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‘ ‘ CR REAL- TI ME APPLI CATI ONS The i nvention
jgreral |y to nenory managenent in a computer
syst edaisand nore particularly, to an inproved nenory
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pertornmance of real-tine applications running on a
conputer system In a nodern conputer system a
techni que known as virtual nmenory is used. to manage
the resource of physical or real nenory of the

conput er BYR6VRR wedbHySiinRGiMRIE 6 REAV FARSAdeBrdaRfons
application an iTlTusion of a very Iarge anount of
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1ons that do not require real-tine

rt.al.
: %:pgsg%ﬁcsme%p%ﬁ Z(aj‘t%ott[eneck may not pose a legitimate

concern. However, nmany real-tine applications
fi nd=t ﬁuvgr%ﬂtweeﬁ@cw%emsﬁf@uel EI‘F%&%ﬁeﬁa?éFetrzﬂﬂdé‘f%V‘W

rédleadsipessat ivdbh ohgss yeileapplingat pbr=litk knpyae tabdhrentpies
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cEbESer BysRed Q@@H al acgmechggl I ﬁtqveaert r easd aglaoaodt@@ke@ﬁl de
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resphsers tihds dopplienegkemmr yot pese| pAgoigtmage earerPeukareveat
nérfy FERE(tSine &@ﬁh@:hﬁdmbynair tenClPhi shBgp bRk @aldng taOd iddernable

abihe inTHR opheniohhe pantipuiaticset of PTE(s) is not

found in the TLB, this- event is typically defined as
?eTu Bg’ SZr ghGIeﬁ%ggeal | e\: arouanE[ﬁgybotgﬁne&ngéo%ﬁem\l\ﬁs ttce) store

: PTEs in a special cache called a translation lookaside buffer (TLB), which

is close to the Central Processing Unit (CPU). Typically, the TLB resides
on-chip within the CPU to eliminate or significantly reduce any delay

associated with looking up page tables in a main memory, as long as a

_partlcular set of PTE(s) searched by the CPU happens to be stored in the

TLB. When the particular set of PTE(S) is not found in the TLB, this

event 1s typ:Lcally defined as a TLB miss. -

Generally, ‘as memory read and/or write requests are made, the

‘mapping from the virtual to real memory is cached in the TLB. When there

is a TLB miss, either dedlcated hardware or software must reload the TLB

with the correct PTE. ‘A ,software reload as well as hardware reload of the
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35 mapping fromthe virtual to real nmenory is cached
in the TLB. When there is a TLB m ss, either

dedi cat ed hardware or software nust reload the TLB
wth the correct PTE. A software reload as well as

wo 20@l0sNey € rel oad of the WO 2004/ 053698 PCT/GB2003/005108
o HAHE

003/005108 2 TLB can be fairly costly in terns
of performance, because suéh a reload would require
readi ng PTEs fromthe main nenory and | ooking for a
match. Typically, it can take up to three cache |ine
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a. high-level block diagramil.l ust rat| ng an inproved
Mentarya meragenmate priehehandingf ofr theepresgpipgnvention and the
adephdes aftebats;, efdddite 2s indw-anafi@we |ty eol biwdek dekcaiptanys

takdd USLEALLAG R wRRELEY b&SmpaRhad BfHﬁrE]ﬁgSOflna\Ghlchp roved

menory nenagenent nechanismfor real-tinme .15

[ i t d A
?ggrﬁ%gnsﬁé}ng}l leVe% g dlg r%}r‘{]‘/n;‘)%%‘ﬁ@%&ng roved

enent used In
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mechanismof FIGURE 2. It is noted that, unless
i ndraked of hapwiseel aldckf dingtanofis ugGatieg cF befdrirsr ei n
BB mdde HBehd AhPRAed Rerdid KahadeasivadcBarGEm S0 trwar-@ imeor
apsQBiofONDifation thereof. In a preferred enbodi nent,
owever, the functions are performed by a processor
such as a €0 uter or an el ectronic datat pLoce Me

accBTYBh et Wit IPEBIR °§uacﬁe%{§°‘3’5‘ﬁf)mafgemr ogram co

 usebfip \apiactign dfich tihﬁtlé‘@?%if—‘%d‘e’&qrh’d‘th‘f%em?’ﬁaf‘e"ﬁF‘élsi?o‘tfed

