SYSTEM Fiel d of the Invention t invention relates generally to
the field of electronic data p evices. Mire particularly, the
present invention relates to cache*d®¥%ories. Many conputer systens today
use cache nenories to inprove the spend 10 of access to nore frequently
used data and instructions. A small cache nenory nay be integrated on a

m croprocessor chip itself, th “mﬂ Nmulnproving t he sp ess hy
el i mi nati nd"PA¥3%8d to go out wmm\ H\ | oprocessor chi p&‘?&ug%gi‘@é dat a
or instructions froman external newgey. During a nornmal data | oad
accessi ng routine) ' ] | -chip
cache nmenory to seérﬁ”ﬂrﬁﬁgﬁi’m&ﬂ&Wﬁih@tﬁgﬁ#g‘ﬁﬁﬁem t here.
If they are not, the mcroprocessor Wll_ then look to an off-chip nmenory.
On-chi p nenory) ox cache nenory is in menory Multiple main

nmenory | ocatig@ns na | nor
onesbr S o8 SRR TR S, GRS of B ICBE T

| ocations, or addresses, requently used 20 data
and i nstruct i onsproesssingdexicesi Mage particularly; herpresentyinvegtioheelatestocachent r i es
must contain not_only data, but also enough information ("tag address and
status" bits) ab‘BﬁPo"\t{?fé address associated with the data in order to

ef fectively conmuni cate which extB i ofhe it addr esses have been

mapped into the cache nenory. To i ove th eet.a e of findin he
menory address in 25 @&éﬂ’é‘f’(“’!’ﬂ&%‘m © eon ‘Q‘F’PF%"egl_é’sW%e far
cache nmenori §p !6F8ess & m hétiyMfled atfland ifstRBfidrsC W dhall QA8 h@fofyn MENDrYy
may be stored in nmultiple ways in'the cache nmenory, Mst previous cache

desi gns, becausemay be inagrated,on 4 micropraesssor chin itself, dhus, greatly improvangthear ge
cache, e.g. a Cas\f?@r?dW&%ﬁ@ﬁﬁkd&ﬁn@%%&&%@g%&m%%@%S e&%{c id | oating

poi nt data. However, as N Croprocessor frequencies an ruction 1 ssue
wi dt h 1 ncrease, acoessgetafopinstrnctions fronnancdxitqmat memerysyst em becones nore and

nore inportant. In caghe design, .low lLatency and hjigh.capacity r.equirenments
are inconpatibl e. Fo%%?@,gaﬁ%%gamsﬂ%ééo&m #hgftﬂ?fe 5&?&%5%‘ fﬁﬁal ly
means the cagbe [agk tofarSaiRthip Cahe edebory foay Hlsedegireddatzodrdfististidis arans 35

t he cache has a qug ccess, | at ency. a, WO 00139764 PGI/|1TS99| 31179 For
the reasons st at¥®8 %g‘%@‘ ﬁﬁ@vfamvﬁﬁemweag@%oré‘tlﬁm_l%tew I"‘i‘ﬂ’ will
beconme appar ent &@m&@?%-&hbHe%d,%xEﬁ&eﬁ{ﬁoﬁ%ﬂler%iﬂﬁ&tﬁﬂﬂor{ybp

under st andi ng the présent specification) it i's desirable to deve
i nproved perfor l¢ weingpemory focatiensamaphrgnappedinte the cachg mremorpnbhe and

o
met hod of operat}] hovi:ded ' | -gﬁ\&? ) ﬁ%@ﬁ@
performance. In %‘%g e %@il%h%’?ﬂ@dg%%%’gwﬁem &sﬁ]&@eﬁﬂm%s? eve {sb.'“sﬁqe first
| evel cache R8s datd andsinstattionsget pappedintd the cacheomemaryd ICaske mamory ¢htriessecond
| evel cache sim]arly has fidr dr ess r.t.and. a seco 10 address
bor £, A queut ng. BRsERARtRat onty e B A5 a B BnBRHioP o AR Bl | evel o
cache. In anot hegtatestiied) st theaddiviswsocidiéd VtICHE datagn ordertoeffestitelyr y i s

provi ded The nethod includes, providing a first vjrtual address angd a second
virtual address PQRRURIC3tE P"?’{ﬁhéﬁ?ﬂ&?’i%mmbﬂﬁmaﬁ“r esashare beeR mepRet iRy

trans| ation | ookth@ehdhe mtdry! Tb improWvk EtlpelceBge Sifindi themBRoRRIIRfeds inThe

net hod further
25
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the cache (the cache “hit ratic”) it is desirzble for cache memories to be set
associative, e.g., a particular location in memory may be stored in multiple ways
in the cache memory.

Most previous cache designs, because of their low frequency, can afford
a relatively large cache, e.g. a cache which contains both integer data and larger
30 floating point data. However, as microprocessor frequencies and instruction
issue width increase, the performance of on-chip cache system becomes more
and more important. In cache design, low latency and high capacity
requirements are incompatible. For example, a cache with a low latency access
usually means the cache has a small capacity. Conversely, a large cache means

35 the cache has a long access latency.



15 includes providing the first virtual address and the second viriuqmlyszg
addreSs to a translation | ook aside buffer in a second | evel of the cache
menory.. Providing the first virtual address and the second virtual address
to the first level and the second | evel of the cache nenory occurs in a
first processor clock cycle. Afirst cache hit/mss signal corresponding to
the first virtual address is provided 20 through a queuing structure to an
arbitrator in the second | evel of the cache nenory after a second processor

clock cycle. Eioure | is a block diagramillustrating an gahebbApad of a
cache rren%oogé'&grdi ng to the teachings of the present invention. 25 Figure

2 is a bl ock di agr aFerithd neasonsistated above sani dofi otlesn reasonssstatedibelow whighs t em

" 11 ow di agr a8 shikReetbo pls 3 e W UG - 8lmg 8 il ertadding 01 7 T8,
accordi ng to tthe presemispetificatibn,titie desirable id develop iinproved perfortrande fok bnst r at es,

in flow di agrarégiform a nore detail ed enbodi nent 30 for | oad accessing a
two- | evel cachERERBEPEMOBY, di ng t he teachings of the present invention 2 0

JUN 2D03 2 § 2 0 JUN 2003 WO OWH?Q Figure 5 illustrates,
in flow diagramform another nmethod Tor |load accessing a two-|evel cache
menory accor di ng t oAtnouelicachemiempry atd metbodefapsrationiaveprovided whichur e 6
illustrates, i IIQ | r o) sing a °*
t wo- | evel cach{eh nerréélrnghggicuoiErgézl’r%e%g%h@é’é‘%ﬁg‘gn{#&tﬂ}%&g‘r‘%@gﬁ?&snvent I on.
A novel cache hestooyevetsi Jhe firsyievébeache bas a\fiesi addreds pogt amdd gseconiddaddress n t he
foll owi ng detail ed.description nuner.oys,spegifig, details are set forth in
order 10 to prB?ﬁidgg%s%ﬂﬂ%ﬁ@ﬁw&{§hﬁp§@s{)¢dfﬁéPP“\?‘B‘I‘:PF Pngwever_, i t
wi |1 be undgy safeksprt! AQfuuink istrichshe istolipled Bétiveét e firftanB &A@ tevenVent i on
may be practiced without these specific details. In other instances well

known net hods, ofsashe dinenetheremhodinant, aymethad for acegssing deaghe MEMOBEEN descri bed
in detail so a t e ' \qﬁq‘tﬂﬂ dredsand! lis a

bl ock di agram ? l'ustra ?ﬁgﬁgﬁﬁ‘é’%ﬁnﬁ?ﬁtgfﬂ@ cac garrermrga%%&gccor ding to
t he teachi ngs wirtuahasldpsewarfirsi tanslatiorolook asidp huffet and & ssconditrenslatioat t he cache
menory 100 inc es. ., fdrst leyel f cache mor vy, 1 nd a second
level (LI) of i&a&gﬁé‘dﬁu@%ﬂ“&kZ‘B‘TﬁWﬁ‘(e&fgdr?fohﬁ'&%?%f Fhckhod s ¥ 110, LO, is
al so referrkd inchides priovidingnbefifst vifthaladdress and tisd secondvirtasiciddresdtosl 0. The
second | evel of cache nmoyy.120). L 1, | | so referred to in this

speci fi cation iranlafies igp |aé\¢ei>u§‘a)eﬁésaoze¢fe'raeofftbmcﬁ?monea%ﬁgdlngo i's

desi gned to hay fistviithall Sddiess AAd! 1R G6RA8 virRbPiddvess tdithe Festdeepaidmet . the
first level cache 110 contains only integer data in order to provide | ow

| oad access | as®arglevelof thecochesmemeryoneurs inadfirst proegsseradock cygle. Asfisbnpl et ed

in tw clock c ; &E?s? %ﬂwﬁ%‘ Rérnded : r capacity

t han t he fi&)stfggﬁ cac éﬁ{ a u?wb%ﬁ?n&tfbl oat %ﬁ%ﬁi&i&{{aga as well as

i nt eger dated | qughung strpcturede toe In the s¢von: e ecsopmger | oad

access Iatency#e%gxm f] g }o%gesqu (i(h l%10. The first |evel cache 110
ey 2015 2 iRy procstor gl by

and the second rted. As Figure 1 illustrates,
the first |evel cache 110 has Brief Desiriptighof pwined 30 and a second

Figure 1 is a block diagram illustrating an embodiment of a cache
memory according to the teachings of the present invention.
25 Figure 2 is a block diagram illustrating an embodiment of a computer
system according to the teachings of the present invention.
Figure 3 illustrates, in flow diagram form, a method for load accessing a
two-level cache memory according to the teachings of the present invention.
Figure 4 illustrates, in flow diagram form, a more detailed embodiment
30 for load accessing a two-level cache memory according the teachings of the

present invention.



30 address port 140. The second | evel cache 120 has a first address poff JUN 2003
150 and a second address port 160. A queuing structure 170 is coupl ed

.between the first cache level 110 and the second cache | evel 120. The

gueui ng structure 170 of the present invention conprises logic circuitry

which is structured to achieve the 3 2 0 JUN 2003 WO 00I 39764

PCT/ US99~31179 stated objectives of the present invention. One of ordinary
skill in tyeesseo©f m croprocessor cache architecture w | pcoviosssraamnd) upon

reading this disclosyre, the various nanner_in which such logic circuitry
may be configured. AdSusesHiustrates:inflow diagram form; anethes method Jor1ead) oy ded t o

each of the ad%ﬁéﬁ'n ' n one
enbodi ment, the T1i rs?agg%?%éls&g%}%éﬁ%%%ﬁﬁﬁ?}st gg\:/(;ef:mggc cgltllo

recei ves a firdnveption.ual address) or virtual address for a first nmenory
address) VA 0) and t nd .addr gss rt d40 for, the fi.r vel cache
110 sinul taneously fé@g?ggg“sgﬂt?é(%ﬁ?fv# a%’r'%dﬂ}o&egperflePh&one

enbodi ment, § heackéssing a awisievelcapisy henidry abardihf o the eendhingeofthe presdt 120 10
receives a first virtual address, VA 0, and the second address port 160 for
the second | evdP¥@HO/e 110 sinul taneously recei ves a second virtual
address) VA 1. Figure 1 further ilbgﬁn?w the first |evel cache 110
has a first translation | ook aside buffer 190 and a second translation | ook
asi de buffer 200. THeneve} eache mamorywvhiohproyiges impravedsachiag ispgovided.clBupl ed t o
the first addr ] &1'1%5?%@1 f =?[;"sl : L.ve a
first virtual 2‘55?"3@@“@\]?} : e étgg’onr# rai@??gﬁﬁp&gﬁ%gﬁeﬁ%ﬁ er 200
is coupled 16 tthprovidemtioraugh melerspnding bf thedhivention.f Howevdrdtwill bache 110 to
receive a second yvirtual .address,. YA i l.p one enbodi nent). each.

