;e3e; v37; s223D4R 51 666T$7P] <r, 2 6 J ~ L 2002 CACHE This inv
rel ates to storage systens that have a direct access storage devzgi‘agUCﬂﬂﬂz
‘as a disk nenory, and a cache nenory. |In particular, the invention rel ates
to a method and a systemthat provides enhanced perfornmance by reducing

host conputer and channel wait tines for data accesses to the storage

system BACKGROUND OF THE | NVENTI ON A typical conputer systemincludes a

host conputer and a direct access storade device (DASD), such as one or

nore magnet | I Sk | i i_.ons nni.n n

address | %‘C%Tglﬁ)i) ?*N%A% B F?’SY ”{A&%Iﬁlg; g‘na&\%ﬁ g@m&%mccess
is known as a disk input/output (1/Ocpepesration. The host conputer operates
at a much hi gher speed than the DASD such that I/0O di sk operations cause

t he runni on to wait for the I/O operations to b mﬂ mThe
result i s\ \Bmlm‘m NWSt conput er throughput is inpeded. To Nmm\m‘
separate cache nmenory is enployed to store data t SoddDSt
frequently us@@‘ﬁy t he appligatip 8 QUENBYSKem rmanager is used to
control the I/0O di sk operations and acceSS|ng of the cache nenory.
Generally, the data is organized into data objects, such as records. \Wen a
unni ng appli cahion; kEAHESbA PelfEOLlo! BEorage system? Bndtlhkve0Q 2
storage system manager first Tooks for the re dord’in the cache menory. |f
the requesiedctegocedsssstouvadei devheecashehneapaydfsk wemotry, hattd)a it is

ckly accessed and there is need to erfor a tinme,consumng disk I/0O
3ELratYon SR T P B uoa B PR ERaPATRS: norer BORATE hotnBEAaERE Fendry (1. o

‘a mss")metREA LA8 8t 9y3EENMSYRLEMPBOAGES BRRFACES g@ft@gﬁhacdlg /0
operation to obtain the requested record fromthe DASD and to wite the
request edredgoidgt boshecemphbeneandychaypesahyt thuest 6pagdasyst em manager
manages r t C nory by a least recently used (LRU)
technlquegggégsﬁgu Qe%ﬁ§|588£8§esgggg %?n or queue of control blocks. Each
control block identifies (a) the address of a record, (b) a forward chain
poi nter that identifies the address of the next consecutive record in the
chain and (c) a backward Q i address of the
preceding record in the chain. The storage system manager naintains a first
anchor pointer that identifies the LRUrecord, e. g., the top end of the
chain. The stoﬁag§ps9§ﬂeﬁPWﬁnagérSa5§@mnanﬁﬂaﬁﬁ§ a beedn@orRElR6E poLnt er
that identi h y ( ec e tom end
of the cnai i TRt EpPREh SEEeRLE)aleele  MiRbpl 008N & Bhe pRrnBek O
record |smdganmeddaeﬁsthenppmquauednasruh31N3UonechedhastthemputEmnlend of
the LRU chai n cache nlss ccurs, the LRU control block is

dequeued FF8ﬁF?h88g5555n&°8F £RBScHR FReTRESRedPy FEGIELPed ™ Fecord is

staged fr omibARE tatan aklhesaked a2ddeess si inble eachesremory. The dequeued

control block is updated with the identities of the staged record and the

al | ocat ediBgyFésytrur (1/9)goperadon-3 dhe BRGleGOBPHLCLhEPESAL6H of the
a c e an,' th A such-th o]

LRU chai n,as ;t he MRY; gantr al,Bbo¢k n TR N8 ndeS 9ROk nGRCAY TRIRI €S for

st orage systens, much-attention is given to increasing the probability that

r equest edogatra tiensr dsuwiel [thige ruomnidgi mpphie ceddloa meneryt for the

I/0 operations to be completed. The result is that the
host computer throughput 1s impeded. To avoid this, a
separate high speed cache memory is employed to store data

that is most frequently used by the application.

A storage system manager 1s used to control the I/O
» disk operations and accessing of the cache memory.
Generally, the data is organized into data objects, such as

records. When a running application requests a record, the



For éexanple, U S. Patent No. 5,717,893 discloses a cache nenory that is
(partitioned into a global cache and a plurality of destaging Iocig caches
wi th each | ocal cache being allocated to storing data records of BsgﬁiLfﬂﬂﬂz
type. ' Data records of all types are destaged to the global cache fromthe
| ocal caches or fromthe disk storage system In accordance with an LRU
algorithm an LRU data record is denoted fromthe global cache to the | oca
cache whose data type matches the data type of the denpted LRU record. Wen
a local cacheahs LolbenRahBULECEOLO,! 50085t a0PIcHE FOENTHOIAGENEYS Em The
cache hit rate’1s 1ncrease ecause the partitioning schenme can be desi gned
to al | ocatgch®reegacihie tofdaha regosdtéypescbhatiar éommdeifir equently used.
There is also a feature that pernmits |ogical and_dxnanic resi zing of the
partitiond2Se tRERCERCchE- cn: bedi htkehseltf bF ABEeXiYedteRtF§iudBe data
Lypes andconcont {0t hyedees easeeoLaral Essel LoALERLKY diel daba types.

QO her prior art schenes increase the cache hit rate by elimnating data
record duppécations i bfchibberedypstali sebhendsioefnohi sotgpgeinr ehdi scl osed in
U S. Patent Nos. 5 80§ 572 apd 5, 627, ?90. gﬁSD ggstens haye been

i mproved SR ERStAEOEE bF - nfit ti pfelsial | - sEBFRgE foGhPEaIEoR¥ PGERed in
geonetri egahdgbr a86HAE €3t BeFEEPMCE YAk Bit NRoeYpgBtablioA t8i bEginTheSE 2
6 JUL 2002 4 Tnproved systens are frequently referred to as redundant
arrays of redespendi yecebd froepehdehbJDdprBRstORArDfe Fhesbftiueftedese
geonetrie e | Ltioned into data portions and each data
portion ige% %ggggoggg g%?%érﬁgégggé of the disks. In one geonetry, known
as RAID level 4, one of the disks is dedicated to storing parity for the

