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m cro with unified second level cache 108 via backside bus 110. Second level cache 108

contains both instructions and data, and may physically reside on the chip die 102.

Caches 104 and 106 comprise the first level of the memory hierarchy, and cache 108

comprises the second level.

The third level of memory hierarchy for the exemplary computer system of Fig. 1
is indicated by memory 112. Microprocessor 102 communicates with memory 112 via
host processor (front side) bus 114 and chipset 116. Chipset 116 may also provide
graphics bus 118 for communication with graphics processor 120, and serves as a bridge
to other busses, such as peripheral component bus 122. Secondary storage, such as disk
unit 124, provides yet another level in the memory hierarchy.

Fig. 2 illustrates some of the functional units within microprocessor 102,
including the instruction and data caches. In microprocessor 102, fetch unit 202 fetches
instructions from instruction cache 104, and decode unit 206 decodes these instructions.
For a CISC (Complex Instruction Set Computer) architecture, decode unit 206 decodes a
complex instruction into one or more micro-instructions. Usually, these micro-
instructions define a load-store type architecture, so that micro-instructions involving

memory operations are'simple load or store operations. However, the present invention



instructions define a | oad-store type architecture, so that
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During renaming of an instruction, the current RAT provides the required
mapping for renaming the source logical register(s) of the instruction, and a new
mapping is created for the destination logical register of the instruction. This new
mapping evicts the old mapping in the RAT.

Renamed instructions are placed in instruction window buffer 216. All
instructions “in-flight” have an entry in instruction window buffer 216, which operates as
a circular buffer. Instruction window buffer 216 allows for memory disambiguation so
that memory references are made correctly, and allows for instruction retirement in
original program order. (For CISC architectures, a complex instruction is retired when all
micro-instructions making up the complex instruction are retired together.)

For an instruction that writes its result to a memory location, data cache 106 (part
of the memory hierarchy) is updated upon instruction retirement. For an instruction that
writes its result to a logical register, no write need be done upon retirement because there

are no registers dedicated as logical registers. (Physical register file 212 has the result of



m cro-instructions making up the conplex instruction are retired together.)
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registers. For this type of embodiment, the result of an instruction that writes to a logical
register is written to a logical register upon instruction retirement.

With most modern computer systems, a microprocessor refers to a memory
location by generating a linear address, but an object is retrieved from a specific memory
location by providing its physical address on an address bus, such as bus 114 in Fig. 1.
Linear addresses may be the same as physical addresses, in which case address
translation is not required. However, usually a virtual memory scheme is employed in
which linear addresses are translated into physical addresses. In this case, a linear
address may also be referred to as a virtual address. The linear address space is the set of
all linear addresses generated by a microprocessor, whereas the physical address space is
the set of all physical addresses.

For some microprocessor architectures, such as Intei® Architecture 32 bit (IA-
32) microprocessors (Intel® is a registered trademark of Intel Corporation, Santa Clara,
California), there is also another type of address translation in which a logical address is

translated into a linear address. For these type of architectures, the instructions provide
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stored in physical memory, and are usually themselves equal in size to a page. A page
directory table entry (PDE) points to a page table in physical memory, and a page table
entry (PTE) points to a page in physical memory. For the two-level hierarchical mapping
of Fig. 4, a linear address comprises directory field 402, table field 404, and offset field
406. A directory field is an offset to an PDE, a table field is an offset to an PTE, and an
offset field is an offset to a memory location in a page.

In Fig. 4, page directory base register (PDBR) 408 points to the base address of
page directory 410, and the value stored in directory field 402 is added to the value
stored in PDBR 408 to provide the physical address of PDE 412 in page directory 410.
PDE 412 in turn points to the base address of page table 414, which is added to the value
stored in table field 404 to point to PTE 416 in page table 414. PTE 416 points to the
base address of page 418, and this page base address is added to the value stored in offset

406 to provide physical address 420. Linear address 422 is thereby mapped to physical
address 420.



of Fig. 4, a linear address conprises directory field 402, table field 404,
and offset field 406. A directory field is an offset to an PDE, a table
field is an offset to an PTE, and an offset field is an offset to a nmenory
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address are used as an offset into a page table, and the highest 10 bits of the linear

address are used as an offset into a page directory. For example, in Fig. 5, PTE 502 in

page table 504 pointed to by table field 506 of the linear address provides the address of

the desired page frame in physical memory, and when concatenated with offset 508 of

the linear address provides the physical address of the desired object. The PDBR register,

page directory entries, and page table entries each provide the upper 20 bits of a 32 bit

address, so that page directories, page tables, and pages are each forced to be aligned on

4KB boundaries.