(rans at on I oqBaslent By e isiicn he tr tghe SRS Iema MbbERRicele 110

i ncl udes at | eawithos?thesy speéific détillsQ IR ofePinstaiices iwelltkhdwhinidiltods) ansl ation 20
buffer 190 and the second translation buffer 200 are_the sane physi cal

transl ati on bufRrecedyrss. cRmpenentsyand rircpitshavepohbeen desaribed in detailsoasineh puf f er
190 and the seqgRfsdures biakd er 200 are coupl ed through a physical
addr ess conpar ;tteor!)" 240 g%%éng%gbﬁjgpeqtivel.y, and through a queui ng
structure 118 to an Eiguse 1 isa blockodiggram illwstrating amembedimentnfeicache20. The

gueui ng struct | . i.gpég . I ' (] e hit/mss
signals from ph%/‘%?%%ﬁoggﬁr%ess @orrpar a{lé%rss?’?unggéaeh{j'igfﬁ’}‘égg&g{?vel y and the
physi cal addr esitiestrates timat tHeccatheanahary i1 00 irichules a firsd eevieL@Opof t&he t 0 t he
arbitrator 210. In a her i npl tati a transl.at.i 0 ide buffer
130y shown 1. imed 110aR ¢ b iRRAENatapct e80! dBe BRRinatd'S, "
this inpl ement adablemeribiy107L0, D alstrtdfeped @Sinthit spevifi¢ation b ikt fevéldache
translation buffer 190 and the second translation buffer 200 to the

arbitrator 290 Y9 Jhgsecend leyekaficache mamary 42Q Lal7is alspyefemed  inthise| cache

hit/mss signal gefifiedfioh a8 sddbouFievalcadfdd20S The AR fevei Qe 1 ﬁ)“xg dedighedtd

respectively, also go through the queuing structure 170 and to the

arbi trator 210.havealow data lgad 208 ienaio | 139pe smbostimesy thedfirstigvefiachar bi t r at or
210 i ncl udes 'Oﬂl'ofcoﬁia{xfé%h{y ittepct dafdiff bRfeFlo ;%Qﬁd& Hﬂofpg&"eks GREAS Bhda/ N SS
urtry thint

signals. The logic circ e arbrtrator I's structured to
achi eve t he i ntamehsdo thefirstilevel cathe hid ip cerapletediim tveaclocincyclase Toé sewoud nar y

skill in

25 level cache 120 has a larger capacity than the first level cache 110 and contains
floating point data as well as integer data. Accordingly, the second level cache
120 has a longer load access latency that the first level cache 110. The first level
cache 110 and the second level cache 120 are dual ported. As Figure 1
illustrates, the first level cache 110 has a first address port 130 and a second

30 address port 140. The second level cache 120 has a first address port 150 and a
second address port 160. A queuing structure 170 is coupled between the first
cache level 110 and the second cache level 120. The queuing structure 170 of

the present invention comprises logic circuitry which is structured to achieve the
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the art of will understand, upon reading this disclosure, the variousy{ JUN 2003
manner in S which such Ioglc circuitry may be configured. The first |evel
cache I' I O further includes a first cache TAG 220 associated with the

first translation buffer 190. The first cache TAG 220 supplies address

i nformation ("tag address and status" bits) for the first virtual address,

VA 0. Afirst cache RAM 230 is included which simlarly supplies data 10

for the first menory request. A cache |ookup for the nmenory request is

conpl et ec\wblao,gjv,g,,fi rst level cache 110 in a first clock ocrrsesnIe second
cl ock cycle, the si cal dress fromthe first trans]ation buffer 190 is
conpared with ME%EWWA o presentryeptien. ns of ardinary skillin ysi cal

address conpar gy %ﬂ%ﬁ&%&ﬁ%&ﬁﬁﬁ%&u&hﬁiﬁg&gg&&g Y disclébufe,

information is used in the data 15 nmani pul ation 0, and al So sent to
t he queui ng stmaamummmmwdudasthn¢pmummwb¢mm contains logic

circuitry for way s t|n. aI| n|n che RAM
data out put. One of Mgddp‘lfsf %ﬁﬁfﬁ%w*@ﬁr eadi ng
thifs di 33' osarﬁortshmo;auoqueamm@?apﬁuvgtycméﬁmﬁmﬂmm Imm rdaeo -

per f ornmed and or of t at a u 0C 50. As
shown in Fi gur@‘gfﬁéﬁ'gﬁﬁﬁ%@!&i 55""8’8&5{5’6‘?‘5";@ pul ati on

bl ock 250. Thead&'és&fﬂ%m&ﬁ@ry‘ﬁd?&iﬂ)@b QWY ReoridCaddres 1ma+ uni t such

as register file 270 and to an-arithnetic logic unit (AL 280. In one

embodi nent ,  t hthedimstievsl eacbe 1 Mgmultancoyaly receiyes mgecond vigeladdeess; Yt b of

ol oLl 09, 0 b 36 B A AR50 B Bl B30 0 St

m cr opr oced9or receivésa firstvirtualcaddress, MA D, anddhﬁmmhddnqss)port t60ffonthet hi s

di scl osure, the va whi ch nuting cirguitr onfi gured.
Tl et it eascofiitdegelcatie V1B simibsangousy (iivebch sbhond viprual s VA I L el

second cache TAG ZWQMWQW&M%WGMEMIB%@W&MHH 190. In
one 30 enbodi ment first cache TAG 220 and the second cache TAG 290 are

part of the s amskﬂ%?é ieak asidabuffer L3P andiasecand tapsiationjpele aside budl &‘Pq ows two

zle(r:n(;lntjagggﬁz |Xﬂ€'g§8&§§§%‘6| es kbagéﬂess mforsaiﬁibgn {}Stagtsggléprsgg&i and I’?gt us"

bits) for tlde oftbeficst fevel cache PIONoEe@IveAilsONIA04l @ddreaT MA0® 1 Biciseeond 1 t ual
address) VA 1. C uppl i es
data for the Sg@gﬁa@%ﬁ@%ﬁﬂ@%ﬁ@?#@%@é%ﬁ%@oﬁ %d?tbé é’#&iﬁ&mgo and
cache RAM 300 ﬁme]wdr@hﬁlﬂwmﬁeambymdwmaumrvaw vihioné i s dual
ported. A cache th eted in th first

l evel 5 cache ﬂg‘"ﬁ'ﬂe‘ﬁ' ﬁ@@%ﬁe’%@ﬁ%é@&e@% , the
physi cal addr egdché | FMinclhidesSRAQIREIIE értrisd. %bﬂ@eﬁ%&xﬁh@&@ﬁr&ﬂ%ﬁémﬂfned with

t he second cache TAG 290 physical address data in the physical address

conpar at or 2810bfferi180 padithe sacqsléméslnﬁmbﬁfsﬂ%eremgﬁmr@maﬂhe hit/mss and

way i nformati ogadsatids® | sl t =08 o}ﬁ% PdndC Sent to
t he queui ng structurg %%&%;Egtﬂg{agp% mani E%l on E‘foc ﬂ%ggg cont ai ns

| ogi ¢ ci rcui t r $hefseconddmansiationchhiffen 206 aieeoizpled mughlalﬂusipdradélmtppl ng the
cache RAM dat a ski.l h t tand
fromreadi ng tﬁ%ﬁ%ﬂé{f&%@g}(ﬁg@e&ﬁl{%& alﬁfdraﬂ%ﬁ %ﬂ‘?%ﬁ{gcﬁwf#esgaqﬁnct I ons
may be perfor mesbiteatst 210ga thesecbnddeved cichefl 20. h'éhd@ieamg&n-hmﬁealmm bl ock 250
As shown in Figure a ml ip‘e Xor 23% i S C.OUBF ta 15

mani pul at| G bhgRedse Soupl st el Gpeseesie ey Bom i

functional uni témpdtaBrs3240 &l MoqespebtivelyAd tﬁé‘ﬁhﬁibaﬂid&&ﬁ&tﬂ'&n thégl C unit
(ALY 280. In one enmbodiment, the multiplexor 260 includes routing

circuitry Capagp@s atyon qu@gqq{glﬁ‘er 180, to the arbitrator 210. In another
implementation, a translation look aside buffer 180, shown in Figure 1 in the

second level cache 120, does not exist. In this implementation, physical

30 addresses are coupled from first translation buffer 190 and the second translation
buffer 200 to the arbitrator 210 through the queuning structure 170. The first
level cache hit/miss signals from the physical address comparators, 240 and 310
respectively, also go through the queuing structure 170 and to the arbitrator 210.
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mani pul ated data sets to the desired location, e.g. a register file 22d d¥N 2003
an ALU 280. 20 A translation | ook aside buffer 180 is al so shown in the
~second 'l evel cache 120 of Figure 1. In one enbodi ment) the translation | ook
asi de buffer 180 of the second | evel cache 120 has at |east 96 entries. In
this enbodinent, the translation | ook aside buffer 180 is adapted to

simul taneously receive a first virtual address, VA 0) and a second virtual
address, “Wpobendsem the first address 25 port 140 and t hePECERBISHBIZNIr eSS

port 150 respectively, at the second level cache 120. In this enbodi nent,
t he second IeveﬁWM&Z@m@u&smwumahwtmwlm second | evel

cache can faci llh&ﬂs Igﬁﬂ lé‘ﬁ &%ﬂﬁh&% (} e em%o t he sanme
0s & acc

cache line so Long as sses are no he sane Dank. The
transl ati on | ocdchizse the ifterided funttén otfthﬂ:nsmkmmhdne@eod‘andlmzﬁllim 30

coupled to the arbit or 210 through .t I n ructure 170.. The
arbitrator 210 ‘ﬁ Ejﬁﬂi &'6‘89 g“f"’é‘ﬁ&ﬁ‘b% ﬂ&e%ﬁ US FANRET AR | evel
cache 120. Cpe \Oﬁlcﬂﬁtd:hll@gwcﬁiﬁi&ymhﬁbéw W || understand, upon reading

this disclosure, the vari Qus manner_in |ch the cache IookuB stage 330 may
be configured to 6 Thefisstleyel caghel #8onpl i sh cache

| ookup. The secq @%\bﬁh 0 a data
mani pul ati on st ag‘% [ nlhﬁhe seco \%i@a?ﬁg%@%@%&gl pul ati on
st age 340 cont asuppli¢saddressinformationy(* ‘thgmddmgs aadabtems’fh@a) ferlthgﬁrsngmw

