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SPECULATIVE ADDRESS TRANSLATION FOR 
PROCESSOR USING SEGMENTATION AND 

OPTIONAL PAGING 

FIELD OF THE INVENTION 

[0001] The invention relates to the ?eld of address trans 
lation for memory management in a computer system. 

BACKGROUND OF THE INVENTION 

[0002] Advanced computer hardWare systems operate 
With complex computer softWare programs. Computer sys 
tem designers typically separate the virtual address space, 
the address space used by programmers in their development 
of softWare, and the physical address space, the address 
space used by the computer system. This separation alloWs 
programmers to think in terms of their conceptual models, 
and to design computer softWare programs Without reference 
to speci?c hardWare implementations. During the actual 
execution of programs by the computer system, hoWever, 
these separate addresses must be reconciled by translating 
softWare program virtual addresses into actual physical 
addresses that can be accessed in a computer memory 
subsystem. 
[0003] There are many Well knoWn approaches for address 
translation in the memory management mechanism of a 
computer system. These approaches fall into basically tWo 
major categories: those Which map the smaller virtual 
(sometimes called logical, symbolic or user) addresses onto 
larger physical or real memory addresses, and those Which 
map larger virtual addresses onto smaller physical memory. 
Translation mechanisms of the former category are 
employed typically in minicomputers in Which relatively 
small address ?elds (e.g.: 16 bit addresses) are mapped onto 
larger real memory. Translation mechanisms of the second 
category are used typically in microprocessors, Workstations 
and mainframes. Within each of these categories, segmen 
tation only, paging only, and a combination of segmentation 
and paging are Well knoWn for accomplishing the translation 
process. 

[0004] The present invention is primarily directed to 
address translation mechanisms Where larger virtual 
addresses are mapped onto smaller physical addresses, and 
further to systems Where segmentation and optional paging 
is employed. 

[0005] In a segmentation portion of an address translation 
system, the address space of a user program (or programs 
cooperatively operating as processes or tasks), is regarded as 
a collection of segments Which have common high-level 
properties, such as code, data, stack, etc. The segmented 
address space is referenced by a 2-tuple, knoWn as a virtual 
address, consisting of the folloWing ?elds: < <s>,<d> >, 
Where <s> refers to a segment number (also called identi?er 
or locator), and < d> refers to a displacement or offset, such 
as a byte displacement or offset, Within the segment iden 
ti?ed by the segment number. The virtual address <17,421>, 
for example, refers to the 421st byte in segment 17. The 
segmentation portion of the address translation mechanism, 
using information created by the operating system of the 
computer system, translates the virtual address into a linear 
address in a linear address space. 

[0006] In a paging portion of an address translation sys 
tem, a linear (or intermediate) address space consists of a 

Sep. 6, 2001 

group of pages. Each page is the same siZe (i.e. it contains 
the same number of addresses in the linear space). The linear 
address space is mapped onto a multiple of these pages, 
commonly, by considering the linear address space as the 
2-tuple consisting of the folloWing ?elds: <<page number>, 
<page offset>>. The page number (or page frame number) 
determines Which linear page is referenced. The page offset 
is the offset or displacement, typically a byte offset, Within 
the selected page. 

[0007] In a paged system, the real (physical) memory of a 
computer is conceptually divided into a number of page 
frames, each page frame capable of holding a single page. 
Individual pages in the real memory are then located by the 
address translation mechanism by using one or more page 
tables created for, and maintained by, the operating system. 
These page tables are a mapping from a page number to a 
page frame. Aspeci?c page may or may not be present in the 
real memory at any point in time. 

[0008] Address translation mechanisms Which employ 
both segmentation and paging are Well knoWn in the art. 
There are tWo common subcategories Within this area of 
virtual address translation schemes: address translation in 
Which paging is an integral part of the segmentation mecha 
nism; and, address translation in Which paging is indepen 
dent from segmentation. 
[0009] In prior art address translation mechanisms Where 
paging is an integral part of the segmentation mechanism, 
the page translation can proceed in parallel With the segment 
translation since segments must start at page boundaries and 
are ?xed at an integer number of pages. The segment number 
typically identi?es a speci?c page table and the segment 
offset identi?es a page number (through the page table) and 
an offset Within that page. While this mechanism has the 
advantage of speed (since the steps can proceed in parallel) 
it is not ?exible (each segment must start at a ?xed page 
boundary) and is not optimal from a space perspective (eg 
an integer number of pages must be used, even When the 
segment may only spill over to a fraction of another page). 

[0010] In prior art address translation mechanisms Where 
paging is independent from segmentation, page translation 
generally cannot proceed until an intermediate, or linear, 
address is ?rst calculated by the segmentation mechanism. 
The resultant linear address is then mapped onto a speci?c 
page number and an offset Within the page by the paging 
mechanism. The page number identi?es a page frame 
through a page table, and the offset identi?es the offset 
Within that page. In such mechanisms, multiple segments 
can be allocated into a single page, a single segment can 
comprise multiple pages, or a combination of the above, 
since segments are alloWed to start on any byte boundary, 
and have any byte length. Thus, in these systems, While there 
is ?exibility in terms of the segment/page relationship, this 
?exibility comes at a cost of decreased address translation 
speed. 
[0011] Certain prior art mechanisms Where segmentation 
is independent from paging alloW for optional paging. The 
segmentation step is alWays applied, but the paging step is 
either performed or not performed as selected by the oper 
ating system. These mechanisms typically alloW for back 
Ward compatibility With systems in Which segmentation Was 
present, but paging Was not included. 

[0012] Typical of the prior art knoWn to the Applicant in 
Which paging is integral to segmentation is the Multics 
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virtual memory, developed by Honeywell and described by 
the book, “The Multics System”, by Elliott Organick. Typi 
cal of the prior art known to the Applicant in Which optional 
paging is independent from segmentation is that described in 
US. Pat. No. 5,321,836 assigned to the Intel Corporation, 
and that described in the HoneyWell DPS-8 Assembly 
Instructions Manual. Furthermore, US. Pat. No. 4,084,225 
assigned to the Sperry Rand Corporation contains a detailed 
discussion of general segmentation and paging techniques, 
and presents a detailed overvieW of the problems of virtual 
address translation. 

