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GENERI'C | NTERFACE DEFI NI TI ON

BACKGROUND OF THE INVENTION 1. Technical Field: The present
invention relates in general to cache controllers in data processing
systens and in particular to cache cont;ollers for caches in data
processing system Still nore particulafrly, the present invenLL\p rel ates
to | ayering cache and architectural specific functions within-a cac
controller for a cache in a data processing systemto facilitafe @é&&ﬁlnltlon

of generic interfaces which may be - - 2-
translated to specific bus architectures. 2. Description of the Rel ated
Art: Data processing systens which utilize a level two (L2) cache

typical ly include ama®obe ctORAVERING CACHEEM@YARGHITECIMIRAL ons af f ecting
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502 may include | ogic 504 for nalntalnlng the cache directory, |ogic 506
for inplenenting a | east recently used (LRU) replacenent policy, logic for
managi ng rel oad buffers 508, and logic for managi ng

BACKGROUND OF THE INVENTION

1. Technical Field:

_ The présent invention relates in general -to cache
ééhtrollers in data processing systems and in particular to
cache controlleré for caches in data processing system. Still
more particularly, the present invention relates to layexing
cache and architectural specific functions within a cache
controller for a cache in a data processing system to
facilitate definition of generic interfaces which may be



store-back buffers 510. In traditional inplenmentations, the cache. is
generally very visible to these and other architect- ural functions
typically required for cache controllers, with the result that cache
controller designs are specific to a particular processors such as the
Power PCl err], Al phalerr], or the x86 faidy of processors. In

addi tion to being processor-specific, cache controllers are generally
al so bus-specific. That is, cache controller inplenentations are typically
specific to protocols governing transactions on the bus between the
processor(s) and the cache controller(s). |In fact, actions within the
cache controller are initiated by bus operations. Thus, the cache
controller is closely coupled in both design and operation to the specific
buses conneoteedlioetihtocapdeiLontbud lagchitectureslr ocessors enpl oyed in data
processi ng systens of the type discussed generally support a significant
nunmber of cache_managenment instructions,, such as a flush conmand, data
cache bIoc@'stoP@?cﬁgEtlgﬁp%BrY ¢ Jrelatede® Rst ructions i s typlcally

- 3- i npl emrented over the cache logic, substantially conplicating the
cache control | ep,deSbgB-LEgYLE egyaééné)xnulmoawmge&' BhvERSER f @l2)

different ins rior. art approach to
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cache control'l er esirab refore, to i ment a

cache cont rltﬂglé’r £RE TRPPRAE FeIeRs PUttRirs nl8r o?‘P‘{: °§1§e1f|‘é’F|‘Earf T ace
bet ween t hesteaehacknbubférs 510 ¢ Indradbuionall deplesentatidmos, tdhee cache

control | er cade. YE’Q:’%;Qné’:l-éﬂ P&y %-E!Isﬁﬂf@lb% hﬁe&@earﬁla‘éﬂﬁefoﬂéﬁééét-des' gn

sinmul taneously faciT|tated reu %he control iﬁg rLaI ly, it
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i npl enment attihen mEfsujenaghiat igeale axetrafileh degidis cust capamdtlctem@nda ng on
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t her ef ore iR 8&t pB‘P"?ﬁ%"ﬁesent invention to provide an |rrproved cache
controller for a data processing system

In addition to being processor-specific, cache
controllers are generally also bus-specific. That is, cache
controller implementations are typically specific to protocols
governing transactions on the bus between the processor(s) and
the cache controller(s). In fact, actions within the cache
controllexr are initiated by bus operations. Thus, the cache
controller is closely coupled in both design and operation to
the specific buses connected to the cache controller.

Procegssors employed in data processing systems of the
type discussed generally support a significant number of cache
management instruétions, such as a flush command, data cache
block store, etc. Support for these instructions is typically



It is .another object of the present invention to provide an inproved cache
controll er having | ayered cache and architectural specific functions.

It is yet another object of the present invention to provide a generic
interface between the cache controller logic and a bus interface unit

wi thin the cache controller. The 3f or egoi ng obj ects are achieved as is
now descri bed. Cache and architectural functions within a cache controller
are layered and provided with generic interfaces. Layering cache and
architectural operations allows the definition of generic interfaces

bet ween controller logic and bus interface units within the controller.

The generic interfaces are defined by extracting the essence of supported
operations into a generic protocol. The interfaces thenselves nay be pul sed
or held inphereaces] ov@&pehéingcha 1®¢Er chibsaeheialDf cdrpd iepedati on.

Because ! nené L | BlnGs) 3cb30h ALE LR D oS AR piglaighs |

required b% a processor bus arc ture, the design
transf er r e@®%® rﬁﬂFéHﬁFFEFP&r&nFBFuBF$?%ﬁent protocol s or processors by
nodi fying the bus interface units appropriately. The above as wel |

as, additional bl GhnifalEES changasl aple allqgﬁreécﬁ%g@%%nwnsm'On
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Figure 3 dg i variants of generic interfaces within
a controll £%$%§é%%gk%%ﬁ%e%%ltggéi%%eferred enbodi nrent of the present

i nvention; Figure 4 is a high level flowhart for a process of

enpl oyi ng generitc woulet flee edesiidahile, athentfate ertd dypiledennt a cache and
arem Lect beahe el | Bebiga! A% MpBGRAIIARERIII dibe? BEEfaeréégeEHPOd' ment

of the present | nvention; ure epicts a bloc |agran1of a
prior art B ?f’éf%qﬁ]t PGFY”@?n the cache controller logic and :
interface unit for the cache controller. It would also be

advantageous if the cache controller design simultaneously
facilitated reuse of the cache controller logic. Finally, it
would be advantageous for the cache controller design to
permit implementation of generic interfaces which may be
customized depending on the characteristics of particular bus
operations. '