'n 5 the art wieRahdA b Xt XA RGS ReRUdrbicn sumatt Rt °1

whi ch ]EheselOgPﬁf&H&?ﬁM&?aﬁﬁ&OAMeﬁmrfmheiﬁdxg?%reﬁ?ﬁths)f t he galta |
rranlpu ation oC 4 ata nmani ati,on stage, 340 of the, secon eve
cache 120 is cotfslg ’G‘Pﬁgﬁhﬁ?"ﬂl 86“268’58?19‘51&%?& I3 8 seeondglocket ai | ed

above,, the nul tiyelecuRiph ?@&W%&ﬁ@ﬁﬁt%ﬂdﬂoﬁ%l%?é&hﬁm@éwﬁhreﬁ' ng

mani puI ated data sets'to desired | ocation, a register file 250

or as ALU 260. manmmmmWMmm qddmsmmr'&% first
| evel cache 11 evel cache
12\(3 are adapte omg%f{cg%@%/ﬁy P oce P\?‘é{sa&f? {tﬂ)&] Ffegl ﬁggﬂgssv VA 0. In

this enbodi rténtmaﬂxhdaﬁonﬂﬂbcld%ﬂandmmmt]t&mmaqudumgemddo.cEhhdatheveI 120

are adapted to 15.si.ml paral l e i,nitiate a cache | ookup
for the first Vopupw “%‘8?‘3‘%5%9{“679‘1 a*f”&’?%é?é%@t@'% ﬁ
enbodi ment) t hebifendiah swappin tﬁaeitﬁemd&taébﬂ@m eoné@f&mtyedkﬂltnhaemche
| ookup for thewst wrt&g address, .VA O a first claqck c cle. The
u

queui ng struct &'é'scdéﬁfb? ¢ Yarious mapaer i which these gnal
for the first Vighbibms niad®e ?&?onn\é&agd ofighRizhd APaRibf e dHta Pﬁﬁﬁo@ﬂock

conpar at or 240 in the first level cache 110 to the arbitrator 210 to the
second | evel20catife Asmbown immFighestl, a multiflexor 26Qiscpupled tnthg da8i gnal i s

provided to thepak i rst

| evel hit/mss si gﬁmﬁﬁ%@&flﬁﬂﬁfﬁ? \l/‘lﬂ)rl%&q?@@lg?ruggs) W‘gm 4'sfu(f:;ﬂr:la S to the
arbitrator 210 mmmuchhsa'egnstcsﬁlemmaaddmmhmetasl gicamitd ALD) 2R6. Inoret vi rt ual
address, VA 0, a a,.cache "hit") in the 25 first cache
110, thin the a%’%l?‘tadf’g g@h‘?‘l"hg@s’npﬁécs‘)&g&% ?’8’8&%"38?&? ﬁt ?ckngg vi rtual
address, VA 0O, m&uptilateeaaaacts tmeues@aat&aﬁ&Qe.g.Aht@tsmtﬁwe’vwr af ALUe first

| evel h|t/m ﬂ? Spgpr theflt‘ﬂt vVirt address, VA 0O, ,signal,g to the
arbitrator 2320 tof qrilinazy sky ‘Bmpé%"ﬁﬁ?af’ e afshit Wit virtual
address, VA 0, mﬁeﬁ&@maoabéaau{g%afs%sm@ & vﬁ—tdtﬁ miiBerl ihWiicl R\thg cache
110, then the arbitrator 30 al lows the cache | ookup, or data access) of the

first virtual aeitpuitBsmaxhe @nfiguredr oceed forward in the second | evel cache

120 pi peI ine. If theyg ﬁﬁ%ﬁ Iﬂ@“ ttﬁ‘ﬁmﬁﬁq VA O, is a
cache "hit" in the seco evel h&?%ﬂ&gg‘tagﬁéiet ré@?gecf to the
dat a mani pul at i saeond caghe BAG 290 asdociated yativthe second tramﬂmxon buffer 190. Inone

30 embodiment, the first cache TAG 220 and the second cache TAG 290 are part of

the same physical TAG array which is dual ported (i.e. allows two simultaneous

load accesses to be performed even to the same entry). The second cache TAG
220 supplies address information (“tag address and status” bits) for the second
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2 0 JUPI 2003 VIO ~p-g PCT/ US991 31179 120. At the next stage in the sechfid!N 2003
| evel “cache 120, mani pul ated data sets are forwarded to the nultipl exor 260
present ed above. In another enbodi ment, the second ad cress port 140 for

the first level cache 110 and the second address port 160 for the second

| evel cache 120 are S adapted to sinultaneously receive a second virtual
address, VA 1. In this enbodinent, the first |evel cache 110 and the second
cache |l evel 120 are adapted to si mul t aneous! y initiate a cache | ookup for

t he secomlomni'lﬁml address, VA 1, in a first clock cycl e PATASHILT

Fggl?gipn?g t he seco‘%gm\%i?rtua'l %eséth\wqéggﬁhr sﬁmgpogt&ﬁi‘ hgyg?g.heThe

queui ng st r uct seppliésidata for dbap¢ond memary vezjuest.alrf onexmbodinsdnt,leatheRAM si gnal

for the second,yi rtual VA 1 romt cal dr, es onpar at or

310 in the fir&P %Féfhm@ ?'ﬁ‘g qﬂy grdsmﬁ”q’t‘ ond | evel

cache 120 suchpdrivd! A &2hél foemﬂmbmép&%cﬁﬁsﬁsMktb@nmewmelto t he

arbitrator 210 after_a s cl ock cycle. the first level hit/mss
Eqs{fgpc

signal for t5he°°§hi5%m\ﬁ kl°3°¥§dd¥é§%°°“%°&l§°3§i|’gﬂ§lﬁ‘yﬁ‘ﬁﬂt‘ﬁ%r bi trator
210 that the s rlﬁ% ﬁe an gﬁﬂﬁﬁﬁﬁ*&z\iﬁ:&%ﬂﬁ:ﬁ&ﬂ?ﬂ@u&h&m{? fﬁ@ fast

| evel cache 110 trator 210 discontinues the cache | ookup of
the second vi rzmhmmmmmpphm adsdress domnparator 3Hrtedndicate a

Sttt eoar Vi ¥ clehe bl ikt wy” i it s BACP infRfuabliTisEEGRa L ¢ 1

a ress, | a ua
adgress VA iodatﬂ:ﬁnﬂﬂ]mﬁbbckbﬂ?mdkﬂﬂo iebetoghd‘qﬁeuhg\sﬂcma?mhﬂﬁdath hgn t he
ar |trat or a (0] e QO or ata acce (0] t he secon

o Pt un ondDecmanipiaon Bisck S50 ontans [obis i forayelsning SUEE e 120, | {
the cache Iookmmmfgﬂgma&hém 885HeS OndAf binaty Bl Pl arthi L” 0

the second | evel cache O a data set is provided to dat a mani pul ati on

stage 340 in twdl mmsmloawawwmgmmmmh@hmOr 260,

gismcj: fgﬁzgﬁgl 3 pI’OVI GIHA%?@PB%!%% ﬁl SI gnaﬁ%%ﬁuﬂ rst \F;;[ reguglo

addr ess, VA 0, 25thdAsisowrsin Rigurel, atmhhpiaerﬁﬁOgsneﬁu;ﬂdrtotﬁued@cond vi rt ual
address, VA/Jl) _to.t 210 he evel h 0 is designed
for int egeﬁsdawgps%&&*‘s%a ﬁ’?“ltﬁpi\; %5 %ﬁ“ﬁ&ﬁﬁ %{‘"ﬁé "ﬁkl ocat i on
policy fgr theummbnueiegﬁmlﬁeclmrmeﬁtmﬂmo cmgauaft(ﬂdlmﬁmt qmo:sejwl y stores
integer data in Ve and, t he dat | pu) ation
logic is only &B@?‘ﬁm %m@ﬁa\eém‘%égévéaawmg crey “&ﬁﬁ’aghr% g As
stated, in one AfhidiEdata defiQo iid delsiréd REAIoA! &9 fegistér ARIZJO PMAABU 8 Z O
~ru~ ~~~; ~ PCTI US991 31179 190 and thée second transl ation | ook

asi de buffer 2889 have 32 entries. Meanwhile, a second |evel cache 120 is

provi ded i the Al sl 1B AhELLRRIESs ANEbAT SR Theda. 2

retrieval fromthec e nenor a nani ion stage 340 in the
second | evel caax:&nelzabfﬁguhalrgaronehmhodihznd&tearaﬁslmlpukasndmbuf&k'd)&ks 250

and 320) in the.fkirst que hand ot h integer data
and floating p8f{\‘f L%“ﬁ?zg"e‘%ﬂ‘ h%%{ﬁ °Fs ﬁSHW@&&e t he

| at encyhf or th heamshitmydboldﬁic& butier lwhlwedﬁs&hﬁlﬁem%%mww afrst | oati ng

poi nt throughput a sépa\? It)oge'%ncet e i nteger 2 gmc nor e

i mportant to oUEP‘é'{?dqW r o F‘F@&d’&ﬂ’&é‘ & ﬁ'lﬁé‘r?? Sthe
present i nvent ek 130 aA@@e sBind AlAEHA son&eﬂ&ﬁvdﬁtaw&wxﬂwa}el éRhémke
floating point data return faster but sti mai ntains floating point

t hr oughput and 18@&phthisyembodinaens, tbmgnérbml cgehet 120 ipa banked dualperit Th#, t he

novel Lo eveh, B dadd1Gyotbhdhe oh it Ro BlltideblEcab 01 SHR ableieps @ N oher

even to the same cache line so long as those cache accesses are not to the same

bank. The translation look aside buffer 180 of the second level cache 120 is
30 coupled to the arbitrator 210 through the queuing structure 170. The arbitrator

210 is coupled to a cache lookup stage 330 in the second level cache 120. One

-0

of ordinary skill in the art will understand, upon reading this disclosure, the
various manner in which the cache lookup stage 330 may be configured to
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data while reducing circuit conplexity and fabrication costs. |nteger 2aﬂat”ét{\’ 2003
15 located in the first |level cache 110 can be accessed within two clock
cycles. In contrast, other approaches to | ow | atency cache design use a

smal | capacity cache for large data types, |ike floating point data, which
results in a reasonably high cache "m ss" rate for floating point data. In
one enbodi nent of the present invention, only intéger data is contained in
the first wesmdoresache 110. 20 | n one enbodi nent, the desiRBET/AY99BHA i r st

| evel cache 110 is ru ual rted cache for faci ating hi
t hr oughput mtw%ﬂﬁm@‘QMuea EFW“&‘HM‘R?@%W‘P&S&?‘W‘FH@%% st |evel
cache 110 is n%a M'sFEQBKOWe%&ﬂWhSH2GaBEﬁ line size (32

bytes) than the | arger second vel cache. The first |evel cache 110 has a
snal | er cache |maup atmsrcaseaﬁ&mtmslowmmmformay@pkﬁ@rgenhmwémy

I t wh whi |
s???l ! glnisovm' h;%o@&gﬂrﬁgﬁﬁﬁ% e 'f)cya\aﬁeormanc&‘{)b‘I t UE %h%?k}a& oca: i '?y.