Mode B for 4MB page sizes is illustrated in Fig. 6. (For 4KB page sizes, mode B

is similar to mode A. The first 22 bits of the linear address provides the offset into a

physical 4MB page frame, and the highest 10 bits of the linear address provides the

offset into a page table. Note that mode B with 4MB page sizes requires only one level

of address translation. A PDE in the page directory of Fig. 6 provides the upper 10 bits of

a 32 bit address to force pages to be aligned on 4MB boundaries.
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provi de the upper 15 bits of a 36 bit address so ages are forced to

be al i gned "B#HSSMP HdaRamy feadiffprrat BREE, er gnirigsun thed3RT nbedbelcmﬂ?gegs 7 and 8
for Mde C midheMgetsiR 6f%délx%§ tPJnsfaHSn cﬁ‘e}lﬁﬁﬁﬁﬁfbﬂﬁ%ﬁg%;&?@ tt%ﬁ%e the1 Zeg

addressed at one tine. To dress ot secti ons e exten
addr ess spa%réhlt%?tlaﬁﬁﬁé@l@mr SeMaqull faayhdBentiuau® Brd, ¥ ol.18% aRDBRle fregimtler so as

L0 Do b kO 06 SOOI TREIC RS £ 10950,
found in the | ntla¢reastrgthe livedr adéreBespetcopfar mirdfaocessor pedviddiga@entisetisdd ) Pr o,
Vol . 3, av %&Ltglﬁl sSaJera%mreci?lces the burden associated with linear address exhaustion for a
larger physical address space. Increasing the word size of a microprocessor, e. g., from 32
bits to 64 bits, to provide a larger linear address space is a major engineering design task.
It may therefore be of economic utility to increase the linear address space of an existing
microprocessor design without increasing its word size. Furthermore, it may be
advantageous for a microprocessor with increased linear address space to be backward
compatible with code designed for the original sized linear address space and supported
paging structures.
Summary
Embodiments of the present invention are directed to computers and
microprocessors providing an extended linear address space. In one embodiment, an
extended linear address is generated in which its lower portion is based upon an offset
and a segment selector and its upper portion is based upon a segment extension. In
another embodiment, a linear address is generated by concatenating values stored in two

registers. Other embodiments provide for translating a linear address to a physical



Corporation. (Pentium(r) Pro is a registered trademark of Intel
Corporation.) Increasing the |linear address space of a m croprocessor
provi des | arger user and system space and reduces the burden associ ated
with 1ine®¥P ®ddRdss exhaustion for a |drger physical addr 8ST/USHYE420

I ncreasing the word size of a mcroprocessor, e.g., from32 bits to 64
bits, to pr&\{i de a larger linear address sggce i's a maj or engineering
desi gn t asRIdTes dYREgES N PagD g ies sudcBADhe tevat ofiigrprohisal moskdse t he

li near ?ddrd_@§§1d§Bﬁ&ﬁwﬁéth&ﬂh&é'issltiﬂe'agadd?ésg%%ﬁﬁ&gssOr desi gn wi thout
increasing its word size. Furthernore, it nmay be advantageous for a

m croprocessor with increaseBrief Reseriptignrof ¢ke Bpawimgs 0 be backwar d
conpatible wthge i far,. iginal sized |inear address space
and support ed g%??é&ggérs%gﬁg}rélgdéégﬁm%?ja/gorlg%%ﬁ?yrsrﬁem‘s of the present
invention are difigétpeevides agoivpatteligrandf a mMicioppicesessor s provi di ng an
extended |inear -address,space. |Ln, one .errB)odi rrgnt, an extended |inear
address is generat 8d 1 NCGAIFIPT PEELHTSHREPD B8RPy Aingsa logicabaddpesh (uamlingar s et
and a segmeddresel ector and its upper portion is based upon a segnent
extension. In not her .enbodj nent, a |inear address is generated by

concat enat i ng vAalfu&P YETSAPTIOR aptibustiaten r spaslatmavelineapidsdiessne shypiaai de

