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THE | NVENTI ON *166166* 1. Technical Field This invention relates to 3

* processongoopmthspore particularly, to a translation | ookaBCTsoudser used

for staping r i . nd Art Conputer systens

usi ng g@#@?ygﬁmgﬁéfmbwgwﬁ%é%ﬁﬁgﬁ ransl ate virtual addresses

into physical addresses in order to performa nenory access

conputer programs are witten to address a nenory nodel, anqmmmﬁﬂmmwm

virtual nenory addresses BSGROUNHOFTHE INVGEREON, access. ry

addrsess nust then be translated into a physical nenory address i*mseerder to

access the information required by the 15 program Various nechani sns exi st

in diffler entTeeBigydield architectures for performng virtual -to-physi cal

addr ess tr amsa{vam*aﬁrelafaae PR rsCai Widoie Parfi@laf@ o th@slRidel lo6kaSidd bubfskalifbrons i S

Iatencyt %gdltlg to the tinme required to access the information from

nmenory, 3“%1"8 ®fock cycles may be used to performthe address

Iransl atl on This latency penalty nay becone severe or unacceptable in
3@ e—fk%%{“ﬁ PLm frequent nmenory accesses. One common 20 net hod of

cing th tency penalty fromtranslating addresses is to use a
t ransl at i on Jowpwersysthms Bingf resmory Fragisement nElyBayedhegeasl iy trqnslpte yipna) addesssgg inld Wi t hi n
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A typica store both the vi ctu hysi cal addresses for the
nost r@&@ﬁ{y%dﬂfa@w“wehwghnwa 5 VHEDPFRTIITR P Rt Ateess oA HEHE Iyma¥ ces s,
it My addiGbiRusithed teltidasiated Ghdd aqg;s;‘s;caﬁm()?&laﬁhrm ofdaard addess e AfEiAIn feQuiirell Bethé Ssued

Vi 1BualPth Setoon et o RSl B BB R R e TRBR Py g Rt p o8

t r ans| aensbtiensar e provi ded on a page basis (e.g. 4 kilobytes, 2 negabytes, 4

nmegabyt es, o A o i . o
addr ess and palg))%mg%s,ﬁl %%%@yég’%ﬂ%@ﬁ% |%ggﬁa§cg§%éfﬂ %5 &/"E’)eés"%?%he t he
advant dgfersetinnGomaesgnoryya spmbprpf clock gYsleamay bs piefl fo Pe!s@rretthe adjyess §H’é1hﬁ°pr Shs laacpccur s

on a C QBifaftyday D8k dnfe Reverde dr m&bbt&re%ﬁm ShaPerRie@ntanetlo) ac@ssbD Wns ¥dmnfWd t Ch
res ts in %’he renpval of tranﬂflatlg ns stored

in 30 the TLB IS IS
Rgugipe it fatengy @ s BDE 8 a3 e BYEE (LBR by ess
transl adenvsmlbmempbmjedwgthhe ptobessot; andtisasdd tesitre eitvaaditoephysicef adrimasg tibelatimsli A 1 ed,
and th I r,f ect
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result in lar enal ties may b
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cont extetcy widttiel TS, ma}'lsex;eahbdn@@smbﬂ K8 binthdl addsessahdpagélpdrtivnaf the Bnaspendsigphwiciled by
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flush yn uch |rc be neces nd suI in
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t he cache a npve'to segment register (MISR) "instrucCtion Is then

ex e ut SIPETaEs I IpHRING sytveh thetrupirediegientcopteatswitdiex ani ned to deternine if that
segnment r eQiThd MfresIrafbARR Gtodedlinta ITEB 6ra SupForid ), unddilym@ dataas&u&tﬂm{o'tedai ﬂa@rml atch

is set.. Wien.a conte chroni zin ent then gccur idation
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i nval i dat ed. EP—A—O 568 195 di scl oses a process for reducing TLB purge
overhead by only i 5 purging a TLB when an address space is reused by a new
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! SoADP53, 948 di scl oses a | ookasi de array I nval i dati on nechani sm i ncUgdiingsg
a purge counter and a purge count field in a TLB entry, with an increnent