- 6- DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT

Wth reference nowto the figures, and in particular with reference to
Figure 1, a block diagramof a data processing systemin which a preferred
enbodi ment of the present invention nay be inplenented is depicted. Data
processi ng system 100 may i nclude only 4a -singl e processor or nmay be a
symmetric multiprocessor (SMP) systemincluding a plurality of processors.
A single processor systemis shown in the exanpl e depicted. Processor
102 may be a superscalar reduced instruction set conputing (Rl SC)
processor including separate | evel one instruction and data caches 104 and
106 within the processor. A PowerP([err] processor nmay be utilized for

processor 102. Processor 102 is connected to a conbined | evel two
(L2) cache 108. L2 cache 10&umaasgnoectes invexgsosm bus 110 for data
processing system 100. Local menory 112 is also connected to system

bus 110, as is I/O bus bridge 114. O her devices, such as nenory-nmapped
graphi cs adapt eft 118, theyetore Pre RiessEt o§ Fbesp§¢%ﬁﬁanﬁVEHFl°n 500 bus

bri dge 1ll4pksve@angst eflpteved Ocldfie 1&8nt¥dlilG N RE dAgREdsang variety
of ot her dg¥|ggﬁ such as | ocal area network (LAN) adapter 120 and hard di sk
drive 122. Those of ordinary skill in the art will appreciate that
the hardware depicted in Figure 1 nmay vary. For exanple, other peripheral

devi ces, such ageof izGdchdis &bﬁ'ébt’eoﬁitdxet ﬁﬁeééﬂte J.@lkr&ﬁtﬂ@ﬂ e g1erd den _
addltlon oL |n lace of th ard 1gﬁ$ §%v1 I e pQ%&:d exagple IS
not meant *%t ot ?E%Yﬁgaréﬁi ect) tations win r espec £8< the
present indeahibectural specific functlons -7- I n

particular, a data processing systemneed not be limted to a single

processor as shgwn.in the de |cted L2Xap benefl fr.om.t e resent
i nvention. The gFe%gny 4% 51t ﬁhfebg gﬁploye&mefekt canp goglnprove

t he perfor RER¥EdSfa seaaracmmqegbgmwmwa@q mn‘f-ﬁ Je%%épglceach

With a cor eaapanBhd dinte e unit witheh afid R@che Eb@trslldr.a bl ock diagram
of a controller within a data processing systemin accordance with a

preferred enbodi ment of the present invention is illustrated.
Control | er 202 Theifotegaine ehjiectenacacichiryeddasi £ aepW esicadbed:.
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upper bus Qr_a Rprocessor er Ievel.cac bus.interface
unit 208 tégg F%&%?e u%n EF°¥&§%§?V&§% FEng 5y st ces aiEQ' %gganother
cache. Uppé&rchasandeasabitemerrpuoperztiays drtiers qnﬁpeiefb@stzee Ry be,
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che an t ecifi ion n re
| ayer ed. @hiég géﬁglglﬁér 263“?%%#95%3 cgg gﬁf%%lﬁégeﬁgécgg ade
ar chi t ect uPgFiBeRtnoErEragting Cghe aeFeRGe &r‘-eswmntr@%w:@w dBgRe" or

"architectdr géﬁe@p@r@mw&l @Hey i686HEaRe Lhbe8EvEs andia il pdlbrdcache
controll erogl fcllpd %Q:Ie)éf%%%he cg%érg)%]]n? gl;z t%erfgﬁn%a&per atolfonﬁhgn cache
d

216. Archltectur op eratlons ar é
operation. Because the controller logic is isolated from the

specific protocols required by a processor or bus archi-
tecture, the design may be directly transferred to new
controllers for different protocols or processors by modifying
the bus interface units appropriately.

The above as well as additional objects, features, and
advantages of the present invention will become apparent in
the following detailed written description.



by architectural controller 214 and are seen by cache controller 212 as

syst em si de operations. A third unit, noncacheable controller 218, is
al so contained wthin cache controller 202. Noncacheabl e
controller 218 is actually a counterpart to cache controller

- 8- 212 in that it also handl esgsonly cache operations. Wereas cache

controller 212 handl es cache operations directed at cache nenory | ocati ons,
noncacheabl e control |l er 218 handl es cache operations directed at nenory

| ocations which do not map to cache 216. It is advantageous, for reasons
known to those skilled in the art, to treat part of the system nenory as
noncacheabl e. Such nenory nmay be utilized, for exanple, by nenory mapped
devi ces. Wiile cache controller 212 operates on full cache bl ocks,
noncacheabl e control | er 3 rR?ﬁqﬂ segnents, typically
| ess than 8-16 bytes. %%%/géﬁér%%?&% egmﬁ%c?n ro Fér 218 does not store
data, while cache controller 212 retains copies of data handled w thin

cacge 216. ‘Igjle C&@%mp%ai:hieas aApE1 1aifaid cabharidsmf i iRy abiﬁons_héhi ch

read or wr -val ues to r Qcati on t her.ef.or nge_or

retrieve t%e&?‘/ RICS gfedﬁggn}f)o ta{l r%lrr%frlé; ﬁi’ggg??%né_l%ﬁg‘ﬁéi ﬁ?gneg%gg’g?i&?f’gns are

defi ned asiteehi thawawent, @sem@lilods. aUprpkerzes odsp@fatisgns fuakbart ect ur al

Zper at LQnSijBétﬁlf@-l dnd daveit £ gehdfebfy akuig 10bed8t Bei l&naeﬁ‘EF(BdS& bpcati OE_.
n archite erati ma .1 he £l atign within

the cache %lég‘%]ger%é; t&wag’g‘g t 85!2%5‘?&'{5% c‘# %ég_g‘ égi ﬁd%%fé"ﬁtﬁc%& arg’%rre!'raréo}ry :

| ocati on, &tlyperadiiient erdpodimantt (ween oread HoheFeR]uURREIAnR ¥tk afhe

oper at i onsageéssalyihcd Arattings!, eGhéyeti er the value of data within a
menory | ocati on. Cache operations, supported by cache controller

