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"System and net hod to nmai ntain coherence of cache
contents in a nulti-tier software system ai ned at

WO ni0g1083®63 ng | ar ge dat abases” FlI ELD OF THE i NVEMTEP06/066819

The present invention relates generally to nulti-tier
client/server software architectures and. nore
specifically, to a nethod and a systemto maintain
coherence between the contents of caches that are

i mpl emented in front and mddle tier machines to

i nprove overall performances. BACKGROUND COF THE
JNVENTi ON The client/server nodel which has energed in
the late 1980s is a versatile and nodul ar software
architecture that was intended to inprove usability
flexibility, interoperability, and scalability as
conpared to centralized. mainfrane, tinme sharing
computing that was the normat that tine. Aclient is
a requester of services and a server the provider of
such services. Depending on the software
configuration, a sane nachine can be both a client and
a server.The client/server architecture has
progressively replaced the previous mainfranme software
architectures where all intelligence was within the
central host conputer and where users interacted with
the host through a dunb term nal thai only captures
keystrokes and sends [hat information to the host. A
wel | -known limtation of mainfranme software
architectures is that they do not easily support

graphi cal user interfaces (QJ ) or access to nultiple
dat abases from geographically dispersed sites.

Mai nfr ar e I however, used omer erver
o e eend ettt VEne ol el el CrrBS Coints in @
flURNES SRV SR s%fs@é}h LRAGENLE srhéﬁaabiﬁb 1aeuCREsBalat abase
server acting ds a file server. Ih this architecture

user queries are ansmered directly using a relationa

dat abase managenent system or RDBMS. The network

traffic is reduced by providing a query response

rat her than always transferring conplete files it al so

I mproves nulti-user updating through a GJ front end

to a shared dat abase. In client/server architectures

J J guage. (SQL) statements are

typi caldssh LS F e NRE Y Bkb ange of data bet \/\een

client n e h [ v

ar chi t‘ﬁc?u%&%ﬁ%o?ﬁ@f#‘%ﬁt (At Wrblaly obl ETREBersorver
software archilectures and, more specmcaﬁy tﬁ a nn%h@d and a sysiem (o

mainiain coherence belween the contents of caches that are implemented in

front and middie tier machines to improve overall performances

BACKGROUND OF THE INVENTION

The client/server model which has emerged in the late 1980s is 3

versatile and modular software archilecture that was intended to improve
usability, flexibility, interoperability, and scalability as compared to centralized,
mainframe, time sharing computing that was the norm at that time. A clientis a
requester of services and a server the provider of such services. Depending on

the software configuration, a same machine can be both a client and a server.
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the user systeminterface is located in the user's
desktop (102) environnment and the database nanagenent

W@ eviogs3s are in a server (104) that is abl e tPCHEPW0E@66819

many clients. Processing managenent is split between
the user systeminterface environnent and the database
managenent server environnment. All conbi nations of

topol o dne S PREPUNER G EIRGIEP fiAs PRESLY V@REPIaced the previous
{éﬁrﬁ?:{rﬁ&'%@ﬁ dr@%r@i’nf@it deRl Bk a%%@rriﬁﬁ ?%%f@%%thﬁoﬁe central

ten on ocal area netmnr
bbsti cosipytgrossd bivberd nisehe itteaskited owdh tlmohbsierthmugh a dumb

e GRS, cong LTt e ol g (A02) o el 6 nos

PERSERVNEIMIteEhS of ImAFGARIS safdard eekates e Xs Qﬁa#%%y do not
i nput, processes application |ogic, generates database

ﬁealyeswmort aeargneal Sisehemetiocee {Gek) andopetssesmuiionstabases
I, The secon tier, the da base

B ek Batitic G2 (Bpe e 36T o lietBimal gl refiSier wsed os

boRerol 480t8 incheakstcaulibartaatl apmitlenssess that

Integrity constraints are not viol ated, perforns

quer y/ ibaalienigseves sigiieante thesnsipiyced gpdrabase gerver acting
é,' LRE sé eralia‘?’?hagaelareiﬁa?é&ﬁresé@% %ﬂecr%tsaér%géﬂ%\,%r%'(gﬁ%ﬂy using a

concurren access

chaligrell . dhebtyw-rhasigeheentisenver BDEMSedher achasgk traﬁa{, is
proved to be a good solution for distributed copputi
W%Weﬁ&ykw@wma@&emfewsﬁﬁaatf@b%wiﬂ@yﬁﬁwﬁwmwmaiem

s i LA ShBHVEANGONS 6 ! rthr N5 G RUAPERA W & shared

users grows, performance begin eteriorate as a
delmbbte of nt khbestésaresr reaCimteaitmiesg sauctnmaséct;umy Vamuage {SQL)

ep-alive" nessag th_each client t
ASTRTP e RIGE UsediniE PR T4 b S (bl bidRts and
EyQmtd er architecture is that inplenentation of
processi ng nmanagenent services using vendor
propr i @it {hedbwadias slipnidseden echitesture dd 80T meirpiad iy figure 1

of . R l\/ISto I|c I.ons

PR ERe RESe Mo ITar: o oo I TRy s aifhiop 18R environment

geaunstdakieshd hiR@nridrXddiibht Yark nN@VeR@r (104) that is able to
(repartitioning) programfunctionality fromone server

PO ViSOt REY Clighien Precassingy @émﬁgameﬁi tsqwiééa@ms’%ere frpyser system
ﬁ‘a@&f&% Eh}i%e ?{iaﬁhz?rﬂﬁg %%ﬁ ré%r‘?é% émﬁ%nmem All

overcone OVG ree-

atehirdzgiohr exf aopoiidies t hr&ﬁum aﬁ@d/m&ﬁ@}e bﬁtﬂl\&enanteﬁacmg
the user systeminterface client environnent 122% and

BIRESHR IR SetvR feteTOVgYr (St SRGP Bhiedfial area network or LAN
{108), are cbvipusly possible.

in the traditional two-tier architecture, the first tier, the client {102}, holds
the user interface, the main business and data processing logic. it accepts and
checks syniax of user input, processes application logic, generates database
requests, transmits them to server and passes response back {0 user tasks.
The second lier, the data base server {(104), accepts and processes database
requests from clients, checks authorizations, ensures that integrity constraints
are not viclated, performs query/update processing and transmits responses to
client. it also maintains system catalogue, provides concurrent database access

and performs recovery control.
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(124). Although there are a variety of ways of
i npl ementing this architecture and the mddle tier,

WO kiog/obeBi er i s nost often in charge of queui NBCT/EP2006/066819

application execution, and database stagi ng.
Typically, a client delivers i'ts reques[ to [he mddle
| ayer and di sengages because_the mddle tier |s due to

access' théwadiea HRAYsRVEr AThilReiugh §ae Preved Hebela eapd solution
h

L7, BRSi80, EARpLIAGL LAY R RA,BENEIL RN G0 100 poopl

mnaanm an tahri_éé\é tsirmuitanahishecHowevehewbbn ethie, ntimber of users

BistEr FasBhaBEd DOAIRIAC FIEISE FrioRH O TEsse R antaining 2

%ﬂ%&aaﬁ'\ﬁé “k‘@é@%h@"' mbBS SIS chQGbet, %@n%@ﬁgﬁ%ﬁwork is

processing while the server, the third ti'er, performs

baang wécbnsdatﬁ onceond chmitetivs ©he tiat Abadier aem@ctume is  that
L riee ti %e} tent/server arachlte tureig o o g W0 ietar
F&GFW&% ?%8 PoTTTERcE F5t @?Eﬂ%ﬁ R Y éﬂ%éf Hfbgrorrietary

0hiathaeE Trétymiread rbirickPiidabioneadd eHsidRhf RBEMS @ applications.
times the two-tier) and m‘groves flexibility when

&ﬁﬁapaméfsm@mﬁﬁ@mm Feehvarppi sEdNlcsspechang yepurgligied limited
AN o G0 S IO ho LY Fae Fn GRERADL BB SR server 10
Eﬁ@i&mlet.s [ n an environment that is considerably nore

scal able than two-tier architecture with direct client

to ser @%?“ c%é@fﬁ%ﬁe" AFChiesiTge §1 4 e 388 MUl lipp variants have
upgat & MH! Py dihf 8LERLARPBNE Lihd S{?rﬁ%tﬁm. in the three-tier

transaction an can connect to a variety o
dathdsoure.es niiddleutkmgas Iaaitieﬁl(ﬁ é@} babvearettat Ussragysiem interface

dat basema e s n al so to maj nfranes

R P T el 22 ST HH Catiagamelapaaat Sehigesayimnment
(@4 Aﬁth@ﬁ E@ﬁﬁ&*e‘t §Fé Br @fidePus Weed of ihplahd@ir@ethis architecture
|str| buted client/server environmentor For exanpl e,

aehe tbaasiddia ibhdhiselkdleyag mmtcm‘tﬁfam ekangaest! deplioy, vpplication
aroun

serve. their, custoners i.e.+ th trav nei e _
ERE st ant FARb AT Khadin€ vtk St TR e 260U 1o the
h@@@é@@@?@#@ﬁdi@@hg@@&e%eéauﬁ thet o 'taeﬁ?g”@u@w abeéss the dats
and avail ability databases) and processi n%@r:ul es, are