data portions. The parity is used to reconstruct the data portion in the
event of a fai FTUPECaESY wWFPEeSEPERTEI BHELeRhNaNgEsRelr)2PEquI FES o
separate WetlftB6HC$RCENeO0BECAECRSROLD Bpeadhégsﬁp9@c$ﬁt§9 hBggdata portion
is stored and another access to the di sk”upon which the parity is stored.
| n anot hefLgébnkeehnignewn dbeRPRD tevbhiguet heedi skshaiw par giebened to
distribut g the, daba ARdcpari Ly Lof oL HRLLIN,ACLOSSALAE, BGLEVE glioks in the
array. Each partition s comonly referred“to as a stripe. A parity
i nformati aadtessaost ai pecbsdyusysh | y pbaceddonhane gesktamdthhe data is
pl aced on.the rgnainin%]disks of the strige. The di sk that contains parity
i nf or mat i OASVAFT L85t FO8M 80FFFESt BEsEPPpBE*FnFENEFFHNE VRUFEFPIE <fri pes to
be mani putatednhbkinPanal I(el. at Bgrehyranabhihrg r ahher ;hanae rebynkscof data to
be staged or destaged. The aforenentioned schenes for increasing the cache
hit rate afgdresfceinébewPtrRcediner reaalkd dat &hebjcdeds,. slibR asoczapgge, a
tabl e or Ik . Kk t . il of a RAID
systen1togEgﬁé#eﬁ%ﬁgﬁg¥a9§égggﬁﬁgc?s%g¥§ga?g%h§3chgggﬁgrs?%¥5e, t hat
contai ns adkatgéinunbeae ORUt hecsmdl | er. pagetbk] €cpsend 2£6 theUchai®02 5
Accordinglgé there is a need for a caihe menory .t hat has an i npr oved

a

y
probabi | i tYCof "CABAE RYELENEERREPEF] ¢ SChERENTE 1R 5n8ed SFOF%a 2C&ERE memory

that takepoadyamnt a8 tofi dehe iFtikisP@HACHRSE Recearall hiskiiegMaly)a rRAR st or age
devi ce. SUVMMARY OF THE | NVENTI ON
€. g., the bottom end of the chain.

Each time a cache hit occurs, the control block for
the hit record is dequeued and then enqueued as the MRU
record at the bottom end of the LRU chain. Each time a
cache miss occurs, the LRU control block is dequeued from
the top end of the chain. The newly requested record 1is
staged from DASD to an allcocated address in the cache
memory. The dequeued control block is updated with the

identities of the staged record and the allocated address



The present invention enploys a host conputer that runs applications that
'requrre data objects froma storage system The storage systemZ@s J{jl_ 2[]02
"storage device, such as a disk storage device, and a cache nmenory. Data
objects that are frequently used by the host conputer are stored in the
cache nmenory. The data objects are also stored in the storage device

| ogi cally arranged in segnents of data objects and groups of segnents. The
cache nenory is logically partitioned ino a first cache and a second

cache. Thegeihodeobat Be REESHNEcofvent 0 s e stneashe for storage

of segnments that” have a small granularity and the second cache for storage
of groupscohtsegmpiskt.hat have a large granularity. \Wen the host conputer
requests access to data, the nethod of the invention determnes if the
requested data is stored in the first cache. If the requested data is not

stored in the fiy $heCach@qgnt ke PRIARI Wdalgliisngsr stiha geeauatleat data is
stored in the second caché. If the requested data is not stored in the
second casiWeh atdgeolposf isegriwiens tot dned sias inige thcopagd adpaliidey ithadccessed,
t he request t iLng .cont ai_n i-n.on f thes e ts roup of
segnent s ?g%tq’ﬁ%%‘e?t %‘r%é:& irr?ctoﬁgssglg&%db@a?ﬁgméing%t ﬁgsef %rgg?leséné;rﬁrg%tyqt hat

includes the reguedleed Udat.a Patesttoned isn 7tive sfi3r stiscloded & Wach2002 6
cache. The requested data is then accessed fromthe first cache. If the
net hod deféfeityedbeitatl st e ftdddosnesd iddca & 919bdleddhe RESécond cache,

but not | 1%*}%1fiitry5tofc%fe@9c’ag%n§ﬁg36c il tc*é‘%}%% MeAt 1C QAR NG 1r @QUeRt ed data

is transferred to'the first ca The nmethod uses separate LRU procedures
t o controbedest adilivgadfed dasts troedent |da s ek coagiremifs of spmaaile o itygte .cache

and group f segnents from.the second cache to, allqcate .storage for
requested%(?%taa e%é’trqtss Oﬁ%taTgt YEF S r‘—f‘rtehéiaefs’lqr‘aﬁeda?fé’ gtg‘ceor?&otcbfclh%sa.c e

| ogi cal padnt iteRi NG QA heachs M i sk fdtotageachigstand arsecond
cache together with storing segnments In the first cache and groups in the

second cacif€arslanss mdit ant Féarde rofththe 3pr dfehtdatiy eGB! This feature
takes advmooffﬁdaf ér{é(?l'oti)%gd ctaL@'}e s heatdion dhat JSipguesls 2 data
I'T als ot her data

object In a group w nee objects in the sane group, but
not necessamid yndtichdre Samelagegienie cihelsactmmateErb iR ystaamdf  tWeerpr esent

i nvention enpl oys a nuft. - ul ar € nanager_ pJyogram %ﬁt i,ncl udes the
procedur e ao;ipciq%l r’?eaﬁq%ed ot gftr i rﬁfbﬁtqiqgrfed:eosrc ilbsed{ea%oa\rqe?& e Wory nmedi um
accordi ng dt e present. | Muentdh< oty Al iGache: ey y Yexpedd orm t he
procedure of the method of the invention described above.

the partitioning scheme can be designed to allocate more

cache to data record types that are more frequently used.

There is also a feature that permits logical and dynamic

resizing of the partitions so that cache can be increased

for more frequently used data types and concomitantly

decreased for less frequently used data types.

Other prior art schemes increase the cache hit rate by
eliminating data record duplications in cache. Typical
schemes of this type are disclosed in U.S. Patent Nos.

5,802,572 and 5,627,990.

DASD systems have been improved with the use of
multiple small storage modules configured in geometries

that assure data recovery in the event of a failure. These



26 J UL 2002 BRI EF DESCRI PTI ON OF THE DRAW NGS O her and furthgr 28' ciﬁ
advant ages and features of the present invention will be underst dﬁ Lﬁ_ '02
‘reference to the followi ng specification in conjunction with the
acconpanyi ng drawi ngs, in which |ike reference characters denote |ike

el ements of structure and: FIG 1 is a block diagramof a conputer system
that includes a nmulti-granular cache nenory according to the present
invention; FIG 2 is a flow diagram of t4e read procedure of a
nultl-grammbﬁaveaoggéﬁbﬁgca&@'@gegaehh§yp&@%e@&ean%@nggogédaa@aEhGS- 3
through 5 are flow diagrans that depict a wite procedure of a

mul ti - gr anukayspedgriarxpecsidiengoroinbeppndsent dagént i(BAIDDESCRNPTI ON OF

PREFERRED_ENBOD Wth refer tq FIG, L, there i i ded . t
Cyst om 10506amRlt S5 PRRED T IAEY ufca>honBRd SEont BFL1SCARIH drdrage

system 144,;8L0page i oyst amuléaAchHEesSparfgsh adapteiedbonaast orage device
18 and a nulti-granul ar cache nenory 30 according to the present invention.

