;ste3eY.VL: 6T. 8A/ DUAL CACHE W TH MULTI PLE | NTERCONNECTI ON OPERATI ON MODES
FIELD OF THE | NVENTI ON 5 The present invention generally uelﬁﬁ
conmput er systens. More partlcularly, t he present inventié Foiy

met hod and apparatus of inproving performance in conputer systenms by
~arrangi ng cache nodules in several interconnected operational nodes. 10
BACKGROUND OF THE | NVENTI ON A cache or cache nodul e as used interchangeably
t hroughout this specification, is intended to enhance the speed at which
information and data are retrieved. A main nenory typically stores a |arge
anount of data which is tinme . consuming to retrieve. The cache nodul e
contains a copy of portions of the main 15 nenory. Wen a processor
‘attenpts to read a word of nenory, a check is nade to determine if the word
is in the cache nodule. If so, the word is delivered to the processor. 1f
not, a block of main nmenory, consisting of sone fixed nunber of words, is. .
read into the cache nodule and then the word is delivered to the processor
The main menory consists of up to 2" addressable words) with each word 20
havi ng a uni que n-bit address. For nmappi ng purposes, this nmenory is
considered to consist of a nunmber of fixed-length bl ocks of rds each.
That i o, RHL GACREIWHTH MU BIIE INTERGORNHOHIPE GEEBATION G | | nes

of K words each; and the nunber of lines is considerably |less than the

nunber of main nmenory bl ocks. "AVIGDESi s a block diagramillustrating a
sinmplified picture of a network involving a processor 12 with cache nodul e
40 conneg \6 f9qtrol and data lines 43, 44, and 45,

respecti ; n a lines 43 and 45 al so attached to address and

dat a lguffers %e@lﬂéﬁcﬂﬁnvémmgenaml@geiatbntohommmlsymlemm\&omystem bus 20 from

which main nmenory (not shown) is reached. Typ gall ggcessor 12 generates
Can addre@@ﬁtﬁﬂlaéwxﬁﬁed’rﬁsémﬂév‘?fé'&ﬂ fe‘F‘Fsﬁ’aFﬁethd@B ratny AEIEPYHOES cont ai ned

in cache e When t his cache
1, cChe ERSSoL ) cohler G luk By UL S dienLed?,  Vhen (1o
di sabl ed,,ﬁgﬁoﬁm@iﬁﬂ@mmm@nl y between the processor 12 and 10 the

cache nodule 40, with no systembus traffic. Wien a cache "m ss" occurs,
(the word is not contained in cache nodul e 40), the deS|red address is

| oade ﬁ) 0 mﬁmﬁgnto system bus 20 and the data is
retur m&m th the cache nodul e 40 and the nmin
menory. Wth g eRhker dhe mduld Astdinkdthmacitdy MpudPupiey Wwritten or copied
out of cache nodul e 40 when new data is 15 stored in the cache nodule. This

overwr i t specification] $s mednded toenhenceshespeed et whichlinfokmatiom and'datearem | i ne. " The
basi ¢ st rrgt%%\lrjerde ﬁ? fma?r; (r:n%%vo%l?wp?cgﬁ; str{r.vl#efstal lipgareoa(i:r?gu%?(r)f&ﬁanwlﬁc%ris axlsét‘em 10

consuming to retrieve. The cache module contains a copy of portions of the main

15 memory. When a processor attempts to read a word of memory, a check is made to
- determine if the word is in the cache module. If so, the word is delivered to the
processor. If not, a block of main memory, consisting of some fixed number of B
words, is read into the cache module and then the word is del ivered to the processor.
The main memoty consists of up to 2" addressable words,lwith each word
20 haviﬁg a unique n-bit address. For mapping purposes, this memory is considered to
consist of a number of fixed-length blocks of K words each. That is, there are M#Z“
- /K blocks. The cache module consists of C lines of K wprds each, and the number

of lines is considerably less tha_n the number of main memory blocks.




enpl oyi ng several cache nodules.is shown in FIG 2. Conputer system 10
i ncl udes processors 12, 120 and 220 as shown which are connectﬁ d é@% vari ous
peripheral 20 devices including input/output (I/0 device§ ﬁﬁ@@sﬁ ¥ as a '
di spl ay nonitor, keyboard, graphical pointer (nouse), .and a permanent
storage devi cegfdhar i iagfRmy : : : menory or
RAM that is uggl?dalbg aghrliéé%dslgors gg?t}afgggigg@gg% ]{ﬂ%ﬁggmcag%?‘gé%ut program

i nst ruct i mvslvirgnalpfocessnaitZwith cathearodhrle A conneoef ieaddeess, coagrokanaut and | oad

an operating.system fromone of, the ripherals 25 (usually the pernanent
menory dé@?‘éé‘)‘%ﬁév@?dm%ﬁﬁﬁ?‘éwe%sg sp@nd dapiling 43 aadvdyalsp. Processors
12, 120 a C I 1 t i pher. I GE ri ous neans,
i ncl udi ng&gacgédr)lté)r a: I Zgaﬁﬁhﬁgﬁ%ﬁf‘%ﬁgfgf&ngﬁﬁs@&%ﬁ%%g%@ asﬂ()ar%%‘?/rect - menory
accesss chgysret Bud T®frofNoHich mali @e8SsP (nol shovas) iWRlatheds each of the ot her