ﬁ@@ui&t@r@s fhenanswari & ihat aligeint'er sdAles Beedmiside laver adds
SO AR SUIFIRAO Bl Ak T pRgBUeh sery Ses

Foh and ctonmini i'on overhead i s

Cr uci aln the Bootvdemrianpodvhig-tidreaptitbourmnce dindt, the first tier,
scal ability. Cachi ng dynamc content at_ various tiers

BYaVAaNA 11 Ol drer AT al et N esTage i | VAR (TR D Which case
IRANGRIL her %%Wéi@%ﬂ&ﬁu%ﬂgs%%ﬂW%hB%d&nd %ﬁg@é’ﬁ?n@%hai@ the

as even nore custoners can be served si nu tane
sémvee,the nhichter, peribims ddéa sxiiedionrotd controls the database 3CCEess.
The three-tier client/server architecture has been shown o improve
performance for groups with a large number of users (typically, up to one
thousand Le., ten times the two-tier) and improves flexibility when compared (o
the two-tier approach especially because application code does not have {o be
shared between layers. The three-lier client/server architecture resulls in an
environment that is considerably more scalable than two-lier architecture with
direct client 1o server connectlion. It provides the ability to update muliiple

different RDBMS in a single transaction and can connect {0 a variety of data
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have to be fetched again from above situated tiers.
However, caching in mddle and front tiers has its own

waeb@lloaasges. Cache consi stency and cache coher PO/EP2006/066819

becone issues that nust be hapdl ed accordingly.
Especially for airline reservation where obsolete

airline availability values are not acceptable, strong

%@ﬁ§?§t‘@ﬁ%§?§“§rﬂﬁtc‘f@ﬁf‘ér@ﬁ‘c@@%‘”‘@é@@?ﬂh%@ m@gg@”ﬁe@:sy@gms and

?WE@T:[& frHINSs n?ﬁv hel JRkgatk ggiv%ﬁhi AkhR8e! é’éﬁ\%}%‘ Wroe and
0 provide a net and a systemto I ntarn

oafitetienc erdfitediimam d:humclh;es‘com et siargerrbrmilr;butm client/server

software architectur is a re specifijic object

SR SBert o XeHSIE 1 HIE Gt SIS rReriatiogy Sopanies must
BEBIBY UE W S Bl BR ¢ cONBS tHRRY %ééﬁca%@faréuﬁéﬁ 'tiﬁl@ world, and
resefvation systens, and characterizeéd by a very |gh

Irewdliclofsherethsasturons, fromas hema”c}g&*r@kﬁmmdatem},‘ses Le., the air

freguent updates. 0f. th ar e .and, ava

LR P ARl S b BLE 2 U ERLARY KUY A Bauirea

provi degr mmfa -{iBer ¥hesentid et aicesls, af eattsiese@iitbment to

advant ages of the present invention will becone

gmyg}a%tsupa FEHECOR S0 T [comuuRlidfeand tcemmﬁmcatmn overhead is

t I e

?@%ﬁﬂé fg%ﬁeso mét%e(‘/ar{gd evﬁbﬁgmq‘%?&é §R|&n el ei&{/ E%Icﬁf?‘sg? dynamic

acictehit aﬂ&braadyam‘@gﬁ&a bwiaameord@m ateidr h@reemiESUM\AArRﬁethad to

OF THE | NVENTI ON A net hod and a system for nmaintaining

E%@neeﬁéfé GIMidEie” coil TABMURICEIRDI PYSTPEFS s tareyen more

é“fl§ %tdéﬁeb@ %r@?%frﬁaﬁﬁg‘feoﬁ@ sihBE! HOess ffri‘\(ﬁgtdatté ‘?%:ses; not
satellite servers eac oper ting a |l oca

hawng tibe feicked aigagefibrmabboey virsdeddiehs. chmamerngammg in middie

ral .cache. Centrwserver interface wt

ce

A4t & gﬁ&% ™ ol WG EERCS dr I CUB S B FY @U% CgRge coherence

datome! eEeRts e ﬁé’nﬁéﬁ&ﬁﬁ abk&etiyly. OfSPecially, for airfine

constructed, objects are attributed a tirrse-to-live

(mwatwam@ dlptecaifitncadvailablibs valhen are goi@cdeptable, strong
e.satellite servers where.they are stored in |ocal

E%f&ﬂ%tgn%fﬂgfjé“g & %ed%@ﬁ%%%@d to the software

applic g Y ggggggt ed them Requests from

sat el IM*H a} % | anced over all avail able

cent 1 AkhSEIY Y 8. bboBeAlEA of 8o fivehios 8 afbaRePEmethod and o
request to handle. A newly constructed object

Smjewm gtiaintainl theochberagent 0‘éldysxerm<er®chr30ﬁ®mtﬁéts in multi-tier
t ect ed ggnttral server. An object is requested from
§% \.g%ge W CERTHRIS cache

t is a more specific object of the invention that this must it multi-tier

architectures such as the ones deployed for airline reservation systems, and
characterized by a very high level of transactions from client side and very
frequent updates of the fare and availability data bases provided by the air

cartiers and other such providers of services.

Further objects, features and advaniages of the present invention will
become apparent o the ones skilled in the art upon examination of the following
description in reference 1o the accompanying drawings. it is intended that any

additional advantages be incorporated herain.
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whenever it is mssing or outdated in | ocal cache. The
construction of a requested object is triggered in

W@ elenswsas central server whenever it is m ssi NBCT/RP2006/066819

sel ected central cache. Constguction is skipped if
requested object is already present and is not

outdated in central cache (ne central server is

desi gnabMMAS L0kl REJMNENTION: ver and all others are
baCkuDA‘%ﬁQtthoal a?rﬁaeé \é%% ?&emgm%g%dé%?eﬁée %f L%ﬁ?er Ehtents in
in main centr server froman inv tron han

ahendviber s«tafafvamqaeststedtwbj zet describmdgndliositidaitiads 8l Tont tier of

SRR PSS OB 8 (588, B VS SLS conve

dbeerd esls @é&%ﬁ@ I B ¢enihplctRehescand idbrl@salinterface with
caches are invalidated as soon as at | east one data

dhiapanes Ubudigho detaisseuserverie i halidyeethanodid iaéembntfs used o

PRI PRt O P B Pl BBeRonie Rl LB Gt (7

888 wedreliny akbhtal cthcRandh efoswakheyid mealdigaiesders where they
correspondi ng objects in central caches then gropa gat e

greesioiodlin degal giecheprhsiore beingl delivetad e ehesttware Rpplications
) t
o%t etti{\}sé teﬁu}égtggjﬁﬁieg%ﬁggqg%tg ??orﬁheeatgiﬂ g géagf%pgc?cg Ecad balanced

cent silavaisiiescanmsi aidrher. debetied ssrveedorsliaoist edr réduest (o
this latter case reconstruct ed object are replicated

PatGeaty ”%“ﬁ&t@@ﬁsﬁ’éﬁ??é? 198G dheplicg CETB Peeber peRER| gtvers from
1adi I

TR NN A Py Pl e e i By SpRgleoG P cache
shonsvahé m/emiai;:hgnnt tﬂutetiated mﬁm%rwﬁmh‘ihemm&euﬁwn of a
whi ch Hwelnvetlon %FCQ E 3descr|¢)s. .
FHREFHY ghiectly ES%"@%BJ“& ?%t“ BRFH ‘*tf’H%*“ WHBLRr it PdRissing in
é&em@doe@%a%&% eRgrsueLfion @Q%ﬁ%@dw rSuSREH 'db?édt% already
program and the construction of jects In centra

pearoget end s GuRBULIaleE duseslat h@hﬁg Onep obniob ewrver imdes&gﬂated
Local and ce cache descr.i bes the

Pl T 606l Ysnaceat: AT CtREs Ahcir epa el despvers. The
abestrRgbhi @dtrighctst abasgs. c&t@t%&emfﬁﬁws&emﬁéﬁgamn handier
reconstruction of invalidated objects. FlGJRE

HESERY Yl CREUSHIGH HReTiis WKL BndalsH. I%Trhﬁ@tﬂuaﬁ outdated object
%ggﬁggfg%ﬁ%ﬁ% BElote Wil WHarb&: Lo WY 68y [d DML CENENR server.

