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I nvention The present invention relates to a nethod,

system and program for et hbd, system and program

for maintaining data in distributed caches.
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The Caching and Replication Internet Service Performance (CRISP)

project has developed an Internet caching service utilizing distributed
proxy caches structured as a collection of autonomous proxy servers that

share their contents through a mapping service.

Notwithstanding the current uses of distributed caches to service
client Web access requests, there is a continued need in the art to
provide further improved techniques for gservicing client network requests,

such as Internet Web reguests.

SUMMARY OF THE DESCRIBED IMPLEMENTATIONS
In a first aspect, -the present invention provides a method for
maintaining data in distributed caches, comprising: maintaining a copy of

an object in at least one cache, wherein multiple caches may have



di fferent versions of the object, and wherein the

obj ects are capable of having nodifiable data units;
worahoanzdsed ng update i nformati on for each obj eRCT/GB2003/004193

mai nt ai ned in each cache, wherein the update

information for each object #n each cache indicates

t he object, the cache including the object, and

i ndi cat es whet her each data unit in the obj ect was
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the determlned cach% and updating the target Obj ecgc Ig%ge target cache

with the retrieved most recent target data unit value.

The method preferably further performs, after updating the target
object in the target cache with the most recent target data unit wvalue,
applyving the received modification to the data unit in the target object
in the target cache; and updating the update information for the target

object and target cache to indicate that the target data unit is modified,



obj ect and target cache to indicate that the target
data unit is nodified, WO 2004/ 029834
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for the target object in any other cache indicates
that the data unit is not nodffied. Preferably, a
central server perforns the steps of determ ning
whet her anot her cache includes the target object and
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mo&Pfl}@gl:lfJ}l Q:Betlﬁaagg_ege%eéé@r whSc ?Quﬁiﬁged a:rédtl\!@?é_@gl;ét Eﬁ&le after
central se Ver al nS u al e 0
th%ﬁjloé%t receneacaﬁ"gcac atca *pa eond.i.: r%ag er a%?q:hfeu??ﬁg%% cache.

perfornms: maintaini ng [ nvaI idation i nformatl on for
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indicate that the target data unit is invalid. The
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appbringodie regeived modification to the target data unit 1n the target

object in the target cache; updating the update 1nrormaclion IOr the targec
object and target cache to indicate that the target data unit is modified;
and updating the invalidation information for each cache that includes the

target object to indicate that the target data unit is invalid.

The method preferably further performs: updating the update
information for the target object in the determined cache to indicate that

the data unit is not modified.



WD 2004/ 029834 PCT/ GB2003/ 004193 4 Preferably, a

central server perforns the steps of determ ning
wob@thzssst he invalidation information for the Per/gaeo03/004193

object and target cache indicates that the target

data unit is invalid, deternmiing the cache that

i ncl udes the target object and the nost recent target

data unit value, and retrieving the nost recent target
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In a second aspect, the present invention provides a system for
maintaining data, comprising: a plurality of caches; means for maintaining
a copy of an object in at least one cache, wherein the caches may havg
different versions of the object, and wherein the objects are capable of
having modifiable data units; means for maintaining update information for
each object maintained in each cache, wherein the update information for
each object in each cache indicates the object, the cache including the

object, and indicates whether each data unit in the obj ect was modified;



havi ng nodifiable data units; neans for maintaining

update information for each object nmaintained in each
we2whe29sdherei n the update informati on for ear¢tT/CBp@G#004193

in each cache indicates the object, the cache

including the object, and i ndli cat es whet her each data

unit in the object was nodified; WO 2004/ 029834
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re¢eivgay dBPeEticpRlgnEe & éﬁ@@t é%‘aqémlWr &% SPREUSRE in one

tatfora@id, onwifearid haet@raged iolfpeacttibn oy thetthegetc gbfret in any
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in each cache, wherein the

The system preferably further comprises means for maintaining
invalidation information for each object in each cache, wherein the
invalidation information for one object in one cache indicates whether

each data unit in the object is valid or invalid.

The system preferably further comprises: means for determining from
the update information the cache that includes a most recent target data
unit value for the target object if the invalidation information for the

target object and target cache indicate that the target data unit is



invalidation information for one object in one cache
i ndi cates whether each data unit in the object is
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comprising: returning, with the central server, the MOST recelt talgew
data unit value, wherein the modification to the target data unit is
applied to the target cache after the most recent target data unit value

is applied to the target cache.

The article of manufacture may be one wherein one cache server is
coupled to each cache, and wherein each cache server maintains update
information for each object in the at least one cache to which the cache
server is coupled, and wherein the central server maintains update

information for each object in each cache.
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The article of manufacture may be one wherein one cache server is
coupled to each cache, and wherein each cache server maintains update
information for each object in the at least one cache to which the cache
server is coupled, and wherein the central server maintains update

information and invalidation information for each object in each cache,



invalid, determ ning the cache that includes the
target object and the npst recent target, data unit

wQo 200u@2983d retrieving the nost recent target POHGE2003/004193
unit value fromthe determ ned cache, further
conprising: returning, by thé central server, the
nost recent target data unit value, wherein the
m)dification to the target data unit is applied to the

get cache afte t.he nog eceive
fur COIgpI‘lSlJI'l(_'iI o ge m{lﬁ %ea{ %g Qét tcg&%etseg@gzat% E d

uel object_in etarcgl,] o1
th@a’é‘hiéfl%f@"&r%q &he Wgﬁ%\rﬁﬁ‘f%c%?:e ey Be 8ﬁeu373ﬁté? o ormation
foanehc achgetsebiet sl tepws] edcte indictrteading, thmgarget data unit
1s"\4ﬂ§(§i@1@de%ﬁa %hﬁnéeby ei'henﬁénﬂje@l Eschdpgatver, the data unit in

h{en1f: of t é}%ojn ac Eﬁ‘ec Qag Jate %gcflé‘] atfp% %%tgngﬁﬁg Qﬁa@ aﬁalaeupdate

ver I's_cou in tc &
lnéem%fapns@rfv@?e ﬁﬁF?ﬁ%Ph%eq}pa%‘i &ar ‘?Ff iati 18 lcgﬁa that the
tairp¥aldadatundn inbodiftedon for each object in each

