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WD 2004/ 053698 PCT/ GB2003/ 005108 | MPROVED MEMORY
MANAGEMENT FOR REAL- TI ME APPLI CATI ONS The i nvention

WO edoas®9gieneral |y to nenory managenent in a cPOPGBe#03/005108

system and, nore particularly, to an inproved nenory
address translation mnmechanismfor boosting

performance of real-tine applications running on a 5
conputer system In a nodern conputer system a

techni que KnowRodsd WiehidryomfRRiREyr FOR REBE0rive APSIAGRTIONS
the resource of physical or real nenory of the

conputer system This technique provides to the

appl i @8t iiaRed ohl FdiSkes g‘éﬁleﬁl\i;@'r Yo rrleﬁ&g{eméiﬁ&lﬁten@fm a computer
59 an9 hgfé’]%lalf‘gl%uggﬁ %t ua%l :|.rrenqu S&ﬁ?%%r%d {%ﬁs Qranslatlon

evel oped 10 S em of- 1navi i
SrEPeEr tor IPCé’éltlngrré’ﬁBF%FmaM? t?éu’@??lt"lﬂ%e RESLITe iy synning on a
lgemzaltfeamtemn nost nodern systens having plenty of
menory, the virtual nenory nechani smi tself has proven

val ua?{qed ];ngger%t ngﬁ &j]:ggssg%]%grln,mggc tnhgﬂc’ %ﬁc’%] Vl].Itugl memory is

virtua I €S nenor

B &P IP?é‘l"i‘S?th“ﬁr B?WF%r?faghﬁ(/%FF‘l & 9y asrm%afutéﬁ ComPUter
progrmam ési garhniaueapyovidgal tomehorappdisttény ani tilugion of a very
agefeese@mrab e ehansl abediihhlQ, tealkiaddnessfsyWidten was
Q@_F%Ss&%\él E‘lgeg &h%&a' %H%é { Rage, ;.abl eheQE&{le%r real
I call uc ables aré store
‘Wyms °1&ﬁ‘h F%Jes m&%ﬁnﬁ%ﬂ@ﬁ‘g%ygf EMEETHH &2 @smem systems
bavipo Mowsverf mbhene s aibotdll smeck REhbetisweénsdlifehas proven
CPlJaand MGOE@rnré%EBV ShBEe thgt@e FeHENY, btise virtual memory
[ .
ROORREH, M B8 Bllab 8 rbe 080 DB/F SRR PRl gy oo e oo
BRI SP R Rp BT Y AT ‘Eﬁ%g’flhat do not require real-tine
response, this bottleneck may not pose a legitimte
concetR.a bl@mmrmemdfgnyygteﬁl ~lik- B 10RRbIGakE GRS FRMislated into

.ff%zﬂd a&gf&sgg tv}1 tg ng?a Q%Li%[g nlgav%n% | %ﬁgpaagltgmozfs ggﬁe %%bie entries

peration o i cat t
%TEjét arBhrRf Whi @%ov%qeeﬁéwsp?@oﬁéﬁﬁds ipe spér éﬂemory of the
PaEsiten sysSgeciuah sasherAMathied aHdweses| aheon ikookasiteeck

beffeer (HELBYy MBI €l mbkS eSS, Eﬂnéeheh@@déﬁlﬁsﬁ} bus connecting
Eé%%ﬁsﬂﬂégcﬁy a‘ﬁd(tq"ll: géﬁ_n-r%&ln Cr%) ¥ mucﬂesl-g%gr rt n teh ok/)eratlng

| p Wi i’m nate or SI% i"cant |
ATt 4y ol ayF%‘D CEEIR MRIdCNFIoR=| THKki A "9p FReere real-time
r@ﬁlﬂloesea rthés @thlereebrogy ast lvong adeaitipard iconbam .sefowever,

