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Besser als viel Speicher ist noch mehr Speicher...
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Atminties valdymas 64 bitų režime

x86, 86_64 CPU

12 Memory Model

AMD64 Technology 24592—Rev. 3.22—December 2017

2.1.4.1  Long-Mode Memory Management

Figure 2-3 shows the flow, from top to bottom, of memory management functions performed in the 
two submodes of long mode. 
 

Figure 2-3. Long-Mode Memory Management

In 64-bit mode, programs generate virtual (linear) addresses that can be up to 64 bits in size. The 
virtual addresses are passed to the long-mode paging function, which generates physical addresses that 
can be up to 52 bits in size. (Specific implementations of the architecture can support smaller virtual-
address and physical-address sizes.) 

In compatibility mode, legacy 16-bit and 32-bit applications run using legacy x86 protected-mode 
segmentation semantics. The 16-bit or 32-bit effective addresses generated by programs are combined 
with their segments to produce 32-bit virtual (linear) addresses that are zero-extended to a maximum 
of 64 bits. The paging that follows is the same long-mode paging function used in 64-bit mode. It 
translates the virtual addresses into physical addresses. The combination of segment selector and 
effective address is also called a logical address or far pointer. The virtual address is also called the 
linear address. 
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Figure 1-1. Segmented-Memory Model

Flat Segmentation.  One special case of segmented memory is the flat-memory model. In the legacy 
flat-memory model, all segment-base addresses have a value of 0, and the segment limits are fixed at 
4 Gbytes. Segmentation cannot be disabled but use of the flat-memory model effectively disables 
segment translation. The result is a virtual address that equals the effective address. Figure 1-2 on 
page 7 shows an example of the flat-memory model.

Software running in 64-bit mode automatically uses the flat-memory model. In 64-bit mode, the 
segment base is treated as if it were 0, and the segment limit is ignored. This allows an effective 
addresses to access the full virtual-address space supported by the processor.
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flat-memory model, all segment-base addresses have a value of 0, and the segment limits are fixed at 
4 Gbytes. Segmentation cannot be disabled but use of the flat-memory model effectively disables 
segment translation. The result is a virtual address that equals the effective address. Figure 1-2 on 
page 7 shows an example of the flat-memory model.

Software running in 64-bit mode automatically uses the flat-memory model. In 64-bit mode, the 
segment base is treated as if it were 0, and the segment limit is ignored. This allows an effective 
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Effective Address

Selectors

Base

Limit

Base

Limit

Descriptor Table

Virtual Address
Space

Virtual Address

Segment

Segment

DS

ES

FS

GS

CS

SS

(Жмакин 2006; AMD 2012)
Saulius Gražulis Našumo siekis Vilnius, 2020 4 / 14



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Virtuali atmintis. Puslapiavimas

8 System-Programming Overview

AMD64 Technology 24593�Rev. 3.22�September 2012

Figure 1-3. Paged Memory Model

Software running in long mode is required to have page translation enabled.

1.2.3  Mixing Segmentation and Paging

Memory-management software can combine the use of segmented memory and paged memory. 
Because segmentation cannot be disabled, paged-memory management requires some minimum 
initialization of the segmentation resources. Paging can be completely disabled, so segmented-
memory management does not require initialization of the paging resources.

Segments can range in size from a single byte to 4 Gbytes in length. It is therefore possible to map 
multiple segments to a single physical page and to map multiple physical pages to a single segment. 
Alignment between segment and physical-page boundaries is not required, but memory-management 
software is simplified when segment and physical-page boundaries are aligned.
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Software running in long mode is required to have page translation enabled.

1.2.3  Mixing Segmentation and Paging

Memory-management software can combine the use of segmented memory and paged memory. 
Because segmentation cannot be disabled, paged-memory management requires some minimum 
initialization of the segmentation resources. Paging can be completely disabled, so segmented-
memory management does not require initialization of the paging resources.

Segments can range in size from a single byte to 4 Gbytes in length. It is therefore possible to map 
multiple segments to a single physical page and to map multiple physical pages to a single segment. 
Alignment between segment and physical-page boundaries is not required, but memory-management 
software is simplified when segment and physical-page boundaries are aligned.
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Figure 1-3. Paged Memory Model

Software running in long mode is required to have page translation enabled.

1.2.3  Mixing Segmentation and Paging

Memory-management software can combine the use of segmented memory and paged memory. 
Because segmentation cannot be disabled, paged-memory management requires some minimum 
initialization of the segmentation resources. Paging can be completely disabled, so segmented-
memory management does not require initialization of the paging resources.

Segments can range in size from a single byte to 4 Gbytes in length. It is therefore possible to map 
multiple segments to a single physical page and to map multiple physical pages to a single segment. 
Alignment between segment and physical-page boundaries is not required, but memory-management 
software is simplified when segment and physical-page boundaries are aligned.
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Figure 1-3. Paged Memory Model

Software running in long mode is required to have page translation enabled.

1.2.3  Mixing Segmentation and Paging

Memory-management software can combine the use of segmented memory and paged memory. 
Because segmentation cannot be disabled, paged-memory management requires some minimum 
initialization of the segmentation resources. Paging can be completely disabled, so segmented-
memory management does not require initialization of the paging resources.

