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1 ‘ METHOD OF LAYERI NG CACHE AND ARCHI TECTURAL
SPECIFIC 'FUNCTI ONS FOR OPERATI ON SPLI TTI NG {pog
BACKGROUND OF THE INVENTION 1. Technical Field: The present

i nvention relates in general to cache controllers in data processing
systenms and in particular to cache contrdllers which | ayer cache and
architectural specific functions. Still nore particularly, the present

i nvention relates to |layering cache and architectural specific functions
within a cache controller to permt conplex operations to be split into
cache and architectural operations.

METHOD OF LAYERING CACHE AND ARCHITECTURAL
SPECIFIC FUNCTIONS FOR OPERATION SPLITTING

BACKGROUND OF THE INVENTION
1. Technical Field:

. The present invention relates in general- to cache -
controllers in data processing systems and in particular to
cache controllers which layer cache and architectural specific
functions. Still more particularly, the present invention
relates to layering cache and architectural specific functions
within a cache controller to permit complex operations to be
split into cache and architectural operations.



2 2. Description of the Related Art: Dat a processing systens
which utilize a level two (L2) cache typically include a cache controller
for managi ng transactions affecting the cache. Such cache controllers are
conventional ly inplenented on a functional |evel, as depicted in Figure 4.
For exanple, a cache controller 402 may % ncl ude Ioglc 404 for maintaining
the cache directory, logic 406 for inplenenting a | east recently used (LRU)
repl acenent policy, logic for managi ng rel oad buffers 408, and | ogic for
managi ng store-back buffers 410. In traditional inplenentations, the cache
Is generally very visible to these and other architect- ural functions
typically required for cache controllers with the result that cache
controller ?e5|qgs are specific to articul ar processors such as the

Power PC] er r zhRYion, of rfé‘ex% g’éﬁ‘?l%}"tof processors.

Oper ations supported by the basic cache controller design depicted in
Figure 4 may be giyple, vﬁl & comm stems WBLSh%@iP:Pz!eO%S 1%\1936% LByl e

pl ece of inforpmation, ex oper atl ons cont han qne

di stinct pi ERELDf tYREGR- Yat 18R Alude C8nERsde FORt I ”?o,f h&3RBABR End READ
atom c oper &ammctslmxmratiﬁtéd&:;&ntgh&h&mtﬁq esudh @achet ecttra lekse aREAD

oper ati on SLamlam CQW. 1eﬂﬁ9't¥8rbr{7%”?¥u}fctl_f&?atl' Qavéi?ouéléj dtéiuﬁzﬁéﬁ The

READ at omi ¢ ope ation at a specjfic.memry |ocations Sho

n

read, and tHatF Sﬁbrepr‘*oceg%'r SXATPT 21t |an§th% %ré’tlﬂ-ﬁﬁ 407 3y declufs, rred i f
any other diogbe 40¢ tor mseimsratini nghhgesadhiee ddaeatory  Heogiena0§ fForat i on.
The READ i oifh ferfift g Q) 1chdt® SlcREIPWINIY QkE) Alpfibenent polilyl he
ext ent Corrpi perations ,sup orte g
3 oglc for manag:.ng eload b ffer 408 and logic for managing

store-back buffers 410. In traditional 1mp]:ementat:r.ons, 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 PowerPCV, A]:pha'", or the x86

family of processors.

Operations supported by the basic cache controller design
depicted in i?igure 4 may be ‘simple or complex. Simple
operations convey a single piece of information, while complex
operations contain more than one distinct piece of inform-
ation. Compare, for example, the READ and READ at_:omic
operations supported by the PowerPC™ architecture. The READ
operation simply éonveys that a given memory location should
be read. The READ atomic operation conveys that a specific
memory locations should be read, and that the processor
initiating the operation should be informed if any other
device in the hierarchy changes the data in the memory
location. The READ atomic operation is used for synchroniz-

~ation.

To the extent complex operations supported by a given



architecture cannot be split, controller logic for supporting that
operation nust remain interdependent, Often the logic for a conpl ex
operations is an intricate state machi ne supporting a variety of speci al
-cases for the operation. Such logic is gorrpl ex, requires significant
silicon area to inplement, and is difficult to interlock with other |ogic
supporting other operations. It would be desirable, therefore, to be
able to split conplex operations for sinplification of the |ogic supporting
the operation. It would further be desirable to split conplex operations to
i ncrease the speed of their performance by inplenmenting faster |logic for
perform ng the operations. 4
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devi.ce; and perform ng a second pertion of the mgﬁE@fF‘ﬁ“ o4

in a second controller unit for the st orage devjce BEEN
Accordi ng to another aspect of the present invention therelis GEDa_
controller - conpri si ng: a plurali ty of

control ler units for a storage device, efich controller unit perforning
operation portions of a different type, the plurality of controller units

i ncl udi ng: a cache controller unit perform ng cache
operations for storage |ocations wi thin the storage
devi ce; and _ 4a

an architectural controller uni t perform ng architectural operations for

st orage | ocations w %? 8 éh k%gagﬁg% and a bus
interface unit receiving oper ¥ 9% responsi ve to receiving

a conplex operation, initiating at least a portion of the conplex

operation w thinreagh Qiue"rEQorE' shal bbye&d é‘f)'HHeOHr%éeHB' iﬁveﬂ@ﬂrﬁ'ﬁb a
di fferent port| of the conplex o era hin each of the

control ler &Y %ge an lmprﬁcc%’rcﬁ °§‘§FPP§'3’F£§W& gg?)t'e%t PHPCTHE I esent

i nvention tHEys&ems provided a stor age system conpri sing: a data
st orage devi ce; a cache control | er perform ng each cache operation
for data storage it hin storage devic archlt ctural
Cont ol Ler per forbi 18 Tttt StoeckaOh tie Meaeth Livagséen; Fo provids

correspondi g tempnbwedratc@q:h@vemcbrm:tbldnra banbwnedeyezedie cpchent iamd f or

data storag@rcwitBebull® SédifioragRdensce; and a bus interface
unit which, in response to receiving an architectural operation:

initiates a conponent -cache operation of the architectural operatien Wi t hin
the cache contr 3kl és; ywatd another object of the present invention to

