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A METHOD AND APPARATUS FOR IMPLEMENTING A PAGE TABLE WALKER WITH A SLIDING FIELD

BACKGROUND OF THE INVENTION
Field of the invention:

The invention relates to the field of computer systems. More specifically,
the invention relates to the area of memory management.
Background information:

Memory addressing schemes often use a technique called paging to
implement virtual memory. When using paging, the virtual address space (i.e., the
address space generated by either the execution unit of a processor or by the
execution unit in conjunction with a segmentation unit of a processor) is divided
into fix sized blocks called pages, each of which can be mapped onto any of the
physical addresses (i.e., the addresses that correspond to hardware memory
locations) available on the system. In a typical computer system, a memory
management unit determines and maintains, according to paging algorithm(s), the
current mappings for the virtual to physical addresses using one or more page
tables.

Upon receiving a virtual address from the execution unit of a processor,
typical memory management units initially translate the virtual address into its
corresponding physical address using the page table(s). Since the page table(s) are
often stored in main memory, accessing the page tables is time consuming. To
speed up the paging translations, certain computer systems store the most recently
used translations in a translation look-aside buffer or TLB (a faster memory that is
often located on the processor). Upon generating a virtual address requiring
translation, the memory management unit first searches for the translation in the
TLB before accessing the page table(s). If the translation is stored in the TLB, a
TLB “hit” is said to have occurred and the TLB provides the translation.
However, if the translation is not stored in the TLB, a TLB “miss” is said to have
occurred and a page table walker is invoked to access the page tables and provide

the translation.
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A number of different techniques are used for implementing page table
walkers, including: 1) hardware on the processor to access the page table(s) -
(referred to as a “hardware page table walker”); 2) operating system routine(s)
whose execution controls the accessing of the page table(s) (referred to as a
“software page table walker”); etc. In addition, a number of different techniques
are used for implementing the page tables, including: 1) forward mapping page
tables; 2) hash page tables; etc. Certain systems use multiple techniques for
handling TLB misses. For example, one system uses a hardware page table
walker to access a hash page table and a software page table walker to control the
walking of forward mapping page table(s). Thus, the phrase “page table walker”
is used herein to refer to any technique for providing a translation when another
address translation unit cannot provide the translation.

In certain computer system, it is advantageous to simultaneously support
different page sizes. A page table walker that simultaneously supports different
page sizes can be implemented using any number of different schemes, including:
1) multiple page table schemes (referred to herein as “forward mapping schemes”);
and 2) single page table schemes.

Figure 1 is a block diagram illustrating an exemplary forward mapping
scheme that simultaneously supports two page sizes. As shown in Figure 1, the
virtual addresses for the small pages are divided into an offset field and two index
fields, while the virtual addresses for large pages are divided into a larger offset
field and one index field. The contents of the first index field in each virtual
address is an index into the level one page table. One or more bits are stored in
each entry of the level one page table to indicate if that entry is associated with a
large or small page. If the entry is associated with a small page, the entry stores
the base address of a level 2 page table that must be accessed. In contrast, if the
entry is associated with a large page, the entry stores the base address of the large
page.

A limitation of forward mapping schemes is that they require a separate
level of pages tables for each page size supported. In addition, the smaller page

sizes require multiple page table entries, and therefore, multiple page table
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accesses. Unfortunately, the smaller page sizes are typically used more often than
the larger.

In contrast, single page table schemes build a single page table that is
created for the smallest supported page size. Singe page table schemes include
hashed page table schemes, inverted page table schemes, etc. Each entry in the
page table stores the base address of a page. Since the page table is created for the
smallest supported page size, multiple page table entries must be used to identify
pages of a larger page size. For example, Figure 2 is a block diagram illustrating
an exemplary single page table scheme that simultaneously supports two page
sizes. As shown in Figure 2, the virtual addresses associated with both large and
small page sizes are divided into a virtual page number field and an offset field.
The contents of the virtual page number field are used to identify a page, while the
contents of the offset field are used to identify the different address locations in that
page. For a given page, the contents of the virtual page number field for all virtual
addresses mapped to that page are the same, while the contents of the offset field
vary.