The objects stored in ceniral caches and in local caches are invalidated as soon

as at least one data element used fo construct them has been modified in
databases which determine which objects are impacted then, broadcast
invalidation commands to all central server invalidation handiers. They
invalidate the corresponding objects in central caches then, propagate the
invalidation commands to all local caches which, in turp, invalidate and delete
the corresponding objects in local caches. The invalidated objecis in central
caches are either deleted or reconstrucied. in this lalter case reconsiructed

object are replicated into all backup central caches.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 discusses prior art Le., 2-tler versus mulli-tier software architeciures.
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DETAI LED DESCRI PTI ON The foll owi ng detail ed
description of the invention refers to the

W@ ecwonpEayi ng drawi ngs. Wil e [he description POTERIE&066819

exenpl ary enbodi nents, other gnbodi ments are possible,
and changes may be nmade to thé enbodi nents described
w t hout departlng fromthe SEIrIt and scope of th

FiGdRE 2 slewes ithes ovralioutiatier malarg @wh@t@p\mr@ which  the
gWhich the invention best applies. The
ﬁ%%g{rﬁgf%?{%ﬁ%%) is the ultimate source of data where
AtGUBEsY dasericadt ﬂhms'er;sass vaseé Zﬁmb;g@nfetdhmg/ that result from the
|nterface§ mul tiple data ases é%ﬁf‘iﬂ such as § N
BRGEPSRR G &) ey i‘f“é%efdé A5 BPPE0T HERBY fi? Vg construction

686KibBISH 3B Al 8% eRy Ovi ders of such services fromall
over the world. Those dat abases are frequently updated

biGtRE 4 disseesed the. aginh of ebjestcihdooe asfd egydet mgheahd
EBAERRE e ine R Aop pecToperies whg) W ofbments

bRChudig ihheitdmisegknet . Overall, on a daily baS| S,
ml|lions of transactions may be recorded involving

hilgHREP divsysens ﬂr@tr@ﬂ@ﬁﬁéﬂﬁ@ﬁo@omféﬂvai@ﬁttz@qid}eci% her e
r e r
ERRURELS HRGBIR" ERo Rl 2 SHSEPoBE RBRHRI of non-outcated
mm,tsaﬂhbymdwberreda@ndarﬁmym c,emeaie:mesa mai n server
(212) and a backup server (214). However, any

conf i goEatyicpnlst weencoas( no redundancy) and rrany
serverS 1S possible. AI'so, a central server

occasi ofal fgflonane defabed cﬁmﬁ@hﬂﬁéd chsthg Sﬂﬁfﬁﬁ-m%ﬁ@f@ﬁ to the
il | n he an th

SO Bhn o HEEE) VAT St P s D cemolary

Mm@dm@nta desir gnabetirackup: possible, may it&}r@ets%b?h)%vmade to

terrporarlly as a mmin server when necessary. This is

e ?ﬁ@@ﬁdﬁ%@awrfpﬁdtwg‘%lqe&ﬁtﬁ@ H@gbmepﬁ}iﬁh dﬁfj gopee of the

IueRL on. Having multiple servers in the mddle tier

I's a comon practice with [his architecture. There nmay

be nor Biguher? deechteduticaoterst nuelti;ticp|sayivags tahehisaias (o which

{%ne as.the gal n.server, or specialized servers

ﬁ"’ﬁ%ﬁi{m ke 9é)iﬁjt“‘sf‘%opl i cation programs. Wien nore

Pr OCes$hAG AR [ SOMERISE, IgRGIMAY R 8CRAGVIVABre at least one
scal ability consi sts of adding mddl e servers so that

fivtebact |semert(ﬁahb@@mraiﬁsssrﬁ%ﬁﬁam maligledaichroay h%é)lwah as the

Aveleany Ra el Garba is o En hal R SRR Rieors of
Q@d&ﬁge&i@s fréef Ar b8k he world. Those databases are frequently updated

by their users Le., those in charge of updating and maintaining their contents

(206}, most often through a combination of private and public networks (208)
including the Internet. Overall, on a daily basis, millions of transactions may be
recorded involving high volumes of data.

The middle tier {210} is here shown to be comprised of two servers
hereafter referenced to as Central Data Server or CDS. Typically, for
redundancy, there are a main server (212) and a backup server (214).
However, any configuration beiween one {no redundancy) and many servers is
possible. Also, a central server may occasionally have (o be configured as a

standalone server e.g., for facilitating the mainienance of the system or
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as central caches, which nust always hold coherent
contents. In the kind of applications considered by

wo b@7iosesent i on data entities present in cachesPEr/&P2006/066819

broadly referred to as software objects or sinply
objects in the following. In general, nmany data

el enents, obtained fromthe dat abases t hrough queri es,
ﬁ%%i%dwgwﬁdt%@@t hee Berdareet ﬁ@;ﬁeop@h@edeggnated backup

obh8F ﬁé"\?@{d@?ﬁ%\/&% ;h:ﬂ&ﬁ é&og rhdin dRVeCRRIR B cBss spry. This

particul‘ar trave een once constructe
Byfugh@DSstussaddatthe édaiémang sieebmatac:rmdf theonvdiien.

dat abases. (204) {h[ou flg tg&se server ch) N
as di scH¥SEd"H p%%e% Eigriotagd §dR 8 CHPRpRSEaplicewith this
ERIRELORE! THALARAS B Mok iR BRENCAGIIAUALVA, b?a%ﬂdﬁ%!@m same
| east one SQL fequest, and generally many nore 0
ttﬂ% afatixbasels sovehapr aplecmh@@a@ﬁeavwse”mnm ndteded epplication
ravel fare of this

BRRTPET haRaRBte Prefertine Wl B oohll hefed Ak epaenioving

%sgmg@ ansatdohgdivgthRididyenbiofs a8 ntdrslieasHaRshdigns can
be el aborated objects that require processing power

Badankiad thseu %ﬁn@ﬁﬂéﬁi&ftﬁm%ﬁﬁ&w Hent et f?ﬁtﬂ%éeaia@%ts over more
%ﬂi&%g rtse'i %eﬁ%&“&;gh@%aeééﬁaéb% tg \%JJ :,Eacc'ﬁ% wg]ié§% é’éé%rred {o

es as e source

ke {,buiriabhatdmem Wa&:hrmt;sthﬁMymdid t@@breﬂt éecheedat abases.
Reconstruction is COSt|¥ since it consunes proces

pover Enélusdy SArAPRIEAYNS 408PIPER% By oty ﬁ‘iv@ﬁﬁiﬁﬂ%rﬂatg entities
gsﬁé%%‘m it Edtme%]haitehﬁro%@! f@éﬁe& &5 g%rscﬁﬂhdarétﬁaj% E%‘?%?rﬁ? by objects

ar as coherence i's concerned, a particular obje
pr r=eitiowimge lg.genehd, cemyr ddiacdementd, draaineCDSr 248 latabases

b tly th i
PR o PArS Eat oo b8 Pt paatiier e rash bR Spes, an object
g@é&uﬁfg%tth\éﬂ ihberdihe data é%Ja%@t 8 p@h;&@éﬁrm @ére(t%@fl}aas been

fromwhere they were constructed. This is further
dinee gssedusiaditheat GPEowmgdaleseiemsritpnbigineh&on the databases

V, |onTefr nt tier (2 i'$. nade. of a Lurallt‘
LRGP D% BB, S % Tmotishlis el i B bbporound
§§k§!cfn Q@@ab&%@ﬁ% d Feiéf@qeﬁwm&a@swﬁ@ﬁ hhe Helehusdrials Inha%sumg at
i nvention t hese are typicaily pricing or fare sear

g AES . SThaseusyf aRa e el SanY JRere &R ifﬁ@ﬁﬂaéﬁtwé@ﬂgﬂ that all
t
ﬁéﬁg&fé@rﬁéﬁtg rﬁéa%?i tos%?{ﬁ!:uc%%%gob?%%tf’%gr,giggpﬁm%]m of this

I'er satellite servers far ns

particelss :2amiet bat By evemublly gadegedSedChBoDLemdt & cording to
users (228) through a private or public network (,228)