212, conprise the largest majority of operations affecting the system

cache. Wthin tFiouzmpl depicks afdadifepupresiingsystendvinhia gﬁh}éi‘/l a

Processor, ppéfdirépereniciimeiy BFl @8ei VErédddb t HaveationAn @byt hBe

'nStrUCt'09%$f%mquéal is nost frequently executed and/or consune the

| ar gest- maj OTTrty oOf @grocessor ' -9-

cycles. However, disregarding instructions directed to other functional

units within theifixcesssra bledk dsagfem bifoatddigrpolat, withdad apaada, or

branch uni éé?cé‘@scih% %g,SEé‘%n' S AL Saaki8h 'wﬁ%i-.%glﬁéfe%iﬁs&“énﬁo%dﬁ%t%%e” and

utilize th argeg% asure of tirme. remal ni ng operﬁilons

af f ecti ng Bhe\r¥esantadmyentiese enpl oyed for cache nmnagenent, operating

syst em managenent, page managenent, and synchroni zation, etc.--are |ayered

out and supported rghi ral..c 4 | 1y all ocessor

architectures slﬁlﬁal%)r/et %,sﬁ‘éﬁi‘g%%?%’?‘}l&?g Htié%%ﬁsr éfr% (}g ﬁ?%qf%é%% G|fngrglé'§f‘”£)'rt:i me

oper at i on hoedrfaces mishdens| ontralleache asrorderensvitiid prefarred

i ndi vi dual ediped Bidri SfARhRY pire8eAt Cimtatdiohal operations are general ly

i npl enented, if at all, in substantially divergent manners for

di fferent

Figure 4 is a high level flowchart for a process of
employing generic interfaces within a controller layered into
cache and architectural specific functions in accordance with
a preferred embodiment of the present invention; and

Figure 5 depicts a block diagram of a prior art cache
controller.



processors of interest. Processor-side architectural operations pass
t hrough architectural controller 214 to systembus 210 and affects cache
controller 212 as apparent system side architectural operations.

D fferent designs may vary the set of operations supported by the cache
controller and, by default, the remainiéng operations | ayered for support by
the architectural controller. However, increasing the nunber of operations
supported by the cache controller increases the conplexity of |ogic
required. Additionally, if instructions selected for support by the cache
.controller are not supported by all processors of interest, the cache
controller design loses its direct transferability to new controller

desi gns. Wil e certain operations pass down only one path within
controll er 202- -RERAILED DESCRIFAIANCOF t TR PREFEERED rENBQUIMENT
- 10 - or cache controller 212--other operations are split and pass

down bot h paths, . controller o) ss-throu deS| in

whi ch operat i on& t?(iﬁ Efgﬁcﬁtn?‘ﬁttéjr %ésé%gaen%fﬁeg BTl ?ﬂ
interface 2ePevdnde wpdiimumwmsl. ra thlackdddegran erff acedar2? g@nomtss_ena

responsi vespgtépn i3t LBiehl age glkerred edRSBURGtcashe @ helihectural
operations,are |la ereacl V\%t hi, n gnt roel e i%? %ua trig?:acu oNns %nd . -
protocol s HRYERHGR JRay %réﬂp BTG <t €% nt ePf-Bc EFOTETSHBIdef i ned
for cache systemol0®rmaylfncludehonlactairsingleoprootssor in4mayahe| a
noncacheabkgmm&orid ﬁhh.@'iprgégssor-r@@’) s*é%te%{ iﬁ@ﬁﬁhr%i ;?ﬁf.’caclq

generic protocol |nterfaces bus inter e upit 208 mhgch ar e,

to the extBRPCHRRYIH e T é’l’r’°°eF§8FlFrY§| P %?Je? m C §%8488ofipl es the
desi gn f or depiéteedtont r Birbeesgo? f1a8n way skpﬁemafleummmﬂaxs aedbged206 and

\?luft 3;;?' ahﬁ@l‘!!‘ﬁskg:l blltcgﬁ s@%iﬁﬁ@%é@in a@’i@g?%&d@és@% gﬂglﬁ%r%i es@ H%ﬁggut It is
| ayeri ngycg%ﬁ%fm d#tﬁ%%&ﬁﬁrlaﬁn p‘é?:‘l"af ‘t%ch ?H} ‘?(}% gt" £he

conpl exi t i peocessor. Aripmntmﬁ'sprbgesswdmaydmlutcéchedcﬁnn pabkessprcache
controllerigd2 may thus be inplemented in a manner independent of the two
buses 206 and 210, responding only to cache operations. Although such cache
operations are initiated by transactions on either bus 206 or bus 210, only
certain bus tr dfssxsssors 182 Lspronpected éopensempingd leyadhéwoolLRdl | er

212. I n acpérd efged ema%aéff‘éwtmoaca.%h%oﬁﬁ@éiéalw st eRNbis! QiBOEQ§ to
|nstruct|ogfetchoeratlons IFET dWRIT

erations
oper at i onsSBh® bF 51869 THSERRA erat 8ﬁ§ pjefgt ﬁ?nsa ﬁﬁd
tradi ti onato SNSRI te Isystamibus Jnﬂ,s asr bs G busnbrsd,sbstml afkher

sinplifiedgedSdIN such as memory-mapgeROYLiSHIRIY sabpterate aRY ROLLer 212.

This is acgonpl i shed
B connected to system bus 110. I/0 bus bridge 114 is

connected to I/0 bus 118, which may be connected to a variety
of other devices such as local area network (LAN) adapter 120
and hard disk drive 122.

Those of ordinary skill in the art will appreciate that
the hardware depicted in Figure 1 may vary. For. example,
other peripheral deévices, such as optical disk drive and the-
like also may be used in addition or in place of the hardware
depicted. The depicted example is not meant to imply
architectural imitations with respect to the present
invention.



by avoi ding the usual practice of overlaying the highly irregular
(semantically and tenporally) architectural operations and cache
operations. The burden of responding to the architectural operations is
renoved fromthe design of cache controller 212 and placed in architectural

control l er 214. The cache operati dns handl ed by cache controller 212
are supported by every commercial processor of interest in substantially
the sane form Only minor differences in specific inplenentation, from

whi ch cache controller 212 in the, present invention is decoupled by
generic interfaces 220 and 222, distinguish conparable instructions for
di fferent processors of |nterest By |ayering sel ected cache and
architectural functions, and inplenenting generic interfaces to bus
“interface units PO4pantig@Bara kardptapopréenssingt rysbesr gidedderdignbef

control l er 208i¢f&y ébeadsiﬁgié Yordcasber é@céhb@nnﬁ\lvt'h'épli & leampflar
di fferent p%o esso cache cont.rol | g}%l og reused vm t hout
©f
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and convertaagatbeoeeasiﬁia eteﬁ%akrmh?r t@6eprddfsddh Ofed¥eRith a
architectural ,_and nca controllers 212, 214, and 218 to interfaces
for bus 206°8 ﬁﬁe?ﬁ%’ st signi ficant effort for i npl enenting a
desi gn supporting a different processor is required by the architectural