RAnPTE{ B ) ine arpheshtbynd ey GRUshapRens: d1enbe: %EQéﬁ'@ LMNiiscernable
bl I %he%#EED% BRI Ll gL s 88t: L PTE(S) s not

ound in the his eve yplcally defi ned as

a TLB miss. Cenerally, as nenory read and/or wite

r equestimnogn ecqrhdeguet he B35 mappinthifr byhtilheeak ptekdlemt o5 to store
red iABTRbYcial 6acRedalrat harthBiaWbeN bhRes®e 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
particular set of PTE(s) searched by the CPU happens to be stored in the
TLB. When the particular set of PTE(s) i1s not found in the TLB, this
event is typically 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 dedicated hardware or software must reload the TLB

with the correct PTE. ""Z‘-\.J'software reload as well as hardware reload of the
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is a TLB niss, either dedicated hardware or software
must reload the TLB wth the correct PTE. ~A software

wo edoaasBeas well as hardware rel oad of the WO PCT/GB2003/005108

2004/ 053698 PCT/ GB2003/ 005108 2 TLB can be fairly

costly in ternms of perfornance because such a rel oad

woul d require reading PTEs fromthe main nenory and

| ooking for a match. Typically, it can take up to

ARl 85 %@Cf@.rlli/ N& s S.L%Stéﬁnsf bf‘%e@f@ﬁta%he, lHacakakudt BRreload

WFE\ ) :ﬁce%tg:luoens her the 1? Ilﬁdﬁédo[&bi % 5_90}1]91 ef(ﬂ' a match.

resen |nv on_provi

e e ol 1gn nﬁﬁﬁr‘ﬁp ranERyEferchient ’anecﬁhﬁﬁse sfy}gil earrf“atCh m
ws 1 ctialemenbliinaclaisim therafieke¢ 0i f €spunttishgeblapparavgsr TLB miss.
and conputer progran1product as clainmed in further

cl ai re conplete . under

pr esreﬁi anen{; i'0 mvent Rt Reo aavant %Igtfggshdtk E]g rlg%#‘ﬁ%g TSmOy
TEREFERGCLR § AOROTREGIESSTh eS| LN g GEEEr | ptigngorresponding
ddpatatianahd conpjusmchia@mani driodtdie agcclripahiinn§urther claims.

drawi ngs, in which: FIGURE 1 is a high-level block

dlagran1lllustrat|n an .i muroved r [0

necha%‘? Sﬁ1 IFogle z:I:lalle?e underg%l i éar%g{ 8%'53% ¥)E%E@gl H{:lon and the
s oo FsRel CiToek: dieAgF e 4 @g’r'rr%ﬁd@n*‘go &hﬁr@léP‘f”eT@ asscriptions
eneadinrentijwict doh wWirpt ohe dacvenpany imandgeiess. meoffdahsm

for real-tinme 15 applications; and FIGURE 3 is an

exanp|PGUg% a. r e l aC etvﬁlr% ageé_TEa !;faI% %EIJ.SST.(IRWAQ tag H&)roved

used 1 nJunc
wagew@ﬁeewéwmhgmef fOFlreehEElzme ?I?Pj1l§a‘h‘d’ln§d t hat ,
unl ess indi cated otherwi se, all functions 20 descrlbed

her ei prdmy p%sp§rlf QLI@n%li Bkt Belgrhar dwakera®hing a} preferred
i nation_t

%T%}[? am%’lenPP ﬁ}i’l 110 [:\):roveg nhemopﬁ rl]ng.fla%er}n%glg gﬁeé:h%)%li o?{)’r]g r%gl[ qu_me

ﬁﬂﬁéé@%ﬁ@SSG@ﬁ as a conputer or an electronic data

processor in accordance with code such as conputer
pr ogrﬁfﬁtﬁ{ﬁdf’lssgrt té&@ﬁ@be o@@/@ﬁléd&n@ﬂi &Taﬁ&’geﬁdehﬁtﬂalb?ne (RMT) to be

EF%ﬁFnbs, t he reference nuneral 100 generally
desi gnates a high-level block diagramillustrating an
I mpr OY€C!'LS H@t[@r Yhé@naﬁﬁi&nindﬁﬁwloﬁﬁéxfmﬁéef edal - fun@®ions

%%%:lrllse h%irf]S gllaqé rea;lpclejyforalgg 1nhe%elrel){a§ldw9£é)%§ gdﬂggﬁn or some

a nput'ér system us I;&é
9P igaH SRoRERIPOT NI FrOUer R RN PIRGA TSt BHEVAF o the Functions
bne lpgdedkrie Whiaspraategomsych Asverdtanahtedr exs el@Xrogic data

Ef@er&ls@lt q@ LR 38nd L@ t10coBB Yt ad s c&ﬁ&ft@ﬁspr:bgﬂaxﬂf‘doﬂg, software,
20e,. table entyies GETRSL (RO 3hawp) SLRLEH ubn % JRB0Fms,

unless indicated otherwise.