. counter, 20 and invalidation of the TLB on counter overflow. The probf &R 2003
outli ned above may in large part be solved by a translation | ookasi de

buffer (TLB) flush filter as described herein. In one enbodinent, a

processor includes a TLB for storing recent address transl ations. A TLB
flush filter nonitors bl ocks of nenory from vvhich address transl ati ons have
been | oaded and ,25 cached in the TLB., .The TLB flush filter is confi dto
det er m ne i f%§m‘1l algs SEYERITES FEG Wfﬁ&}ef&dd’ﬂleg'% Baf i tpical; RrogesTRF o a\ﬂéﬁ

changed. ?@rf@ﬂﬁ@'wﬁﬁsméf%qu rRAFLE fmlsﬁh&déf 48dh EirblrBstadtRY rﬁéseﬂoplbevent

a flush of the TLB on a context switch. |If changes have occurredto the
under | yi ng aameéw,tandmymemdhmlmnéammgnsaadqsemquegbomen allow a

flush of the TLB o) 15 e TLB
flush filter usesi‘fa§ lr“e%\l:dgg {8 bcﬁggl(?)égf‘r aé&gﬁ?f%%%gﬁwg'tgeﬁ?%d%

addr ess 3 r anghaslativaScdehy én betich & aedoed! is Repithod Whith sa'giﬂen‘fLrB%xHﬁMé oﬁneh@dDED
SHEET flush filter %cﬁ}ermnrtor for nodifications to the underly

ng
address tr anS12ERSh S they cacher olfsa preyete Fmahegister W‘é&)ll?s%&@ntl&ﬁh@s or
directories), t g Lrgm;
then activat & etAH EBca??usﬁé{leﬂﬁt eél.&gtl'ﬁé}* %n%;@d%&%ckgghab@& e ILB
fl-ush filter ragrstes'ubsmgperhhx wercacéxtandyifso,rmnvihdauon baeigisseS When heontext
under | yi ng addregss. transl ns_in e ted in .t region.table.
The et hod P TRBRIZinG§VER IR oepitan Fher iepfistof clefhy. & expubed 18 iHeGminsc exi
switchg®. | nwhaBercdTiR iigrdiche Hbutd bevalaiaesy f or med by tagging the val ues of
a base address regl ster. The base address regl ster may be configured to

store the base adBFedsl9f 18 949cdessrbes s dbishalankasife hbuffesa (ELRIfar fast
cont ext . The I

entries in tﬁe regl onw}%"éﬁnéty@%g@gg%&% 0 specWr}@m&b g% ons.
The tag may HEBst/eufbdvsaﬂnﬂ@)othﬂleLBfandtth@FLHafﬁnwﬂJchtéﬂ.B entry to associate
the translation ip_ that try..wth a conte rans tlosfor
many cont exts mayﬁ?rg%dséﬁqr? yqﬁ%ﬁeﬁﬁ%aﬁfo%ﬁeégé‘?dé‘ E’\Ig‘% E’l‘?/gﬁ F’iﬁ%‘%g

W th cqBt extpirgig & TBB vifed'® EJHtEJQ%FEéUwQBﬁseEMt@ﬁéWW $ourO vAth adéﬁéésabl e

to the current context. The region table used in one enbodinent is

i npl ement ed mmldan%ﬁﬂﬁemlu@ea RaEgeymarkep pasing aoAmpe Avhen it appsers At thectops
menory (RAM ¢ @Wﬂ;@\M may be used to store information regarding the nenory
structures from ich address translations are |oaded into the TLB. Such

