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comprising instruction cache 104 and data cache 106. Microprocessor 102 communicates
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 frominstruction cache 104, and decode unit 206 decodes ?&%Eel
I nstructions. For a ClSC (Conplex Instruction Set Conputer) archi te% ,003

decode unj @%ﬁ, %ecodes a conplex instruction into one or

m cro-i nrsewﬁ $hs. Usual | y, these mcr@-instructions defi r#?lrﬁﬁog‘%{zgtore
type architecture, so that mcro-instructions involving nenory operations
are sinple Io%g or sto ?Ejggerat_i ons. However, the present invention 2 7 AUG

2003 WD 00/BEP5prache OrEBUESH e U dheasfpr exammdel RISE (Beteaed Instruction

ar chi t ect us@Corfipidér) asvi.px %%npgle RlsD6ed ion Set Conputer)
or VLIW (Very La%e Instruc(tion V‘B‘rad)S ar%ﬁ?ﬁ%@gg@#g'a Rl SC

architecture, i Fert 3 RISG ypkitesture pstrugbensdard nondesodedinge mistorinsttuictioss.

Because t hge.phes@atly d ' act k¢ or \RI SC architect S as .
vl | a5 O SEPES R ol ek Bn B HEBrRLEEA RS bl SrpEiuidef
i nstruct i oarshiteseres, ereshalhsotrmake adistinctioh Besveet st it 6 6nSirat @Rro-RIGudtiohd

I nstructions operate on several -

sinply ref ese _as .instruyctions. . Mst
sour ce ope?‘gﬁ%gotlg%ﬁlsaétﬁ%fi a?réat ‘Fggﬂﬁﬂp@_mfﬁﬁé@,thﬂﬁ%ﬁ%lflsgqu@,s. explicitly or

t hrough an indimsmihﬂﬁmtibm;ﬁm!éﬁﬁsmﬁhld&%éﬁﬁérhﬁ& ArfACEnk PRSres i Reyv 2l UES
are read fromor witten to. A nane nmay be either a |ogical (archltgctural)

‘regi ster oS CHReIErplFIyontbrRuep anfadisssting the seures andsddssinatian laeatiohy si cal
regi sters white valukPie kddAtfFdik bk Q8 : o LOLEhg 2,
register r en;alrerivnéj1 i seper_f or madglli]%[;?rl %e%gnnﬁggﬁpﬁgfggér %’@?‘{é‘?%ﬁh“fﬁé‘g&?%t er
Al | ocat i onfCEHISF 85 a joratiag igmeemernyr Reramingrigzidal gegidienswe ehysiogiregibters empyst er s
and physi calow @i | ISt are _indicated by register
flle 22 oy frasbhsre oiz-AMrbaT ol i Bk el Ryarins © pefvedy i n
physi cal rgiesamer fnid 288, Ri&e RAE (Regdidier Aligpaiiog Tables 200 ebrésitul?dft 210 as an

entry. An 1%913 LY, ibré “If?AeT 210 i s . | ndeﬁeg b%(qla |.ogi c_?l regi ster and contains a
_pointer to & ppﬁ"ysm yien Jogjral registers agf pRYSICAl regiglgiss Ty PhySical pegsstersase
“registers indicplay b eisidrage 2®r file 212 nay be dedicated for integers
wher eas ot her seéray be. dedi cated for floating point nunbers. but for
sinplicity theS¥nylosicrhiegistsdant Bapping i aipbatied régistet g physicBurgisigr filsnani ng
of an i NStZ1Civhed thd MEpikY [sSMreMARR &b%g%%ﬁ@f&ﬁl Eh{rfﬁ’n RAT DY for
renam ng the source |ogical register(s) of the instruction, and a new
mappi ng i sindexedby@ legieal registereand qoatainsia podnfiec ol a plegicat exgindr inipbysicast r uct i on.
Thi's NeW regigrer file 212. Some registers in physical register file 212 may be dedicated for
integers whereas others may be dedicated for floating point numbers, but for simplicity
these distinctions are not indicated in Fig. 2.