Referring to FIGURE 1 of the drawings, the reference numeral 100
generally designates a high-level block diagram illustrating an improved
memory management mechanism for real-time applications. Generally, the
high-level block diagram 100 is applicable to a computer system using
virtual 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 virtual page number (VPN) 102A and a page
offset 102B. Similarly, the real address 104 includes a page frame number
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table 106 and a tabl e | ookasi de buffer (TLB) 108.
Specifically, the virtual address 102 includes a

wa poonsdespage nunber (VPN) 102A and a page 35 pET/€82003/005108

102B. Simlarly, the real address 104 includes a page

frame nunber WO 2004/ 053698 PCT?GBZOOS/ 005108 3 (PFN)

104A and a page offset 104B. Preferably, only the VPN

102A of the wvirtual address 102 is translated into
t(ban)PEDLA Q44 Hivatberareat 1addr esserdBdly Thalpage whf 3€2A of the

1792% 1Sa&é}@5§ d:I.OtZO:LLl: h:%aﬁ@lgi%egf frﬁ:gt tﬁleoﬂ’ﬁv Viv!ohﬂ%’ft the real address

I catlon ardware an of tware e
r8p1 adBieiee a?fﬁﬁFthf?@P(ﬁ?ﬁfpjﬁ{) tPstSn “aP3E ﬁgg‘%&[ 048 without
agéificatime-TLB when there is a TLB miss and a PTE in
the TLB has to be replaced with a new PTE (contai ni ng

t hg mAsﬁ%%ag%%E%in/ (gf %%%%gﬁa%eﬁ@@cgméQGalg%rzkﬁn (PRA) 110 is
ﬁgﬁ 8dfté°r af?ﬁpqlro%]il% JEHEReHtTY hafa {é]Bng‘ﬁF S %hanﬁa%mm the TLB
189 tfoobe I®rlacad wike 2appf iPEEL ic&m§alwlgl s tigsiggnpaag) from the
pegeassiagoani ta (CPUockngd msbitamiym ciant f:xilesacth wech Ithe TLB 108
%Edlﬂl if&tflc>¥ 1%§Bvﬂﬁe(:§é '&H&ﬁﬁgﬂﬁem@f?{%kﬁiﬂl‘%ﬁsloo for

necessary in this context unless i1ndicated otherw se.
AFRY; 1§er@%?‘§ﬁt(lﬁﬁf shown) coupled to the CPU stores
the page table 106. If inplenented in hardware, 15 the

PRA 11Q i&astosiplefdrd1o pkbeesklify 108t adul hewotLdhdwas kiaagrols
meban,sh &aglreck&yldmkesge}g@%as 2SOk Euc A8 B R cessary in

I'S store menor

é?]i‘é% (B8 Hy uflh@esscﬁﬁfi]\mé e Q‘E"BV lﬁ]eSS ESU ras me%ﬁ’e?a?ﬁ Fhown)
icoupledeso a-heelRil isteter Fompagertiabde ofosti i (eoiRyererf tlé hardware,
phesemably ishesdp1leb ek tEyaie 0fs bhe BRUWLH abciting GRdanism 112.

t | T S e r S xr n shown
LI iy IR A U e o o
ap

- 106.
GrfiafilicaPs yEEtUrngY gart gt v "6FF GiTaT Ty
avai l able fromthe page table 106. Specifically, the
TLB 1@Rnés1an, assSeskad bV IR Y [afg pstofd Bf) tdme (compared to

le@xﬂa%ﬂ/ysh%?@léloéﬁtqu:&e -Ing%hé QLrPUg agr @ﬁ&%@§ toeggﬁr[] access to the
he va

har dwar

, sone
gﬁma%ysaa?%ﬂgvah%@ﬁ%w it thes B8 D Uha s Bogge bigehe e
rfer uhmeni ¢rd Ly estorrdnowrese 44 ehel RIEAt Ailgsnalle gyasdpble from the
b cab@h Vians . t hepeVPIN k@24, taehamdnes esnachapbsimtine tre@ory for

