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E
The present invention pertains to the field of

microprocessors. More specifically, the present invention relates

to an address generation unit in a microprocessor.

BACKGROUND OF THE INVENTION

A computer system can generally be broken into three

basic blocks: a central processing unit (CPU), memory, and an
input/ output interface (I/0). These blocks are interconnected by -
one or more buses. Typlcally, an input device, such as a keyboard

mouse, disk drive, etc., is used to input data and/or computer
programs to the computer system through the computer's I/O
device. The con@puter programs instruct the computer system as
tohow the data .should be processed. These instructions and data
are usually stored in memory. The CPU retrieves the data stored
in the memory and processes the data according to the
instructions. The results can be stored back into memory or
outputted via the 1/0 interface to a printer, video monitor,
speaker, etc. For example, a user can enter characters by typing
on a keyboard. With the help of a wordprocessing :software
program, the document can be formatted, spell-checked, cut-and-

pasted, and otherwise manipulated. The document is usually



one or nore buses. Typical ly, an input device, such as a keyboard, nouse,
etc., is used to input data and/or conputer prograns to the
The conput er prograns

di sk drive,

canputer systemthrough the conputer's |/0O device.
i nstruct the conputer systemas to how the data should be processed. These

I nstructions and data are usually stored in nenory. The CPU retrieves the

data stored in the nenory and processes the data according to the

i nstructions. The results can be stored back into nmenory or outputted via
the I/Ointerface to a printer, videp nonitor, speaker, etc. For exanple,
user can enter characters by typing

wor dpr ocessi ng software program the docunent can be formatted,

spel | - check

usual l'y

Sijs’played on a computer screen while it is being
finished draft can be printed out and saved electronically onto a
disk drive for subsequent retrieval.

When a computer program changes a value stored in
memory, it is performing a "store" operation. And when the
computer is retrieving an instruction or data from memory, it is
performing a "load" operation. Each of these load and store
operations require an address that specifies a location in memory.
In a store operation, the address specifies a location in memory
that is available for storing the data. In a load operation, the
address specifies the location in memory where the desired
instruction or data resides.

Typically, in a modern corriputer system, there are several
different varieties of addressing reﬂecﬁng different levels of
abstraction. For example, in the Intel x86 architecture, there are
the logical, linear, and physical addresses.

The logical address is specified in the assembly language or
machine code program, and consists of a selector and an offset.
The offset is formed by adding together 3 componénts: base,
scaled index and displacement. The logical address space is,
therefore, segménted. |

The logicai address (consisted of segment, offset) is
transformed to a flat linear address by adding a segment base
corresponding to the segment selector to obtain a linear address.
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5. di spl ayed on a conputer screen while it is being drafted. The finished
draft can be printed out and saved el ectronically onto a disk drive for

subsequent re&g&g&a&sB&nRzIQMﬁn a conputer program changes a val ue stored
in menory, it "store" operation. And when the conputer S
retrieving anl ﬂmwm data fromnenory, it is performng a "l oad"
oper ati on. d and store operations require an address that
specifies a location in nenory. In a” séoTe operation, the address specifies
a location in nmenory that is available for storing the data. In a | oad
operation, the address specifies the location in nmenory where the desired
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I's, therefor egne
memory. The limited amount of physical memory is extended by

sécondary storage, such as a hard disk drive.

As mentioned above, a logical address consists of a segment:
offset pair, and the offset is often itself calculated via a formula
such as _ |

base-register
+ index-register * scale
+ immediate.
Correspondingly, this implies that the linear address is
segment-base + base-register .
+ index—i'egister * scale
+ immediate. |
These formulae and the encodings used to represent them in the
instruction stream are called "addressing modes.;'

Addressing modes are motivated by several reasons. First
someﬁmés addressing modes permit programs to be smaller (e.g.,
by reducing address size). Instead of placing a 32-bit multiple bit
logical offset constant in an instruction, they sometimes permit a
smaller 1 byte specification of a register, for example. (Note that
this is not always true) Second, addressing modes penmt

»  programs and subroutines to be written when the addresses of



The | ogical address (consisted of segment, offset) is transforned to a flat
| i near address by addi ng a segnent base corresponding to the segnent
selector to obtain a |inear address.
- 3- Both the logical and |inear address spaces may be | arger than
t he anmount of physical menory in a system A technique called virtua
menory is used to translate the linear address into a physical address used
to address a limted amount of physical nmenory. The |imted anount of
physi cal nenory is extended by secondary storage, such as a hard disk
drive. As mentioned above, a |ogical address consists of a segnent
offset pair. The offset is often itself calculated via a formula

data are not kriown in advance. The address can be calculated

from input and placed in a register. Third, addressmg modes

permit some frequent calculations to be encoded within the

memory reference instruction, rather than reQuin‘ng separate

instructions.

The base registers are generally used by compilers to point
to the start of the local variables or arrays. In addition, index
registers are used to access the elements of an array or a string of
characters. Furthermore, the index register’s value can be
multiplied by a scale factor (e.g., 1, 2, 4, 8, etc.) which is useful in
accessing arrays or similar structures. Lastly, a displacement is
added for calculating the final effective address.

Memory can be divided into one or more variable length
segments, which can be swapped to disk or shared between
programs. Memory can also be organized into one or more
"pages". Segmentation and paging are complementary.
Segmentation is useful to application programmers for organizing
memory in logical modules, whereas pages are useful to the
system programmer for managing the physical memory of a

1
system. Typically, a segmentation unit is used to translate the
logical address space into a 32-bit linear address space. A paging
unit is then used to translate this linear address space into a
physical address space. Itis this physical address that appears on

a microprocessor chip's address pins.



such as base-regi ster + index-register * scale
+ imedi ate. Correspondingly, this inplies that the |inear address is

segnent - base + base-register + index-register * scale
+ i mredi ate. These fornul ae and the encodi ngs used to represent themin the
I nstruction streamare call ed "addressi ng nodes. " Addr essi ng nodes are

noti vated by several reasons. First sonetines addressi ng nodes permt
prograns to be smaller (e.g., by redugi ng address size). Instead of placing
a 32-bit multiple bit |ogical offset constant in an instruction, they
sonetinmes permt a smaller 1 byte specification of a register, for exanple.

(Note Rt L1, T8 Bl CHAYS, BEUSHCRECOobn s 1R OR0E) A 1o
perform the address calculations. The AGU is also responsible for
handling all segment opertions and for controlling accesses to all
control/test registers. In the past, AGUs were accustomed to
handling segments having relatively small widths (e.g., 16 bits).
Eventually,-advances in microprocessor technology have led to
wider and wider segments. At first, in the Intel™ 8086
architecture, a segment selector was used to build the descriptor.
Then, in the Intel™ 286 architecture, a 16-bit protected mode
used the selectox; to access memory for the 48-bit descriptor.
Eventually, the Intel™ 386 architecture which had a 32-bit
protected mode, used the sélector to access memory for the 64-bit
descriptor. In order to maintain backwards compatibility with
previous software, these additional bits were written into
separate positions by the operating system. However, these non-
contiguous segments are rather difficult to process by the
hardware.

Another problem associated with prior art AGU designs is
that as segment widths increased, the width of the buses
correspondingly needed to increase. However, increasing the bus
width is expensive, as it consumes a great deal of silicon area (i.e.,
die size). Increasing the die size means that less dies can be made
from a given wafer. This directly translates into higher

production costs.



4- data are not known in advance. The address can be cal cul ated from

I nput and placed in a register. Third, addressing nodes permt sone
frequent calculations to be encoded within the nmenory reference

i nstruction, rather than requiring separate instructions. The base
regi sters are generally used by conpilers to point to the start of the

| ocal variables or arrays. In addition, index registers are used to access
the elenments of an array or a string @f _characters. Furthernore, the index
register's value can be nmultiplied by a scale factor (e.g., 1, 2, 4, 8,
etc.) which is useful in accessing arrays or simlar structures. Lastly, a
di spl acenent is added for calculating the final effective address.

be Sveppod Lo di Sk Of Shar o Bl vaon o oot ane, Vonory o o o0 be. oF gan z6d
into one oramdstow. One of the factors slowing down the address generation
process is attributable to the use of two different descriptor
tables. A selector value gives the offset into one of these
descriptor tables. Hence, a typical AGU first reads the selector,
determines which of the two tables to access, and then actually
reads the descriptor value from that table. This process is rather
slow and cumbersome.

Furthermore, the next generation of microprocessors are
incorporating out-of-order processing. In other wdrds,
instructions are not necessarily being executed in the same
sequence implied by the source program. In addition, the source
code is also being processed speculatively. Speculation is the
technique of guessing which way the program will proceed, and
performing the éxecution down that path. This implies that there
exists a method of correcting erroneous speculations.