[0013] Accordingly, a key limitation of the above prior art 
methods and implementations Where segmentation is inde 
pendent from paging is that the linear address must be fully 
calculated by the segmentation mechanism each time before 
the page translation can take place for each neW virtual 
address. Only subsequent to the linear address calculation, 
can page translation take place. In high performance com 
puter systems computer systems, this typically takes tWo full 
or more machine cycles and is performed on each memory 
reference. This additional overhead often can reduce the 
overall performance of the system signi?cantly. 

SUMMARY OF THE INVENTION 

[0014] An object of the present invention, therefore, is to 
provide the speed performance advantages of integral seg 
mentation and paging and, at the same time, provide the 
space compaction and compatibility advantages of separate 
segmentation and paging. 

[0015] A further object of the present invention is to 
provide a virtual address translation mechanism Which 
architecturally provides for accelerating references to main 
memory in a computer system Which employs segmentation, 
or Which employs both segmentation and optional paging. 

[0016] Another object of the present invention is to pro 
vide additional caching of page information in a virtual 
address translation scheme. 

[0017] An further object of the present invention is to 
provide a virtual address translation mechanism Which 
reduces the number of references required to ensure memory 
access. 

[0018] According to the present invention, a segmentation 
unit converts a virtual address consisting of a segment 
identi?er and a segment offset into a linear address. The 
segmentation unit includes a segment descriptor memory, 
Which is selectable by the segment identi?er. The entry 
pointed to by the segment identi?er contains linear address 
information relating to the speci?c segment (i.e., linear 
address information describing the base of the segment 
referred to by the segment identi?er, linear address infor 
mation describing the limit of the segment referred to by the 
segment identi?er, etc.) as Well as physical address infor 
mation pertaining to the segment—such as the page base of 
at least one of the pages represented by said segment. 

[0019] In the above embodiment, unlike prior art systems, 
both segmentation and paging information are kept in the 
segmentation unit portion of the address translation system. 
The caching of this page information in the segmentation 
unit permits the address translation process to occur at much 
higher speed than in prior art systems, since the physical 
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address information can be generated Without having to 
perform a linear to physical address mapping in a separate 
paging unit. 

[0020] The page base information stored in the segmen 
tation unit is derived from the page frame knoWn from the 
immediately prior in time address translation on a segment 
by-segment basis. In order to complete the full physical 
address translation (i.e., a page frame number and page 
offset), the segmentation unit combines the page frame from 
the segment descriptor memory With the page offset ?eld, 
and may store this result in a segmentation unit memory, 
Which can be a memory table, or a register, or alternatively, 
it may generate the full physical address on demand. 

[0021] This fast physical address generated by the seg 
mentation unit based on the virtual address and prior page 
information can be used by a bus interface to access a 
physical location in the computer memory subsystem, even 
before the paging unit has completed its translation of the 
linear address into a page frame and page offset. Thus, feWer 
steps and references are required to create a memory access. 
Consequently, the address translation step occurs signi? 
cantly faster. Since address translation occurs in a predomi 
nant number of instructions, overall system performance is 
improved. 
[0022] The memory access is permitted to proceed to 
completion unless a comparison of the physical address 
information generated by the paging unit With the fast 
physical address generated by the segmentation unit shoWs 
that the page frame information of the segmentation unit is 
incorrect. 

[0023] In alternative embodiments, the segmentation unit 
either generates the page offset by itself (by adding the loWer 
portion of the segment offset and the segment base address) 
or receives it directly from the paging unit. 

[0024] In further alternate embodiments, the incoming 
segment offset portion of the virtual address may be pre 
sented to the segmentation unit as components. The seg 
mentation unit then combines these components in a typical 
base-plus-offset step using a conventional multiple input 
(typically 3-input) adder Well knoWn in the prior art. 

[0025] As shoWn herein in the described invention, the 
segment descriptor memory may be a single register, a 
plurality of registers, a cache, or a combination of cache and 
register con?gurations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is a block diagram of a typical prior art 
virtual address translation mechanism using segmentation 
and independent paging. 

[0027] FIG. 2A is a detailed diagram of a typical segment 
descriptor register of the prior art. 

[0028] FIG. 2B is a detailed diagram of an embodiment of 
the present invention, including a portion of a segment 
descriptor memory used for storing physical address infor 
mation; 
[0029] FIG. 3A is a block diagram of an embodiment of 
the present invention employing segmentation and optional 
paging, and shoWing the overall structure and data paths 
used When paging is disabled during an address translation; 
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[0030] FIG. 3B is a block diagram of the embodiment of 
FIG. 3A showing the overall structure and data paths used 
When paging is enabled during an address translation; 

[0031] FIG. 3C is a block diagram of another embodiment 
of the present invention, shoWing an alternative circuit for 
generating the fast physical address information. 

DETAILED DESCRIPTION OF THE 
INVENTION 

General Discussion of Paging & Segmentation 

[0032] The present invention provides for improved vir 
tual address translation in a computer system. The preferred 
embodiment employs the invention in a single-chip micro 
processor system, hoWever, it is Well understood that such a 
virtual address translation system could be implemented in 
multiple die and chip con?gurations Without departing from 
the spirit or claims of the present invention. 

[0033] Before embarking on a speci?c discussion of the 
present invention, hoWever, a brief explanation of the gen 
eral principles of segmentation and paging folloWs in order 
to provide additional background information, and so that 
the teachings of the present invention may be understood in 
a proper context. 

[0034] Referring to FIG. 1, a typical prior art virtual 
address translation mechanism 100 using both segmentation 
and, optionally, paging in a computer system is shoWn. As 
described in this ?gure, a data path Within the microproces 
sor transmits a virtual address 101, consisting of segment 
identi?er 101a and a segment offset 101b, to segmentation 
unit 130. Segments are de?ned by segment descriptor entries 
in at least one segment descriptor table or segment descrip 
tor segment (not shoWn). Segment descriptor tables are 
created and managed by the operating system of the com 
puter system, and are usually located in the memory sub 
system. Segment descriptor entries are utiliZed in the CPU 
of the computer system by loading them into segment 
descriptor register 190 or a segment descriptor cache (not 
shoWn); the segment descriptor register/cache is usually 
internal to the CPU, and thus more quickly accessible by the 
translation unit. 