E‘t@r S@é”’i%%i‘\‘?éy QIL\Al lP;fg@ olf nP’fErée £ JJ!‘ @a@g dachgéJ rn §1\;Ji1e the value

PEN 1 row t eJs no TLB m Not

At RAFIA hed B HESCISERYL Py SRS e fo Gy sessches
iaddt el reedrdshendTEBEROS Wi ﬁemrdd@b%ﬁet lfh‘@ldf FoMiRe the given
tallfe SPGEvdn @he LR DPIBS eathadBuitey eatlizansn Eyptivaliip, 108 searches

%!%ESB%E% .]L'IQ 8ch|eS’Tﬂr13S %gd tr%tqyﬁka rﬂag 31.4E1Ny1 @@C hﬁrcﬁ)@.ﬁ@d Q:fhaE h@lere 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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that the CPU m ght use in the near future. The PRA 110
in effect predicts what pages the CPU m ght use in

wo ba4nsgaes f ut ure and accordi ngly deternm nes wWhelt/GBTiES/005108

shoul d be stored in the TLB 108 at a gi ven point of
time. 35 Currently, many di ffereént page repl acenent
algorithns are known in the art including but not
limted to a | east-recently-used (LRU) algorithm (not

ﬁQQ\M%g &%@%@r tEé?ogr €nd §o§ge£l55tiﬂes .'ig 84 Eg_:g}éég%@% gj&%htf&@st recently
HERe b GERE For t i Broat: ORZd ey

P the Ionges ' ms
been Ieast recently wused) with a new PTE (e , the
PTE t hathowgs tHisSparg keplaaenddtBychendl malmowghlmﬁziestlpﬁageerall

Eagpécﬁ'ﬁgﬂ@taf Sﬁgeﬁ{&nJWYm%tgbﬁér?temémn@yﬁ nabl over time, the scheme
per f or man mschanhtsm 100

698% TPF ncé°nsf’§eer ?c%%t}?élgo%lyaga 85 N p‘—’lcnsltdclénr a &8?7% F gpal-time
adnkicssionppacthe FLﬁnlgﬁl‘:lWaWécf@ﬁlFIéd{lth@hown to OVercome this
Bphicmaby askinbhei di Bhe omlei ngs redhar 8RA 112. | Sesrpddy, the TLB

tlgc]&t\ﬁ%rﬁ%%%nggﬂ 12 FHI%@&I@JQ sté/{:OBK' BhG; )M ta!’llB«!E@ce-ﬁLﬁnr]-anl -time

e ner a I n S

Beo sy S L FeREeD) I %%‘%hea %fek, B RSN Bhiong 5
&ppluagat tdis Fiom Beiokger é’ﬁr%eahwﬂ%lﬁ WfdtRemeshpnigr 112 locks
PhEssd-hat Hrelongliscaltedt e pege timdlagpliGidms cuberthat the set

WO 8185 (sf NenthB dotkidida "Bchanis i d bdsl, ogdsratdie setwnat the pra
PTE(%)gFaI Il ocated for real-time applications such that

e T3 PTE(s) cannot be renpved fromthe TLB 108,
regardl ess of what the PRA 110 determines. It is
i mpor ttanis tiepaodaett trahotdehpt edenprdseuentnventice mAetnots

'?1%8@555%@5.19 Mihitdd ed fR1L€dde & ﬂﬁc@&wnbcaél'tﬁﬂﬁgh such applications

?S.Fl‘é‘g%cf %ngs Sﬁég%ﬁ{)%le%%ca %’t ?:Borr]n t ouI d?rﬂ:_o 1m{%nt1 ny Egge%:falg.y, the

ipreeeTt eﬁV@ﬁe@w dhpeld @ﬁs?@éf-@%lfeépﬁmléﬁb?? 8 %m’y t¥%€f
ebpl Bl be ahipsr and/wirtanylapasdoile oh@ionappltiocht iporfs)ted from

tb%u*?ge r%{;fé’c%‘at%@tﬁko&en@ew% iePkaged in the event of a
mss. 20 Now referring to FIGURE 2, a | ow|evel

bI ock di agram 200 is shown to illustrate a preferred
embodiNeEntefet i ELAPTIGVRE Jrefokdy-heftdgehesit I3 ERati G if shown to
fionugeaketd Meebret catbooirtent Gehenalyroved menyry eguesinent