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 resuit of
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mstruction wmdow buffer 216 and physical register file 212, so that results are stored in
the re-order buffer, and in addition, registers in a register file are dedicated as logical
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 (o 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, 'usual]y 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 Intel® Architecture 32 bit (LA-
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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The mapping shown in Fig. 4 illustrates a generic two-level hierarchical mapping
comprising directory tables and page tabies. Page directory tables and page tabies are
stored in physical memory, and are usually themselves equal in size 10 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 1o 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.
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Mode A is illustrated in Fig. 5, where the first 12 bits of a linear address are used

as an offset to a physical address within a page frame, the next 10 bits of the linear
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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Increasing the linear address space of a microprocessor provides larger user and

system space and reduces 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. [n
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




PCTI USOQ' 05420 Mode C for 4KB page sizes is illustrated in Fig. 7. '(I;&zwr
involves a third level of address translation provided by page dir 92903
. poi nt er i‘ﬂﬂﬁségPDPT) 702. Each entry in PDPT 702 is 8 bytes, and there are

4 entrie BDPT. PDBR 704 provi des-The upper 27 bits &FTASWOHZ0
address pointing to the base of a PDPT so that PDPTs are forced to be

al i gned on 4 2 bgte boundaries. Each entry in the PDPT, page directory, and
page tabl é aﬁ‘ﬁ) Y AREESSINGP 3P JHFCIoneSHUER that the Il isf hiesatdhsebiraslatibat page

di rectori eRpeB@Boh dBL8SH thavads 1 d to be aligned on 4KB
boundari es. pchdgei@C for 2MB %gggﬂi#ggds@%%xﬁ SEbglt'rat ed in Fig. 8. Only two

| evel s of address transl at Bgref Bescriptipn ofctthe Ivasviegsagai n a four entry PDPT

C

. 1s used to poinf,t . - 'rle% ory. (Entries in the page directory
provi de the up%?' li%%?%gae%rf@a db}, P of BRI SYSIERat  pages are forced to

be aligned on 1B Amavidesa pror afindiagragefathidedpib@séipscri bed in Figs. 7 and S

. for Mdde C all up t.o 4GB.of t.he 6,4}?% ext ended address space to be

addressed at ofestiHIRYIdeFs BERTATLUNEAtGR Tardmansiagpg rdpgicalraddrrss o lineded
address spddess.a different entry may be placed in the PDBR register so as
to point to a qifferent PDPT, or_entries in the PDPT may be changed.
Further detail % PIRIASAPTGrAH- | astiagan forrtranisktinga dihear advirdse of aiplysivaly be
found in thgetantel Architecture Devel oper's Manual for the Pentiun(r) Pro,
Vol . 3, available fromliIntel Corporation. (Pentium@Pro is a registered
trademark of | Fi%lS povtigrsrapricgnrt)illismatienommpnsheng a 32t lawkdr 8ddvess pRE82 of a
m cr opr oc : i J ..and system space and reduces the

bur den asg%i’?‘g%lg%q\}/f\#rtg%%ﬁlﬂﬁgégﬁﬁ%gggég% exhaustion for a |arger physical
addr ess space. Figibpeasdasg frive andlldstaiian fafiraashiisg 8 BL BEHERAF addfesd 10 2 $7 OM 32

bits to 64. hi t rovid | arger |inear address space is a ngjor
engi neer i ﬁld%hgé;ifzadﬁg?rassskwm ‘F’P@rﬁ'}? Pg%‘&g-ef ore be of economic utility to

-increase the | Figedpravidhsagsios RRGRusRELSN fo i aRklafife 2 B2 GIAMAFSREQE [ F£5d 9N

wi thout ipcreasing,its r i ze. Furthernore, it may be advantageous for

a nicr pprgﬁé’g%%?alaﬁj‘i’ Si%@?‘g’@d"l’?ﬁ%r address space to be backward

compati bl e Wi t Fig: @Geo s i ah Mustdiofdr ladhuistd £ 38 bld IRH HALS B35 6 Pace
0

and suppog,t ed paging structures. Summary Enbodi ment’s e presen
i nvent i onPXPRYSTY address with Z-MEByie 828ingnd i cropr ocessors provi ding an

ext ended | i nearigddiiis 3esnpibly AREABALLIEMN 4iA an SHLEAASA LI near

addr ess isdgenerat ed in which wer port ased upon SN of f set
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 exempiary embodiment for translating a 42 bit linear address
to 2 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



and a segnent selector and its upper portion is based upon a segment

| extension. In another enbodinent, a linear address is generated by 27 AUG 2003 .