Ca'che_, V\D 2004/ 029834 PCT/ GB2003/ 004193 9 further
COlTpf’ l.S] r\g{cﬁgec;fe ryaggl.ll on)(ma@ bteagrggtfugﬁgle c&@r\iginé hé-éndlng

received Ttica he tar gata ity e eh
byinkles ﬁér’fg%”rléaﬁ]i}ﬁdéteév‘?rnf@ﬁ?&%l?%ﬁ t°f o f % ft zﬁﬁ"‘% Pty =he
ta@pek tdargemicachd rediroit® bhathet hentral gearvaat & Uﬁ%age to the
ta'r%emlcﬁé edirvandoUpdabbd G thycHehfod iFh get icnathse: $Er ers not

uc}le % a unkfjre%&ntt@%gg‘@ o%@g Lgﬁjteggl 1f Iﬁ% g@fegeéache had the

a?te ermnin for

tl

mOFBrr%q‘Fétt'%ngé‘E d&EjiéE’lltaYﬁ}uFa?@e(g) c%ccﬁgg?s &H%anfong fegene target
dattheunitravajete dateaotimxt cheharbaf fihedmosthseeanti B3@epfdata unit
va@QUfﬁ@t A2 v IRy, Bﬁ etk hedcheos@ries| NGie serdivag most recent

cadfel 8] %Hg%tv%ghﬁ ) $6L UBlyol J50UES knk CLalhe CABES dlerore

er F e arl%él a unit: and returning,

aPBQ/Y’cIH?e t}é%rﬁeFﬁlrvege?‘?fElflC%\t 35%1 °t'$PRE S RrGeT Cache

server to proceed with the m)dl fication that (i) does

not pdoRchaddard hemBBsds, r egelh, tadgetosttan af cornnd ingalinigngi flata in
dlsgf:%ut%d é(:a%glgg hag cto%@ %ﬁ%t oﬁj%%@nis Gnﬁixg?atlng@tlﬁ Q@'lteast one

i ncludes 't et

cagiPt WAFGE FELROEAFRERCHY WA Che oS P ré?;le"n ol arget It
andatieeneni t they ebirsts gang apgebyenef bByLacheodidighte éathémltS
Up3BEY Bhfoihie i bR GRI MeThtaDsdd Fecenich dlgrgetnadataingdi in each cache,

whe?‘cg#? |t£18 Lr[ gt% gglg%ré 8 fo@ &i@ﬁl gﬁf Etg%t tllﬁ%{aﬁr&%fq@éﬁldlcates the
OhJﬁF*f \FQFu‘“eaC Prjd’xﬁla‘éjd*ga}ﬂée e? Fr%afhoé d mdfca o5 W%%e A aata
urfior inrehat giieichgradarediifhed di éﬁ‘?efrbﬁﬁfé%}véﬁ%i?eg,wd%l&BWnoFo a
tzageOhja@etudis MMicAtaiaiedt idbjatt lieaste anegetc@gdies, the update
:Ln%%&lb %]élg]}:'gl:t l‘cﬂ’é el:a %ﬁjé@'y aﬂé\@rg{atf fcﬁEﬁé]tlsV?@c&it@@S:oOﬁndlcate
J & J cle A n rmatlion oY
e e Fa) & 0 a U ac UBETE T OPiar] gn gesien ¢
theakmrgscnelel scor i aeh %ﬁéaacﬁau TGP FiFiokEh GaBRe fate wit

iavaet eddaithei.update i nformation for each object in each
cache indicates the

lIlC

In further implementations, after receiving the request to modify
the data unit and if the update information for the target object and
target cache indicate that the target data unit is modified, the received
modification is applied to the data unit in the target object in the
target cache.

8

Still further, after receiving the modification and if the update

information for the target object and target cache indicate that the

target data unit is not modified, a determination may be made as to
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FIG. 1 illustrates a distributed network computing environment in

which aspects of the invention are implemented;

FIGs. 2 and 3 illustrate data structures to maintain information on

data maintained at different caches in the network computing environment;

FIG. 4 illustrates logic to process a request for an object or page

in accordance with implementations of the invention;
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degree of granularity Wlthll’l the memory pages 10a, 10b...10n, including a

word, a field, a line, a frame, the entire page, a paragraph, an object,
‘etc. Although FIG. i shows each cache 8a, 8b...8n as including a same
number of pages, where each page has a same number of data units, in
described implementations, each cache 8a, 8b...8n may maintain a different
number of memory pages and different memory pages, where each memory page
may hava a different number of data units. The memory pages in the
di.fferent caches 8a, 8b...8n may represent web pages downloaded from
different Internet web servers at different Internet addresses, e.gd.,
Universal Resource Locators (URL), etc. The memory pages may store web"
pages in the same file format or in different file formats. The memory

pages may include content in any media file format known in the art, such
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conponents, referred-to herein as data units 12a,
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where the data units may be nodified. The data units

may conprise any degree of gRanularity within the

menory pages | Ca, 10b... 10n, including a word, a

field, aline, a frame, the entire page, a paragraph,

obj ect et c. ho El ;

o Ho8 A GF semainls s S, TSI EAE EARIE PR«
texaéhlpagevhddlea PAFE T UADET 8P Waf&uUnfts, in

descri bed i npl ement ati ons, each cache 8a, 8b...8n may

mai ptain. s bf enestr spurdher 10f, nepprigcpages merd 18f, 18g

. different nmenpry g re c \
N T
reqreges fom YeRepagRs ferefestached BEre grrver g/ n%;gj) --2m, such that
thd eiesentquwelspayebe el ogid Edbrf tben caghés$ deendb. - .8n.  The
cl:ﬂe%:eéﬁ;@émwl%a?’ efger S1 Rt nl fbasent int ebnelciag He®sseknown in
th e. ?r%’ uLc.J ia\tlser gsala Re:?sooli!lt’ige olrngﬁ@éror §a§tl3§|—):@mp%t:gr, %Bﬁ{station,

s fys pages nay gfore web pages in the sane fil 13
maingrapd. GPLTRRCHY fIeET et hﬁ’il‘?lt?lfio‘fWPE?r’Tﬁ%rvr%norﬁfwogé@é’g rance.
etdrayahdiGhaderogeat €k, | 2bany2ogetka chinrd skoryaPréFeRncamgble of
redudd8r Bid £1iBAC R0 22 004 PR 9 83dkn PGT heBR03h 80 $1 93 er1@r @S am,

pertext Language Markup i bl.e. UR, .
not P EIAE SR BTl P, (M s FSPREL by LK Mban fites

to gdanes T e anyt BediA BPRAI A of* CPRET sysTef® 183,
imdl8bentkdd pnd 8d, udBeat 18k, bu@gers RORuPOLhr cilgeray Poglfy or
up @R, a2QCin 20Q, a2 2Qf in 20¢ hd@tyCuuNicahe caches 8a,
gp Fequests for web pages to a designated cache server
Zd, 2b...2n, such that the client requests may be
serviced fromthe caches 8a, 8b...8n. The client
systesselBeal E8bver. 4 1i3glnias eorgRtirak senyeT GApertonRy pProgram 22
and @¥k C& MBOMYvehs Jhhexmr.t 2n Stdeh aslase a pareopatver program 24a,
2415 OMRML &1 p%:zﬂ\?)g:rg pca%gm}é%g][ate\a%ﬁ%@u&n, R LB 3B erver