Ml ti gr andiafecaole omenmody tBe togésher Ini Phehgsemedapy eknedni §scdgled in a
data path,bebyegn RESt GOMRUL &1 12 40d48H0LARRIRYI Ce18rg (3,44, U L 2002
2 typically r§%na

g Host conputer 1 I'NCI'UdES one~or nore process run
appl i cati @ang. theedpracessaisngay Che pastingl ¢ sapplkdcabi eeconspatualtt el or
separate aﬁplications at different times or concurrent%y, or .any

combi nat i 5%t ABFEoPOTERENapP 85t PYREUSE Gattd1dbirEct s FPRalrddfistitut e

| ogi cal d%bér%&&BQEQr%%isAgE%%b%ék Q@Eﬁi%%%u%%%r%e%ﬁ!a&%pMQQEEY be a record
such as a page, a table or the |ike. For storage purposes, a plurality of
dat a obj eetseasesar cargedcesgi tal thei digksapoenwhagdh &hel degli ty of
segnents are,arranged. .l ogically in roup. In.the pref.erred enbodi pent for
2 RAID 5 BPFEION: g G iee PaShaRasTES ACBErrps (&80 ebmob el Ristwn i n
the art ashanpakhiay Qyl iskdekd.and a segnent corresponds to one disk of a
stripe (also, sonetinmes known in the art as an array track). The present

i nvention contenplates that |ogical data structures of object, segnent and

group may, hOV"%‘{le%no%eqeye dei) ayhl.exi Blse ERmgh Al S0, tﬁq*éoéﬁssr%i Iled in
the art will recognize that alternative physical |ayouts corresponding to
t hese | ogircal pdatta tstomget thoesliate ipossi bhe, dddst aadaprertyeé nmay suitably be

a Convepthgg%kmg gkkftXx%g%tt%%sa%%Q%%n%i%@% MeCEhnd 19, G .abbgk for
exchangi ng data records bétween storage system 14 and host” conputer 12.
partition 1s commonly referred to as a stripe. The parity
information for a stripe is usually placed on one disk and
the data is placed on the remaining disks of the stripe.
The disk that contains parity information varies from
stripe to stripe. This allows multiple stripes to be

manipulated in parallel, thereby enabling rather large

chunks of data to be staged or destaged.

The aforementioned schemes for increasing the cache
hit rate are concerned with rather small data objects, such
as a page, a table or the like. They do not take advantage
of the ability of a RAID system to handle much larger
objects of data, such as a stripe, that contains a large

nunber of the smaller page objects.



.Storage device 18 may suitably be a desk storage device that ha:‘zg
plurality of disks 19. Preferably, storage device 18 uses disksél LHJE.ZUOZ
RAI D storage schene so that the mufti-granul ar cache nenory 30 can take
advant age 2 6 J UL 2002 9 of the RAID capability to manipul ate rat her

| arge chunks (one or nore cylinders) of data concurrently. In accordance
with the present invention, cache nmenory 30 includes a nmulti-granul ar
manager 36. According to the nethod of tshe invention, manager 36 logically
partitions cache-HraPhY130 tREPeaifi sshebachsr32 andhe newongd enghe 39.
Manager 36 responds to data access requests from host conputer 12 to cause
data strusdsirais vhpsoaedleprogpapul kvt 9L cache aBitegnehsgecdabéystored in
first cache .. Mapa 36 _respon to ta acces uest st

conput er Qgef% %%u%eggé?a§%fr%c %?é% %?ggr%ig%%g g?g§%I§§Y§9?£§§LE9aS
groups tothe stoipd dacsesong capchiei Biitikkrst anRnspcondragehesvd2eand 39
may be desi gnated physical areas of cache nenory 30 or may be | ogical

areas. The logical partitioning of cache nenory 30 Into first cache 32 and
second cache 34 together W th S${REHRY FEFBISWENTIdSt cache 32 and groups
in second cache 39 is an inportant feature oﬁzthe present invention. It
takes advantage of the |ikelihood that an application that requests a data
object in a gr ug will also neeﬁ%other fata objects in t@e s%ge group, but
not necessariler/h nPTRBCRhNE N ¥BRHERE. SFPLPES eX pBREEdCPHBE " Ehe " BaERe i ss
ratio wltuhe spgucedtbyna tRgtOFeghiabodhthoypyjcdbBagesrn3s shekHges a
segnent LRU list 35 and a first cache nanager 3% for managi ng segnent LRU
|ist 35 feystemrst Ehehetgpagat pyeipmghascanvenrpenafieVRCepr 686HURE. aManager
36 also i d o] | i 8 ma r gi ng
group LR f%gtgggé?g% ggg%ﬁ ’cgéﬂe§3§?gﬂ??wgégg ‘a g%ggeﬁgﬁg%gF EE%%

pr ocedur eardhfhngeuelBbliiunthérby tRebhdst) to@PORernekuadesocaerdead phecedure
50, a segnent write grocedurg 60 and a, grou miite groc;dure 80. Ref erri ng
to FIG 2°2FBad™pPBEL&dur ePB0°BERI REIGAER AOSt *LBRPALEF S T2 Pedtiésts a data
access fogtrgrhgadgeperat 18gicstep atrdateaminesehhehie bequeshed data is In
segnent LRU list 35. If the requested data is in"segnent LRU |ist 35, step
57 transfebsegteoppdoprenesr efuesordntata Fhenchrhst ngaekd 32 to host

conput er : e : d i n LRU_LI 3 first
cache nis%??lggé%DSEESEEE?%?%gSﬁﬁ?ot%e@?gaﬁegggggggbg E;S%EgégogggﬁﬁU li st
38. If the requested data is in group LRU list 38, step 54 stages a copy of
t he segnent that coEéains hs rgqgﬁfted dat? fron1%econd cach? 34 to first
cache 32. Step 54 af86 885%8 aPds Wt REFPFEE CRYRBTAERadEF =37 Fo updat e
segment LRUrktstadhet gorngkudagthe raddyesstefl tadehhatagadssagnent in its
MRU position of the list. Step 57 then transfers a copy of the requested
data to h8spnEbApaLEr 203 the ERECPEqGEsShEd IQat &tPF2A6t Oiftn IGPHWS PRU |i st 38
(a SeCO”dssgﬁQﬁtg‘ Thet Elta% Q%%Eg%eﬁr%n%%h% a %%‘rﬁpt&'%a‘ho%%”t ains the
requested data from di sk storage device 18 to second cache 39. Step 55 al so
cooper at esomptihesecequdecsdchecrrsager datapdahe gedhpd RY Ithet 38 to include
t he address_of . such staged group in the MRU position.of the list. Step 59
Lhen st agabvERS S8g BT LTHAR Soom APs SR FAaTosesa dat & PR SEoRE cache
39 to firstreachache.as 1destlel heduabavwar aStep 137 nbtenr tramstier $ha copy of
the requested record to

first cache, the method determines if the requested data is
stored in the second cache. If the requested data is not
stored in the second cache, a group of segments stored in
the storage device is accessed, the requested data being
contained in one of these segments. The group of segments