‘é“egmveiﬁw ??ﬁ @ﬁﬁ@tﬁsuﬁ@dﬁ@ by alrgaraes PhiReEs diad sgauire pfocessing
%é‘%ﬁégﬁﬁ RS s eSRIRAG nARRbA ‘Eﬁhﬁ@ﬁbtht\z\h% i‘?@rcﬁeﬁa WeARS WS Be putin a

both cases the applications are
usable form. Objects can stay in caches as long as the source information that

was used 1o build them has not been modified in the databases. Reconstruction
is cosily since i consumes processing power and uses part of the available
communication bandwidth with the database server and its databases. As far as
coherence is concerned, a particular object present in e.¢., the central cache of
main CDS (216) must be exactly the same as its clone in the backup CDS
central cache (218) and their contenis must be consistent with the data
elements of data bases (204) from where they were constructed. This is further

discussed in the following description of the invention.
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t aki ng advant age of |ocal caches (230) essentially for
reduci ng the conmuni cati on overhead between front-tier

ware 783633 of nmddle-tier to which all satelliP&I/EP2006/066819

servers are connected. The objects di scussed above are
t hus brought, when necessary, “into the various |oca

caches_toao. Hence, the local applications have not to
access '8e drstdier {248 45 seaseof ig pwﬁ%t&tofr%'ﬁ@@& &@ryess running

é&‘ﬂﬁgs‘é aﬁpﬂ{%ﬁohg‘?@} ﬂﬁﬁs‘:gﬁﬂgggh. | a:ﬁetéi&r@’er d sﬁgoté)) iustrate the

dvantage o rotectin at abase ser
imantmas thm@mettypgatqummpmvéass Beambhr enginesng hese software

th 226 hat d
D¥Rieio8 B IUR Tivahy et 2aelne R Ser Ao A A losmi@defendent
ﬁﬁﬁt ﬁ@(véa%ﬂté’\&éaﬂe@@ﬂ@m%&cﬁsﬁ fH¥mashLeMichg Mdtiﬂ?&?@i‘é in turn

hit ratios they see their performances drarmtlca y
Bogrsseddirombraeovter yisarhi §26brﬁ¥$ﬂ@dgha®|m\fﬁ§n@cwbhr network (228)

catjon .over.head, be en tiers and, fi
R ouDes el RS SR BuobhR 2L ool st spread
bpfiasbhUahe neoridisidd-headyr digeuss edunboves ahk Q;ﬁpitd@zka@n% are
assunes that caches coherence is mai ntai ned whi ch

fatthepddeassad ilecdl oldeelpng (23Guressentipiur &0r3 redlucing  the
g&%ﬁ{an?(?agﬁctﬂh§%é/rﬁ@18 lb%t\%gér‘? Fr o?‘rt ti%PJa%%t Cb§§ B'E nz%d&%aﬁer to which

process reques

aibr&ateiaie @er{ﬁr@gﬁ;@%oﬂ%@zﬂeﬁumea@bw idisdussnd paldgvamrs thus
ngCI ng programtgsooc){ S|tuated in a front
P?%%Qh§ew BY TIREEE39Nn YR 188t VRTEDY) locg! E% E)Oa Eﬁ?%ﬁ‘elthe local

%gbi&%iabﬁ%% zﬁ;f%%ﬁ%' SedesbS4 O eF r&aéﬁ\ege&gﬂ@%b % requested is

ere 1's a , object Is sinply retrieve ocal
caekd (ﬁ3ﬁ§)iﬁcéﬁhcscin<s t hibisnbas tetf el welveaiagef of protectmg the

Rbrossaasd2Be el inrrimyeting i SbonovsRoMng myriad
5%@@%5@%&%&@@@3@% & 2ISIRAL whilcl ARGwISERRH Ik,

there is a mss ect nust be brought in and
it is Bm@m%@sﬁzﬁmeh@neiaccai@m%o@r@cﬁevssecpbrWﬁbnﬁha nobjective of

ntral cache of i.n 0) to ich reguest
SE0h R0 5307 eRnsl i TR grEn e e T OB BES, elpaticaty
Fhsevegedvbermatt ehis Idonklicsathis lrékﬁﬁ%@t hﬁm@aﬂ&ﬁsfséﬁéﬁ) o@erhead
data handl er function (350) is ainmed at retrieving it

Priahiesentd dnabacHiewsold spPWRPTadely 33D)Y Mere meid-users on a
g%‘?‘z@' m?a%%ﬂ?cﬁfr?[ he i%f?ggﬁitdag&sﬁ%v? hovheLe c%ft EH§§ assumes that

g
requested Gbjec

ea@fﬁsxaiﬁwexb@ d.sahammdd t\ﬂmmihes faphkr dat:u@afedomcfgﬁ@ﬂm figures.
Hence, ] ocal cache contai ns one rmre@g}g% ectﬁ@\%SZS t hat
can pogﬁ%"ﬁﬁ BRSEESE hervarigrereses &Y g that result from

gﬁ%&%%%‘%nﬁieﬂf BRE.JsSr ROl ANEEERh 4hikega! prAfAs. (350)

When such an applicalion program e.q., & pricing program (300),
situated in a front tier server needs an object (305} to compute a travel price
local cache is first interrogated (310}, if there is a hil, object is simply retrieved
from local cache (315). This is the most effective way of relrieving an object
since the whole processing only involves the server running the application.

When requested object is not present in local cache though, there is a
miss (320}, Object must be brought in and it is first assumed here that object is
present in central cache of main CDS {340) to which a request is issued (390}

through a load balancing function further discussed hereafter. If this is indeed
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present in central cache of main CDS either (355), it
must be constructed in CDS and stored in central

W@ aehme3953hi s i s achieved by the data handl er (BSDEP2006/066819

al ready nentioned which nmust gollect, fromthe

dat abase (385), all the data él errents (360) necessary

to construct the requested object (355). Constructing

{fecalf E65)cadaie hangisrplexior bEds ds aaedmiyeiigying & Yrom the
S

é@hﬂ* a%%’h%amg% éérl%%lr‘c?%{ ?%ﬁﬂt%} tehteﬁegrcdﬂlég%g?lj tﬁ%crtlégqgsﬁstm server

oheobjieds disrgplerAibemidstie dake sapuesidd |(mjmit oat | gventually be

dohteate ¥ BRaewdiaon STORGRR K6 BiSFLApChBoer R e more
beRauans, phiah Sasibiphbnisan @pRIdHeAeqEesanpl e code.

new obj ect passes this validation phase, as it
nor mal Wheto egjudsted sshsadriedndinpursent ah leegheactRr (880} end not

tori at' -tq-live (.ITL).Or..an hrat on dat e

Bt Rebhdh teblrihsddig ol Fag TSGR B ab e Brbfucted in
omslahadsiated W boekaldiatis Sk iNathigue tf thenge hékh{ﬁer {350)
is done, new object is forwarded to the local cache of

slpadt nenflonreswiishuesstgoliect, feer éhe Watabase 63653t eldle data
|
%%ggesaﬁlg £ 3%@&@%&%@ ?orlé%%&' ald ?’&%{i{%&%‘?ﬂ)ﬂéﬁ%r ug‘cst%g&t Ahstructing

i‘'on of "new con

ol egiof adh $ei & comple) palwdstihasmayakgstrenedsdus maﬁy requests;
central cache or forwarded to | ocal cache é357

ée ﬁeﬁ@bﬁ@%‘ﬁ% idodhespEbass- MECR ToePul t?gf?tﬁ aRd mugh Che@kmg

t;
FENERIEARAM D BRSUEFER L Sl By P

apgmiiaaabnseﬂmer irghiedhes aassymtabtm&saspn? ewmastw civesiurgs e, object
to allow redundanﬁé a d sc,

b | . ddl
dETBEN o hekE A & L dpHles St i object

%ﬁ%ﬁﬁs {sRmddhes ﬁés@tast i Worr%@ﬁ?’ ehesCRls %&)?b@@ﬁ’ central cache.
al anced over the set of avail e central

E8py ée ssiotiad bmea‘@cimggTEk)eﬂcmf*mraticguﬂet@ is wﬁeched to the

th f th t furth
aPictl 80k cbras TPRENSY Mg AN kB sty roure 4
bDal-angisng dowBC hb@noliS83) dhatrded sPches! thend 6P8¢rver that has
tier requests (390) according to a particular logic or

egseiachm, t Where dn i dirgds siirap| begs dﬁh‘éﬁfﬁél (37k3%omw the software
%?M%ﬁ%ﬂ%&t sﬁé@,%t ;'t,q[?c é@er‘“’f%'»%hd&@@? h@ﬁ/oéanggmgfe%nébjed fails it
y o eac

er requests are se successi ve

E&Gb;ﬂtﬁ&ﬁﬂ‘tlrsahﬁsﬁhvaf il fersel gaoise ot idrivdard &b to losal carhe (35?)
reached. Next c&gest is then sent Qa{ﬁm ntothe fir
nurrber ‘é‘ﬂ‘%ie%f‘??ﬂ BFVECremgad Mol GiRpsitds ﬁﬁpé’e?“wte‘j {380} in