“t'el'ephony i ce,  hani d conputer, serve net wor k
SigPPAREETRE T A The BT BIe IO B00 IO
infromptice caryhepfagr anitcapbdl apfbe prdpfedt 1hgarh |megopy epge 1o
cadh REENORK, @ChAS 84kH BhEHNeErRIrOpB@Irapl TG, aldb. . ADAA elso
ma fUAYEL o ;gsgqa]d BLay gg_r%c@ofzyQSdezsﬁoe.ndﬁfn' ReihBeatiat as

fromsuch files to the uUser | ant¥hrgegnlata bfe%n?atte%nowhe
majrrag gy HEEOPRE RS PR T PRI BkTR at PonsTY aude &t the -
nerlgrywsares 20a, 190b.-1020g hesplnerfifey8ar 8PupdRie ddCa™ihfies in
thd heclatacHBidiSettbriiBe BRNISH . parpes correshendc achesr8eg for the

8b., et BLnS 8l VelAcdAchydes a central
sanéeegn\%?ﬁg%)?;e-%teéry r?r ogr? am 22 reandl@tche cache servers 2a,

2b... 2n each include a cache server program 24a, .
24bFIG. 24hltustperdsorhe caemngore] sherrépetafpoHeinghdn the
ceSOBlLr dresebMens £HA e6tA0r Yaqite0glsrnt2Riam 4 Ai2A8. 428n. Each

ent%:%ﬁ%[)aincq{l&&;cgﬁgyoxzﬁofgaitﬂﬁfééq.bflginformation for each local cache
directory 28a, 28b...28n maintaining a copy of the page corresponding to
the entry in the local cache 8a, 8b...8n. Each entry 50 corresponds to a
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maintain a copy of the page. Each tuple of information maintained for

cach cache 8a, 8b...8n that has a copy of the page includes:

Cache Server ID 52a...52n: indicates the specific cache server 2a,

2b...2n that includes the memory page represented by the entry.
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the nenory page, at the |local cache
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20b...20g. In certain implementations, each client 18a, 18b...18g would
direct all its page requests to one designated cache server 2a, 2b...2n.
Alternatively, each client may direct requests to one of many designated
alternative cache servers. In response to receiving the request, if (at
block 102) the requested page is in the cache 8a, 8b...8n coupled to the
receiving cache server 2a, 2b...2n, then the cache server program 24a,
24b...24n returns (at block 104) the requested memory page from the cache
8a, 8b...8n. In such implementations, the cache server program 24a,
24b...24n provides immediate access from cache 8a, 8b...8n to a page,
however the returned page may not have the most recent copy of values for

certain data units. If the requested page is not in the attached cache



pages and data units therein to ensure that data

consistency is maintained in a manner that allows the
wa@badoenrs348a, 18b... 18g fast access to the dBCEHGB2003/004193

FIG. 3 and 4 illustrates operations performed by the

cache server prograns 24a, 2%W..24n and the central

directory server program 22, respectively, to provide
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FIG. 5 illustrates logic implemented in the cache server programs
24a, 24b...24n to handle a request by a client browser 20a, 20b...20g to
modify a data unit, referred to as the target data unit in one page,
referred to as the target page. Control begins at block 200 with the
cache server program 24a, 24b...24n receiving a request to modify a data
unit in a page from one client 18a, 18b...18g that is assigned to transmit

page requests to the cache server 2a, 2b...2n receiving the request. If
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access (at block 142) the corresponding data units
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server 2a, 2b...2n identified in field 52a...52n of

the tuple and add the accessed data to the

correspondi ng data units in the retrieved page. A

tuple for the entry for the retrieved page is
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data unit.

After providing the receiving cache server with the most recent data
value (from block 222) or if the receiving cache server does have the most
recent value for the target data unit (from the no branch of block 214),

control proceeds to block 224 and 226 where the central directory server



24b. .. 24n updates (at bl ock 204) the data unit in the
target page in the cache 8a, 8b...8bn coupled to the

WO e@ei2dsy cache server 2a, 2b... 2n with thePCEGBRM0AM04193
nodi fied data unit. Oherwise, if the update word
54a...54n 28a, 28b...28n at %™he receiving cache
server 2a, 2b... 2n does not have the bit
correspondi ng to the target data unit set to "on",

then e rec he_ s rver. Rrogr
pr%%rt?m Vi ol tEe i’?&lk g?@ck 2 tl&egg’ee%tﬁp tzroea&‘mes%Imtg cache
SeFTRE 1 BRSRCHAMAT UNitE FIFTERRPRARg Eaﬁetatf%eft RECT et F ain the
up8&tey @brd 54kl G546 d4d Most matiesheopratinoris pevdlodawignpyord -
sehhe egnti athgletteﬁt %¥ CIRCLN ] esPLRPAML 2etir ESPQASE. The
ce%tgra%_ ([1:21?] 8{'y Srﬁng'vr%(:} gg%grr%.tct:te Vlérll_g%) %he sce£¥ ecrk ﬁ;@ the é%ata unit
bigging theiipvphidagéon t"’aF%ﬁet%ﬁagéGnIW Fggrﬁyﬁé%’s tla the engry 50 for
thé eeelgut nggs Ut allr equestcaiod slekm:ds_ 24 0pn”t hedicEringathat the
otflld &GLRL %e%ﬁéeﬁa@ @Q&aﬁ@d%tﬂet&f fhhesrgat Rkacki2ld) their

whet_her the unit bit. carrespon r
co%tog B t af%ett ﬁ%gef nngtli1 S5 Hor %%%g%%GBPﬁgl{aﬁe%tthen
retipise (FoP1pfe 2RBL Wﬁ#gﬁgea%méheewet"lz’g, cypie sgyer to proceed
with ndicatied the thsded 82a units2n) Thamedmnoentayy abo fipelude a
meggfger € §E§g oQagt%lEL@lt seb 4 r&fiestiflice@d BErver to update
th%n e\éggan glltf 8 t%l'htlge\palal %)tt:%)erar?@%?sa %[a\{fgn %@rds %Qr ‘the