I_Layer cache and architectural specific functions within a
cache controller to permit complex operations to be spiit into
cache and architectural operations. '

The foregoing objects are achieved as is now described.
Cache and architectural specific functions within a cache
controller are layered to permit complex operations to be
split into equivalent simple - operations. Architectural
variants of basic operations may thus be devolved into
distinct - cache and architectural operations and handled
separately. The logic supporting the complex operations may
thus be simplified and run faster.

The above as well as additional objects, features, and
advantages of the present invention will become apparent in
the following detailed written description.
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initiates a portion of the architectural operation corresponding to
information overlaid on the conponent cache operation within the

architectural controller. The above as well as additional objects,
features, and advantages of the present invention will becone apparent in
the following detailed witten descri ptibon.

REPLACEMVENT SHEET 5

BRI EF DESCRI PTI ON OF THE DRAW NGS The novel features believed

characteristic of the invention are set forth in the appended clains. The
invention itself however, as well as a preferred node of use, further _
obj ects and advantages thereof, will best be understood by reference to the
followi ng detailed description of an illustrative enbodi nent when read in
conjunction with the accBREERyPRSCRERIFMGOF FHERRAWINGS  Figure 1
depicts a data processing systeminplenented with a cache controller design
in accordance with a preferred enbaodi t of.t [ L hyentd on;
Figure 2 is a bl'}(;l%?( PR am %atélrcfgchg‘g@%%‘fer%l P%rag- gglgg%s#ﬁggg#or ‘erllnece with
a_pref err ediswbntiommreosethfoptsiantherappanded; claims. Fhguiventdasi cts a
hi QE level fEEQ@%Pa%%wé\?érﬁ &éf%@ﬁﬁh & £ Yrdfertgdopedat oHNsd N ﬁmF_eziance4
with a preferred enbodi nent t he _present inwe ; LQure
is a prior 8%9egté%hgngoggygpgggeﬁegﬁgﬁgoﬂ il B bean'ﬂldemt.cmd B
' reference to the following -detailed description of an
illustrative embodiment when read in conjunction with the

accompanying drawings, wherein:

Figure 1 depicts a data processing system implemented
with a cache controller design in accordance with a preferred
embodiment of the present .inve'nti.on,- '

Figure 2 is a block d,iagram .of a cache controller design
in accordance with a preferred embodiment of the present
inv_ention;

Figure 3 depicts a high level flowchart for a process of
splitting operations in accordance with a preferred embodiment

of the present inventiom; and

Figure 4 is a 'prior art cache controller design.



6 - . DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT Wth
reference nowto the figures, and in particular with reference to Figure 1,
a data processing systeminplenmented with a cache controller design in
accordance with a preferred enbodinent of the present invention is

depi ct ed. Dat a processing system 100 8&my include only a single processor
or may be a symmetric nultiprocessor (SMP) systemincluding a plurality of
processors. A single processor systemis shown in the exanpl e depicted.
Processor 102 may be a superscal ar reduced instruction set conmputing (Rl SC
processor including separate |evel one instruction and data caches 104 and
106 wi thin the processor. A PowerPC[err] processor may be uti lized for
processor 102. ?}ﬁ{%g sor_ 102 is_connected to a two (L2) cache
108, which is a roh PTEO%QSn'ﬂH%rP&@g%BFD(Wo%M may be
added to the system depicted, either with a separate L2 cache or sharing L2

cache -108 with mmqsewrela@% nbw £A¢he éﬁlﬁ;ﬁe% COMQG! Bdrt DoSYSt %gltaus 110
for data prgc SSI g?s gnloo Loc 112 i's "al So connect e

system bus 1%6% et fye ai% Pr@?ﬁ@?l%\ﬁ%%%e epented
menory- rrappsutlgj ragache gdaproillétodesign dhsacdnrdanceecwith & prefetrerdbus
110. 1/ O busmbsdintl 1bs StR@NG Lt Olﬁéﬂtfi!éﬁ 1418, d%&@ﬁe&ay bgaggnnect ed

to a variety of other deV| ce uch as | area netwo adapter 120
o ey o BRSteeRig syetett 100 Gyt Ine PR aR1y’s "Slagle myadnsear, O ||

appreci at e mapt behea IsanrlmnareCdmﬂ.tupuoce\sdbxguﬁwm syBtenr y,ncluad)ngeaarrpl e,

h ooy
be 3&3%%%{%% lﬁ:];"qm aca‘*% TR R e Mipecie 1 “ﬁ?& ed’

reduced 1nstruct:|.on set computing (RISC) processor including
separate level one instruction and data caches 104 and 106
within the processor. A PowerPC™ processor may be utilized

Processor 102 supersca

exanple is

for processor 102.