processors |20 and 220, includes a 30 processor core 22 having a plurality
of registers ahppisaldssprioesssemizgenesgtesan addressofmuwordrtoeaead. A€aibigti ons in- -
order to operate the.co ter,.system1l hown, .2, .. ~ ~~0Q~4 processor 12
further i %”{thtgeg’r?édbsr%%eddﬁ%ﬁ%’erm‘&‘ﬁﬂ%@’ @ﬁd’ﬁmg_és deliverrditPuct i on cache 24
and a_dal grogas6ie1 20, il s &icfe hiIBLAIE e 3 SdMA BufteRS) JRTAr Y devi ces.
As described above, cache nodul es are commonly used to tenporarily store
val ues t hespertigély, re disabled taed cymanméztenlisonly baweewthe yeovessdrri2ander to
speed_up pr Qcessi y avoiding the |gnger step of |oading the val ues
from heno ci‘g‘.e“??fiégg4€a‘ﬁ N BYHfTR U&Féf?meﬁ%hwqcbea@wsoﬁ%r(ﬁw when they
are inte Y -NAC i o) | i rated chip
28: Eac hg%gt énﬁm u eﬁiéhsmaég?z)ez#g?‘ggg\% '?lﬁe %Sfég%%%&g%ﬁ? ﬁ’gﬁ ?Aefmt"%giqshown) ,
t hat managemotyh@ot shivvaf)@ntadysaat busalbanidthé aah iORurhal MPsizhtdag Riffgessor

- core 22 and the cache. 10 Processor 12 can include additional :.cache

nodul es, 4erposkstherapke maduie 4030d themain memeryf cWitha qashemiss, a Bvein 2 (L2)

cache sin 19 P he on- boar level 1 ), caches 24 and 26. | n other
wor ds, catg'ggh&nﬁdﬁﬁggé%‘%é%fl e 8 “T”‘ﬂ?%rp‘fr@%ﬁhﬁwgdﬂget %é;‘gﬁe%%%tai% and t he
on-bogs d gieeh s thedatheMbdgk OTRIsdVEHGItdnANRAE rFEReMo R “vitih BRIckoN

(instructions and _da’g,a) t han the on-board caches can, but at a longer IS
access. peordl twetinthiopd nodul e 30 is connected to system bus 20, and all

| oadi ng of information frompenory 16 into.processor core 22 cC s through
~ cache nodul e 3'8]."3[%?5 %w%%egfﬁfa“%ﬂ@'@imvﬁhgrmm&%n@ew&m%?gfr angement
as shown 4 ehem : j i
i nter connée[ﬁ]'g]gg%\?\%ﬁ%lﬁ? theeg'glig4 hé%ggﬁﬁoﬁgmde{?E‘feo;[ﬁr%lfnfr%?&et?%ofn‘%gglp g(ej5 it is

i nef fi ci eprocessors 2y 120vand220as showe wddchhare acinected3d vidowsgmripherd! | ndi vi dual |y

if data is not foupd in the fi cache_that is searched., Accordingly, what
is neé‘ge q"éceawcgﬁ'é%mw&mgﬁw @ﬁid@l"@ﬁ%]‘hﬂ-‘%as 1 display menitol, connect i ng '

cache mogyy Of bkl Ytk SO QhdR LA, EM}@)RY = THE Al NVENTI ON | n
accordance y\?\né%r ’ rﬁﬁ e%%lopg’i mrn@{og?af E‘g&% esen‘f"ml%g(\)/rg%J I orll,e @cho&régﬁt er system
havi ng canbmonpliifsash astanden aoess simiory SERARS) thBCk uskebyplocessbrsazd a second
cache nodule directly coupled to an address %ene_r ating line for parallel
| ookup of 120 and 220 10 10 carry out program instructions, and firmware 18 whose primary
purpose is to seek out and load an operating system from one of the peripherals
25 (usually the*permaner_lt memory device) whenever computer system 10 is first turned
on. Processors 12, 120 and 220 communicate with the peripheral devices by various
means, including a generalized interconnect or system bus 20, or direct-memory-
access channels (not shown).
Processor 12, as well as each of the other processors 120 and 220, includes a

30 processor core 22 having a phurality of registers and executionllinits, which carry out

program instructions. in order to operate the computer system 10. As shown,

2



data and data conversion | ogic coupled bet ween t he first cache nodul e and
the. 30 second cache nodule. 3 BRI EF DESCRI PTI ON' OF ) & :nﬁgr@?S FI G
1 nvoIV|ng

"is a block diagramillustrating a sinplified picture of et
a processor with a cache nodule. - - FIG 2 is a block diagramillustrating
a prior %['(#ce gp’ﬁ’ﬁ'&'&"’t e?%'?é]lﬁ!& ofie 41%‘0re3:abl§e Iﬁoéﬂl&cﬁdﬂ' /A MBehdctisSt rating the
features®'o cac nodu I's a bl ock diagramillustrating:

a seri al cacﬂie@rmmwd}ta catheD6lavlsith tredmpknteatadnding digiaspred diengpry o an
-enbodi-nent of the-present invention. FIG 5 is a block di an%{ﬁlgs il lustrating

a par al | gevicen: dsdshriediabpversrbe srodules apeomumeniy upeskio empe 915 an

enbodi nent, of sent ent gram

. illust rat iapil ﬁ‘ Eg‘#@g%“ﬁ%‘faﬁgr éﬁ?&[# 6%%8(% |n(§)rc1)9drfeg(f9$%?gh&o cache
“nodul es %"By h%laﬂlg@{ﬁé)féﬂgéf% dfﬁoddhﬁgﬂhéeﬁlﬁé\iﬁb;ﬂ\tﬂéiﬁcb@m6 Thése 7 is a
flowdlagramll ustrating a nmethod for transferring data in. a serial