eta n such case,

regdieederiaealo wﬂte?ctteot%afséP%é@qb?%t@FSrﬁaf?eoseeﬁgﬁtnfﬁé‘sthe most
re¢att bbdmde 24i6)cht himthupliesi peibeupdanied yinf ke thee ot Aer

algéﬁﬁ%ng@rl‘:ﬁﬁfen%ﬁtat%.@ns, AhehaarcRgl aﬁrbl@&iﬂﬁfeséliﬁ’l'eﬂ &@gmﬁ 22 may
returen ‘i:g% A odlg'at a r}_ldta.%:ﬁlr; aég J%Fgﬁda%lon?' %r&&

e éen cache server that has the
rmst recent data for the subj ect data unit. The
centpal mwhcpicinor Yatsbtawy 2pP Ggr BFF 22) t Henmeditti pé\iesogatdata
unptl_ QGkm 24R) cerhﬁfal Bstcf &6epir\al piogebnthe tid gethdabaver
pro rlcixtmcg% omzﬁ tgahdlé)dgé‘ecsh?aé% \ég};; 2%@’) t}%btarg%@ data unit in the

e an

tamettcreaeeze}l T e
Upt deheiviegeiat hfjodache) sbevesssagq tot hedidet drentaegpt data unit,

th& U:I%lqﬁesélhl% tahgele dat & 4ani 145 .t . 240 bHEs UpAAI®CWOISE) the
mo 1%@(1 ?a 4nu1fukritig%v%&hﬁomcgféq%li?&{tvgi:om%%r 2?0Ql 2@31 I§Og to the

because after the update
ragpeat i - - tie i‘%c%’?v?"t‘f& cSehdserfPer will update the
target data unit and have the nost recent value for
t he thar @elriial anpiRkinkntAf bed pRbeMiedbNgd-beolr goeiayidigtributed

ca%]i‘?‘c Il%rg%\ésgtem %D aﬁﬂgw MRabedLE6Me daba atVéxléJ%aétﬁJ @gi:ver by a

cel Vving. cache_server

cliept ﬂ?ﬁ%"{serr b RE % g &ime l?t-aafl&egat&-aF%nSlﬁl ?nc(yic getween all
cathe seovérsanciThét dlsockridys a selwied| dgrrodrEds ch;tsa.stency
bebhaek i 224 can6ta226 upbetel tihea cobisal, hlveet omyasblared data bit

:J.S\/\pet2 98 4141’%2 g%%%af qfr@@g%s 45 QZIQ %gsrentl:)Ze ReRHE @Erggrss %h§t have a

entry for t re ti
copy of the page- 1nclud1ng the dat\{a unit beei‘.ng mq)lée§ dn g Cl\? 1nformat10n

about updates is contained in the remote cache servers and browsers at the
remote cache servers and clients may continue to read pages from local
caches that do not have the most recent data unit values. However, if a
browser receiving data from a cache server that does not have the most
recent data attempts to modify a data unit, then the browser wlill receive

the most recent data before applying the modification.



server, the data unit bits corresponding to the target
data unit in the wupdate word 54a...54n to "on" and

W b@4029834 i n t he invalidation word 56a....56nPCNGBRE@®3/004193
entry for the requesting cache server to "off". The
central directory server prog]rgam 22 also sets (at
bl ock 226) the data unit bit in the invalidation
words 56a... 56n in the tuples in the entry 50 for
the target page ﬂda&tfédaloiﬁ%m&aﬁheoﬁﬁewi& to "on",
i ndi cating that ot her cache servers have invalid
data for the target data unit in their

t ar §ee JeageEibeFhecdeheren foF MERRSGIRP §e‘?3\F§FlIS’rt88r%ﬁﬁhﬁzserver
systhenmay elelimsl ehattddl ack- 2328)oda mEmcage Py atidcle of manufacture

usi&f %k%ﬁ&?%&@aﬁﬁ%}%e&d/ Or PdREBEE-inW tteh:hﬁpfiéc;yt& @Profece
e ata_ uni € Ness e | e
so%r\évgagg ]g ex pIT ll'x?r e, oF argy' co. 1n%lﬁ£81r é:él% eését I naI‘hgat(::erén

“a:s@rcx;téroﬁ @aamére”t H% ‘%Séfie‘?/%‘?ﬂn bTREErs £ ARFS ©F fhoid
impBdriedladd an mndwhie abgtatieon. Wen distegratddecigeasei apad.

PrQ Lond pdis %t;c@aj} hagait,hepseaeesdd @geé?l&(ihelrﬂ:%b':}v’aﬁfedh@ﬁrcult
(AEI Cga?gfgct |’n‘r“feﬁ:nt ggtreeafiglfr) et ngdqﬁlt asx&’!:.ril %\é ng%hg&c storage

er na | ve i emsnt ations

me@Hm derd-rahaf Fléil‘t éF%/V%r {esoryr Sfikgm 22 fayetCr bt PRI
stbhgyemoch-Rove, watidat dorksanekd.nv aldldatioandorgsvolgsdhe memory

de(n.eéé%' ying, (ﬁ’épRBi&fﬁ'ﬁoﬁéOtpkﬁnlafl Gamb) phines, Mgk, ech e get
| om C ra r 1 1
pr%%ramfnﬁbl'{] Eo ic, etc zr ode 1n Q:hé c?otmg[lézl %Qggﬂblg R A 1 s

e CaC e’'serv progra at esd
acpese| Tk SPEVFAHY PR GEETRRa T £°Fh Jflh?éhlcin i e
empaij@ehts iatrs T@theerBad Bly. furt@ervibe hetdrsipée dhyeeh a
iR L ed, dada Upifrom 4pQNelR6OLYIVGr (Anebh@OK 204 putheases,
th? arscag e 09_ rro({jl:;;taé(tlfrlgeln ga&?ttjé\%aéo%euﬂé tlmplént%?lted may comprlse a

eques cachne server , %
MSEW mﬁ%“cﬁ £ PeP @8t RERY R ‘éﬁaé’fs%}‘éﬂ“fof‘o gy e‘“”cﬁ 8 n?
trifowsetor?Badiz20bignal@Qgyobagatiey Pugeol Gaaca0ladio GAVEH
inkRe-LasNR88, 8b. . Th&@ chbe 3es€1d betndnpheteat atayonsuprise

thg rge;:élllqlg 1% gll-u? 91% 8£ 1% grl'nkgotdr QUt %gdl&%ﬁgﬁysefw§r‘artlcle of

t°0 ow updat es one ¢ cheftseg:\e/er
mawfagtum”. BRY BRBHEE: aa??abé’?attlﬁﬁ %far'?%r?“faﬁ@ i AYATR
cotlpdr@nconisi sheicyhdebdeds aipodiedcrrosessrey sandTﬁ’F%Cuéﬁ‘%o Of
conéB/l g@@seasﬁﬂl@&eﬁl dat aypeatie r6asi st anay ndpecaigEiddtions