&ﬂ{ F&Wréi r%g ‘%@EYSSfﬂfr%Ctth t\/ﬁéB}@?‘t UBh %o retrieved from the

St cate ough, 11 ke ose that measure
oih‘macezmtaaai Iseacérofcae&aeesh merwei! ded premageivt diseisdedn to allow
?r aca,s?'a@a?agy %ge sca%a%ii!t?,e many middle tier servers may be aclive
simultaneously in order that the requestis from the front tier servers can be load
balanced over the sel of available central data servers. Load balancing,
sketched in figure 3, which is beyond the scope of the invention, is not further
discussed other than {o mention that there is a load balancing function (385)
that dispaiches the front tier requesis (380) according o a particular logic or
algorithm that can be as simple as the well-known round-robin funclion. In

which case, incoming front fler requesis are sent successively {0 each active
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Hence, previous description that nentioned that a
m ssing object is requested fromthe main CDS cache

woreaw/obs3amended. Dependi ng on the deci si on naPET/BR20061@66819

| oad bal anci ng function (385),4he m ssing object my
be requested as well from a backup central cache since

new y constructed objects are regl icated (380). in
ﬁ%?ﬁtfiiﬁe“’%‘é%i\/i@rsﬂuﬁﬁ@‘? kgl @asis reprheheNey) fé*éitie‘f‘i‘”sfsﬁm%@@m again

f&ﬂheog%?“ﬂ%ﬁiﬁ&eﬁrb%rﬁr%f eehgd fobcg Jﬁegji{%lsr‘ngl%cgigel“afhm is often

nmust be constructed i'ke explain above, as 1 main

GBS ddxtibeefosel emrechomematmi exsebﬁm&hb&kk@@o@ﬂﬂe&easure
enpor a s a,main CDS which neans that

kEngetalioad Miutciorre T TRt ToM BAGieTEs rrest to the

RELE ¥8sDS' s so new obj ect becomes available in all

m ddl e tier central caches. This aspect of the

i nvent Hengewherdouws baskipiceDgatayendope dhal v adssing abject is

' [ I di d.in fi 6 . F 4 ..
RuBs et ofs el SESRRERR Ik Bacaencit “Heatliipo on te
Aeftioeneddahgvee okl monsdinrg eledicpb3gst shddgsiag object may be
defined tine-to-live (TTL) or an expl ration date

ERAugskstat sveliHeam sobadian vttt caghe sEisntewvlyaprsiucted obijects
e B LR Sl SR G e bRl peever no

ohjseat imhibehskcmt datrdp (40W)al | thdel Qcaiusscat&he:dn&irusted like
renmoved and thus, not returned to the requesti

APIPINEEI I E: PRISTE BT 838 ReeredTiagalinen ‘IB?S qgeeurs, backup
ﬁ’Q\Le% 1 Bho iR WNg ARG, SEHEChAGPYndds 1o d onge c,orisstrucied.

al anci ng Punctl on, not shown, as exp% al ne |gur
8hject is omited sﬁmm é:@ekm;) ito mbatm\w {d¥e'hesd mé@) Qb;@nd becomes
handl

b he dat
el 8 ol VRSl CRurLEAGIES I T abpeuda e JVERich, where o
Eﬁéﬂdﬂ‘giﬁ@@iby(ﬁ%b%%rwgﬁ@aé b rh§mf%i9$eﬁ 4143 Blscabshd OfBure 6.

it can be delivered (435) he requesting
appl i cEtgum 4Thiisousads tHee q@m@:e@fs @ﬁeqﬁ@pma@aﬁb@an As already

out dat e ect If a.fr 0 0 )
iR tPLER aBPLE Yo Pl s PR & ReCBRNeTTL) oren
eRsiRgidnt daRShithdher] Yo tiesdl 4 wdromttbed aeimdhiatcan be removed
anot her application, using another |ocal cache, has

HPreRReResdedd pRBStgsier SHTeRIMSIPSh has t hus been
pr evi OWéﬁ é%%@{%gé lé?)bﬁgat ’_gt%}é?ran b%feépwﬁidh is outdated
. object s o)

ot the caseé ues

(ﬂﬂﬁ)ah&ﬂ icbermd @:@nheat :@&&h@vécﬂ@ﬁ)ﬂ thivk, Mustetened fo the requefstmg
reconstructed. This is perforned, as already explaine

PRPlGRgERe HIS (TGHPSal AASEQEBEPNbS themBaI TRANADST | fihe one
YOLER S hd RAMASHENGAYALhARK, OBt 6AGRN, 85 Rl HRhgGe 3). 1f

j ect through an invarida
object is present in central cache (445}, and is not ouidated, it is forwarded by

the data handler {450} as previously explained, to local cache of calling
application where it is stored (425) and from which it can be delivered (435} to
the requesting application. This ends the process of replacing an ouldated
object in a local cache. If a fresh copy of the requesied object is readily
available in central cache it most hikely results from the fact that another
application, using another local cache, has already neesded the same object

which has thus been previously reconstructed in CDS.
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handi er (460) function. Hence, outdated object is
eventual |y replaced in central cache by a newy

W@ 3893563 ed one (475) and al so replicated i n BCT/EP2006/066819

mddle tier CDS's as explainegd, in figure 3 . It is
i nportant to note here that if CDS from which an

out dat ed obj ect (455) has been re)guest ed is not th
mai n COSWBYET df Wawu@ptdﬁs Cas6 16+ SRR {eHRT PRIEE frofise outdated

. t
@?g%@g&]"%%taﬂ ¥ 488 |i0adPakanehngf4ag! Tﬁi‘é E‘}i%?eo??%r@hgg already

recdnstructlon 'S not act ual
bypitimedbac kypredat Bohandiamse THEDMpe tite idatal indmtileonwhich also
requ i s .rather. 480

e T EHaR D) B (g, Siialed Sl BRovi g vaidation
pe et s, ff@néiﬁ;ﬁ@@%ﬁd@b‘u%té@%&ﬁﬁ @@%ﬁ@ahg/ 6@sod fiSconiral

reconstructed object in all backups in order” that al
neeltl bytd @PWS%W@S@VM (N} wnmdbpe@mim@ﬂoddnr@i trh@di@ tier

PEBoh e celPohtcin Gited 1o Ry B EobSRhbersy i T Lo from

Qi m'@m&@@%&f&@iﬁﬂﬁﬁé% @b&ﬁ%‘@iﬁbsﬂéﬁ #ahedihd Main CDS but a
however delivered to the requesting |ocal cache (485

@@Ck%@%@e&f&%ﬁ %‘fﬁbeuc@@tqedw(mo'@d ﬁ}%thebloagthaé%ﬁcms% function
QEH%&ioaﬂehbﬁr%‘eg thTTngg %%HJC?% ! n‘fﬁ?tatﬁ ﬁiigl %?%{rhgw by the

'S Stl usea

badii{{@ﬁt:iairaeﬂmtﬁ( Shhe mhjeh&zrrv@ﬂ@amrf t:@:tw@@n id sather forwarded (480)
&gogress as. expl ai ned abgve. Further req uest

& val %WWH@@@%W@M@WE%&@%@ Gl W?Fﬁ&eﬁarms the
HSS R E VSRS RNShE la‘%ﬁi%%i&ﬁk?%ﬁ?eﬁgﬁggé tg@ E%%ct i all backups in

operating Is conpatib I cation
oalesittler elll rbigidiehBer QNS icoa aveetieiyi updaeasnaueing the one that

ggdat ed r %?I arl% however, with flexible update tines
S SMEGUSS'si gni ficant time to deploy a

new sefefiuddl FodRERBcMUPLaR ﬂ@égénﬁﬁﬁfmﬁ*oléesé:'ti%” m%e%t originally
descri bes the invalidation of objeCts in caches

sl e sitheeghodiddted, Eﬁrhm‘at\i@baf@é@ﬁ@gdo)thﬁTﬁ‘ﬁ@‘%tmg local

Pagss o R N S BRER BUHBE 3, R rtbirBing cetvery
Tieidy oot @NEst toTheedababaige st HahcabbBjdeo isdatiegdeable for
what data el enents, which were used to build objects,

H&/@Jféﬁﬁﬁﬁééeb% Wi TEROBBTEHOS 1B i AEOWESEr 8S EBlgined above.
gﬁ&ﬁéﬂé&%@s S, F %&@é{% é@em\é%htaglteﬁi_ H‘églekg%ﬁ,dwﬂrﬂgus yse the new
possi b

éconstruc i nh cen cach oth

té?@ndat;eiﬁaseb}@maﬂhaast«@y(Sﬂ@peahj@i% compatible with the kind of
|nvaI|dat|oncormands to all CDS's i.e. to main CDS and

BREiGAYcRISrSjisiRery 19 inveplier e ess) ak faregrare updated reguariy
hayalddaligdnénll oda s % p g%‘s %Gﬁe”?'ték&aéﬂ‘ﬁv@%pb sibBficant time to

I nval i dati on hand has first
deploy a new set of air fares over a large network.