The contents of a page entry field in each virtual address are used to
identify an entry in the page table. The contents of the page entry field can be used
to directly identify an entry in the page table (e.g., concatenating the contents of the
page entry field with the base address of the page table) or to indirectly identify an
entry in the page table (e.g., concatenating the base address of the page table with
the results of performing a hash function on the contents of the page entry field).

For a given small page, the page entry field is the same as the virtual page
number, and therefore all virtual addresses being mapped to a given small page
will be mapped to the same entry in the page table. As aresult, only one entry in
the page table is required for each small page.

Since the page table shown in Figure 2 is created for small pages, the page
entry field used for large pages must be the same size as the page entry field used
for the small pages. While the page entry field for both the small and large pages
is the same size, the offset field for large pages is larger than the offset field for
small pages. As aresult, the page entry and offset fields for large pages overlap.

Since the page entry and offset fields for large pages overlap, the page entry field
3
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for all virtual addresses mapped to the same large page will not be the same (i.e.,
the contents of the offset field vary for different virtual address mapped to the same
large page) and multiple entries in the page table are required. The greater the
overlap of the offset and page entry fields, the more entries required in the page
table (i.e., an overlap of 1 bit requires 2 entries, an overlap of 2 bits requires 4
entries, etc.). As shown in Figure 2, a large page size is created by storing the
same base address in the multiple page table entries associated with that page.

A limitation of both single and multiple page table schemes is that there is
no savings in the number of page table entries required for mapping large pages as
opposed to small pages.

SUMMARY

A method and apparatus for implementing a page table walker that uses a
sliding field in the virtual addresses to identify entries in a page table is disclosed.
According to one aspect of the invention, an apparatus for use in a computer
system is provided that includes a page size storage area and a page table walker.
The page size storage area is used to store a number of page sizes selected for
translating a number of virtual addresses. The page table walker includes a
selection unit coupled to the page size storage area, as well as a page entry address
generator coupled to the selection unit. For each virtual address received by the
selection unit, the selection unit positions a field in that virtual address based on the
page size selected for translating that virtual address. In response to receiving the
bits in the field identified for each of the virtual addresses, the page entry address
generator identifies an entry in a page table based on those bits.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention may best be understood by referring to the following

description and accompanying drawings which illustrate the invention. In the
drawings:
Figure 1 is a block diagram illustrating an exemplary forward mapping

scheme that simultaneously supports two page sizes.
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Figure 2 is a block diagram illustrating an exemplary single page table
scheme that simultaneously supports two page sizes.

Figure 3A is a block diagram illustrating an apparatus for translating virtual
addresses into physical addresses according to one embodiment of the invention.

Figure 3B is a chart illustrating the different page entry fields selected by
the page entry field selection unit 320 according to one embodiment of the
invention.

Figure 4 is a block diagram illustrating the manner in which different
virtual address spaces are created according to one embodiment of the invention.

Figure 51is a block diagram illustrating a computer system according to one
embodiment of the invention.

Figure 6 is a flow diagram illustrating the steps performed by a page table
walker according to one embodiment of the invention.

DETAILED DESCRIPTION

In the following description, numerous specific details are set forth to

provide a thorough understanding of the invention. Howeuver, it 1s understood that
the invention may be practiced without these specific details. In other instances,
well-known circuits, structures and techniques have not been shown in detail in

order not to unnecessarily obscure the invention.

Overview

A method and apparatus for implementing a page table walker that uses a
sliding field in the virtual addresses to identify entries in a page table is disclosed.
In response to a request to translate a virtual address, one of a number of page
sizes is selected for translating that virtual address. Based on the selected page
size, a field of the virtual address is selected (referred to herein as the “page entry
field”). The contents of the selected page entry field are used directly or indirectly
to identify an index into a page table.