1s then stored in the second cache and the first segment

that includes the requested data is stored in the first



host ‘conputer 12. A 2 6 JUL 2002 Referring to FIGS. 3 and % Zﬁ ment
.wite procedure 60 includes a synchronous process 61 shown in F6 ?li Zan
asynchronous process 70 shown in FIG 9. Referring first to FIG 3,
synchronous process 61 begi ns when host conputer 12 requests a data access
for wite operation. Step 62 determnes if the requested data al ready
exists in segnent LRU list 35. If so, step 64 transfers the data to be
witten to segnent LRU cache 32 so as td nodify the existing data. Step 64
al so upda&aéhéegmwe redels 't%H 3ataStep thdnaleeeseky FreaummRtl raistt flag
for this segnment to 0. IT step 62 determ nes that the requested data i s not
in segnentacR¥.li st 35 step 63 allocates a location in first cache 32.

Step 69 is then perforned as descri bed above, except that the data to be
witten does not nodify a pre-existing version. Referring to FIG 4,
asynchronous prgcese #ethddneleflrinne’ ¢heep tiedecandsitedawakenasd by step
71 when there is a nodified segnent In first cache 32 that needs to be

dest aged B8°56€0Ad EAehEeTaNgngr6NeY oPYitsiacst dnaddedddirtéé £8ChMherd step 71
det er mi ne t here S t e eps72 finds the next
nmodi fi ed ggé&egf ?ﬁl seg m%%%L%%hqgéwéé tr% % g%&dgﬁz%manes if this segnent
is in groupahBfelrired 38®. thie MatrststephéQ det erm nes if the segnent wait
flag is set to 0. If so, step 77 sets the segnent wait flag to 1.
Asynchronous process 70 then either progresses to the next nodified segnent
in segment LRUphieS {he3Po0h @it %@Jﬂ&éh@%p de dh@fsa thelhtldgre i f it has
conpleted its current scan for work. This affords a wait feature that _

al | ows ot Herstagding odt ileestt aetcheltée’gmmi tse gbentedd Hoaf ¢he diiagitng to di sk
st orage devi 2.6 J L 200 2 t e t hen ali wakens

asynchr onoﬁgﬁpe)r ggléis§r O'Pan L% éaﬁéne %lfo%gﬁz“ 95a6rcé’%r%epeact%edl% Step 79 will
now det er gilneckhat stﬂaﬁca@%gm{ ﬁé@ufesfﬂeag dagan@haseti st ¢t sSioged/Grni |1 then
destage the nodified segment to disk storage device 18. Asynchronous
process 76PEndn it RO FeEEEs$8SNES -t he next nodified segnent in segment
LRU list 35, or enters the sleep node for a short time if it has conpleted
its current scan for work. If step 73 determ nes that the nodified segnent
is in group LRUNS stog3g:alstoepy t23 iomamsf erfs titee arodic! in@dloge/griﬁmo teo second
cache 39 i fy the existin rqu 0 tes group LRU
list 38. %t epst7§% 50 se Secrocr)lu ca%ht% C%IO'o Et% J’SCh Sft&f% dga

Asynchr oneegmarocess: the |'felrsﬁ:ntcﬂll’c3'1€| taﬁlcﬁ|ﬁ&:ﬁlp'ﬁ)dﬂl tRm‘ efadargl tcmd?ieﬁ 5,
group wite procedure 80 is al so an asynchronous process thatTha,vvakens at

step 81 mﬂénaphém?ortant feature of the present invention
feature takes advantage of the likelihood that an
application that requests a data object in a group will
also need other data objects in the same group, but not

necessarily in the same segment.

The cache memory system of the present invention
employs a multi-granular cache manager program that
includes the procedure of the method of the invention

described above.

The memory medium according to the present invention
controls a cache memory to perform the procedure of the

method of the invention described above.



i's group destaging work to be done. Wien group wite procedure %2 IS
.awakened by step 81, step 82 finds the next nodified group in gr GDLU§U 2002
list 38. Step 83 deternmines if the group wait flag is set to 0. If so, step
89 sets the group wait flag to 1. G oup wite procedure 80 then enters the
sl eep node for a short tinme. This affords a wait feature that allows other
nodi fications to the group to be nade before staging to di sk storage device
18. Step 81 then again awakens group wite procedure 80 and steps 82 and 83
are repeated. Step 83 w no } (Patud hergfpupswait flag is not

set to 0. Step 85 w | en destage tf dified group to disk storage 2
6 J UL 200 13 device 18. Goup wite procedure 80 then enters the sleep
node. The presen%ﬁinve ti_on ggvin .been thus described w rticul ar

i,th pa
reference to tR&ENEFefBf d4rEeRs OPAEFLGr, a2 'Fﬁeﬁea88v586§%ﬁﬁ§t ari ous
changes apgenpdikiepat i aRenYnbeiTadet heneirs tvybhh%lgt rdeRathicg tfr om t he
spirit and scope of the present invention as defined in the appended
claims. the6fyllowing0specifdcataioms ih. cAnjenkédohowiflingdieng a cache
menory thatcgs 50 Ecall¥ %rtitioned i.n olt'rst %rédese%or(l:g_aca%bcees,S sai d
cache nendryOBBARG e SEEFTT5a dht X¥PS&ln LHEPWEEA CARSSt “BSHF G & %and a
st orage daéheee 3aikéd eBheetcorE istiriigtulrd tagponse to a request fromsaid
host conputer to access data, determining if said requested data is stored
in said first cache and, if said requested data is not stored in said first
cache, deternm piag if ;sai.dpheguesied datad § Sbapaddin sakd,segand cache;
if said requested data is not stored in said second cachHe, accessing a
group of sSeghiedies st owddi-grsaudast chape dewory, aachirdshgsegnemte | ncl uded

in said group of segnents including said requested data; storing said group
of segmenPs PR Eait %?@5&ﬁﬁ’cache and storing said

FIG. 2 is a flow diagram of the read procedure of a
multi-granular program according to the present invention;

and

FIGS. 3 through 5 are flow diagrams that depict a
write procedure of a multi-granular program according to

the present invention.

