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Figure 3-1. Segmentation and Paging




Segment
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SS
DS
ES
FS
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Code- and Data-Segment
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Figure 3-2. Flat Model
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—
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Figure 3-3. Protected Flat Model
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Figure 3-4. Multi-Segment Model




31 0
| Offset (Effective Address) |

Logical
Address

15 0
Seg. Selector

Descriptor Table

Segment

Base Address
H >
Descriptor

31 0
| Linear Address |

Figure 3-5. Logical Address to Linear Address Translation




15 3210

Index “—’RPL‘
+ A
Table Indicator
0=GDT
1=LDT

Requested Privilege Level (RPLy——

Figure 3-6. Segment Selector
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Figure 3-7. Segment Registers




31

242322212019 1615141312 11 8 7 0

D| |A| Seg. D
Base 31:24 G|/|0|v| Limt |P| p |S| Type Base 23:16 4
B Ll 19:16 L
31 1615 0
Base Address 15:00 Segment Limit 15:00 0
AVL — Available for use by system software
BASE — Segment base address
D/B — Default operation size (0 = 16-bit segment; 1 = 32-bit segment)
DPL — Descriptor privilege level
G — Granularity
LIMIT — Segment Limit
P — Segment present
S — Descriptor type (0 = system; 1 = code or data)

TYPE — Segment type

Figure 3-8. Segment Descriptor




31 16 1514 13 12 11 8 7 0

D
Available 0| P [S| Type Available 4
L

31 0

Available 0

Figure 3-9. Segment Descriptor When Segment-Present Flag Is Clear




Table 3-1. Code- and Data-Segment Types

Type Field
A " 10 9 8 Descriptor
Decimal E w A Type Description
0 0 0 0 0 Data Read-Only
1 0 0 0 1 Data Read-Only, accessed
2 0 0 1 0 Data Read/Write
3 0 0 1 1 Data Read/Write, accessed
4 0 1 0 0 Data Read-Only, expand-down
5 0 1 0 1 Data Read-Only, expand-down, accessed
6 0 1 1 0 Data Read/Write, expand-down
7 0 1 1 1 Data Read/Write, expand-down, accessed
C R A
8 1 0 0 0 Code Execute-Only
9 1 0 0 1 Code Execute-Only, accessed
10 1 0 1 0 Code Execute/Read
1 1 0 1 1 Code Execute/Read, accessed
12 1 1 0 0 Code Execute-Only, conforming
13 1 1 0 1 Code Execute-Only, conforming, accessed
14 1 1 1 0 Code Execute/Read-Only, conforming
15 1 1 1 1 Code Execute/Read-Only, conforming, accessed




Table 3-2. System-Segment and Gate-Descriptor Types

Type Field

Decimal

1"

10

Description

0

o © 0o N o g »~ 0N =

- a4 a4 a4 o -
a »~ 0 N =

0

o O O O o o o

0

0
0
0

- O O - O O - O o |©

o o

Reserved

16-Bit TSS (Available)
LDT

16-Bit TSS (Busy)
16-Bit Call Gate

Task Gate

16-Bit Interrupt Gate
16-Bit Trap Gate
Reserved

32-Bit TSS (Available)
Reserved

32-Bit TSS (Busy)
32-Bit Call Gate
Reserved

32-Bit Interrupt Gate
32-Bit Trap Gate




HHE
|

Gilobal Local
Descriptor Descriptor
Table (GDT) Table (LDT)

TI=0 TI=1

Segment
Selector

First Descriptor in
GDT is Not Used

GDTR Register

Limit

Base Address

56

48

40

32

24

LDTR Register

[ Limit

Base Address

Seg. Sel.

56

48

40

32

24

16

Figure 3-10. Global and Local Descriptor Tables




47 16 15 0
| Base Address Limit

Figure 3-11. Pseudo-Descriptor Format




Table 3-3. Page Sizes and Physical Address Sizes

PG Flag, | PAE Flag, | PSE Flag, | PS Flag, | PSE-36 CPUID Physical
CRO CR4 CR4 PDE Feature Flag Page Size Address Size
0 X X X X — Paging Disabled
1 0 0 X X 4 KBytes 32 Bits
1 0 1 0 X 4 KBytes 32 Bits
1 0 1 1 0 4 MBytes 32 Bits
1 0 1 1 1 4 MBytes 36 Bits
1 1 0 4 KBytes 36 Bits
1 1 X 1 X 2 MBytes 36 Bits




Linear Address

10

12 4-KByte Page

31 22 21 12 11 0
Directory Table Offset
10 Page Table

Page Directory

Directory Entry

Physical Address

L

Page-Table Entry

!
>
-
’

L.
>

*32 bits aligned onto a 4-KByte boundary.

20"

30 1024 PDE * 1024 PTE = 220 Pages
CR3 (PDBR)

Figure 3-12. Linear Address Translation (4-KByte Pages)




Linear Address

31 22 21 0

| Directory | Offset

J 22 4-MByte Page
10 _Page Directory Physical Address

Directory Entry 0 >

CR3 (PDBR)

*32 bits aligned onto a 4-KByte boundary.