FIgigrep2r f or m such functions, 25 unl ess indicated
otherwi se. Referring to FIGURE 1 of the drawi ngs, the

refeg @.E%t&y REdal unl@& 198080al dthedRSd, 08A! 8Sctions

i descrﬂa%;] here r?lma k%le pe|§f gcgrlgrg . }'14 uﬁéﬂ’dﬁngen& Q&th&%f oééegome

nana nt” nechani O a

r
co%ﬁ??ﬁt“lh&ﬁ?f GEhér nge]fﬁrr fnarh |h°w‘§ erm%lgkf Ctl % am
arg 0@t foymed BY icRISCeS1H Salc%éﬁﬁlm%‘??ué‘i}‘s?reﬁ? REpFgonte: >datang 1

.processor in accordance w1th code such as computer program code, software, _

and/or integrated circuits that are coded to perform such functions,

unless indicated otherwise.

Referring to FIGURE 1 of the drawings, the feference numeral 100
generally designates a high-level block diagram illustrating an improved
memofy management mechanism for real-time applications. Generally, the
high-level block diagram 100 is applicable to a computer system using
viftual memory.. Most modern computer systems are included in this

 category. A virtual address 102 is translated into a real or physical

address 104 using page table entries (PTEs) (not shown) stored in a page
table 106 and a table lookaside buffer (TLB) 108. Specifically, the
virtual address 102 includes a Qirtual page number (VPN) 102A and a page
offset 102B. Similarly, the real address 104 includes a pagé frame number
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30 virtual nmenory. Mbst nodern conmputer systens are
included in this category. A virtual address 102 is
translated into a real or physical address 104 using
page table entries (PTEs) (not shown) stored in a page

wo Jodksosl06 and a tabl e | ookasi de buffer (PE‘fl@thﬂaS}ﬁrsms

Specifically, the virtual address 102 includes a
virtual page nunber (VPN) 1D2A and a page 35 of fset
102B. Simlarly, the real address 104 includes a page
frame nunber WO 2004/ 053698 PCT/ GB2003/ 005108 3 (PFN)
(FEA A0 BN End aPREE BEéctei04d04BrefReN @ ahly tho by 100e08/iohe
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m‘hibEﬁcF‘F’t?&tl on. 5 A har dvvare and/ or software page
repl acenent al gorithm (PRA) 110 is also used to
assirstartiirere TdnB/ avh v tivirer pagie Sreplableiinti glgorintin A PRTELIONS
alsBQist&Bo 3@8stt endoery epdnaede Wisth 7o Rew BiEa (@@ninatiy figs
hJsh€o %L%%bﬂ%@@:@ﬁ) fr{eQ"Bq’ithconﬁ@Qﬁgt@@rﬁ_le% )l leBom the
taﬂ‘% EFC hani sm.dd2; '”tera"t z""‘étrératcrég w1EiBt111e 8.5 3¢
palgl-e\’A or i

npr ovi g
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repi odes sppig cgtiiors( CPU) (not shown) controls directly
or indirectly nost operations and/or conputations
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© ard! wi1akRS exchitdaaty vied ¥rd ORG Peats adsHbeddrse (conpared to
- presumably short clock cycle of the CPU) for the CPU
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turns t

| ns
RERUER ey g T L ST I MR
vafipe 16158 A GRBI02%| p HoTisare megiaish B ARel TRR LA ﬁga—*tCH%s
alRFNES OihAthep IRy pufe detiulvag thh @Fe 1P42, nyovided that there is no

TLB miss. Note that other types of associative memory may be used instead

of the TLB 108 without departing from the true spirit of the present

invention.

Typically, the TLB 108 is used to dynamically cache some of the PTEs
that the CPU might use in the near future. The PRA 110 in effect predicts
what pages the CPU might use in the near future and accordingly determines
what PTEs should be stored in the TLB 108 at a given point of time.
Currently, many different page replacement algorithms are known in the art
including but not limited to a least-recently-used (LRU) algorithm (not
shown). When there is a TLB miss, the LRU algorithm replaces a PTE that
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TLB m ss. Note that other types of associative nenory
may be used instead of the TLB 108 wi t hout departing
fromthe true spirit of the.p resent 30 invention.
Typically, the TLB 108 is used to dynam cally cache