Therefore, there is a need in pﬂdr art AGU's for a design
that accommodates out-of-order ahd specula_tive processing. It
would be preferrable if such an AGU were also backwards
compatible. It would also be preferrable for such an AGU to have.
a limited bus width without sacrificing efficiency and also be fast,
and flexible. |



"pages". Segnentation and paging are conpl enentary. Segnmentation is useful
to application programrers for organi zing nmenory in |ogical nodules,

wher eas pages are useful to the system programer for managi ng the physical
menory of a system Typically, a segnentation unit is used to translate the
| ogi cal address space into a 32-bit |linear address space. A paging unit is
then used to translate this linear address space into a physical address
space. It is this physical address t hat appears on a m croprocessor chip's
addr ess pi ns. - 5- In many CPU s, °
an Address CGeneration Unit (AQJ) is used to performthe address

CalCU|atiO;§;Dﬁg&§§ I , ble for handling all segnent
opertions to al

The present invention pertains to an address generation unit

(AGU) of a microprocessor in a computer system. One of the
functions of the AGU is to generate an address corresponding to an
entry stored in memory. In order to provide backwards
compatibilty with computer programs written for predecessor
microprocessor architectures, portions of the segment descriptor,
which contains the base, limit, and segment rights values used in
calculating and checking the address, are stored in separate
sections. Because this format is awkward to process, the separate
portions constituting the base and limits are rearranged so as to
form a segment having contiguous base, limit, and rights values.
The contiguous base, limit, rights, and selector bits are then stored
in a register file. Copies of the base and limit are stored in control
registers and broadcast to other units. Furthermore, a resettable
null bit is stored in another register, indicating whether segment
selector is null. In addition, the AGU includes a means for
selecting a particular field of the register file and ﬁérforming
read/write operations on the selected field.

The AGU aiso has the capability of dispatching a segment
loads from two different descriptor tables (e.g., local and global
descriptor tables). The AGU then determines which of these two
segment loads should not have been dispatched and cancels that

load. Furthermore, the AGU can load descriptor data into a



control/test registers. In the past, AGJs were accustoned to handling
segnents having relatively small widths (e.g., 16 bits).
Eventual | y, -advances in m croprocessor technol ogy have led to w der and

wi der segnents. At first, in the Intel 8086 architecture, a segnent

sel ector was used to build the descriptor. Then, in the Intel[err] 286
architecture, a 16-bit protected node used the selector to access nenory
for the 48-bit descriptor. Eventually, gthe Intel[err] 386 architecture

whi ch had a 32-bit protected.node, used the selector to access nenory for
the 64-bit descriptor. In order to nmaintain backwards conpatibility with
previ ous software, these additional bits were witten into separate

posi tions by tempopararegisteystBnis desenptor dasads then cbackeddg thegnent s
are rather difficuéé?to,pyocess by the hardware. Anot her probl em
associ at ed wAGUpbetoreitisdoadead inte ansarchiteciradneeiingd egistets eased,
the wdth of the buses correspondingly needed to increase. However,
increasing the bus width is expensive, as it consunes a great deal of
silicon area (i.e., die size). Increasing the die size neans that |ess dies
can be nmade froma given wafer. This directly translates:into higher
producti on costs.



-'6- Yet another problemw th prior art AGJ designs is that they are
slow. One of the factors slow ng down the address generation process is
ajtributable to the use of two different descriptor tables. A selector

val ue gives the offset into one of these descriptor tables. Hence, a
typical AQU first reads the selector, determ nes Wﬁkgﬁaﬂhs hg LYo, ables to
access, and then actually reads the descriptor val e. This
process is rather slow and cunbersone. Furt her Hml] WHE
generation of mcroprocessors are ingogpprating'out essing. In

ot her words, instructions are not necessarily being executed in the sane
sequence inplied by the source program In addition, the source code is

al so being Erocessed SFecuIativeli. SEecuIation is the

The present inventon is illustrated by way of example, and

not by way of limitation, in the figures of the a_céompanying
drawings and in which like reference numerals refer to similar

elements and in which:

Figure 1 shows the computer system upon which a

preferred embodiment of the present invention is implemented.

Figure 2 shows a block diagram illustrating an exemplary

processor incorporating the teachings of the present invention.
Figure 3 shows two 32-bit code/data segment descriptors.

Figure 4 shows a read segment limit operation.



t echni que of guessing which way the programwi |l proceed, and perform ng
t he execution down that path. This inplies that there exists a nethod of

correcting erroneous specul ati ons. Therefore" there is a need in prior
art AGQU s for a design that acconmodates out - of - %h ecul ative
processing. It would be preferrable if such an A rds
conpatible. It would al so be preferrable for such alimted
bus width without sacrificing efficiddtcy and al so eX|bIe

-7- SUMMARY OF THE | NVENTI ON The present invention pertains to an

address generation unit (AGJ) of a mcroprocessor in a conputer system One

of the  DETAILED DESCRIPTION

An addre-ss generation unit is described. In the following
description, for purposes of explanation, numerous specific details
are set forth, such as registers, modes, violations, faults, etc., in
order to provide a thorough understanding of the present
invention. It will be obvious, however, to one skilled in the art
that the present invention inay be practiced without these specific
details. In other instances, well-known structures and devices are
shown in block diagram form in order to avoid unnecessarily
obscuring the present invention.

Referring to Figure 1, the computer system upon which a
preferred embodiment of the present invention is implemented is
shown as 100. Computer system 100 comprises a bus or other
communication means 101 for communicating information, and a
processing means 102 coupled with bus 101 for prz)cessing
information. Processor 102 includes, but is not limited to
microprocessors; etc. System 100 further comprises a random
acéess memory {RAM) or other dynamic storage device 104
(referred to as main memory), coupled to bus 101 for storing
information and instructions to be executed by processor 102.
Main memory 104 also may be used for storing temporary
variables or other intermediate information during execution of
instructions by processor 102. Computer system 100 also
comprises a read only memory (ROM) and/or othex:* static storage

device 106 coupled to bus 101 for storing static information and



functions of the AGU is to generate an address corresponding to an entry
stored in nmenory. In order to provide backwards conpatibilty with conputer
progranms witten for predecessor mcroprocessor architectures, portions of
t he segnent descriptor, which contains the base, limt, and segnent rights
val ues used in cal culating and checking the address, are stored in separate
sections. Because this format is awkward to process, the separate portions
constituting the base and linits arellearranged so as to forma segnent
havi ng contiguous base, limt, and rights values. The conti guous base,
limt, rights, and selector bits are then stored in a register file. Copies

of the base,and limt are stored i ontrol registers and broadcast to

other units mm%?@r PIOCES ST 3-9%6 a Ga?a SEOLAgH _aﬁ"il@ﬁ 4ot sech

nel udes a AednEreneleiadk of SRR kR diire oftrsondiigiik Mtivee an

Efthm capiiA HioraRe HERRE FO7 SR I AR LON IS vtpsine  foron
pt or ag?%ﬁﬁg$ﬁ¥gg§%i?%g&ggg@%%%obal descriptor tables). The AGJ then

det erm nes | oads should not have been di spatched

and cancel s t hat dagutby'syR8sHP1 00 iy ARHA 6 Riplesctd Rl @spiaya 1 nto a
device 121, such as a cathode ray tube (CRT) or liquid crystal
display (LCD) coupled to bus 101 for displaying information to a
computer user. An alphanumeric input device 122, including
alphanumeric and other keys, may also be coupled to bus 101 for
communicating information and command selections to processor
102. An additonal user input device is cursor corip*ol 123, such
as a mouse, a trackball, stylus, or cursor direction 1l<eys, coupled to
bus 101 for communicating direction information and command
selections to processor 102, and for controlling cursor movement
on display 121. Another device which may be coupled to bus 101
is hard copy device 124 which may be used for printing
instructions, data, or other i@fq;maﬁon on a medium such as
paper, film, or similar types of ﬁédia. Furmerr_nore, a sound
recording and playback device, such as a speaker and microphone
may optionally be coupled to bus 101 for interfacing with
computer system 100. Note that any or all of the c‘omponents of
system 100 and associated hardware may be used in a preferred
embodiment, however, it can be appreciated that any type of
configuration of the system may be used for various purposes as

the user requires.



-8- tenporary register. This descriptor data is then checked by the AGU
before it is |loaded into an architecturally defined register.

-~ 12 -

Referring now to Figure 2, a block diagram illustrating an -
exemplary processor 102 incorporating the teachings of the
present invention is shown. The exemplary processor 102
comprises an execution unit 201, a bus controller 202, a data
cache controller 203, a data cache 204, retirement logic 207, and
an instruction fe‘:tch and issue unit 205 with an integrated
instruction cache 206. The elements 201-206 are coupled to each
other as illustrated. Together they cooperate to fetch, issue,
execute, and save execution results of instructions in a pipelined
manner. ' . |

The instruction fetch and issue unit 205 fetches instructions
from an external memory through the bus controller 202 via an
external system bus. Bus controller 202 manages é‘ansfers of
data between external components and processor iOZ. In
addition, it also manages cache coherency transfers. The
instruction fetch and issue unit 205 then issues these instructions
to the execution unit 201 in an in-order sequence. Basically, the
execution unit 201 performs such functions as add, subtract,
logical AND, and integer multiply. Some of these instructions may
be fetched and issued speculatively. The execution unit 201 holds
and executes the integer and floating point instructions whén
their operand dependencies on execution results o.-_"{'preceding
instructions are resolved. This includes those integer and floating

“point instructions that are speculatively fetched and issued. In
similar fashion, the execution unit 201 holds and forwards the



BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention is illustrated
by way of exanple, and not by way of |imtation, in the figures of the
acconpanyi ng drawings and in which Iike reference nunerals refer to simlar
el ements and in which:

one Figure 1 shows the conputer system upon which one preferred

enbodi nent of the present invention is inplenented. Figure 2 shows a
bl ock diagramillustrating an exenplary processor incorporating the

t eachi ngs of the present invention~ 13 = Figure 3 shows, a 64-bit

code/ dat a segnent descriptors. Figure 4 shows a read segnent |im:t
oper ati on.

results of executing an instruction to the retirement logic 207.
Retirement logic, 207 commits the states of these instructions to
whatever permahent architectural state that was designated by
the original source code. Data cache controller 203 controls the
access of data to/from the data cache 204, Datatache 204 is a
fast, small, hardware-maintained scratéhpad memory which can
be reached in fewer clock cycles than main memory by loads and
stores. The data cache controller 203 and the data cache 204
respond to the load instructions irrﬁnediately, foméarding data if
necessary. In contrast, store instructions are buffered until the
retirement logic indicates that their state can be committed. In
other words, instructions are not necessarily executed/forwarded
in the order they were issued. Moreover, some instructions are
speculatively executed/forwarded. In any case, the execution
results of the integer, floating point, and load instructions are
buffered, and then retired or committed in order. In comparison,
the buffered store instructions are retired or committed in order
and then executed in the "background,” at the conYenience of the
memory system. Speculative integer, floating poin'é, and load
execution results and buffered stores expedited due to mis-
predic‘ted brancl;1es are purged.