1024 PDE = 1024 Pages

L.
’
-
?
*

Figure 3-13. Linear Address Translation (4-MByte Pages)




Page-Directory Entry (4-KByte Page Table)

31 1211 9876543210
P|P|U|R

Page-Table Base Address Avail |G|Plo|Aa|c|w|/|/|P
s D|T|s|w

Available for system programmer’s use J
Global page (Ignored)

Page size (0 indicates 4 KBytes)
Reserved (set to 0)

Accessed
Cache disabled
Write-through
User/Supervisor
Read/Write
Present
Page-Table Entry (4-KByte Page)
31 1211 9876543210
P PIP|U[R
Page Base Address Avail |G|A|D|A|C|W|/|/]|P
T D|T|S|W

Available for system programmer’s use J
Global Page

Page Table Attribute Index
Dirty
Accessed
Cache Disabled
Write-Through
User/Supervisor
Read/Write
Present

Figure 3-14. Format of Page-Directory and Page-Table Entries for 4-KByte Pages
and 32-Bit Physical Addresses




Page-Directory Entry (4-MByte Page)

31 22 21 131211 9876543210
P P|P|U[R

Page Base Address Reserved Al Avail. |G P D|A[C(W|/|/|P
T D|T|S|W

Available for system programmer’s use
Global page
Page size (1 indicates 4 MBytes)
Dirty
Accessed
Cache disabled
Write-through
User/Supervisor
Read/Write
Present

Page Table Attribute Index

Figure 3-15. Format of Page-Directory Entries for 4-MByte Pages and 32-Bit Addresses




31 0

Available to Operating System or Executive ‘ O|

Figure 3-16. Format of a Page-Table or Page-Directory Entry for a Not-Present Page




31 0

0T

P
Page-Directory-Pointer-Table Base Address vTv 0|00

Figure 3-17. Register CR3 Format When the Physical Address Extension is Enabled




Linear Address
31 30 29 21 20 12 11 0

Directory Pointer »I | Directory Table Offset

12 4-KByte Page

Page Table Physical Address

Page Directory 9

Page-Table Entry |—~>»

Y

» Directory Entry

Page-Directory-
Pointer Table

4 PDPTE * 512 PDE * 512 PTE = 220 Pages

—>| Dir. Pointer Entry

o
CR3 (PDPTR)

*32 bits aligned onto a 32-byte boundary

Figure 3-18. Linear Address Translation With PAE Enabled (4-KByte Pages)




Linear Address
31 30 29 21 20 0

Director .
Pointeyr_>| ‘ Directory Offset

21 2-MByte Page

Page Directory Physical Address

Page-Directory-
Pointer Table

2

—»| Directory Entry 15 >
> Dir. Pointer Entry >
—
30% 4 PDPTE * 512 PDE = 2048 Pages

CRS3 (PDPTR)
*32 bits aligned onto a 32-byte boundary

Figure 3-19. Linear Address Translation With PAE Enabled (2-MByte Pages)




Page-Directory-Pointer-Table Entry

63 36 35 32
Base
Reserved (set to 0) Addr.
31 1211 98 543210
. PlP
Page-Directory Base Address Avail | Reserved 8 \1/y Res.|P

Page-Directory Entry (4-KByte Page Table)

63 36 35 32
Base
Reserved (set to 0) Addr.

31 1211 9876543210
PIP[U[R

Page-Table Base Address Avail |[o|o|0o[AlCW|/|/|P
D|T|S|W

Page-Table Entry (4-KByte Page)

63 36 35 32
Base
Reserved (set to 0) Addr.

31 1211 9876543210
P P|P|U|R

Page Base Address Avail |G|A|D[A|C|\W|/|/|P
T D|T|S|W

Figure 3-20. Format of Page-Directory-Pointer-Table, Page-Directory, and Page-Table
Entries for 4-KByte Pages with PAE Enabled




Page-Directory-Pointer-Table Entry

63 3635 32
Reserved (set to 0) ngﬁ_

31 1211 9. 8 543210

Page Directory Base Address Avail. | Reserved g \5/ Res.| P

Page-Directory Entry (2-MByte Page)

63 3635 32
Base
Reserved (set to 0) Addr.

31 21 20 131211 9876543210
P PIPlU[R

Page Base Address | Reserved (setto 0) [A| Avail. |G|1|D|A|C wg /P
T D|T|S|W

Figure 3-21. Format of Page-Directory-Pointer-Table and Page-Directory Entries for
2-MByte Pages with PAE Enabled



Linear Address
31 22 21 0

| Directory ’ Offset

J 22 4-MByte Page

10 Page Directory

Physical Address

Directory Entry 7%»

L
>
-
’
*

32
CR3 (PDBR)

*32 bits aligned onto a 4-KByte boundary.

1024 PDE = 1024 Pages

Figure 3-22. Linear Address Translation (4-MByte Pages)

Figure 3-23 shows the format for the page-directory entries when 4-MByte pages and 36-bit
physical addresses are being used. Section 3.7.6., “Page-Directory and Page-Table Entries”
describes the functions of the flags and fields in bits O through 11.

Page-Directory Entry (4-MByte Page)

31 22 21 1716 131211 9876543210
Page Base Address P ) PIPIU|R
Reserved A .|la|P
(Bits 22 Through 31) T Avall. |G| 5| BJA 8 VTV é v/v F

Page Base Address (Bits 32 Through 35) J ‘
Page Attribute Table Index

Available for system programmer’s use
Global page
Page size (must be set to 1)
Dirty
Accessed
Cache disabled
Write-through
User/Supervisor
Read/Write
Present

Figure 3-23. Format of Page-Directory Entries for 4-MByte Pages and
36-Bit Physical Addresses



Page Frames

LDT Page Directory Page s >
PTE |-
PTE >
PTE —
Seg. Descript.—>» PDE 4|—>
Seg. Descript.—» PDE >
PTE T~

PTE —‘

Figure 3-24. Memory Management Convention That Assigns a Page Table
to Each Segment