DESCRIPTION OF PREFERRED EMBODIMENT

With reference to FIG. 1, there is provided a computer
system 10. Computer system 10 includes a host computer 12
and a storage system 14. Storage system 14 includes a host
adapter 16, a storage device 18 and a multi-granular cache
memory 30 according to the present invention. Multi-
granular cache memory 30 together with host adapter 16 is
coupled in a data path between host computer 12 and storage

device 18.



first segment that includes said requested data in said first cache; and
.accedsing said requested data fromsaid first cache if, in resgzr@elt@ ?ﬁb&
request from said host conputer to access data, a determn nation®~i

that said requested data is stored in said first cache, or after storing
said group of segnents in said second cache and storing said first segnent

that includes said requested data in said first cache. 2. The nethod of
claim1, further conprising: if in respofise to a request from said host

conputer to acqRsR dRindf detier Maldon J s fAdeidhaind her nesiuest ed data is
stored in said second cache but not in said first cache, accessing in said

second caghwcesapondsdgnant afyall @dritains sHie PreaRfsiasts dea Bhd St ori ng
sai d second segnrent Ji.n said first cache; and accessin id. requested data
fromsaid Sflir}ggt% caé)%lel “rver” stortd gaalgléal d os%csoerpaa rsaet;errea?ﬁpsﬁnc asL{alJio i iarésat

cache. i federd002imed o> cdieureidind of o ey ZLodbitdelocofpyiss fg: i f

in response to a request fromsaid host conputer to access data a

det er mi natin GrPliRt it Wi dadquedtiar thattdats GrRrsstigited) 199t first
he, d ' t ]y ol fils
cache, degiagl ng &,d&asds I egentd ld}%i;lre% ey, %%?A&ﬁr%}s%%éa f\{ﬂc}?%

according to a |least recently use ocedure; an nse
request fraomesaixt hosth GEpUtEIgd 0 aadedsise dat atltee detler m Nty ostosagmde t hat
the requested data is n, said second cache desté;lgi ng a | east

t st dj
recently dEEPYGIOUp %fpﬁg%%llgtrégr%%t%atfar SR ESF ' Hcortf Wi according to a
least recenidd-4sed A of efhii@ntd. arke MEtneM Of y G A 58 Fuerd i thes

conprising: maintaining a first |least recently used |ist for said first
cache thatajanged weicaleky agt rig grdwast recently used segnent from said
first cache according to a | east recently used procedure; and nmaintaining a
second | east recently used list for said second cache that is used when
destagi ng a | east tiecentd ferrsed auoadinodntsaf alr s graeTd-s5 faomgaid second

cache according to a | eas recentle/ used ZProcedure 5, The nmet hod of claim
2 furt her9% rq%ﬁFﬁfpon s to a stripe (also, sometimes known in the

art as an array cylinder) and a segment corresponds to one
disk of a stripe (also, sometimes known in the art as an
array track). The present invention contemplates that
logical data structures of object, segment and group may,
however, be defined in a flexible manner. Also, those
skilled in the art will recognize that alternative physical
layouts corresponding to these logical data structures are

possible.

Host adapter 16 may suitably be a conventional
facility that has sending and receiving capability for
exchanging data records between storage system 14 and host

computer 12.

Storage device 18 may suitably be a disk storage
device that has a plurality of disks 19. Preferably,
storage device 18 uses disks 19 i1n a RAID storage scheme so

that the multi~granular cache memory 30 can take advantage



if said access request is a request to wite a nodified version S
requested data, transferring said nodified version to said fi rst?Baem,E ZQQZ
"transferring to said storage device a copy of said nodified version from
said first cache directly or indirectly via said second cache. 6. The

met hod of claim5, conprising transferring to said storage device a copy of
said nodified version fromsaid first cache via said second cache directly
if said requested data is not in said segond cache, and indirectly if said
requested da is. in said second, cache.. 2.6 J L 2002 -16,7. ,The net hod
of clain1§% &%@r%ﬁﬁ%égﬁgagﬁgﬂg etﬁegﬁgépﬁéageRﬁﬁghg oragd &P P& Sand

wher ei n eqehe0brSaiodeSegTBALR sy a1 Q@itGalcopkiid¥ ehitagk and each of said
groups is a logical array cylinder. 8. A nufti-granular cache nmenory system
that is located in a data path between a host conputer and a storage

device, said fti-ar | ar. cache r t rising: nory
that is IogicgﬁpyaﬁgF%%%PSﬁeguﬁﬁtggg F%gg%iagﬁg%gﬁgog’sgggﬁ g%%ﬁg?ngnd a
mufti - grangl ahcTeRgen Tl HireGessilng maguesls 3for.omasaicddiest teongpt er for
access to data, said nufti-granul ar nmanager. perform.ng a procedure that

i ncl udes: Mekhoss pdndder ¢y ddedst MRNGHedaild HOSE C@dipuer thid188Cess dat a,

det erm ni pg ﬁr@irr@ﬂye%léesitn%% dated g $Led 3hn .33 4, dddola cache and if
sai d requesteg ta i's not stored in said first cache, determning if said
request ed Mdaag eirs 3¢t aressghbomal ss diod dedeord ceagcheegufe sgai  nogglestted data i s

not stored in _said._second cache, .accessi a graqup_of .segnents .stared in
sai d stor&é’é“pd%\ﬁrc SZ ;tqf ISP S &Grhent® 'rﬁlé“lr%glcfg iogfussgﬁa&lffg§6%‘f‘.llsaerg‘r¥é’nts
i ncl udi ng ss@ird afse guepteed dald beStsHd i@ Sal ¢ idsaUR a’hes egnentaayesai d

second cache and storing said first segnent that includes said requested
data in sa&itd Fgspemndsadise dadiyd access requests from host computer 1

to cause data structures of a higher granularity, such as
groups to be stored in second cache 34. First and second
caches 32 and 34 may be designated physical areas of cache

memory 30 or may be logical areas.

The logical partitioning of cache memory 30 into first
cache 32 and second cache 34 together with storing segments
in first cache 32 and groups in second cache 34 is an
important feature of the present invention. It takes
advantage of the likelihood that an application that
requests a data object in a group will also need other data
objects in the same group, but not necessarily in the same
segment. It is expected that the cache miss ratio will be

reduced by a factor of about four.