The insrruétion fetch and execution unit 205 is intended to
represent a broad category of instruction fetching and issuing
elements found in many computer systems. Their constitutions
and functions are well known and will not be further described.



-7 10 - DETAI LED DESCRI PTI ON An address generation unit is described.
In the follow ng description, for purposes of explanation, numerous
specific details are set forth, such as registers, nodes, violations,
faults, etc., in order to provide a thorough understanding of the present
invention. It will be obvious, however, to one skilled in the art that the
present invention may be practiced wi thout these specific details. In other
i nst ances, wel'l -known structures amdldevi ces are shown in bl ock di agram
formin order to avoid unnecessarily obscuring the present invention.
Referring to Figure 1, the conputer system upon which one enbodi nent of the
present invention is i Ienggte?xis . ) .

In the presently preferred embodiment, the instruction fetch and

issue unit 20S includes an instruction cache 206. The instruction

cache 206 is a fast local memory that holds the instructions to be

executed. When a program attempts to access an instruction that

is not yet or no longer in the cache, the processor must wait until

hardware fetches the desired instructions from another cache or

memory downstream. It is the responsibility of the instruction

fetch and issue umt 205 to decide which instruction cache entry

ought to be accessed next for maximal program performance. In

the currently preferred embodiment, the instruction cache 206

and data cache 204 exists in a memory hierarchy. The hierarchy

is comprised of a small but extremely fast L1 cache. If a memory

"access to the L1 cache results in a miss, the access is passed on to

a bigger, but slower, L2 cache. And if that also results in a miss,

the memory access goes to the L3 cache or to the main memory if

the processor haPpens to not have an L3 cache. The data cache

controller 203 is used for page miss handling. Furthermore, there

isno requiremerit for the instructions to be fetched from aligned

memory locations. In other words, an instruction may be fetched

from memory locations spanning two cache lines. However, it will

be appreciated that the present invention may be practiced with

or without an instruction cache, or with a combined

instruction/data cache. If an instruction cache is implemented,

| 3
# &

page misses may be handled by a dedicated page miiss handler,

and instructions may be fetched from aligned memory locations.



sﬁomn as 100. Conputer system 100 conprises a bus or other comunication
means 101 for comrunicating information, and a proﬂﬁg&&gg.neans 102 coupl ed

wi-t h bus 101 for processing information. Processpr LBijt 1s not
limted to m croprocessors, etc. System 100 further andom
access nmenory (RAM or other dynam c storage device to as
mai n menory), coupled to bus 101 for storing informati on and 1 nStructions

to be executed by processor 102. Main bBnory 104 al so nay be used for
storing tenporary variables or other intermediate information during
execution of instructions by processor 102. Conputer system 100 al so

O et oo T B TSRy Bkl Supliheht s AGTROC cevi e 109
- 11 - responsible for performing address calculations, handling all
segment operations and controlling accesses to all control/test
registers. The AGU contains one or more address calculation
blocks for calculating linear and effective addresse's, as well as
checking for segment limit violations, alignment faults, and
performing access time protection checks. The AGU also contains
a segment block which holds the segment register file, handles all.
the segment register loads, and contains the hardware which
performs protection checks for segment register loads. '

If the limit violation and access time protectign checks for a
memory operation is successful, the AGU sends an address to the
memory subsystem where the access is performed, and its
function is complete. If the AGU detects a fault on the operation,
the AGU drives f‘ault status back to the retirement logic 207'and
cancels the operation in the memory subsystem. If a segment
load operation (i.e., loading segment register data) detects a fault,
the AGU drives fault status back to the retirement logic 207. If
the operation requires further microcode assistance, the AGU
drives a vector for assistance on the operation. Otﬁerwise, the
operation completes successfully. A more detailed description is
recited in U.S. Patent No. , entitled "Method and
Apparatus for Ldading'a Segment Register in a Microprocessor

Capable of Operating in Multiple Modes," filed on

, and assigned to the assignee of the present invention.



instructions for processor 102, and a data storage device 107 such as a
magneti c disk or optical disk and its correspondi ng disk drive. Data

st orage device 107 is coupled to bus 101 for storing-information and

I nstructions. Comput er system 100 nmay further be coupled to a display
devi ce 121, such as a cathode ray tube (CRT) or Thjs@héctts U&Ia usplay
(LCD) coupled to bus 101 for displaying |nfornatHB user. An
al phanuneric i nput device 122, includigng al phanu keys may
al so be coupled to bus 101 f or conmuni cat i ng |nfornat|on a

sel ections to processor 102. An addi'tional user input deV|ce i s cursor

coys, °Loﬁﬁf”e£$8ﬂsa§ IR 200K aééﬁ%@ﬁ%%ﬁew TSN
i spl ay 1219 ﬁei%aﬁa&#&ﬁisﬁé% (Vs RIS scffipdiRecRe a@w,fa:aqz%e@sg; .
ot on HERTEEER 6 R A O el ot
o SER GG e dhatesAPhIEA TG ISRl g o Soesier ane
conput er  syspégsiviifon Neaohh 3§ w3ed & hfld ﬁeﬁ@%ﬁ@mmtﬁaehave not
yet executed and dispatches them according to data dependencies
and resource availability. It is the reservation station that sends
control and opcode information to the AGU. In certain execution
modes, memory addressing is controlled via a set of segment
registers. These segment registers are explicitly loaded with
segment descripfors from memory via microcode sequences. All
memory accesses which use a given segment register are
implicitly related to the associated segment base address. There
is also a limit for each segment of memory. Read/write rights are
checked for each membry reference based on the rights in the
segment register. '

In the currently preferred embodiment, segment descriptors
are stored in memory in a format that has been maintained over
many generations of microprocessor architecture. This format is
used to provide backwards compatibility with software written
for the earlier architectures. As a result, this format stored in
memory is unwieldy for storing the descriptors in the segment
register file of the AGU. ' '

Referring to Figure 3, a single descriptor composed of a

lower 32-bit value 302 and an upper 32-bit value 301 is shown.



system 100 and associ ated hardware may be used in a preferred enbodi nent,
however, it can be appreciated that any type of configuration of the system

nmay be used for various purposes as the user requiThiSheet Has Been eplac
- 12 - Referring now to Figure 2, a block di ang an
exenpl ary processor 102 incorporating the teachingiHlﬂlHHD IEEt

I nvention is shown. The exenplary processor 102 .co ution unit
201, a bus controller 202, a data cacfye controller 203, a data cache 204,

retirement |ogic 207, and an instruction fetch and issue unit 205 with an
i ntegrated instruction cache 206. The el enments 201-206 are coupled to each

It can be seen that this descriptor contains intermixed ﬁelds. For
example, bits O-7 of value 301 contains bits 23 through 16 [23:16]
of the base. Bits 8-15 contain the Access Rights (AR). Bits 16-19
of value 301 contain bits [19-16] of the limit. Bits 20-23 contain -
the granularity (G) and data size (D) bits. Bits 24-31 of value 301
contains bits [31:24] of the base. Value 302 contains bits {15:0] of
 the Limit and bits [15:0] of the base.

In the present invention, these fields are unscrambled when
a segment descriptor is loaded so that 'they form contiguous fields.
Specifically, bits 0-15 of value 302 and bits 16-19 of value 301
are unscrambled to become bits 0-19 of the unscrambled
code/data segment descriptor 303. Likewise, bits Q-7 and 24-31
of value 301, along with bits 16-31 of value 302 are unscrambled
to form bits 24-55 of segment 303. The G and D bits are placed in
bit positions 20-23 of segment 303, and the AR byte is placed in
bits 56-63 of segment 303. Note that the limit and base have
been consolidated. |

A single register in the register file 303 now contains the
segment descriptor stored in a contiguous manner. Individual
fields of this register can be read and written by microcode,
requiring uops for reading and writing it in sectioris. These
code/data segment descriptor registers store inforfnation fora
memory segment. The segment base is used by the adder to
calculate the linear address when accessing a segment, The limit
is used to check the effective address for limit violatons. The G-



other as illustrated. Together they cooperate to fetch, issue, execute, and
save execution results of instructions in a pipelined manner. The
instruction fetch and issue unit 205 fetches instructions from an external
menory through the bus controller 202 via an external system bus. Bus
controller 202 manages transfers of data between external conponents and
processor 102. In addition, it also manages cache coherency transfers. The
instruction fetch and i ssue unit 205 {ghen i ssues these instructions to the
executi-on unit 201 in an in-order sequence. Basically, the execution unit
201 perfornms such functions as add, subtract, |ogical AND, and integer

mul tiply. Sone, of these instructigons, may, be fetched and i .ssu
specul at i vebPjt isthsed tocexpand Qﬂ-ﬁm mtéspré?ﬁﬁregﬁ%%‘tlg%ﬂ eger and

1021110 PoL L AP ANSI NP AR L Ay S9SN USRI ShethaiiEl 1 on
a1 ont | "RaRoLAL SLCUS BRRGIB! RS BRFREHLSA Kebip i Baagrd | osued
segment limit.