; |nterconmed‘telmodu}mjseméfetrvd)to(md'h&bnm'dm\ésn ey araintegrally packesedvdtthent  of t he
_ present invention. G .8 1s ramlllutratln et hod for -
t r ansf er APGRFORGHFA e an ﬁavsh RS A BRI R IFTIOUF & 0B e. modul os
accor di NQuiliPs &line ERARITER otglfno»{qﬂechﬂrn?a?ﬁgés thEWENFrQF dafafahll LED DESCRI PTI ON
20 Enbodi nents of the present vention-relate to an apparatus-of arranging .
cache nodrdt@stions teetwedn thk praeedsat tark 22ankd therdaellel paral | el -i nt er connecti on
node: Accor di ng to an errbodl nent’ of the pr esaﬂés@l nventi on, clorrput er

syste‘f havi ng Progestorigdan anclyderadditiopplsashemp F?@E“l%ﬁ‘i‘%‘&@g & first and a
second caghe ARulRafhd B3k nIaRPIRL Aitabfh ARALHEBEA: BRNFAARLANe for

par al | el up o conversion T oglc cou et ween t he

first cagheadresins andine I&@t&rwda&aeﬁtﬂummqmmwatyo an
alternative enbodi nent of the gresent I nvention, a con“{)uter system havi ng

~ caches i rbteeve@a mmmrard 6 and $be en-beard icaehies; qad can $tpws& mehy asges ARWNAL fache
o o O Gl ok BB R SEBSAT A TRyl g o Lo
TTTT 15 access penalty. Cache module 30 is connected to system bus 20, and al! loading of
infonnatidn from niemory 16 into processor core 22 comes through cache module
30. |
| One drawback to the conventional cacheé module arrangement as shown is _
that the cache modules do ndt benefit from being interconnected. Without the cache
20 ‘modules being interconnected, it is inefficient to retrieve data since each cache must
~ be searched individually if data is not found in the first cache that is searched.
Accordingly, what is needed is an effective é.nd efficient method for.directiy '-

connecting cache modules for retrieval of information.

25 SUMMARY OF THE INVENTION
| In accordance with an embodiment of the present invention, a cgmj)uter'
system having cache modules interconnected in series includes a first and a second
cache modulie directly coupled to an address generatmg line for parallel lookup of -
data and data co.nversmn logic coupled between the first cache module and the

" 30 second cache module.




According to anot her enbodi nent of the present invention, a conputer system

havi ng cache nodul es interconnected in serieslparallel gg%ﬂ@i &% first and

a second cache nodule directly coupled to an address ge g ne for '

parall el | ookup of data and data conversion | ogic coupled between the first

cache nOGHIEFPHRSER ITONOENTE DIcCAwINRduUl e, wherein the fiist cache nodul e

is couplé 0 a data generating Ttne and the second cache nodule is coupl ed

to a nultipl eXd6. piowblbckdiagomv dhuseatingst simphifed pietae 9f anetworlom t he first

cache nodul e., The follow.ng descriptjon is presented to enable one of

or-di naryl%in'Pg'iarP"P‘F?és%"f‘ﬂ‘t%ﬂr?EREmSH{?- use ‘the invention’*Various '

nodi fi cati ons 3 { ]k eadl ent to those

skilled in theFtlgf%qiﬁgﬁ?ﬁghggﬁérﬁ}%%%%F%ﬁggﬁﬁg eFﬁgﬂ%@‘;‘be applied to

ot her enbodi MEIGS3 isThbck Hiagrdd BRsGhtingthe féan@es ofa tYpical diche drduled t he

enbodi nents shown but is to be accorded thew dest scope consistent with the

princi pl es andIGe4ts? blockidingrgm dipsHaling nsera] mtergonngctiprynedk ofiiveyr am
illustrati t he features of a typical che nmodul e 1S 50. Cache nodul e 50

i ncl udes AMPAROTFLEFoRDS {Pyanmatdd B of B pressh{IER | ogi ¢ 53, Dat a

array 54 and [pg5asedil Bisck _a?ag?ﬁﬂilﬁﬁtr%gérﬁ&aﬂ’é] h¥rcanndcBof Abde®f @ H t/ M ss

| ogi ¢ 51, Replacenent |logic™52 and Data array 53. HtIMss logic is

addi t i onzhthe modieseatconlinsipl ancaredimen @f theiResendinPatteonout put sel ecti on. 54.