concat enat | ues stored in two registers. O her enbodi ts provide
for tranggp'?%%ﬂa | i near address to a pk8sical 27AUR003 %@%37

PCT/ USO0/ 05420 address by accessing page directories such that the |evel of
hi er ar chi cabﬁ}_‘r on whether there is |inear address
r

an ion d nds_upon ) _
ext ensi on. i cerf%‘g%tfﬁﬂie%‘ggg?si ﬁé‘gﬁ‘%%§ 2 MECEppracepsasvEgiser intqbe . ar t
diagr am of LFahclDABI se iR MG 28 trahsilled WgHEH? adarPdsk Plo Aldngflh fGLAM OF 2
mi croprocessor. Fig. 3 provides a prior art il iustration Fore tT4hsl ating a

| ogi cal a €5to0 a linear address. Fig. 4 provides a prior art

il lustration fofet ' ' ress.to a physical address. Fig.
5 provides a pﬁlg?g)gplt%h?{eF ggfﬁlg%){j%ﬁe%g (f)o‘r"}qugi té'?gag’gﬁﬁpfédy S5 P eKiepdedr  addr ess
to a 32 dineapiddséssed. Saguientgsgisict B02 iskRyenele PBEoAG thdtivehictDis RERbARS a pri or
art illusty %H on for 'Eiransl ati ng a. bit linear address to a 32 bit

physi cal addr esEEMTH SECRBIAASTEER YT 18K - s Portiop & seBmrens ragistes)903, denoted

i | 1 ustr at itgrsekmend Sefidtdr 0 18e kot &d r bit ' physical
addr ess V\nt?ﬁ gfhKByte pagi ng. Fi(g%%légtr%é\f{gﬁ@ér%g%r%%ng;g%&?%qggﬁcpgﬁgon for
transl ati MP8£039 thpioviderichase addresssas dissussed Previbouslyp hyd aie affsaa dalue Soffdet h

2- MByt e pagi; i g. ' ex | ar nbodi nent for providing an
ext ended Iql lgtgl; 9fda§c?rd g%ds){oqé%' gfgsscl%ﬁﬁcrs?)\?ﬂnﬁ8§ld§ﬁg?'ﬁ%rrp°& e Gigpdsddinggint f or
provi di ng addreex tirmdiceld by BERrA pedidhed Segni reglfdr W26 1631 ta@eleeig%&{ty

I mpl enment ati on of_ FEi 9 10, Fig. | | provides an exenplary enbo I rent for
transl ati G§APET W98, denotechby segment extensipred g fasms thshypeier pbrtiudf thes wi t h

?;)FB%/'; g ngfégite?ﬁcc?lgﬁi:g a%?&%%l, ?é\ﬁed;ér@g)agrﬁ;e gghc]n%lwi?\ﬁ&&?lsor%gn&)t(&a eld%wr'iﬁl 1%5529 di ment
portion linear address 912, the extended linear address is obtained.

In another embodiment, instructions provide the extended linear address via their
source registers, where the extended linear address is obtained by concatenating the
values stored in the source registers. 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 2 microinstruction specifies an extended linear address via source registers in its
opcode.

This procedure is illustrated in the flow diagram of Fig. 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
lhe 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



" to a 36 hit

1

to a 36 bit physical address wth 4-MByte paging and 4 byte entries._ Fig.

13 provi des an exenpl ary enbodinent for translating a 42 bit |inear badﬁééﬂiﬂ
physi cal address with 4-KByte paging and 8 byte entries. Fig.

14 pr ovi YL ?xerrpl ary enbodi nent for9translating a 42 bPE TP 20 ddr ess

to a 36 bit physical address with 2-MByte paging and 8 byte entries.