In the currently preferred embodiment, an index value 304
is used to index into the segment descriptor table specified by the
TI bit 305. The TI bit 30S indicates whether the local descriptor
table or the global descriptor table is to be used. Farthermore, a
requester privilege level (RPL) value 306 is used in conjunction

~with the descriptor privilege level (DPL) in the AR byte and the
current privilegé level to check the segment for privilege
violations when loaded. The index 304, TI bit 305, and RPL 306
are combined to form the selector value 307. Selector 307 is used
as an offset into the appropriate segment descriptor table. In
addition, a zero detect 308 sets the null bit 309 if both the index
304 and TI bit 305 are zero and the processor is in the protected
mode. Otherwise, the null bit 309 is cleared. If the' null bit 309 is
set, any access using that segment register generatés a faﬁlt. Note
that the selector 307 and the null bit 309 are stored with the
descriptor 303 (i.e., they are part of the same register).

There are xiﬁcroinstrucdons defined to read/write each field
in the descriptor. This includes operations to read and/or write
the selector, the access rights, descriptor privilege level (DPL), the
G and D bits, the limit, and the base. There are also read/write
microinstructions defined to transfer entire segments between



-713 - results of executing an instruction to the retirenent |ogic 207.
Retirenent logic 207 conmmts the states of these instructions to whatever
permanent architectural state that was designated by the original source
code. Data cache controller 203 controls the access of data to/fromthe
data cache 204. Data cache 204 is a fast, small, hardware-maintained
scratchpad nmenory which can be reached in fewer clock cycles than main
menory by | oads and stores. The data tache controller 203 and the data
cache 204 respond to the load instructions imediately, forwarding data if

necessary. In contrast, store ipstructions %gg bg&{ened until the
retirement EBEFES ofitharegisterfilecihedmmmediate slatadmput for thaset her

they wer o i SEaG(WHlis PBrEAticl, BaRared il BRuriaht 18,568 pdmedy, - O
frgggfﬁg/Lg?ﬁgﬁﬁgggﬂkgﬁgg%ﬂgﬁﬁﬁg?ﬁgﬁsegsgution results of the integer
On a memory access the segment base is reaq out of the
register file and an ADD function is performed on it to obtain the
linear address. This read takes a clock cycle. Invalid operatidns
are detected, and the register file is not read for those invalid
operations. Thié feature is implemented by using the default
segment register address (i.e., there is no segment register entry
associated with it). Every clock cycie that.th'e reservation station
is not sending a real ‘access, it sends all "0's" on the address lines
which does not correspond to a segment register file (SRF) entry.
In the currently preferred embodiment, the r;egister file
containing the segments and selectors is 96 bits wide. However,
the data path of the AGU is only 32 bits wide. This means that
only 32-bit read/write operations can be performed on the
register file. Consequently, field read/write operations are
defmed so that certain bits of the register file can be selectively
written to or read from. One of the inputs the AGU receives with
these operations is an indicator specifying which field to read or
write. These segment register file field operations include: a read
selector field, a write selector field, a read rights ﬁe}d, a write
rights field, a read segment limit field, a write segngént limit field,

a read segment base field, and a write segment base field.



buffered, and then retired or conmtted in order. In conparison, the
buffered store instructions are retired or conmmtted in order and then
executed in the "background," at the conveni ence of the nenory system
Specul ative integer, floating point, and | oad execution,results and
buffered stores expedited due to m s- predicted branches are purged.

The instruction fetch and execution unit 205 is intended to represent a
broad category of instruction fetchtngCand issuing elenents found in many
conput er systens. Their constitutions and functions are well known and wi ||
not be further described. - 14 - In

t he presentl referred.enbodi nent, ,the instructi,on fet.ch and
P Y Prehed r&sa _srgfegtor fleld operation réads out the data in the

selector field bits of the segment register in the register file.
These bits are driven out from the AGU on the writeback bus, and
a writeback data valid bit is set. The 16 bits are right justified on
bits [15:0] of the writeback bus, and the upper 16 bits are forced
to zero. The write selector field operation writes data into the
selector field segment register in the register file. The data comes
into the AGU on the lower 16 bits of a source 2 input.

The segment register to be written to is indicated on the SRF
address ini)ut. Source 2 is a data input to the AGU'from the
reservation station. SRF address input is a 4-bit field which,
normally indicafes the segment register to be used for a memory
access. | o

The read rights field operation reads the data in the access
rights field of the descriptor along with the data in the G/D bit
field. The data ordering is changed so that the bits end up in the
correct order as specified by the architecture. The write rights
field operation writes the AR byte and the G-D bit fields of the

- segment descriptor specified by the destination seément register
address on the SRF address input. The AR byte arrives on bits
[15:8] and the G-D bit fields on bits [23:20] of source 2. The other
bits of the descz'{ptor are left unchanged. .

Figure 4 sh_ows a read segment limit operation. The reéd
segment limit field operation reads the 20-bit limit value 401

from segment register 402 and converts it to a 32-bit value based



i Ssue unit 205 includes an instruction cache 206. The instruction cache 206
Is a fast local nenory that holds the instructions to be executed Wen a
program attenpts to access an instruction that is e hgﬁger in

t he cache, the processor nust wait until hardware

I nstructions from another cache or nenory downstrea hi %IW
responsibility of the instruction fetch and issue u de which
instruction cache entry ought to be-agtessed next for naximl program
performance. In the currently preferred enbodi nent, the instruction cache
206 and data cache 204 exists in a menory hierarchy The hierarchy is

conpri sed of gtﬂn 1 m oft r%g fﬁﬁl hé_tgg{éﬁg ﬁly,g%%ezﬁpﬁgis to the

L1 cache resu_ts e access IS

sl ower, ﬁ%‘i‘\ééf'té&ﬁ ﬁr‘iﬁekféﬁﬁn} tl?e %ﬁ?éﬁ 12! Bits! %-access

goes tO the L3 ca r to the nal n nenor processor happens to not

have an L3 ¢alilsyte Qmﬂalm@a%ﬁfmoaldtﬁftﬁﬂfe 29 bRedniielefeBy 1P SS

handl ing. Furthérnore, theré is no requirenent for the instructfons to be

fetched froined itheatppem2( bitcef the writebatkeandahdslower i1 bitscaieon nmay
be fetched fromnenory | ocati ons spanning two cache |ines. However, it wll

be appr eci afdted intwitheoness &he fill efitomes isapetessarycic endunetthatr wi t hout
an instruction cache, or with a conbined instruction/data cache. |f an

i nst ruct i oneagbhbyte of thedastvadid page of 5‘@@§eg@}eryéaﬁen:@madayed dedi cat ed
h
page m ss a%cf "If the hnnt were filled in with zeros, then a limit violation

would occur when trying to access the bytes on the last page of

the segment. The converted limit is driven onto the 32-bit
writeback bus 405. The write limit field operation takes input
from source 2 and writes it to the lower 20 bits of the segment
register file. The rest of the register is left unchanged.

The microcode changes the G-bit via the write AR-byte field
operation in order to alter the granularity of the limit.

The read segment base field microoperation reads the 32-bit
segment base out of the segment register and drives it on the
writeback bus. The write segment base field microoperation
writes the 32-bit source 2 value into the segment base field of the

- segment register file.

In the currently preferred embodiment, the following

microcode is used to implement the process described in Figure 5:

tl - 1d_descriptor_cond
(* GDTR: (memory address) -

) write_selector (selector_temp)



and instructions may be fetched fromaligned nenory |ocations.

- 15 -
responsi bl e for

In the currently preferred enbodi nent, the AGU is

perform ng address cal cul ations, handling all segnent

operations and controlling accesses to all control/test registers. The AGJ

contai ns one or

nore address cal cul ation blocks for calculating |linear and

effective addresses, as well as checking for segnment |limt violations,
alignnent faults, and perform ng access tinme protection checks. The AGU
al so contains a segment bl ock whi ch-h@2ds the segnent register file,
handl es all the segnment register |oads, and contains the hardware which
performs protection checks for segnent register | oads.

t2 . « ld_descriptor_cond (
+ IDTR: memory address) -
write selector (selector_temp)
descriptor « selec.t . GLOBAL
(t1, t2)

where -

Write_selector (selector_temp) is a microinstruction

modifier that indicates that a temporary selector register should
be modified. '

Ld_descriptor_cond() is a microinstruction loading a 64 bit

descriptor from memory. The load is performed, ﬁowever, only if

the lower bits of the address correspond to the segment selector

GDTR or LDTR associated with the microinstruction; otherwise the

load is cancelled and a special flag is written to the output tl or

t2.

Select . GLOBAL() is a conditional select operation that

selects which ever of its inputs t1 and t2 indicated that the

corresponding 1d_descriptor_cond succesfully completed.

Thus, an address generation unit with segmented addresses

in a microprocessor is disclosed.