. Data oqutput s

lection js further, coupled to ta ray 53. 20 Cache nodul e
50 reki ves 2166 e blogk ewsmé!é’é%ﬁ?nglazswb%%%%l EPNBEFUGRGr ess
gener ati i e I S| and
TE ) M ss Aol b BaéHe R lhopd A Sibolim B ik presdfh Ablon 20 1ine
of cache 50. HIG/ Missflbadigrad ithenmatngs nidiodfodtranterfingdeprinassdar 12 with
a corresponding tag array value stored in Tag array 51 . Ht/Mss logic 52 -
al so pr odRIewenRECHPR MAdSHT PO Caie aprdudes ageordingiip an gabodiment afithgr r ay val ue i s
| ocated in Tal‘tgl \?rnrt%ﬁ 51. If a cache hit. occurs, Ht/Mss logic forwards
an. i ndi cR{TEM'ALT e tag array value is located in Tag array 51 to Data
out puts sel ect iRG. 555,a@awaiiégﬁ:aunuﬁﬁtiﬁ%hinmm&&os&wérﬁng%& ihraom Data array
54 based on a decision fromHt/Mss lTogic 52. Alternatively, if Ht/Mss
| ogi ¢ 52 phrallehbinttsconmettinti wadé oftworache medulegjacearding tosanc@nbedimenteft ed i n Tag
array 51, this indication is sent to Replacenent |ogic 53 which 5 ~ ~ ~&
~~~ det efhf PEERLIVGIHOR- 1 | i ne" when this cache miss occurs. Data is
supplied by nenory 20 via data generating line (data-in line) 57 to Data
array 54 for output. FIG 4 illustrates a serial interconnection node of
two cach®EDallIER CRIBTHANt o an enbodi nent of the present invention. In

-the serial int eo,necti ?a] 5 node, cache dul el maybe | evel 1 (LI).cache
and Zthe noddimebosimgnts of: BIFEWPHZ'VE‘?}WG@E"?P 3P FPpYUR @Tapgpg cache -
nodul e i SATRaCH Lit . : : own in FIG 3.

The seri a éﬂléﬂ'tﬁ%;‘%%ﬁiﬁect e?i]? h%%gbln%%sgéa]ﬁ%gégﬁ} {)@&g%rﬁlgé{t??fg@ga?hat are -

- tir ansf or Padoidingivanamhivydihentwfain presaniiveniion gcompited systagchavingh t he
processor. For exanple;, the L2 cache may cache a nenory inmage, 10 and the
LI cache caehe raedules intescannesied Ufsmﬂ%a(ﬁﬁtéﬂdAﬁe@@rﬁﬁF@wdﬂ&a t hat

-could utili thi havi,qor. | ngl.e-preci,sihon.fl oati oj.ht data (in
the L2 e toiele A Rlest BuftaRtiodng 2BERTHE) Rwon F HalbirRialt oy ™ Tt e
seri ajs | RhAV&GSBA Bsdi¢ Ssupltisorwearihe ArRddt odné akdedig sémdlacie are each
directly coupled to an address generating line (address |ine) 60. Address

line 15 @@odwey al so be coupled to processor 12. Cache nodule | is further
coupled-to a d ta(generati ng line (ngIa-l n} 61 and a hit/m ss generating
l'i ne (hidm Ss-)ftg.‘gl" pg fqan alternative embodiment of the present mventlon,'acom%uter‘

' system having caches interconnected in parallel includes a first and a second cache

module directly coupled to an address generating line for parallel lookup of data and

30 directly connected to a data generating line.




~nmodul e 1 outputs data on data output line (Data-Cut) 62. Data output line -
62 is coupled to a data converter 70. Data converter 70 ¢o V%«%S '&w f or mat
of data fromcache 1 to a format used by cache 2. The ou&ﬁgtw 208 a
converter 70 is supplied to 20 cache nodule 2 via data generating |line
(Data-1n) 63. Awmohingmodinbthe? ebddinieft sfaheprebént titeation!tadudbmpitee ( Dat a- Qut )
64. Additionally, cache nodule 2 sends an indication to cache nodule 1 via
hi t Jm ss syeeahavinggcachemodules migreennestsdimesriesiparsiiekinghudes afet 8ad kn cache to

not. ELG 7. il hod for. t ferri ta i th i al
nt er coneariGactisanbBlE B A oI o on st BB e s Rl e oa nent. of
the presesikip®fdaia a0 dathtnV&LBA % @sémedhsenhlé‘&l%smﬁ catheaafdages from

» processor 12 by cache nodul e I and cache nodule 2 for parallel |ook up
( St ep 570Gind s#id decond reactet hodule,s wherdim the first cadbe tnistule Baoepleddab da® st ores the

requested data associated with the address from processor 12 (Step 710). If
cache rrmﬁ?f'%raﬁnﬁiﬁ‘ber@@a‘%ﬁé?waéfﬁc&’ef?@d”g%‘ﬁéo?@e‘gﬁ’c‘gﬁ‘ﬂlf%ﬁ“quﬁéo nZook up. in
cache no 20 L yel if cache nodul e 2 does not
~ have thqukgﬁ%g%tglat aﬁ?ﬁ’&%%&ﬁgﬁ%ﬁ@@%ﬁ% erx%qsdl%'o whet her cache nodule 1
"6~ 2 J~~~ ZheffoHowingrdescriphien ioprasenfidap edadg ond bf Grdilaey skl thel stores

the data, the data,is first converted froma_ format used by cache nodule 1
to a for Hiomakg apg usethe dnveption. e Varigusirapdificiona taitherembodimentowilkr t ed dat a

IS d.fr ache _nodul e 2 f.or-.out pu Step 760). If,
noveuls, el ARTTHE e i FRORGIRT tiCadheribriRtlphE gt Ay ' Ol e
f rom mempewpphddto Gt embedithdhtsl (hvksSfe pdent iFRMYIBH iLRbt(imeRBled®Qhe and noved
.to cache nodule 2 for output (Step 760). FIG 5 illustrates a parallel

i nt er contebedivrentiotewarbut woodeahexrdetthe mddesyscape gonsistbutdvitietite of t he