Figure 5 describes the invalidation of objects in caches when data
elements are modified in databases (800}, This occurs whenever database are
updated by their users (505) e, those in charge of updating and managing
their contents. The database server is able (o detect what dala elements, which
were used to build objects, have changed. The set of objects impacted are then
determined in order {o have them invalidated and possibly reconstructed in

central caches. To this end the database broadcasts (510) object invalidation
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deci de whether an invalidated object has to be del eted
or reconstructed. Indeed an object still present in

w@ennads3tache nay not deserve to be reconstr uRCEHEP20€066819

exanple, if it has not been d for along tine or is
seldomused or is frequently invalidated, invali dati on
handl er may si decide to delete it so as to_no

GBI st RS LSeIGsERY SHabeaus BB GqEe) nghere al

\h for th
recons?‘%ﬂé&w%}ﬁgﬁdﬁgd@{@vﬁﬂ necessary for the

tion eci sion 1s’made according to
pr edef Umethes etdinngBS %mnbe iofalidediconnahdidat{®80) has first to

R "ot e of VP L AR cot et B 1 GBI Bt of Rgconsiructed.

Gﬁfere%Sp&?déﬂ]QCEC%ﬁheps%gﬁf ¥in'S B@&eail %a&iﬁ@e:%ay"'ﬁw@@senl’é o be
I nval i dati on handl er deci des that object mist be

rescoatticiedt Edr ekipics dbhes hobdredattsbdder briokg §imm bris seldom

way,as al read ed in f

PSR T B PRI B OREd, By W BiGn Tan ety pimaely eeice to
ablet RS Sas & hbpbcdiBYoRre ¥Ry 0RbRedasH 8afd efhprocessing
copy is available fromall central caches (545).

WRWEREVEr casTanion iy bﬁéawnﬁhrwa%ﬁ%fmfoB}eeéef:@@tfuctfon The

BEGL IR P e i Y P DAL B APH Bccato

haeyients Mfriewair&i @étrﬂy cBt ansingdREYrsof the front-tier
servers to use obso| ete objects (560). Wen a software
appl i cabeont Aerpiateiedmagaith d&r‘ﬁtﬁﬁbﬁlqb&@téﬁeé’ﬁf iggponding cache

ﬂ?/r%éd%ef HRkE. F%vi Ol aﬁ\%éiaécﬁ@nei’%@?ié?%ua%%cﬁ%i object

j ect from and, possi
n*exsbrhnaet rgotistonctad thisoecioneaboal de@tbpsexplabimathriway as already
ect. del et i

pdBiGon d6LEe 3, HBoR e ermutia SR SlmeteehietCh Tebesh (s40) in
b emiaesdraia tﬁ%ﬁaﬁ“@ S&H%@ﬂﬁﬂé@par@é(ﬁésh Ehby id %vgi@eﬂﬁe from all

to take care of the managenent of an in- progress tab
Q%i@mibylﬁhﬁ@ {$#vjal i dati on handl er as discussed in next
fi gure uredS further di scusl{ses he recons%ruct

of an VL& éet;%i QU FECOURTRCIAR of QRigp S Aiforn Main CDS

mo@ls@ézmﬁﬁ hbﬁdfér%@a@ate%h@b ct snmmeﬂam Qgr s Satdbe (550) to
(600) in CDS's whichis g‘gﬁ upon reception of an

pisjveBt SORvAIe dRiNiAtierEy (e, ofrﬁiée dpurdier greryerspitogpesebsolete

%%a%cts t(;‘%'@() at 5“&% vg%i}e( qg?%ﬁéﬁopa%i! rh\é%}@i'sggg?]d an invaiidated

ect I 0 g%
bbgbwarwiadh ti® t%kxaek:upl i Ureer esaildidbliesot aacB2peichg @mf object

%rgren -(EB_S %rncie);)%lsgi%tiyl oitns ?ea(:to?is?rgcttig]neﬁaip\éac!céng gtseaoilready explained in
figure 3.

Also, upon completion of object deletion or reconstruction, the
invalidations are notified (570) from the main CDS 1o the backup CDE(s). Thisis
done to take care of the management of an in-progress itable used by the
invalidation handler as discussed in next figure.

Figure 8 further discusses the reconstruction of an invalidated object.

When this must occur, as explained in figure 5, there is an in-progress
table (6800} in CDS’s which is updated upon reception of an object invalidation
request. The operalion in progress ie., the reconstruction (605} of an

invalidated object is logged in table {810} of main CDS and forwarded o backup
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current object is changed to a low value so thai it is
still useable while new object is being reconstructed

w@sgoopaasBdusl y di scussed. The nornmal conpl et i oPCDEP1006/666819

operation is [hat object is nﬂanally reconstructed and
passes all verifications and ecking (640). In which

case it is just faorwarded §615 to backup CDS s as
W pregasssiebiar wea(tes t Mge, e b b e Plipliph &k of Fheajnvalidated

8@:‘?&:‘3@&%&@@&‘3%&@@& 0 SR vl &hnﬁa ﬁqg'sﬁ% Kedl€ while new

operation In progress is erase rom
Dh}eptmgmes@mmwuawaﬂsmvfm tibeusswels of the backup

O Bt o S50 BB iy ol
Fé&%gﬁuﬂeﬁh&r‘ﬂ pé&@é?ﬁ %asﬁ&ﬁao@@%@@ﬁéé&ﬁ@%ﬁ) theridScase it

in the ongterm first situation to consider is
wh st olsjreetddon (o mtmiﬁapnéﬁﬁ%e apcdrstiyudtsedssed so that i

BPERaRD S8 B AR RrRCREIRR, 1 WRoRanR e dft fagoino of tne

dptdpanan (H3flessReInSsd Bok O BRekK %Jp@cﬁgr@f%&aiﬂ@ and also from
reattenpted. start of which has been [ og ged in the

e pBgs el stheabiekuEs60)3's TREU paddeth geeries abe gwcpestiisd object
g$§§Cted by a scavenger process (635) that nonitors
periodically inspects the in-progress table. There

i s obvibusd yoperbtiphd hayt bessiblybeiot obnd ehsiresily though without
attenpted by the invalidation handler for the pending

BPRFIEIS BR Q%@g@%ﬁ‘"ﬁ’ﬁ% Retien-Brogriee LRGIng:  under
nor mal Ac@ndidi RS, tBn&}rg;def MR LBkH 8 ichS irS Y6 :ﬁséﬁi‘i cannot be

and operation resune nornally as exp alned above.
m@eﬁusﬁeﬁu&bmpi@t&ip foomsbogie,i seathse mbene@mty Jdaw elements

i%’%?ﬁ%g% g% bgd ‘g sﬁi)%p?‘%w é{r i { er iﬁi@?g‘gr n%gbg ﬁl&p%e?%/trurtmn

WBNr RSN uUBRIHE %téﬁﬁ&% bﬁ&ﬁu@f %iﬁ F@%' b@@;‘!%é@ed in the in-
I nprogress table too 20) . Hence, the backup

swm@rbi@r(éﬁﬁ)ssﬂﬁepeﬁd@gtw:péwmumght@péﬁmtm byhg shavenger

g result of,the ct. |nv at.ian
Bsaeageo) Mt v abiss 05 adeR e "G ftogress table.
EXPRCE é@)sdﬁhsﬂ?’é itrgit te Gan 8L et oﬁfﬂ@tn@@%ﬂiéaﬁ%ﬁé@%y@ﬁl@&ﬁ?aiadataan
do not norma undertake any object reconstruction.