Ff the limt violation and access tinme protection checks for a nmenory
operation is successful, the AGUJ sends an address to the nenory subsystem
where the access is perforned, and its function is conplete. If the AGQU
detects a fault on the operation, the AGU drives fault status back to the

retirement |ogic 207 and cancels the operation in Sysfem | f
a segnent | oad operation (i.e., |oading segnent re csi Ects a
fault, the AGU drives fault status pa¢R To the ret| 7. If the
operatlon requires further mcrocode assistance, vect or

for assistance on the operation. O herw se, the operatlon conpletes
successfully. A nore detailed descr'BR' Is recited in U S. Patent
Application No. 07/174,714, entitle hod and _Apparatus—f-er—toading a
Segnent Register in a Mcroprocessor Capable of Operating in NUItljye

presen imventron. o 0 et AR

1. A processor comprising:

a bus;

an execution unit coupled to said bus for performing
arithmetc functions; '

a fetch unit coupled to said bus for determining which entry
is to be accessed;

an issue unit coupled to said bus for accessing said entry
from storage in a memory;

an address generation unit céupled to said bus for
generating an address corresponding to said entry, wherein said
address generation unit is comprised of a segment register file for
storing address segments. )

2.  The processor of Claim 1, wherein said address
generation unit is further comprised of a circuit for rearranging
bit positions of a first segment in order to generate a second

segment having all base bits and all limit bits being contiguous.

3.  The processor of Claim 2, wherein said circuit
rearranges said first segment when said segment is loaded from

memory and stored in said segment register file.



* 16 - In generating an address, the AGU rece| ves data in the form
of a Base address, |ndex (which is scal ed before add t Hag Belen(Biesl eaceme nt
whi ch are added together with the segnent base to cr
address. A small buffer, known as the reservation st to hol d
m cr o- operations that have not yet executed and di spatches themaccording
to data dependencies and resource availability. It is the reservation
station that sends control and opcd‘dez"i it or nat i ontothe-AG&J— +n- ceHai n
execution nodes, nenory addressing is controlled I'a a set of segnen

regi sters. These segnent registers are explicitly u%m"ﬂljtﬁﬂﬂe
es whi ch
t

descriptors fromnenory via m crocode sequences.

use a given segnment register are inplicitly related to e associ at ed
segrment base addt essThehprecessarl sbChaimri fuftherceomprdginghinof menory.
Read/write rights are checked for each nenory reference based on the rights
in the segimstructigirsset, wherein amulesegmentprpducssea fadleonodseent ,
segnent descriptors are stored in nenory in a format that has been

mai nt ai ned over many generations of mcroprocessor architecture. This

f t i '
ormat s 5.  The processor of Claim 4, wherein a resettable null bit

is stored in said segment register file, said resettable null bit

being used to perform null segment detect on said segment.

6. The processor of Claim 1, wherein said address
generation unit performs read and write operations of an entire

segment entry stored in said segment register file.

7. The processor of Claim 1, wherein said address
generation unit performs read and write operations of a particular

field of a segment stored in said segment register file.

8. The processor of Claim 7, wherein said field is a
selector field.

9. The processor of Claim 7, wherein said field is a base
field.

10. The processor of Claim 7, wherein said field is a limit
field.



tised to provide backwards conpatibility with software witten for the
earlier architectures. As a result, this format stored in nmenory is

unwi el dy for storing the descriptors in the segnent register file of the
AGU. Refrgi ShdagHds BedniRgplaced 3, a si ngl e descri ptor conposed of a | ower

32-bit value 30 32-bit value 301 is shown. .

- 17 - I t canﬂ this descriptor contg ' rm xed fields.

For exanple, bi -7 of val ue 301-c@atains bits. ;;m@“ﬂ”?uﬂm,wm 16] of

the base. Bits 8-15 contain the Access Rights (AR).xBict’s’ T8 h al ue 301

contain bits [19-16] of the limt. Bits 20-23 contain the granuldrity (G

and data size (Dl1bi tTheprecessozofoflaim J§,3uherein a read of limit field
causes said value to be scaled based on a granularity bit stored in

said register.

12. The proces.sor of Claim 7, wherein said field is a

descriptor privilege level field.

13. The processor of Claim 7, wherein said field is an

access rights field.

14. The processor of Claim 1, wherein said address
generation unit performs read and write operations of a selector,
an access rights byte, a granularity bit, and a data size bitof a

segment stored in said segment register file.

15. An apparatus comprising:

a bus means for transmitting digital signals; :

an execution means coupled to said bus mear.s for
performing arithmetic functions;

a fetch means coupled to said bus means for déetermining
which entry is to be accessed;

an issue means coupled to said bus means for accessing said
entry ffom storage in a memory means;

an address generation means coupled to said bus means for

generating an address corresponding to said entry, wherein said



contains bits [31:24] of the base. Value 302 cont ai s Shee @ Reglaced t he
limt and bits [15:0] of the base. In the prese t hese
fields are unscranbl ed when a segnent descriptor is t hey

formcontiguous fields. Specifically, bits 0-15 of value 302 an its 16-19
of value 301 are unscranbled to becone bits 0-19 _of the—unscrambl ed

code/ data segnent descriptor 303. Likew se, bits 0-7 and 24_&@&“@({1 ue

301, along with bits 16-31 of val ue=38% are unsckaﬂ@ﬂ H“,J, s 24-55
t

I
of segnment 303. The G and D bits are placed in bi H“‘\L of
segnent 303, and the AR byte is placed in bits 56-6 of segnent 303. Note

that the |inaddeess géaeraﬁm heein ¢ dneompsiated.of a segménPgkgistegi ster in

the register file 303 now contains the segnent descriptor stored in a

cont i guous nmezers fomstorirdgaadfresyiseginentss regi ster can be read and
witten by mcrocode, requiring mcro-operations for reading and witing it
I n sections. These code/data segnent descriptor registers store information

for a menory segnent. The segnent bage is used by the adder to calculate
the linear addrestbuwhehhedpRaraigisof §dabntls wharein said addresso check the

effective address for limt yiﬁllrati'xi ons. The %-
generagon means i1s er comprise

of an arrangement means
for arranging bit positions of a first segment in order to generate a
second segment having all base bits and all limit bits being

contiguous.

17. The apparatus of Claim 16, wherein said arrangement
means rearranges said first segment when said segment is loaded

from memory and stored in said segment register file.

18. The apparatus of Claim 15 further comprising an

instruction set, wherein a null segment produces a fault on use.

19. The apparatus of Claim 18, wherein a resettable null
bit is stored in said segment register means, said resettable null

bit being used to perform null segment detect on said segment.

20. The apparatus of Claim 15, wherein said address
generation means performs read and write operations of an entire

segment entry stored in said segment register means.



eEH rBae‘en'”ﬂe a&eﬁy The
nt has, and
for stack segnents, the direction of expansion of m’m ﬂe
In the currently preferred enbodi nent, an index v ed to i ndex

into the segnent descriptor table specified by .the TI bit 305.. The TI bit
305 indicates whether the |ocal descriptor table or the gl obal descriptor

table is to be used. Furthernore, a-r2fuester p mmllmngmnamm PL) val ue
306 is used in conjunction with the descriptor DPL) in the
AR byte and the current privilege | evel to check*thé segrfent f&r privilege

vi ol ations when |pp \cjnil dl‘i&i‘ls?&ﬂmaﬂn lg_;t where gﬁh@@ gre conbi ned

to formthe selector 7 Sel ector 3 S use as an fset into the
appropri at e g@ausRition Qﬁééh@tpérfb?hiﬁreéd and write operations of a

particular field of a segment stored in said segment register

*18 - bit is usedtoexpandthellmtt0|ts.!c;u
access rights (AR indicate what type of access rLﬁ

means.

22. The apparatus of Claim 21, wherein said field is a
selector field.

23. The apparatus of Claim 21, wherein said field is a base
field.

24, The apparatus of Claim 21, wherein said field is a limit
field.

25. The apparatus of Claim 21, wherein said field is a
descriptor privilege level field. |

26. The apparatus of Claim 15, wherein said address
generation means performs read and write operations of a
selector, an access rights byte, a granularity bit, and a data size bit

. of a segment stored in said segment register means.

27. A 'corhputer system comprising:
a bus;

a main memory coupled to said bus for storing digital data;



dddition, a zero detect 308 sets the null bit 309 if both the inde"x"304 and

TI bit 305 are zero and the processor is in the prot eﬂ,ﬂ" m

the null b|t309|s cleared. If the null bit 309 is s Lﬂm % |ng
307 and t he

t hat segnent % esﬂ-hfaag@nq,qa@gdes a fault. Note that the*sel edtom

nul | bit 309 the descriptor 303 (i.e., they are part of the.
sane reglster re mcroinstructions defined to read/ wite each
field in the descrlpo |S|nclud operations to read and/or wite the
sel ector, the access ri ghts descri ptor pr|V| | ege | evel (DPL), the G and D
bits, thellmt and the base. There a eal rea/vvrlte m.croi nstructions
defl ned to transfIPICHAPTACESSERGAUD bus for processing said

t / f d te dat t for th
el M A sl bR 5 1o (e

an execution unit coupled to said bus for performing
arithmetic functions;

a fetch unit coupled to said bus for determining which
entry is to be accessed; '

an issue imit coupled to said bus for accessing said
entry from storage in a memory;

an address generation unit coupled to said bus for
generating an address corresponding to said entry, wherein
said address generation unit is comprised of a segment

register file for storing address segments.