Manager 36 includes a segment LRU list 35 and a first
cache manager 37 for managing segment LRU list 35 for first
cache 32, utilizing a conventional LRU procedure. Manager
36 also includes a group LRU list 38 and a group manager 39
for managing group LRU list 38 for second cache 32,

utilizing a conventional LRU procedure. Manager 36 further



accessing said requested data fromsaid first cache if, in response to said
request from said host conputer to access data, a determ nationzis gm;:
that said requested data is stored in said first cache, or afte t QZDUZ
said group of segnents in said second cache and storing said first segnent
that includes said requested data in said first cache. 2 6 J UL 2002 -

17 9. The mufti-granular nmenory systemof claim8, wherein said procedure
further conprises: if in response to a request from said host conputer to
access data geternination i S ,made bhat t he requested data i ed in

Iy BPst 2caERBe,

s _st
sai d secohHCCHERE BufSABt PFRCEAHHCT SEABCNECWEAL g PHeERI & g cond

cache a sgggnd geeuBniiriRat peeptalpe ggi.d requested data and storing said
second segnent in said firsF cache; and accessing said requested data from

said first cache after storing said second segnent in said first cache. 10.

The "Uft‘j9Fa”HE%Er§§H§r¥os¥§&?”b°frg%éiE}8Ce$ﬁgée%6 Eégﬁngr%ﬁéﬂ”re further
conprises: if In"resporise to a'réequest fromsaid host conputer to access
dat a a dehesrfi namponeirs lnadegtibatst hedaequastedsddba asreatl stored in said

first cache, destaging a least recently used segnent fromsaid first cache
accor di ngoP8ratienst réebntlydgsedmpreeeddr Encangaresitfdr €8pdndé £8 a

request T5omh3akdiRgst 16pMBYLEr 110 RECeaTdataqadehes sl B! Lagniacmde that
the requestéed data is not stored in sald second cache, destaging a | east
recently UBHdlgrbupSoef ssepdSSegmenssefrsom sapy odcohe ctaghesaecdodditng to a

| east recently_ use rocedure, 11. The nufti-granular menory system of
clain110,%ﬁ88r£ﬂﬁs alachoggdGPe%PﬁgtHSPpg%ﬁﬁrﬁzes: maintaining a first
| east recently used list for said first cache that is used when destaging a

| east recently used segnent fromsaid first cache according.to a
If the requested data is not i1n segment LRU list 35 (a

first cache miss), step 52 determines 1f the requested data
is in group LRU list 38. If the requested data is in group
LRU list 38, step 54 stages a copy of the segment that
contains the requested data from second cache 34 to first
cache 32. Step 54 also cooperates with first cache manager
37 to update segment LRU list 35 to include the address of
such staged segment in its MRU position of the list. Step
57 then transfers a copy of the requested data to host

computer 12.

If the requested data is not in group LRU list 38 (a
second cache miss), step 55 stages a copy of a group that
contains the requested data from disk storage device 18 to
second cache 34. Step 55 also cooperates with second cache
manager to update group LRU list 38 to include the address
of such staged group in the MRU position of the list. Step
54 then stages the segment that contains the requested data
from second cache 34 to first cache 32 as described above.
Step 57 then transfers a copy of the requested record to
host computer 12.



| east” recently used procedure; and maintaining a second | east recently used
list for said second cache that is used when destaging a | east 2Q}q9U!¥2002
used group of said segnents from said second cache according to a lea
recently used procedure. 26 J UL 2002 _is 12. The nufti-granul ar
menory system of claim9, wherein said procedure further conprises: if said
access request is a request to wite a nodified version of said requested
data, transferring said nodified versiofjto said first cache; and
transferring to%%aid,storage devige a cgpy of sajd nodified vgrsio from

said first cacR@TBFFEReI §CoFIFRdi 7 eRBFy vi BELBFYC SEELRY RERRHE ui%.EQhe

muf Ui - gr anyk ahq BB RN ¥y S¥RFEALEE S18E8L 4261 ORI SIAdricansi ghai A to said
storage device a copy of said nodified version fromsaid first cache via
sai d secoamdyvabhendiiseptrbyes$ @i shoequest BEiGdat a i Beherringséidssecond
cache, and igﬂ%regthé i f said requested gfta s _in ﬁaid segond cache. 14.
The nufti cQr RhGE ar’ meKBFYLSYRERAPEPCErai AT 13°9Wher 8RR AP at st SFRYESHevi ce
is a RAIEngteégg@sd§VAcaa@ada@B@§§iﬁp@aﬁhi@é_@p&ﬂaﬁggﬂentSpé§ 8zl ogi cal
array track and each of said groups is a logical array cylinder. 1 ~. A
menory ne@?ﬁﬁfméneéohﬁrﬁhﬁiﬁgqaeﬁgﬁﬂidgFﬁnﬁ BPARRCHBLFRADIY S§9MERTthat is

located g data path betugen.achosh EoUpuker.ang,aqstoragepdevice, said

cache nenory systemincluding a ¢ € manager and a cache nenory that is

| ogi cal | ywpattehi anedegneatalRUr shchache andaa secwoondifgachee said nenory

medi um conpri sin nmeans for cgntrilling said nufti-granulir ﬁagge menory
egle

system wi € l?ﬁlﬁgbééaare PheP ednpreedPIrhereSpBHERTt BRY “from said

host ponpyﬁg% 59 8956S8cH3t 8, sHghenm NhNY kiagakdrreauestegmdatarbsost ored
in said first cache and if said requested data is not storéd in said first
cache, determining if said requested data is stored in said second cache;

If step 62 determines that the requested data is not
in segment LRU list 35, step 63 allocates a location in
first cache 32. Step 64 is then performed as described
above, except that the data to be written does not modify a

pre-existing version.

Referring to FIG. 4, asynchronous process 70 1s
normally in sleep mode and is awakened by step 71 when
there is a modified segment in first cache 32 that needs to
be destaged to second cache 34 and/or to disk storage
device 18. When step 71 determines that there is destaging
work to be done, step 72 finds the next modified segment in
segment LRU list 35. Step 73 determines if this segment 1is
in group LRU list 38. If not, step 74 determines if the
segment wait flag is set to 0. If so, step 77 sets the
segment wait flag to 1. Asynchronous process 70 then
either progresses to the next modified segment in segment
LRU list 35, or enters the sleep mode for a short time if
it has completed its current scan for work. This affords a
walt feature that allows other modifications to the segment

to be made before staging to disk storage device 18.