Q({ef%hﬁtﬁgﬁ £dof Qg&ﬁtgﬁééA a(pB@ica?tl'ﬂQﬂ@.) b@néﬂgglif OEnt@n&_fy ?Bquests are made
ective € IS LEansl a

tjr]ffma aac\’?Prg’ﬁél eléoargﬁ esr% % igorﬁoo an gfectlvet ad ress ;E? 202. The
tHPaRed dsetranslated iel 2avrass a(dRA?SSZGBA ﬂ?é é'fhrléEtJ‘rf\/éum is
addhessefEAto anehldesirass gRheclticve Begatidcti e ESIES)s (EA)

é@@ﬁadé%agﬁ Jf'fgpﬁ.rve( ge[z\&mﬁgg% ﬁ@l% Q%AOf f3§§=,t I&Qﬁi@ éiNq)DZOGB and
I m as, a I

?614ﬂ£tasft % ‘%1/*6“1% 45'13 E%X\é an asana o %ugtl %?S% VSID)
Fi\«Oéf\.eraa@p?e ngm@qar(t @g] 204B and an offset 204C. 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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page nunber (VPN) 204D is created by concatenating the
VSID 204A with the 30 PN 204B. The EA 202 is passed

wa e00a/0ssgsrent | ookasi de buffer (SLB) 208 and aPCT/GB2003/005108

transl ation | ookasi de buffer (TLB) 210. The SLB 208 is
configured to translate the EAX 202 into the VA 204.

Preferably, the SLB 208 translates the ESID 202A into
the VSID 204A, whereas the PN 202B and of fset 202C are

?’glzsscqgiit%%gtgytt%@ @“289%@@3 gaggné)ftﬁgﬁqPNZQél'@ In tlzle event there
Y t]
le Eé‘é*r @hgga]t ﬁggel.lfgngefb\égy is returneﬁ %rg%rea%g @AG
epreiraoy PEs pleng enith £ PP §ief presf 5%%'e§§|‘fﬁf aF‘P p\?bfom such
26605369 8sRCLE GBA0Y 3/ 0R5TAB cobpREEsT | Adeswblby theelogic
Efén?e@@ ﬁ@t&%@%ﬂ&}abﬁ@l‘dpﬁe%oé& VbR 1018 evembsthePR 218 in the
épabl“(fen t%FAé)l\?%gn%g%erno%l?%ﬁ%c a%ﬁé %{\} 91h8 én|t51e TLB 210, the
@A@m@ﬁpa@fer 14 pewEEy Per turim %Taﬁeﬁntc?gﬁ rqm GRS Lho the REN

Specifically, the TAG conparator 214 enables the logic
5 elenent 216 to pass the RPN 212 when the VPN 204D

mat ches VPN in the TLB 21 0

does ﬁgt f%fﬂ'l E% R?PNS flglls the BI_EE?%HS%%HJ.S% (é@t shown)
@mﬁat%rpangtaﬁﬂ%v@ﬁﬁssftowé) |Jélgr=ldﬂeé‘1°é¥rem°t2¥6°wr1? oifid reloads the
pas910g tiwea RENAiR1hall TLR herwrentd, twher ehiesTER Bl sis geloaded

-Ia;k%lr g.l 19?5% ng%@@' J_Séplggéﬁen§h§l%)f1@%9n 3@1@[)0 h@@ %u@ﬁ-gﬁ; a

not ) (not._ s own re S
RESEF %e“fié"usimﬁ éLPtqp a%fe Cir&)%%? TEB'SSt ructlﬂlrjé 5 J”I%L%q get of PrES
ThB ZpOoiusnrel gaded-o afRecea niss, a page repl acement
al gorithm (PRA) 220, such as a |east-recently-used