maaqie m% tlost %dggr&q.g{lﬂaéogrﬁ%gut d%BgJYtﬂlB flfb\ﬁah‘léj%tzéﬁe of the

Int cent ral rec
PTRRRFSL émcealeh%nrsé%etﬂ’%tt% 2hEvee e’ 8‘8’6‘9‘50%#‘1%% ais COmPrlse any
inEpgdagdom et hiradmedi unnkitowbelmghaowhit-i ed. No i nf or rmtl on
about updates is contained in the renote cache servers

and Iplr g&%&ﬁe@&mﬁﬁgnEwhg GRERH eans @ﬁ\\"aﬁrl%la@f& GbtE£RhE update

continue taq rea S caches that
o Lo BPCPRES ST PEROP ata MIFP T -GAPLeL. Toveuay, LRyche
centrair owSEE - 1 e@ea%qxgaamealmlmﬁat%eﬁ@ SBLY et ‘P%ﬂate wora s
nabliPes nBel havéidnhenmatntatecant cdaidcattienpieneo wBdi éyuesiuy

ca@hg@eév%glhtas éLJA?Q &a@g b{h%\’\@gr{tr\éﬂléeﬂrgﬁ%oﬁﬁd Hak}e i’@%t:ocess the

uprdggeerx}rords in tuplgge apghé/ ! ger cache %Iegfxlré:rast !to determine if any of

the other cache servers have modified the data unit.

In the described implementations, the pages maintained in cache
comprised memory pages, where multiple memory pages would store the data
for a single web page accessed from a URL over the Internet.

Alternatively, the memory pages in cache may comprise web pages.
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| npl enmentation Details The described techni ques for
worewan29sgs a di stri buted cache server system negT/682003/004193

i npl enented as a nethod, apparatus or article of

manuf acture using standard pfégrammi ng and/ or

engi neering techni ques to produce software, firmare,

hardmare or any conbi nation thereof. The term

"ar tf dgs&flbgﬁnllllrr @&E tgtlcﬁl%r us %n@ﬂle 's@rx;é::‘tf eh& cEQtz_Cacid 8irectory

or iC errente ware. | ogic
S%rﬁ% QUERR ERRRARG: YRS, OP%Psb?nﬁnﬁ%\B‘% cé‘ire Haay sgne requesting
cacREAYsTvAp place aitd hh Spoet fiaserhtdagp dredr € goelying in update. In
al(téﬁlxa@)lvee;tncbl)am@ftaalmrpum@ opeeadabt eleaedingd) as pehf@sed by the

efrll;@ egv %&Q%nt??ld ldggéc(t%rg serb@f q)r@bn.szh‘ﬂ gﬁﬂ/\&%sdlstrlbuted

S, ,
srgB| S Coa EETER. 10 P07 PO ghe HORSVT At e%Dquv% =
sugbvirggsnémtadionEREPRGMVEhe ROMs 2t iPREVE:r TRERES PPRANGs centra
419BMMyy bérvBpaphgraf g amgmbberdapglntorasiciopn. nGodeitied in the

g 10€e GRURYLEN E%QE?&OH&M&@ is théc<?e%%§§ﬁ sepoexekxy@@w ed

di %’B tr oces%or ownls}o ‘8} e servers t erform
EHHUHRENTS TAF SACHDI S8Rt & Fu an@ e °Sccessible
dishr Bagld acache arpRperingnopRE@dicacs- froma file server

over a network. in such cases, the article of
mnu{rﬁﬁ&%ﬁbb@ 1%&&%n§:ggl&gdeedc§1 L4 8BAlUndMRY ained a copy of
Sslon maga%ﬂed 1r(1:h:h%Sca?‘chgedaY\D%g .8n for the

tht‘*r %es‘gf?rgn%?:f MR8 S T Ens T 5Si on
cashgredryeprigpagat-i- ﬁ@. t B ERIGRTSTRIGe, tfr%&ii%hﬁ/v&%’é‘éers may not
maift£ar e Gogpalvrdedm iddtead hdr@lé aalitli comsiefency operations
e IBHL 6L WS IR Lo0Pri se  the nmediumin which the

code is enbodl ed. Additionally, the "article of

manuf acture” may conprise a conbi nation of hardware

and Bf @vﬁr@atm@wﬁpgd a5 WeleRed H.él E]’(lﬁjélpiigte and invalidation
woedbagiveHe ipphesssed,inaaty execer edre Cata cgunsejreshigeen in the

r%kjcé> fp%g‘é%%ottﬁg L&)rdtata\"ahh friz%@g&ltégrsl JE%B%:IF&H%nt For instance, the
O
R%g“f%gﬁ\?i glliic‘lit'ﬁ fnl,nefo Jon may bE ifplem li': g Igne or more data

e scoﬁ’
onjagEnt rie*ﬁa raﬁerfc‘f%ale g ﬁét"ﬁ?alsiecl%’ltéfesi‘r&ﬁu? d’é’?b‘?'e Sﬁa%/fate objects,
eteonpri se any information bearing nmedi um known in the

art. In described inplenentations, both an

I nvaﬂ‘ idation word.an p&at %ack\{g% g@%%oﬂﬂlgea‘%rﬂ/egaéap%bj ect

ach TuBTE of 1 HFor rat 1 on i 1
cYpent Y O4EI/ R TRC 1 BEHAFFG S |°Hi)‘FCétrTéﬁt"§t1|CBr% CLbfy or user
canhentgpdat eddodaka so my@ilfiy aihmeckntent safchhe object.

i mpl enentations, to determ ne whet her the requesting

cac hf %Eé Vdeescrnaos dhlx’ﬁapl%m%%:ta%ioﬁéqe tﬁgg E_Q‘l %%ﬁé(ﬂtem@awrxg server

have 't In tu

for
cogphet t@a%‘?f‘él §%‘f%r Th< Cﬂ‘“elieeraﬂ‘il rF@cPT' S&ﬁy Imayt lﬁttﬁ’@r same
encioh® seiversmdave irodebimdet etdat alnuplternphiviche

i@ ShdithetodsNPheeatiad isehser hhe HeageH1eai 1Y atneekNcaches ana

mag%EQJ'.en update information for the multiple coupled caches.