for transl addreg. a | i near address to a physical WO 00/55723 -7_

PCT/ US00/ 05420 _address by accessing page directories such that the |evel
of hi erarchi cal Fig amspvadss@rpriogap ddusiratigrofor wantltiéng 4 Febielinear hildressrto addr ess
ext ensi on. pBLhedicAPaeGELRYt P KAyl gggu% awings Fig. 1 provides a prior art
di agram of a conputer system °Fig. ‘provides a prior art diagramof a

m cropr ocessor . PR § prayigss g\prige ert allystragon Bor trandlitirst « 3% biolindapbddregnshaki ng a
| ogi cal ad - j Pﬁgﬂ s. . Fig. 4 provides a prior art
illustrati g{ﬁﬁﬁgsrlé#?g%é%sgt%?{]% a %ﬁg%{lrlc‘address to a physical address. Fig.
5 provides a prFig 7ardvideslapsior att iilbustrhioen for ansdl@ing g3 PbiBAndd hddrkdiean 38ddr ess
to a 32 Dbj hysi ¢ addr.ess. M th 4-KByte paging. Fig. 6 provides a prior
art ill ust!r)ltaftf)ﬁ%s){ncafl 8€Ar?sl’sé"r‘}g1 ég‘?ﬂBﬁ'ée B&S%-pit |inear address to a 32 bit

physi cal addr esBignB provideMBytier pagiudgratid Br trAnddtasi adﬁzsbiauﬂ%a%g&drésrs&o a 36

i1lustrati girt]pix)(')srica gglclﬂrlgslsa\'xgi{hnﬂl\/ﬁh?tgpggligg.l Inear address to a

Fig. 9 provides an exemplary embodiment for providing an extended linear
address.

Fig. 10 provides another exemplary embodiment for providing an extended linear
address.

Fig. 10a provides an exemplary implementation of Fig. 10.

Fig. 11 provides an exemplary embodiment for translating a 42 bit linear address
to a 36 bit physical address with 4-KByte paging and 4 byte entries.

Fig. 12 provides an exemplary embodiment for translating a 42 bit linear address
to a 36 bit physical address with 4-MByte paging and 4 byte entries.

Fig. 13 provides an exemplary embodiment for translating a 42 bit linear address
to a 36 bit physical address with 4-KByte paging and 8 byte entries.

Fig. 14 provides an exemplary embodiment for translating a 42 bit linear address
to a 36 bit physical address with 2-MByte paging and 8 byte entries.

Detailed Description of Embodiments

Embodiments of the present invention provide for a backward compatible,

extended linear address space by utilizing one or more opcodes to indicate when

extended linear addressing is to be utilized. In one embodiment, an opcode indicates



bit physical address with 4-KByte paging. Fig. 8 provides a prior art
illustration for translating a 32 bit |inear address ][O a 3?Tb 3It p[]ny| cal
address with 2-MByte paging. Fig. 9 provides an exenplary enbodi nen or
provi di ngW&%%1%8nded | inear address. Bi-g. 10 provi des anSCHAFSO¥¥IY! ary
enbodi nent for providing an extended |inear addrezs Fi g. 10a|prOVIdeS an
exenplary inplementation of Fig. 10. Fig. 11 provides an exenplary

enbggi me%t "fr% efﬁ%ﬁél’fa%”ﬁ@r édﬁfz%ﬁtemﬁl &t la@dme@@roowoardg&tdm toﬂh:ysst cal

address W tihd1 KBy bR iRR0 NG AG0 ﬁZ%BQatE%Fo[gﬂc%? ddites b é%gg}%/d xiegr an36 bi t

exenpl ary enbodi nent for translating a S Rear: &
physi cal adddessswith 4-MByte paging and 4 byte entries. Fig. 13 provides

t 2.bit line address to a 36
b1t “phyai cal adarmeana et o hPPEAL R nlfin byt Wlieieds Shracdy
provi des atinexedptessey. Seghedi negmterf)oz istexenabdblydad that & hitittis kdqigad (Rddr ess

36 bit cal address with 2-MByte paging and 8 byte entrles
tht ; | ed I[)é%@&?/azsltﬁ%ﬁm SERNYafsRt B R o RRIREB Ob seamrat agistas 902, deneteti on

provi de fobyachasltvacdocommatsb & sele%?‘&&%r abl%é‘))?% ea?{gg%g?ﬁesnt %Qs%%ﬁ@&r essi ng

til ng one or nore opcodes to indicat I near
|usI t IoZ Ibegut 908 59 agito Hr@l"léfhpéb@mddmesﬁeastdlscassedpcemﬂrmslmdnd:an s\ 11bSiTséB