Fenigefor Wﬁlp@ﬁé"mﬁ} preralicn Jragssan e dipgeeesd t@yiet Hader normal
?@%‘M 'ml nﬁ’r?é bﬁ%é ?&\rAEQQQ Cé@é&i) aﬁ@%e?&%\ﬁef@s?{me normally as

explained abow@

A second situation o consider is when the object just reconstructed
(610} is not transferred normally to any number of backup CDBS’s. This is
detected in a similar way as in main CDS since backup CDS’s all have an in-
progress table oo (620). Hence, the backup scavenger process detects the
pending operation which was logged as a result of the object invalidation
broadcast from the database. Backup CDS’s, which expect main CDS o
reconstruct the invalidaled object, do not normally undertake any object
reconstruction. However, this can be exceptionally triggered by the backup
invalidation handler {850} when scavenger reporis a problem. When this
situation is encountered backup invalidation handler eventually reconstructs

{655} the invalidated object for its own cache, behaving temporarily as a main
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situation is encountered backup invalidation handl er
eventual |y reconstructs (855) the invalidated object

wo 007i08%3DwWn cache, behaving tenporarily as a PEi/RED86/066819

This requires the retransfer o the backup CDS) of
the necessary data el enents from [ he database. After
whi ch_pending item of in- pro%ﬁess tabl e can be erase

S oBr denbres e FasTRon P 1B BR0kaP GPRSGY dbe eekapery data
g%%erﬁé PHS tHe B%\ia‘?;ds%égﬁép LirRgs @H{i;ﬂgt;fe‘i’x‘?@f irf- ?%@é@s ®ble can

the i nvention. cac s nece sari
bé measad and opaidiibnaan m&uﬁMmiiMbﬁ &ﬁmed mmmﬁm

oo B P Yebls o 0

left tQ GRASIHAIC e R8M I LHHRSERE é?@d:é?i%tas bﬁiitsé@tnﬁ%g available
practice wth caches is'then to renove the | east

fae‘f@énmewmseﬂ ti@%k;Ru)ﬁraibisfwer rovimeket rasgtasf or makéhuehappen that
ob'ec Ot her, replacement algorith may_apply as

SRS bogo TR vl B S STT R R Pt BRI cbfew rgauested
bRy 64 wahadrchgmicned WageBaused i eeantd YentBY ki lbsbescently
a valid object i.e., it is not outdated. As already

pertht &R lbubbiash] ectpkgc copdi Y the Y | oiiepk | @ihear @placement
%@EAEB&%; 5 %f%@éaﬂ% G’ %ﬂ%ﬁ%&' &Qbﬁﬂwﬁ?fg ugéc? %e@é{jgg (opiect to

rom erver centr processi ng uni

kencansihivttied asidoadrs 0segedarglymuldy pliebaccesiBesbleet ie., itis
the background dat abases (700) Hence, reconstruction

5¢! 8H dﬁgéf‘técf\s,agre@ggt PYNEGTy o S@a@gtﬁn%c%giggdt%gie invention are
SRR ROMERLy |40 A RTINS e server

owiinei CRScEER0 oniti (LRIAY tofbe hmrisa‘c:ktﬂai cbs sEs@?%&)uare multiple

BeeSkl,toy 1S kDt Stab et ot D0k Heresy redtiyicton of an
é@j@eﬂ%a@staw Yisbddthg 480 RASId; Ne@ﬁ@ﬁﬁé&t% %of bemated when

the server; if it iIs not outdated (792), "instead
ﬁﬁﬂ@g‘cﬂfﬁ’gﬁméﬂé‘@ (780). If object is out dat ed (794) it

nmust bg,. di scard d th ndary ne j o P
Coner TS SEAr e cER Al il Ao SR8 AL el RIS cffier in any of
i pshieg COLHETIEN el o. Henbe, LEe aansdtrigt hesn %faie@%& (770) to
out dat ed obg ects can be avoided. To do so, CDS s

bF ek R o BhieCEECE Caeke |08 @ﬁcﬁériw%n@@%@aFW?@%ﬂgw (740,
700 &4 achceds g6 olc LORD A0 1 ol ol el [ E¥Ednstea o
om ary menory i nstead o

e’ correspon secon

beiinggjm@crdaswam eﬁob;’ébe;ssamteéatmtm smrappbeefistarded though.
LRU object is renoved from cache to nake roomfor {he

1 B URBSCBH2BLTEETONNIS PR alY BsrediggiethBig Ty stesRdlpy & hard
ARRCIEPEEAR8he server. Hence, reconstruction of non outdated obijects can

be avoided. To do so, CDS’s keep track of objects stored in secondary
memories. When an application needs one of them again, it is retrieved from
the corresponding secondary memory insiead of being reconsiructed. The
same meachanism applies i.e., LRU object is removed from cache {0 make room
for the requested object which is first searched in secondary memory before
being reconstructed if search is not successiul or if object has become ouldated

since it was stored in secondary memaory.
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bei ng reconstructed if search is not successful or if
obj ect has becone outdated since it was stored in

wgee@onsmsy nmenory. WHAT |S CLAIMED |S: 1. A net POOEP$006/066819

mai nt ai ni ng coherence of cac contents in a
multi-tier software architecture including a front
tier (220) conprising at | east one satellite server,

each sgjglaptslaastianessatellite server operating a
| ocal ¢ache (230). sard architecture inciuding a

mddie tier (210) conprising at |east one centra!

$ efvepinog i) maigtiningdicliesnqcedlstadivecaintiedn asepligiier software
4 . r p : .

SREFBLDS (B P E PRIt Sop AT, S ok atibe server

datiabate i2e4pt theougielkd derast opoemtihgt abasel secker(230), said

202), said at | east gne da ase cqontaining data
éTQg’ﬁF@ﬁ’i{%@G ‘Géii‘gs?a%dfgﬁtt@réé ?ﬁ@p*ﬁ%f‘ﬁi%\}%%@t\ia%%mai server
[ i SSk fi k. Lide ONE o CeMiF! ey
e S g AR e Pl TRl Lo gl f oache (216)
et edic etpdeasi oge tdestist epsraofintatraty ucthi ag I€B850@)ne database

PRl s ATl RRlone anpRre RO 20a) cio cude g ahe database

dotiahase dal Hepisd rgebi Ngaist 6Btd REHEMRI rdihevddirtierqueries

steps of: validating sai d objects; attri buting a tine
issubdl g TRL) sel shicgsbbpecesirahnervet & pag sldedst one database

jects.| [ ral h 40); f di 330,
SF i Ml B RERodERNEB 0o Caches to any ones
O Eor iR Gi b E BRIy s Bhsl Pu i LR ep from at least
St Obh&GafRdiPB|RedS FrdmSid 410684t &RCRsibaAR! is¥RS bBSstructing

(335 375) said objects to those of software o _
appbliepdticiodin g Bierduriheoatepsiaf. validsitingtasid ebjssts afiidputing a time

cr ot DB ReRehRELR: dhenddl FELLPERPRIE Af febler caches

ar e(dq@ad bal anced (385) over all available said
central servers and wherein one of said central

Serﬁﬂvérdiﬁ% sebectad Dad Qb%ﬁfé@%bm 3aid JiRralREBRE: to any ones of

according to clains 1 or 2 wherein said constructing” :
st epaitinetieltiessariersf wauhsing seig @fiects epiil darvargingegop iacluding

cone AR bPST s Ob ki b Bkt ®her 16 4

. The.neth ding t | ai 1 2.wh in.an. .
ob] GEIVET 6 G0 o BLSTBot)e s din Barei Ot spBLetu SbBlaens running
cachg skt he8aVers hid FénMsBak Reid S8Rets350) or

2. The method according to claim 1 wherein requests from said satellite servers
are load balanced (385) over all available said central servers and wherein one

of said central servers is selectad per request.