i nf ormati on rray i US1Ad053:848 disclases alopkagide m&wmﬂu@oambqhaxymtmﬁhéng

i nformati on. Mrra used t t v es of t.he base address
regi ster anaaP‘fr 5988E X?&)E ec%%t:o%u Lzﬁr %%}t@y{)‘% YL LS cgﬁlktcf ’he
nunber 20f ba&ﬂmﬁﬁdﬁﬁ&nﬁﬂ:&%oﬁ/ﬁmﬁrh@e@mter overflows, the TLB flush

filter may then a i vat e t he region tabl ared. A regi.on
counter may al so %W&’PS&&g? e]PI@fpaéﬁSPlsé’Vf’é‘tW é&@ﬁ?ﬂ?ﬁé CAM

An 0verf|0W1e$kJsiaeSb&&&n mmRSﬁﬁérsas @R4tibell MeerdinB th| 41N efpbbdffent,0a Pe

deacti vated and the regl on tabl e cl eared.
processor includes a TLB for storing recent address franslations. A TLB flush filter

monitors blocks of memory from which address translations have been loaded and
25 cached in the TLB. The TLB flush filter is configured to determine if any of the
underlying address translations in memory have changed. If no changes have
occurred, the TLB flush filter may then prevent a flush of the TLB on a context
switch. If changes have occurred to the underlying address translations, the TLB flush

filter may then allow a flush of the TLB following a context switch.
30 In one embodiment, the TLB flush filter uses a region table to track blocks of
memory from which address translations have been cached in the TLB. The TLB
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$0l07em00%) t he deactivation of the TLB flush filter, a contexXty s fygh nBS010759
result in a TLB flush. The TLB flush filter may then be activated once
-again. Thus, in various enbodi nents, the TLB flush filter may prevent
unnecessary flushes to a TLB. Since unnecessary flushes to a TLB may be
prevented, a new 30 context may be able to use previously cached address
transl ati ons when none of the AMENDED SHEET under | yi ng address

transl ati ons have changed. In nany cases, this may elimnate the need to

t th At i kL ' d
AR S T s TR S T o
ST eam | ne Sate L g BRI P e e i, o
DESCRI PTI ON CPSPROSHINGS %—‘ﬁe& Pt Ya'_i?ﬁ“ aeF0ath %eﬂ%f%ﬁﬁﬁﬁv’@h& Busher | |
become appar &by YpBfbcked 8y Bt THB fhish et 89 msﬁ!?‘égﬁﬁénﬁ_@oﬂ‘éﬁﬁ%ﬁ?iﬂeg i 48 g&aﬁ@ep

reference to the acconpanyi ng draw ngs in . Figure
di agr am df orte therwadérlymgtaddfess trpnslatings dn memonhare ldetectEidEn tha repionithbler coul d

of & processor empl sy Peiped o errriine o, i Rudh HF aB8 BEnET trathingicBglekty o

of a processor enp [ i i of

one enbodi mengwifhed I loBe khibsinkdrt,! s mhy Be Herfdmied ta;f ﬁ'ggﬁg&ﬁ? whing$ bf a%h&wS
ure

region table entries for one enbodi nent of the TLB flush filter; Fi

is a |logic diadgrasaregistersThabasepddress regifter mayt bexgsafigureddgostase etmse ssof

the TL,B flusl fil : | 6, . | 3 ' ' L0
operation of Agr‘i‘ed a@%b?%bﬁ #egﬂga%? I’Vﬁﬂlea h%g&#%}u%g@ﬁtﬁ%%g%%tdreﬁ %%ﬂug ‘%ﬂ‘%ck
di agr ami@ | | ustgister agycbepsigied gis entrisstinrtke eapier mbleh ynd nidyl @sresporl teegpeoific
table; Figure 7B is a block diagramillustrating a region table with
entries corr d8PBAITRECED t he paging structure illustrated in Figure 7A; and
Figure 8 is a blo eqh? g‘g@g;i : trySté | i ch
a TLB flush fil te(r}hlvmu giageme %Eorie&nglognent etI&?BﬂmePﬁat&xP&"lﬂﬁéf B
translation in that entry with a context. In this way, translations for many contexts

may reside in the TLB at the same time. Only translations with context tags that
15 match the current context tag would be available to the current context.