[0035] In the paging unit 150, pages are de?ned by a page 
table or multiple page tables (not shoWn), also created and 
managed by the operating system; again, these tables are 
also typically located in a memory subsystem. All or a 
portion of each page table can be loaded into a page cache 
107 (Within the CPU, sometimes called a translation look 
aside buffer) to accelerate page references. 

[0036] In operation, the segmentation unit 130 ?rst trans 
lates a virtual address to a linear address and then (except in 
the case When optional paging is disabled) paging unit 150 
translates the linear address into a real (or physical) memory 
address. 

[0037] Typically (as in an X86 microprocessor) the seg 
mentation unit translates a 48 bit virtual address 101 con 
sisting of a 16-bit segment identi?er (<s>) 101a and a 32 bit 
displacement Within that segment (<d>) 101b to a 32-bit 
linear (intermediate) address 106. The 16-bit segment iden 
ti?er 101a uniquely identi?es a speci?c segment; this iden 
ti?er is used to access an entry in a segment descriptor table 
(not shoWn). In the prior art, this segment descriptor entry 
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contains a base address of the segment 191, the limit of the 
segment 192, and other attribute information described 
further beloW. The segment descriptor entry is usually 
loaded into a segment descriptor register 190. 

[0038] Using adder 105, the segmentation unit adds the 
segment base 191 of the segment to the 32-bit segment offset 
101b in the virtual address to obtain a 32-bit linear address. 
The 32-bit segment offset 101b in the virtual address is also 
compared against the segment limit 192, and the type of the 
access is checked against the segment attributes. A fault is 
generated and the addressing process is aborted if the 32-bit 
segment offset is outside the segment limit, or if the type of 
the access is not alloWed by the segment attributes. 

[0039] The resulting linear address 106 can be treated as 
an offset Within a linear address space; and in the commonly 
implemented schemes of the prior art, these offsets are 
frequently byte offsets. When optional paging is disabled, 
the linear address 106 is exactly the real or physical memory 
address 108. When optional paging is enabled, the linear 
address is treated as a 2- or 3-tuple depending on Whether the 
paging unit 150 utiliZes one or tWo level page tables. 

[0040] In the 2-tuple case shoWn in FIG.1, Which repre 
sents single level paging, the linear address, << p>, <pd>> 
is divided into a page number ?eld <p> 106a, and a page 
displacement (page offset) ?eld Within that page (<pd>) 
106b. In the 3-tuple case (not shoWn) <<dp>, <p>, <pd>>, 
the linear address is divided into a page directory ?eld (< 
dp>), a page number ?eld < p> and a page displacement ?eld 
<pd>. The page directory ?eld indexes a page directory to 
locate a page table (not shoWn). The page number ?eld 
indexes a page table to locate the page frame in real memory 
corresponding to the page number, and the page displace 
ment ?eld locates a byte Within the selected page frame. 
Thus, paging unit 150 translates the 32-bit linear address 106 
from the segmentation unit 130 to a 32-bit real (physical) 
address 108 using one or tWo level page tables using 
techniques Which are Well knoWn in the art. 

[0041] In all of the above prior art embodiments Where 
segmentation is independent from paging, the segment 
descriptor table or tables of the virtual address translator are 
physically and logically separate from the page tables used 
to perform the described page translation. There is no paging 
information in the segment descriptor tables and, conversely, 
there is no segmentation information in the page tables. 

[0042] This can be seen in FIG. 2A. In this ?gure, a 
typical prior art segment descriptor entry 200, is shoWn as it 
is typically used in a segment descriptor table or segment 
descriptor register associated With a segmentation unit. As 
can be seen there, segment descriptor 200 includes infor 
mation on the segment base 201, the segment limit 202, 
Whether the segment is present (P) 203 in memory, the 
descriptor privilege level PPL) 204, Whether the segment 
belongs to a user or to the system (S) 205, and the segment 
type 206 (code, data, stack, etc.) 

[0043] For additional discussions pertaining to the prior 
art in segmentation, paging, segment descriptor tables, and 
page tables, the reader is directed to the references US. Pat. 
Nos. 5,408,626, 5,321,836, 4,084,225, Which are expressly 
incorporated by reference herein. 
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Improved Segmentation Unit Using Paging 
Information 

[0044] As shoWn in the immediate prior art, the paging 
and segmentation units (circuits) are completely separate 
and independent. Since the tWo units perform their transla 
tion sequentially, that is, the segment translation must pre 
cede the page translation to generate the linear address, high 
performance computer systems, such as those employing 
superscalar and superpipelined techniques, can suffer per 
formance penalties. In some cases, it is even likely that the 
virtual address translation could fall into the systems’ “criti 
cal path”. The “critical path” is a Well-knoWn characteristic 
of a computer system and is typically considered as the 
longest (in terms of gate delay) path required to complete a 
primitive operation of the system. 

[0045] Accordingly, if the virtual address translation is in 
the critical path, the delays associated With this translation 
could be signi?cant in overall system performance. With the 
recognition of this consideration, the present invention 
includes page information in the segment translation pro 
cess. The present invention recogniZes the potential perfor 
mance penalty of the prior art and alleviates it by storing 
paging information in the segmentation unit obtained from 
a paging unit in previous linear-to-real address translations. 

[0046] As can be seen in FIG. 2B, the present invention 
extends the segment descriptor entries of the prior art With 
a segment entry 290 having tWo additional ?elds: a LAST 
PAGE FRAME ?eld 297 and a VALID ?eld 298. The LAST 
PAGE FRAME ?eld 297 is used to hold the high-order 20 
bits (i.e.: the page frame) of the real physical) memory 
address of the last physical address generated using the 
speci?ed segment identi?er. The VALID ?eld 298 is a 1-bit 
?eld, and indicates Whether or not the LAST PAGE FRAME 
?eld 297 is valid. The remaining ?elds 291-296 perform the 
same function as comparable ?elds 201-206 respectively 
described above in connection With FIG. 2A. 