Processor 102 is connected to a level two (L2) cache 108,
which is a nonshared cache. A second processor (not shown)
may be added to the system depicted, either with a separate L2
cache or sharing L2 cache 108 with processor 102. L2 cache
108 is connected to system bus 110 for data processing system
100. Local membry 112 is also connected to system bus 110, as
is 1/0 bus bridge 114. Other devices, such as memory-mapped
graphics adapter 116, may also be connected to system bus 110.
I/0 bus bridge 114 is connected to I/O bus 118, which wmay 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 mé.y vary. For example,
other peripheral devices, 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 imtations wth respect to the present invention. In
particular, a data processing systemneed not be |[imted to a single
processor as shown in the depicted exanple to benefit fromthe present
invention. The present invention nay be enployed, for exanple, to inprove
the performance of a data processing sysfem having two processors, each

with a correspondi ng. L2 cache. Referring to Figure 2, a block
di agram of a nonshared cache controller design in accordance with a
preferred enbodinent . of the present invention is illustrated.

Controller 202 is inplenented within cache . 108 depicted in Figure 1.
Controller 202 includes a bus interface unit (BlU 204 connected to an
upper bus 206 faqr a processor, or a higher |evel cache, an a bus interface

uni t 208 to FIERECTHEE1213mifREdRfny WBERa E5ERETH bus or TAE huB*88°Rhot her
cache. Upperlrimmtzaﬁ antinl paetibuta?]l G Mayadprbesssiugpeysben 2664 gyt be,

for exampl epd {1 duss gy glhgfwsc pRHSeIdk MRy ?&‘mﬁ AUd | ehenbopiiereq

Cache and arc speci uncti ons | n contro 202 are
| ayered. ThEKa"Rft £6 Péanefe*z ifremygbe BrRIRIt dRveRELeR- 213k ‘anaresent
ar chit ect ur dnveattoval ey 2t emplayedns fare ekasiplegui sdiedmpsoteactise or

"architectur [ éaﬁcsi] cache
controller f@ffogaghg%lél)f}c%ac eg%ntr %F()%%de?? ﬁ%q:ggg?gtgll:%%ssg%sn cache
216. Archi té‘@F@‘rHF-thérﬁPFB%P‘aF‘él%rkﬂ &3°B9-architectural controller 214
and are seen by cache controller 212 as systemside operations. '

third unit, noncagheableeCRnl sl 318a blodks8i QMR Ge% M\bﬁ%e&“he

controller 202

control | er FREbes eptEPiien c‘%ﬁﬁ’ﬂt@r pRt 3GFordaRee cdftttol PerPEeBeTTEd hat it
al so handl esanm:mldy.meache afper ehe onpredéat easneantixrconts ol Lkluéﬁﬁa&eﬁhdl es

cache 0per aldusodhLectdy als CARNEUGRIRGY wh O | Oline POV A

controller es cache operations_directed af nenory ocatlons whi ch
do not, map t& &%ehé 21¢ent¥ollex A2 iagludrs 3f Bis (nksFfacRnbiht t Bt¥ose
skill€d i n tdoa adhnetbedreatapaigperf bthbe20s Foena nEraressas bena drigiedt .

Such menory réf%lbgigﬁél | 288 2 1l PERERESce RN1TEIDE YedPRBUHCKLS OF10 Wi T ©
cache contro oper at es on
which may be a system bus or a bus to another cache. Upper

bus 206 and lower bus 210 may differ; upper bus 206 may be,
for example, a 60X bus, while lower bus 210 may be a different
bus. '

Cache and architectural specific functions within
controller 202 are layered. Thus, controller 202 includes
cache controller 212 and architectural controller 214.
Operations are distinguished as "cache" or "architectural"
operations. Only cache operations are handled by cache
controller 212, and only cache controller 212 performs
operations on cache 216. Architectural operations are handled
"b'y architectural - contrcller 214 and are seen by cache
controller 212 as system-side operations.

A third unit, noncacheable controller 218, is also
contained within cache controller 202. Noncacheable



full. cache bl ocks, noncacheabl e controller 218 operates on snaller nmenory
segnents, typically less than 8-16 bytes. Mreover, noncacheable controller
218 does not store data, while cache controller 212 retains copies of data
handl ed within cache 216. Cache operations are typically those
operations which read or wite values t& menory |ocations, and therefore
may change or retrieve the value of data in a nenory Iocatlon Remai ni ng
operations are defined as architectural operations Unlike cache operations,
architectural operations generally do not change the value of data in a
menory | ocati on. An architectural operation may nove the data to a
different | ocation mﬁthin t he cache hierarchy, change the status of data in-
a particular ti,on, rformother suc fun i ons

ar chi t ect ur §P2 Eégi%% d@néF&Pﬁgiabanﬁ?u?ﬁﬁﬁﬂffrypﬁlT%ﬁ %rﬁ?&ﬁngﬁ%5f dat a
within a neatzylmomhaucwt also h@adles apelyackohs, opairiuioned bjlhexehe
control | er 8&8he Ceaﬁfféﬁélhezhér %&Idlrg;-,l Ydch¥ YpePREIShS 08§ré<f:tf_§&t beg the

system CaChe e coO ete set o at1ons ort |Ven
NPk - TR H L R A L S PN IR L BB IR

i nstruct i oncaete \Mmeg:htusnsnéiréceq@att fgmory locations which do not map

9 eXGEH"@eQ:IiE“Q’l‘Gr C?ES%&%éﬁ&%ét f@fgehébﬁngfkrﬂfvﬁp%%sﬁhoﬁiéd €s.
However, di s#bggi‘g struct ions directed to ot ger functional units
within the § fiehast.( o riueat R3ThoPht ERfi R¥ACHBi REMOHY BPanch