The region table used in one embodiment is implemented with a content
addressable memory (CAM) and a random access memory (RAM). The CAM may be
used to store information regarding the memory structures from which address
translations are loaded into the TLB. Such information may include page directory

20 information and page table information. The RAM may be used to store values of the
base address register and its associated tag. A counter may also be used to track the
number of base address entries. When the counter overflows, the TLB flush filter may
then be deactivated, and the region table cleared. A region counter may also be used
to record the number of entries stored in the CAM. An overflow of this counter may

25 also cause the TLB flush filter to be deactivated and the region table cleared.
Following the deactivation of the TLB flush filter, a context switch may result in a
TLB flush. The TLB flush filter may then be activated once again.

Thus, in various embodiments, the TLB flush filter may prevent unnecessary
flushes to a TLB. Since unnecessary flushes to a TLB may be prévented, a new

30 context may be able to use previously cached address translations when none of the

TT3746 2A
AMENDED SHEET



31-07-200 o . . . - . .
VWil e tﬁgoﬁnventlon is susceptible to various nodifications aqﬁ ﬁﬁ;ﬁ{natlve
Tk

forms, specific enbodinents thereof are shown by way of exanp d& US01075
drawi ngs and will herein be described in detail. It should be understood,
however, that the draw ngs and description thereto are not intended to
limt the invention to the particular formdisclosed, but, on the contrary,
the invention is to cover all nodifications, equivalents, and 20
alternatives falling with the spirit and scope of the present invention as
defined be the W96EWashddtess transIMEE Havk Rﬁﬁ%ow THE. | NVENTI ON
Turning now to L@y, ge a B}I§ock di g&r am of ore efbo IEfRES:ofusmay sliminate the
is shown. O her onbodTRfBhIE BIPEess 9l drapsletingid M%@h@daﬁ}}éfb &3 Fi gy
1, processor 1@a¢lﬂngwmo%d)ﬁbeqﬁﬂg%§§§tcode uni{ 25 12, a ra%t(l;vﬁd €ss
prediction unit I4g an inst ruction cac T%‘fy ’gﬂ’iq Qa’émb@moﬁhiegimmbcésgést
18, a pl ural i t Y&t "ui&aificantly redeed)- 2Cmas Bbab! by, eservation _
stations 32A-23faced @f’éj‘g&}daa}lff of functional units 24A- ,Slggnéf/‘i?ﬁﬁﬁ%‘tféﬁsém
unit Z6, a data cacﬂ ) %gister file 30, a reorder buffer 32, an MROM
unit 34, and a bus interface unit 37. .El'ements referred to herein with a
particul ar reference nunber followed by a letter will be collectively
referred to by the reference nunber al one. For exanple, decode units
20A-20C will be collectively referred to as decode units 20. 30

Prefetch/ predecode unit 12 is coupled to receive instructions from bus
interface unit 37, and is further coupled to instruction cache 16 and
branch prediction unit 14. Simlarly, branch prediction unit 14 is coupled
to ' instruction cache 16. Still further, branch prediction unit 14 is
coupl ed to decode units 20 and functional units 24. Instruction cache 16 is
further coupled to MROM unit 34 and instruction alignment unit- 18.