Det ai | ed %scrig&c_i on of_ Enbodi nents Enbodi nents of the present invention

provi de f &€ SPIEHERIMANPILBRHPRNENS of regsiereRbaey R sethat anjestersied sipsare by

utili zi nga8d@sOk obRigopcodes to indicate when extended |inear addressing

is to be utilized. In one enbodi nent, an opcode indicates 2 7 AN 2003 WO

00/ 55723 -8 PCPIngseneasaded linear hddressis EaEraitd. neiatrandated wea fhysablima) bit in

Ca | | set . If the LAE hit is set, then AGU
220 (1 ansrares PRRRaa of Bebfaeft S Eion oy R Sipss Bedliong o

i || ustr at g8radncingrbedirademel Horadstaaios imb ttegaddeghs eahslakd HessRhy, whegxihgnded

- i near addresses. Segnent register 902 is extended beyond that which is
Flof e R hon i oraubont

Xira lev

required to - Se slayg goppilyiifized provided pxteqded lineag addsessingtis on of
segnent ragiictey 902, denoted by segnment selector 904, is used to sel ect
descri ptor tab%e 386 and segnment descriptor 908 so as to provide a base
address as di s€tfsddAIriEsARamPodipent o1 estended linegr address teahslation witkgi st er
910 is adgRs gaRirle PRSBeAteRTLIERFRILY] I i 1,00 0% pfae ext ended
| i near addr eésag, 1 ndi ca Z_d b)? 91%. A r%grt'i onﬁé%ngéwégl}r%g%&drrggg}ilg{ne%mgOZ not
used to s¥hegtthebighesitlO bissce typdas a90ffset den predldivyctare 4@ The bhensidrees 914,

fornms the ' f. . t ' r_address, qted by 916.
vhen o144 PaELERRRO 02 s BRI PR 100 SRl FedliieRen, LR B el 012,
t he ext ensieubdlicabipin Bigdl &ssiridicachay inedended liaB& dares@RPRARIEBLAL, then the
i nstructi PB%{PW Q\C/li Cﬂgyt he tﬁiXt endelﬂggi near address via their source
regi sters; ~war EUThRY BRETHERAPTY il Bars WIS brss addieat insthepyexeiomenteariat i ng
the val ugSaddtédk @dndiftidd) WIiHIsTRzE 8REF1308. e REANRLE addre AGYY dn%ﬁé uctions
for | oadi _n%, storing, adding, and exchangi ng 0%1 ects I n nenory y be
i nt r oduceddicatednforienampligeifianl AR bit is sehewié noeaid dftbe nppsr 10 bis of Bedisemded by
decoder 20fidtq. Qhe RES: 1 ' WGl ians ere a m i nstruction
speci fies an ext einl:ge'd[(lal;”lc near adpg‘ﬁ g&sds}&\tsl{naqé%%rsggp?%%i @F%Fﬂ“xilﬁbﬁ)t S

symbolically indicates that PDBR 1104 is used to point to the base address of page

directory 1108. Directory and page table entries are each 4 bytes. PTE 1110 provides 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

s1ze, 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



opcode. This procedure is illustrated in the flow diagramof Fig. 1Q._1In
step 1002, the values in the source register named by the decoded 27 AUG2003
i nstruct| concatenated to form the extended |inear ovi ded
t he decog'g:goq?#Z?r uction is an instruct-l@en that bel ongs tog&ﬁ@%§@?54g‘$
instructions operating in the extended |inear address space. In step 1004,
when a decoded inst}}rggti on i.s to operate in the original |inear address

space, t h&ERTE} #E St € BY o 0 tRARIBYFr Phentripsinrasel Hiserivry andduade ise’ =%l Dase
addr ess pe@wagedh Rretidey arkBH¥R I 4K SE§ibd ' j pear .gddress.
Fig, 10a provides afcl i el | ement ati on .q?kg%?a&lsg.08%?%{%%%%3%&5&1 %?582008,
and 1010 pagediterory 1306 bits abnysagsitipn A8 whiheHimeart dudress iase w1 used @nHRd

| i near ad : ' ' : d . line is serted | f. .the LAEuop
ine i s nopoodmelf, EoRLATERE 1o AR bol RiBRs e85t 205 piEhicg eiss927 an

