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WO 2007/ 039535 PCT/ EP2006/ 066819 5 10 15 "System
and nmethod to maintain coherence of cache contents in
a nulti-tier software systemained at interfacing
WO 40@{/&653@&? abase_s" 20 FI ELD OF THE | NVENTI O\IP(-F'B@?2006/(366819
present invention relates generally to nulti-tier
client/server I software architectures and, nore
specifically, to a nethod and a systemto nmaintain
coherence between the contents of caches that are
i mpl emented in front and mddle tier machines to
i nprove overall performances. F 25 BACKGROUND OF THE
I NVENTI ON The client/server nodel which has energed
inthe 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,
time sharing conputing that was the norm at that
time. Aclient is a 30 requester of services and a
server the provider of such services. Dependi ng on
the software configuration, a sane machi ne can be
both a client and a server. WD 2007/ 039535
PCT/ EP2006/ 066819 2 The client/server architecture
has progressively replaced the previous mainfrane
software architectures where all intelligence was
within the central host conputer and where users
‘interacted with the host through a dunb termna
that only captures keystrokes and sends that
information to the host. A5 well-known [imtation of
mai nfrane software architectures is that they do not
easi |y support graphical user interfaces (GUJ ) or
accesSystermahtli phthodat resetsin toberegen gfagavheatdnfents in a
di spersed sites. Mainfr s.are still, however used as
ML FRltve SETETAIGT o MOTHaE Br9eelErer
architectures. The client/server architecture has
i ntroduced a dat abase server acting 10 as a file
server. In this architecture user queries are
answered directly using a relational database
managenent system or RDBMS. The network traffic is

FIELD OF THE INVENTION
The present invention relates generally to mulii-ier client/server

software architectures and, more specifically, to a method and a system fo
maintain coherence between the contents of caches that are implemented in

front and middle tier machines o improve overall performances.

BACKGROUND OF THE INVENTION
The dlientiserver mode!l which has emerged in the late 1980s is a

versatile and modular sofiware archifecture that was intended to improve
usability, flexibility, interoperability, and scalability as compared to centralized,
mainframe, time sharing computing that was the norm at that lime. 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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reduced by providing a query response'rather t han
al ways transferring conplete files. It also inproves
mul ti-user updating through a GU front end to a

woShhssss dat abase. In client/server architeaiig8o06/066819

structured query | anguage (SQ.) 15 statenments are
typically used for the exchdnge of data between

clients and servers. Wth the two-tier client/server

ar chi Tmmﬁr@/s(ei%) architapitiealbasd pragressivily replagerd the previous
) m. i n

n’t%l%%%ﬂ% 57 neﬁﬁ%ﬁghltﬁc uf) ﬁﬁ\g dé EEE zﬁt@egﬂﬁ%g%% §Jeagev§;l&1iiﬁ’ Rhe central
hestr ¢coopaier end Iwierseus@s u@@d@tedhwﬂhumeabdxﬁ ool a dumb
Ser Vi ma i ent.s CeSSI n enent s .spli
SRR Y e el et Pnd RSB Rach Gt host A
wWell e ah Ao BRERIMETIMS SoRRare BYtHIRRNESS is Adt they do not

conbi nati ons of topol ogies incl ud| ng single/nmulti
e@ﬁi&’e‘mﬁ)qﬁ‘hﬁ@ﬁh&‘é’*i HEer @? ces kiald!) B éC%s\%’@ gUiliRle: BarSbases

, fr?sﬂ'gg@)gra:ﬁﬂ fdu%r@@d asst‘egcﬁjiaiﬁﬁ"&ﬂeg‘eér‘é%thl BEwkY used as

ossi bl e. In the traditional
powerft mmmdﬁ@mm@ghﬁtfﬁ’@emﬁ §fﬂftifﬁ§?ﬂfe?c he client

102 .
tnd oHvA Yiisshidt afofon e iefpahiots EMRatHEY) 608r acting
a8 it akeWergﬂ?thgé emiﬁtecﬂur@etessmfemspﬁnecatdmedi t«ﬂgiectly using a
ener at abase es ra em t.o
deabases SH0EEHN SUSBR IO BOENS. SRS o, grfic is
réfﬁ!&@ﬁ %ytdrﬁhdmtg@q@éﬁg/&egﬁﬁ%ﬂﬁﬁmé@ thdrlOdhys %@ﬁ@l’@hﬁ}@@dﬂpiete

rocesses dat abas 0 requests fromclients, che

filggt Koo umproves raiupes Ui’(ﬁﬁiﬁ"gl hiagh @P‘ébﬁﬁ%fﬁtr%%i%a shared
toyi e er, c i
Befep il G Ei RGBT SRR R ° ETRAGe  (SL)
styahemscarcalypiadly ymedvicddse coebangef dida dishwecachents and
and ﬁerforrrs recovery control. WD 20071039535
P2006/ 066519 3 The two-tier client/server

gr chl \lﬂﬁzﬁt mgetmlmﬁemti@rﬂdeMr hectdteghod (SO0 liusinatetion fdgure 1
Istribute coO ut oup xcee
thepBSHeBpEn i (6 B banter s Haskieb oy Srurenment