units, cachaoqummdabdms arSaclc cddmentyt \malyybeeueﬂlizmﬂ mior ekamplendbuytilize
Lhe L2 9es miayoplcl a81c0s. Tt i e stony
managenent , gﬁﬁg W%H%SE#%%FS'aHBn§§ﬁ€ﬁ? ig¥¥ lﬁfcgig PEgFig%ﬁeﬂnout and
support ed bgtnalhskn t sethoryl seguentls|, ert@ticalilyt tlalstsy tilan pB-obesbytes.
arCh'teCtUrﬁ@r€6¥¥¥”tn6ﬂ53bﬁg¥ﬁfé'éﬁHbrdMibEhziﬁedHéé|hé@dstaréeéhtél”E
operation | ess fre uentli g % gerat|pns # #é
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i npl ement edwitiimtcasdhle, 216n substantially di vergent manners for :

different processors of interest. Processor-side architectural

operations pass é Jlt %qu]pearta?th:i!otnes(:tg{'g | t%féa{l(ilyl Ei\:rhog%Afo%)grg. Eéns which !

read or write values to memory locaticas, and therefore may
change or retrieve the value of data in a memory location.

Remaining operations are defined as architectural operations.

Unlike cache operations, architectural operations generally do
not chatige the value of data in a memory location. An
architectural operation may move the data to a different
location within thé cache 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,
comprise 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



bus.210 and affects cache controller 212 as apparent system side

archi tectural operations. Different designs nay vary the set of
operations supported by the cache controller and, by default, the remaining
operations |layered for support by the architectural controller. However,

I ncreasi ng the nunber of operations supp®drted by the cache controller

i ncreases the conplexity of logic required. Additionally, if instructions
sel ected for support by the cache controller are not supported by al
processors of interest, the cache controller design |oses its direct
transferability to neM/controIIer desi gns.. Wil e certain operations
pass down only one path within 10
controller 202--that is, through architectural controller 214 or cache
control | er ZXRCUReReransymt fonsume ethpl LATERTE pAIICKHWH BBt RTPELASOT Cache

control |l er 2d7Z-1Hl ouéwétv@.aﬁaﬂétreymlelgﬁmrudtmhscauﬁwe@t itensthetti at ed
at |nterface 21%8: %fnnir ate a re?‘_ ns%h }géeesrgoarce %%% \é\lgl k__geogf Lons
eriace 27 tce a Feg ?ac

initiated at I've act on at 1nté e%ZO
Because cacheoimty dfistad emwal @pebmnqihsnwt@ I&?éhédoﬂﬁl-’htho%%n@r@} | er

202, bus transEGdtARS1 r)d dHRRGA SmdBY St hend ayeiide THd 18x gg@erl c
|nterfaces na be deflged for cache controller 212, architectural

controller SUre & n5AtEeheabl e control ler 218. Thus, interfaces
220- 230 corrprl se generic protocol interfaces to bus interface units 204 and

208 whi ch are, tweeaaiﬁﬂﬁgpsﬁéﬁéﬁl@nsnaff@éﬁm al Sedtemchyhe PEEhdSE -
Thi s decoupl & th%eg%%ﬁg cache controller 212 fromthe sgemflc

prot ocol s of S fnagers hgo?%artj“@gl SH’S Sk RERALSRSRYT ol | er
212 't 0 be r RAGS] NARRIEmens:, f a@é EynChropizatiiePm0Ster e-ate pbagerrd oWk

managi ng t rm%apy&t@ad @Mt%charbysc&&&arl@rsmuembel@aﬂﬂaﬁ,a11
translating the s eC|f| S transacti ons ro.tocol 0:.,a eneric

i nterfaces 220 Sﬁ e&er?é’lppeanFEF?aSBg 51051t e"lﬂ? $2%50- 230,
~ the designs Yokl igedt rJGi | veal 2tidmeD pperaghiion 18uch ele¢s®| Sreanentdiy spanfic

bus ar chi t ecédddiRs opeeakd¥nBe rgadiwoz@aauly Cah@fvidual opek8t&émns&tdng O

tradltlonaltﬁ9cg&c%9@ec Légi peréilons are generally implemented, if at
all, in substantially divergent manners for different
processors of interest. Processor-side architectural
operations pass through architectural controller 214 to system
bus 210 and affects cache controller 212 as apparent system-

side architectural operations.

Different designs may vary the set of operations
supported by the cache controller and, by default, the
remaining operations layered for support by the architectural
controller. However, increasing the number of operations
supported by the cache controller increases the complexity of

logic required. Additionally, if instructions selected for

éupport'by the cache controller are not supported by all
processors of interest, the cache controller design loses its
direct transferability to new controller designs.