28. The computer system of Claim 27, wherein said
address generation unit is further comprised of a circuit for
rearranging bit positions of a first segment in order to generate a
second segment having all base bits and all limit bits being

contiguous.

29. The computer system of Claim 28, wherein said circuit
rearranges said first segment when said segment is loaded from

. memory and stored in said segment register file,

30. The computer system of Claim 27 further comprising

an instruction set, wherein a null segment produces a fault on use.



register file to read or wite. On a nenory access the segnent base
is read out of the register file and an ADD function is performed on it to
obtain the |inear address. This read takes a clock cycle. Invalid

operations ar &hitlsfeaitafloe, 0 c%{:e register fileis r for those
invalid operati ' e is inplenented biﬂnmgﬁg m” ﬂ It
segnment regi st M"H#BJ ige., there igs no segne "
associated with . ock cyclg t hat the reservation station is not
sending a real access, it sends all "O s" on the address |ines which does

not correspond to a segnent register file (SRF) entry. In the
currently preferred enbodi nent, the register file containing the segnents

and sel ectors is336 bi ' W ﬂﬂh? AGJ is only 32
bits wide. This ég'énjs i a?bg}%‘j} 2- ﬁen?te(ggtf‘wrl _ g@;‘&?&?@? can be
per for med opefdigabt@ niile'bit i$ Storfed] B Qusdidepméherdaitad /e kgj@per ati ons

are defined so tﬁat certain bits of the reqgi sterghgge can bé selectively
witten to pesé@ablé mill bdnbedhgtised 00 \Perfohm AGU segpieesdetddt dhese
operations is an indicator specifying which field to read or wite. These
segnent regsaidsegment.i el d operations include: a read selector field, a
wite selector field, a read rights field, a wite rights field, a read
segnent limt field, a wite segnent limt field, a read segnent base

field, and a wite segnent base field. ) .
32. he computer system of Claim 27, wherein said

address generation unit performs read and write operations of an

entire segment entry stored in said segment register file,

33. The computer system of Claim 27, whegein said
address generation unit performs read and write operations of a

particular field of a segment stored in said segment register file.

34. The computer system of Claim 33, wherein said field is

a selector field.

35. The computer system of Claim 33, whefein said field is
a base field.

36. | The computer system of Claim 33, wherein said field is
a limit field.

37. The computer system of Claim 33, wherein said field is

a descriptor privilege level field.



-*20 - The read selector field operation reads out the data in the
selector field bits of the segnent register in the register file. These
bits are driven out fromthe AGU on the witeback bus, and a witeback data
valid bit is set. The 16 bits are right justified on bips [ 15: 0] of the
writeback bus, and the upper 16 bits are forced to zero.! The wite sel ector
field operation wites data into the selector field segnent register in the
register file. The data conmes into rhé0AGU on the lower 16 bits of a source
2 input. The segnent register to be witten to is indicated on the
SRF address input. Source 2 is a data input to the AGU fromthe reservation
station. SRF address input is a 4-bit field which normally indicates the

segnent reglster to be used for a nenory
38. The computer system of Claim 27, wherein said

address generation unit performs read and write operations of a
selector, an access rights byte, a granularity bit, and a data size bit

of a segment stored in said segment register file.

— .
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aécess. The read rights field operation reads the data in the access
rights field of the descriptor along with the data in the GD bit field.
The data ordering is changed so that the bits end up in the correct order
as specified by the architecture. The wite rights field operation wites
the AR byte and the G D bit fields of the segnment descriptor specified by
the destination segnent register address the SRF address input. The AR
byte arrives on bits [15:8] and the GD &?@ fields on bits [23:20] of
source 2. The other bits of the descriptor are | eft unchanged. Fi gure
4 shows a read segnent limt operation. The read segnent |limt field
operation reads the 20-bit limt value 401 from segnent register 402 and
converts it to a 32-bit val ue based

- 21 -

Figure 1




off the granularity bit 403. For one-byte granularity, the 20 bit limt
is converted by zero extending the upper 12 bits. For 4- kil obyt e
gr.anul arity, shifter 404 shifts the 20 bit limt left by 12 into the
upper 20 bits of the witeback, and the |ower 12 bits are filled in
with ones. The fill of ones is necessary to ensure that each byte of
the last valid page of the segnent are cgﬁildered valid. If the limt
were filled in with zeros, then a limt | ati on woul d occur when
trying to access the bytes on the | ast page of t he segnent. The
converted limt is driven onto the 32-bit witeback bus 405. The wite
limt field operation takes input fromsource 2 and wites it to the

| ower 20 bits of the segnent register file. The rest of the register is

| eft unchanged. The m crocode changes the Gbit via the wite
AR-byte field opération in order to alter the granularity of the [imt.
The read segnent base field m crooperation reads the 32-bit segnent
base out of the segnment register and drives it on the writ eback bus.
The wite segnent base field m crooperation wites the 32-bit source 2

val ue into the segnent base field the egnent register file.

In the currently preferred enbodi ne 1m§13 Iomﬁng m crocode is used
to i npl enent the process described |n |gure :
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t<1 <- |d_descriptor_cond (* GDOTR (menory

addr ess) wite selector (selector_tenp)

-.22 - t2 <- | d_descri ptor_cond *
LDTR: menory address) wite selector (selector_tenp)
descriptor <- select. GLOBAL . (tl, t2) where

Wite selector (selector _tenp) is a nicgﬂhnstruction
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nodi fi er that indicates that a tenporary sel ector register should be

“nodi fi ed. Ld _descriptor_cond() is a mcroinstruction |loading a 64 bit
descriptor fromnmenory. The |load is perforned, however, only if the |ower
bits of the address correspond to the segnent sel ector GDIR or LDTR
associated with the mcroinstruction; otherwise the load is cancelled and a
special flag is witten to the output t t2. Select. GLOBAL() is a
conditional select operation that selects which ever of its inputs t1 and
t2 indicated that the correspondi ng Iddescriptor_cond succesfully

conpl et ed. Thus, an address generation unit wth segnented
addresses in a mcroprocessor is disclosed.

Figure 4
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c & e
C ai s 1. A processor conpri sing: a bus; a nmenory;
an execution unit coupled to said bus for performng arithmetic functions;
a fetch.unit coupled to said bus for determning an entry is to be
accessed; an issue unit coupled to said bus for accessing said entry
fromstorage in said nenory; and an address generation unit (AGQ)
coupled to said bus for generating an

ABSTRACT

ADDRESS GENERATION UNIT WITH SEGMENTED ADDRESSES
IN A MICROPROCESSOR

A microprocessor comprising an execution unit for
performing arithmetic functions, a fetch unit for determining
which entry is to be accessed, an issue unit for accessing the entry
from storage in a memory, and an address generation unit for
generating an address for that entry. Portions of the base and
limit values used for generating the address are stored in separate
segments. These separate portions-are rearranged so as to form a
segment having contiguous base and limit bits. The contiguous
base and limit values are then stored in a register file. Copies of
the base and limit are stored in control registers and broadcast to
other units. Furthermore, a resettable null bit is stored in another
register. In addition, the AGU includes a means for selecting a
particular field of the register file and performing read/write

operations on the selected file.

(Fig. 3)
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?Ivﬂ{m‘a IFes

addr ess* corresponding to said entry, said AGU inglt _

filesfor storing address segnents, a circuit for rﬁ»% ar lﬁggﬁbn‘émﬁ; 96§
base And T tFapid “poainreéhs..
of _a first address segnent in order to generate %écond )addrf‘e‘sel Fedorgaged 2.
having al| base and linit bits in a contiguous of der; FaBAd (s awgesli -t 6 gaged ...,
executing a single mcroinstruction to perform riedd- &hﬂaW| t: @2ggpkr.ato @agwbn..
a selected field of said second address segnments| stored in said segment
register file. 2. The processor of @ dbAil,WRECEIPTS oMUY

...................

circuit rearranges said first address segrrent when saird TITstadur caa

segnent is | oaded f ; file.
The processor of s(/j\ﬁﬁl @35‘1 @g@gwgb
ADDRESSES INAM

FIELD OF THE INVENTION
The present invention pertains to the field of

microprocessors. More specifically, the present inventon relates

to an address generation unit in a microprocessor.