The closer that the selected page size is to the actual page size, the fewer
entries in the page table that are required for mapping that page. In fact, if the

correct page size is selected for translating the virtual addresses currently being
5
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mapped to a particular page, then only a single entry in the page table is required
for mapping that page, regardless of whether the page is large or small. By
reducing the number of entries in the page table required for larger pages, a saving

in memory space is realized over prior single and multiple page table schemes.

One Embodiment of the Invention

Figure 3A is a block diagram illustrating an apparatus for translating virtual
addresses into physical addresses according to one embodiment of the invention.
Figure 3A shows a translation unit 300, a page table walker 305, a page table 310,
and a page size storage area 315. The term “storage area” is used herein to refer to
any mechanism for storing data, including locations in a machine readable media
(e.g., read only memory (ROM), random access memory (RAM), magnetic disk
storage media, optical storage media, flash memory devices, etc.), one or more
registers in a processor, etc.

The page size storage area 315 stores a number of page sizes supported by
a computer system. For each virtual address to be translated, a set of page size
selection criteria are received by the page size storage area 315 to select the page
size to be used by the page table walker 305. The page size selection criteria used
for a given virtual address can be generated using any number of techniques,
including selecting between the different page sizes stored in the page size storage
area 315 based on: 1) bits in the virtual address; 2) the instruction associated with
the virtual address (e.g., the execution of I/O instructions may result in the
selection of large page sizes, while the execution of non-1/0 instructions may result
in the selection of smaller page sizes); etc. An exemplary embodiment of the
invention that selects the different page sizes to be used for translating virtual
addresses based on bits in the virtual addresses is later described herein with
reference to Figure 5.

Any number of different techniques can be used for implementing the page
size storage area 315, including 1) hardwiring the different page sizes; 2)
providing a dynamic storage area and allowing the operating system to write
different page sizes into that storage area; 3) hardwiring certain pages sizes and

providing a dynamic storage area for others; etc.
6
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The translation unit 300 is used for translating virtual addresses into
physical addresses (e.g., a translation look-aside buffer, a page table walker, etc.)
. At times, the translation unit 300 will lack the data necessary to translate different
virtual addresses. When the translation unit 300 lacks the data for translating a
virtual address, a page miss signal is transmitted to the page table walker 305.

The page table walker 305 includes a page entry field selection unit 320 and
a page table entry address generator 325. In response to a page miss signal from
the translation unit 300, the page entry field selection unit 320 receives: 1) at least
part of the virtual address that caused the page miss; and 2) the selected page size
for translating the virtual address from the page size storage area 315. In addition,
the page entry field selection unit 320 receives an indication of the size (2) of the
page table 310. Any number of techniques could be used for providing an
indication of the page table’s size, including hardwired circuitry, a register storing
a dynamic indication, etc.

The page entry field selection unit 320 identifies a page entry field in the
virtual address based on: 1) the page size received from the page size storage area
315; and 2) the size of the page table 310. In particular, the page entry field is
selected such that the page entry field does not overlap the offset field for the
selected page size received from the page size storage area 315. The contents of
the selected page entry field are used directly or indirectly by the page table walker
305 to identify an entry in the page table 310.

Figure 3B is a chart illustrating the different page entry fields selected by
the page entry field selection unit 320 according to one embodiment of the
invention. As shown in Figure 3B, since the offset field for a 4K page size is bits
11:0, the page entry field selected for the 4K page size includes bits 12:12+P.
Similarly, since the offset field for the 8K page size includes bits 12:0, the page
entry field for the 8K page size is slide up one bit and includes bits 13:13+P.
Likewise, since the offset field for the 16K page size includes bits 13:0, the page
entry field for the 16K page size is slide up two bits and includes bits 14:14+P.
Thus, the larger the page size identified by the page size storage area 315, the
further the page entry field selection unit 320 slides the position of the page entry
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field. In this manner, the page entry field selection unit 320 positions a field in the
virtual addresses based on the selected page size.