In described implementations, the central server downloaded pages
from over the Internmet. Alternatively, the central server may download
pages from any network, such as an Intranet, Local Area Network (LAN),
Wide Area Network (WAN), Storage Area Network (SAN), etc. Further, the
cache servers may directly access the Internet to download pages.



conprised nenory pages, where nultiple nenory pages
woul d store the data for a single web page accessed
wo cami02988RL over the Internet. Alternatively, P€T/€B2003/004193
menory pages in cache nay conprise web pages. WO
2004/ 029834 PCT/ GB2003/ 00419320 19 | n descri bed
i npl ementati ons, a central server and central
directory server program managed update operations to

mak eI' U rﬁuslgz":a;tetdh gl%qu)? %‘Ebg 94- gaﬂ%%s S@é'r\égfn re%%ﬁ%é’ %gcurrlng in

t he recent dat ore ap an up

a EFJE‘?rlﬁa?lfd‘?é" i éﬁ%ﬁﬁ%ﬁv&némpjt @ PRt 8ﬁ§tao‘élsal?efrﬁgﬂjons nay
beageferhet neda b;aftfh:eentcelmelralmcsﬂefm oaneemognd r gMorever, steps

nadi BEGHAEY tSEENELLOFOULSERiBRY 121 disiar khutedonamng the
de%grc qaeedslen%) einénta%:y_grl{]ovk‘ h%rdloiggég%ggddé\s%ggﬁéﬁ herein may occur

enent at] ons where {

he

Se@b@?"&?ﬂbﬁhé’rp%‘i’%ﬁﬁéﬁ’eﬁﬁtﬁoﬁé NPT A° OcﬁTsreélc toRF* r¥er *°
fuptlogr, anperag iois ey Mgt pelforméd bae | %ﬁthHifPa$E’r$éégl‘¥ilth‘é‘-’ by
aidpsat.e i dsadgi iiaki dati on words at the central

server would be distributed to the cache servers to

al l ow t he cache servers toagerform ?I stri bLl_I t ed C% lg fure 300

nmandg€mehtt LopEiarporee FRIGESEAF bR OF npI ERBNAL Fons =
ofetioh negedrk semveentrai AtEl Redthe copyradfservhe %}Pﬁdgﬁtf@e servers
sh\wxﬁ dLnf pfc.each Mage-IMiod@i-aetho Ray Nactanhe BaceSinr. 302 (e.g.,

stor?a(\ahﬁelg’o%\/%él %Q 'g 2ba vﬁﬁtlﬂ fm@ﬁcﬂﬂzt lié;(@ic)é’) and

af“hcroé)m%e servers may_not naintain a?aﬁpd c % ? L ves
StPRRE%AH° hénareaaPPné’Bﬁ%‘i%FeﬁWagﬁersgf Ots ™ eréﬁ 15t he ’

optéerlr dislservees, Fhewenfoivratdton) deSéri Pedaas 3|°ﬁc‘T‘a:¥dé%F“Prlse an
1n|t@rrtahestkﬁ‘i§5 edide i divah idabida onatedsormpcbessible storage.
Pronp %n?gtt%% EQJ]:%.BX 3% ean%r 1@5& gﬂcﬁ 8k rﬂéﬁl@)ﬁ 894 kiMaxecuted by

thpmmcﬁaf?%ﬁw 9P IOI?{%IPSJF] d{élowrll I%LglaE%ﬁ %g & a\é‘gl Iarcgltecture further
inchvEsi datdtonck reod 98I oh SRyl SOTTE ERBiPRet ha gt vgrs . An
inPBf eedata 310biLeksq tdapoviacalsds inpua databasecessor 302, and

ma Jt.r[dlgée I 4 k@yﬁo%%lie "moRt Q ar @Lgs t?/@h@ Ctm%.crogﬁltoﬁe , mﬁclp aQ8Sitive

tained & &8¢ n? ec afatlasm %t n the

dlts%?é’ SFﬁ%ﬁnud%@an?/thFﬁpaeCtéV Pt ‘Frelé‘F’ whi ch
arg. clinepttmont éedce T@niermeepbly oéopdenelaflarlgt énfﬁi-a‘F‘F’;Pnt fgansmitted
frofNdRNbrédfestbe 30D) aat otldr thdotescr isheldl as a display monitor,

[ 0 there is a separate cache server
prg%%%fnga%%@gac cache. The cache and cache server may

be in the same enclosed unit or nay be in separate

units. In alternative inplenentations, one cache

server may be coupled to nmultiple caches and maintain

update information for the nultiple coupled caches. In

descri bed i npl enmentations, the central server

downl oaded pages fromover the Internet.

Alternatively, the central server may downl oad



pages from any network, such as an Intranet, Local

Area Network (LAN), Wde Area Network (WAN), Storage
wo\e@a/oMssaor k (SAN), etc. Further, the cache BEr/GB2®3/004193

may directly access the Internet to downl oad pages. WO

2004/ 029834 PCT/ GB2003/ 0041932120 The illustrated

logic of FIGs. 4-7 shows certain events occurring in

a certain order. In alternative inplenmentations,

certain operations may be pesfwynmed in a different

order, nodified or renoved. Mirrever, steps nmay be

added to the above described |ogic and still conform
1to thaetest fphainrinéne feari Bnsisrirrhed caeprs afPrdsing:

descri bed herein may occur sequentially or certain

ope rf%tlh@%lﬂa Ya Qgp? rcessed ecliip 19_a£’@|l|e§£t o%et cad‘h'ér thRkein
mugﬁ]%%lat I O%V ﬂ%/%?tf’wge :Lfgereng Vi I‘SQOgS ngl ?hé)r ECG%SI D9 wherein the

ed processin
ol pEifs BEAt @SB Of nptvdRe Modt f tAP16f %Facﬁﬁﬁft er
architecture 300 of the network conmponents, such as

t he I&QHEJJ_@lllné pr\ﬂg[:,e Q.B@oﬁm%‘%tﬂ@n SQVEdLh ol@fwmé:ﬁtgiﬁd 1n each

(: e, wlf’l'lgrl%ltn?n ure %%ee Slgg rr)'m J(.:J)nu%or e o) e?escgrln?’%%ch cache

mde%ﬁq& @whwqﬁ deRg cayhe &ﬁﬁlu%flﬁr‘é’tj*ec’%m?t( eafgi ingicates
whaeher ek éit idaea Sindkafe the udtheas wamgnetiféedi skddri ves,

optical disk drives, a tape drive, etc.). The storage

306 rise an t ernal Stora e e._Qr

attaagﬁéﬁ PEhet ot K™ g%gecfgﬁ%rfe °stor ta% 9 yaﬁg unq ﬁ{‘ opS rareet
obf gt g@o@@éa% s@@q'o‘éﬁﬁéal%tt@etw an}f)? °an%°r the target
obg¥ecC Whedcdrget tdaehproc ésdicnt80dakntiee warersr dkrownif is modified,