The first | e&elthcmm‘lundb&m&ummmuhedlsdmmmmmﬂanwﬂlmhmed t he

i nci dence of bank coan| Her he i.ncj dence .qf nk coan| woul d be
ot herwi se fai r?@“ gfqrmgsfapég{gapé@ ﬁg‘ 9"% ??E}”Bf a 32

byte cache ti n@ﬁlmdaﬁﬂ&hﬁl ulhﬁbxﬁ&aé&'ﬂwd?ﬂi%ddoﬂmﬁvcléabﬁef2m§Eodp%de cache
110 handl es int eger dat a. the first | evel cache 110 receives an integer

data request it ﬁ@‘#‘tﬂlﬁi‘@f@%ﬂ\‘éﬂd@&dﬂa Asfictailed abavethe myltiplexgp26C s s

det er m nes whet; ,m% oIl t cI ock
cycle and signa gﬁ?ﬁ r sﬁ@@%@%%ﬁ%ﬁ%&%ﬁqﬁ%&r?@%{oéﬁé 2 0 JUN
2003 WD 001 307 oiesired [ocatiopod @ pregisehle250 ongh ABUQ60cache 120 has a | arger

capacity than the fi C ond

| evel cache 120 is ﬂ‘%g% ‘§§°‘i&‘&5’?% ggﬁ%gﬂgwﬁﬁyﬂﬁgsgpqgnﬁeg%ml esﬁﬁI nthis
enbodljrr}ent I barﬂaﬁn@:ﬁstiddﬁal gﬁrgﬁlm&ra;dmddemlcmbé 1200ars adapesdus e at t he
secon eve cac e, 120 u e sl gni cant expensi ve on account
of the larger @ ‘b‘:ﬁg S‘rg’ﬁi‘tﬁlﬁié"gﬁ ﬁ‘éﬁ ﬂ%ﬁ&%é‘é"s gr eat er
than 8 bytes uwmlwaxsmeaa&ﬁawl@mz@a%&y&et&ache line size,

banki ng the second Ievel cache 120 is not likely to cause bank conflicts.

However, if 1§ hesimultancously ¢ inparallel, ma@@wheéMD@ﬂ%ﬁ!fﬁlm@laneous | oad
accesses to theadﬁ?e@?\f@ﬂlﬂn 'tﬁst‘%&c&:cﬁkﬁpﬁﬂiﬂ%ﬁ@%ﬁ dﬁrsﬁwé:i'c&%ly t he
S g structure

second 10 data acceg I'n the queui ecute on the
ot her (typi cal | l0tifadaptedso coiaplateahe:mhglookup for thelfirstwinhupl eddyess, €A dlie t he

second | evel C a ther .retrjeve access w
i ok was pi aced i Atk SRR b aitubd holBT 1 AR s TSb Sotle hBRLBBAE, CUC
cache 120 can dndmuﬁmgnﬂmrmeﬁrsﬂ&irmﬁm WA Ocfromalte physizaliaddress ss” i n the
first IeveI achel g in,th nnglSt Ievgh ca hes tem of the
present invé& tl‘ﬁ’r‘P “m}?jﬁ“ gﬁ'ﬁdfv gac Frg L0 e m@?"é Qto, F§°°8 | ock
di agram i | | ust rigié1eechen 26 SRAAhTTHS ﬁﬁfle@el%déﬁ?aﬂs%r@ﬂd&ﬂﬁtﬁ&cor ding to
t he teachi ngs of t he Eresent i nvention 8‘&1 illustrates that the

(<

conput er syst endrhitrgtor NM§SQPW@#Q9BICM@&S st lgvel his/miss signal fordhrer at ed
according to a fOGASYH r%af?tfi hﬁ%ﬁﬁﬁtﬁ?ﬁ% that tﬁ@ﬁ%péa%h@tﬁ)até)f

decodi ng and executl ng a co rogram such as an application program or
operating syst eomespandingdo thmwwmessnvm isavbidatilerrrache ‘hig”) in the

m or opr 0Cesaer ks GAGARLE 195, HECALNARRLSXRANIA I AURATBHESI AR am such

as an appllcatlon program-or’ oera emW| h |n ns from
nul ti pl e instr uvdttualraddesss VAT én thmamrddemmwm pAn&ﬁaanl ifdkesfist nunber of

execution 25 un hown as .4 420 A20N, T 16 cra rocessor
chi p incl udes a#’f"%ﬁ”%ﬁﬁs gngiﬁg%ﬁé‘ﬁg}vu&gbaddqeﬁ%vd}lg ?H’ Fy 430

i ncl udes the tmdﬁmheﬁﬁﬁmw&dw%ﬁés@oﬁ&iﬁ%wtﬁ@ﬂmtﬂnﬁﬂmﬂﬁ%dGm\(wllﬁh Figure
1. As explained in connectlon with Figure 1 the on-chip _cache nmenory 430

i ncl udes a f rstnavailable @gache “missy) “Wh@ﬁﬁﬁlf"ﬁcé@l?dﬂg thesy he aghjtrstar (1| ) 450.
The first | agel aifReiRe Sitfle E)Sﬁ\ll;?’g ?atg aEieEs A 37 vithal adtilss APA o2t0S€CONd

address port 470. The seco
proceed forward in the second level cache 120 pipeline. If the cache lookup of

the first virtual address, VA 0, is a cache “hit” in the second level cache 120 a
data set is provided to the data manipulation stage 340 in the second level cache
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450 has a first address port 480 and a second address port 490. The oﬂlkﬁﬁbmm
cache nenory 430 includes a queuing structure 500 which coupl es between the
first level cache 440 and the second | evel cache 450. The conputer system
400 10 Z 0 JUN Z003 WO 001 39764 PGTI US99/ 31179 further includes an

of f-chip menory 510. The off-chip nenory 510 can include dynam c random
access nenory (DRAM, static random access nenory (SRA>V17) flash type
menory) or other alternative nenory types. The conputer system 400 incl udes

a bus 52Gyehisdrsecoupl es the of f-chip nenory 510 to the SPETRSHAITessor

chip 410. The bus 520 can inc]ude a single bus or a,conbination of

mul tipl es buse$20. At thenexk stage itheseconddevel eache 120, manipulated data, sot§ 8rest andar d
architecture (Eo%%dgd’ﬁvthﬁﬂmﬁiﬁ&@%ﬂg&%ﬂﬁ%ﬁf andard architecture (ElISA)
us) an x-bus, "a ps us,

bus, a system _ a peripheral conponents
i nt erconnect (PCn blasnothepembasiimént,dheysconsaddrespport 340 for thetfistiavel onal

associ ation (P npri se
conbi nati ons o%ﬁ@%@?}ﬁ%ﬂ&%@%ﬁ@éﬁmﬁhggﬁc@%ﬁﬁ?‘;éf&cg%g@%gche 440 has
at |east tws addhpedto kinmitanecusly receive adétond sineal dddedsy, VAN diathiovupl e t he
first address poJt,460 and the second addgress rt 470 n iven cl ock
cycle to two | é?péﬂﬂ’é‘n&°gi§2ﬁ°f9ﬁh% %@g#éﬁ?@ﬁcﬁﬁhﬁ‘ﬁ%&ﬁaﬁﬁ%ﬁ%ﬁw xecut i on
units, 420A, 4¢ dEmultaneously'#itite 4 tachdRokkip fBrihe dédban virniah sddeeovAl 1 @vel cache
450 has at | east two address buses, 550 and 560 respectively, which couple

the first addr8$istglock cyrdy Inthis embodiment,ihe fist levekcashe 1 1Qisadapted 9e second

| evel cache 45 I i d ion units
from anong t he%%@@eo&%gggg#?%ﬁm%%@ W&&g&?ﬁﬁ,ﬁ@ﬁ%@ﬁﬁ 20 I'n one
enbodi nment ) 1 heyader- Tie queniag lstructurs 7§ is4daptétte catple adfirst levobhit/atiss digmats, 570

and 580, which_c | e t. e b en t n- chi ache nenpry. 430 and
two i ndependenf®r ?ﬁ?‘?ﬁ‘?ﬁﬁ’ﬁi#i’#&%ﬁa%ﬁ&ﬁ?ﬁys LM’%F"‘BQ%‘?#& units)
42?ﬁ~, d4f208 I -Ciinthemuveﬁaﬁhﬁzl;l(?ome:ﬁﬁ]ﬁtaimhinitﬁb sdcond HVQM_EIIDO[ m tﬁ

net hod for |oad accessipng a 25.two-leve] cache memory. accqr di o the
teachi ngs of t A é‘&’_n@“ﬁlﬁwmq‘%‘ﬁs‘%‘l’§qur¥°ﬁi"gﬂ¥@“§’r§ﬁ&‘g%t%od

| ncl udes pr ovi didgia dobk el i el IO aalTof BB vikuAR] 20U ess 10

a first translation aside buffer (TLBO "and a second trans|ation | ook
asi de buf f e¥5 ( mddzess, YA 15 signals tosthe prbiteator 21 Gphap the speond adntual pédressy VAOL. Each
translation | o i 04 . le G ' . Inh £ Sicna 1S met hod
i ncl udes si mul ?J;an%ghésjﬁl/tbgé é“?iﬁ&“@"ﬁfgﬁ? ﬁoskh%gﬁ%%éﬂﬁa%&?g?ssc%"dm e second
vi rtual addr esshdcacke lbolapifalie secordvirtuahaddiess/ WA flgin thesecdndilevel aiche east 96

entries in a s ng. | evel . (L the cache no 710, Providing the
FTr st virfual  daBr Slrsiety, e s leuel BebRS P o ilod sec5nq pehud BP0
(LO and the 1WA 1ZighalllthitheQoBiribr DIV (BA (hedselbénl VikeUddiets VS eGoad | evel
(LI') occurs_in a first processor clock cycle. A first cache h'i t/ mss signal

correspondi Ay tcachepguss)’ insthe first deys) caghel10sthen thegrbitrator 419 alf e galficui ng
structure 1o anegkp) Jrrtiﬁh%?ésﬂ of it sié&ﬁggg'tdagéﬁlﬂ}esé,l—\l’x 19to %rh&eﬁmrdmmr y

after a second processor clock cycle ) n one enbodi nent of Figure 3,

provi di ng a fi rinthesecond leveel ¢ache 1205 iIfjtha cache loakup ofithiersgeand vintual pddress, vi r t ual
address to the i I, o {30 I )P ry
after a second \g‘{‘g’c%ég%@ec ocizl c@%ﬁ%‘g@g‘f%ﬁéﬁmil%%ﬁl %sseé?kﬁ%egus y
provi di ng a sedadatadnanimilationistagai3d4déinthgseadbndlevel es¢heri2Oagd bo té the second

virtual addggss thr.ou he Qgueui structure,to th rbitrator in the 10
cecond | over  yREIBATAEh. 28 AeSred dhoye. oo roadipraPaft dtaptr et