i nstruct i gAnsiivads provikideord 2bidlismg adkitesseos h Akl SR tHreS BRCddudPloers0 t hat
the |inear address brrﬁﬁ_gbe corrPutgcg.i n a  conventional nanner. If, however, .
LAEuop is assePERCOPBet fonwxispried inear pddsessiepslatien with 2AMB paios iman 00/ 55723
-9 PCT/ USEXd:ftizd Py$ibal 20Reasanadf NGB el tsesh_%%tiﬁﬁci 19 af o Sseffl and R2
so that an xtend%ﬁll_,l near address is obtained. ce an exten eé | i near
addr ess i SRR ReIHIIcS in thepage dirsriariesfifig aldyrg Sibyies, $ thatias indugiriSgbe
Enbodi mentigea@hddrbR b@gsgggq;gpdsmé%@tgia%mq&ovi de for this address translation
by introducing an extra l'evel of translation into the address translation
hi erarchy, whel@&iQusimodifigations may &F nuide to thestisidsed embodiomais withaltl y utili zed
provi ded gggaﬁn,q i i i i.nd,cated. Fig. 11 illustrates an
enbodi ment f or DE%[%?]%}%BF‘?%%E%%@S% c%afualﬁ‘gﬁglf’%n with 4KB paging. In the
specific exanple of Fig. 11, an extended linear address is 42 bits, 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
“(multiplexer) 1106 is used synbolically in Fig. 11 to indicate that if
extended |inear addressing is indicated, then the PDE provided by page
directory 1102 is used as the base address for the next |ower |evel of
address translation, which is page directory 1108. Extended |i near

addr essi ng may be



indicated, for exanple, if an LAE bit is set or if not all of the upper 10
bits of the linear address are zero. If extended |inear addressing 7 aumam;
supported, then nux 1106 synbolically indicates that PDBR 1104 is used to
point to the base address of page directory 1108. Directory and page table
entries are each 4 bytes. PTE 1110 provides the upper 24 bits of a 36
physi cal address, which when concatenated with 12 bits fromoffset 1112
provi des a i Riclaigddsess. The physical address space is 64-GBytes. An
enbodi nent for extended linear address translation with 4MB paging is
shown in Fig. 12. Page directory 1202 provides an extra | evel of address
transl ation, C%ﬂlcﬁrdp?&éisomomgm elthRiea ﬁa@aﬁmﬁe@s thbREME nAdEhBSSiong 1S

i ndi cat ed. Because of the page size, only two | evel s of page directories
are utiliz&BMPEHng r ansl ating an extended linear address to a physical
address. Each p%gﬁccﬁhrrt@‘ag&ﬁé'm@tmc’h&(ns'se afloProvidt dndfrfetlyt s, and the physi cal
address space is 64-GByte enbodi ment for extended Ilnear addr ess
translation witf# swnpﬁglsn%gtq SFP"%‘hseg@ﬂtéﬁ&é%f agfhg sqeEsnt exirasies and pace of

64- Bytes is shQwRddress BhitratidPunit¥® g_bﬁbrd’f@ﬁi?ex@nﬂé’ﬂ lﬁieﬂ addréss, Wh&a8in SheleRRARM
linear address translation is not 1ndicated, PDBR 1302 (s used to point to
the base adifpasgddress coppises thoaffsehthesrement prlssiar) apd F@ﬁ?g"i‘er’?t eXtesi®fe. To support
extended | nearwréféd{ &g b paARSHaM t'o%nslaﬁ)mgeﬂt&%d liffeak ScRifkst © aiysital ﬁdlirésbe
base address of E dlrectory 1306, and bit positions_30 through 38

( Addr ( 38: 30%hjle i5fthe frdendsd lpparaddressraage, the freireRrecepion liges 4 et Refierde f‘if“r'i‘fflﬁe page
directory 130§ tabhdol S%%?Jlret:tlaﬁ( Edcrvﬂmefn@ﬁh 1R Ukleh® linBar afBER nibldé Bednle 1306
are also cached in P 1304. For Fig. 13, directory and ﬁ e table WO

00/ 55723 - Pasevaik fhemicrgprocestoryiilizepnsageubnyinsste Eeéf-‘ée"a%“é € B8R and t he
nunber of eitdhgs in each directory and page is 2" 512 so that each
directory and page is 4KB in size. Because only 9 blts are used as an
offset into page directory 1306, bits above position 38 in the |inear

address are, not kg @flcrbptodedio? as RIRAR i @difn. 1, FREISIAAMEREhYed linkdr aHJ]‘r@ss'cbtﬂﬁr@dés
address register is 42 bits, extended address transl ation | rovi ded for

42 bit |i n@dPweldarion apdanypper ROFionherRis the pddress gﬁiefaélo'éa%}hﬂ’m‘('ﬂes Igwerap

enbodi ment phRfon 8Xhe MR Jf thé BERE aracidfamﬁegsaaﬁ&ram&rbaw ddbregNBpiagedty 4 n an
ext ended phyS|caI addr ess space of 64- tes IS ggomm i

n
shoul d be $egment deseiRiprtagt 3 deseriptor; E'It‘i‘f" Re&sgepeadipeEtsd e F%g’eéﬁ’g"lff“g 14 are
8 bytes, sQefehidt whsreinheripPer pbiioh i equal to the segment extension.