26 J UL 2002 -19 if said requested data is not stored in said gecond
cache, accessing a group of segnents stored in said storage devi 43\§Uﬂigﬂ02
"segnment included in said group of segnents including said requested data;
storing said group of segnents in said second cache and storing said first
segnent that includes said requested data in said first cache; an
accessing said requested data fromsaid first cache if in response to said
request from said host conputer to acces$3 data, a determnation is nade
that said requested data is stored in said first cache, or after storing
said group of segnents in said second cache and storing said first segnent
that includes sakg nequeshedgdahaawakenbdatinshreachs. ptbcedbe7oernAY
medi um of cl aim 15, wherein said procedure further coggrises: i f

response §6eRSré4uEB¥OREBNY $afBchbePeebAPut eFLEB AfcH

1g8PY a

d

n

det er mi na&&egrmngagga%h%etgg ﬁgﬂyemg gaLg s ﬁ&grggti Ros@id seegnd

cache but nof 1n sal Irst c accessing 1 n sal

second cache a second

segnent thatwibdht ahas dastlagequbsteddildiadandgntoti hg dasd seoondesegnent
in said first cache; and accessing said regge? ed da%g fromsaid first
heRE>Fn'sa €

cache aft@FVst6rifg shrfd"SBESHA S e “Pi F3S

8chE®91955%fe nenory

medi um of gl ghan ﬁ@xt"‘fﬂ@&@k@eé%gﬂﬁéﬁ‘éeﬁﬂr§e§MéhBeLRQOWE£S§§; bk in

response to a request fromsaid

ost conputer to access data a

det er mi naenbarésthadelehnt mpfle feguessbdrtatamesifiottshesedomnlssid fir st
cache, de§%%ghggrgg%egggnr centl¥kused segnment fromsaid first cache

accordi ng alea

recen P§ ﬁgedfprocedure; and-if in response to a

request from said host conputer to access data a deterniination is nmade

that the-requested data is not stored in said second cache,

dest a

| east recent | ylGs&8egr ddpdetesninesefhent §her BRALAE§IsEEERENEadhie
to a leasf rgpepkbyiysedsprocedyres +r2nfrdry knd0R8di#9ed segment

to second cache 34 so as to modify the existing group.

7

ing a
8ccording

Step 75 also updates group LRU list 38. Step 75 also sets

a group wait flag for this group to 0. Asynchronous

process 70 then enters 1ts sleep mode.

Referring to FIG. 5, group write procedure 80 is also

an asynchronous process that awakens at step 81 when there

is group destaging work to be done. When group write

procedure 80 is awakened by step 81, step 82 finds the next

modified group in group LRU list 38. Step 83 determines 1f

the group wait flag is set to 0. If so, step 84 sets the

group wait flag to 1. Group write procedure 80 then enters

the sleep mode for a short time. This affords a wait

feature that allows other modifications to the group to be

made before staging to disk storage device 18.

Step 81 then again awakens group write procedure 80

and steps 82 and 83 are repeated. Step 83 will now

determine that the group wait flag is not set to O.

Step

85 will then destage the modified group to disk storage



.18. The nenory nedi um of claim 17, wherein said procedure further25 UL -
conprises: maintaining a first least recently used list for said fi §J 2004
"cache that is used when destaging a |least recently used segnent from said
first cache according to a | east recently used procedure; and nmaintaining a
second | east recently used list for said second cache that is used when
destaging a |l east recently used group of said segnents from said second

cache according to a | east recently usetB procedure. 19. The nenory nedi um

of claimig,;npergin sand p&?%?@ﬁ%g % g?§r8ﬁogﬂéhsgﬁteég Eﬁédsﬁggs

request is a request to Wite a versi on of said requested data,
transf errmoagesai d nodified version to said first cache; and transfernng to
sai d storage device a copy of said nodified version fromsaid first cache
directly or indirectly via said second cache. 20. The nenory nedi um of
claim19, CO”pThé'ﬁQeEéﬁESEEQEhBQohohﬁéhﬁgsBQEBQ%hQ§VUE§c§1§@BYWQEhSa'd

nodi fied version fromsaid first cache na"said second cache directly if

sai d requesredcdana rsfaoenca sa|dhsepondecaedefanm5|hdereeﬁbyltf sai d

request ed dg&a is |n.said gegogd cache, i.um of ¢l aim 20,

wher ei n s¥t4tsPSr 88854 & 8 RAMD EPSPQSE 88w 818%&‘3\%&?8% "8dch of

sai d segnpatfatis @hkegigalyianbay tepektand €aeh @hesaptlrgtodpd ksopel 0gi cal
array cylinder. .A 3.AY. AY3. AF3l . AY. .Au.A . A AF A Al.A.AQ
9-. A A@ 2°A themrggwpuanggntlon as defined in the appended claims.
] oq{ vgl gb] WJ] c(a] c(a] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c(a]ca]ca]ca]ca]calca
] ca] ca] ca] ca] ca] ca] c”a] ca] c: aU]c: a] c(a] ca] ca! gsu| ~4nwz4k&YZ*{vql gb] XU] ca] c(
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] calcalca]c(aUl c(a]c(al! 230, 7@x=yv
& “!1'1'11}xsnid_ZU ]ca]ca] ca] ca]ca]ca] ca]c(a]ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca
] ca] c(a] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] cal I I!"" N#H#' $HEy$$a%00000800 8EE&
BV - A VAR ((~ytoje [V]ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c”a]lch
ajcMa]lc”™a] c(a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! (
(7([((5)6)B)r)s)x)y))) **v*& X % /. .-12/17/0501 000} xsni d_Z] ca] ca] ca] ca]ca
]ca] c(a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] c( a] c( aJ cal ca] ca] ca]ca]ca]ca]ca
]ca]ca]ca]ca]cal01u22222F333]44466$6 666789°

cal c(a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal =7>>?- 2?2?27,

@@ @ ABBBB5CFCGCoCD7DDLEs EEEEEUFFFt GG xsni d_Z] ] c] ca] ca] ca] ca] ca]ca]ca]calc
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c(a] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]cal
GG

HCHTHUH~HHHHHI 1 1 JJJJJ* KKKALLLLEMWVNNOhOPSP{ vgl gb] X] ] ] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c(aU] c(a] ca] ca] ca] ca] c&aU] c&a] ca] ca] ca] ca

] ca] ca! SPzPPPPPPQRORVWRRRSPSSST\ TTTUXUUU3VWVVWWANWNAK} xsnid_Z]]]] ca]l calca]ca]c

*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]

ca] cal c(a] cal XdXpXXXYQYYYKzZkzZ[ 5[ z[[\a\]%A4 4] :]]1]]**"x” "_9_ *“}xsnid_Z]]]]c

a)J ca) ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]c(a]ca]ca]ca]ca]ca]ca]ca]ca]ca]calcal

calcalca]calcalca]ca]cal * } " laaaabXbbbcdccccdd[ ddd/ eeeXf ff/ gggdhphh} xsni d
_Z]]1]1] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢

n$ouooo* p} pppaq] qq} xsnid_Z]]]]ca] ca] ca] c(a] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca

] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]calc(alcalcalcalcalqq!rjrrr@sst[tttKu

suuv;

vouooo* p} pppqgq] qg} xsnid_Z]]]]ca] ca] ca] c(a] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]l

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calUgf H*
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in response to a request from said host computer to access data,

determining 1f said requested data 1s stored in said first cache and, if said
requested data is not stored in said first cache, determining if said requested data

- is stored in said second cache;

if said requested data is not stored in said second cache, accessing a
group of segments stored in said storage device, a first segment included in said

group of segments including said requested data;

storing said group of segments in said second cache and storing said

first segment that includes said requested data in said first cache; and

accessing said requested data from said first cache if, in response to said
request from said host computer to access data, a determination is made that said
requested data is stored in said first cache, or after storing said group of segments
in said second cache and storing said first segment that includes said requested

data in said first cache.
2. The method of claim 1, further comprising:

if in response to a request from said host computer to access data a
determination is made that the requested data is stored in said second cache but
not in said first cache, accessing in said second cache a second segment that
contains said requested data and storing said second segment in said first cache;

and

accessing said requested data from said first cache after storing said

second segment in said first cache.
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if in response to a request from said host computer to access data a
_ determination is made that the requested data is not stored in said second cache,
destaging a least recently used group of said segments from said second cache

according to a least recently used procedure.
4, The method of claim 3, further comprising:

maintaining a first least recently used list for said first cache that is used
when destaging a least recently used segment from said first cache according to a

least recently used procedure; and

maintaining a second least recently used list for said second cache that
is used when destaging a least recently used group of said segments from said

second cache according to a least recently used procedure
5. The method of claim 2, further comprising:

if said access request is a request to write a modified version of said

requested data, transferring said modified version to said first cache; and

transferring to said storage device a copy of said modified version from

said first cache directly or indirectly via said second cache.

6. The method of claim 5, comprising transferring to said storage device a copy of
said modified version from said first cache via said second cache directly if said
requested data is not in said second cache, and indirectly if said requested data is

in said second cache.
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8. A multi-granular cache memory system that is located in a data path between a
host computer and a storage device, said multi-granular cache memory system

comprising:

B a cache memory that is logically partitioned into a first cache and a

second cache; and

a multi-granular manager for processing requests from said host
computer for access to data, said multi-granular manager performing a procedure

that includes:

in response to a request from said host computer to access data,
determining if said requested data is stored in said, first cache and if said
requested data is not stored in said first cache, determining if said requested data

1s stored in said second cache;

if said requested data is not stored in said second cache, accessing a
group of segments stored in said storage device, a first segment included in said

group of segments including said requested data;

storing said group of segments in said second cache and storing said

first segment that includes said requested data in said first cache; and

accessing said requested data from said first cache if, in response to said
request from said host computer to access data, a determination is made that said
requested data is stored in said first cache, or after storing said group of segments
in said second cache and storing said first segment that includes said requested

data in said first cache.
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contains said requested data and storing said second segment in said first cache;

and

_ accessing said requested data from said first cache after storing said

second segment in said first cache.

10. The multi-granular memory system of claim 9, wherein said procedure further

comprises:

if in response to a request from said host computer to access data a
determination is made that the requested data is not stored in said first cache,
destaging a least recently used segment from said first cache according to a least

recently used procedure; and

if in response to a request from said host computer to access data a
determination is made that the requested data is not stored in said second cache,
destaging a least recently used group of said segments from said second cache

according to a least recently used procedure.

11. The multi-granular memory system of claim 10, wherein said procedure further

comprises:

maintaining a first least recently used list for said first cache that is used
when destaging a least recently used segment from said first cache according to a

least recently used procedure; and

maintaining a second least recently used list for said second cache that
is used when destaging a least recently used group of said segments from said

second cache according to a least recently used procedure.
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comprises:

if said access request is a request to write a modified version of said

requested data, transferring said modified version to said first cache; and

transferring to said storage device a copy of said modified version from

said first cache directly or indirectly via said second cache.

13. The multi-granular memory system of claim 12, comprising transferring to said
storage device a copy of said modified version from said first cache via said
second cache directly if said requested data is not in said second cache, and

indirectly if said requested data is in said second cache.

14, The multi-granular memory system of claim 13, wherein said storage device is a
RAID storage device and wherein each of said segments is a logical array track

and each of said groups is a logical array cylinder.

15. A memory medium for controlling a multi-granular cache memory system that is
located in a data path between a host computer and a storage device, said cache
memory system including a cache manager and a cache memory that is logically
partitioned into a first cache and a second cache, said memory medium

comprising:

means for controlling said multi-granular cache memory system with a

procedure that comprises:

in response to a request from said host computer to access data,
determining if said requested data is stored in said first cache and if said
requested data is not stored in said first cache, determining if said requested data

1s stored in said second cache;
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if said requested data is not stored in said second cache, accessing a
group of segments stored in said storage device, a first segment included in said

group of segments including said requested data;

storing said group of segments in said second cache and storing said

first segment that includes said requested data in said first cache; and

accessing said requested data from said first cache if in response to said
request from said host computer to access data, a determination is made that said
requested data is stored in said first cache, or after storing said group of segments
in said second cache and storing said first segment that includes said requested

data in said first cache.
16. The memory medium of claim 15, wherein said procedure further comprises:

if in response to a request from said host computer to access data a
determination is made that the requested data is stored in said second cache but
not in said first cache, accessing in said second cache a second segment that
contains said requested data and storing said second segment in said first cache;

and

accessing said requested data from said first cache after storing said

second segment in said first cache.
17. The memory medium of claim 16, wherein said procedure further comprises:

if in response to a request from said host computer to access data a
determination is made that the requested data is not stored in said first cache,
destaging a least recently used segment from said first cache according to a least

recently used procedure; and

if in response to a request from said host computer to access data a
determination is made that the-requested data is not stored in said second cache,
destaging a least recently used group of said segments from said second cache

according to a least recently used procedure.
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maintaining a second least recently used list for said secon cache that
is used when destaging a least recently used group of said segments from said

second cache according to a least recently used procedure.
19. The memory medium of claim 16, wherein said procedure further comprises:

if said access request is a request to write a modified version of said

requested data, transferring said modified version to said first cache; and

transferring to said storage device a copy of said modified version from

said f}rst cache directly or indirectly via said second cache.

20. The memory medium of claim 19, comprising transferring to said storage device
a copy of said modified version from said first cache via said second cache
directly if said requested data is not in said second cache and indirectly 1f said

requested data is in said second cache.

21. The memory medium of claim 20, wherein said storage device is a RAID storage
device and wherein each of said segments is a logical array track and each of

said groups is a logical array cylinder.