- BACKGROUND OF THE INVENTION '
. ' divided
A computer system can generally be brekes into three

basic blocks: a ¢entral processing unit (CPU), memory, and an
i.nput/ output interface (1/0). These blocks are interconnected by -
one or more buses. Typ1ca11y, an input device, such as a keyboard
mouse, disk drive, etc., is used to input data and/or computer
programs to the computer system through the computer sVO
device. The computer programs instruct the computer system as
to"how the data should be processed. These instructions and data
are usually stored in memory. The CPU retrieves the data stored
in the memory and processes the data accordirig to the
instructions. The results can be stored back into memory or
outputted via the I/0 interface to a printer, video monitor,
speaker, etc. For example, a user can enter charact_ers by typing
on a keyboard. With the help of a wordprocessing :software
program, the document can be formatted, spell-checked, cut-and-

pasted, and otherwise manipulated. The document is usually
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incgludés a resettable null bit which indicates a null segnment. 4.
The processor of Claiml, wherein said AGU perforns read and wite
operations of an entire address segnment entry stored in said segment

regi ster file. 5. . The processor of Caim1l, wherein said
selected field is a selector field. 6. The processor of Claim
1, wherein said selected field is a base field. 7. The

processor of Claim1, wherein said sekedted fieldis alimt field. 8.
The processor of Caim?7, wherein a read of said limt field causes said
val ue to be scaled based on a granularity bit stored in said segnent
register file. £rocessor of Claim1l1, wherein said
selected field is Bptbeﬂ%e ﬂ@gmmr;m linepr addcess spaces may be larger The
processor of ( algll wher ei ﬁl d,selected field is an accesimj
e amount of physical memory in a system. A technique

called virtual memory is used to translate the linear address into

a physical address used to address a limited amount of physical

memory. The limited amount of physical memory is extended by

secondary storage, such as a hard disk drive. segment
As menu%?ed above, a logical address consists of a@egmeaa

offset %ﬁd—&% offset is often itself calculated via a formula
such as _
base-register
+ index-register * scale
+ immediate.
Correspondingly, this implies that the linear address is
segment-base + base-register ..
+ index-fegister * scale
+ immediate. _
These formulae and the encodings used to represent them in the
instruction stream are called "addressing modes.;'

Addressing modes are motivated by several reasons. First
sometj.mas addressing modes permit programs to be smaller (e.g.,
by reducing address size). Instead of placing a 32-bit multiple bit
logical offset constant in an instruction, they sometimes permit a
smaller 1 byte specification of a register, for example. (Note rhat
this is not always true} Second, addressing modes permit

»  programs and subroutines to be written when the addresses of
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rights field which includes an access rights byte, a granularity bit, and a
data 5ize bit of an address segnent stored in said segnent register file.
25 11. An appar atus conpri sing: a bus neans for
transmtting digital signals; a nenory means coupled to said bus
means for storing information; an execution neans coupled to said bus neans
for performng arithnetic functions; a fetch neans coupled to said
bus nmeans for determning an entry to be accessed; an i ssue nmeans
coupled to said bus nmeans for accessing,said entry fromstorage in said
menory neans; and an address geﬁe?afion means coupl ed to said bus
means for generating an address corresponding to said entry, said address
generation nmeans

BRIEE DESCRIPTION OF THE DRAWINGS
The present invention is illustrated by way of example, and
not by way of limitation, in the figures of the ac(:ompanyfng
drawings and in which like reference numerals refer to similar
elements and in which:
i | | one
Figure 1 shows the computer system upon which &,
preferred embodiment of the present invention is implemented.

Figure 2 shows a block diagram illustrating an exemplary
processor incorporating the teachings of the present invention.

: a 64
Figure 3 shows@ve—?rz-bit code/data segment descriptors.

Figure 4 shows a read segment limit operation.
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conprising a segnent register neans for storing address segnents and an
arrangenent neans for rearrangi ng nonconti guous base and limt bits of a
first address segnent, thereby producing a second address segnent having
all- base and limt bits in a contiguous order, 'said address generation
means further including a peans for executing a single mcroinstruction to
performread and wite operations on a selected field of said second
address segnment stored in said segnentl@egi ster neans. 12. ' The
apparatus of Claim 11, -wherein said arrangenent neans rearranges said first
address segnment upon |oading said first address segnment into said segnent

regi ster nea I??jE?SC 13. The "‘processor of Caim1l1,
wher ei n sai d tregrster rire includes a resettable null bit which
ndicates a nul | aspaEAress béneration unif i dRRBALRIS A thE fdllbding Wher ein
sai d address generation neails perforns read and wite operations of an
entire addregas ot nrﬁmégfbﬂ@?l%kﬁ' LGB AmErsh § specifié etailsd-
The appar at us of ainﬂll,r%herein sai d selected field is gkiglector_field.
éG- aféseafpetiat suchfasGegisters, mbdes, viclatidonsefaalesy etcslid i s a
ase

order to provide a thorough understanding of the present
invention. It will be obvious, however, to one skilled in the art
that the present invention may be practiced without these specific
details. In other instanceé, well-known structures and devices are
shown in block diagram form in order to avoid unnecessarily
- obscuring the pi'esent invention.
Referring to Figure 1, the computer system upon which &

one,
preferred embodiment of the present invention is implemented is

shown as 100. Computer system 100 comprises a bus or other
communication means 101 for communicating information, and a
processing means 102 éoupled with bus 101 for pracessing
information. Processor 102 includes, but is not limited to
microprocessors; etc. System 100 further comprises a random
access memory (RAM) or other dynamic storage device 104
(referred to as main memory), coupled to bus 101 for storing
information and instructions to be executed by processor 102.
Main memory 104 also may be used for storing temporary
variables or other intermediate information dui'ing execution of
instructions by processor 102. Computer system 100 also
comprises a read only memory (ROM) and/or other static storage
device 106 coupled to bus 101 for storing static int:ormau'on and

REPLACEMENT SHEET

04 JUN 1992




field. ~ 2 6 17, The
apparatus of Claim1ll, wherein said selected fieldis alimt field, a read
of said limt field causing a value resident in said field to be scal ed
based on a granularity bit stored in said segnent register nmeans. 18.

The apparatus of Caim 11, wherein said selected field is a descriptor
privilege |level. 19. The apparatus of Claim1ll, wherein said
field is an access rights field which dncg udes an access rights byte, a
granularity bit, and a data size bit of an address segnent stored in said
segnment register neans.

In the currently preferred embodiment, the AGU is
responsible for .performing address calculations, héndling all
segment operations and controlling accesses to all control/test
registers. The AGU contains one or more address calculation
blocks for calculating linear and effective addresse.s, as well as
checking for segment limit violations, alignment faults, and
performing access time protection checks. The AGU also contains
a segment block which holds the segment register file, handles all
the segment register loads, and contains the hardware which
performs protecton checks for segment register logds. '

If the limit violation and access time protectién checks for a
memory operation is successful, the AGU sends an address to the
memory subsystem where the access is performed, and its
function is complete. If the AGU detects a fault on the operation,
the AGU drives fault status back to the retirement logic 207 and
cancels the operation in the memory subsystem. If a segment
load operation (i.e., loading segment register data) detects a fault,
the AGU drives fault status back to the retirement logic 207. If
the operation requires further microcode assistance, the AGU
drives a vector for assistance on the operation. Otﬁerwise, the
operation completes §uc_cessfu11y. A more detailed descriptdon is

recited in US. PateRtio A4 entitled "Method and

Apparatus for I.dadi.ng'a Segment Register in a Microprocessor
. 12/29/93
Capable of Operating in Multiple Modes," filed on,

, and assigned to the assignee of the present invention.
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20., T A conput er system conpri Sing: a bus; a main
menory coupled to said bus, said nain nenory storing data; a

m croprocessor coupled to said bus for processing said data, said

m Gr opr ocessor conpri sing: a nmenory; an execution unit coupled
to said bus for performng arithnetic functions; a fetch unit coupled
to said bus for determning an entry to be accessed; an i ssue unit
coupled to said bus for accessing said,entry fromstorage in said nenory,
an address generation unit -(AQ) coupl%@ to said bus for generating an
address corresponding to said entry, said AGQU i ncl udes a segnent register
file for storing address segnents, a circuit for rearrangi ng nonconti guous
base and limt bitnpgeneraingan addness, thieAGY reagives datacinitheform
generate a second address segnent havi-ng_ all base and lipit bhits in a

conti guous oifed Baserddress dndexdwhict is sealed befgre adding)aandiction to
S ood scomIABARER Ak W AR G W bl o
addr ess. seymerEasnefedieal addrest h SANTHE IERR AR 00 o segmen
register fileqokbph §R0stHIBAYis used to hold micro-operations that have not -
yet executed and dispatches them according to data dependencies
and resource availability. It is the reservation station that sends
control and opcode information to the AGU. In-eertain-execution

-

viemory . . .
; addressing is controlled via a set of segment

registers. These segment registers are explicitly loaded with
segment descrip.tors from memory via microcode sequences. All
memory accesses which use a given segment register are
implicitly related to the associated segmerit base address. There
is also a limit for each segment of memory. Read/write rights are
checked for each memery reference based on the rights in the |
segment register. '

In the currently preferred embodiment, segment descriptors
are stored in meinory in a format that has been maintained over
many generations of microprocessor architecture. This format is
used to provide backwards compatibility with software written
for the earlier architectures. As a result, this format stored in
memory is unwieldy for storing the descriptors in the segment
‘register file of the AGU.

Referring to Figure 3, a single descriptor composed of a

lower 32-bit value 302 and an upper 32-bit value 301 is shown.

VRO
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27 22

The processor of Caim 20, wherein said segnent register

fil'e includes a resettable null bit which indicates a null segnent. 23.
The conputer system of C aim 20, wherein said AGQU perforns read and wite
operations of an entire address segnent entry stored in said segnment

register file. 24. The conputer systemof C aim 20, wherein said
selected field is a selector field. 25. . The conputer system of
G aim 20, wherein said selected field is, a base field. 26. The

conput er system of C aim 20, mherein'%§1d selected fieldis alimt field,
a read of said limt field causing a value resident in said [imt

It can be seen that this descriptor contains intermixed fields. For
example, bits 0-7 of value 301 contains bits 23 through 16 [23:16]
of the base. Bits 8-15 contain the Access Rights (AR). Bits 16-19
of value 301 contain bits [19-16] of the limit. Bits 20-23 contain"
the granularity (G) and data size (D) bits. Bits 24-31 of value 301

contains bits [31:24] of the base. Value 302 contains bits [15:0] of

the limit and bits [15:0] of the base.