I nstruction alignnment unit 18 is in turn coupled to decode units 20. Each
decode unit ‘20A-20C is coupled to |oad/store unit 26 and to 35 respective
reservation stations 22A-22C. Reservation stations 22A-22C are further
coupled to respective functional units 24A-24C. Additionally, decode units
20 and reservation stations 22 are coupled to register file 30 and reorder
buffer 32. Functional units 24 are coupled to | oad/store unit 26, register
file 30, and reorder buffer 32 as well. Data cache 28 is coupled to

| oad/store unit 26 and to bus interface unit 37. Bus interface unit 37 is
further coupled to an L2 interface to an L2 cache and a bus. Finally, MOM
unit 34 is coupled to decode units 20. I nstruction cache 16 is a high
speed cache nenory provided to store instructions. Instructions are fetched
frominstruction cache 16 and di spatched to decode units 20. In one

enbodi nent, instruction cache 16 is configured to store up to 64 kil obytes
of instructions in a 2 way set associative structure having 64 byte lines
(a byte conprises 8 binary bits). Alternatively, any other desired
configuration and size may be enpl oyed. For exanple, it is noted that
instruction cache 16 may be inplenented as a fully associative, set

associ ative) or direct mapped configuration. Instructions are stored into
instruction cache 16 by prefetch/predecode unit 12. Instructions nay be
prefetehed prior to the request thereof frominstruction cache 16 in
accordance with a prefetch schene. A variety of prefetch schenes may be
enpl oyed by prefetchfpredecdde unit 12. As prefotch/ predecode unit 12
transfers 10 instructions to instruction cache 16, prefetch/predecode unit
12 generates three predecode bits for each byte of the instructions: a
start bit, an end bit, and a functional bit. The predecode bits formtags

i ndi cative of the boundaries of each instruction. The predecode tags nmay

al so convey additional information such as whether a given instruction can
be decoded directly by decode units 20 or whether the instruction is
executed by invoking a m crocode procedure controlled by MROM unit 34, as
will be described in greater detail below Still further, 15

prefetch/ predecode unit 12 nay be configured to detect branch instructions
and to store branch prediction information corresponding to the branch
instructions into branch prediction unit 14. O her enbodi nents may enpl oy
any suitable predecode schene. One encoding of the predecode tags for an
enbodi ment of processor 10 enploying a variable byte I ength instruction set
w || next bg,gescribed. A variable byte length instruction set is an
instruction sef, ich different 20 pBstructions may occupy differing
nunber s of bytégkﬂﬂﬁE@%@#EEa}y vari able byte length instruction set

enpl oyed by one enbodi ment of processor 10 is the x86 instruction set.



In the exenplary encoding, if a given byte is the first byte of anZ9 SEP 2003
instruction, the start bit for that byte is set. If the byte is the |ast

" byte of awowmsteqaction, the end bit for that byte is set. PIGT&!SOUQ'ISDDns

whi ch may be directly de‘i}?&fﬁjnfé’cﬂ? OhthtAg,V&Q; are referred to as "fast
pat h" instructions. The s are referred 25 to as
MROM i nst r uc@they nljectsand wivaitapges of he BvratiarHib Bicrmpapparemoypon resdingghe fhllowingdeteiled i ons,

t he furlg;ch%glangupg ,Jeﬁmgcgrmgp;m%w@ﬁ ,—Q%ﬁhl ncI uded in the,instruction,
and cleared for 6fh ﬂéar Alternative MROM instructions, the
2 gfong

functional Hiigurg kis E‘P%‘"é’- %Wdﬁ?eéfquﬁ p‘BﬁFFs@r %WB“’E%TLEF fypsh WiepeorldBe t s, The

type ofimpiegéntedct i on nmay be determ ned by exam ning the functional bit

correspondi tg .t L that, func a i s cl ear.

i nstructi onnflg%me %@?%ﬁ‘%‘ﬁ‘% ﬁ"é’f s 't°f68r¥{i/°é1r°£%?r°°essf’rf°nﬁplﬁg?g t@l W b t
is set; the Iixmhmblpmmmmafbnwmddlmstqfamﬂwhﬁlfh;e uhuode of an 30

i nstructi on E?&lg%xn@ @eggggme%ﬁf&ranamw&um Il iy e

directly deco e byte associated wth the first
cl ear funct |Ftamﬂ 5iph bglp A:asrmmmm@ml@geﬁfdr wmﬁnexmbedm@t ¢fhe{TLB fugh filter;

