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SYSTEM AND METHOD FOR PERFORMING ADDRESS TRANSLATION IN A
COMPUTER SYSTEM

TECHNICAL FIELD OF THE INVENTION

The present invention relates in general to computer
memory processing and more particularly to a system and
method for performing address translation in a computer

system.

BACKGROUND OF THE INVENTION

In a computer system, the Translation Lookaside
Buffer (TLB) is used to assist in the translation of
virtual addresses to physical addresses in order to
access data locations in a memory. A computer system may
have many memory nodes from which a program can access
data as needed. However, the TLB can' only hold a limited
number of entries. As a result, the TLB provides an
inadequate reach for programs that access large data sets

spread out across many memory nodes.

SUMMARY OF THE INVENTION

From the foregoing, it may be appreciated by those
gkilled in the art that a need has arisen for an address
translation technique that extends beyond the capability
of a conventional TLB implementation. In accordance with
the present invention, a system and method for performing
address translation in a computer system are provided
that substantially eliminate or greatly reduce
disadvantages and problems associated with conventional
TLB implementations.

According to an embodiment of the present invention,

a method of performing address translation in a computer
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system is provided that includes receiving a virtual
address and determining whether the wvirtual address is
within a range defined by a predetermined start of a
block in a wvirtual address space and a predetermined
block size. If the virtual address is within the range,
an index to a physical base address and an offset are
generated. A physical address is then generated in
response to the offset and the physical base address. If
the wvirtual address 1is not within the range, address
translation is performed through a conventional
translation lookaside buffer.

The present invention provides various advantages
over conventional TLB implementations of which some, all,
or none may be included in particular embodiments. For
example, one technical advantage is to extend the address
space of an executing program in the computer system.
Another technical advantage is to reduce a number of TLB
misses that would occur using only the conventional TLB
implementation. Other technical advantages may be
readily apparent to those gkilled in the art from the

following figures, description, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
invention, reference 1is now made to the following
description taken in conjunction with the accompanying
drawings, wherein like reference numerals represent like
parts, in which:

FIGURE 1 illustrates an example of an address
translation unit within a computer system;

FIGURE 2 illustrates an example of a segmentation

buffer in the address translation unit.



10

15

20

25

30

WO 2004/099992 PCT/US2004/013485

DETAILED DESCRIPTION OF THE INVENTION

FIGURE 1 is a block diagram showing an address
translation wunit 10 in a computer system. Address
translation unit 10 generates a physical address from a
virtual address received from a processor 12. The
physical address is used to access a memory 14. Memory
14 may be local to or remote from address translation
unit 10 and/or processor 12.

Depending wupon the virtual address received from
processor 12, address translation unit 10 will generate
the physical address for memory 14 access using either a
translation lookaside buffer (TLB) 16 as in conventional
computer system designs or a segmentation buffer 18 of
the present invention. Upon generation of the physical
address through a translator 19, memory 14 will either
receive data from or provide data to processor 12 in
accordance with the instructions being processed by
processor 12.

FIGURE 2 shows a simplified Dblock diagram of
segmentation buffer 18. Segmentation buffer 18 includes
a number of special entries that include the following
fields - Base Virtual Address (BVA), Length (L), Node
Block Size (NBS), Physical Base Table (PB), Physical Base
table Shift (PBSHIFT), and Attributes (Attrib). BVA
represents a start of a block in the wvirtual address
apace. L represents the total size of the block. NBS
represents a block size per node N where N is the number
of nodes containing the block. PB{O . . . PBmax-1}
represents a table including a physical base address for
the block on each node. PBSHIFT represents which bits of

the virtual address are used to index into the Physical
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Base table. Attributes are segment attributes akin to
page attributes in TLB 16.

The determination as to whether the physical address
is generated by TLB 16 or segmentation buffer 18 depends
on whether the wvirtual address falls within a
predetermined range. The predetermined range is defined
as the range between BVA and BVA + L. If the wvirtual
address does not fall within this range, a miss is
identified and the physical address is generated using
TLB 16. If the virtual address falls within this range,
a hit is identified and the physical address is generated
using segmentation buffer 18. The comparison of the
virtual address to the range is performed for each entry
in the Physical Base table. A miss indication is
provided by segmentation buffer 18 in response to the
virtual address not being in the range of any entry of
the Physical Base table. This miss indication will cause
the physical address to be generated using TLB 16. A hit
indication 1is provided by segmentation buffer 18 in
response to the wvirtual address falling within any range
of any entry of the Physical Base table.