present invention fI n thg gaﬁalel. i nt'erconnection node, cache nodule 1 and
cache modin&iPls g feglures destrbed Batein s cache nodule (e.g.: L1 10 or L2
caches) and amgGi.ntigh 6RRRLKAge i i ! b Hi&at! e nodul e.
In the parallel i nt’ler connectéi onll%%%f‘%ﬁ%ﬁ%%ﬁﬁf%%’%&&%}%c g(ﬁﬂrrgdul e 2 are
each W r &6t [Gackompidd 50 ondndesddFagssragei e Hit/Miss lbiieesS2( Réplaeaserdti ne) 60.

Addr ess |ine may al be_coupl ed to processor 12. Cache npdule t and
cache rmd?ﬂ’%quaq’tégﬁ?%ggé'é‘gpa@iqu%{‘Fﬁlempﬁ5eJatg@fﬁ‘yogt‘5cﬁ‘émé‘i’ Bing line
(Data-1ng; %10 i ' SQr-Der to menory 16.
Ht/Mss %ﬂ?ﬂ@%g@?ﬁ%@@%@%ﬁcﬁ% égjlgget? @é}q%ﬁﬁ@ﬁ&%ﬁﬁ?@% and cache
nmodul e 2 afiditionally coupledso Replaacaitdogdio 68 andDafa dugpiutaeleetlonifd.aDaa or der to
know t he status of the other cache nodul e. Cache nodule |I and cache nodul e
2 out put oHEUAss)ecHon Ay Rirther papleditaddaty mYa230ut) 62 and 64 respectively. ‘A
mul tig] exer 2 1 J m. el t her,,C : le 1 or 20
cacheﬁm)dul e %cﬁggaﬁggpﬁﬁéﬁﬁg%gﬂgﬁ é‘f:n%'%\ﬂﬂgﬁe%?ﬂéd%@8%(’%3@%&0&& erm ne

whi ch cacligresisbnbrtih@ livé ¢addtest 56, ETHd AMeess Rlsdnd toOTAg @A 31 4@ t he situation
where neither cache nodule has the data. Select victimunit 72 can for
~ exanpl e, HitMissdegie SBeiTagamay 3¢ sioaesHegnassediased mithaach gadhedinetof cacehe nodul e

to retrigye firom.genory _or. c use any ot her t hod of assigning a
cache no(éﬁl éﬂ%ﬁﬁségglfzggeé:oaﬁx\é?s%%r?sa%oﬂbﬁ/rggesam 12 pith a qorrespqndily 51 es a
met hod f Q4g dfANGIR sidrBd iflRh@adriy § he HaAdsIGdic! B&s 1 e of two
caches accgor difng to an (lanbo%firrgntﬁof t he Sgg%ggg:aﬁlro‘ﬁgntl or??wl' egrret hod

begi &S byindicawnas gwhethexthe éasarfayoratpr ie decaredrin Taglayrag $dhdf avabhk ditl and
‘cache nodul e .w.ésg]gral el 1 ook_ up agiSt ep 800). A determpation is 30 nade
as to wheCrREs HiffMisslogic forywards g indicatige Hiet thedag arrpsvalyegalprated n t he data i s

in at Tag array 51 to Data output selection 55. Data output selection 55 selects data from
Data array 54 based on a decision from Hit/Miss logic 52.
Alternatively, if Hit/Miss logic 52 forwards an indication that the tag valueis

30 not located in Tag array 51, this indication is sent to Replacement logic 53 which



| east one of the cache nodul es, the data is out put by that cache nmodul e and
the | ook 7 v p for the.other cache is-cancel ed (Step 8

Al ternatlvely, i f neither cache nodul e has the data, a sel @:@l diili Elbade
using section victimunit 72 to |load data from nmenory by -one of the cache -
modul es  agéle@Rnged “\hb@mhi‘ﬁ@’k%eﬁ s éel?:ﬁeﬁﬁﬁe(fccﬁﬁcrﬁaﬁ%déﬁ:pﬁhéﬁfp 820). 5 FIG
6 illustrates a serial/parall I nt erconnecti on node of "two cache nodul es
accor di ngrnemOQnZ%nbdwtamﬁauhgﬂlhe(dnt:Qsehne)|Sﬁl\te‘n'latmrayl5|4 foheutpet: i al | par al | el

i nt erconnecti o cache nodule | may be a level 1 (LI ) cache, and
cache modul e 2]9@049%@ ag‘“é%{‘&q’f@e(:%%mf’é? oftvorsgeEke magdules nat i vel y,

cache nmodyl g"{bda 10 I n the
serial / par a?lel I nt erc%h@%ﬁgﬁl%%%tcach S%r{ﬁe §a\fﬂ?m &3 rhgn?ﬁ)dul e 2 are

each dbrembly, caehipheduied maybaddews 3 (LEN@IcBé hiWcdche modardr @§§bé 4 ne ) 60.
Address |ine 60 may al so be coupled to processor 12. Cache module 1 is
further “cleupl %erche (Ia2)ofat acagmlrer plngachﬁ modaltdneluties) the samae direnitny of i ss

ool o b éheht RiBghY S Shhwlt £ 0 Pl el R eSS0 w0gE S P bt ween
cache DGk Gaa t7ed RAGREAREhRA I KBEAE TRILE, meauggut%ug@ag on data

output ‘line (Data-Qut) 62. Data output [ine 62 is al to a data
converterlmgewhahe;pmastalerFuummp!es thel2 Emhemiayodackied mehtooyrimaghe 1 to a

- format, use e nodul e ut of data converter 70 1s supplied
to a nul t% |‘E¥£« caene fpay ‘EPJF%{HQ&H&% Hﬁgceﬁt% daapimenampleof datgthat 20

t |
Tetet or miould BRI hIsheResaSt 5 BMel Efreb iR IalAE BUAT el e Lo RaTT, (e
nodul e 1t)arlsﬁninla@mB’abdnﬁtegmldhm(i}ambfl,lmdhd)e 2. Data fromcache nodule 1 is

sent via data ou |l ine 62 to nultiplexes 200 and data from cache nodul e
2 is output vilgt F%[“’(Blftt?fﬁ?“quW@ wode.saghe mpémleﬂe@dz@@e module Blassces 200

determn ut ral ts of the
present %%vféﬁ??‘%ﬁ”&gegqgéﬁfi ?%5% e‘Rgllt m%f P%? r?ﬁh'f"r?}b rﬁ?éﬂ'eher ei n.
HowevEs , 60tmuy hlso be capfledal ,ﬁbasasarhat Rk higaald pmsmmmcts Jedld #B2xa0f the
enbodlnents of the present invention are covered by the above teachi ngs and
wit hi n t reengrating bine gPatetle) @p@!@rﬁbﬂﬂnmgmsramg hoa(hlu{mpm) 65.nGatheom t he spirit
and .i nten e f the inventi _ JU 04 What laimed is: 1.