[0047] Segment descriptor tables (not shoWn) can be 
located in a memory subsystem, using any of the techniques 
Well-knoWn in the art. As is also knoWn in the art, it is 
possible to speed up address translation Within the segmen 
tation unit by using a small cache, such as one or more 
registers, or associative memory. The present invention 
makes use of such a cache to store segment entries 290 
shoWn above. Unlike the prior art, hoWever, the segment 
entries 290 of the present invention each contain information 
describing recent physical address information for the speci 
?ed segment. Accordingly, this information can be used by 
a circuit portion of the segmentation unit to generate a neW 
physical address Without going through the linear to physical 
mapping process typically associated With a paging unit. 

[0048] While in some instances the physical address infor 
mation may change betWeen tWo time-sequential virtual 
addresses to the same segment (and thus, a complete trans 
lation is required by both the segmentation and paging 
units), in the majority of cases the page frame information 
Will remain the same. Thus, the present invention affords a 
signi?cant speed advantage over the prior art, because in the 
majority of cases a complete virtual-linear-physical address 
translation is not required before a memory access is gen 
erated. 
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Embodiment With Segmentation & Optional 
Paging/Paging Disabled 

[0049] Referring to FIG. 3A, the advantage of using this 
neW information in segment entry 290 in a segmentation unit 
or segmentation circuit is apparent from a revieW of the 
operation of an address translation. In this ?gure, a paging 
unit (or paging circuit) is disabled, as for example might 
occur only When a processor is used in a real mode of 
operation, rather than a protected mode of operation. 

[0050] In a preferred embodiment, the present invention 
employs a segment descriptor memory comprising at least 
one, and preferably many, segment descriptor registers 390, 
Which are identical in every respect to the segment descrip 
tor register described above in connection With FIG. 2B. 
These segment descriptor registers are loaded from conven 
tional segment descriptor tables or segment descriptor seg 
ments Which are Well knoWn in the art. Each segment 
descriptor register 390 is loaded by the CPU before it can be 
used to reference physical memory. Segment descriptor 
register 390 can be loaded by the operating system or can be 
loaded by application programs. Certain instructions of the 
CPU are dedicated to loading segment descriptor registers, 
for example, the “LDS” instruction, “Load Pointer to DS 
Register”. Loading by the operating system, or execution of 
instructions of this type, causes a base 391, limit 392, 
descriptor privilege level 394, system/user indicator 395, 
and type 396 to be loaded from segment tables or segment 
descriptor segments as in the prior art. The three remaining 
?elds are present 393, LAST PAGE FRAME 397 and 
VALID 398. When a segment descriptor register 390 is 
loaded, present 393 is set to 1, indicating that the segment 
descriptor register 390 contents are present; the valid ?eld 
398 is set to 0, indicating that the last page frame number 
?eld 397 is not valid; and the LAST PAGE FRAME ?eld 
397 is not set, or may be set to 0. 

[0051] After the loading of a segment descriptor register 
390, instructions of the CPU may make references to virtual 
memory; if a segment descriptor register is referenced 
before it is loaded, as indicated by present ?eld 393 set to 0, 
a fault occurs and the reference to the segment descriptor 
register is aborted. 
[0052] As explained above, the CPU makes references to 
virtual memory by specifying a 48-bit virtual address, con 
sisting of a 16-bit segment identi?er 301a and a 32-bit 
segment offset 301b. A data path Within the CPU transmits 
virtual address 301 to the address translation mechanism 
300. 

[0053] Segment descriptor memory 390 is indexed by 
segment number, so each entry in this memory containing 
data characteristics (i.e., base, access rights, limit) of a 
speci?c segment is selectable by the segment identi?er from 
the virtual address. Assuming this is the ?rst reference to 
physical memory specifying a neWly loaded segment 
descriptor register, since the VALID bit 398 is set to false, 
a prior art virtual address translation takes place. This 
involves, among other things, as explained earlier, various 
validity checks (including checking attributes 394-396, seg 
ment limit checking using comparator 302 and potentially 
others), and using adder 305 to add the segment descriptor’s 
base address 391 to the segment offset 301b to calculate a 
linear address 306. 

[0054] While the implementation in the embodiment of 
FIG. 3A shoWs the addition of the base address 391 to the 
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segment offset 301b using adder 305 to generate the linear 
address 306, it Will be understood by those skilled in the art 
that this speci?c implementation of the virtual to linear 
address translation is not the only implementation of the 
present invention. In other implementations, the segment 
offset 301b might consist of one or more separate compo 
nents. Different combinations of one or more of these 

components might be combined using Well knoWn tech 
niques to form a linear address, such as one utiliZing a 
three-input adder. The use of these components is discussed, 
for eXample, in US. Pat. No. 5,408,626, and that description 
is incorporated by reference herein. 

[0055] As is Well knoWn, in this embodiment Where pag 
ing is disabled, linear address 306 is also a physical address 
Which can be used as the physical address 308. Memory 
access control operations are not shoWn explicitly since they 
are only ancillary to the present invention, and are Well 
described in the prior art. In general, hoWever, a bus inter 
face unit 380 is typically responsible for interactions With 
the real (physical) memory subsystem. The memory sub 
system of a computer system employing the present inven 
tion preferably has timing and address and data bus trans 
action details Which are desirably isolated from the CPU and 
address translation mechanism. The bus interface unit 380 is 
responsible for this isolation, and can be one of many 
conventional bus interface units of the prior art. 

[0056] In the present invention, bus interface unit 380 
receives the real memory address 308 from address trans 
lation mechanism 300 and coordinates With the real memory 
subsystem to provide data, in the case of a memory read 
request, or to store data, in the case of a memory Write 
request. The real memory subsystem may comprise a hier 
archy of real memory devices, such as a combination of data 
caches and dynamic RAM, and may have timing dependen 
cies and characteristics Which are isolated from the CPU and 
address translation mechanism 300 of the computer system 
by the bus interface unit 380. 

[0057] Simultaneous With the ?rst memory reference 
using the calculated physical address 308, the LAST PAGE 
FRAME ?eld of the selected segment descriptor register 390 
is loaded With the high-order 20 bits of the physical address, 
i.e.: the physical page frame, and the VALID bit is set to 
indicate a valid state. This paging information Will noW be 
used in a neXt virtual address translation. 