 wo2IRsRks the PTEs that the CPU m ght use pieg/cebsfgak

future. The PRA 110 in effect predicts what pages t
CPU mi ght use in the near future and accordingly
determ nes what PTEs should be stored in the TLB 108
at a given point of time. 35 Currently, many different
H&Q&%eﬁ %ﬁhﬁ@ef@n@heaicﬂgésjttm are. KoWhdsnpdel€1eabd recently
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m ss, the LRU al gorithmreplaces. a PTE t hat V\D
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agplicapions jfem beyngl Tepdtdeg s th PhettPE ek cEkPTRg tﬁ’éé PaHgmn

thé ags tsbi@wno6l. 0 Iovetheowerdshi the TBoceimgbyecharilkm g2 liotts

thBesetld #9saath dcheadPRA dek-tiken@palchdiont Rach kiat the set

Afosﬁugsg cgﬁleb%@mv‘le@fn%eaﬁ@nfb@ B85 leo a1 BEES hhat the PR
ﬁ'o cated for real-time appl i cati ons from bei ng

rep aceé Wth another set of PTEs that bel ong in 10

t he page table 106. In other words, the TLB | ocking
mechahilsmmparrantyER ote freats e @festF‘E(lQ‘)enéﬂnotsaP%‘d for
rteeadsatnlllsrehaptmdl gateadnsing LAkl idatitont helgwpgh ghchPaiElidations
sBailAOkosR €L ikEOVaE {1 efont hie JiBertOByveneigar dcessanl, what
Jrggeng%ver;ltlgn qg&u@.ﬁ rﬂen&%suieged %pﬂlr:[péylta aat artyotﬁagt& t hat

nglecggl%%earyﬁ/ clsrnyan Nt Qgculgr é‘ll%g :ngg Fs%séoagé lp¥e\Leln£gdt %QJmt 0

atl ons such appl’i cat | ons
RS F P ADEY ?’P|’°]R‘°eIey"‘“ﬁeiﬁfefa|rliL f’?’ﬁ%\ the present invention.

General ly, the present invention should be

pro lemgaﬁewc%ri:r.ergt Eﬁh é{her

- consNaeretkrriaoptd EEVRE 2t 2 Aewr levgdeblofk dapgyei 4P iignshown to

AN tO4 e s \or PRt @A inRRP |off Cat Lo e temohe mprageent ed

et s @bNGed1PIRCED1I I8, e¥eliraDly, dreldB Pag8SEsts2dle made

Jgg;g f@JuerI( ol FL %”gﬁﬁﬁ"% of akaoyyf%&\ir% BhRCk @h)agsﬁmme

L NCER IR L AR r?aY]lég%’éar%eﬁ%rgsr’FeéYewA&n?eosm”gg% PRAm Bre
Fppiireed iese IE%lné‘i‘délef%/ Riptifry Theqiéedtdve afEefmddr av-

incbifes aBRIEETIOve shaneny IPN(ESHY RUAMIehe anrhekf (i} 2068, and

- amdelffests 20dcA) Aft?arifhethe VA 204 has a -virtual segment ID. (VSID)

204a, a page number (PN) 204B, and an offset 204Cc. Preferably, a virtual
page number (VPN) 204D is created by concatenating the VSID 204A with the
PN 204B.

The EA 202 is passed to a segment lookaside buffer (SLB) 208 and a
translation lookaside buffer (TLB) 210. The SLB 208 is configured to
translate the EA 202 into the VA 204. Preferably, the SLB 208 translates
the ESID 202A into the VSID 204A, whereas the PN 202B and offset 202C are
copied to the PN 204B and the offset 204C, respectively.

Given the VPN 204D and the EA 202, the CPU searches the TLB 210 for
a match in page table entries (PTEs) (i.e., a PTE hit) by accessing all
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EA 202 is translated into a virtual address (VA) 204,
which in turnis. 25 translated into a real address
(RA) 206. The effective address (EA), 1 : includes an
effective segnent ID (ESID) 206A, page nunber (PN)

wo 2608898 and an offset 206C. Sinilarly, " t Per b odiihsiigs a
PN)

|rtual segnment ID (VSID) 204A, a page nunber

204B, and an offset 204C. PBreferably, a virtual page
nunber (VPN) 204D is created by concatenating the VSID
204A with the 30 PN 204B. The EA 202 is passed to a
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SSaLS I 71 t rbif! pREG 8y 8O IrEN
TR 88 P%E %lhe?' erkg e POSEQ elfnt% Er%}gaccegy ngg all WO
212004/ 053698 PCT/ GBZOO:%/ 005108 5 PTEs i ndexed by the

- EA 202 ‘and conparing the VPN 204A. In the event there
i S anhhe eventy grepidge mgabheTLD ¥21958 feshapifpnot shown)

ccRE@be gy, tad1 T AGt SRAPRriatomeRid, (nat Ghepmni drf wlbasg) the

TL%I ﬁ@eptxn ?al:l-léradg.t{_cﬁﬁHﬂegLﬁ Qtﬁeflfr@;upmh&ﬁze Tﬁggplc)ahlks?foaltded .