. controller. |ndiydgbtifdeHddFiQfudd @, Iggmoéup&ﬁgﬂa&g dfhe donltirbegbyr al

) operat|0ns IS BQUIred 1N any case Sl nce proces archjfectures vary
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cache contr ELFRFe 1o EGRFEChLRE %Sf B died, € s e Erecn e OB the
‘cache contr 8P#eronngyited togapauppes thusa 206 nEelr @@rgcﬁpﬂsqnf isgtda higher

addi tion, theval dHdRE! whal acsaérﬁhéarféc@guﬁlt 20 £6 &iTBuWdd vog 8hbce, by
separati ng %Nge t wo_cl.asses of Feb[atl ans es_of..interrelati gnshi ps

SS
bet ween opelatrForBaY Pe f# 9% ol é’fs@sbuﬁr o %rll?trﬂeﬁatcélﬁ ®-  THRB®*cache
and ar chi t ebuar 206 cand ridvwesr Soum 21 mdasidgfiger asupped VugudPeunaysbe,

Bus i nterfaggrUsiidnp1204aa86x 205 ak@ileSDORS BLE 10 mARNSDi@ikEEaREAEt i ONS
and prot ocoLs to bus 206 and system bus 210. If generic interfaces are

defined for“I'Aiterfaces 220- 230, the designs for controllers 212, 214, and
218 may be isolated fromspecific bus architectures. Bus interface units

t224 and 208 trancdaie tdis S%Hictgec{%l&aﬂ.r aBﬁé&ifﬂ!\S fulce ibh8 pwtﬁ%ﬁl for
e gener|c |n ces n e en
|ndependent %E%ig dzﬁoﬂ?%h%\ﬁﬁﬁge(ﬁ ﬁéusp’r chd&tgloj.lsr ngcégsngeS

I n defini ngC{aﬁbe gesrninolilerer Rd2es and heayehidetcuval f romtaodilean BYS -
interface udpbr2®for 268 EQseﬁﬁé‘uﬂéh&Prﬁé O-léa&ﬂfe"%% %%hl%@@t&%glw 'l
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desi gned t opangl g, A QRSNA! LoN- QU pLAe Jhhe RIS BY 1LAS! 3 Ndachl®

operatlon generi c prot
controller 212 as system-sgide operations.

‘A third wunit, noncacheable controller 218, is also
contained within cache controller 202. Noncacheable
controller 218 is actually a counterpart to cache controller



- 13 - essential essence of the bus operation is extracted fromthe
bus protocol and comunicated to the controllers by the BlUs through the
generic interfaces. To define generic interfaces 220-230, a generic
protocol nust be extracted fromthe operations passed through the
interface. Regardless of differences-iA bus or processor architectures,
common threads may be ascertained within equival ent operations. READs and
VWRI TEs, for exanple, always work in essentially the sane manner, but
perhaps with timng or duration differences that are hidden by the Bl Us or
managed in the details of the individual generic protocols. Wth
reference now to Figure 3, timng diagrans for variants of generic
interfaces within a controller in accordance with a preferred enbodi nent of
t he present2i2vimt tloak arte alop diadilesFonly ¢apuhs cbernationtaceWheneadus

't nterface Ut&aéhé ScéﬁﬁpeﬂféP' Qltﬁorr}a%&flagr 'caehél bp@{:‘aﬁi@lé nagfé@éé@natgl evant
o an operation and in at infor nt o e bus

i nterface ufRftNE HRGM %ﬁs‘g‘f"c%cﬁ‘sr edWcéFga F&?ﬁtr ﬁ&%eﬁgé Pﬁ@yﬂ

i nf or mat i oncécie tdperapdoati direccad an:ngétmqyad;heatlcmﬂ ybdchremnogcwgpar e
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transfer. Awilthin scapted 2UBONE) term nates the exchange. Held interfaces are
best suited for operations which have an unbounded natureé, such as those

which may require a Io and, potenti al e amgunt _of tine

exanple is a REABRTM ?’%tl‘%rﬁ C?F%awﬁ/’aﬂég& g‘b’ﬂﬁ?ré’?ﬁraﬁbﬁ?ﬁ BFlﬁqma t hat
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ot her i nt erchéﬁgésoPE%Qﬁewetﬂé”@&ﬂl@r& heled iiRt @ fué%%ydqaeatbsﬁ will be

suitable for | ementi ng the generjc |n§erface con

| ayered int Be'E% QP HPP@C?’G? eTdped; 35 @rf:gﬁgn??gﬁal oﬁgFﬁgf‘ﬂﬁs
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2 each of i hpeathorwiZ23n?8heicache hierarchy, change the status of data
in a particular memory location, or perform other such
functions. However, architectural operations generally do not

directly alter the value of data within a memory location.

Cache operations, supported by cache controller 212,
-E'omprise the largest majority of operations affecting the
system cache. Within the complete set of operations supported
by a given processor, cache operations may not derive from the
portion of the instruction set which is most frequently
executed and/or consume the largest majority of processor



actually a group of interfaces. Interface set 220, for exanple, includes
at least one distinct interface for each operation which will be passed

bet ween BI U 204 and cache controller 212. For performance reasons,
multiple replications of an interface for a specific operation may be
included within a particular interfacegset. Interfaces for specific
operations will be inplenented based on the type of operation and the
suitability of pulsed, held, or other interfaces as descri bed above.
Referring to Figure 4, a high level flowhart for a process of enploying
generic interfaces wthin a controller |ayered into cache and architectural
specific functions in accordance with a preferred enbodi rent of the present
invention is depicted. The process may be perforned in a controller
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t he generic inter&i§%§, and to step 406, which depicts a determ nation of
whet her th@e?§ﬂﬁ? ioNS's a cache operation or an architectural operation.
Al t hough depicted separately, steps 404 and 406 will overlap since the '

nature of the ofgs ddn@iniugt operateiaidThpeseting GasFsed® dalkbeopehakion for
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again to step 4 if_the operation is_not C tign.the ocess
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sses tq step 414, wh I r .
e O tne g L ReSRakhen fircorisn Y PhBRenenned, df et g
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until anot BescOpesad | 0Bfi S idekeeted. Proceddvy ¥idees axdeseeichadal el at es
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invention piayi geshit-talidll petatisssl ate controller |ogic designs from

changes in protocols and/or

Different designs may vafy the set of operations
supported by the cache controller and, by default, the
remaining operationé'layered for support by the architectural
controller. However, increasiné the number of operations
supported by the cache controller increases the complexity of
logic required. Additionally, if instructions selected for
support by the cache controller are not supported by all
bfocessors of interest, the cache controller design loses its
direct transferability to new controller designs.