While certain operations pass down only one path within



controller 212 may thus be inplenented in a nmanner independent of the two
buses 206 and 210, responding only to cache operations. Al though such cache
operations are initiated by transactions on either bus 206 or bus 210, only
certain bus transactions will pronpt a response within cache controller

212. In a preferred enbodi ment, cache cdRtroller 212 only responds to

I nstruction fetch operations (IFETCH) LOAD operations, and WRITE
operations on bus 206, and to READ operations, WRI TE operations, and
tradi ti onal SNOOPS on bus 210. This results in substantially
simplified design requirenents for cache controller 212. This is.
acconpl i shed by avoiding the usual practice of overlaying the highly

i rregul ar (senantlcall and oral ly) architectural erations and
cache oper atSPOREOLFRE ¥ ﬂé’?‘%ﬁ %HBBH‘EI‘F% arghi hecE e F@BFEPEFGBp@-"at i ons

I S renoved foronathe destfdlbér czhe otbielrr opéeatitins ard ppatedand pass

ar chi t ect ur ab, FOBYER! AiinL 14 cache condfIf1163CHE2 OREIAIOASpREDAL LY, Cache

controller 212 are support y every commer.cl al esso
subst anti al B¢siER. sake MHAR cegrptheRYr igifiaFe ce"‘sF i ANEBEERFRC 220

| npl enent at generatem ahi céspatse Gont iakkefadd? 222 t whipeeseperativaid i on i s
decoupl ed byy §E§§5é§ Ligt efrftae&ﬁk%c%z%ﬂ‘%x%%%ced' Stf%ﬂr&ﬁv‘éo G0 &

i nstructions f érent processors I nterest’. ayering
sel ected cadfbe8Aacart#ft ectural - functions, and |nplenent|ng generic

interfaces to bus interface units 204 and 208 a large portion of the

overal | desion ohefoRLy Obhehe 2084 MYCRE dliieaY | pbFAOBLR Ak hiilla

i npl enent ati ons e cache con reused wtho
nodi fi cat i oWlFB?‘nccé?ﬂfé-”Qiﬂ@rra?%nsbuWEP%‘é’%ﬂéglsan@c%%twst%%Yli?§°
i nterface ubit aayfayehe egRat yisppyenericednterfhsad! may MVdéﬁﬁ&lem’( dmecol s

gpghf?g\éfm ng noncac%étg[) é’aggl?i‘é\f‘%reef:gﬁgﬁﬁzz%ﬁ:% to |ntderfaces
for bus 206n8ﬁ6a%%§39 ®. confirolken ﬂlfl(ﬁﬂﬂ?iefﬂﬁFFFf%ﬁeﬁrnﬂ%ﬂﬂ%ﬁq ng a
‘desi gn suppebtippils@ generic protocol 1nterfaces to bus‘interface units
204 and 208 which are, to the extent poss{ble, not archi-
tecturally specific. This decouples the design for cache
controller 212 from the specific protocols of bus 206 and bus
210, allowing the design for cache controller 212 to. be
reused. Bus interface units 204 and 208 are responsible for

managing transactions and protocols to bus 206 and system bus
210, translating the specific bus transactions into the
protocol for generic interfaces 220-230. By employing generic
interfaces for interfaces 220-230, the designs for controi_lers
212, 214, and 218 are isolated from specific bus architectures

and may be readily duplicated.

_ In contrast to traditional cache controllers, cache
'c'br_ltroller 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



12 different processor is required by the architectural controller.
| ndi vi dual design of the logic supporting the architectural operations is
required in any case since processor architectures vary dranmatically.
Overall, however, a significant savings in design effort for different
processors may be achi eved since only the semantics of oper ati ons handl ed
by architectural controller 214 will change. : By | ayering cache and
architectural functions, limting cache controller 212 to responding to a
few fundanental operations, the cache controller logic is greatly
streamined and sinplified. 1In addition, the -architectural controller
logic is also sinplified since, by separating the two classes of

operations, _issues of interrel |ons S _bet ween erati.ons di ent
cl asses are?®fi ni A3t &d Preﬁ?&"’@ H&RS?‘chlca Ei'éct oS REr g?‘?ertéﬁ%y be

desi gned asrespbndsdualo umnssructlon Hietdbnt epéxatd-amsi t (POETED i t $088npl ex

operations &EE DYafg! %&Fmprég‘eefa%%nén% Hhewdos, Reimrtagmw nto
t he Power P err arc hitecture as an, e

t
typical |y heRer ‘?ﬁq}?%tw{f%\@?’éﬁtdl%’ﬁ bé‘ggctﬁf)@r'é’ﬁn@ﬁp S%fsét?%%eg’gi ?3 EAD or
WRI TE operagion.  Thois exsmiles t He PeubsROjtallyar simpkifiiake degiants a

nunber of variaflons, I arh 98, 14 NEddbtipldshéBl TE
wth kill dﬁé@?%fcast%uét&e C\é@hEEVTAWFEBEFH& %Qe ocJI'< cl gﬁ% Sg‘g_V\RI TE
a

with kill db¥ @yodrdag ithel P&é‘f"é i SN |8‘ﬁ AP %e eratlon
overl ai d onitheguikst ¢ (Be®@ntpeadliyonsand Theetliparallydr i aafdH

VRITE wi th 5%& alitsnd e Tacld! opeLaPldnd LUghé Afudedl of hee st iy %k be

vvrlttentot resent cache level. Wite wi.th kill_._due

13 he arch:.tectural operations fs removed from tixe design of
cache controller 212 and placed in architectural controller
214, ' '

The cache operations handled by cache controller 212 are
supported by every commercial processor of interest J':n
substantially. the same form. ' Only minor differences in
specific implementation, from which cache controller 212 in
the present invention is decoupled by generic interfaces 220
and 222, distinguish comparable- instructions for different

processors of interest.