Upon identifying a hit, address translation unit 10
uses segmentation buffer 18 to generate a physical
address corresponding to the wvirtual address. The
physical address includes a ©physical Dbase address
obtained from the Physical Base table and an offset. The
physical base address is identified by generating an
index to the Physical base table. This index 1is
determined according to the wvirtual addressg, the base
virtual address associated with the hit indication, the
NBS asgsociated with the hit indication, and the PBSHIFT

associated with the hit indication. This index 1is
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expressed as (VA-BVA) - NBS * PBSHIFT. The offset is a
function of the virtual address, the base virtual address
associated with the hit indication, and the NBS
associated with the hit indication and is expressed as
(VA-BVA) /NS. By combining the offset with the physical
base addresgs, the physical address is generated.

Thus, it is apparent that there hag been provided,
in accordance with the present invention, a system and
method for performing address translation in a computer
system that satisfies the advantages set forth above.
Although the present invention has been described in
detail, it should be understood that wvarious changes,
substitutions, and alterations may be readily
ascertainable by those skilled in the art and may be made
herein without departing from the spirit and scope of the
present invention as defined by the following claims.
Moreover, the present invention is not intended to be
limited in any way by any statement made herein that is

not otherwise reflected in the following claims.
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WHAT IS CLATIMED IS:

1. A method for performing address translation in a
computer system, comprising:

receiving a virtual address to a location in a
memory;

determining whether the wvirtual address is within a
range defined by a predetermined start of a block in a
virtual address space and a predetermined block size;

generating an index to a physical base address in
response to the virtual address being within the range;

generating an offset;

generating a physical address in response to the

offset and the physical base address.

2. The method of Claim 1, further comprising:

generating the physical address from the virtual
address through a translation lookaside buffer in
response to the wvirtual address not being within the

range.

3. The method of Claim 1, further comprising:
repeating the determination of whether the wvirtual
address 1s within the range for each entry of the

physical base table.

4, The method of Claim 1, wherein the offset is a
function of the virtual address, the start of the block,

and a fraction of the block size.

5. The method of Claim 4, wherein the fraction of
the Dblock size 1s based on a number of nodes in the

computer system.



10

15

20

25

30

WO 2004/099992 PCT/US2004/013485

6. The method of Claim 1, wherein the index is a
function of specific bits of the virtual address, the

start of the block, and a fraction of the block size.

7. The method of Claim 1, further comprising:
generating a hit indication 1in response to the

virtual address being in the range.

8. The method of Claim 1, further comprising:
generating a miss indication in response to the

virtual address not being in the range.

9. The method of Claim 1, further comprising:
providing access to the location in memory in

accordance with the physical address.

10. A system for performing address translation in
a computer system, comprising:

a processor operable to generate a virtual address
to a memory location;

an address translator operable to generate a
physical address in response to the virtual address, the
address translator operable to generate the virtual
address using a translation buffer in response to the
virtual address not being in a predetermined range, the
address translator operable to generate the physical
address using a segmentation buffer in response to the
virtual address being in the range;

a memory operable to access the memory location from

the physical address.
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11. The system of Claim 10, wherein the
segmentation buffer includes a plurality of entries each
having a base virtual address field, a total block size
field, a node block size field, a physical base table, a
ghift field, and an attribute field.

12. The system of Claim 11, wherein the address
translator compares the wvirtual address to the range
defined by the base virtual address field and the total
block size field.

13. The system of Claim 12, wherein the address
translator generates a miss indication in response to the
virtual address not being in the range of any entry of

the segmentation buffer.

14. The system of Claim 12, wherein the address
translator generates a hit indication in response to the
virtual address being within the range of any entry of

the segmentation buffer.

15. The system of Claim 10, wherein the processor
is given access to the memory location identified by the

physical address.

16. A system for performing address translation in
a computer system, comprising:

means for receiving a virtual address to a location
in a memory;

means for determining whether the wvirtual address is

within a range defined by a predetermined start of a
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block in a wvirtual address space and a predetermined
block size;

means for generating an index to a physical base
address 1in response to the virtual address being within
the range;

means for generating an offset;

means for generating a physical address in response

to the offset and the physical base address.

17. The system of Claim 16, further comprising:
means for repeating the determination of whether the
virtual address is within the range for each entry of the

physical base table.

18. The system of Claim 16, further comprising:
means for generating a hit indication in response to

the virtual address being in the range.

19. The system of Claim 16, further comprising:
means for generating a miss indication in response

to the virtual address not being in the range.

20. The system of Claim 16, further comprising:
means for providing access to the location in memory

in accordance with the physical address.
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