While certain operations pass down only one path within
controller 202-~that is, through architectural controller 214



processors by allow ng generic interface to be utilized in connection with
| ayered cache and architectural operations. This is not possible under the
prior art approach of overlaying the semantic and tenporal
conplexities of architectural opertions with sinpler cache operations.
Architectural operations exhibit an irygegul ar tenporal behavior, with the
sane operation requiring a variable amount of tinme in different instances.
Architectural operations also typically require support for special

cases. The nore interrelated architectural and cache operations are, the
more difficult it becomes to define generic interfaces and achi eve the
associ at ed benefits. The present invention al so divides conplexities”

between appropriate segnments of the controller, noving themto appropriate
pl aces. Eagh s@Eor@frdinerconblobtger tdhesabdsnad el Ispleki aad pabswithin a

wel | -defin rfac Thi s divi quer . approach | ayers design
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CLAIMS 1. A cache controller, corrpri si ng: a bus
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bus i nt er f aeRcagligable controller 2b%-rforﬁhn§, atintegfecaspoR2Po30f each

ar chi t ect g fHEEYﬁédH}ﬂEH§¥dﬂa@o§t1nterfaces to bus ihBerbyse i pheegace unit
for the st one %%anerllg i nterface

n
bet ween a %é)%t ?13# ébsuf'f?‘?c% Aty (57 the extent' poss’%J‘
control | ertegturaldyd spreciflig. nt @hiacéemnlewwmzeeldﬁsm affor cache

| east one gemerdiadbekf acsmeppd %%cafgerwd&caugt@ﬁqaus RdePaAdepts of a
bus prot ocgi?]utl hzed for op%atj ons_received at th e(ﬁn#f%erfa e unit for

t he storag owing - the' (dosigh hEOT oFRFiT | §PRTC %®in the
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bus i nterfgegerid tidtir iR sStAddatUlbietthd Riche and a@BREELELRFSHL OCOl .

specific functions to separate complexities.

In .contrast to traditional cache controllers, cache
controller 212 may thus be implemented in a manner independent
of the two buses 206 and 210, responding only to cache
operations. Although such cache operations are initiated by
transactions on either bus 206 or bus 210, only certain bus
transactions will prompt a response within cache controller
212. In a prefefred embodiment, cache controller 212 only
responds to instruction fetch operations (IFETCH), LOAD
operations, and WRITE operations on bus 206, and to READ
operations, WRITE operations, and traditional SNOOPS on bus
210. This results in substantially simplified design



3. - The cache controller of claim1l, wherein the at | east one generic

interface is Wi thin the bus interface unit. 4, The cache
controller of claim1, wherein the at | east one generic interface further
conpri ses: -19-

a first generic interface within the bys interface unit converting cache
operations to a generic protocol for cache operations wthin the cache

controller unit; and a second generic interface within
the bus interface unit converting architectural operations
to a generic protocol for architectural operations W t hin
the architectural controller unit. 5. The cache controller of claim-
4, wherein the bus interface unit is a first bus interface unit
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cache cont reddher contirplaied 212 and placed in amHisectbrgknesntrolitear f ace

within the _.ond bus interface unit converting
architectural operations to a generic protocol for
architectural operations within the architectural controller unit. 6.

The cache contr dheetache dperationshbandbed by cache controller 2h2 dre st
generic int 0 r h n prgce
%Iép%%hﬁ n%ﬁen Cec.%F Cohel g.é.i) 2oeBb&r PIfICESRAPErest in

bus protoco otocol or [ cheoeratios w thtn the
cache cont rfstangdplly the  same - PRLY s8EBRY erenfRferihce
converts arsﬁudmbuﬁmblemeﬁaatbm ff:odsmtma.ch cache controllexr2ikZsigor bus
pr ot OC.Ol tc\:ﬁé“ﬁ:x@%@ﬁy Enpﬁﬂ{f@&?llé e r‘il% {ieﬁ#%éﬂerlc interfaces 220

operations: w arc ectural co

REPLACEVENTENSHER22, distinguish comparable ::.nstruct:.cns for d:.ffwnt

the third germerdszoxst off ineeresverts cache operations froma system bus
protocol to the generic protocol for cache operations within the cache
controller unit, and t he fourth ener!‘_c i nt erface
converts archit & dAYRToREr aetensed (GRfhenand architectural functions s
protocol toanddmpdenentimy gfenealicl interizuasets bual inperfzdeonsits 204

within the 5’1{&m&secﬁuﬁggrggoﬁéfeic%ﬁrof”ﬂﬂe oveZall des:LyﬁeofaE&?tf&ﬂféJPl l'er of

claim6, wherein contr ol units

f
conpri ses az%rfﬁ%)éﬁé%bﬁér%%‘?&lf oﬁ‘?%‘isﬁﬁﬁrtedcc'iﬁn&?f'e&mﬁ’ e‘f‘%taf‘?lr%rts bERF
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cache Opera{'éﬁéc?q”uhout maalrf%%'&%hl ¢o2dehES 888N e&ﬁéﬂa&qo@s t hegdy st and

second bus i ace units fo the storage unit, the cach
control |l er FiRSYRS n-"ﬁq rfg:r the bus J.nterfacegumyts may be easily