By layering selected cache and architectural functions,
and implementing generic interfaces to bus interface units 204
and 208, a large portion of the overall design of controller
202 may be directly transferred to new implementations. The
cache controller logic may be reused without modification for
cache operations. New sleeves of logic for the bus interface
ihits may be eésily 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 design supporting a



bl ock clean requires that the block be witten to each hierarchy [ evel from
the present cache level to systemnenory. The | ast variation described,
WRITE with kill due to block invalidate, requires that the block be witten
to system nenory and that the bl ock be Hgvalidated in every cache hierarchy
| evel . Thus, the conplex WRITE with kill “operation includes distinct
el enments of information overlaid on the basic WRI TE operati on.
Generally, the information overlaid on a basic operation to forma conpl ex
operation is architectural in nature. Stated differently, conplex
operations are generally architectural variants of basic operations. The_
architectural aspect of a conplex operations may therefore generally be
split from chij pQrti Qn. arghit ur ' y then
be passed tgﬂgFgﬁgﬁéctbggﬁgg%% roﬁFerq%fH;pé%iI%ythgﬁéong%%ﬁ?%%% ufg?
portion is [FR8§EaLLeY cacHadigitual design. oBebhestoEte hFURRANRIAT it rol | er
f214 handlhes arehigeebiuteTt Wdrdmildrnsonief regareleximpeainyt | casankirsed ayer;ad
rom cache r by L QgiL.C_I.Nn ro 2 i Sedipaware o
any distinc?%gk%gé%ﬁé%% §§¥%§8%§$g%fgﬁg&ﬁﬁﬁﬁFégg%’agkg%gﬁiédﬁﬁba3|d
operati ons Genéigndfiggntp| pavingsa tenpiesigmpeecsfrsh. for differepsic
and archit @gbdesbor§OrmidpNbe OAchL&vE CX¥iAGLSr BN e skhufitheadlar
separatel y, BLLhokgls! s Ip0A! SHRMGL  The AlGlhest Wl RANY on of
a conpl ex opeération does not nhecCéssarily propagate rough architecture
control | er #hangBut may sinply change the state of engines within .
architectural controller 214 to maintain the semantics of the operation.
The READ atom c e | | S ] ' . PR :
14 comp L efind bl M JRRI G Aa] funcetons., Limiting, |
ascert ai ni nGaFhe mEitedderat 2da Wit hresnandiagnpicexa oféat fupdamental
exanmpl e, thepédRhtoié} the Idactiee cbAtbbITdr Byati T igeeapRy adt ¥unnidneidved

into a WRI TE_qperat.kor. handl b C rqll ek d H

operation hgﬁgL%ég%ggg%gﬁﬂte?%bfé?ﬁﬁ%%%?r%ﬁ%e%kcgﬁig I's é%#gf%;ler

oper ati ons 3€Filevis alfe sdmplified: since, W Fepawating fthe duee tdanseek

i nval i dat e: ofhspédtanilonss Weshésrof AntBfrélRSSnEhips hetweenlopddatiionsi tten

all the vaydows kg Le 8YSLEULTEIR L shiNAldda AR 1kl dels Bl hi gher
Y | Gectural controllers may be designed as individual units. .

Bus interface wunit 204 - splits complex operations
initiated by a local processor (not shown). Referring again
to the PowerPC™ architecture as an example,

Complex operations typically have information overlaic on
basic operations, such as a READ or WRITE operation. For
example, the PowerPC™ architecture supports a number of
variations of the WRITE with kill operation, including: WRITE
with kill due to cast out, WRITE with kill due to block clean,
‘and WRITE with kill due to block invalidate. Each variation
described has information overlaid on the basic WRITE
operations. The first variation described, WRITE with kill
due to cast out, simply requires that the cache block be
written to the present cache level. Write with kill due to



Conpl ex operations initiated by a | ocal processor are devol ved into sinpler
operations by bus interface unit 204, with the sinpler operations

di spat ched separately to architectural controller 214 and cache controller
212. Operations snooped on system bus 210 have generally al ready been

devol ved into sinple operations (READs ahtl WRI TEs) and therefore do not
require splitting. The rel ationship between splitting conpl ex
operations and |layering cache and architectural specific functions is
somewhat circular. Absent |ayering of cache and architectural specific
functions within the device perform ng the operation, conplex operations
could not be split. In fact, no |logical need would exist for splitting the

operations. On the other hand, co ex qperatJjons nust he devaql ved_ipto
basi ¢ and ar®hPFecCirar JRILGRS {TELBFdé:E‘et §°]s?fg‘ce2%f mrll?/tﬁﬁygcro c%gﬁg and
ar chi t ect ur ahiepeaify defralicfronsthe presentilcaltbaghevdic toxsygiien pemabydi nent

of the presepf ifé(se@twpigl@f&y aﬁgcméﬂ WirrkeZ ¢4 chhRi POVWeRECEST bllock
architecture, ?he. selection of this architecture.is not intended to inply
15 anypyY$hidateansregui s pF@?Enttrﬁeng’gLﬁF' oP® CHPIEL ofRr EYFgﬁE‘ will

vary from areéméeet uné tuhaar chheedilock. Hdowavearlidesegl e opesil | gashe
support ed by?*{'@é&fr&{f H_'e][v%‘it. ur afushayld ‘Bﬁ‘?ﬁ’g R 1@E0hi BRI A 15 Rpllratiogache
Speci

and architectura I fic functions for hasj archjtecture ar Iayﬁged
within the denetedeser 4b8HIREE t RdeBERES PENdD °mat"%t‘?lv‘?’§fa€1dgn%ré Wto
Figure 3, a bagic|wrElE fdpeaeitdion.f or a process of splitting operations in
accordance with a preferred enbodi nent of the present invention is

depicted. The process begins at step 302, whi c£ j%}l ust rgt es_ det ec%i.gp1 of an
operation on the GRRRKAG BHS. 1‘1‘5%{3‘1}’1‘%9’% D8 BSPIH S CRFT362°whi ch
il lustrate atdetfiyum nat icompliexwhepdmsat idme peaathitedturalcoirpl drtyperati on.