(LRY) 3l oy LLaHB oF Sa 4S80-d18ad Nl 68t ReWhirele 5&)i0ErPBES, Class
%E%arag[?n %%ggrg: | aszsérélgga rr%‘Bla?c%% ntl%alaggéetmg%: etva%ﬂg %’JT? 226, and
a r@ma&e@@nﬁefsépnm bJankeEa?b ééﬁe?ﬁedn‘é%é&éﬁ%fnfﬂhf%%blsét €o
BMce2 2 6speantl caaly ephacement rsstteonledlars| opk1828(0 the RMT 226
Q:B:téﬂl‘é.%%?,g:é‘tlt QhéQ%l%.%E Wi ¢b ﬁl%tRLE'IOZZE eplaeere reload is accomplished
r reglLsters C
?ﬁ iél% %gt%%ansm? ﬁa%gedeglsgﬁrés%zg tEHpJF]%%ge 1% a hit in
The Innser@géaben%z%céhﬁm i°s RERF26P byF SERRFANG tHe @ﬁsed to the
202 128 .t hehe amg@enegitﬁselkm 222.ackhertthepetrod kit t whigh is sent to
the fé'%ﬁggeﬂe%@ SIebsndd2, rifeMf GLass ki irSpoeneeat @dntrol bus

g DR a1 T FEr R o 20 8pe] ShEP Feptacenent
rceprede helt a§éttT@oﬁ?Eﬂ@F%¢f{§cReiz§é4vﬁrgmaﬁnqqﬂ;ﬁrB 210 to determine

r@ptiacererd repdeol bus 232. The repl acenent set
control block 230 uses the RMI replacenent 25 control

bi t n
bits andithe [eplacemenloehe2at biPDbhe ILB2 Gdiie, tne mur
226 comprises a matrix of eight Class IDs (rows) crossed with eight TLB

sets (columms). Preferably, the RMT 226 illustrates the decisions of the
operating system software as to the replacement management status of the
sets within the TLB 210, as they correlate to a given Class ID.

In a preferred embodiment, the RMT 226 is a software-managed table.
Software maintains 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. Also, a Class ID
(i.e., a row of the TLB 226) represents a given address range. 1In 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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whi ch set to replace. FIGURE 3 shows an exanple of the
RMI 226. In this exanple, the RMI 226 conprises a

woraionos36ef ei ght C ass IDs (rows) crossed w t hp@r/gBR003/005108

TLB sets (colums). Preferably, the RMI 226
illustrates the decisions of th@ 30 operating system
software as to the replacenent nmanagenent status of
the sets within the TLB 210, as they correlate to a

ghae r&rgls%ca%té@ tol Bnd RPESREr 84 sembodiknBntchethier . RMisi2d6the Class
IS?I‘ 30%18 :En trﬁaenglgle(}‘zg a’bg %tmes%grita\&%r %%W&ﬂa%%oﬁ t]_% transmitted

Ure“and interprets the neani ng entries.
@BnigtealfYy repIRFRFMC Z?Bt'?%l EiHl%d¥ed in the mapping of

an 35 effective address range to a set or sets of the
TLB. %S’@hlsae}gn@iﬁ IRe fim @26 id KOWight theeldB A2&)ix. In other
rePé Sﬁ%t gm@ HVen @%Q{/essesc E%&gau'd% thls 1§X%'Eph§s 8 sets).

rresponds’to an ress _ran s
%?re@ﬁ%mefiF]&aWTye%WvP%& Pbtrs bysl?%éfb?arjrgV @hﬁsgmi Bgs has *1”s
Théimgidvien AChas SIDl Bow ©, Wra@004g 388698 2PCHAGEBR003005108st of the
Gol herntransa] tdedcinsans 0onpt anedias a9 donBeXePyaddieto the TLB,
W eor BE e gh?e%%aaf st L A3 AL LOOEX ool DG BM: 280 4.

accesse ormation is t mtte

RMTEhesBPare MBRC1E8RtT 0P Hifs Ssefysivs, e & é}za?ﬁmsstst hgherstore,
Rhis 226 ¢% tha WiEghte [Byrciigive tmtthexClapp 3t Ber C1§ss ID 0 provides
WoESS L1t he s EEkBri20r i 5 8adva¥sSelaragsichat i€ {d hat dafhge register.
it has 8 sets). Therefore, each RMI entry has 8 bits.
Specifically, the RMI 226 has 1”s defined in S%\ 47,

I D r oed, C1pbbTip St BMp hos a0 Q" Epidnpd nEetedi? gpd sets

t2hé a row. féEkheeeflor eanyf dataClcassesobnding fo tdles#ldiPali s pet to be
Q%pfaf‘déﬁaﬁ?@etzé’ d-heod lBrs 417, C@hsb@ad-l,p@ﬁé edthnid BB be replaced in

t@iaeﬁes §]8t2f] angeéla EQ. % gfbot %ﬁel&el:ggﬂléjgggmrs%t 7.