EB"tﬁél%faiaw% eNmbRgg &%gﬁleée@fce’ésﬁ’ésm &'seWir (P4 HaTadesle to
egins to eterlorate as a result of the server

swwm By Aiens 5Peeapwing Munagement desoli beiee Beysgs system
R T ey
chinbinations of topologies  including smg!elmuit:p!e clienis interfacing
single/multiple servers (not shown}, most often on 3 local area network or LAN
(108), are obviously possible.

in the fraditional two-tier archiiecture, 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, generales database '
requests, transmits them to server and passes response back 10 user tasks.
The second tier, the data base server {104), accepis and processes database
requests from clients, checks authorizations, ensures that integrity consiraints
are not viclated, performs query/update processing and transmils responses o
client. i also maintains system catalogue, provides concurrent database access

and performs recovery control.
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i npl enent ation of processing managenent services
using vendor proprietary database procedures
restricts flexibility and choice of RDBMS for

WO 2@@)94%.5%59“ ons. Also, inplenentations of thectPobd/®RE819
ar e

_ ecture have demonstrated limted 10 flexibility
in nmoving (repartitioning) ?programfuncti onality from
one server to another. Then, the three-tier

ar chiThedtvorter CE2Q)semnel mhﬁ@&mﬂeéﬁaa/maﬁﬁ@ bag good solution

foqe Irg{eﬁrt? gll:dqeigﬂgct)r?q%i.{? r%séw%x%ﬁ] g\\ég{lﬁceglr up ar Jeia ?18% t uxrceeed 100 people
mt{@}rﬁ%ﬂﬁb? bh &f s saddethdolidl) Heleas viilee ttsaenusmete:rﬁ users

gr@y@m&%ﬁyﬁ%ggg@%&g:m%&;ﬁggﬁ% 2 gﬁ}ﬁ{.it?ﬂfafﬂ? isgrzy)er maintaining a

cdﬁhgm ERELE A RS rﬁeyﬁgh&tﬁﬁtipéa:\ﬂﬁmei@feﬁémﬂh@[@ﬁtnloﬂgerk is
thr's architecture le tier, this latt

beirsy moste.ofA esetondt himijetiar gUelilengwodiss| iaahifasiire is  that
t
i Eecu '@or? ? queg'%aﬁ%n?hgﬁr'eﬂgggﬁﬂdﬁ ;@éesbg( vedst bRiHrietary

daﬂiﬁmgga@esdmﬁ auswictshitexibitig andt charicd of Bﬁ@hﬁ% f@ﬁ:a@@mtsons
Wiharersormuons 6 Bt aRBRe i Bahe Rl bered fmied

AR iIe) 'Iﬁ'zﬁéﬂahﬁn{réﬁémﬁ\ﬂﬁihg) ﬁrdg"r@@f agtiohdiity Heormbmee server to
~varlant of three-tier architecture the client, the

arfliedt tier, nay have to only performthe user

| nt erfage g the eth{edésl gk dRligtdcARET B520) naﬁ@'rﬁﬁltift@ﬁ evarldn® have

m ddl e al | the business | ogic and does
euﬂatgadpnnctbss@msg whiokercome A5e sehover imitaionshi ind the dpree-tier

I f d | i [
RIS P P05 OReR TP BLOEP D Santnorce
cl%ﬁﬁ eheﬁﬁhrﬁémv\ﬁ% anmti'm/eatamasé oneasgEnEmr SeVOU pBvironment
(‘E?ﬁb L@Ew%hgtgepeuta@]eratg 3? ?qrjzm’{gxl%g Fr%{;i%%%gﬁﬁgg r‘@ $ O%}ghitecmre

ardd B Riddib Yierh@Rs AP as esbdt Gftenh®d Eivlgé i rqueppioo apblication
especl al I'y because application code does no

exwutga'm shst éaia@gtsw@éagmgygygcaﬂyh@ ¢ligng Sefivets ﬂshrequest o the
e tyjerc‘ Shy sggzéggieé BeLMI& fh%%!dc% hé‘r i@"&iuee:BVédc%m data

Fs €onsi nor e scal abl e than two-tie
araf o*laim'mtmeeamwer 1:0I| thecclienti dnt additiger fer msddie layer adds

nection. y to update
.Sq?ﬁ?gﬁ"lﬁ and BFW{ ﬁ¥ f%g%?}%nﬁﬁ?%fjse%gl e transaction and
can GANREGIhdve wdaried: idftiireaf-ticlabmhieriaR0 #8385 85the first tier,
PCT/ EP2006/ 066819 4 sources.i ncl ud@g Ia i Les

maphave i onbhaerenRt disleeiRrafcnd ft nd? Which case

the middle fier holds all the business logic and does data processsng while the
server, the third tier, performs data validation and controls the database access.