implemented for handling new bus protocols and converting the

generic protocol interfaces 220-230 of cache, architectural,
and noncacheable controllers 212, 214, and 218 to interfaces
for bus 206 and bus 210. The most significant effort for
implementing a'-dééign supporting a different processor is
required by the architectural controller. Individual design
of the 1logic supporting the architectural operations is
required in any case since processor architectures vary

dramatically. Overall, however, a significant savings in



a fifth generic interface wwthin the first bus interface unit converting
cache ‘operati ons on noncacheabl e addresses fromthe procesor bus
protocol to a generic protocol for cache operations within the
noncacheabl e controller unit; and a sixth generic
interface within the second bus interfagce unit converting

cache operations on noncacheabl e addressés fromthe system bus

protocol to the generic protocol for cache operations within the

noncacheabl e controller unit. 8. The cache controller of claim?7,
wherein at | east one of the first through sixth generic interfaces
conprises a pul sed interface. 9. The cache controller of claim7,
wherein at | east one of the first through sixth generic interfaces

comprises afiehd 1 DLELLACEs, qifferent! BRoSAENSL MY BL! Sinplvésd AR
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unit and the bus interface unit or between the architectural controller

unit and.the bus interface unit, wherein the at |east one generic interface
utilizes a generiBt!_;ISprlcm-'(!i:ﬁzf:lac=|encx‘@;l]sﬂe‘lﬂfvdeﬁ@4 ofng BA8 Fret ckeAPomSiblee £I%r
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In defining the generic interfaces, the interfaces from
a given bus interface unit 204 or 208 to each of controllers
212, 214, and 218 will differ, especially when bus 206 differs
from 210. Similarly, interfaces between any specific
controller 212, 214, or 218 to each bus interface unit 204 and
208 will differ. Thus, each set of interfaces 220-230 will be
different. The interfaces are generic because they are
designed to handle any operation outside the BIUs by
translating the operation to a generic protocol. The



enpl oying the at | east one generic interface within the bus interface

unit. 14. The nmethod of claim 11, wherein the step of enploying at

| east one generic interface between the cache controller unit and
the bus interface unit or between the architectural controller unit
and the bus interface unit further conprises: enpl oyi ng
a first generic interface within theb $ interface unit

converting cache operations to a generic protocol for cache operations

wi thin the cache controller unit; and enpl oyi ng a second
generic interface within the bus interface unit converting
architectural operations to a generic protocol for )
architectural operations within the architectural controller unit. 15.

The met hod of claim 14, wherein the bus interfage unjt is i rst bus
Tnterface. easefitfafl eseninia Haieo BUBaPPOHA PO o PFERESRD 0T e
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recei ving epebakhofie f4BA SYsiePradasfor the storage unit at a second
bus interface unit connected to the cache controller unit and the
architectural controller unit; enploying a third generic
i nterface w thiflotdef ivec gedelpis imterfaaees 220+230, a generic proteoemlerti ng
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wi thin the cache controller unit further conprises converting
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CorrprISIng:processor will quickly produce all the information required

for the operation.

A "held" interface typically involves a request signal
(REQ) which is asserted for some period of time. Information



-24 - perform ng each cache operation on noncacheabl e
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units for the storage unit in a noncacheabl e control | er
unit connected to the first bus interface unit and t he
second bus interface unit; - 14 - enploying a fifth generic
interface within the first bus interface unit converting

cache operations on noncacheabl e addresses fromthe

procesor bus protocol to a generic protocol for cache operations within

t he noncacheabl e controller unit; and _enploying a sixth
generic interfacé within the second bus interface unit

converting cache operations on noncacheabl e addresses fromthe system
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control | er Wiifite e ﬂ?tEEFF‘SFrﬂssab%r‘Pgr é'tmé’ ?m%%‘fee‘%}ory of operations on data

wi thin the storage device; determ ni ng whet her the bus
operation is eferrin aga:Ln tAFigabe ZOQQéIQtdfOBnE@ﬂE’édédWQZQLEBBF:Ls?‘t read
of data within the stor ?nl;g:?fa]:gé sg}:urzr} - 7glew ce

requesti ng TFH&BIY o?)etgéﬂugn & Anferfest

example, includes at least one distinct interface for each
operation which will be passed between BIU 204 and cache
controller 212. For performance <reasons, multiple
replications of an interface for a specific operation may be
.included within a .particular interface set. Interfaces for
specific operations will be implemented based on the type of
operation arnd the suitability of pulsed, held, or other

interfaces as described above.



data fromthe bus operation to a nenory |ocation within the storage

devi'ce, or an architectural operation noving data to a
different location within the storage device or chancing a
status of data within the storage devi ce: transmtting

the transl ated bus operation to either g first controller |ogic
unit within the plurality of controller logic units which perforns cache
operations within the storage device or a second controller logic unit

- 26 - within the plurality of controller logic units

whi ch perforns architectural operations within the storage
devi ce for perfornmance. 22. The nmethod of claim2l, wherein the step
of translating the bus operation into a generic protocol enployed

by a generic intgsfae8 doredt phghabi by of ©oH roddedr flowchart! Ofth€ HNits

wi thin the storage dgvi ce further corrpri.sgs: sces within a on.‘:mi_rl_ansl ating
the bus opePEOFOIF (7 ori P ITHHE SFPGHE SREESRATT it = ¢ &
generic prolageted il cachéeandt hydhbtectiustah Bpbecifideefunechionrs epnof
transl ati ngatBSrdUScOPEH RN OB | Bef@rred emboBENEht C ¢Ff Oltheol peaBbayed by a
generic mterface.for,aglur Ilfy o&hcontroller b I %%S(#Jmts W t hin
the stor age BETRTET 11T hBFPLONTT i sedn® Process may be per at®nd the
bus oper at i opnér@ider s}syenedusinfoot cache t andh@rgbabetural specific _
protocol. ogdrationd@n®lineduaing! géiexle iwRerehded h ThHRP cakthdesfaNM Ni ng
whet her the éj\ﬁ g:[[‘)’erat ggn iS a cache operation requiring either a
read of dat B*GPTHIFFYSRE SPHFAgeLers- device for return to a device
requesting the bus operation or a wite of data from t he bus .
operation to a MHDIPFJIRER baBink! Bt Nstdie 4929 AHECK QLR s0BeBBet ing
architectural operat,ion noyi n%, data to a dlf% r ent Ioca#ﬁon W thin_the

