x64 Virtual Address Translation

Address translation on x64 is similar to x86 PAE, but with a fourth level added. Each process has a top-
level extended page directory (called the page map level 4 table) that contains the physical locations
of 512 third-level structures, called page parent directories. The page parent directory is analogous

to the x86 PAE page directory pointer table, but there are 512 of them instead of just 1, and each
page parent directory is an entire page, containing 512 entries instead of just 4. Like the PDPT, the
page parent directory’s entries contain the physical locations of second-level page directories, each
of which in turn contains 512 entries providing the locations of the individual page tables. Finally, the
page tables (each of which contain 512 page table entries) contain the physical locations of the pages
in memory. (All of the “physical locations” in the preceding description are stored in these structures
as page frame numbers, or PFNs.)

Current implementations of the x64 architecture limit virtual addresses to 48 bits. The components
that make up this 48-bit virtual address are shown in Figure 10-22. The connections between these
structures are shown in Figure 10-23. Finally, the format of an x64 hardware page table entry is shown
in Figure 10-24.

x64 64-bit (48-bit in today’s processors)
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FIGURE 10-23 x64 address translation structures
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FIGURE 10-24 x64 hardware page table entry

IA64 Virtual Address Translation

The virtual address space for |1A64 is divided into eight regions by the hardware. Each region can have
its own set of page tables. Windows uses five of the regions, three of which have page tables. Table
10-12 lists the regions and how they are used.

TABLE 10-12 The IA64 Regions

Region

0
1
2

Use

User code and data

Session space code and data
Unused

Unused

Kseg3, which is a cached, 1-to-1 mapping of physical memory. No page tables are needed
for this region because the necessary TLB inserts are done directly by the memory
manager.

Kseg4, which is a noncached, 1-to-1 mapping for physical memory. This is used only in a
few places for accessing I/O locations such as the 1/0O port range. There are no page tables
needed for this region.

Unused

Kernel code and data

Address translation by 64-bit Windows on the 1A64 platform uses a three-level page table scheme.
Each process has a page directory pointer structure that contains 1,024 pointers to page directories.
Each page directory contains 1,024 pointers to page tables, which in turn point to physical pages.
Figure 10-25 shows the format of an IA64 hardware PTE.
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