A conput &sju;;%F gﬁfﬂ’i’ aﬁ‘t;"'bﬂ QUWBEEV%QD?%%@%%%E?QHW“F\I‘E%Pié‘s conpri si ng:
‘a first apdpRd®esdnd ©acker T0dWag aintreﬁér'm oRverEile FiniR oRHAL Fof 9Enerating
5 1line for par all el lookup of data; and data conversion | oglic coupled

bet ween safht Fiorsformatieed bydathe zandnmaolnlpmmfdndmacémarmdsth@phaditdi dat a

conveyr,.sion J o nf.iqured to.convert the data from.a
30" Qache zgogul Via ata generating line (Data-In) 63. Cache modu]e20utputs data

via data output line (Data-Out) 64. Additionally, cache module 2 sends an

indication to cache module 1 via hit/miss generating line (hit/miss) 65 whether data

was located in cache to-or not.

FIG. 7, illustrates a method for transferring data in the serial interconnection

25 mode of two cache mcdu!es according to an embodiment of the present invention.

The method begins by receiving an address from processor 12 by cache module 1

and cache module 2 for parallel look up (Step 700). A determination is made as to

whether cache module 2 stores the requested data associated with the address from

proeessor 12 (Step 710). If cache module 2 stores that data, the data is output and the
30 look up in cache module 1 stops (Step 730). Alternatively, if cache module 2 does -

not have thre stored data, a determination is made as to whether cache module 1

6



first data type of the first cache nodule to a second data type of.the
- second cache nodule. 10 2. The conputer system according to claima1l,
"~ wherein said first cache nodule is coupled to a data gen (?;[“PUPE ﬁ ne and
sai d second cache nodule is coupled to an output from sa i 2 ache

nmodul e.  Ktord thé etaqSrepuie). HYatiRihedtO! dong thod4th ahéwsta isffivst her conpri sing
a hit/mss generating |ine coupled between said first and second cache
nodul es eBYSted fEum @ TAmat upedshy epshemadiled toiaformsatmded byhcacheimeditleon whet her

data is found 4n.sakd second cac nodul e., 20 4. . The ¢ uter, system
accor di n92 @651301%) ﬁ{‘qg’en "r‘é‘%"ﬁe'?%‘ﬁﬁ‘? fsr%?veélafé{‘éf’mm‘@“fgp%? ‘I"aéb"e?/ 2 (L2)
cache. 5.mddifle & REUHLRIL (SHPLTE .%qw’v@v&gﬂ{e%aﬁ iﬁ'nBi StoreiPERIE nidluft Second
cache nmodule is a level 1 (LI) cache. 25 6. The conputer system accordi ng
t o cl & mI3thenuts wileadetl feonhinemocy ints cache saiddleske{Sie7409.cdoavemed (Seep an

I ndi cati |s send o sajd first cache npdul e via said hit/m ss generating
line. 30 05 'szmeﬁ E?t‘@ﬁ‘%‘}‘g‘é‘@ﬁ%feﬁ@}itﬂ'i’ﬁ{ét@&ﬁe)-ai ml, wherein if a m'ss

occurs in sai (%Igggql%tﬁgeggﬁ]a@]g - qe@ﬁﬁd‘g%{&tm%%a}ees%&wglﬁgﬁt he data is

provi ded froma nenory e ci(;jrrr]gu er 0 sal irs 2 modul e.

S -9 22 HuNmbddiméht of e mreseptin@entions UL thenesllellimecbmettlid Mode, Wherein after
the data is provided froma nenory of the conputer sKstemto said first

cache nodashe medyle 1 @ad sache medule? may beshesanirype ofigashemodylet(esm. ddcording to
| ai , ' f data i ' ted, said.data i Vi ded t id
o, 1 ST g e B PP, L0 St
if ahit occurlﬁtﬂerba%amiﬁtbﬁcﬁﬁne@ﬁ&hlﬁma&%bﬁemé&héj%%a&ré s bed. 10 11.

The conputer system according to claim 10, wherein after-data Is converted,
sai d dat ga¢hsdipgetly icdepled to amaddrese gonstatinglive: (addressdine) 80. Nddresohpeit er system

sccor i g, A lber sl S8, o) coehe J2 o g sl second
' also each directly coupled to a data generating line (Data-In ) 61. Data generating
15 line 61 may also.be coupled to memory 16. Hit/Miss generating line 65 is coupiel‘l
between cache module 1 and cache module 2 for use with simulfaﬁéous look up of
requested data in order to know the status of the other cache module.” Cache mOﬂule
1 and cache module 2 output data via data output lines (Data-Out) 62 and 64
respectively. A multiplexer 200 is used to output data from either cache module 1 or
20 cache module 2. Also includes is a select victim unit 72 which determine which
- cache module to use if to retrieve data from memoryr in the situation where neither
cache module has the data. Select victim unit 72 can for example, alternate between
the cache modules in assigning the cache module to retrieve data from fnemow or
can use any other method 6f assigning a cache module fo retrieve data known in the
25 art. | |
' FIG. 8, illustrates a method for transferring data in the parallel
interconnection mode of two caches according to an embodimeﬂtrof the present
invention. The method begins by receiving an address from processor 12 by cache
module 1 and cache module 2 for parallel look up (Step 800). A determination is