In the present invention, these fields are unscrambléd when
a segment descriptor is loaded so that 'they form contiguous fields.
Specifically, bits 0-15 of value 302 and bits 16-19 of value 301
are unscrambled to become bits 0-19 of the unscrambled
code/data segment descriptor 303. Likewise, bits Q-7 and 24-31
of value 301, along with bits 16-31 of value 302 are unscrambled
to form bits 24-55 of segment 303. The G and D bits are placed in
bit positions 20-23 of segment 303, and the AR byte is placed in-
bits 56-63 of segment 303. Note that the limit and base have
been consolidated. |

A single register in the register file 303 now contains the
segment descriptor stored in a contiguous manner. Individual
fields of this register can be read and written by microcode,
requhin%%ding and writing it in sectons. These
code/data segment descriptor registers store information for a
memory segment. The segment base is used by the adder to
calculate the linear address when accessing a segment. The limit
is used to check the effective address for limit violations. The G-
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field to be scaled based on a granularity bit stored in said segment
register file. 27. The conmputer system of C aim 20, wherein said
selected field is a descriptor privilege level field. 28. The
conput er systemof Caim20, wherein said selected field is an access
rights field which includes an access rights byte, a granularity bit, and a
data size bit of an address segnent stored in said segnent register file.

a mcroprocessor coupled to said bus fojy processing said digital data, said
m cr oprocessor conpri sing: an execution unit coupled to said bus
for performng arithnmetic functions;

on the granularity bit 403. For one-byte granularity, the 20 bit
limit is converfed by zero extending the upper 12 bits. For 4-
kilobyte granularity, shifter 404 shifts the 20 bit limit left by 12
into the upper 20 bits of the writeback, and the lower 12 bits are
filled in with ones. The fill of ones is necessary to ensure that
each byte of the last valid page of the segment are considered
valid. If the limit were filled in with zeros, then a limit violation
would occur when trying to access the bytes on the last page of
the segment. The converted lumt is driven onto the 32-bit
writeback bus 405. The write limit field operation takes input
from source 2 and writes it to the lower 20 bits of the segment
register file. The rest of the register is left unchanged.

| The microcode changes fhe G-bit via the write AR-byte field
operation in order to alter the granularity of the limit.

The read segment base field microoperation reads the 3Z-bit
segment base out of the segment register and drives it on the
writeback bus. The write segmént base field microoperation
writes the 32-bit source 2 value into the segment base field of the

- segment register file.
In the currently preferred embodiment, the following

this
microcode is used to unplementlthe process, éesea-bed—m—&g-ur—e-sa-

t1 4— 1d_descriptor_cond
(* GDTR: (memory address) .

) write_selector (selector_temp)

LT
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a fetch unit coupled to said bus for determ ning which entry is to be
accessed; an issue unit coupled to sai-d bus for accessing said
entry fromstorage in a nenory; an address generation unit

coupl ed to said bus for gener ating 4% addreH mﬂmj Mﬂ to said
entry, wherein sai d address generation unit (CEnY a segnent
register file for storing address segnents. 28. The conputer system
of Claim 27, wherein said address generation unit is further conprised of a
circuit for rearranging bit positions of a first segnent in order to

generate a second segnent having all base bits and all limt bits being
conti guous. 29. The conputer systemof C aim28, wherein said
circuit rearranges said first segnment when said segnent is |oaded from
menory and stored in said segnent register file. 30. The conputer

system of O ai mG4infsurt her conpri sing

1. " A processor comprising:

a bus;

a memory;

an execution unit coupled to said bus for performing arithmetic
functions;

a fetch unit coupled to said bus for determining an entry is to be
accessed; )

an issue unit coupled to said bus for accessing said entry from storage
in said memory; and

an address generation unit (AGU) coupled to said bus for generating an
address corresponding to said entry, said AGU including a segment register
file for storing address segments, a circuit for rearranging noncontiguous base
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an instruction set, wherein a null segment produces a faul t on use.

29° . 31. The conputer system of C aim 30, ' abl e nul |
bit is stored in said segnent register file, sai dmﬂmmllmnmﬂ bit being
used to performnull segnment detect on 24 d segnment. ¢ Lt M 33 The
conputer systemof Caim27, wherein said address generation unit perforns

read and v‘{ite pe,rz%‘i ons,_of an entire segnment entry sfored in said segnent
regi ster f}|@nd limit bit positions of a first address segment ir{ order to generate a secon

address segment having all base and limit bits in a contiguous order, and a
circuit for executing a single microinstruction to perform read and write
operations on a selected field of said second address segments stored in said

segment register file.
2. The processor of Claim 1, wherein said circuit rearranges said

first address segment when said first address segment is loaded from said
memory into said segment register file.

3. The processor of Claim 1, wherein said segment register file
includes a resettable null bit which indicates a null segment.

4, The processor of Claim 1, wherein said AGU performs read and
write operations of an entire address segment entry stored in said segment
register file,

5. The processor of Claim 1, wherein said selected field is a selector
field.

6. The processor of Claim 1, wherein said selected field is a base
field.

7. The processor of Claim 1, wherein said selected field is a limit
field.

8. The processor of Claim 7, wherein a read of said limit field
causes said value to be scaled based on a granularity bit stored in said segment
register file.

9, The processor of Claim 1, wherein said selected field is a

descriptor privilege level field.

10. The processor of Claim 1, wherein said selected field is an access
rights field which includes an access rights byte, a granularity bit, and a data
size bit of an address segment stored in said segment register file.
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33. The conputer systemof Caim 27, wherein said address- generation unit
performs read and wite operations of a partlcul ar field of a segnent

st-ored in said segnment register file. m em of
Clgim33, wherein said field is a selec?or fleld ﬂle Ermlﬂmttorrputer
system of Claim 33, wherein said field is a base field. * 36. The
conputer systemof C aim33, wherein said fieldis alimt field.

37. The cPrrputer system of Claim 33, wherein said field is a descriptor
privilegetleyrl field. An apparatuscomprising:

a bus means for transmitting digital signals;

a memory means coupled to said bus means for storing information;
an execution means coupled to said bus means for performing arithmetic
functions;

a fetch means coupled to said bus means for determining an entry to be
accessed;

an issue means coupled to said bus means for accessihg said entry from
storage in said memory means; and

an address generation means coupled to said bus means for generating
an address corresponding to said entry, said address generation means
comprising a segment register means for storing address segments and an
arrangement means for rearranging noncontiguous base and limit bits of a
first address segment, thereby producing a second address segment having all
base and limit bits in a contiguous order, said address generation means
further including a means for executing a single microinstruction to perform
read and write operations on a selected field of said second address segment
stored in said segment register means.

12. The apparatus of Claim 11, wherein said arrangement means
rearranges said first address segment upon loading said first address segment
into said segment register means from said memory.

13. .. The processor of Claim 11, wherein said segment register file
includes a resettable null bit which indicates a null segment.

14. The apparatus of Claim 11, wherein said address generation
means performs read and write operations of an entire address segment entry
stored in said segment register means.

15. The apparatus of Claim 11, wherein said selected field is a
selector field.

16. The apparatus of Claim 11, wherein said selected field is a base
field.




- 30 -- 38. The conputer systemof Caim27, wherein Saird address:

g&neratlon unit perforns read and wite operatl an access
ri.ghts byte, a granularity bit, and a data Si zeTmHﬂtﬂﬂ mg ﬁmml stored in
sai d segnent register file.

17. The apparatus of Claim 11, wherein said selected field is a limit
field, a read of said limit field causing a value resident in said field to be scaled
based on a granularity bit stored in said segment register means.

18. The apparatus of Claim 11, wherein said selected field is a
descriptor privilege level.

19. The apparatus of Claim 11, wherein said field is an access rights
field which includes an access rights byte, a granularity bit, and a data size bit
of an address segment stored in said segment register means.

20. A computer system comprising:

abus;

a main memory coupled to said bus, said main memory storing data;

a microprocessor coupled to said bus for processing said data, said
microprocessor comprising:

a memory;

an execution unit coupled to said bus for performing arithmetic
functions;

a fetch unit coupled to said bus for determining an entry to be accessed;

an issue unit coupled to said bus for accessing said entry from storage
in said memory;

an address generation unit (AGU) coupled to said bus for generating an
address corresponding to said entry, said AGU includes a segment register file
for storing address segments, a circuit for rearranging noncontiguous base and
limit bit positions of a first address segment in order to generate a second
address segment having all base and limit bits in a contiguous order, and a
circuit for executing a single microinstruction to perform read and write
operations of a selected field of said second address segment stored in said
segment register file.

21. The computer system of Claim 20, wherein said circuit
rearranges said first address segment when said first address segment is
loaded into said segment register file from said memory.
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22, The processor of Claim 20, wherein said segment register file
includes a resettable ruill bit which indicates a null segment.

23. The computer system of Claim 20, wherein said AGU performs
read and write operations of an entire address segment entry stored in said
segment register file.

24. . The computer system of Claim 20, wherein said selected field is
a selector field.

25. The computer system of Claim 20, wherein said selected field is
a base field.

26. : The computer system of Claim 20, wherein said selected field is

a limit field, a read of said limit field causing a value resident in said limit
field to be scaled based on a granularity bit stored in said segment register file.

27. The computer system of Claim 20, wherein said selected field is
a descriptor privilege level field.

28. * «  The computer system of Claim 20, wherein said selected field is

an access rights field which includes an access rights byte, a granularity bit,
and a data size bit of an address segment stored in said segment register file.

-
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