PCT/ US00/ 05?%? 9’1’6%{)‘ ed?@tl}'e'%%%e( chd&sg1 ) Iﬁg%ﬁ%ﬁg%%ﬁéqon tgglgiterle%ﬁinﬂ\m 222

m cropr oces regl s

langisc aklicad e SA portRxtEREa e 8 aEr ABHLERAT0 selbdtTeedent
transi at es addgssca e o Qgﬂe rf:'r%glrcal addresgéeé toe x%nende

t f t latin
| near - addECBRcT IBLGIBNE pigiaaeesr Sgomions ki famate aenponaiohat thah ch | <
required t @xteﬁ@d@ﬁkaﬁadﬁ?@%@ﬁot@@ﬁf DY@ tWhen &4 1S ?\? I(%éghc%legxaﬁg é;HHlolrt Lon of

segnent register 902, denoted segnent seléc %Skl ect
descri ptor Periion Ainewaddisss %Bgﬂ@rwctedé@cbhmqnt addre 808olsainas. tof ]E)row de a b?se
ddress as disc pr an o in of fset i ster
glo i s added toﬂf%’%gbagrg%g egés/%m?%ab%\?f?i’é&a&‘%m? %fﬂe%?ﬁdéﬁsst"ﬁég@ktended
| i near admgsreglswm catedhdyxedd2d lifefQidiieddisUbARAB Yont A6k a3h8 thed02 not
used to sebﬁ descri tor 908, denoted by segment exteénsion 914,
forms the upB%SrS %0? e ﬁf}ﬁ SQYrc Wg sters. For example, a new instructions for loading, storing,

adding, and exchanging objects in memory may be introduced in the instruction set.
These new instructions are decoded by decoder 206 into one or more microinstructions,
where a microinstruction specifies an extended linear address via source registers in its
opcode.

This procedure is illustrated in the flow diagram of Fi g. 10. In step 1002, the
values in the source register named by the decoded instruction are concatenated to form
the extended linear address, provided the decoded instruction is an instruction that
belongs to the set of instructions operating in the extended linear address space. In step
1004, when a decoded instruction is to operate in the original linear address space, then
the offset provided by the instruction is added to the base address provided by the
segment descriptor to obtain the linear address.

Fig. 10a provides an implementation of Fig. 10. Multiplexers 1006, 1008, and
1010 select their inputs based upon whether there is an extended linear address
microinstruction (LAEuop line is asserted). If the LAEuop line is not asserted,
multiplexers 1006 and 1008 provide to AGU 222 an instruction queue immediate and
segment base address, respectively, so that the linear address may be computed in a

conventional manner. If, however, LAEuop is asserted, then multiplexer 1010 provides



extended |inear address, denoted by 916. Wen 914 is added or concatenated
with [ower portion |inear address 912, the extended |inear address is

obtai ned. In another enbodi nent, instructions provide the extended |inear
address WQOPAE2Z? source registers, where the extended |i RERUSEMHMELs s
obt ai ned by concatenating the values stored in the source registers. For
exanple, a new instructions for |oading, storing, adding, and exchangi ng
obj ect s i nthegadeaenatign pethe nentorisobrtgisters Ré ahh 8L sodtak emesetded lilbase new
instructiopsy ke gsgaded by decoder 206 into one or nore mcroinstructions,
where a microinstruction specifies an extended |inear address via source
regi sters in it®©ncoprodended hnsarpddesds pendraed it i9stanehed td 0 phyieeaf ligaar di agr am
of Fig. 1Oa Args séeﬁ 002t, ﬁ@g val ues in the Soprce 1 i ster named by the
decoded i nd4F0Er FBROHMENE Of B PETEP A VEBIon & eNids tos tis pddiess drapslade biuddr ess,

provi ded t merodedngedeitrasltvalof iramsldtonaiitol tRSAdddéss it@Asi At hieRIhQN@Bert thil he set
address space. In step

of instructions operating in the extended |inear _ n

1004, whene’%{fagéﬁeg8@3@%‘%%%?9“&%"@“?( Biikgsdibapudsdexiengded tingAraddrepsinmiar

addr ess spa@dgatethen the offset provided by the instruction is added to the
base address provided by the segnment descriptor to obtain the |inear
address. Fig. |08 plBipaues arembasimpridengstendedingirgddress ravslatiopwither s 1006,
1008, and I ey, . ere. i n ext ended
| near " addr sodnemg Rahe el xR (RS, HRARARELREL LRSS0 Pitiop