di agram form dpadaped tesimuhiandonsly pivilicadirgidevel Bittniss\sigh# Y&l the fishe nenory
according to the teachings of the_present inventiaon. As shown in Figure 4

the method i ncl'igwa address; VA0, gndya Arstleuel hiffmiss sigpal for the sscopd Miryal  address

and a second Vigduhad veOfln6 ar drbichige2fo.r st 1 evel (LO of 15 the cache nenory
in the first processor clock cycle 800. The nethod includes sinultaneously

initiating a cache [Thelfiny leyel edghe §10ris designed ferl intggendataretieyal Hdhatisciind
virtual addrgss,..d e . et he first
processor cl3§c k°‘*8381"§&§%5€%hﬂae‘k%%hgéﬁ%?fﬁ‘g?‘bﬁ'}éﬁﬁE@%‘ gggggrép@'?(gr?lﬁg t he cache
| ookup of the fpreshtinventionbnlydtbressiategerdiata is thedirst levelicactic 1d0damdgbe i n t he
first level 20 . 0) .of the cache nory.in t first,processor clock cycle
820. In one enb‘%q ‘Hé‘ﬂ?‘,ﬂatﬁ@%‘ét'%%yng?m#% Eﬂn@“gﬁflﬁ?gﬁeqa?%qsﬂﬂ s

mani pul ating a diphMeeAssGitéd Htbtel efitbodinteRtihe fitdt trahslatiérhRok asidé buffert ual
address in the first level (LO of the cache nenory in a second processor
clock cycle and outputting the data set ign the second processor clock
cycle. In one enbodi nent, outputting the 25 data set in the second
processor clock cycle includes sending the data set to an arithnmetic |ogic
unit (ALin. In an alternative enbodi nent, outputting the data set in the

o S o o . . v o -,




I n one enbodi nent, the method of Figure 4 further includes manipul ati nng:}pﬂm m
a data set representing a cache hit for the second virtual address in the ‘
first level (LO of the cache menory in a second processor clock cycle. In

this enbodi nent, the nethod includes providing one or nore data sets) from

the first level (LO of the cache nenory to a nmultiplexor (MJ). The

mul tipl exor 12 2 0 JUN 2003 WO 00l 39"164 PGI/US99/311' f9 provi des muti ng
priority twolotysvrgata sets) fromthe first level (LO of thReruseds1menory

and data sets) fromthe second | evel (LIl) of the cache nmenory within the

second pr ocessol9tenddhe segonddransiation lgolasida huffer 20Q.have;3% entrissy i agr am f or m
another et hod Mbnwftla secBfif R96l ciithe 326 Whrb AH&] whR HRGHIRYR HandfeCOr di N0 Lo
S

the teachings of the pF%sent I nvent i on. own In Figure 5, the nethod
i ncl udes i ni ti ainteggr anddloating pointdata retrieval fiiomsthe gaghemagmany 9@ sthedata a second

virtual address_jin Jrst lewel . (LO h 2 [ I rst
processor cl ockmévgﬁlga%ﬁf‘s"lﬁé"‘?r@%ﬁ?énﬂfg%lu%g@eaﬁ%lf%%t&n&ﬁ%r allel, a
cache | ook3p|50f rfmhapl i u{aﬁazs?loa&;r!iﬁadndhammm ﬁl-s'tdetdﬁeachej 4 d0ih dr@erto hhanbl adgress
in a secon ev L t cache nmepgory_in the first processor cloc
cycle 910. A fiﬁ%%&‘ﬁi‘?‘fﬂ?@é‘g_E’?‘Qﬁ‘%"cmer@%hm’m"f‘d‘_‘ g rst virtual
address is providdask thé [afeney it titliRidpér Aathlretrieal while @til hadtitAining Todfing N t he
second | evel (LI') of the cache nendbry after a second processor clock cycle

920. A cache | optinptherughpis and eapacityisince the intggeraiata lateneyois masesepartant e second
l evel (LI) of 1 fA ' ] |

represents a Cagn@%ggg%%%ﬁg?@éﬁﬁvﬁ°%&%é§§ﬁ‘? E}'?ﬁné ‘%?g‘%nl evel
(LO of the Ifactessmenslowy d6@éf intdgeedateteuiayal toahakddivatingpgint detd etpm  dat a set
representing a gache hif for the first. virtual address.in the second |evel
(LI ) of the ca@ﬁ@'ﬁ’é‘ﬁbﬁ?%.ﬂsﬁ?ﬁ?&ﬁf&'&?h@@%ﬁg&&@ﬁ&y-mt/mss si gnal
correspondi ng to thehsseeibolimeht 5FithestedeasmvernitivaOthe hEvel éwe1dvel siti@ture he

gueuing structure to the arbitrator in the second Jevel (LI) of the cache

menory after a ¥Bdisquepingusshre H0saintaips ;2 dugher pipelined thropghputof ¢agke second
virtual address diﬁ\ﬁﬂ@}édﬁbiﬂ?aiﬁgﬁiﬁéaﬁugﬁﬁ?% FaBYiedtion!costs Ofntéger @fa MENMOT Y When

t he second cache hit/mss s represents a cache_mss for the second
virtual addridsslacated incth¢ first ievelwache [10Ckn bé agcessed avithin twerabook cyale® Imet hod 25

i ncl udes mani pu kel ' | tnf h cond

vi rtual address%gﬁﬁ@éﬁﬁ%\%ﬁ%lgﬁ&&gﬁ%ﬁg&g‘gg Ein %ruergr%iaf/{ty%%gdata
sets) fromthe Sfordargelddtetypls, (ike floatingpbint date ) wehicke nasnlys ins reasbpabily higha

mul ti pl axor) whereip the t i,pl exor, trols the routin riority given to
data sets) fronf?cﬁ’énﬂsfs?gé&b&"(‘ﬁ&mgaﬂ%hg’%@M?&Qﬁ&#ﬂg data sets)
from the secondidveitidn, bhly)in@keridae iSEbntaisdtisin MR TfrsyleVél@actert10ne enbodi ment)
the nmethod of Figure 5 includes giving routi ri?ri y io_the dat a set
fromthe sec®hd Ieveh%l%ﬁbemeﬁg&@é’éﬂgn %E“Bﬁ‘ﬁ Frehgil %Etaimlj‘g‘aﬁata set
fromthe first E@xﬂd&%&knﬁﬁﬁ HiroUBHHRE With W i babiicapatity. In thid Uf ~
2003 WD ~p~g~~ PGINSOOI 31179 atite high) ever (L) of the cache mnmory. In
anot her enbodi membydimint, thetfirssdevis} cache 110 is not a banked dual port and has a smaller

cache line size (32 bytes) than the larger second level cache. The first level

cache 110 has a smaller cache line size to maximize the number of different

25 memory locations which may be contained within the first level cache 110 while
still allowing for a reasonable performance benefit due to data locality. The first
level cache 110 is not a banked cache in order to avoid the incidence of bank
conflicts. Here, the incidence of bank conflicts would be otherwise fairly high
due to the first level cache’s 110 handling of a 32 byte cache line size. Again, in

30 this embodiment, the first level cache 110 handles integer data. If the first level
cache 110 receives an integer data request it performs a cache lookup on the
integer data address, determines whether it has a cache “hit” or “miss” within a
first clock cycle and signals this result to the queuing structure 170.
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Figure 5 includes giving routing priority to the data set fromthe set&ntN 2003
| evel*(L 1 ) of the cache nenory and forcing the first level (LO of cache
menory. to act as if it has a cache miss for a data set fromthe first |evel
.(LO of the cache 5 nenory (i.e. letting the LI performthe data access

whi ch the LO woul d have conpl eted, regardl ess of whether the LO was a cache
hit or mss). In another alternative enbodi nent) where data sets fromthe L
1 and LO are being simultaneously returned to the same recipient, the LO
access i Syghfidsgd until the LI access is returned. In ongcqyRgshsiipnt)

mani pul attng a data set representing a 10 cache hit for the first virtual

address in the secdie second(level cachy 120 hasiadargersiapacityrtbanthe fivst lewelcache
mani pul ati ng ifiaP |, &.Seqo t t [ senti it for the
second vir hi alﬂgdﬁgéésg?ﬁ‘ﬁg’%s@gﬁﬁ&%g”ﬁ% d?*h’g(%gggﬁggﬂéﬂgr y. Figure
6 il : ust Irat es%}m&ﬂdvbbmldmmi' cggnlhctmmmmm;h i bankingpid fchwﬁnkimadamei;i ng a
two- | evel cac nory according to the teachjngs qof the, present

i nvention. As gﬂgﬂﬁ‘*ﬁ“ﬁ%ﬁé%ﬁ% lekel £S5 °P WBH‘ésbe(ﬁL@lﬂocﬂﬁfyamP‘ier st

virtual adds esécréﬂki\% dRUREONY ofthe Mg et cBchét@Pachy D 3ing R Byt BanRkize €S in a
second | evel (LI') cache between a Tirst virtual address and the second
virtual addr es(@ccesngegrenter than 8iytes diserbye banks simiultanconsly) and a 64 hyte aaghe addr ess

i n the queui ng;st Pres e i econd | evel
(LI ) cache bg%%%%%@%gg@ﬁpﬁéf &%é y&ﬁ‘%é‘g{sﬁ%‘ﬁt°t@ﬁ‘é§°g’§‘é%nd virt ual
addr ess i ncl udeafliptse Howevet) ¢f the écond tevel cgclsd 1 20aloeeresive twp simbltarebud evel

cache mss for, the second, virtual ,address in the first level (LO of cache
menory. The nePpheFcesestiofhs same aah’ﬁ&ﬂ?s‘ﬁ%q% 13 ACAESH gthgs?f)ﬁ’?‘g set

froma firgp Imccédsp)nmfcqﬁaﬁhﬁs@@mwmm@zwaadhmmwﬁmwbit for

the second virtual address 1n the first level (LO_ of the cache 25 nmenory

in the second Brstdata sogessk Ingmfollowingclack givele the sgeand leval cache 420 canst | evel
(LO) of cache @Pll‘(e& ROTIL A oY IHiEH A9 jonal unit
in the second %TFIO.C cé;gfag&llj %ﬁiﬁ?ﬁ%%ﬁ?&é&q@{ speclﬁalaggthlfoowr}ﬁgﬁfi rst

vi rtual addr esquening structured70, erithe secondilévelsached20 can exnghitatond newdatae

enbodi nent, the ficst virtual dr es seGo Vi Ss are
virtual addres F%cha%uaquﬁﬁpk?ﬁ%gﬂﬁgﬁe{ﬂg. #ﬁ%@?ﬂg{ﬁl addr ess
and the s edGRdtwa-f Llevel ahch%dglftlem%f g&fprbaﬂﬁgﬁetﬁbﬁ,flﬁgleﬁﬁ'ompﬁtﬁﬁ rmﬁta&aizb&
conprising the first, virtual address t he secqnd, virtyual address. 14 y4
0 ~u~ Zoo3 WD 00/ %MZPE‘TPBSgQ)m W%ﬁi@%ﬂfﬁ%ﬂ%w des a
novel two-| evelysem 4t adycriimgit theWBachingh BEthE bfelintlifdedtion. SFigidei2n zed for | ow
| atency and the second level” is optimzed for capacity. Both | evels of

cache can sup dhat the eomputer system 400 includaes)a miergprogesser ein4¥nd pi pel i ned
accesses. Bet WgRih '%ﬂcc&gg, ‘ia‘?&e% of ﬁﬁ%}ﬁ? Iapspist ructure
is provided whic Fitﬁ’lﬁdé to de oggl et sgyﬁgcsl?eﬁl rst '%{sléel,r%(?aagﬂ)e fromthe
sl ower sec@fd ofdecodingiandeexequtingaqeomputer program swch asan applisationmprogiam ed. Bot h
| evel s of cach n- | | Qr t Is a cache m ss
at one | evel o?roj’g@ﬁ%E’bsg%ﬂ@é@ﬁ%@gggﬁ&g%%%ﬁg&g}eggggs ot her cache hits
and m sses. Thmidroprodessorietapable be decddinglahdexedtings compggrograimauchlhe 10
second | evel cache can store any data,type including floatin gi nt. The

novel two- | evefs BAPRRCALOR PEYETAR OF ARFTAHNESYFIEM WHILIRG T HOBY BOMALUIRE g1
performance WiingkuchioR 8éts. TREmidbpYaeRstchipdl 0 incdudeshfhmbRAST execution