As previously described, the contents of the virtual page number field of a
virtual address are used to identify a page, while the contents of the offset field are
used to identify the different address locations in that page. All virtual addresses
mapped to the same page contain the same data in the virtual page number field,
but different data in the offset field. If the correct page size is selected for the
virtual addresses being mapped to a particular page, then the page entry and offset
fields do not overlap and the contents of the page entry field are the same for all
virtual addresses mapped to that page. Since the contents of the page entry field
are the same for all virtual addresses mapped to that page, only one entry in the
page table is required, regardless of the size of that page.

In one embodiment, the page size storage area 315 must provide the correct
page size for each virtual address and only one entry in the page table is required
for each page. However, a reduction in the number of page table entries is also
realized in alternative embodiments of the invention in which the page size storage
area 315 provides a “default” page size that is either the correct page size or
smaller. For example, assume that a computer system supporting 4K, 8K and
16K page sizes needs to translate a virtual address currently being mapped to a
16K page. As previously stated, if the page size provided by the page size storage
area 315 is the 16K page size, then a single entry in the page table is required (the
offset and page entry fields do not overlap). However, if the page size provided
by the page size storage area 315 is the 8K page size, then a single bit of the virtual
address resides in both the offset field and the page entry field. Since the offset
and page entry fields overlap by one bit, two entries in the page table 310 are
required. In contrast, if the page size storage area 315 provides the 4K page size,
then the offset and page entry fields overlap by two bits and four entries in the
page table 310 are required. As shown by the described example, the closer the
selected page size (i.e., the page size provided by the page size storage area 315) is
to the actual page size, the lower the number of page table entries required for
mapping that page.
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In embodiments that support default page sizes, the system must be able to
identify which page table entries are being used for page sizes larger than the -
default page size so that the correct offset field in the virtual address can be
selected. For example, embodiments of the invention that support default page
sizes can store data in each page table entry that directly or indirectly identifies the
size of the offset field to be used. In one embodiment such embodiment, each
entry of the page table contains data indicating the correct size of the page that entry
identifies. If the default page size is not the size of the page for which the
translation is being generated, then the correct page size stored in the identified
entry of the page table is used in determining the size of the offset field.

Regardless of whether default page sizes are supported, the page table can
store more translations or be smaller because less entries in the page table are
required for mapping large pages. Furthermore, it is impractical to support
multiple page sizes having a large disparity in size using the fixed page entry field
page table schemes described in the background because of the number of entries
required for larger pages. However, the invention allows multiple pages of any
size to be effectively mapped using a single page table scheme.

While one embodiment is described in which the smallest supported page is
4K, alternative embodiments could use any number of different page sizes as the
smallest page size. In addition, while one embodiment is described in which at
least a 4K, 8K, and 16K page size are supported, alternative embodiments could
support any number of page sizes and/or different page sizes.

Referring again to Figure 3A, the page table entry address generator 325 is
coupled to the page entry field selection unit 320 to receive the bits from the virtual
address that reside in the selected page entry field. The page table entry address
generator 325 generates the address of an entry in the page table 310 using the bits
in the selected page entry field. The page table entry address generator 325 can use
the bits in the selected page entry field in any number of ways. For example, in
one embodiment the bits in the selected page entry field are concatenated with the
base address of the page table. In another embodiment, the base address of the
page table is concatenated with the result of performing a hash function on the bits

in the selected page entry field. Figure 3A also shows a smaller page size and a
9
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larger page size that are respectively identified by a single entry in the page table
310.

In summary, the apparatus shown in Figure 3A selects a page size for the
virtual address currently being translated. The selected page size is then used to
select a page entry field that does not overlap the offset field for the selected page
size. The page table is then walked by the page table walker based on the contents
of the selected page entry field. If the correct page size is selected, only a single
entry in the page table is required. While in one embodiment of the invention the
selected page size must be correct, in alternative embodiments of the invention the
selected page size is a default page size that need not be correct. In embodiments
of the invention in which the selected page size need not be correct, the closer the
selected page size is to the actual page size of the virtual address, the less the page
entry and offset fields overlap. The less the page entry and offset fields overlap,
the less entries required for that page in the page table.