[0058] Accordingly, When a neXt, neW virtual address 301 
is to be translated, the entry selected from segment descrip 
tor memory 390 Will likely contain the correct physical 
frame page number (in the LAST PAGE FRAME ?eld 397). 
Thus, in most cases, the base physical address in memory for 
the neXt, neW referenced virtual address Will also be knoWn 
from a previous translation. 

[0059] The ?rst step of the virtual address translation, 
therefore, is to determine if a FAST PHYSICAL ADDRESS 
303 can be used to begin a fast physical memory reference. 
Adder 309, a 12-bit adder, adds the loW-order 12 bits of the 
segment offset 301b of virtual address 301 to the loW-order 
12-bits of base 391 of the segment entry in segment descrip 
tor register 390 referenced by the segment identi?er 301a. 
This addition results in a page offset 303b. In parallel With 
adder 309, 32-bit adder 305 begins a full 32-bit add of 
segment base 391 and segment offset 301b, to begin pro 
ducing the linear address; hoWever, this full 32-bit add Will 
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obviously require more time. In the preferred embodiment, 
adder 309 is a separate 12-bit adder; hoWever, it should be 
noted that adder 309 also could be implemented as the loW 
order 12-bits of 32-bit adder 305. 

[0060] Simultaneous With the beginning of these tWo 
operations, VALID bit 398 is inspected. If VALID bit 398 is 
set to 1, as soon as 12-bit adder 309 has completed, 20-bit 
LAST PAGE FRAME 397 is concatenated With the result of 
adder 309 to produce FAST PHYSICAL ADDRESS 303, 
consisting of a page frame number 303a, and page offset 
303b. FAST PHYSICAL ADDRESS 303 then can be used 
to tentatively begin a reference to the physical memory. It 
should be understood that the FAST PHYSICALADDRESS 
303 transmitted to bus interface unit 380 could also be stored 
in a register or other suitable memory storage Within the 
CPU. 

[0061] In parallel With the fast memory reference, limit 
?eld 392 is compared to the segment offset 301b of the 
virtual address by comparator 302. If the offset in the virtual 
address is greater than the limit, a limit fault is generated, 
and virtual address translation is aborted. 

[0062] Also in parallel With the fast memory reference, 
adder 305 completes the addition of base 391 to the segment 
offset ?eld 301b of virtual address to produce linear address 
(in this case physical address also) 306. When this calcula 
tion is completed, the page frame number 308a of physical 
address 308 is compared to LAST PAGE FRAME 397 by 
Not Equal Comparator 304. If page frame 308a is unequal 
to the LAST PAGE FRAME 397, or if 12-bit Adder 309 
over?oWed (as indicated by a logic “1” at OR gate 310), the 
fast memory reference is canceled, and the linear address 
306, Which is equal to the physical address 308, is used to 
begin a normal memory reference. If page frame 308a is 
equal to LAST PAGE FRAME 397, and 12-bit Adder 309 
did not over?oW (the combination indicated by a logic “0” 
at the output of OR gate 310), the fast memory reference is 
alloWed to fully proceed to completion. 

[0063] After any fast memory reference Which is cancelled 
by the CANCEL FAST PHYSICAL ADDRESS signal out 
put of OR gate 310, page frame 308a is loaded into the 
LAST PAGE FRAME 397 in the segment descriptor 
memory 390 for subsequent memory references. 

[0064] Depending on the particular design desired, it 
should also be noted that Writes to the memory, or reads 
Which cause faults using FAST PHYSICAL ADDRESS 303 
may be pended since the FAST PHYSICALADDRESS 303 
may prove to be invalid. 

[0065] Accordingly, it can be seen that the parallel physi 
cal address calculation undertaken by the improved segmen 
tation unit of the present invention generates a faster physi 
cal memory access than possible With prior art systems. 

Embodiment With Segmentation & Paging/Paging 
Enabled 

[0066] The present invention can also be used With 
address translation units using paging enabled, as can be 
seen in the embodiments of FIGS. 3B and 3C. 

[0067] In the embodiment of FIG. 3B, the same segmen 
tation unit structure 300 as that shoWn in FIG. 3A is used, 
and the operation of segmentation unit 300 is identical to 
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that already explained above. As before, segment descriptor 
memory (registers) 390 are loaded from conventional seg 
ment descriptor tables or segment descriptor segments, 
using one or more of the procedures described above. First, 
the base 391 limit 392 descriptor privilege level 394, system/ 
user indicator 395, and type 396 are loaded from segment 
tables or segment descriptor segments as explained earlier. 
When segment descriptor register 390 is loaded, present 393 
is set to 1, indicating that the segment descriptor register 390 
contents are present; the valid ?eld 398 is set to 0, indicating 
that the last page frame number ?eld 397 is not valid; and the 
LAST PAGE FRAME ?eld 397 is not set, or may be set to 
0. 

[0068] As explained above, after the loading of a segment 
descriptor register 390, instructions of the CPU may make 
references to virtual memory; if a segment descriptor reg 
ister is referenced before it is loaded, as indicated by present 
?eld 393 set to 0, a fault occurs and the reference to the 
segment descriptor register is aborted. 

[0069] As further explained above, the 48 bit virtual 
address 301 (consisting of a 16 bit segment identi?er 301a 
and a 32 bit segment offset 301b) is transmitted by a data 
path to segmentation unit 300, and an index into segment 
descriptor memory 390 is performed to locate the speci?c 
segment descriptor for the segment pointed to by segment 
identi?er 301a. Assuming this is the ?rst reference to 
physical memory specifying a neWly loaded segment 
descriptor register, since the VALID bit is set to false, a prior 
art virtual address translation takes place. This involves, 
among other things, as explained earlier, various validity 
checks (including checking attributes 394-396, segment 
limit checking using comparator 302 and potentially others), 
and using adder 305 to add the segment descriptor’s base 
address 391 to the segment offset 301b to calculate a linear 
address 306. 