30 made as to whether the data is in either cache module (Step 810). If the data is in at

least one of the cache modules, the data is output by that cache module and the look
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- 13. The conputer system.according to claim 12, wherein said first cache
modul e contains floating' point data. 20 14. The conputer system according

to clairm 12, wherein said second cache nodul e contains |@t%gﬁj§\? Géiida. 15.

The conputer system according to claiml, wherein said data conversion

| ogi ¢ T asfep iBothéO@khd'E cRdelid Makpa®3ont %liefl'faglg@lﬁz, #akRher 2achklnodhl& ONput er

system havi ng caches interconnected in"para conprising: a first and a
second cduesghaniadayl aeseliiction is rpadzousprigestction wntimookits2 o deadedatd from | i ne f or

paral | el | ookup of d and directly connected to.a data generating |ine;

30 a hit/HFRE n‘é?%‘?ﬁttﬁacalq%ﬁmbfeé@iylﬁy% Fiwksefwetgﬁoﬂﬁécaqiﬁst cache

nodul e a%o&ﬂg(ﬁgﬁ%ﬁ cache nodul e, the hit/mss generating |ine configured
I'n ..

to send an rcatof ftom any one of the first and second cache nodules to

the other of tFiG. fd itlastraach serUpdtaliclntercdmnedtibh B4 of BedieacieduUl €S t O .

i ndi cate whether the data is found in the one of the first and second cache
modul es, WRdwles srcprding to anrmbadiment; of thepresest wmvhntionodo tke segial/parelle one of -
the first, ﬁnd se 9ndmc é:k&ec nodg[{uﬁsl thz} ot herl IRL i]he fi rat nd second cache
modul es cBREEPReG A meds cpchedpoqule ! maybe alpvet 1 ALLeache, #nd £2801S i ndi cates a

m Ss occUhble RindyBe NP Eachb ELDBLExARIpIE NIt A RN oIR8 gache

nodul es, the one or the other of the first and second cache nodul es
recei ves dndeadhet mofiuied maynbethepawe typfeefcachsut er system and a select victim
unit directly coupl ed. petyween the first cache nodul e and the 10 second
cache%mdul e, II%HEQ??JF earalleloptersoppeqtion sag egﬁﬁcéﬂ“log"g’ei'%'tqc ﬁ?/ one of the
first an asdn&; dlo"; i , : of the
comput or RYEPER T AT LERIAOIRIANLS, Skl fp) (B G TRETRE 0 cache
modul es, Addresilinevdfemay hiso baemgfled fogprotessdr 12ndCsvhe awstiudal efurdicul es i s
sel ected, the other of the first and second cache nodul es cancels the
search f dioupled tojadata gegerating line (IRaianhnk & and\adviémiss gepgratingling c| ai m 16,
y

i .
e ot (Bl Rh e cbllip Bbilvekh bl SRS IRILRREROAIRIZ Bradofiby, 2 0

second cac e "I e sane data conput Syst em havi ng

cachess i NehicEPBHBAIEET1 R atsdldotpled BEM et Cadhe Y dulé Dand Sadhk hfddufe®l a second
cache nodul e directly coupled to an address generating line for parall el

| ookup ofCarie moduleil autputsdetan ditoeutpudine (DotasDut) BeDateoutput ling 6 st cache
ool 21 5 SRR A TR S IR B LY cocne
modul et Gréin TEaRNCotfoRmbied 8Y chdiR niciuld'sl CPRESutput of data converter 70
is supplied to a multiplexer 75 via data generating line (Data-In) 63. Data
20 generating line 61 is also supplied to multiplexer 75. Multiplexer 75determines
what type of data (e.g., data from memory or data from cache module l).t.o input and
send to cache module 2. Data from cache module 1 is sent via data output line 62 to
' ﬁm]tiplexer 200 and data from cache module 2 is output via data output line 64 to
multiplexer 200. Multiplexer 200 determines the correct data to 6utput.
25 - Several embodiments of the present invention are specifically illustrated
and/or deSCﬁbﬁd herein. However, it will be appreciated that modifications and
variétions_ of the embodiments of the present invention are covered by the above
teachings and within the purview of the appended claims without departing from the

spirit and intended scope of the invention




nodul e; wherein said first cache nodule is coupled to a data generating
line and said second cache nodule is coupled to a nmultiplexer providing the
data froma menory of 30 the conputer systemand from satd JUN0Q®kche
modul e. -11 . Ayl . AU A@ A#>. A A Al . Ay. A A A5; R QTpS&2- uv;
,~ytoje [V]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caLﬂca
U] cMaU] caU] ca] ca] cal] ca] c”aU] caUcaljcaljca 3| i
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'+ #V\$10%§La1£1)m’rhglss ggeratg'gol me sen(ﬁg an 1n:hlcagion whether data is found in said second

cache module.

20 4. The computer system according to claim 1, wherein said first cache

module is a level 2 (L2) cache.

5. The computer system according to claim 1, wherein said second cache

module is a level 1 (L1) cache.

25