25 units, shown as 420A, 420B . . ., 420N. The microprocessor chip includes an on-

chip cache memory 430. The on-chip cache memory 430 includes the two-level
cache structure explained in connection with Figure 1. As explained in
connection with Figure 1 the on-chip cache memory 430 includes a first level
cache (L0) 440 and a second level cache (1.1) 450. The first level cache 440 has
30 a first address port 460 and a second address port 470. The second level cache
450 has a first address port 480 and a second address port 490. The on-chip
cache memory 430 includes a queuing structure 500 which couples between the
first level cache 440 and tii= second level cache 450. The computer system 400
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What is clainmed is: 1. A cache nenory, conprising: an on-chip first | &0elUN 2003
cache"having a first address port and a second address port, wherein the
 first cache level includes a first translation | ook aside buffer and a

second transl ation | ook aside buffer each having a nunber of entries, and
wherein the first translation | ook aside buffer and the second translation

| ook aside buffer sinmultaneously receive a first virtual address fromthe
first addw&wt and a second virtual address fromthe pefogysador ess

port, respective g; an on-chip second | evel cache having a first address

port and a secdwdherdesludes apeffichinmemeryfil8uTheofchipamemary S4Qeaniingludene fir st

| evel cache an }@Eﬁl EJ]E% ngg %Bﬁ&ﬂfvﬂ?aﬁﬁﬁ% claim1,
wherein the fiﬁb evei&?:lgc e gél%&ﬁzﬁsec h evel cache sélﬁ‘nu t aneously
recei ve a 64 bi(SRAMY, flash typeimemeryzdr ethertaltemativef merhery ftypes.t Thewbmpateond
address ports, respegtively. 3. e he rv..0f. claim rein the
first address &W‘%@%‘?ﬁ‘é‘.}%égﬂﬁg{h&‘ﬂﬁ?ﬁ&“@%lﬁe¥%‘F@W§h%%ﬁ/el cache
si mul t aneouss y miefoproRssdr Ehip 10.VThd bid! 520 ¢6H MEladéa sindle HEE 6 wleoribinatioh
address. 4. The cache nenory of claiml, wherein the first |evel cache

contains only iofmagtplegbuses.” Asn eyampla, hus 30 c3n sornpriseap industry. sfandart | udes

i nteger and f'%&ﬂiﬁ&uﬂﬂ? t & exten dﬁ@&ﬁgﬂ%ﬁﬁ tufe! (RISA erein
the first address port %é)t ’eﬁh rstdl?g!v.e cache an ﬁue f(lerstﬂgsd%pess port
for the second systeml buszanixebus, aps/2 bus epstipheral compeneatsiintersonnect PGH  addr ess,

ache tookup 1 uoyd Rerpnpt Gy kel sl S SRR, s lich BECRCILR| bl T,

cache menor Y0 oforokieer buses. Bhe520 cantalse chmpsite dombhlatioacdfanybusesy conpl etes the

cache | ookup for the first, vjrtual dress i i rst, clock cle, and
wherei n the queui ng%PP&E‘PB?démﬂ“gW&Iaéﬂée‘fcf?@FeM@SaE‘&ﬁ"’rﬁé“’?lP‘fd}??Fss for the
first virtual w&&gmmiﬂm&hﬁﬂ&!wﬁﬂeﬂﬂ:ﬁ'ﬁttﬁﬂre&ﬁcﬁﬁmiﬁnﬂm}ck cycle.

16 20 JUN 2003 7. A m croprocessor chip having a processor clock signal,

conprising: a rigeAndraddresepart4itQ a8 any, gives clogicysie toliwp indapendentienenution ncl udi ng
a first |evel %ﬁ@%@&ﬁ@ﬂﬁﬁ@ﬂﬁ%&?ﬁ:@ﬁﬁ&hﬁﬁ@%d)@4%68! eaﬁoﬁ_\qgoggdress

buses coupl ed between the on-c he nenory and the nuhber o ecution
units, and &5 qembodiment,the segond lewelchchest SOdapatileast twomdiiresssbusks $580 anchche and

t he second | ev cache. at least { dat es | bet he on-chip
cache nenory a§ ot'ﬁ °'ht{1v efvhb °39%l\§8t3°| @ﬁ%ﬁﬁ%@iﬂ@oﬁb%ﬁeﬁgﬁg#‘ﬁ st cache
| evel includes porf490sif the setsrdieved Badhe 480 atsdng grivexifcloek cydleitoxwoecond

transl ation | oqk,asi de buffer each having nunper of entries, % d wherein
the first trandPIERCBIEDt Sxpeution wnitsfiom wpong the pyraberof exrgutioniitsA208m | ook

aside buffer siqpot.anepuRly receive a first virtual address fromthe first
address port and a second virtual address fromthe second address port,

respectivel $0 8. Thdnepermpediments the ontghip eachemamary30\haeatdrast tocdatiecond

p

| evel cache is harkedh £ : @l bp kel e, ueues a
second | evel catgaﬁe'gan% cﬁlﬁl}n&ﬁw‘g@T e.s%}ns%ér}g';g%@gss%ﬁcil ofng?:r?ai m 7,
wher ei n t he quetdOrapddwo ingiependentiexemgtion usits fiond among theguiniber reugionf | i ct and
a first |evel 2N €45 AS 0. m croprocessor chip of claim7, wherein
the first | eveﬁﬁg%t?]@AaE%o%h'e"ge ond | evel cache sinmultaneously initiate a
cache | ookup for a fFigate 3vllustrares, indlbwedisgramn farni,iamaéthed foe load wedessingldl. The
m croprocesgpr chip of ¢laim 10, wherein the first.]evel cache nenory
conpl et es t%g C eﬂ@vﬁc‘}ﬁ%ﬂ‘mﬁf@r lPﬁé‘l‘hG_FﬁaF‘B%S of § _%‘g?“f’r'i‘vﬂmf’f"r cl ock
cycle, and whergho@mtih Fighted tHaIndtkdREMAS prbwaiak 2 fistl viFhd] dderésangache
hitlmss for the first virtual address to the Second |evel cache after a
second cl ock cy&epend virtual address to a first translation look aside buffer (TLBO) and 2

second translation look aside buffer (TLB1) in a first level (L0) of the cache
memory 700. Each translation look aside buffer contains at least 32 entries. The

30 method includes simultaneously providing the first virtual address and the
second virtual address to a translation look aside buffer containing at least 96
entries in a second level (L1) of the cache memory 710. Providing the first
virtual address and the second virtual address to the first level (L0) and the
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12. A conputer system conprising: a mcroprocessor chip having a progégg%NZM3
cl ock signal, the mcroprocessor chip conprising: 17 2 0 JUN 2003 a

nunber of execution units; an on-chip cache nenory, the on-chip cache

menory conprising: a first |evel cache having a first address port and a
second address port, and wherein the first cache level includes a first

transl ation | ook aside buffer and a second transl ation | ook aside buffer

each having a nunber of entries, and wherein the first translation | ook

asi de buf f\f‘d 64 he second translation | ook aside bufferpetasdsmmsous!y
receive a rirst virtual address fromthe first address port and a second

virtual addr esssetonshieveh L1 ocomsiinadisirocessor clock exsiee A figsticgchehitmisend | evel

cache having a fi fe an : m& gueui ng
structure couplJl‘#i'gﬁ%%rgegﬁnr%@t?%eﬁc%%%ﬁﬁggg{e@gwﬁaﬁﬂ cache; an off
chip menory; arstruatubei® an\atbittatonin tliecsetond leveh(14) bfthe lachemhemdryafterarory to t he

m cr opr ocessor chi 13. The co r systemof claim 12, wherein the
second cache Ie??@?&)qmégc’ﬁkfﬁ'nué%ation | ook aside buffer having a

gr eat er  nuTbST of - SMiniong SmbAd Figuie, phiviiisg # i Back@Bluihd siguaf f o1 | and

wherein the translation | ook aside buffer sinmultaneously receive a first

virtual addr esscorrespanding to the firstavirtual addrgssite theebitratoringhe second leyel addr ess
fromthe secon 4 =14 ﬁ[en%ryf f is wher ei n
the first | eve%@ggﬁéggﬁgm oéé%%%ggfc%ggp cac?]‘?@. @aﬁr*'(ei%ﬁsf 3}%| tiate a
cache | ookup f csimalténeossly providing a secidaashei hit/miss sigsdl cotrespondipg teethe 15. The
2 chohe hi 11 m cteoand il affes BRuEh e dipipp Sflemprt e SPIRBRERIRE i ng
structure afloersected level $L1)QF Gielcacheahémerpd t he queuing structure delivers

t he cache hit/m ss sjignal .to the _second | evel cache after econd cl ock
cycle. 16. A nethod #‘g\‘“édﬁ‘é"??‘eﬁgn PW@W‘%%W&%M‘?‘%E’H&‘S%I ivering a

first virtual agdeRsS aaRe. | ’dﬁ’g ﬁit%s ' emns! ation
| ook aside buffer an a%;é%&?ﬁff?gﬁ?og\’{%w gliu?ssif%e u%*r{ehr%tpg&rfk%pfi rst

| evel of the caiaMentips. Qvn)inFigoo 3 theemethod inpludes initiating a cachedoskup| ock
cycle, each tra | ' er. navi . f } €s;

si mul t aneousl y e4 ?’Vuergil}tr%&l%n e? i%n%%i %@Jdp{r'%@%sagg%%ngg%%ﬁgg @}%B#i rst

vi rtual addil$ssthecache inenoeyimthe first proa¢ssardivckcycle 806 Themethatiimudesok asi de
buffer in a secand,level of. the cagh no Vi n reat er, nunber of
entries than t hHEmOpjtanepusly inia 5?8%%3?9%&9%’5 fY‘&P;g“aﬂ’Efsﬁ@?q@%ri ng a
first cache hi tdegbmi virtugidresOin'tRe 0018l 18¢el (D1)l0Tehe dathd méinohy il th@flfs ess
through a queuing structure to an arbitrator in the second | evel of the
cache menory afProgesgorelack gyele 8Hk cEhegnethod fugtheningludes compigting tha ¢ashe of ¢l ai m

16, wherein del jougi SKnefis| hirual @QiGs ld 4 oot PirbHPMIGQE P RRTBMIAR Lo the

first virtual address to the first arbitrator second | evel of the

cache menor ¢0af (L&) ofithe cacha theprogy: inctbe first processerycdock cyclet820r i ncl udes

si mul t aneousl y del i vgri It [ 1] | ﬁ@g Lng to
the second virtual a cflhggrgg?ﬁﬁgg{gjﬁwﬁ@t@ugﬁ%lg ruc??g’%!au#gﬁ{ iz%@g#trator
in the second |adath setfreprésentirpcawacheiivfoy thelfiist Vintealnadtitesslinothe Girstievell 6,
wherein the met BR)? oHﬁrethc%g nlxe?ncolr§'J gineas second processor clock cycle and outputting the l

data set in the second processor clock cycle. In one embodiment, outputting the

25 data set in the second processor clock cycle includes sending the data set to an
arithmetic logic unit (ALU). In an alternative embodiment, outputting the data
set in the second processor clock cycle includes sending the data set to a register
file.