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. The microprocessor as set forth in claim 1, wherein at least a portion of the segment
extension stored in the segment register is used as an offset to point to an entry in a table, wherein
the entry comprises the first pointer, wherein the second pointer is not a function of any portion of

the segment extension.

5. 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;
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| i near address bits above position 38 are zero. Various nodifications may
be made to the disclosed enbodi nents without departing fromthe scope of
the invention as clained below. 2 7 AUG 2003 Wiat is claimed is: 1. 2A AUG 2003
m croprocessor having an extended |inear address node, the m croprocessor
conprising: a decoder to decode instructions so as to provide an offset; a
segnent register to store a segnent selector and a segnent extension; and
an address generatio it . generate _an ext.ended,linear. addr.ess. ,wherein
The oxt ended 11 near "daarasieRisRPIE SsfeRShBdaaa p il G I0 10T
and t he segnent ext ensiaddrgss\gbreratiomunitioigonprae pegendal lknegradiresnwyhatie thehe
extended |1 ddr hysi [ ile Lp.t | i near
addr ess noég‘,%‘?‘["ﬂ@g%’ g‘?dz%strs g% rg gér/tﬁﬁﬁﬁef’ glce%geéé e?‘lt s {Oﬁ%lnzril ar %%%r(éex?%rg@%ce a
first table as ahemgeduling e ptgerwalk tatnsMic the extertded hindahaddesss wrachhglsi¢al adslpess

addr ess node..durin . e | k the m.cropr r utiliz cond
poi nter ¢ o i i bfhebndba uRaEROE ode)Be PHASHREAST NP { it ohGS GedeRt

m cr opr oc eadost table & atpageaditeltorynarel velilndt in Weexendedtlinear eddrens dede Hunmgake addr ess
conpri ses | o Qrtion _and.an er. portion. wherein [

gener at | on Pl TRl (e8P uRl: KRBSHa il O albot Slhd (R AN 83 4
base addr eslggctavierei n t he base address is provided by a segnent descri ptor
froma descriptor table stored in nmenory and pointed to by the segnent

sel ector, wherein the upper portion is equal to the segment extension. 3.
The m cropwocesJbe caspg@tas febfdrth in claio] Hiwiein tvhetaded lifear adidessopmpusssor is a
32 bit pr . I: . . bits. 4.
The m or op S oo Bt dlBedt SRR hebg e RGP RERBAIR T RS W, P S

t he segnentportiex aethe swmofthe offsit and athase addgsrewhereie giebagradimssis puvided Bym of f set
to point t £ i rein . L | ISt
poi nter, mﬁ%@gﬁnﬁ&%%%%g?@n%&ggﬁﬁr\g@% Sgdrgdolp tt]taya‘rf“:'u n(t:qE ix%dgp%éq? édatﬁ ;‘? ? E)%F%r%érq{ of

t he segmentselect¢rewbérein theSippek poriop istegral dothp sagsientgxtengorsyst em bus; nmenory
coupled to the system bus; and a m croprocessor coupled to the system bus,
the m croprocessor conprising a decoder to decode instructions so as to
provi de an 7of f sdthg computer as set forth in claim 5, wherein the microprocessor is a 32 bit processor

and the extended linear address has more than 32 bits.

8. The microprocessor as set forth in claim 5, wherein at least a portion of the segment
extension stored in the segment register is used as an offset to point to an entry in a table, wherein
the entry comprises the first pointer, wherein the second pointer is not a function of any portion of

the segment extension.