| i ne i s nowhersslehighest 10rbits drpuesderssin D36t iatwchat® GBeogVil02. Tie A hdRe&san

instructio eue | iate and.s ddress, . resp ively, so that
the i near{g)é %ﬁ”ee(glge&r?amq%@ Iég%vlﬁ?eéﬁ%’i%Rqﬁ%\}ng f%ﬁlgpleﬁﬁraﬁi&. lSI"ISE."}/however,
LAEuop is aeseilicsith intfign inolitdighenar if 1RdAddarmehdarirddInd ¥ B8it3R3d Ihen the

PCT/ US00/ 0]?4ﬁ0 t he concatenation of the contents of registers Rl and R2 so
that an extehn®eifsdhyanage duerieysi 102 inwedian e bashedsiress fenthe pers dowerdevst

addr ess i sofdRIRkt&iatioh, Which 'isaﬁ'!i%tz @Er@go%ll 133%%%&&%!1@%%%%@%55@ g{aﬁz)s'

Enbodi ments of the present invention pro\ or t ess transration
by i ntrodidicaigdaler exanple.libanel ABfbitis agtsir dtricd all ofithe upher @dtsrses shet lirras| at i on

oo AL 1 SO LR TSR A LY 1L L
ermbodi ment syidroliealtyeindieake$ ihacPDBROMIOGSSudet ad pbiat ioGhe Bask Addrdiopage ng. I n the
specific ecﬁ%%?olr)? 1%8. l1:5-i[gze'cto:rl'ylémda ;?agg)%b Q gnetgiesl zllrg ggcrh 4al(3j}(ljt£s(?sll”sf'El lsllgf)rotvi(gess ‘the
upper 24 bits of a 36 physical address, which when concatenated with 12 bits from offset
1112 provides a 36 bit address. The physical address space is 64-GBytes.
An embodiment for extended linear address translation with 4MB paging is
shown in Fig. 12. Page directory 1202 provides an extra level of address translation,
conditional upon whether extended linear addressing is indicated. Because of the page
size, only two levels of page directories are utilized for translating an extended linear
address to a physical address. Each page directory entry in Fig. 12 is 4 bytes, and the
physical address space is 64-GBytes.
An embodiment for extended linear address translation with 4KB paging in an
extended physical address space of 64-GBytes is shown in Fig. 13. As in mode C in Fig.
7, when extended linear address translation is not indicated, PDBR 1302 is used to point
to the base address of PDPT 1304, which is usually kept in a cache. To support extended
linear address translation, PDBR 1302 is used to point to the base address of page
directory 1306, and bit positions 30 through 38 (Addr{38:30]) of the extended linear
address provide the offset into page directory 1306. Note that the first four entries in

page directory 1306 are also cached in PDPT 1304. For Fig. 13, directory and page table



where the highest 10 bits are used as an offset into page directory 1102.
The base address for page directory 1102 is provided by PDBR 1104. Muix
(mul tiplexer) 1106 is used synbolically in Fig. 11 to indicate that if
ext ended YP84F724ddr essing i s indi catedo-then the PDE proVf8&§0¢054¢hge
directory 1102 is used as the base address for the next |ower |evel of
address translation, which is page directory 1108. Extended |inear

addr essi ngeMESs 45 cachrihydes aril the opméseofignties iif eah divdEioby and mgs et 2’er5li2f not

all of the i o] e li-mear. . ress are.zero. |t extended
| i near addsrdétggtieeﬁg}?lsr@rﬁ%? agﬁsé)‘%rlts égj,%e 1? ﬁgﬁ?grr%fuiel ysé’)l/tﬁﬁfﬂ YSEQRY %F‘i’fgsﬂf cates
t hat PDBR ihidpagesliragtery 1306 pwisribovopdsiteoniitsia tasliiicas sdditsspadeor udéd BGHQT Y
1108. Di rqgtoQ%n%Qd gﬁge tabL? egtries are each 4 bytes. PTE 1110 provides
the upper BPBPPL GPusgauatyf thedieacaidress segisigiiz A2 Rive sxcardsaddress ed wit h