6. The computer system according to claim 3, wherein if a hit occurs In
said second cache module, an indication is send to said first cache module via said
hit/miss generating line.
30 7. The computer system according to claim 1, wherein if a miss occurs in

said second cache module and said first cache module, the data is provided from a

memory of the computer system to said first cache module.



10F: 10%& () - 8@ 0% ()-Ven 109%& ()-4z10%& ()- R} ?nb@ 10%& ()- J
109" & ()-& 10%& ()- 'Y 1 109%& ()- !!10%& ()-1 10%l& ()-_kcaB
=109%&' ()-! M 10%x& ()- VM 10%l& ()- 10%l& ()- 10%& () -3 116%!@%94
M 2mb@ * 109%61& ()-! (- 109BB& ()- '- 10%d| & ()- Y% 10%& () #10%& (
11 109BB& () -5aB7@ 10dF: 10%&' ()-! #4" 10%XdX&' ()-2 10%l& ()- )1 10%1& ()-
y/ V10%& ()--0! 10%& ()- b' mV &0! 1098& ()-sY
109%& ()-s10% & () - THO Wpliter bﬂ/&té&%&)rﬁ gté@?@(f& (,)Whér@ﬁi after the data 1 1s
10d' t HAEnN &0! 10984-10%& (f 1098&' () - 109%8& () - sT0%& () - 10%?/&&
10%& () - 6mﬂxlwu/f&wm 20PN WHkE (OIS EIIRR te)saldfumdqg moduie said data
10988 () - 9{%&;&& | 109884 () -bJA
aBnmN/ &0! 1bsl , 10988 ()-L*cl0%& ()-! #(#10%] & ()-< 109& ()- Y%
10984 ()-A | plrlsltlulaVK@Ol 10! 10% 10%
109%: t 1098& ()-! 4nt L0%AR () - 2109%8& ()-s) 110%/& () / 109 () - u" ' #b##H#aBVK@R
0! 10! 510% & (9- Lf 10b§ goppuiqripsiem eycordipggte ¢lpm 13, 1wbgreins &ftqr) dagadioos & () -

e oAy R, 0% e 0100k

98" 10% & () -p#YL0% & ()- 10% & ()- 10% & ()- d(()g)))G*dEVK@LsP410%&()
210% & ()- 0- 10% & () - 10% & ()--"10% & () - +10% m&

G * *?k * % ,E ?__HW @L@ C—?EI.O 2&0?15‘%11@.6‘15)?65??% @ycqrd@é[;@(c 1r(1)1 _w}gﬁm i%?. hit occurs 1n

10j : 10% &; 54 @"10% & ()-!f

10% ] & ()-EI(I%[ys 1%%% “‘?‘e Fit il o6 T 100 () -

F_11109& ()-//600)1~11}"?~_@Q*10% & ()-(- 10% & () -

| #3109Z~Z~& PH#S10YESE ()-c!f 10% & ()-1 f . 109%
113 414243442) frj @J{B %p& (s leegcoi%%g to claim 01&‘ 'gv)nerem after data is

)lf)l Fllo% &or(x)ertecli JLsQﬂ(ﬁata(])sp#clwdeJ&e{osaﬁ j&"“ﬂ%ﬁ%”%{) D455667T7aBj _@ " 10% & (
, 10% u& () - T778889999} 2 _@ 10% u& ()- ,

10% u& c109 ' M 10%

e () | 1 0%{ @19_ COT@b}teﬂ:éys( S:mo&corilg%%. %ﬂQ 1, w%ﬁgynh éal )tgl)s§ &a'cfﬁ%;]q & ()-

| p#3" 19% ﬁTdd&ie(ahd sﬁﬂ%&&ﬂ-&ﬁiu@&ﬁ?f%&k&alﬁ)@ﬁ' tﬂ}&%@l&aﬂsforﬁfbﬂ(if‘/%ﬁarédter

210% u&' ()- 110% & ()-V@ 10% u& () - ===== >">>> @

| 109& ()-!<0!10%& ()-10%& ()-J 10%& ()-< 10-u 10-u

5 SRR b D a0

0! 109& () mbA%ut c(ohtanﬂs%&ng))oﬁt\/ma/ EMFOFPF} A ?4@ 10F: s10%&' () - y/ |
10%& ()--M 10%& ()-'1 10%& ()-!8y#$10% i & ()-! M/#$10%& () - PFQ:RF"Fr FFF
GeMV 1 10%r & () &10%r& ()- cl0%Wr& ()-10%r& ()-PP10%r& ()-L'10%r& ()-

T0% T 871 o1 Lot e ¢ FHE SR Fedobgpt g Yy e Gpld et O

10% 1 & () eichoYadfld Jont:0AEin&ict) deda. 10%6 1 & () -12J_JJJJ KdErrN/I

15. The computer system according to claim 1, wherein said data
conversion logic transforms floating point data into integer data.
25
16. A computer system having caches interconnected in parallel
comprising:
a first and a second cache module directly coupled to an address generating
line for parallel lookup of data and directly connected to a data generating line;
30 a hit/miss generating line directly coupled between the first cache module and
the second cache module, the hit/miss generating line configured to send an indicator

from any one of the first and second cache modules to the other of the first and second
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when the data is not found in the first and second cache modules,
wherein when the one of the first and second cache modules is selected, the

other of the first and second cache modules cancels the search for the data.

15
17.  The computer system according to claim 16, wherein data stored in
said first cache module and data stored in said second cache module is the same data
type.
20 18. A computer system having caches interconnected in series/parallel
comprising:

a first and a second cache module directly coupled to an address generating
line for parallel lookup of data; and
data conversion logic coupled between said first cache module and said
25  second cache module, said data conversion logic configured to convert the data from a
first data type of the first cache module to a second data type of the second cache
module;
wherein said first cache module is coupled to a data generating line and said
second cache module is coupled to a multiplexer providing the data from a memory of

30  the computer sysiem and from said first cache module.
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