£ QeCI l,ga e re lac & 8hP" (e 28N FSstdl€ 109l C
:g e- erreQ't &9 gqr; %Ztovmecﬂcg Wlﬁ%g%@ PTES"
eﬁﬁ’i&ﬁ@é"&’\lﬁ%% ‘tﬁ% wWhen th 04D -
ind®econgryEngent @hs ttﬁerevme218 in the TLB 210, the TAG

conparator 214 prevents the logic elenent 216 from
passhngetdhentRENa ZR2relbad,t Asecewgntanph aeel stersa2if. s&lasg

ID-EL% £&had-REChanh &M (apiacehavwMandfnaratahesranpate and
a r as agelnEth I?:QMI H o0&k mfeyuéxﬂloéo shwn)lunddidséetoads

traditional ‘o hee
re?E§e2 16p?c§. céullgsa d?h rarPF regl SIZ% %LJ nglpligc? t ZgifrkMEﬁed
taFEFPith e BRA D20°° ?ﬁcWa"SZG ?ggg? F e%aenjtﬁoa gﬁg
by ERGina B ER 1297 toi Sreysge redishtfiscit’e . vifli Y’fﬁr%éf ao*"ltPgr'Il‘:'s
theNrage Rgistienc 2| e®s & OlasepiPate gekBatad afepasgehto ¢fe a
LB, elBatur Aef@tat&f RINADPER at@ghis centsol B2ts, Gitdsk is|Bst to

? L&%@ﬁe Bl g&krglzélocﬁ $38pliacenrnt & Ragene Bbntirabbes

gre gergp%aceme(rjlt set co\%%#~I Ee.tH%QII 2§(?Rxsgso@1txé’ Qﬂlﬂ‘ bgﬁggem%&p
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witilgh sRMVEo22@laqep transmit the Cass IDs to the RMI 226
The TLB rel oad is acconpli shed

FIGURE 3 shows an example of ‘the RMT 226. In this example the RMT
226 comprises a matr:.x of eight Class IDs (rows) crossed with eight TLB
sets (columns). Preferably, the RMT 226 illustrates the decisions of the .
operating system software as to the replacement management status of the
sets within the Ti.B 210, as they correlate to a given Class ID.

In a preferred embodiment, the RMT 226 is a software-managed table.
Software Ihaintains the structure and interprets the meaning of RMT
entries. Generally, the RMT 226 is employed in the mapping of an
effective address'range to a set or sets of the TLB. A]_.so, a Class ID
(i.e., a row of the TLB 226) represents a given address range. In this

example, Class ID 0 corresponds to any address range that _is not

specifically provided for by the other Class IDs. The given Class ID is
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20 by sending the EA 202 to the range registers 222.
If there is a hit in the range registers 222, then a
Class IDis generated and passed to the RMI 226. The
RMI generates RMI repl acenent control bits, which is

wogﬁms3g9§) the replacenment set control bl Oﬁﬂ[‘r/(?&@os)ﬁbﬁosan

MI repl acement control bus 232. The replacenent set
control bl ock 230 uses the RMI repl acenment 25 control
bits and the replacenent set 224 fromthe TLB 210 to
determine which set to replace. FIGURE 3 shows an
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system software as to the replacenent nmanagenent
St atnsstlok ¢damplesethe RMTLIR6Nist e eT¢R P @ighgsmathisyy In other
w6k | &hat1es t200 3 sg8-wap set assodibrivbN(thaplief aermad 8 sets).
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Fithéxmore rIGWChsst1ve0 FeB 226)kivepsesetheseasefisy eTherefore,
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2. The method of Claim 1, wherein the first and second memories are a
main memory and translation lookaside buffer (TLB) of the computer system,

respectively.

3. The method of Claim 1, wherein the address translation information
igs stored in one or more page tables having one or more page table entries

(PTEs) .

4. The method of Claim 1, wherein the subset of address translation

information is allocated for real-time application (s) .
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