12 bits fr@amskiibs &t prodiddRiopHobitdRsartaddfes s twiiE Bfthest the BIWY &lu&o z%flﬁr ess
space i s 64- GByt es. Aﬂ enbfdinent for extended |linear address translation
g‘&f‘ §mbedigirAt

with 4MB pagin 8 op cxippded{pearpgldeesyirprsdationyvitipPM Brpagingdesn an extr a
| evel of agdmies physidas hatrtRRpaceRBIIGE ROAL RPN RE! h@ranc??ﬁo%ﬁ]cfgeds%lf'- hear
addressing is indicated. Because of the page size, only two |évels of page
di r ect or i e&Xplanatogy. ifntrigsdn therpage dinesiteriesiof Fin 1dxtreeh tiees, Isb tetns indtigr Bsthe t 0 a
physi cal agllLe b i try in Fig. 12 is 4 bytes, and the
physi cal gddreéghgggggaygggﬁgggﬁ§%g&zﬁﬁpenbodinent for extended |i near

addr ess transl a¥YowswadificakBnypmgy bgmiade @rthe distiesdistntpliyiatmalvitasistr ess space
of 64- GByt I i i g..13. As in mode Cin Fig. 7, when extended

| i near add%%%%ﬁgﬁghs 5??%%‘?ém%%YmFﬁaﬁés?gﬂﬁ“ﬁﬁﬁh 1302 is used to point to
t he base address of PDPT 1304, which is usually kept in a cache. To support
extended |linear address translation, PDBR 1302 is used to point to the
base address of page directory 1306, and bit positions 30 through 38
(Addr[38:30]) of the extended linear address provide the offset into page
directory 1306. Note that the first four entries in page directory 1306
are al so cached in PDPT 1304. For Fig. 13, directory and page table WO

00/ 55723 -10- PCT/ USO0/ 05420 entries are each 8 bytes, and the nunber of
entries in each directory and page is 2°' = 512 so that each directory and
page is 4KB in size. Because only 9 bits are used as an offset into page
directory 1306, bits above position 38 in the |inear address are not used
inthis enbodinment. Consequently, if the linear address register is 42
bits, extended address translation is provided for 42 bit |inear addresses
with the highest three bits equal to zero. An enbodi nent for extended

| i near address translation with 2MB paging in an



ext ended physical address space of 64-GBytes is shown in Fig. 14, and

shoul d be self- explanatory. Entries in the page directories of Fig. 14 are
8 bytes, so that as in Fig. 13 the |I|inear address bits above position 38
are zer o.WRVSEEE nodifications may beimade to the discl osBel’E #Hent s

W thout departing fromthe scope of the invention as clainmed bel ow. WO
00/ 55723 PCT/ US00/ 05420 What is clainmed is: 1. A m croprocessor

conpri si ng™hat igelagaedist o decode instructions so as to provide an offset; a
segnent register to store a segnment selector and a segnent extension; and
an address generation unit to generate an extended |inear address, wherein
the extended |l nehmier@piosessoraomprisggs a | ower portion and an upper
portion, wheregj ti.on is_based .ypon the offset and the
segnent  sel ec?dodr%,cE)égéﬁlr\ctfl ?%@5%8’3{6?4%’8?{’? 6Snt°ip§08§€3’6°{ﬁ%’n t he segment
extension. 2. HwegmeorregisoCessae aasgmait séloctbharidy kief ckiendldal #in t he

addr ess generat.i on uni t lp{.ovi des the | ower portion as the sumof the

of fset and a baQ& Sy BIEAUGM UpILiGeqnREate Hrgucndad linear addreps sfersinittey a
segnent descriptor fekemial GRacidddsocomphid abMELshridh aﬂ@iﬂ’&@beﬁﬁkﬂﬁ@&i nted to
by the segnent sel ector, wherein the upper portion is equal to the segnent
extension. 3. The mi"HIEHPR Heduesypogdonsisbasesipanithe offsel andthe séamest n t he

M Croprocessor is age@eéoPiahd SISt ended. L dress has
nore than 32 bits. 4. A conpg{egﬁsconﬁt#@ggr?ts:g&@&éyste%m%h{;e?(%rlr‘é%'ry coupl ed
to the system bus; and a m croprocessor coupled to the system bus, the