st or age an operahioR 8P HRMFOTESECs RYSrs TRS PROSSRP TR PRESEFoTAge

devi ce furt Bbep cipr whdsh illustrates translatigy efnthe mpexiagtibor inke bus
operation ighdn f&edFct igibdRIAN @RR18Ye@N by one of the gé@néPdd
operation, @ {;ea o%gratl op, or a vgr'#tg] ogﬁ;] ti.on. gi? in‘gteorret od of
claim21, wWhergfh? S8, 8 SRR HU4R /R CIMAERHES St A STHRE™ 1O Bheration
i s a cache wphethes onthequinstignetiidrer i r @ad cechgat apakation t her stanage
device for petMifedturaidepkestisqleallichduii adyitrenesaid it cak,, askepse of
data from 4 dtQ&;bUS ]cl)peration tp a nory .|l ocati.on. wi thin ﬁhe st orage
device, or &f* an aPthtt SCEHIEY DTt ”?‘{F\g\'ﬁ fg®dafict SPETAF+PRr ent

| ocati on wi mhéh thee dleteagéned to tgemsdater tdleangpexption afgy otheat a

wi thin the spprage: £taviieRigataer conprises:

-27 - determ ni ng whet her the bus operation is an cache
managenent operation, an operating system nmanagenent
operation, a pagkf the operation Hmnagetadhe opeszatiion, dvhey process
_sytnch][oni Za_bi:@@e@cl)@[ %to: OBtep 208, whilR! h0dukraPs O)dd1FRMBY Cthe 1
interfaces In a controller, ¢ rising: recel ving a bus
operation t 8P Be* pett d‘ﬁ]%gefcoal"c atcgnkng‘enr'a ?’E‘%rpéré’é:ess then passes gOdevi ce
in a specifFeepr dlfeol viitcln BEBifhs ethgcoupsessi deaomdngt grddge until :

devi ce; another operation is detected. Referring again to step 406,
if the operation is not a cache operation the process proceeds
ipstead to step 410, which depicts parsing the operation into
cache operations, and then to step 412, which depicts
translating the cache operations into the system bus protocol.
Steps 410 and 412 may overlap.

The process then passes to step 414, which illustrates



det erm ni ng whether the bus operation is a cache operation requiring

either a read of data within the storage device for return to a device
initiating the bus operation or a wite of data fromthe bus operation to a
menory | ocation within the storage device; and responsi ve
to determining that the bus operation jgs -a cache operation,

translating the bus operation into a generic protocol enployed by a

generic interface for a cache controller within the storage device,

wherein the cache controller perforns only cache operations targeting

data within the storage device. 27. The nethod of claim 26, further
conpri si ng: det erm ni ng whet her the bus operation is an -
architectural operation noving data to a different |ocation

Wi thin thecﬁrfgnﬁg.%lﬁév't@ﬁe C&’ache operations onCh3RIINGLAmSRLUS ofpdata
within the stora to determ ning

ge ice; onsive

that the BRI a’ﬁ’%‘n Hass]sfﬁ épctﬁttet?ctﬂtﬁal which depiles he (BEPGEFDN,
transmtt |btg=qmelgbm§lepenai1 omn¢tthemn cpechiient is aleteotedol | er

within the storage devi ce to be perforrred wherein the architectural

controller perfornms onl hltet({ ]eaperatlons targetlng data W t hin
t he st or age deviEe Proc ss escribe tes to operation bus .28

- 28. lriﬂaerfm'ehmmf oql dihe zpigodesubhesld@npf i shengcontroller. A
determ ni %Ml%&heﬁrééésé)usoéﬁiﬁfsat bgn ﬁﬁe asg,@elaﬁ QRS algiQd LEEIeiidg a

noncacheabl e _ne cation wihin the stora devi ce; _and
r espansi v& X gﬁ&¥m ﬁ'i‘ﬁgr‘?‘ﬁ'é’trtrfﬁe 8p EP%t 4045203 486 pper at i on

targeting a noncacheable nmenory |ocation within the storage device,

transl ating th@'hQ“?r@Q@ﬁét aaeehatentﬁfomer 'tﬁepEtBEQEQy ﬁgmtxwﬂaéy a
generic mterfaizts\Lﬁ or, a non acheabl contro ler wwthin:t

st ora
devi ce, SR oFEPTD| FAARG5E: (10} rRESHASP e e/ o
oper at i onsbmegsbragblsroradd@lwaabl geunemcylhtmaﬁams:mbéuutimgi airage

devi ce, ang eration to
t he noncaq%ggglcglggnvﬁ%h layeredt EQBﬁ@ éﬁd @&chﬂ]‘ée%e per? %gglagyangg The

net hod of ¢V& nt2s %er‘iﬂsr?% s’t‘ﬁﬁef)f t&’@te?ﬁ‘?‘?ﬁ nGThheRRBFORFR Rfs
oper at i on dverdayioge Gper atsemantéqui rndg €ettheralh reambldxiddies Widii n the

storage arch:.teé@tﬁ:&?. f8§e£‘€i6‘ﬁ£‘ 1 8 dQ4Ie8 oM ELBAL NOopdies Qperation
or awmg“&ﬁ"d—g g g bsqeratlontoarrermr catlon
within th 561 G2vi CSP‘FE?'Eh%‘?S exhibit.,ag, i dgxegular temporal

det er m ni Rghatvapherwitie thes seper apevation aaguhsingict Nam.&hle haropertat i on,

a | oad Op@ﬁﬁi@é‘11rﬁdﬁ.§§Qv‘QH€rﬁ{ét§Hhce%r R Wik EECOREL R tloﬁﬁ also The
net hod of .cl ai erein the s f determ.nin er t

operation |y§’l§%&i¥ctﬁ§%’tﬁ aFu888F5t| ntRE Fif il af S?% a d’l['P‘Fer“Q‘Fte | ocation
Wit hin lnterrehets@(ﬁle@exmnmloandt‘ﬁﬂ@lengpersttmnm avk, dehe@ mwirtehi n t he

storage d@i'f‘f@.cﬁ!!ﬁt:b@rbecomes toCQQP{ﬁé%%nerlc interfaces and achieve .
-29 - &Ieb fing whet her the bus operation is an cache
the associate ene

management

The present invention also divides complexities between
appropriate segments of the controller, moving them to
appropriate places. Each segment of the controller thus has
a well-defined job within a well-defined interfaces. This
divide-and-conquer approach layers design efforts into more
manageable, relatively autonomous units.