3. The method according fo claims 1 or 2 wherein sald consiructing step
includes the further step of: replicating {(380) a newly constructed object {355} in

all other said central servers from said selected ceniral server.
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outdated (405) in said |local cache 5 . The nethod
according to clains 1 or 2 wherein said constructing

WeL@p/0§B30) is triggered in said sel ected centPEI/EP2006/066819

server whenever requested obj?t is mssing (355) in
sai d sel ected central cache The nmet hod accordi ng

to_.claiml or 2 wherein the step of attributing a TTL
Andhe FeeSPe RSPIHES P ﬁ’&“@ﬁl “H%BJW@%?% qbé%ﬂté%é%qltﬁﬁteﬁ {390)
e n |

£ SOEP QR B BELRelont)s isBRg IR 360) or
objdett B {40D) in ﬂxad imihmthaccor ding to clains 1 or 2
wherei n said constructing step (350, 450) is skipped

aid selected,.centr er. enever. re S
ST redBy ity Sgre kS batp WhE: Shist SiRichita sep (350)
(z-f‘tﬂaéa;ea*e@i Bl 6eBERR craeh Sendr whER@ VBRI sAGCAKEENE missing
to any one of clainms 1 to 7 wherein one said central
sy ét shigl aRkeilghgreabgadiemai n central server (340)
and all others are backup central servers. 9 . The
ge%ﬁgqn@ﬁ%@&t&gdshg tgrtéfaaprp% &IZvatPérgﬁa t}\eté)(gé élmﬁfrﬁ}'uﬂng aTiL
Sai d "construc tep’is triggered in sai d nmain

gedtthalsigeny etormg&aaed fcfb@mt@raz & myplacdatiyomehstagd| & rejecting said
whenever said requested object is found outda

bt (R7 ] E e was Spl HRTTS P S IR 65 VAT BSAbablects.

according to claim9 wherein TTL of said outdated

‘PbK ﬁétmétﬂt%?)aw%rfﬁ% %%Eeﬁrﬂso‘!"’o}’@' HBeReH %Eaﬁj @&Hé’tﬂmtmq step (350,

f orwar ded e requesting satellite server
430} Enekippetiod s setiolgs ttental senver o'ﬁmrrm/eprreqweﬂisd object is

wh ' i d
SR iR el R T b DT i S N Rl SRSHE° o
| east one said data el ement used to construct said
8bjrrs trict08Qcdoasingasuriyosid bedidins spidl7 d@iabasene said central

conprising the steps of: determ ning which objects are
ﬁ%&ét%aeﬁiﬂaa@@a% |an@atwantr@5a$araﬁr g’eﬁﬂ}aﬁm‘sa% siftgrstaye backup

ation handlers of said central servers;
?%Q/tg#%éﬁ‘f% %g correspondi ng objects (515) in said

central caches; propagating said invalidation comands
£550¢ meethadlacs:a'rcﬂng éc ahy cacheelainmy dl tbdhninegein said constructing

F{Rve  BaBTIRg e oS A GATg! EREHF UPBROROR B iayadation handier

OB RhSR dafPigilsSted object is found outdated (455) in said selected

ceniral server.

10. The method according to claim 9 wherein TTL of said culdated object (455)
is set {0 a low value before being forwarded {485} to the reqguesting satellite

SeVer.

11. The method according to any one of the previous claims wherein objects
stored in said central caches and in said local caches are invalidated as soon
as al least one said data slement used o construct said objects (600) has been

maodified in said database, comprising the sieps of:

determining which objects are impacted;
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12. The nmethod according to claim 11l wherein the step
of invalidating objects in said central caches

wo p@ss3s t he further step of deleting said ObPET/EB2006/066819

13. The nethod according to clJ-aim 12 wherein the step
of deleting said objects is replaced by the step of
reconstructlng sai d objects (535) in said main centr

al
ser bg@rd @g@t@)g a@%ﬁafagm r@nﬁm@nﬂ@r AB} t@t@bewi;dateon handﬁers of

rep 4 said reconstructed objects into all
sai %Ié;%?éejﬁg}%; !é%ﬁitg%al servers. 14. The nethod according

cen%qiéii(%][e o e SRR R Rl REeRe!
to RshreerTaSAt Bur bt 0#2@%%@@5%%2{%%@@”%2%@ 83%)cs,

ng{”?f {%S%g‘%g%%ﬂﬁ’éog%r Id%%j%‘%ﬁ Rg@@tn; flf»g«zgd k@g? %&e&, said
tab %%ggst@g';&i&ﬁéghhe 'ﬂﬂ‘%ﬂaﬁ‘*%tté 8; ééi'eﬂ:aé; @g&f&gé@gs

detect conpletio sal | ect
reconstructions, conprising the further step of:

&r ashagrathdd ececmdﬁriga‘@ gkiroBjl echerescibesstepof rom§delng objects in

DR RHEEERONAY bl SOTBLSL P R EL MR e

failing object reconstructions. 15 The net hod

ascondinmghb aekaiding 4o vheneiwsaidgin ol etip of deietmgﬁ said objects
reconst ructions are performed in said nmain centra

opEcegney WkesleppidarensiBgdinapadd epiactic(Grdedn saisl main central
%é‘;rvbp Eﬂé%@s S?@%&;fiﬁggﬁ\gﬁpghggafé@ @fcalegﬁ@&m?f'{ér ‘f%b%@conﬁructed

égin sai d Fn-=progress
bhjektspintesalt saik! isekuprcenka! sdihersnet hod according to
cl ai m 15 wherei n obj ect reconst ruction endings are

| d [ t f back tral .
(P86 SR apRih SR TR prbrot o et SRS i sl igpach said
BB s COH E@IncRRID4CEN obfed?@@oiﬁ@hf&@n%gﬂbgié%@ fBicct@oNand a

14 wherein said detectlng step and said reattenpting
swwr@ﬁé mem&& bl i @mai@r m wm@tﬁkﬁgﬁ@meﬁﬁwtwn from said in-

od di t I 1 wh
g%?‘o}f’st#? LF&mW&n& Ebe ?’ o elsn?heop?ela: m nar yegflegs
|
not iﬁ%&?“%ﬁ%ggﬁghv @ef:%i% e§r? 5“%9@8&&1% a‘éf %Cﬁa@‘?“‘g?@éﬁ?%i{sugﬁl s81d in-progress

conglidl ggg step; if full (780), selecting the LRU
obj ect Eg?? in said central cache; and

inspecting said in-progress tables (635) to delect completion of said object
reconstructions, comprising the further step off erasing table entries of

object reconstructions that have successfully completed;

detecting failing in-progress object reconstructions;

re-attempting failing object reconstructions.
15. The method according to claim 14 wherein said object reconsiructions are
performed in said main central server and wherein said logging step includes

the further step of. forwarding object reconstruction beginnings (625) to all said

in-progress tables of backup central servers.
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checki ng whether said LRU object is outdated or not;
if not (792), storing said LRU object in a secondary

wWOoreewony9sey75); if outdated (794), discarding (FEGDEPBaé/0h6819

LRU obj ect; and, in both case proceeding to said
constructi ng 19. The net hod accordi ng to claim 13

wherein said secondaréq menmory_ (720). is further
$ear BRicueH 88GUdiids ﬁE@“‘@b %é\th%@f‘o?@eﬁtr %"é’é‘é?iH@“% endings
2CoRs Ci [
AR dRECRELARC AogRREatich of Rtk el ZRAE!dH Rébeption
& id) idf ebjantefoovaskriess, mami cbrdggd semcconpri si ng neans
adapted for carrying out each step of the nethod

f 1 19. .2 1.Th .
87 < Phtrbinb B KPR WPRiER Salb 2 @R A g said e
gﬁmg&ﬁg @@gre%érkbrﬁ@@m%me&d bEery ;ateght%%en%}g

dat abase, nmeans for invalidating said data objects

when outdat ed (450), and neans for managi ng

18cohstPatoACETdnE @ Jatda eiest) cwid Wss@uftﬁ%;;tep includes
gram product stored on a conputer

reaﬁ%&%w Speoh

ge medi um corrprl si ng conput er readabl e
code ans for causi. ast ,one ut er,t erate
C haSnTRNE dPEnr A Syl SRharen s, T B B fRERbBeeding
in %M@Bmeiyli@fﬁaﬁpéé}w&ﬁﬁm;&gﬁ@;ﬁﬂ IR GOI7E0N GsdiQctBRYHRNER U object

of the clains 1 to .
{770) in said central caf::he and

checking whether said LRU obiject is outdated or not; if not (792), storing
said LRU object in & secondary memory (775); if outdated {794), discarding
{780} said LRU object; and, in both cases, proceeding to said constructing

step.

149, The method according to claim 13 wherein said secondary memory (720} is
further searched for said missing object before proceeding 1o said

reconstructing step.

20. A system for maintaining coherence of cache contents in a mulli-iered
architeciure of servers, said sysiem comprising means adapted for carrying out

each siep of the method according to any one of the claims 1 1o 18

21. The system of claim 20 including 8 means for constructing objects (350)
with data elements from at least one daiabase, a means for invalidating said
data objects when ouidated (450), and means for managing reconsiruction of
said cutdated obhjects (500, 535).

22. A computer program product stored on a computer readable siorage
medium, comprising computer readable code means for causing at least ong
computer to operate the method of maintaining coherence of cache conients in

a mulli-lier software sysiem according to any one of the claims 1 {0 19,