9. A microprocessor having an extended linear address mode, 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 to
specify an extended linear address 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 an extended linear address as a concatenation of

values stored in the first and second source registers;

-12-




-11 2 7 AUG 2003 a segnent register to store a segnent selector and a
segnent extension; and an address generation unit to generate an extended
| i near address, wherein the extended |inear address conprises the A1 Al 2003
t he segnent selector and the segnment extension; wherein during a page
wal k to transl ate the extended |linear address to a physical address while
in the extended |inear address nDde the m croprocessor utilizes a first
pointer to refer il i in
Phe ext ended | | nonrnraaite fA0 irdifud uR IR TREL Ridkers WP Suds
utilizes a vddlednte pﬁpnﬂeéimqabaddéeﬁémeﬁméleamsrenremw atilizes afirst pintpretg esference
directory. Grrsttiife &%fmgé cﬁfecf%ﬁr afd wlﬁlﬁ:rntopm the Jﬁh&i‘ lﬁ‘nearvé{ﬁgljégs'nqbdg Ggrlﬁﬁg nded

| i near address conprises a [‘ower portion and an up tion erein the
addr ess gerragqtall fegpipropigeessdr gtikizes heecpmimnterp@reﬁr@we asecpmbtablg as bf pagee

of fset and fhgse address, wherein the base address is provided by a
segnent descripfor froma descriptor table stored in the nenory and pointed
to by the segnent selector, wherein the upper portion is equal to the
segrrent extignsi Ofhe 1croaua€es§09 JOYE RFth FoclSf C? twﬁéljé#ﬂ tf)er}nfé}ogl'd&émr IM @i n the

m croprocessor is a 32 bit processor e exten | I near address has
nmor e t han Fpoogsspsandghe exteadqd I@P@aﬂ@reréél%moraéhagéﬁ biterth in claimb5, wherein

at least a portion of the segnent extension stored in the segnent register
is used as an offset to point to an entry in a table, wherein the entry
conpri ses tile filhgcompitertsesiem ahyvst Brth in dhimBawherin ﬁid?aﬁ‘tf’emﬂil%l afdfe segmemhict i on

Of ANy POT tch@Rsi6 sorbdlfs (REQERG: ik Rl s o ottt 1 (GhR RS BERS B 2 AR iR
extended |inear address node, the m croprocessor onprising: a register
file; a dedbrafry comprasenihe firshaeinter: herain theateennd ippigtet t§ ngip fupesion gE prygertipaof
wher ei n t hgnd Rohédiekie@ibn. S€t 1 ncludes an instruction to specify an extended
| i near address, wherein the instruction to specify an extended |i near
address nanes a first source register in the register file and a second
source regigter A fonidirc&Abhiig file; and an address generation unit to
generate an extended |inear address as a concatenation of values stored in
the first and sécyHeMEBurce registers; -12 27AUu20113

memory coupled to the system bus; and
a microprocessor coupled to the system bus, the microprocessor having an extended
linear address mode, 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 to specify an extended linear address 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 an extended linear address as a
concatenation of values stored in the first and second source registers;

wherein during a page walk to translate the extended linear address to a physical address
while in the extended linear address mode, the microprocessor utilizes a first pointer to reference
a first table as a page directory; and while not in the extended linear address mode during the
page walk the microprocessor utilizes a second pointer to reference a second table as the page

directory.

13. The computer as set forth in claim 12, wherein the microprocessor is a 32 bit processor
-13-



wherein during a page walk to translate the extended |inear address to a
physical address while in the extended |inear address node, the 27 AUG 200
m croprocessor utilizes a first pointer to reference a first table as a
page directory; and while not in the extended |inear address node during
the page walk the mcroprocessor utilizes a second pointer to reference a
second table as the page directory. 10. The m croprocessor as set forth in
clai m9, wagd @k Bxtblied Mhéf MAFRERESWe then KR, bit  processor and the extended
| i near address has nore than 32 bits. it. The conputer systemas set forth
inclaim9 wherein at least a portion of the segnment extension stored in

t he segnentl4r eqiTht esmputer Bfsiian SSse@ortDinl Hhih o @hddéth B ledsPa potti@NdfMthe defmeéntt abl e,
wherein the entr¥ co rises the first pointer, wherein the,secqnd poi nt er
s not a f GHEEI e i e SEPEE FREisST S Uhaas R fiihic PAYY (8 78ieBRY inpIabio BRIt or
CONPr i Si Ngthe edtry ysrh@¥edts firstpvimeéry whaeip liededond pbifteSly b uftisn ofdig partion of