I nsfor uct i on pined d4eld Bbing WWebrd B stettind e Sferation Made dRALYARNE 65 thefT S fRth driggredi at e

byte woul d have start) end, and functlonal bits as follows: Start bits
10000 35 Endii®re ipobock dpgiar dugtiiie ARagias spestr covRes iy s i e Epigfableyr e

i nstruct i onsrigda 81s @616k dRfrah Mufitngt dGedie iHROVib @A ¥rdsRdIRED el paghiy slraRde
twts ‘@%HWS;‘&UC ions are executed by invoking MROM unit 34. More

speci fi instruction 40 is encountered, MROM unit 34
parses and iEgudsis ¢ bleckidiagm afdne enbodimeot of a sanipgter sysidm i ehich e TLE gusk filpawnld be
I Nsfsr uq{? bigRSy0 4 effectuate the desired operation. MROM unit 34

di spatches the subset of fast path instructions to decode units 20.
Processor 10Vhilesiedgyention it sesprpitiedg veriopyRedifisatioptand alfegnativg dorms srepifiesmpodimentty

I NSt I UGkdredPste afdh&%m@%?eﬁﬁplsamd&mwamm BeABsErid@ fnl dOHE - It sESuRIBe
predicti i ncl uded to rm branch Qr edj ct erations. In

unit 1
one enﬁ'&g“fﬁtﬁ?ﬂm °WH’F‘aWEtﬁh°§F“§’éﬂg%T“F8FF°'€H‘FP’E 8"_"Lr9f° BRIy H‘b‘ﬁm‘("& Y& Bbuf f er
whi ch gagibes faih disclosedyButhinalitCbntiaf Hehvadtdrien sesr ﬂlnﬂbdmmnbﬁsqqmnngma aken/ not
takgn pf edi.cti 6.h n tructlon cache
16k2%The ?aélﬁ%sﬁ%fn egh 59.1’?th d régf&# ese&tmvgmbg%agﬁma&%e ap‘fﬁ% de¥ries or any
ot her suitable nunber of entries. Pref etch/ predecode unlt 12 determ nes

initial branch targetm»ﬂgm&gg@ym&mlmm@decoded Subsequent
updates to the branch targets corresponc{){)ﬂg‘l cache | i he 9%froccur due

to the executyiHs 8y iq g dyablock Grpramptions o °’i§8%ad’é°°f‘ﬁs?ﬁé°“|‘°’1??§”f‘r i on cache
|6 pr O\bhﬂﬁﬁmaiﬂ; atdj:dssib&tahd)dantaﬁplithe Als Bisobwi itCHig. 0 pravekderd 8 inclivdes aprefbteti/rbdecbde @it t hat

b h d 1

el Bot 'PoRpEl A Bhultll o il el £ W lidh S P5 1o ARY FRAETRES 1O
units Mﬁﬂﬁwmhtypdas@vahqﬂs@hm@%ﬁq, aplwbity ef funstiondl wits 29A-24@atioad/store DeitA§d e
units Z2QiamledRels, maag%esasattsda&; szmaﬁszwﬂmbmmn&ha%%&ﬁm&tw EMnRpeh

prediction unit 14. Functional units 24 execute branch 1 nstructions and

det er mitFfETadfo heprin yithapartieulag refsrenermiT followrddy a leéteﬁvﬁlﬂ:bﬁcf’%?"dy’rﬁ%“ﬁ fob g

di r ect ireferedtB yurkiRr aldnd. KR exampls) dedotlihits 20ASTOQLHEINbe domwelyeéﬂr&aso adleeode@iigB@d from
t he, t ar get anc nst.ructign. ver e br h 15

di ‘raz'é)ct i on n%qﬁg’?m"rﬂ"’?d?““ﬁ Pl Qd !° Aren mmb"céle uﬁgg " RSt ug?‘%%hsga?‘g&? "et ched
from menupled td iogmttion prsheclé Iasialum:h prehqﬁen it 4 b$lmﬂ@h, bramgh predictipiownit 14 eoupled to