I f not, the§ﬁ££)&§:ss dFE@gg H‘s_i%o S Pg%?t e\g?'ﬁ?gtp&;g Ct gré deglenkirgatiiron of

the type of the operafion (cac e or _ g\l% apd then .Ras e§__aio step
1308, which i pFERiFeRtaTralaYerngntaLhFaFLr i BT TAs Lo aﬁﬁ?m&[ getu
controller aspeechef a ocuwpboheghdistionsomayr diherefoue agpnerghly pbecess
;then passes E81§£ePr§&4th¥h£SHarchitectural portion. The architectural :
- portion may then be passed to aréhitectdral controller 214,
while the nonarchitectural portion is passed to cache
controller 212. Because architectural controller 214 handles
the architectural portion of a complex_' operation and is
layered from cache controller 212, the logic in cache
controller 212 is unaware of -any distinction between basic
operations initiated as such and basic operations generated by

splitting a complex operation.

The basic and aréhitectural portions of complex
operations are thus handled separately, although in a
coordinated manner. The architectural portion of a complex

operation does-ndt necessarily propagate through architecture
controller 214, but may simply change the state of engines
within architectural controller 214 to maintain the semantics
of the operation. = The READ atomic operation is one such

operation.



depicts the process becomng idle until another operation is detected.
Referring again to step 304, if the operation is determ ned to be conpl ex,
t he process proceeds instead to step 310, which illustrates devolving the
operation into equival ent sinple operatijons. The process then passes to
step 312, which depicts passing the sinple operations to correspondi ng

cache or architectural controllers, and then to step 314, which illustrates
t he process becomng idle as described above. The present i.nvention
al l ows conpl ex operations to be split into equival ent sinple operations
within a controller ' : 17
CLAIMS 1. A nethod of handling operations in a data processing system
SN, i or LS, 85kla0 18n 6 ORRL O ORPAALI 67 &0 NS ia108ks0g @
storage |ocation Wt evi ce; %' orm ng.,at | east

one si npl e Bperdceshainphbde] 'ﬁh%m BafichdeBeTHsAt BEERER § ERSnGPER GHer at i on
may be achispeshtipvmer f pofi Bgampld, athteWBITHNeish niplll opes ate ohlock

cor respond [ 3 A IOLLE0Ahn! E.5O0R FniRPS! RRERH difbrdelibhharantal | er

unit for the storage Eer or ﬂ]ﬂ? secgnq%f Lon of
t he conple%ﬂbpéﬁﬁbﬁoﬁopﬁralééEoﬁ&%xﬁﬁqo?l FUSH PPefafrihe HeV|ce
2. ° The neidoittedtudiadl ncontwbklern 21%e St efhics peiectorhgoaecghppea

operati on Ol Sy, ¢l Shd % o t0120% sl e Khus auéteéaBEoQEVi ce

further conp cting an- arc |tectura era on.t he bus.
3. The mawﬁkltdﬁteu &he Plogkeisi Y{r’cw'eeréttept £ Ib’é‘?ﬁed’r“ﬁ\ Xﬁ%t one
sinpl e ope¢rdn ORnEiadees paldi Nghto waporddwmn ©b ttize c @ysiten opemarYon in a

first controllef, &Hgﬁ%i(yhe Eheck! @ Bagflqﬁ%ﬂﬁﬁ'Bﬂéf&ﬁﬁnFQﬁH%&§es

performng a cache oper at1on correspondi n portion of the
architectural operation.
Complex opérations initiated by a local processor are

- devolved into simpler operat:.ons by bus interface unit 204,
with the simpler operations dispétched . separately to
architectural controller 214 and cache €ontroller 212.
Operations snooped on syséem bus 210 have generally alrea_dy i
been devolved into simple operations (READs and WRITEs) and
therefore do not require splitting.

The relationshib between splitting complex operations and
layering . cache and architectural specific functions is
somewhat circular. Absent layering of cache and architectural
specifié functions within the device performing the operation,
‘complex operations could not be split. In fact, no logical
need would exist for splitting the operations. On the other
hand, complex operations must be devolved into basic and
architectural portions in order to successfully lgyer cache

‘and architectural specific functions.

Although the exemplary embodiment of the present
invention described above utilized the PowerPC™ _architecture,
the selection of this architecture is not intended to imply



4. . The nethod of claim1l, wherein the step of perform ng at |east one
sinple operation corresponding to a portion of the conplex operation in a
first controller unit for the storage device further conprises:

performng the at | east one sinple operatlon within a cache controller unit
for the storage device.

18 5. The nmethod of claim1l, wherein the step of performng at | east
one sinple operation corresponding to a portion of the conplex operation
ina first controller unit for the storage device further conprises:
performng the at | east one sinple operatiqgn within a noncacheable
controller unit for the storage device. 6. The nmethod of claiml,
wherein the step of performing a second portion of the _conplex operation
in a second®B¥mtiHiYasiong £of gPetPﬂée%etfﬁ'f dgEeRelite FOFPHRE RAKAGLSES:
per f or m ng whEl seagndrpardrchi tafctidie comgdchitepensd i OHowetrén-n atimplex

ar chi t ect uraﬁ Ml{souugpo%'eh £9F mbBE é{ﬁ;@&%&%gc ould be cHpayIRthod of

claim1l, conprl coordinating_perfornance o the si npl e
operation aff [%% GesheoprEharchifRataxad peretioir fiungtdons
control |l er fotr ttmaftoart:hﬂtetmﬁgem&mayeréd)wliahmﬁaih‘e devheé ipear fafrminke
conpl ex opeggli rathons. A controller conprising: a plurality of

control ler Gnit% for = St'orage device, each controller unit perfornng
operation portions of a different type, the plurality of controller units -

i ncl udi ng: With refe:ﬁérﬁﬁ:hﬁ:vﬁﬂﬁi Fguge BN 4 PbfH Aetalg fatichart
operations EQp +°8Et bﬁﬂ;tt;.n opedie il e %tc% cde¥iEf; s2nd
.an architectural I er?or%1 archl e ural op eratlons for

storage  Pre emfﬂsht%b@dwemﬁ P htéh%ta%wtde\n*r@@tlaﬁd is depicted.