It is understood that depending on the size of the page table and/or the use
of a hash function by the page table walker, there may be collisions. That s,
virtual addresses currently mapped to different pages may be mapped to the same
entry in the page table. As described later herein with reference to Figure 6, any
number of different techniques can be used for handling collisions.

In the embodiment shown in Figure 3A, the page entry field selection unit
320 receives all of the bits of the virtual address except the bits of the offset field
for the smallest page size supported by the embodiment. Since the smallest page
size supported by the embodiment is a 4K page size that requires bits 11:0 of the
virtual address as the offset field, the page entry field selection unit 320 receives all
the bits of the virtual address except bits 11:0. However, alternative embodiments
may provide any number of different bits from the virtual address to the page entry
field selection unit 320, including: 1) all of the bits of the virtual address; 2) not all
of the most significant bits; etc.

Each of the translation unit 300, the page entry field selection unit 320, the
page table entry address generator 325, and the page size storage area 315 may be
implemented in hardware and/or software. In typical computer systems, the page

table 310 is stored in main memory. In one embodiment of the invention, the
10
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translation unit 300, the page entry field selection unit 320, the page table entry
address generator 325, and the page size storage area 315 are implemented in -
hardware on a processor, while the execution of the operating system on that
processor creates and maintains the page table 310 in main memory.

While one embodiment is shown in which the page table walker 305 is
invoked in response to a page miss by another translation unit, alternative
embodiment could utilize the page table walker 305 as the primary translation unit.
In addition, alternative embodiments may include additional page table walkers. If
additional page table walkers are provided, any number of techniques may be used
for selecting amongst the page table walkers, including a hierarchy in which a page
miss in one page table walker causes the next page table walker in the hierarchy to
be invoked. Thus, the invention is not limited by the number of page table

walkers, nor the techniques used by the additional page table walkers.

A Computer System According to One Embodiment of the Invention

A computer system according to one embodiment of the invention supports
separate virtual address spaces (sometimes referred to as “regions of virtual
address space” or “virtual regions’) using virtual address extensions, where each
separate virtual address space can contain one or more pages. Each of the separate
virtual address spaces may be utilized for any number of different uses.
Furthermore, each of the variety of different uses for the different virtual address
spaces may have different memory accessing characteristics (e.g., local, global,
etc.)

Figure 4 is a block diagram illustrating the manner in which different
virtual address spaces are created according to one embodiment of the invention.
Figure 4 shows that each virtual address has 64 bits numbered O to 63. In one
embodiment of the present invention, N upper bits of each virtual address are used

as a “‘virtual address extension identifier” (also referred to as a “region identifier”)

to select one of up to 2 N virtual address extensions. Each virtual address

extension can identify a different virtual address space. In one embodiment, each

11
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of the different virtual address spaces 405 has 264-N bytes of addressable space.
While this embodiment is described in relation to a 64-bit computer system, the
invention is not limited to a 64-bit computer system.

Different embodiments can break the virtual address spaces down into
pages in any number of different ways. As an example, in one embodiment of the
invention each virtual address space can contain one or more pages, different
virtual address spaces can contain different size pages, and the same virtual
address space may contain different size pages. In an alternative embodiment, all
pages within a given virtual address space are of the same size.

Figure 5 is a block diagram illustrating a computer system according to one
embodiment of the invention. Figure 5 shows a translation look-aside buffer
(TLB) 500, a page table walker 505, a page table 510, and a set of registers 515.
The page table walker 505 includes a page entry field selection unit 520 and a page
table entry address generator 525. A dashed line 530 indicates an exemplary
division of the computer system between hardware contained in a processor (above
the line) and software stored in a machine readable media coupled to the processor
(below the line). The various alternative embodiments described with reference to
Figures 3A and B are equally applicable to the computer system shown in Figure
5.