[0070] As is Well knoWn, in this con?guration Where 
paging is enabled, linear address 306 must undergo a further 
translation by paging unit 350 to obtain the physical address 
308 in the memory subsystem. In the preferred embodiment 
of the invention, looking ?rst at FIG. 3B, the output of adder 
305 Will be a 32-bit linear address, corresponding to a 20-bit 
page number 306a and a 12-bit page offset 306b. Typically, 
the page number 306a is then indexed into a page descriptor 
table (not shoWn) to locate the appropriate page frame base 
physical address in memory. These page descriptor tables 
are set up by the operating system of the CPU using methods 
and structures Well knoWn in the art, and they contain, 
among other things, the base physical address of each page 
frame, access attributes, etc. 

[0071] HoWever, in most systems, including the present 
invention, a page cache 307 is used in order to hold the 
physical base addresses of the most recently used page 
frames. This cache can take the form of a table, associative 
cache, or other suitable high speed structure Well knoWn in 
the art. Thus, page number 306a is used to access page data 
(including physical base addresses for page frames) in an 
entry in page cache 307. 

[0072] If page cache 307 hits, tWo things happen: ?rst, a 
20-bit PAGE FRAME 307a (the page frame in physical 
memory) replaces the high-order 20 bits (page number 
306a) of the linear address 306, and, When concatenated 
With the page offset 306b results in a real (physical) address 
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308, Which is used to perform a memory access through bus 
interface unit 380 along the lines explained above. Second, 
neWly generated page frame 308a is also stored in segment 
descriptor memory 390 in the selected LAST PAGE 
FRAME ?eld 397 to be used for a fast access in the next 
address translation. When LAST PAGE FRAME ?eld 397 is 
stored, selected VALID bit 398 is set to 1 to indicate that 
LAST PAGE FRAME 397 is valid for use. 

[0073] In the event of a page cache miss, the appropriate 
page frame number 308a is located (using standard, Well 
knoWn techniques) to generate physical address 308, and is 
also loaded into segment descriptor memory 390 in the 
selected LAST PAGE FRAME ?eld 397. The selected 
VALID bit 398 is also set to indicate a valid state. Thus, 
there is paging information in the segmentation unit that Will 
noW be used in the next virtual address translation. 

[0074] When a next, neW virtual address 301 is to be 
translated, the segment identi?er 301a Will likely be the 
same as that of a previously translated virtual address, and 
the entry selected from segment descriptor memory 390 Will 
also likely contain the correct physical frame (in LAST 
PAGE FRAME ?eld 397) from the previous translation. As 
With the above embodiment, one or more registers, or a 
cache may be used for the segment descriptor memory 390. 

[0075] The ?rst step then determines if a FAST PHYSI 
CAL ADDRESS 303 can be used to begin a fast physical 
memory reference. Adder 309, a 12-bit adder, adds the 
loW-order 12 bits of the segment offset 301b of virtual 
address 301 to the loW-order 12-bits of base 391 of the 
segment entry in segment descriptor register 390 referenced 
by the segment identi?er 301a. This addition results in a 
page offset 303b. In parallel With adder 309, 32-bit adder 
305 begins a full 32-bit add of segment base 301 and 
segment offset 301b, to begin producing the linear address; 
hoWever, this full 32-bit add Will obviously require more 
time. In the preferred embodiment, adder 309 is a separate 
12-bit adder; hoWever, it should be noted that adder 309 also 
could be implemented as the loW order 12-bits of 32-bit 
adder 305. 

[0076] Simultaneous With these beginning of these tWo 
operations, VALID bit 398 is inspected. If VALID bit 398 is 
set to 1, as soon as 12-bit adder 309 has completed, 20-bit 
LAST PAGE FRAME 397 is concatenated With the result of 
adder 309 to produce FAST PHYSICAL ADDRESS 303, 
consisting of a page frame number 303a, and page offset 
303b. FAST PHYSICAL ADDRESS 303 then can be used 
to tentatively begin a reference to the physical memory. 
Again, it should be understood that the FAST PHYSICAL 
ADDRESS 303 transmitted to bus interface unit 380 could 
also be stored in a register or other suitable memory storage 
Within the CPU. 

[0077] As before, limit ?eld 302 is compared to the 
segment offset 301b of the virtual address by comparator 
302. If the offset in the virtual address is greater than the 
limit, a limit fault is generated, and virtual address transla 
tion is aborted. 

[0078] This neW virtual address is also translated by 
paging unit 350 in the same manner as Was done for the 
previous virtual address. If page cache 307 hits based on the 
page number 306a, tWo things happen: ?rst, a 20-bit PAGE 
FRAME 307a (the page frame in physical memory) replaces 
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the high-order 20 bits (page number 306a) of the linear 
address 306, and, When concatenated With the page offset 
306b results in a physical address 308. This real address may 
or may not be used, depending on the result of the following: 
in parallel With the aforementioned concatenation, the PAGE 
FRAME 307a, is compared to LAST PAGE FRAME 397 
from the segment descriptor memory 390 by Not Equal 
Comparator 304. The result of Not Equal Comparator (that 
is, the Not Equal condition) is logically ORed With the 
over?oW of 12-bit adder 309 by OR gate 310. If the output 
of OR gate 310 is true (i.e. CANCEL FAST PHYSICAL 
ADDRESS is equal to binary one), or if PAGE CACHE 307 
indicates a miss condition, the fast memory reference pre 
viously begun is canceled, since the real memory reference 
started is an invalid reference. OtherWise, the fast memory 
reference started is alloWed to fully proceed to completion, 
since it is a valid real memory reference. 

[007 9] If CANCEL FAST PHYSICALADDRESS is logi 
cal true, it can be true for one of tWo, or both reasons. In the 
case that Or gate 310 is true, but page cache 307 indicates 
a hit condition, physical address 308 is instead used to start 
a normal memory reference. This situation is indicative of a 
situation Where LAST PAGE FRAME 397 is different from 
the page frame 308a of the current reference. 

[0080] In the case that page cache 307 did not indicate a 
hit, a page table reference through the page descriptor table 
is required and virtual address translation proceeds as in the 
prior art. The page frame 308a information is again stored in 
the LAST PAGE FRAME ?eld 397 in the segment descrip 
tor memory 390 for the next translation. 