The process begins at step 302, which illustrates detection of
an operation on the processor bus. The'process then passes to
step 304, wh:.ch illustrate a determination of whether the
operation is a complex operation. If not, the process
proceeds tol step 306, which depicts 1dentifica'{:ion of the type
of the operation (cache or architectural), and then passes to
step 308, which illustrates passing the operation to the
approéri'ate controller {cache, noncacheable , or
architectural). The process ‘then passes to step 314, which
depicts the process becoming idle until another operation i_s
detected.

Referring again to step 304, if the operation is
determined to be complex, the process proceeds instead to step
310, which illustrates devolving the operation into equivalent
simple operations. The process then passes to step 312, which
depicts passiné the Siﬁple operations to corresponding cache
'c-i:i: architectural controllers, and then to step 314, which
illustrates the process becoming idle as described above.

The present invention allows complex operations to be
split into equivalent simple operations within a controller



a bus interface unit receiving operations froma bus and, responsive to
receiving a conplex operation, initiating at |east a portion of the

conpl ex operation within each of the plurality of controller units,
wherein a different portion of the.conplex operation is perforned within
each of the controller units. REPLCEMENT SHEET 19 9. The
controller of claim8, wherein the plurality of controller units further
conpri se: a noncacheabl e controller unit perform ng cache
operations for noncacheable storage |locations within the storage device.
10. The controller of claim8, wherein the bus interface unit initiates a
cache operation corresponding to a portion of the conplex operation in the
cache cont rﬂl ler, unit. ~11. The, control Iler of .cl.ai m 8bt‘i‘@rexéei nTii_lhe bus
interface unRYS¥iRg | SRERE a2PSr AFGRIEECTIRRL GRS 6n “88Fregpondi ng>

i nf or mat i onpewmitsni bait summhe oerthis operatior te & tdemkifiedcandr ol | er
unit. 12, Jhessuyroller of claim8, wherein the bus interface unit
initiates a cache operation - corresponding to a portion of the conpl ex
operation in the cache controller unit and initiates a portion of the
operation corresftoiidi nghe nfiorventtiion . dvas | bé¢en oparbicelaly 8hewnitPBA in the

archi t ect Ufaés&igméd)kh%h PEbrendd to afpEfdradd SMSdEMent)DE Wil N1gbe
a data storage device

) . cache cantrollgr perfornin c che
operation fBRAfERLPQ PVaEE°ﬁFtﬂF:h]_']ﬁi£ 1f508 @ o&éﬂg V&E\’/?‘é@;&a%%eg ggan
ar chi t ect ur fibrmamid dekel 1 peay dermageptierainswitheute deppehing fxamthe
operation gﬁ{ﬁp@pﬁ{@ig&ﬁepafnftmhygﬁt%rl aid on a conponent cache

at

operation for a storage wthin the data storage device; and a
bus interface unit which, in response to receiving an architectural
operation: initiates a conponént cache operation of the

architectural operation within the cache controller; and



initiates a portion of the architectural operation corres SIS}E 'AS BEEN
i nformation ' overlaid on the conponent cache operat I on QEF %EI”B:
architectural controller. 14. The storage system of cJ

the data storage device IS a cache. 17
20 15.  Thi3ehet @4 BO& repiadegm Of cl aim 13. further conpri si ng: a
noncacheabl e rform ng each cache operation for noncacheabl e
dat a storagHmr\m&MﬂkE ata storage device. 16. The storage system of
claim 13, wh interface unit, in response to receiving the
architectural operation, splits the architectural operation into the
conponent cache operation and the portion of the architectural operation
corresponding to information overlaid on the conponent cache operation.
17. The storage system of claim 134 gﬁg n the bus interface unit

us

recei ves operations froma processor The storage system of
claim 13, wherein the bus interface unit recel ves operations froma hi gher

| evel data storagendenbseozbnmdina it ebagCiHe% RetW tdhidbe age
hi erarchy. 19 The storoa%e systersr;ldof& | ai m 13l wherein tghye porst%"lrr%;l of

the architeZ¥ar&P SRR corresponding to information overlaid on the

conponent cache dghacttingn aclcangdext hpesatatan orf achygsnesndii t hin t he
archi tectural CQpdFm@iufing Gat@hBLEEN cHRMHINDEE QpekhEidh CMihefbshaln
operation. intended result of said complex operatlon may be achieved by-

performing said at least one simple operation.

2. A controller, comprising: .

- a plurality of controller units, each controller unit
performing simple operations of a different type; and

a bus interface unit receiving operations from a bus and,
responsive to receivi'ng a complex operation, initiating at
least one simple operation within said plurality of controller
units, wherein an intended result of said complex operation
may be achieved by perforniing said at least oﬁe simple
operation. |
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