Figure 5 shows a virtual address requiring translation into a physical
address. In this embodiment, multiple page sizes are simultaneous supported (e.g.,
4K, 16K, 4M, etc.). The number of bits in the offset field of a particular virtual
address depends upon the size of the page to which the virtual address is currently
mapped. The offset field for the smallest page size supported is illustrated as
containing M bits of a virtual address. Each virtual address includes a virtual
address extension identifier field containing N bits. The N bits in the virtual
address extension identifier field are used to identify a register in the set of
registers 515.

The set of registers 515 includes 2" registers, each including a virtual
address extension field and a page size field. The virtual address extension fields
of the registers 515 are used for storing the virtual address extension for each

virtual address space associated with the process currently being executed.
12
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Similarly, the page size fields of the registers 515 are used for storing the page
sizes to be used in translating the virtual addresses belonging to each virtual
address space associated with the process currently being executed. The set of
registers 515 therefore represent one mechanism for providing a page size storage
area. In this embodiment, the set of registers 515 do not necessarily store the same
virtual address extensions and pages sizes for every process being currently being
multitasked by a processor. In contrast, the virtual address extensions and page
sizes for the processes currently being multitasked are swapped between main
memory and the registers 515 by the operating system.

Of course, alternative embodiment could include more or less registers in
the set of register 515. For example, in one alternative embodiment the processor
includes less registers in the set of registers 515 than are required by certain
processes and the operating system is responsible for swapping virtual address
extensions in and out of the registers 515.

Along with the virtual address, the virtual address extension and page size
from the identified one of registers 515 are sent to the TLB 500. The TLB 500 can
be implemented in any number of ways (e.g., one or more fully associative
caches, one or more direct mapped caches, a combination of fully associated
cache(s) and direct-mapped cache(s), etc.). If the TLB 500 contains the translation
for the virtual address, the physical page number retrieved from the TLB 500 is
concatenated with the offset field of the virtual address to generate the appropriate
physical address.

However, if the TLB does not contain the translation for the virtual
address, a TLB miss signal is transmitted to the page table walker 505. In
response to the TLB miss signal, the page entry field selection unit 520 receives
the page size to be used in translating the virtual address from the identified one of
registers 515. Like the page entry field selection unit 320, the page entry field
selection unit 520 selects a page entry field for the virtual address based on the
received page size and the size of the page table.

Like the page table entry address generator 325, the page table entry
address generator 525 determines the address of an entry in the page table 510

using the bits in the selected page entry field. In one embodiment, the page table
13
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entry address generator 525 can operate in two different modes. In the first mode,
the page table entry address generator 525 concatenates the base address for the
page table 510 and the bits in the selected page entry field. In the second mode,
the page table entry address generator 525 concatenates the base address for the
page table 510 with the result of performing an exclusive OR operation on the
virtual address extension for the virtual address and the bits in the selected page
entry field.

As stated above, the embodiment illustrated in Figure 5 supports multiple
separate virtual address spaces. Two such exemplary virtual address spaces are
shown in Figure 5 as virtual address spaces A and B. While Figure 5 illustrates
each of virtual address spaces A and B as a set of contiguous pages, the actual
pages making up the virtual address spaces A and B need not, and often are not,
contiguous. The smallest page size supported in the virtual address spaces A and
B are respectively 4K and 8K. In the embodiment shown in Figure 5, the data
stored in the page size field of the registers 515 for the virtual address spaces A
and B would respectively indicate 4K and 8K page sizes. Figure 5 also illustrates
that a page of the selected page size for a given virtual address space requires a
single entry in the page table.

In one embodiment, each virtual address space can support any page size
larger than the selected page size for that virtual address space. In this
embodiment, the selected page size for a virtual address space is a “default” page
size because that page size identifies the page entry field for translating all virtual
addresses mapped to that virtual address space, regardless of the actual size of the
page to which a particular virtual address is mapped. Alternative embodiments can
simply support a single page size per virtual address space. If all or most of the
pages in a virtual address space share the same page size, then the footprint of the
page table(s) can be reduced. For example, if all of the pages in a virtual address
space share the same page size, the common page size need not be stored in each
entry of the page table(s) because the common page size is stored in the
corresponding one of registers 515.