[0081] Also, after any fast memory reference Which is 
canceled by the CANCEL FAST PHYSICAL ADDRESS 
signal output of OR gate 310, page frame number 308a is 
loaded into the LAST PAGE FRAME 397 in the segment 
descriptor memory 390 for subsequent memory references. 

[0082] Depending on the particular design desired, it 
should also be noted that in this embodiment also, Writes to 
the memory, or reads Which cause faults using FAST 
PHYSICAL ADDRESS 303 may be pended since the FAST 
PHYSICAL ADDRESS 303 may prove to be invalid. 

[0083] The alternative embodiment shoWn in FIG. 3C is 
identical in structure and operation to the embodiment of 
FIG. 3B, With the exception that the 12-bit Adder 309 is not 
employed. In this embodiment, the segmentation unit 330 
does not create the loWer portion (page offset 303a) of the 
fast physical address in this manner. Instead, the page offset 
306a resulting from 32-bit adder 305 is used. 

[0084] It can be seen that the present invention has par 
ticular relevance to computers using sequential type of 
segmentation and paging translation, such as the X86 family 
of processors produced by the Intel Corporation (including 
the Intel 80386, Intel 80486 and the Intel Pentium Proces 
sor), other X86 processors manufactured by the NexGen 
Corporation, Advanced Micro Devices, Texas Instruments, 
International Business Machines, Cyrix Corporation, and 
certain prior art computers made by HoneyWell. These 
processors are provided by Way of example, only, and it Will 
be understood by those skilled in the art that the present 
invention has special applicability to any computer system 
Where softWare executing on the processors is characteriZed 
by dynamic execution of instructions in programs in such a 
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Way that the virtual addresses are generally logically and 
physically located near previous virtual addresses. 

[0085] The present invention recogniZes this characteris 
tic, employing acceleration techniques for translating virtual 
to real addresses. In particular, the present invention utiliZes 
any of the commonly knoWn storage structures (speci?c 
examples include high speed registers and/or caches) to 
store previous address translation information, and to make 
this previous address translation information available to the 
system Whenever the next subsequent reference relies on the 
same information. In this Way, the system can utiliZe the 
previously stored information from the high speed storage to 
begin real memory references, rather than be forced to 
execute a more time consuming translation of this same 
information, as Was typically done in the prior art. 

[0086] As Will be apparent to those skilled in the art, there 
are other speci?c circuits and structures beyond and/or in 
addition to those explicitly described herein Which Will serve 
to implement the translation mechanism of the present 
invention. Finally, although the above description enables 
the speci?c embodiment described herein, these speci?cs are 
not intended to restrict the invention, Which should only be 
limited as de?ned by the folloWing claims. 

I claim: 
1. A circuit for storing address translation information, 

said circuit comprising: 

a) a data path for receiving a virtual address, said virtual 
address including a segment identi?er and a segment 
offset; and 

b) a segment descriptor memory coupled to said data path 
and selectable by said segment identi?er, said memory 
capable of storing at least the folloWing: 

I) linear address information describing the base of the 
segment, 

ii) linear address information describing the limit of the 
segment, and 

iii) a page frame describing at least a portion of a 
physical address of said segment. 

2. The circuit of claim 1, Wherein the segment descriptor 
memory is one or more registers. 

3. The circuit of claim 1, Wherein the segment descriptor 
memory is a cache. 

4. The circuit of claim 1, further including a physical 
address register coupled to the segment descriptor memory 
for storing a physical address, said physical address being 
comprised of the page frame from said segment descriptor 
memory and a page offset. 

5. The circuit of claim 4, Wherein the physical address 
stored in the physical address register is used to perform a 
memory access. 

6. The circuit of claim 1, Wherein the segment descriptor 
memory is further capable of storing: 

(iv) information describing Whether said page frame can 
be used for an address translation. 

7. In a system having both a segmentation unit and a 
paging unit for translating physical addresses from virtual 
addresses, said virtual addresses including a segment iden 
ti?er and segment offset, the improvement Wherein: 
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the segmentation unit includes a segment descriptor 
memory selectable by said segment identi?er, said 
memory capable of storing at least the folloWing: 

I) linear address information describing the base of the 
segment, 

ii) linear address information describing the base of the 
segment, and 

iii) physical address information relating to said seg 
ment. 

8. A circuit for storing address translation information in 
a computer system, said computer using both segmentation 
and paging to translate a virtual address having a segment 
identi?er and segment offset into a physical address, said 
circuit comprising: 

a segment descriptor memory selectable by said segment 
identi?er, said memory capable of storing at least the 
folloWing: 
I) linear address information describing the base of the 

segment, 

ii) linear address information describing the limit of the 
segment, and 

iii) page frame describing at least a portion of a 
physical address of said segment. 

9. An address translation system for translating a virtual 
address having a segment identi?er and an offset ?eld into 
a physical address, said address translation system being 
used in a computer system and comprising: 

(a) a segmentation unit for generating linear address 
information based on the virtual address information, 
and for storing ?rst physical address information hav 
ing a ?rst physical page frame and a ?rst physical page 
offset; 

(b) a paging unit coupled to the segmentation unit for 
generating said ?rst physical page frame and second 
physical address information having a second physical 
page frame and a second page offset; and 

@a said segmentation unit further including: 

[1] a segment descriptor memory, selectable by said 
segment identi?er of said virtual address, and 
capable of storing 

I) linear address information describing the base of 
the segment, 

ii) linear address information describing the limit of 
the segment, 

iii) said ?rst physical page frame; 

[2] a limit comparator for comparing Whether the offset 
?eld eXceeds the limit of the segment; 

Wherein a system memory access can be made by said 
computer system based on said ?rst physical address 
information. 

10. The system of claim 9, Wherein the segmentation unit 
further includes a physical address comparator for compar 
ing the ?rst physical page frame and the second physical 
page frame, and Wherein the memory access is canceled only 
if the ?rst physical page frame and second physical page 
frame are not equal. 
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11. The system of claim 9, Wherein the segmentation unit 
further includes an adder, and the ?rst physical page offset 
can be generated by adding a portion of the virtual address 
offset ?eld and a portion of the segment base in the segment 
descriptor memory. 