M Cr Opr 0Cessor ~ConMpki-Si 0, code i nstructions so as to

provi de an fos2ét mg nzlg%%{sor?tgs Sgggﬁ SgF {é)rx%h 13 ggga?%ﬂéwgerglengtﬁ%ﬁ?&g%glgé:B?rSPorénd a
segnent exmépsovades ththlpweaportidurets sgmngniat offset bind 4 bise agéresy, athereanthext ended
i near addgly rej xtended |.inear address copprises a | ower
portion ag)g&za%mﬁép@ggsr&%{ég‘%?@n? eg\%éxgg?sﬁn{”ﬁégf’g\ﬁe SRS GRS SOIEhBed upon t he
of f set andndnivgy seqpeinted ts by ertsopmemndietioe, whtREh RAPpEObrtisn Rages waen t he
segnent extensian. 5. The conputer as set forth in claim4, wherein the

address g&HEPEFER URT ¢

3. The microprocessor as set forth in claim 2, wherein the MICroprocessor is a

32 bit processor and the extended linear address has more than 32 bits.

4. A computer comprising:

a system bus;

memory coupled to the system bus; and

a microprocessor coupled to the system bus, the microprocessor comprising

a decoder to decode instructions so as to provide an offset;

a segment register to store a segment selector and a segment extension; and

an address generation unit to generate an extended linear address, wherein the
extended linear address comprises a lower portion and an upper portion,
wherein the lower portion is based upon the offset and the segment

selector, and the upper portion is based upon the segment extension.

5. The computer as set forth in claim 4, wherein the address generation unit
provides the lower portion as the sum of the offset and a base address, wherein the base
address is provided by a segment descriptor from a descriptor table stored in the memory

and pointed to by the segment selector, wherein the upper portion is equal to the segment

extension.



provi des the | ower portion as the sumof the offset and a base address,
wherein the base address is provided by a segnent descriptor froma
descriptor table stored in the menory and pointed to by the segnent

sel ect or , WWH¥3&723 t he upper portion is -egual to the segnen?CT@ﬁ%/ﬁ%‘izQ)n. WO
00/ 55723 -12- PCT/ US00/ 05420 6. The conputer as set forth in claimb5,
wherein the mcroprocessor is a 32 bit processor and the extended |i near
address has nore than 32 bits. 7. A microprocessor conprising: a register
file; a decoder g¢o ' j I I n instructi set,
wherein the insi rﬁ??gﬁ‘ﬁgﬂg?%%ﬁﬁf gg%g?ﬁiﬁggéﬂég}tithgrrllﬁfrgprsoﬁ%‘cép'f?a(r}% Bl t ended
| i near addressssor gidkiheicktendrg lingst addeess bas marsbara3? bitst source register in
the register file and a second source register in the register file; and
an address generation unit to generate the extended |inear address as a
concat enat i on of/. val mégombarsen comptikiagf i r st and second source registers. 8.
The m Croprocessgof isértrsi]let forth in claim7, wherein the mcroprocessor is a
32 bit processor #nd-the ext ended |inear address has nore than 32 bits. 9.
A conput er conpridscatgt to decsdeSinedivas belBHERM Y toCRAURRR LR sdt NehG¥ia g bus; and
a m croprocessor cougrlbsed to the system bus, the m croprocessor conprising

a register file: a ddCBHEONSE BePeRan REFYCHOR fQFRECHE PBAYERdedimean

i nstruction set, wheq@is! DRereintad fidhdRA mifles Wl UBGTe AOSHEHCL T On Lo
ctl

speci fy an extended linear address, wherein the instru on nanmes a first
source register in tF&SGrdYe ands sqcpnp@saunet rggisee ondie segistedileegidst er i n t he

register file: andadesadataion GRNE'RRLAR HOLLedRa9S0SN AL e, ext ended

| i near address as a concatenation of values store n fjﬁés?slarst and second
source registers. leoncTigpatinamiivakies stordtin fhwrfirst dnd setaidrsoice whesnekn t he

m croprocessor is a 32 bit processor and the extended |inear address has
nore than 32 bits.

8. The microprocessor as set forth in claim 7, wherein the MmiCroprocessor is a

32 bit processor and the extended linear address has more than 32 bits.

9. A computer comprising:

a system bus;

memory coupled to the system bus; and

a microprocessor coupled to the system bus, the microprocessor comprising

a register file;

a decoder to decode instructions belonging to an instruction set. wherein the
instruction set includes an instruction to specify an extended linear
address, wherein the instruction names a first source register in the
register file and a second source register in the register file; and

an address generation unit to generate the extended linear address as a

concatenation of values stored in the first and second source registers.

10. The computer as set forth in claim 9, wherein the microprocessor is a 32 bit

processor and the extended linear address has more than 32 bits.