While one embodiment is described in which bits of the virtual address are

used to identify the virtual address extensions, any number of techniques can be
14
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used for providing separate virtual address spaces. For example, in one alternative
embodiment the separate virtual address spaces are selected based on the
instruction being executed, rather than through the use of bits in the virtual
addresses. In yet another alternative embodiment, a separate virtual address space
is provided for each program by allocating a single virtual address extension to
each program. Upon each context switch, the operating system stores the virtual
address extension for the program to next be executed in a virtual address
extension register on the processor. Each address translation is performed using
the contents of the virtual address extension register. In this manner, bits the
virtual address are not required to determine the virtual address extension.

In one embodiment, each register 515 stores a hint rather than a virtual
address extension. The hint is used by the paging mechanism to achieve better
distribution in the page tables and/or to identify different areas in a virtual address
space that support different page sizes. Embodiments of the invention that use the
hint may or may not support separate virtual address spaces.

Figure 6 is a flow diagram illustrating the steps performed by a page table
walker according to one embodiment of the invention. The flow diagram starts at
step 600, from which control passes to step 610.

As shown in step 610, the page size and virtual address extension to be
used in translating the virtual address are determined and control passes to step
620. While the flow diagram is described with reference to an embodiment that
uses virtual address extensions, alternative embodiment need not utilize virtual
address extensions.

In step 620, a page entry field is positioned in the virtual address based on
the selected page size and the size of the page table. From step 620, control passes
to step 630.

As shown in step 630, an address for an entry in the page table is generated
using the bits of the virtual address in the page entry field. From step 630, control
passes to step 640.

In step 640, the contents of the entry in the page table are accessed and

control passes to step 650.

15
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As shown in step 650, the translation for the virtual address is determined.
The steps performed in step 650 depend on the implementation of the computer.
system. In a system that supports default page sizes, the following occurs: 1) a
check is performed to determine if the selected default page size matches the actual
page size; and 2) the offset field is adjusted accordingly. However, in a system
that supports a single page size per virtual address space, no such check need be
performed and the offset field is based on the page size provided by the page size
storage area.

Furthermore, if the page table of the system is not large enough to contain
all possible translations, then the data accessed from the entry in the page table is
compared to the virtual address to determine if that data represents the correct
translation (i.e., to determine if there is a collision). If the accessed entry contains
the correct translation, then the translation is provided. However, if the data does
not represent the correct translation, then different embodiments may provide the
translation for the virtual address any number of ways. For example, software
and/or hardware may be used to walk a collision chain. As another example, a
different hash function could be used. As yet another example, a completely
different page table walker could be used to provide the translation (e.g., a forward

mapping page table walker implemented in hardware and/or software).

Alternative Embodiments

While the invention has been described in terms of several embodiments,
those skilled in the art will recognize that the invention is not limited to the
embodiments described. The method and apparatus of the invention can be
practiced with modification and alteration within the spirit and scope of the
appended claims. The description is thus to be regarded as illustrative instead of

limiting on the invention.
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CLAIMS

What is claimed 1s:

1. An apparatus for use in a computer system, said apparatus comprising:
a page size storage area for storing a plurality of page sizes selected for
translating a plurality of virtual addresses; and
a page table walker including,

a selection unit coupled to said page size storage area to position a
field in each of said plurality of virtual addresses based on
the page size selected for translating that virtual address,
and

a page table entry address generator coupled to receive the bits in
the field identified for each of said plurality of virtual

addresses.

2. The apparatus of claim 1, wherein:
for each of said plurality of virtual addresses, said page table entry address
generator performs a hash function on the bits that fall within the
field identified for that virtual address to identify an entry in a page
table.

3. The apparatus of claim 1, wherein said page size storage area includes:

a set of registers each having a page size field, wherein each page size field
is for storing the one of said plurality of page sizes to be used by
said page table walker when translating a different set of virtual
addresses.

4. The apparatus of claim 1 further comprising:
a translation unit, coupled to said page table walker, to store a plurality of

translations for translating virtual addresses into physical
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addresses, wherein said page table walker operates in response to a

page miss signal from said translation unit.