While the invention has been particularly shown and



operation, an operating system nmanagenent operation, a page

managenent operation, or a synchronization operation. 31. The et hod
of claim 30, wherein the step of translating the bus operation into a
generic protocol enployed by a generic interface for a cache controller

W t hin the storage device further_conprises:

translating the bus operation froma processor bus protocol to the

generic protocol. 32 The net hod of claim 30, wherein the step of
transl ating the bus operation into a generic protocol enployed by a
generic interface for a cache controller within t he storage device
further conprises: transl ating the bus operation froma
system bus protocol to the generic prot ocol . 33. The

met hod of ﬁlegl:gk.ggd vI:H:rI'I Q@%eggﬂpélt_sdngg% errﬁd emlgod:bment !I.annlsfﬂ tbt ing the

transl at ed bus oEera e cac

per f or ned. undgys °°dA>§fn§ 66 Drikigsd dpi Fﬂ@e Ge&eEht Vifrdppgcelangesy in

Con]'E roll Sr %fomnmd f1et@il may be made therein QQEhMm@egabyanPﬁcﬂﬁ itBe th be
per f or ne t QL2 evice in a specific
protocol at Bgrgﬁsg? téeréﬁa]tecgoftsm?.‘[ g'%ve lemét or age devi ce;
determ ni ng whether the bus operation is a cache operation requiring

either a read of data within the storage device for return to a device
initiating the bus operation or a wite of data fromthe bus operatlon to a
menory Iocatlon within the storage device;

- 30 - responsive to determning that the bus operation
is a cache operation, transl ating the bus operation into
a generic protocol enployed by a '~ generic interface for a
cache controller within the storage device, wherein the
cache controller performs only cache operations targeting

data within the storage device, and transmtting. the
transl ated bus operation to the cache controller to be -

per f or ned,; det er m ni ng whet her the- bus operatlon is an
architectural operation - noving data t.o a different |ocation
wi thin the storage device or - changing, a status of data

wi thin the storage device; and responsive to determ ning
that the bus operation is an architectural operati on,

transmtting the bus operation to an architectural controller

within the storage device to be performed, wherein the architectural
controller performs only architectural operations targeting data within
t he storage device. 35 The met hod of claim 34, further conprising:
det erm ni ng whet her. the bus operation is a cache operation targeting a
noncacheabl e nenory | ocation within the storage device; and

responsive to determning that the bus operation is a cache operation
targeting a noncacheable nmenory | ocation within the storage device,



transl ating the bus operation into the generic protocol enployed by a
generic interface for a noncacheable controller wthin the storage
devi ce, wherein the noncacheable controller perfornms only cache

-31 - operations targeting noncacheabl e nenory | ocations
wi thin the storage devige, and THIS S
transmtting the transl ated bus operati’on to the noncac eab{

to be perforned. 36. The net hod of claim 34, wherei

determ ni ng whet her the bus operation is a cache operation
requiring either a read of data within the storage _ device for

return to a device initiating the bus operation or a wite of data from
the bus operation to a nenory |location within the storage device further

conprises: -- - determ ni ng whet her the bus operation is an
instruction fetch operati on, CLAIMS a | oad operation, a read
operation, or a wite operation. 37. The nmethod of claim 34, wherein
the step of determ ning whether the bus operation is an
architectural oper in aLa to different Location wthi

t he storagéﬁdevﬁ%eg%$£%%g§é|ﬁ%ms'3%59u§e8Frﬁ%t&n&Ff ??Fﬁhénsfbrﬁﬁ%hﬁeV|ce
further °°ntrQ%%@5h|§9§Pr151ng det erm ni ng whet her the bus

operation is aneeieifgnagbiBnéperation .in a specﬁﬂ@%rﬁEbQBcoﬁn Operat'ng
syst em managenmenf, tion,

of ‘a_synchr oni zat gﬂ%‘io@té‘%lgt sa?dpgg%é)perat‘]'ﬁ% ’rﬁé‘i%&dpaff’gegaﬁﬂafg rein
the step of Xraar%q%ﬁ%?g imferfaseoferati epntnaldey logic unifereithimprat ocol

enpl oyed byphuganeyi of r&awzaﬂqsfzouo@l@a@hetspnéwhleénwéﬂék logic  the
storage deV&ﬁ%% QEEBQErsg éwﬁéuréi ?bgglcqﬁgrpﬁ%er logic 5%2§saﬁlrgij§%§ bus

operation from a processo ric
protocol . & different class of operatlons, and - .32 - 39

The nethod of cltacamsmttm@resﬂd hefahspaﬁdtbaaslofﬁéﬁ&lbhef bys éf)apfaati Onh
into a - i Cq pLOL O oyed eneric interface for a cache
thrgﬁii%E 1851% %% tor aalé T %Em? ?’helw ESRpPi sgeneric,

controller mnt
translallrmeQ¥étEG§u§Serbﬁ¢%ﬁﬁ4¢Qﬂﬁ a1§9%Iﬂ§ﬂ6§usmﬂYoﬂunouttblzh@ gameric

protocol . cofitrollethiogbthefied Xdydiringddcldsddd1F 6QEPAE S within
receiving ar, %%!tc8LF%Qf1Q¥s operation within the cache controller at the

generic |nter ace In e generic protocol; and
translating the result fromthe generic protocol to the specific protocol
2. A cache controller, comprising:

a bus interface unit;

a p;urality of controller logic units, each.controller
logic unit within said plurality of controller logic units
handling a different class of operations; and

at least one generic interface between a controller logic
unit within said plurality of controller logic units and said
bus interface unit, wherein controller logic units layering
classes of operations within a cache controller are prov1ded
with architecture independent interfaces.
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