m spr eg;,sgﬁc%gn %yggg hsdél;}%&hgyﬁadcﬂgm&&oﬁ Gﬁmnseééupuaw&wg i@ Qéan'ﬁ%étﬁ;ﬂﬂ Gtk 24, 0 t he

m spredi cte scarded fromthe various units of E ocessor

In an Jnsfragtioneacked 6 isdprtersovrladitoMROMrunit dang instpction aigpmeptiupit 134 ﬁﬁ@hmm ed
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address that corresponds to a physical address in memory. If the address indicated by the tag is for a page directory
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as a logic high and the /CLR signal is asserted low (and inverted prior to its input into the AND gate),

The /CLR signal may be driven to a logic low state by one of several different conditions. These
conditions may vary with alternative embodiments. In the embodiment shown, such conditions may include a reset
of the flush filter (Reset signal), a modification of page data (Modify Page Data signal, shown as the Hit signal in

35  Figure 3), an overflow of either of the counters (Overflow Region Counter signal, Overflow Base Address Register
Counter signal), or a signal to disable the flush filter (Disable Flush Filter signal). Signals for each of these
conditions are present in the logic circuit of Figure 5. The /CLR signal is typically held in a logic high state in the
embodiment shown, and may propagate through a feedback circuit (including an OR gate) to become an input to
the 7-input AND gate shown in the drawing. The FF_TLBInvalidate signal may also propagate through a feedback
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10  switch, page table A is loaded into memory. Page table A is associated with the new context, and thus entries

corresponding to this page table may be loaded into the region table of Figure 3 as corresponding address

translations are loaded into the TLB. Following the loading of page table A, another context switch occurs. In this

case, a flush of the TLB may be prevented by the activated TLB flush filter. This may indicate that no condition

which would necessitate a flush occurred between context switches. In the example shown, no modifications were
15  made to page table A between coniext switches.

Following the second context switch, page table B is loaded into memory. Page table B may contain
address translations, some of which may be loaded into the TLB. Following the loading of page table B into
memory, page table B is modified. As such, it is possible that some address translations loaded into the TLB from
page table B are no longer valid. Consequently, the TLB flush filter may allow a TLB flush (shown here as a

20  filtered flush) to occur following the next context switch.

The next event to occur following the filtered flush is a loading of page table C. As discussed in reference
to Figure 3, a region counter keeps track of the CAM portion of the region table, and may overflow if the region
table runs out of space for more entries. In the diagram shown, this occurs following the loading of page table C,
causing the region counter to overflow. An overflow of the region counter may cause the deactivation of the TLB

25  flush filter. Upon the first context switch following deactivation, the TLB may be flushed. This first context
switch may also cause a re-Yctivation of the TLB flush filter.

Figures 7A and 7B are block diagrams illustrating a paging structure covered by entries in a region table,
and a region table with entries corresponding to the paging structure for one embodiment of TLB flush filter 40. In
Figure 7A, base address register 301 may store an address which points to a region (R,) of page directory pointers.

30  Each entry in the region points to a page directory.

Turning now to Figure 8, a block diagram of one embodiment of a computer system 200 including
processor 10 coupled to a variety of system components through a bus bridge 202 is shown, Other embodiments
are possible and contemplated. In the depicted system, a main memory 204 is coupled to bus bridge 202 through a
memory bus 206, and a graphics controller 208 is coupled to bus bridge 202 through an AGP bus 210. Finally, a

35  plurality of PCI devices 212A-212B are coupled to bus bridge 202 through a PCI bus 214. A secondary bus bridge
216 may further be provided to accommodate an electrical interface to one or more EISA or ISA devices 218
through an EISA/ISA bus 220. Processor 10 is coupled to bus bridge 202 through a CPU bus 224 and to an
optional L2 cache 228.
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" F10%nibodignents] Blternatively, the extemal cache may be coupled to bus bridge 202 and cache control logic for the

external cache may be integrated into bus bridge 202. L2 cache 228 is further shown in a backside configuration to
processor 10. It is noted that L2 cache 228 may be separate from processor 10, integrated into a cartridge (e.g. slot
15 1 or slot A) with processor 10, or even integerated onto a semiconductor substrate with processor 10.

