits

1 Outer page table has 2210 or 1000 rows, each row holds the address of an inner page table
1000 potential inner page tables, each with 2210 or 1000 rows (only allocate the ones needed, ie valid bit=1 in outer page table)

Outer Page table

Valid Physical address of
bit inner page table

1 Address of inner page
table 0

Points to inner page table

Containing 2**10 rows

0

15t 256 rows are valid

1 Address of

Inner Page table 0

1 address of physical page
0x00000

. Top 256 rows in this page table
used for code and heap

Only 2 of the potential 2**10

Inner page tables need to be created

Total memory used

Outer page table =2210*4bytes = 4kbytes

Inner page table 0 =27210*4bytes = 4kbytes
Inner page table 1024 = =2210*4bytes = 4kbytes
Total = 12kb verses 4megabytes for the flat one

Inner Page table 1024

0 address of physical page

inner page 1024

Pointeta—+
T

Containing 2**10 rows

Bottom 256 rows in this page table
-
used for stack



Multilevel page table example

Outer=2 bits Inner = 2bits Offset=8 bits
Valid Physical address of Valid Physical address of Physical pages in memory
bit inner page table bit Page in memory
1 OxBFO — "1 o0
0 OxAFO 1 0x200
0 OxEFO 0 OxEFO
1 OxAFO 0 OxAFO
0 O0xBFO
0 OxAFO
1 0xD00
1 0xEOO0