exc usi ve use

ﬂ?@?@?"é?e botgeqlélss P gf 2xh 1958 IBr?e ERctUSTIE 0 thd °»1Y-
Class IbD: hasChagsal B sprioat des vadidehadddateh afog t¢placement.
fiaesan-adgass, tshahgdoes not hit in the range

register. For Class ID 1, the RMI has a O defined in
sets 0-2 and sets 4-7, and a "1" for set 3. Any data

cor r eSPBNEitAY TV CF IS Of O FRIREGETTY bR ma'f% IP%BP%%‘E
ineptategefc 21gprigdms (ZRAT, dusbt @adhet IRy digerikkmt o Ihecther words,
rc%@l:ﬁ.@ﬁge’d.:@ a®8tmarkedl A3§id1R 2oRdp@aEsSnd By3tORAT, and then an

é..%e 3.%%1:5% %%E%o%eid%:l.%e noZﬁ shc;gpﬁr&tn% ng(pq;thkg ?éﬁlae@ment set

are epl ace set

SohaS 2808 APOet £XCHEL 2arh U0S 10 CHITILERIEE TPEccion of the set
rrepbacepbated. These are sets 4, 5 and 6. 20 The final

sel ection of set replacenent is nade by any page

repl acenent al gorithm (PRA), such as the LRU

algorithm In other words,
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certain sets are marked eligible for replacenent by
the RMI, and then an LRU algorithmcontrol |ogic (not

W@ bamj3eeont ai ned in the replacenent set sel erdT/GBR®L/005108

230 of FIGURE 2 is used to finalize the selection of

the set 25 to be replaced. WO 2004/ 053698

PCT/ GB2003/ 005108 7 CLAIMS 1. A nethod for inproving

menory managenent in a conputer system having a

processing logic and a first éyé_igecond menory, the

met hod conprising the steps storing address
translation information between virtual addresses and

real addressesthiod fdreifproyingerpeyy meaadsmegt din heagputer system
EQ‘\Hngog ﬂﬂ&e@é’ﬂ.@@e§§gltcr@ﬂ§laa§ix@% i Qeh®ld @Bmdry,t B method

second. menory_ e%r ffster access fromthe processing
¢ g‘? ?Qﬁe a1 18 address transl ation

i nf or FBLTISN ?‘?‘Péfleﬁﬁltﬁf@n%tlast&%e‘tnfﬁ’FmaatdﬁFeléestWF?%\rYgFﬁ‘fa} ofddresses
204 imrhoraBiresvss wherhel Altshemgeeognd nenory i s nore

pr oxi @E&hlng Sihgeﬁé@(i)%%@'cﬁgthé gaglkiﬁeéshﬂﬂaﬂsﬁ.at:ﬂﬁl fihfSdmation in the
; e S

econ ?mors{ e\%agtt. Irngc r om%n %I'xe pro@gglggdloglc the part of the

rans orma repla

SO IS8 AP R CHRR 6P FROFAIRT GnSSttedt [aFfe translation
fihfstmatienowlereld he FTheondendredyofs Goae mrbximdieteithe processing
thg:id ithsd ﬁnghé%QPMmgﬁwl gsq4 are a main nenmory and

t | at | TLB
S;gtn:ﬁl‘a Irggpe%%lﬁsz HqD g cridx( !).Jaans]lg% C?lj;g)oll%g{lon from being

whetasied e awegf%grteﬁan%qaaﬂ%onu %ﬁfBFﬁ%tﬁOBnS'ﬁ%e@t“&r Lge first
mAm@ye Or nore page tables having one or nore page 20
table entries (PTES) 4. The met hod of Clai ml,

wher e' nt h% gUbSC%t Pdl‘ e$S Lkl anS| sk n%[rﬁgéoinﬁnmemories

i s al Pocat eqof87 rea bwheca I O

REE o daét wyrspra@ée*maﬁgl%qlap ookRE+AS Hui & $Td) of the computer
prevent ragpebhivedybset of address transl ation

information from being 25 replaced with other address

transl at| oq,hl nf ocgln?tl ©n st oEedwhl n thethfl rd%ltresg%ggﬂylatlon

furthér conpris g‘ one Of nore
Er&IgraRn figr sePredntfe OFI%gqrstn@fe bRSE Fr 261 38 Sy o one oF more page

representigsg (argH)ven address range of an effective
address; accessing a repl acenent rranagerrent tabl e