Main memory 204 is a memory in which application programs are stored and from which processor 10
primarily executes. A suitable main memory 204 comprises DRAM (Dynamic Random Access Memory). For
example, a plurality of banks of SDRAM (Synchronous DRAM) or Rambus DRAM (RDRAM) may be suitable.

PCl devices 212A-212B are illustrative of a variety of peripheral devices such as, for example, network

20  interface cards, video accelerators, audio cards, hard or floppy disk drives or drive controllers, SCSI (Small
Computer Systems Interface) adapters and telephony cards. Similarly, ISA device 218 is illustrative of various
types of peripheral devices, such as a modem, a sound card, and a variety of data acquisition cards such as GPIB or
field bus interface cards.

Graphics controller 208 is provided to control the rendering of text and images on a display 226. Graphics

25  coniroller 208 may embody a typical graphics accelerator generally known in the art to render three-dimensional
data structures which can be effectively shifted into and from main memory 204. Graphics controller 208 may
therefore be a master of AGP bus 210 in that it can request and receive access to z.z target interface within bus bridge
202 to thereby obtain access to main memory 204. A dedicated graphics bus accommodates rapid retrieval of data
from main memory 204. For certain operations, graphics controller 208 may further be configured to generate PCI

30  protocol transactions on AGP bus 210. The AGP interface of bus bridge 202 may thus include functionality to
support both AGP protocol transactions as well as PCI protocol target and initiator transactions. Display 226 is any
electronic display upon which an image or text can be presented. A suitable display 226 includes a cathode ray
tube ("CRT"), a liquid crystal display ("LCD"), etc.

It is noted that, while the AGP, PCI, and ISA or EISA buses have been used as examples in the above

35  description, any bus architectures may be substituted as desired. It is further noted that computer system 200 may
be a multiprocessing computer system including additional processors (e.g. processor 10a shown as an optional
component of computer system 200). Processor 10a may be similar to processor 10, More particularly, processor

10a may be an identical copy of processor 10. Processor 10a may be connected to bus bridge 202 via an
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of said TLB if said address translations have not changed.

2, The processor as recited in claim 1, wherein said TLB flush filter (40) is activated by a first context
switch.
3. The processor as recited in claim 2, wherein said first context switch causes a flush of said TLB (39).

4. The processor as recited in claim 1, wherein said TLB flush filter includes a region table (402) for

tracking said blocks of memory.

5. The processor as recited in claim 4, wherein said TLB flush filter (40) is configured to detect a
modification of a memory location within said blocks of memory, and wherein said TLB flush filter is
configured to allow a flush of said TLB responsive to a next context switch and responsive to detecting

said modification of said memory location.

6. The processor as recited in claim 4, wherein said region table (402) includes a content addressable

memory (CAM) and a random access memory (RAM).

7. The processor as recited in claim 6, wherein said CAM is configured to store a plurality of entries,
wherein each of said plurality of entries includes address information associated with said blocks of

memory.

8. A method of operating a processor, the method comprising:
storing address translations in a translation lookaside buffer (TLB)(39), said address translations loaded
into said TLB from one or more blocks of memory;
characterised by determining if any address translations stored in said one or more blocks of memory
have changed; flushing said TLB if any of said address translations stored in said one or more blocks of
memory have changed, said flushing responsive to a context switch; and
preventing a flush of said TLB responsive to a context switch if none of said address translations stored in
said one or more blocks of memory have changed, wherein a flush of said TLB is prevented by a TLB
flush filter (40).
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AMENDED SHEET