In one embodiment, the method of Figure 4 further includes manipulating

30 adata set representing a cache hit for the second virtual address in the first level
(LO) of the cache memory in a second processor clock cycle. In this
embodiment, the method includes providing one or more data set(s) from the
first level (L0) of the cache memory to a multiplexor (MUX). The multiplexor
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initiating a cache | ookup of a first virtual address and a second vi & Qi all/N 2003
address in the first |evel of the cache nenory in the first processor clock
cycle;.simultaneously initiating a cache | ookup of the first virtual

address and the second virtual address in the second |evel of the cache
menory in the first processor clock cycle; and conpleting the cache | ookup

of the first virtual address and a second virtual "address in the first

| evel of oP%e menory in the first processor clock cyRTEUS®BIIThe

met hod of claim 16, wherein the nmethod further includes: manipulating a

data set repr espmvidegrouting;prigsityitorthe data sat(s) from she fiast level (LOkrfitheeache, t he
first | | of ' : d
out put t g ¢ e ORI kol sREEORUIRL AN tachc fisthofy iy A0 |

of claim 19, whthesecondptaoesson clapkicyeledata set in the second processor clock
cycl e includes sendi t he, data set, to.a register file. 2.a ~UN Zoo3
1 The et hod of ¢ EibmeSaUalEs iR Hoviskrist fh Rbpthdraetottior .

nani pul atingsa gelessinged twodgvet Sathe meshory do6rding/io theftedchings of e predenti r t ual

address in the first level of the cache mempry . in a.second processor clock
cycle; and del i FYFRBAR. Asshemm in Higyre b, themethodancludes mitiating rcachgloplie nenory

to a mul ti pl exope Mdvichifadlosd i d QidGirill dbicky'in' Brs Bvel LG Y 1O t he

first level of the cache nenory and a data set fromthe second level of the
cache menory w téche memerygisadirst pocsssos cloek ¢yicted00c JThe metisodl ingludast hod f or

accessing a cachs,. rising: 14l all a first
vi rtual gddress@%@%é&g;@?gﬁpﬁﬁ@?@d&%é@}# %ﬁgﬁl%%&)%&%"%evel of
thehcalche lmam)_ ryxI irtual ﬁdfdsgﬁtameatlwafwbbjhkc?heh&énwgﬁ?bmwd hi p Li rst
cache | evel includes irst translation | ook aside bu r and .a secon
translation | ooRl"g]%FEi‘%‘@f F‘eﬁ“&%ﬁFﬂHWﬁﬁ@‘g&alrfﬁwne‘Pgéﬁﬁ’Fi@, Vi wher ei n
the first transhddredis proviedhicigh B4héfing fridtuird'® anebitithof irAe kabhdn | 00K

aside buffer simultaneously recéive the first virtual address and the

second virtual Myek@dyofthecachememgry afier psacand processorcdeakeyPls R0pAof t he
o . | ) . . . g
lrst virtua a@%@@?ﬁ@ﬁk@é‘@f&?ﬁ{sﬁgﬁﬁf}ﬂm%@mgﬁ&dm19%1%)!%5600”

| evel of the cac y I'n rst processor ock cycl e; ivering a
first cache Wi t tache mepiognwhencthe fiest cachel hitgnisssigriabrepresents ¥ cache alissfadr ess

t hrough a queui ructure.to .a Iftr et he on-chi econd | evel of
t he cache mermr@ga‘f’%‘ews@%%d“E‘i@‘@g‘s‘é‘é’?@)%g’%?@%‘?’%%’%%?@t ﬁﬁ@ a cache

| ookup 3;] thehf i?eﬂiod%dlﬁdtﬁhmﬂﬁdyaﬁ.ﬁ@aﬂitgkdleelpiaeﬂtiﬂgmaeh@ﬁdfdre!heﬁrspf c?che )
menory when the first, cache hit SS n represents A,C3Ge . m Ss or the
first virtual aHHF@E@WPﬁ@W@n‘FYﬂaﬁng&“BFmPW Qa&Wry;

mani pul ating a gebad sfthe hieHiQSRMLI dotreshohdink %o thelsedonll ViftBalfaddebs i¥i ' t ual

address in the on-chip second |l evel of the cache nepory; and outﬁtti ng the

data set frotfl t Reovised dhpyghdthe grryingstrustursito thearbifrate inhaseopnd tevel (k) i pl exor
control l'ing theof‘ﬁ\:ﬂch&ﬂn’&&ﬂoﬁh{tﬁag&ﬁﬁap}&e&?paaékﬁgie. fﬁ@{?h&'i@okﬁﬂbf;h' p first

| evel of the cache nenory and e data set fromt on-chip second | evel of
t he cache menor the second virtual address is continued in the second level (L1) of cache
memory when the second cache hit/miss signal represents a cache miss for the
second virtual address in the first level (LO) of the cache memory. The method
25 includes manipulating a data set representing a cache hit for the second virtual
address in the second level (1) of the cache memory. The data set(s) from the
second level (L1) of the cache memory is output to a multiplexor, wherein the
multiplexor controls the routing priority given to data set(s) from the first level
(1L0) of the cache memory and the data set(s) from the second level (L1) of the
30 cache memory 950.
In one embodiment, the method of Figure S includes giving routing
priority to the data set from the second level (L1) of the cache memory and re-

directing a data set from the first level (L0) of the cache memory through the
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23. The nethod of claim22, wherein outputting the data set fromtheZ0 JUN 2003
on-chip second | evel (L1) of the cache nenory of the nultiplexor further
conprises; 20 2 0 JUN 2003 giving routing priority to the data set from

t he on-chip second | evel of the cache nenory over the data set fromthe
on-chip first level (LO of the cache nenory; and forcing the LOto act as
If the LO had a cache mss for the data set fromthe LO and having the L1
performa cache | ookup for the data set fromthe LO. 24. The nethod of
claim 22, wRpgies outputting the data set fromthe on-chi pCHES®BIMevel

(L1) of the cache n?nolreeidto the nultiplexor further conprises: ogi Vi ng
routing priori §copd lvek(Ld) phthe sachemamary,cInpnother gmbediment, thewsthadof he cache

menory over th?iﬁ@éﬁn%ﬁd%@ftirgﬂgt:%ﬁﬁb_ 'rPtofthéaoitﬁgﬁt\ﬁe‘ldmfthcoﬂalévbﬁ cache

menory; and forcing the L act as if the L cache mss for the
data set from (kb afthegach¢memary anddorcingthe first level EQLokcatheonemoryde asthe dat a

set fromthe LQ,; f.Claj ' | | ng a data
set representi%ﬁé%&@wg%&t%ﬂE&s!ﬁ%h\ﬁdrggﬁfgﬁamggg@ he on-chip
second | evel$ ofméniary (icec bettingeth® L} perfoinithe datunoéess whichithe Lowpalddiaveel a second
dat ah_set reprgsosg’b n ?e C heae‘;‘{éﬂﬁ%%g&wgggon c Lrt%) ﬁgda(rgg S |22t he
on-chi p secon iﬁ&o Bﬁﬁi,’sé : : “Pﬁ?! g :
wherein the netiiefafive dobidirhéit! WS dth Saté REMUREL iah@1.0We'beltipl address in a

gueui ng structure when a bank conflict arises in the on-chip second |evel

bet ween the fi isipultanequsly retarndds thesqamereripientctha d.0\aceass ifistallgd patilghe 27 The
nmet hod of cl ai ﬁg\%ﬁ%& dd ' bdmbrt! VIR0 laf}s

gueui ng struct mlgﬁc en a ban qﬁg*rl#ﬁ?ct a%r?t,;%émiﬁ%l”a{(’n%ﬁ%ﬁ?%?%ﬁgég@b | evel
bet ween t hel®i rcacheit forithe fixstdvietual addresy indhessecondillevel (L )xf theechss furt her

I ncl udes queuin I n.the queui ng.struct a first hit/mss signal
represent?ng a'g‘f“?‘g?“?@\‘ﬁ&?w@“ﬂ?é%? F°?Pﬁ§=°§§86‘ﬁ&°m'ﬁf8ﬁ“%%¥3%s in the
on-chip first |mforthekedond NartdR ABdress ik the sbEéhd T8 QU1 )T titel cathe memoryher ei n

the met hod further ipncludes manipulating a data set in the on-chip first
| evel of cache meno lnsgrates)iin fowliagram form, anethergnethodsfor laadnd vi r t ual

¢

address in the Qo=ghs R b ftﬁﬁ?t‘aﬁ@ Wh\%‘aé ond cl ock
cycle. 21 7z 0 JUN %O(t)‘g %%kl élaﬁ}e‘@}r?eﬁy of ¢ _tallsm 22, W erete.?%%{ﬁg&net hod
further incléiddnveptionuds shayminfigure 6! the methodincludas queuing & first vigual i r st | evel
through a nmul ti t ' Liv L0 e : e. 22
AnF v A 2 AR o etk 45 len dBabic b ABRRIRA eIk LY, 25
@ AHBY?0eT~Ti Sache between a first virtual address and the second virtual address 1000. In
} }wgkf ™ ZUP] ca] caUl caUl.ca cahﬂcaU@F cal gall cal c calJ] c call.cal] cal] ca
U caU] ca] cay] caﬂ%k@&’%&ﬁ Wing %d'&%l‘&‘ﬁ%‘éﬁ%‘“@% SErabeiR Wi

a bank conflict arises in the second level (L1) cache between the first virtual

20 address and the second virtual address includes queuing the hit/miss signal
representing a first level cache miss for the second virtual address in the first
level (LO) of cache memory. The method of Figure 6 further includes

manipulating a data set from a first level (L0) of cache memory corresponding to
a cache hit for the second virtual address in the first level (LO) of the cache