whtap&r@rtﬁe %Eﬁgt@rﬁll@bfn%ﬁg&{ Qo@ui%ﬂéﬂ'eérgéttgﬁ)j—g&fl@ aE?t dggﬂ'ek cache
0._en e .c nicati on w Wor
mﬁﬁ%a eSdev &30P ﬁggﬂ UFOQ oVt e us;&réal(anput to the
processor 302, and may |nclude a keyboard, nouse,
2 .pen-mikyhetod e fc cogtone, furoheh reehsinting eaf t@g syfcayving the

reSGEHERo ~mdMh FRMKOENQSN wRGd:i vation or input nmechani sm
known in the art. An output device 312 is capable of
rendering information transmtted fromthe processor
302, ToFhdiRErt T SREUMERtOR SBE - 8s S B sPI&T it for9st cache
ingi ¢aiteethatsttbe agegeetdeta D120 moRDF R4, then applying the received

moBEHT @B 360041 A3 a 2 CLA M thrgde MB&ad ihothe target cache.
mai ntai ning data in distributed caches, conprisi ng
mai nt ai ni ng_a co?y of an object in at Ieast one c
3 -wherBrmFieti ¥ 612Ht e Fa§hav et FrE R OTRFSi B ro?ecelvmg
thehmoddbjiedtionand wherein the objects are capabl e of
havi ng nodifiable data units; maintaining update

i nf q n@ﬁé %Bdgtoer ﬁ?&!}haQPé %Err@f n\'-:gxlg%%doﬂﬁcga&ﬁ target cache
indicate that the target data unit is not modified, then determining
whether another cache includes the target object and a most recent target

data unit value;

if another cache does not include the most recent target data unit
value, then applying the modification to the data unit in the target

object in the target cache; and

updating the update information for the target object and target
cache to indicate that the target data unit is modified, wherein the
update information for the target object in any other cache indicates that

the data unit is not modified.



cache, wherein the update information for each object
in each cache indicates the object, the cache
WO pahizhispy t he object, and indicates whether BPeEOBAWBA04193
unit in the object was nodified; and after receiving a
nodi fication to a target data ?fmlt in one target
object in one target cache, updating the update
information for the target object and target cache to
4 ndigat fetiliat of @ahﬁ“‘?eE data fched SelBlfih€ifter receiving
th\ghgg lfgct he update information for the target object
in §¥H&F cache indicates that the target data
unlt |s not nodified. 2. The nethod of claiml,
f ur tirerhperpbetaiingoafa-esn rfecethd ngrddreobieguest thget cache

1ndRdi fy chhe t‘ﬂ@t @ifé@t tdarh fudiRes ypdat godirf &4 mahdp @et&ﬁnlnlng
wh:egl'?%} %g%er c e I:LIéC :'jmta?;t?lgzjtgﬁa%%eno%? ecFl %t g tn%c])ggt retcelelt target
dartéc‘é’P\Feﬂal%deq cation to the data unit |n the t ar get

object in the target cache. 3. The nethod of claiml

or ¢k herf é’e[éhlae{ncgﬁﬁéé)rtﬂb%s@f I’@d’enf:e’@eﬁ:'g\ét NGeatBft value,
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ca&hﬁa taradsuwtlﬁ%dﬁhﬁu eroet tféﬁeﬂ%tlé‘r ﬁ%l%ﬁ%gge%ﬁé’flﬁe fﬂlth the
reapbdedr meac hecemclamdes ddre tartgetlwobj ect and a nost

recent target data unit val ue i f anot her cache does

5 hot ncI e th st e a unit val ue,

thenﬂ ap L{% ng ﬁe lrFID f%:%ré: ron ggl%ggdata unit in the

target object in the target cache; and updating the

updatfeer nfedebiitd ohe frargé¢thebiertget Ol eatgsdnchchargefh the most
re@églhfe:at:%e’d @gtét%h@tt\;hh@het @%piﬁr@e%:héjQ%@ei#&itgmdd&fﬁcation to the

ie erein the upda .0 t he

o3 aC b8 RO SERGY Eete Tt ds Fhat | the

dat a un| t is not m)dl fied. WO 2004/ 029834

PCTIEB2003R 08« 198at 2nformhiormdgbh otheofardedi hiket Zandr target
caglniI ft;é)r Eﬁkﬁfea@@rtfhf@.[:m;ﬂ@g c@fdeRr di@?ﬁhi/ﬂ ng mddi@ied, Igwhereln the

i f.icati if_the e r n, arget

RN  get O AR U TP bk caife Algiflcee wac
Ehgin att"’ﬁ Emntotls Fp¥diethen deternining whet her

anot her cache includes the target object and a nost
6.l ecemb hadhg@tor dakan Unidheralnel camtlallf saret hasrteathene steps

ofI H&!elfg?élntghﬁ&%%; gn%(ﬁg@}e ﬁ:tagﬂag q}xcg@& % Ul@é tta}@étu gbj ectthg&l the

unit value fro

I‘“"Fiﬁer eﬁ@’t‘%ﬁﬁfﬁ%ﬁ daga cret ‘f?&uﬁpi‘f‘é?t r ﬁb“teﬁénq &F@é‘t"s&bfeecﬁlt Marget
daim yrhie valngefrawatche asheh ceblpe, further comprising:

returning, with the central server, the most recent target data unit
value, wherein the modification to the target data unit is applied to the
target cache after the most recent target data unit value is applied to
the target cache and, wherein one cache server is coupled To eachli cacne,
and wherein each cache server maintains update information for each object
in the at least one cache to which the cache server is coupled, and
wherein the central server maintains update information for each object in

each cache.