5. The apparatus of claim 1 further comprising:
a register, coupled to said selection unit, for storing a page table size, said
selection unit positioning the field in each of said plurality of virtual
addresses based on both the page size selected for translating that

virtual address and the page table size.

6. The apparatus of claim 1, wherein said selection unit is implemented in

hardware on a processor.

7. A computer system including a processor coupled to a main memory, said
computer system comprising:
a page size storage area having stored therein a plurality of page sizes
selected for translating a plurality of virtual addresses;
a page table walker including,

a selection unit coupled to said page size storage area to position a
field in each of said plurality of virtual addresses based on
the page size selected for translating that virtual address,
and

a page table entry address generator coupled to receive the bits in
the field identified for each of said plurality of virtual
addresses; and

a page table stored in said main memory and coupled to said page table

walker.

8. The computer system of claim 7, wherein:
for each of said plurality of virtual addresses, said page table entry address
generator performs a hash function on the bits that fall within the
field identified for that virtual address to identify an entry in a page

table.
18
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9. The computer system of claim 7, wherein said page size storage area
includes:

a set of registers each having a page size field, wherein each page size field
has stored therein the one of said plurality of page sizes to be used
by said selection unit when translating a different set of virtual
addresses.

10.  The computer system of claim 7 further comprising:
a translation unit, coupled to said page table walker, having stored therein a
plurality of translations for translating virtual addresses into
physical addresses, wherein said page table walker operates in

response to a page miss signal from said translation unit.

11.  The computer system of claim 7 further comprising:
a register, coupled to said selection unit, having stored therein a page table
size, said selection unit positioning the field in each of said plurality
of virtual addresses based on both the page size selected for

translating that virtual address and the page table size.

12.  The computer system of claim 7, wherein said page table walker is

implemented in hardware on said processor.

13. A method for determining virtual address to physical address translations,
said method comprising the computer implemented steps of:
identifying different page sizes that have been selected for translating a
plurality of virtual addresses;
positioning a field in each of said plurality of virtual addresses based on the
page size selected for that virtual address, wherein at least two
different field positions are selected;
for each of said plurality of virtual addresses, identifying an entry in a page
table based on data in the field identified for that virtual address;
19
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accessing each identified entry in said page table; and

determining translations for translating said plurality of virtual addresses.

14.  The method of claim 13 further comprising the preliminary step of:
detecting that translations for said plurality of virtual addresses are not

stored in a translation look-aside buffer.

15.  The method of claim 13, wherein said step of identifying different page
sizes includes the step identifying a page size for each of said plurality of virtual
addresses based on bits in that virtual address, wherein at least two different page

sizes are identified.

16.  The method of claim 13, further comprising the steps of:
selecting said different page sizes for translating said plurality of virtual
addresses; and
generating said page table.

17. The method of claim 13, wherein:
said method further includes the step of storing in a dynamic storage area
data indicating a size for the page table; and
for each of said plurality of virtual addresses, identifying said entry in said
page table based on both the size of the page table and the data in
the field identified for that virtual address.

18. A method for determining virtual address to physical address translations,
said method comprising the computer implemented steps of:
identifying a first and second page size for respectively translating a first
and second virtual address;
positioning a field in each of said first and second virtual addresses based

respectively on said first and second page sizes;
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identifying a first and second entry in a page table based respectively on
data in the fields positioned for said first and second virtual
addresses;

accessing said first and second entries in said page table; and

determining translations for translating said first and second virtual

addresses.

19.  The method of claim 18, wherein said step of identifying a first and second
page size includes the step of selecting said first and second page size based

respectively on bits in said first and second virtual addresses.

20.  The method of claim 18 further comprising the steps of:
selecting said first and second page sizes for translating said first and
second virtual addresses; and

generating said page table.
21.  The method of claim 18 further comprising the preliminary step of:

detecting that translations for first and second virtual addresses are not

stored in a translation look-aside buffer.
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