m croprocessor coupled to the system bus, the m croprocessor having an

ext ended FeﬁgﬂPaﬁgﬁﬁﬁgg'node, t he ni croprocessor conprising a register
file; a decoder to decode instructions belonging to an instruction set,
wherein th instructjon set includes an instruction to specify an extended
| i near addﬁg'ss, Méﬁ%‘i kit p{”ﬁ?-fm 4 Rpgt Fvglgttpﬁwet!ﬂ%g%%&s%' an extended |i near

addr ess nanes a séledting a $iestl paifter ©@oint ©ra firgt tdblecin hegiosit whienfih hieextdideld inearecond
source regia%er ig.th register file; and an address generation unit to
gener ate af*E%F8GEF"fi near address as a concatenation of values stored in
the first and seeedilgaeecbn®pdittert6 baihttp avwhefi®iable diintmnory avhoage: inhk kxtteled
transl ate Hhe e&%ende linear address to a physical address while in the
ext ended | i AEAPBFAMEEE node, the nicroprocessor utilizes a first pointer
to reference a whireithd fitst teblaserecs pagpagd idiretdrg when manlkit exrintie livgsr addresshe

ext ended |i near dress de duri the. page.wal k.the m croprocessaor
ori |1 ges a TDREARIERRAR Grickr Pe nied tre 880 ndFpelin B A RERGE RS
di rectory. mbde. The conputer as set forth in claim12, wherein the
m croprocessor is a 32 bit processor -13 27AUX003 and the extended |inear
address has nore than 32 bits.
16. The method as set forth in claim 15, wherein the first pointer is obtained as an offset into

a table, wherein the offset is provided by at least a portion of a segment extension stored in a
segment register, wherein the second pointer is not a function of any portion of the segment

extension.

17. An article of manufacture comprising a computer readable memory, wherein stored in the
computer readable memory are instructions that when executed by a computer cause the
computer to:

select a first pointer to point to a first table in memory when the computer is in an
extended linear address mode; and

select a second pointer to point to a second table in memory when the computer is not in
the extended linear address mode;

wherein the first table serves as a page directory when in the extended linear address
mode and the second table serves as the page directory when not in the extended linear address

mode.

18. The article of manufacture as set forth in ¢laim 17, wherein the first pointer is obtained as

-14-



14. The conputer systemas set forth in claim9, wherein at |east a portion
of the segnent extension stored in the segnent register is used as ?%NP
offset to point to an entry in a table, wherein the entry conprise% e 7903
first pointer, wherein the second pointer is not a function of any portion
of the segnment extension. 15. A nethod to perform a page wal k, the nethod
conprising: selecting a first pointer to point to a first table in nmenory
uhen T an fEHERARe jabRPereiR BI0ASR 1RAAIaB0 d: B8 £dilford SEFAREBRIR! " O
point to a second table in nenory n not fn the extende I near address
nmode; wher éforedtina sqgment register, wherein Whessecpnd goipigris nd & fundtion pf atlygertion of the
extended | g 1 &4d4dEess node and the second table serves as the page
directory when not 1n the extended |inear address node. 16. The nethod as
set forth in claim15, wherein the first pointer is obtained as an offset
into a table, wherein the offset is provided by at |least a portion of a
segnent extension stored in a segnent register, wherein the second pointer
is not a function of any portion of the segnment extension. IT An article
of manufacture conprising a conputer readable nenory, wherein stored in the
conput er readable menory are instructions that when executed by a conputer
cause the conputer to: select a first pointer to point to a first table in
menory when the conputer is in an extended |inear address node; and sel ect
a second pointer to point to a second table in nenory when the conputer is
not in the extended |inear address node; wherein the first table serves as
a page directory when in the extended |inear address node and the second
tabl e serves as the page directory when not in the extended |inear address
node. 18. The article of manufacture as set forth in claim17, wherein the
first pointer is obtained as -14 2 7 AUG 7,903 an offset into a table,
wherein the offset is provided by at |east a portion of a segnent extension
stored in a segnment register, wherein the second pointer is not a function
of any portion of the segnment extension.
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