(RMT) 4L.|Si ngfhtehrget%gg o%r CE[%_I‘ 1, w%ere Ssch Ds%b%étlgkdg&%se'ss

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

5. The method of any preceding claim, wherein the step of
preventing the subset of address translation information from being
replaced with other address translation information stored in the first
memory further comprises the steps of: -

generating one or more Class IDs for a range register, each Class ID
representing a given address range of an effective address;

accessing a replacement management table (RMT) using the one or more
Class IDs as indices;

mapping the one or more Class IDs to one or more sets of the at
least part of the address translation information;

determining which set of the address translation information is

eligible for replacement based on the RMT; and
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25

mappi ng the one or nore Class IDs to one or nore sets
of the at |east part of the address translation

w0 ndoatsabs on; determ ni ng which set of the addrP€r&B2003/005108

translation information is eligible for replacenent
based on the RMI; and WO 2004/ 053698 PCT/ GB2003/ 005108
8 performng a replacenent algorithmon only the set

of the address translation determned to be eligible

for rﬁ&lf@gﬁi@qg ré}lag&%nﬂeil@%gl?{m @HYOI%Vyeﬁt@ad isBg o @hdNaddress
er. conprisin I.n menory
%ea&lﬁma Fiop, (g%tetxﬁe egdr t(%?:es& nggp%ég %Orl Aot he o?cm of an
ef fective address; generating a virtual addr ess
cor r espondiing methdches efrfyeptecedinddiess,; fusdmrchimpgishe the
%gngfmermry for a fi rst set of address transl ati on
In Inon nat Ch§|/ rz]:% % \:lnlfcgrg r%%ggs%.% tPo r:ﬁ@lthe form of an
addr e53+7¢0” u déterm ni ng t e sec rrem)ry
gbestiv a§fh€ﬁ‘sé the first set of addr ess transl ation
i nf or patdranjns eavichiuay dddeedd cstrempnndingf be thkeeffectite address;
Set Ogeﬁ@gﬁﬁgsﬁ:hgr@h&%hgtﬂeﬁﬂr& &EQrEEmEtleB,se@n% liE@i‘?ess translation
ning that the first 0 tset
°r5%| (B T PARY | A OH TR o TRE %/Sors%% % 85 T hgéssfl
set oFPad dpeining Faﬁ"s,ltélﬁ%ﬁ?opﬁfr%ﬁmﬁﬂ.d@ﬁsmt stiE L2 firsc set
s£caddedte Mans1boisre phéomaai oec ongrchétg gfhe Hiddtesgnory for the

ELans g@tt io?nacilcﬁ‘fegé nBLh ek diBnt 1F§ofcritdt$.t3n]};rﬁiﬁar Y, t he
secon se of an ation 1Ln
not alPBc&fed mflg%n %ﬁ?t t[n §lrstc ’?m"l}’ QJOE_IQ; 7@1@ PBIRTset of

ameevaﬂﬁhﬁrﬂynnﬁﬁggw n]é’@ﬁé?ﬁ e Wrétc%%’fpaf gyidress
sysiseatiR0 ihtorinagice procedsiswgpohdgiesomndoeardnlase amdeond set of

55&_@%@ PRART Yo 1 oh N AXBADY %0 ﬁﬁr’lﬁgeﬁ@@t RRERANILHA second set of
%%ﬁﬁ%l n‘?r E.at:l.on ;{T%Io mg:tlofl bel ﬁpnoeccggigc%tg!iaﬂo@ rgal e‘lme

ogr am pro rovin

REPHGEREMS-in  a conputer system havi ng a processing

logic and a first and second nenory, the conputer

program pr Qg%rg@éﬁ ﬁgm&ynﬁgﬁéé@}néﬁﬂ he8nfRBRUEE computer system
e Lk A R R e T
ranggement @echanlsm carrying out the method of any preced:_ng claim.

8. A computer program product for improving memory management in

a computer system having a processing logic and a first and second memory,

the computer program product having a medium with a computer program
embodied thereon, for, when run on a computer system, carrying out the

method of any of claims 1-6.