12. The system of claim 9, Wherein the ?rst physical page 
offset can be generated by adding the virtual address offset 
?eld and the segment base in the segment descriptor 
memory. 

13. The system of claim 9, Wherein the paging unit further 
includes a page cache for storing page frames of physical 
pages most recently used by the computer system. 

14. The system of claim 9, Wherein the segment descriptor 
memory comprises one at least a register and/or cache. 

15. The system of claim 9, Wherein the ?rst physical page 
frame generated by the paging unit is stored in the segment 
descriptor memory of the segmentation unit and can be used 
in a subsequent virtual to physical address translation. 

16. The system of claim 9, Wherein the segment descriptor 
memory is further capable of storing: 

(iv) information describing Whether said page frame can 
be used for an address translation. 

17. The system of claim 9, Wherein the segmentation unit 
also uses either or both indeX and displacement information 
to generate the linear address information. 

18. Asystem for address translation in a CPU comprising: 

a) an instruction set employing virtual addresses for 
accessing data or instructions located at physical 
addresses in a memory subsystem, said virtual 
addresses containing a segment identi?er ?eld selecting 
a segment and a segment offset ?eld selecting an offset 
Within the selected segment; 

b) a segmentation circuit for generating linear addresses 
based on the virtual addresses, and for storing physical 
address information, said segmentation circuit includ 
ing at least one segment descriptor memory selectable 
by said segment identi?er, said segment descriptor 
memory capable of storing: 

(I) segment data describing a segment, said segment 
data including linear address information describing 
the base and limit of the segment in a linear address 
space; 

(ii) a physical address information corresponding to a 
page frame; 

c) a paging circuit for receiving the linear addresses and 
generating physical addresses, said paging circuit 
including a page cache, said page cache optionally 
storing page frame and page offset ?eld information for 
said CPU; and 

d) a bus interface, capable of coupling the segmentation 
and paging circuits of the CPU to the memory sub 
system, and for performing memory accesses in 
response to physical address information from either of 
said segmentation and paging circuits. 

19. The circuit of claim 18, Wherein the segment descrip 
tor memory is one or more registers, or a cache. 

20. The system of claim 18, Wherein said bus interface 
provides either separate address/data lines to said memory, 
or multiplexed address/data lines. 

21. The system of claim 18, Wherein the segmentation 
circuit further includes a physical address comparator for 



US 2001/0020264 A1 

comparing the page frame in the segmentation circuit 
descriptor memory With the page frame in the page cache, 
and Wherein the memory access is canceled only if the page 
frame in the segmentation circuit segment descriptor 
memory is different from the page frame in the page cache. 

22. The system of claim 18, Wherein the segmentation 
circuit further includes an adder, and a page offset is 
generated by adding a portion of the segment offset ?eld to 
a portion of the segment base in the segment descriptor 
memory. 

23. The system of claim 18, Wherein the page frame 
generated by the paging unit is stored in the segmentation 
circuit. 

24. The system of claim 18 Wherein the segment descrip 
tor cache is further capable of storing: 

(iv) information describing Whether said physical address 
information can be used for an address translation. 

25. The system of claim 18, Wherein the segmentation 
circuit uses indeX and/or displacement information to gen 
erate the linear addresses. 

26. An address translation system for translating a virtual 
address having a segment and an offset ?eld into a physical 
address, said address translation system being used in a 
computer system and comprising: 

a) a segmentation unit for generating linear address infor 
mation based on the virtual address information, and 
for generating and storing a physical address including 
a page frame and a page offset, said segmentation unit 
further including: 

b) [1] a segment descriptor memory, selectable by said 
segment identi?er of said virtual address, and capable 
of storing 

I) linear address information describing the base of the 
segment, 

ii) linear address information describing the limit of the 
segment, 

iii) said page frame; 

[2] a physical address memory for storing said physical 
address including said page frame number and a 
page offset; and 

Wherein an access to a memory subsystem can be made by 
said computer system based on said physical address. 

27. The system of claim 26, Wherein the segmentation unit 
further includes a physical address comparator for compar 
ing the page frame from said virtual address With a page 
frame corresponding to a different, later in time virtual 
address, and Wherein the memory access is canceled only if 
the page frames of said different virtual addresses are not 
equal. 
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28. The system of claim 26, Wherein the segmentation unit 
further includes an adder, and the page offset is generated by 
adding a portion of the virtual address offset ?eld and a 
portion of the segment base in the segment descriptor 
memory, and then stored in a register corresponding to the 
?rst physical address memory. 

29. The system of claim 26, Wherein the segment descrip 
tor memory includes at least a register and/or a cache. 

30. The system of claim 26, further including a bus 
interface capable of coupling the segmentation unit to the 
memory subsystem, and for performing memory accesses in 
response to physical address information from said segmen 
tation unit. 

31. The system of claim 30, Wherein said bus interface 
provides either separate address/data lines to said memory, 
or multiplexed address/data lines. 

32. The system of claim 26, Wherein the segment descrip 
tor memory is further capable of storing: 

(iv) information describing Whether said page frame can 
be used for an address translation. 

33. The system of claim 26, Wherein the segmentation unit 
also uses either or both indeX and displacement information 
to generate the linear address information. 

34. A method of calculating physical addresses from 
virtual addresses, said method comprising: 

a) calculating a ?rst physical address, having a ?rst page 
frame ?eld and a ?rst page offset ?eld, based on a 
virtual address; 

b) storing said ?rst page frame ?eld of said ?rst physical 
address; 

c) calculating a second physical address based on a 
second virtual address including a second page frame 
?eld and a second page offset ?eld; 

d) generating a third physical address based on the ?rst 
page frame ?eld and the second page offset ?eld; 

e) generating a memory access request based on said third 
physical address. 

35. The method of claim 34, further including a step: canceling said access request to memory using said third 

physical address if the ?rst page frame ?eld is not equal to 
the second page frame ?eld of said second physical address. 

36. The method of claim 34, Wherein the page frame ?elds 
most recently used by the computer system are stored. 

37. The method of claim 34, further including a step: 
checking Whether the ?rst page frame ?eld can be used for 
an address translation. 