Segments can range in size from a single byte to 4 Gbytes in length. It is therefore possible to map 
multiple segments to a single physical page and to map multiple physical pages to a single segment. 
Alignment between segment and physical-page boundaries is not required, but memory-management 
software is simplified when segment and physical-page boundaries are aligned.
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Figure 5-17. 4-Kbyte Page Translation�Long Mode

Figures 5-18 through 5-20 on page 133 and Figure 5-21 on page 133 show the long-mode 4-Kbyte 
translation-table formats:

� Figure 5-18 on page 133 shows the PML4E (page-map level-4 entry) format.

� Figure 5-19 on page 133 shows the PDPE (page-directory-pointer entry) format.

� Figure 5-20 on page 133 shows the PDE (page-directory entry) format.

� Figure 5-21 on page 133 shows the PTE (page-table entry) format.

The fields within these table entries are described in �Page-Translation-Table Entry Fields� on 
page 137.

Figure 5-20 on page 133 shows the PDE.PS bit (bit 7) cleared to 0, indicating a 4-Kbyte physical-page 
translation.
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5.3.4  2-Mbyte Page Translation

In long mode, 2-Mbyte physical-page translation is performed by dividing the virtual address into five 
fields. Three of the fields are used as indices into the level page-translation hierarchy. The virtual-
address fields are described as follows, and are shown in Figure 5-22:

� Bits 63:48 are a sign extension of bit 47 as required for canonical address forms.

� Bits 47:39 index into the 512-entry page-map level-4 table.

� Bits 38:30 index into the 512-entry page-directory-pointer table.

� Bits 29:21 index into the 512-entry page-directory table.

� Bits 20:0 provide the byte offset into the physical page.

Figure 5-22. 2-Mbyte Page Translation�Long Mode

Figures 5-23 through 5-25 on page 135 show the long-mode 2-Mbyte translation-table formats (the 
PML4 and PDPT formats are identical to those used for 4-Kbyte page translations and are repeated 
here for clarity):

� Figure 5-23 on page 135 shows the PML4E (page-map level-4 entry) format.

� Figure 5-24 on page 135 shows the PDPE (page-directory-pointer entry) format.

� Figure 5-25 on page 135 shows the PDE (page-directory entry) format.

Virtual Address

Page OffsetSign Extend

Page-Map
Level-4 Table Offset

(PML4)

Page-Directory-
Pointer Offset

Page-Directory
Offset

0202129303839474863

Physical
Address

PDE

PDPE

PML4E

999

52*

52*

52*

Page-Map 
Level-4
Table

Page-
Directory-

Pointer
Table

Page-
Directory

Table

2 Mbyte
Physical 

Page

CR3
Page-Map Level-4

1251

*This is an architectural limit. A given processor
implementation may support fewer bits.

21

Base Address

(AMD 2012)
Saulius Gražulis Našumo siekis Vilnius, 2020 6 / 14



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Virtuali atmintis. Skirtingi puslapių dydžiai

136 Page Translation and Protection

AMD64 Technology 24593�Rev. 3.22�September 2012

Figure 5-26. 1-Gbyte Page Translation�Long Mode

Figure 5-27 and Figure 5-28 on page 137 show the long mode 1-Gbyte translation-table formats (the 
PML4 format is identical to the one used for 4-Kbyte page translations and is repeated here for clarity):

� Figure 5-27 shows the PML4E (page-map level-4 entry) format.

� Figure 5-28 shows the PDPE (page-directory-pointer entry) format.

The fields within these table entries are described in �Page-Translation-Table Entry Fields� on 
page 137 in the current volume. PTEs and PDEs are not used in 1-Gbyte page translations.

Figure 5-28 on page 137 shows the PDPE.PS bit (bit 7) set to 1, indicating a 1-Gbyte physical-page 
translation.
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Figure 5-18. 4-Kbyte PML4E�Long Mode

Figure 5-19. 4-Kbyte PDPE�Long Mode

Figure 5-20. 4-Kbyte PDE�Long Mode

Figure 5-21. 4-Kbyte PTE�Long Mode
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Eksponentinis skaičių užrašymas

602 00 . . . 0︸ ︷︷ ︸
21 kartų

= 6.02× 1023

±d0.d1d2 . . .dp−1 × βe =

p−1∑
i=0

diβ
−i × βe, (0 ≤ di < β)
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Slankaus kablelio skaičiai

±d0.d1d2 . . .dp−1 × βe =

p−1∑
i=0

diβ
−i × βe, (0 ≤ di < β)

β = 2

0.1 ≈ 1.10011001100110011001101× 2−4
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IEEE 754 standartas

Mantisė: absoliutus dydis su ženklu
Eksponentė: skaičius su postūmiu
„Paslėptas“ bitas

0.1 ≈ 1.10011001100110011001101× 2−4

p: 23+1 bitas e: −126− 127 (8 bitai )
f = 1.10011001100110011001101
e = 127 + (-4) = 12310 = 011110112

0 01111011 10011001100110011001101
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