7. The method of any preceding claim, further comprising:



retrieved nost recent target data unit value. 5. The
met hod of claim4, further conprising: after updating

w0 b@4za8get object in the target cache w th t heRCTG82003/004193
recent target data unit val ue, applying the received
nodi fication to the data unit®in the target object in
the target cache; and updating the update information
for the target object and target cache to indicate

t hat m&ﬂﬁ:&&ﬁix@eﬁnﬁtlaath%t ih SR In edr e\éﬂﬁr&ij Bet ri% each cache,
wllrI ﬂenggxga[ﬁtig.&h JQIEfO%Tng%lO%r gg} oggj o%% {f- gﬁ(? hﬁe indicates

ac e 1 ndicatés
beReatEt fod B’Fl"cllﬁl hes obifirsr é‘T’ ﬁ’ aél‘é é’ﬁt F%‘fa%@r ver
performs the steps of determ ning whet her another

cacher ivnel udes 1§08 ohafg8tnhjogClorafte tdaegetmagg edtCeltarget
catt&xr gle.l%dl%g ? t%g%tiihveal:%%e%ngag Fllglite\its ngwlat.ﬂld m%lsq rd%%%rqrtunlng from

ni cache,
HB?":‘%% ﬁ@fo—ﬁm@F’cﬁ%FH@ caghe t'Fhlaﬁelr’(,CéHfl?sala %‘égrtvé?centthéarget data
umigstakwec épt dhar getvetadkdeani t  val ue, wherein the
nodi fication to the target data unit is applied to the

targel. .Gaghs eg1 ghi ?{OSE h%gg}?é ttal;:g%:e r&tdt% ang‘étva‘im% ke i 1o

val ue 1's ap cac erein one
d’ttféﬂb“eéief:?ﬂé?e F‘%d Bpteoatto té‘ﬁ%?jf EBISRE, 1P dRE WHErE| Rohe with
tlmaohstt aechents grveat datantainsadpeate i nformati on for

each object in the at |east one cache to which the

cac h§ft%§r¥;?cfat£§g Cc% péa%get Jeciingr 91‘1%‘ thDgeiC EQ&]’Lalﬂlth ‘the most

server maln or mati on Tor eac

re5Ch Gadhk. a’fa uF’Pré Y@tuﬁodapéﬂyi'ﬂ%/ BF EEa Y BPS pation to the
tinget Matacomyr isithg: tanDeR 084e0R IB34heCRLGB2 0081004193
23 maintaining invalidation information for each

obJ elaaktnf g@ @%gles R AL AN éertw\egﬁegcaunoget and target

i nf ormati.on LJect i_n one_ cach di cate
C“f\‘ﬂ%t"r?erm@a%ar’fed"akta& Eﬂi’ﬁt 2FFE% ARCDAFEE LS BOVARPY or

invalid; if the invalidation information for the

tar g@tdaeszlge&he&nﬂamiagebn iG@che th odli fat &s.dhha&clrié’IEhat includes

tﬁeaEQJ?gtetdé‘EjaecHnEJ 1h§3,éa'%¥?4h el e %Qrﬂ&t AL Rhog sy 9£R}a1t1d and

he update 1 nformation e cac includes a mos
tecent target data wunit value for the target object;
r et rynsieiiep the updste rafemation for e datgstt ovddcheld rdm
dethemirmdat exdiened igacha catithtupBatdang drhe iamngetmdahfaeat.
in the target cache with the nost recent target data

umt val u a gatl the tar eg object in the

o or B BIRE 0 CHAThd ALY g GRP il SR SR Gy, che steps
OWéﬁwnlaH}ﬁ Vhﬁ@heﬁfh’éher drehidgtippdinfeantbm for tthe target object
aridat gefet daicmeumdichtied htat ahgetargbf eitai whitthes tiakvgetd,
decl‘:@ﬁhﬁl;ing the cache that includes the target object and the most recent
target data unit value, and retrieving the most recent target data unit

value from the determined cache, further comprising:

returning, by the central server, the most recent target data unit
value, wherein the modification to the target data unit is applied to the
target cache after the most recent target data unit value is applied to
the target object in the target cache.

9. A system for maintaining data, comprising:

a plurality of caches;



updating the update information for the target object

and target cache to indicate that the target data
wairio/0ps3sodi fi ed; updating the invalidation PCT/GB2003/004193

i nformati on for each cache that includes the target

object to indicate that the t#rget data unit is

invalid; and wupdating the update information for the

target object in the determ ned cache to indicate that

t hemdat a flc'lnrglntlaln ﬂflc:{t grgp%lo£y eo(‘} 1? ob-gggt q?lt Q@qeggt Q:[n@' &Bche,
7, ereln cen F server perforns the ste

of
whejesiar h@%lcﬁﬁh%%ﬂﬁé‘@v? e FERRARG ek ions |°r1;‘f 5P F%‘ﬁc gpd wherein
thé hdbjtatgeteobjpeble odnthviag gerditbmiie faidi eaités that the
target data unit is invalid, determning the cache

t hat incl ug en%altn alnl?% g;%tdaggj 1%%8119&“%05 hf%r”@actth Bﬁf&@t malntalned

tar e?ndat retrievin X ch

i GhceeaTiy QVHATEL™ P (ROSEF off-OHER ISP oL HEE RLFS. 2% Lo
cafi thetcarerpities bingect F ether phaky, Lbyludies deat ulecsempérindicates
whihR MBSt BeeLhhit angeie A8t Scdithé modakuey; wherei n'the

nodi fication to the target data unit is appl ied to the

target cache after the npst ent tar at

Val Sen FRpIEt A Tt HEAT S GBEODEeRt o { e (PR egoiect and
tatgtheact®: th Byidtam Lot e ntaxont riptdardt é%r?ﬁﬂ%%lte% after
refeiRliHE & inbYi Bfcacaihes s Worg8t04L02B34 in one target object in one

targ%e-g 21'903/ %4%91?7' th% }J@@Q rjngmé:@L'oHt ?drnhzﬂg t@r&@cp)bbﬁ)éct in any

east one ca g erein tthe CE 1e8
othty cwa% l&fi%?aéreén‘iha@e'f}ﬁ Bﬁ’ége&f e uﬁb? et “°afd“wher ei n
the objects are capable of having nodifi abI e dat a
1oUNi tzascoxﬁﬁﬁaﬁ ﬂr@&rd’iﬁb&ﬁ;ﬂh@hﬁ@ deptdte brdcaamaiddentd,owhen loaded
:Lnggc com %tgﬁaa ?egxeclug @Q%Qr&c@“phgaus\@hg&ﬁ @orﬁ;hu%er system to
L on % L0 each % t’ELaJ.m 1 to 8.
£,

ein ac

PngfH?'“cé%Je§hFh%teQBJ@cF mﬁtﬁ@dcaac@ﬁt Jrri’?]cItﬁcanl)(gmf'eho objec
and i ndi cates whether each data unit in the obj ect
was nodi fied; and nmeans for updating the update
information for the target object and target cache to
indicate that the target data unit is nodified after
receiving a nodification to a target data unit in one
target object in one target cache, wherein the update
information for the target object in any other cache
indicates that the target data unit is not nodified.
10. A conputer program conpri sing conputer program
code to, when |oaded into a conmputer system and
executed thereon, cause said conputer systemto
performall the steps of a nethod according to any one
of clainms 1 to 8.