25 memory in the second clock cycle 1010. A manipulated data set from first level
(LO) of cache memory is output through a multiplexor to a functional unit in the
second clock cycle 1020. Throughout this specification a first virtual address
and a second virtual address are stipulated. In one embodiment, the first virtual
address and the second virtual address are virtual addresses. In an alternate

30 embodiment, the first virtual address and the second virtual address can have a
different number of bits comprising the first virtual address and the second
virtual address.
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Exo 20 JUN 2003

R$k{uoj d_YTQ ca] cal] ca] cal] ca] cal] cal] cal] caU] cal] cal] cal] caU] cal] cal] cal] c

ayl cal] cal] cal] caU] caU] cal] cal] cal] cal] cal] caU] cal] ca5@3x>9#q##{ vake _YSd_Y

" TQ cay] cal] cal] cal] cal] ca] ca] cal] cal] cal] cal] cal] cal] caU] cal] cal] cal] cal] ca

U] caU] caU] cal call cal cal cal cal caU calUca S  <Lly"{"##mH#$Y$$&0&&
"be'r''-(~((A)))}xrlf ZTNU cal] cal] cal] caU] cal] caU] ca] ca] cal] cal] cal] caU

] cay] caU] aU] cal] cal] cal] ca] caUl] cal] caU] cal] cal] cydirasel/siatd ca) - * w

*++ C - 1'0g00\ 1*1a1n11223D44465} wgke_YSf " ZTNU] caU] caU] caU] cal] cal] ca

Ul caU] caU] ca] ca] caU| Thelgiresen] inverition pfayides eaqﬁqumvmmeJ] cal] cau

7 -
]—(C:;ig?g]’?%&ﬂr ﬁﬁém 0% a?)?cag?ﬁgtgfﬂ lﬁfcog TR W’czg%fcaU] ca] caU
L ELEokr] FEr i ) L oI ORI Mtk o ﬂ‘-‘?ﬁm hoalecachgc U] sall oal
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F10% () - l%n%lggox(x )look X e gﬁf@r ang the seconéi r%r%l%nll%o% ag?de buffer simultaneously
receive a first virtual address from the first address port and a second virtual address from
the second address port, respectively;
an on-chip second level cache having a first address port and a second address
port; and

a queuing structure coupling the first level cache and the second level cache.

2. The cache memory of claim 1, wherein the first level cache and the second level
cache simultaneously receive a 64 bit virtual address at each one of the first and second

address ports, respectively.

3. The cache memory of claim 2, wherein the first address port and the second

address port for the second level cache simultaneously receive a first virtual address and a

second virtual address.

4, The cache memory of claim 1, wherein the first level cache contains only integer

data, and wherein the second level cache includes integer and floating point data.

5. The cache memory of claim 1, wherein the first address port for the first level
cache and the first address port for the second level cache simultaneously receive a first
virtual address, and wherein the first level cache and the second level cache initiate a

cache lookup for the first virtual address in a first clock cycle.

6. The cache memory of claim 5, wherein the first level cache memory completes the
cache lookup for the first virtual address in a first clock cycle, and wherein the queuing
structure signals a first level cache hit/miss for the first virtual address to the second level

cache after a second clock cycle.
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number of execution units, and a queuing structure which is coupling the first level cache

and the second level cache;

at least two data buses coupled between the on-chip cache memory and the number
of execution units, and

wherein the first cache level includes a first translation look aside buffer and a
second translation look aside buffer each having a number of entries, and wherein the first
translation look aside buffer and the second translation look aside buffer simultaneously
receive a first virtual address from the first address port and a second virtual address from

the second address port, respectively.

8. The microprocessor chip of claim 7, wherein the second level cache is a banked

cache, and wherein the queuing structure queues a second level cache bank conflict.

9. The microprocessor chip of claim 7, wherein the queuing structure queues a second

level cache bank conflict and a first level cache miss.

10.  The microprocessor chip of claim 7, wherein the first level cache and the second

level cache simultaneously initiate a cache lookup for a first virtual address in a first clock

cycle.

11.  The microprocessor chip of claim 10, wherein the first level cache memory
completes the cache lookup for the first virtual address in a first clock cycle, and wherein
the queuing structure signals a first level cache hit/miss for the first virtual address to the

second level cache after a second clock cycle.

12. A computer system, comprising:

a microprocessor chip having a processor clock signal, the microprocessor chip

comprising:
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eccdddE7/ the first translation look aside buffer and the second translation look aside buffer

simultaneously receive a first virtual address from the first address port and a
second virtual address from the second address port, respectively;

a second level cache having a first address port and a second address port;
and

a queuing structure coupling the first level cache and the second level
cache;
an off-chip memory; and

a bus, wherein the bus connects the off-chip memory to the microprocessor chip.

13. The computer system of claim 12, wherein the second cache level includes a
translation look aside buffer having a greater number of entries than the first translation
look aside buffer, and wherein the translation look aside buffer simultaneously receive a
first virtual address from the first address port and a second virtual address from the
second address port.

14.  The computer system of claim 12, wherein the first level cache and the second

level cache simultaneously initiate a cache lookup for a first virtual address in a first clock

cycle.

15.  The computer system of claim 14, wherein the first level cache memory delivers a
cache hit/miss signal for the first virtual address to the queuing structure after the first
clock cycle and the queuing structure delivers the cache hit/miss signal to the second level

cache after a second clock cycle.

16. A method for accessing a, cache memory, comprising:
delivering a first virtual address and a second virtual address to a first translation

look aside buffer and a second translation look aside buffer in a first level of the cache
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through a queuing structure to an arbitrator in the second level of the cache memory after a

second processor clock cycle.

17. The method of claim 16, wherein delivering a first cache hit/miss signal
corresponding to the first virtual address to the first arbitrator in the second level of the
cache memory after a second processor clock cycle further includes simultaneously
delivering a second cache hit/miss signal corresponding to the second virtual address

through the queuing structure to the arbitrator in the second level of the cache memory.

18.  The method of claim 16, wherein the method further includes:

initiating a cache lookup of a first virtual address and a second virtual address in
the first level of the cache memory in the first processor clock cycle;

simultaneously initiating a cache lookup of the first virtual address and the second
virtual address in the second level of the cache memory in the first processor clock cycle;
and

completing the cache lookup of the first virtual address and a second virtual

address in the first level of the cache memory in the first processor clock cycle.

19.  The method of claim 16, wherein the method further includes:
manipulating a data set representing a cache hit for the first virtual address in the
first level of the cache memory in a second processor clock cycle; and

outputting the data set in the second processor clock cycle.

20.  The method of claim 19, wherein outputting the data set in the second processor

clock cycle includes sending the data set to a register file.
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22. A method for accessing a cache memory, comprising:

initiating a cache lookup of a first virtual address and a second virtual address in an
on-chip first level of the cache memory in a first processor clock cycle, wherein the on-
chip first cache level includes a first translation look aside buffer and a second translation
look aside buffer each having a number of entries, and wherein the first translation look
aside buffer and the second translation look aside buffer simultaneously receive the first
virtual address and the second virtual address;

initiating, in parallel, a cache lookup of the first virtual address and the second
virtual address in an on-chip second level of the cache memory in the first processor clock
cycle;

delivering a first cache hit/miss signal corresponding to the first virtual address
through a queuing structure to an arbitrator in the on-chip second level of the cache
memory after a second processor clock cycle;

completing a cache lookup of the first virtual address in the on-chip second level of
cache memory when the first cache hit/miss signal represents a cache miss for the first
virtual address in the on-chip first level of the cache memory;

manipulating a data set representing a cache hit for the first virtual address in the
on-chip second level of the cache memory; and

outputting the data set from the on-chip second level of the cache memory to a
multiplexor controlling the routing priority given to a data set from the on-chip first level

of the cache memory and the data set from the on-chip second level of the cache memory.

23.  The method of claim 22, wherein outputting the data set from the on-chip second

level (L1) of the cache memory of the multiplexor further comprises;

20



"10%& ()- " 10%& ()-; ~ @O 10%& ()-(FL0%& ()- 10b 10b 10b>10%¢& ()-FS;
MLO%& ()-1.F8 "10%b& (- JUN 2003
yVdE~_ @O &MLO% & () - mL0% & () - Z10% & () - F10% & () - mBZ10% & () - 10% & (%

]! dE~_ @O FO "10% & ()-3F+ "10% & ()-F) "10% & ()- ,

"109% & () - G810% & () - MLO%-& () - HxnbC0O ) 10%<& ()- 10( 10( 10(>10% & ()- Y@
3"109% & ()- 91 10% & ()-1810% & () - u&2dEmbC00 F

109%& () - Ff1 10%& ()-Fl 10%& ()- , 10%& ()- F10%& ()-F! 10%& () - 2CdEmbC00
@YL0%& () -1! gﬁ%ig?crc(u)mg'pizﬁ%s&to( the \d4talde¥/&8in( ﬂ1el¥)31'-c1ﬁ}9/¢s&o(191 devel of the cache

O et O
10<L>109%&’ y
1ML0Y%& () - ) e Lgﬁﬁfﬁ}%ﬁ{%; 0Tl %3'? o i) é}f%( )é i %%3&? o

10% & () - )hayib@ el | perfarESH-ehe lobBup fei Gh4 ditq $etﬁ'ohnm%’@&' ()-Y GLO% & () -
310% & ()-3YL0% & ()-3'10% & ()-rlI dESH=0O 10YF+ "10% & () -
)10% & ()-F(10% & ()-Ff & "10%4 & ()- $Z10% & ()-F! "10% & () -7 hdESH=0O
10| 4! 109% &4( ) T3 3fethdPbLcladm 22 RSk ik e dafa) set from the on-chip second
IlOO/c(&'(1 10% & ()-W\]~_ 1 bG0O 10 10% & ()-310% & ()- ) @O0% & ()- 10(
evel (L1) of the cache memory to the multiplexor further comprises:
giving routing priority to the data set from the on-chip second level of the cache
memory over the data set from the on-chip first level (L0) of the cache memory; and
forcing the LO to act as if the LO had a cache miss for the data set from the LO and

having the L1 perform a cache lookup for the data set from the LO.

25.  The method of claim 22, wherein manipulating a data set representing a cache hit
for the first virtual address in the on-chip second level of the cache memory includes
manipulating in parallel a second data set representing a cache hit for the second virtual

address in the on-chip second level of the cache memory.

26.  The method of claim 22, wherein the method further includes queuing the first
virtual address in a queuing structure when a bank conflict arises in the on-chip second

level between the first virtual address and the second virtual address.

27.  The method of claim 26, wherein queuing the first virtual address in the queuing
structure when a bank conflict arises in the on-chip second level between the first virtual
address and the second virtual address further includes queuing, in the queuing structure, a

first hit/miss signal representing a first level cache miss for the second virtual address in

the on-chip first level of cache memory.
28.  The method of claim 22, wherein the method further includes manipulating a data

set in the on-chip first level of cache memory corresponding to a cache hit for the second

virtual address in the on-chip first level of the cache memory in the second clock cycle.
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