The three-tier client/server architecture has been shown fo improve
performance for groups with a large number of users {typically, up to one
thousand i.e.. ten times the two-tier} and improves flexibility when compared {o
the two-tier approach especially because application code does not have fo be
shared between layers. The three-tier ciient/server architecture results in an
environment that is considerably more scalable than two-tier architecture with
direct client fo server connection. it provides the ability to update mulliple
different RDBMS in a single transaction and can connect to a variety of data
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al so to nmi nfranes now often used as powerful
dat abase servers. Three and nulti-tier architectures
thus best fit in large distributed client/server

wo%‘//tﬂ paent s. For exanpl e, the ones airli N@ecr/EP2006/066819

reservati on conpani es nust 5 deploy to serve their

custoners i.e.: the travel égen0|es around the world,

and in which shared resources, such as heterogeneous
s@iﬁt:&bamﬂiuﬁg flat fles, hmrareiatimi ditsbgse ananageent systems, and

S5 Te b FR o BARERP L Bl e o

nefPfidral arcRfsd:GeEe Nthut 0 beBt Oftt dimglasye h distribuiteds client/server
redu0|n% conputatlon and commupj.cation overhead is

engrasiRical Feb PaErttier Ao AY APV RL hertePalligp must
dé@@%%’ b{eweytheﬁ%gtd&%rgx Banhs 1608l 8hbtndds BANUNEURe biGH® and

ti-tier data-center is a well known nethod t
inr wwesmedcmmums; shchras belpresrneats ofriahasase fids. ?b% air

oL Ao abgf) e osash ol g

fet Chédm&@aﬂ:m foatarcedierse !Eveud:tee:dma &r scerfioihesegruirement o

cac n mddle 15 and front.ti
TRt SRR e RAEH S e L R byerhead i
cw@%%@‘i@furﬁﬁéﬁﬁapﬁ*&ﬂhg i peliarmanstl add acalbilithgbsching dynamic
Especially, for airline reservation, wher e%%bsol ete

centent alevanais s o § rouiities daasCae’ it dopplhinewn method (o

R e B R R S o e oy ™

codtolniess caw dut sened csirpnibmatelsy aipchol earg af hiéydalandqss not

mai ntai p .t.he, coher t 2R i
e 1 B¢ ResbeL PPN Bple PLRATY fef HYHGRE Giba'  middle
abd Gehf lidrs thisestovat c?bdﬂmnges emaa:mmnmﬁem{m anchoesthef gaherence

multi-tier ﬁr chitec éuch as theiongs de&! ode i
begRma; BpveR Ak drush PEn §§) PAnECcftiohy sESpecially, “ior airiine
réRarAnh lhare GHlvicle BRTYe Blafabiiey ehiuet af¢ apsacddpuitse, strong

fromclient side and very frequent updat es of the
cengigienewiany eoheiBnee tsyessatBitlbases provided by the air

carriers and other‘such provi ders of servi ces.
B oG £ e ioiN &K Mnd advant ages of the

- pr ese’ﬂ%u# g”é b?ﬁ&“ob#ect 39 4R GUER AR RS gﬁ cf;sé% ghod and a

ones sKi upon exam nat i
sysibinote mgaintkérs ché ptahenence oéfdwnemie qa@heheontents in mulit-tier

S SR 85ant ages be i neor por ated herein.
it is a more specific object of the invention that this must fit muiti-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 to the ones skilled in the art upon examination of the foliowing
description in reference to the accompanying drawings. it is intended that any

additional advantages be incorporated herein.



5 SUMVARY OF THE I NVENTION I n accordance with an
aspect of the present invention, tjhere is provided a
net hod of mai ntaining coherence of cache contents in
a multi-tier software architecture including a front
tier conprising at |east oneg satellite server, each
said at |east one satellite server operating a |oca

cacheS ' Q\ F—'i'I‘F?éHIW/ENﬁ'@LIUdi ng a nmddle tier
conpr »—Mmﬁmal server, each said at
| east one central server operating a central cache,
eacl S@iofiate |vits bn Glspectanftthal presant éventiorerifhees frg provided a
with at | east ope database ;
mothep 26 Reintgary sphereara e e et g s Huh B SonhaR arcitecture
inclG@RG 3 fbMdtier dRhdrieingnatriesst coai shtelide seolesneanhssaid at least one

retrieved with queries issued.from. i Cly: : ii
satellitgs pEr¥le ORPERING @ é%:laf/ SAcHE, Fals @9@@?@%?@6&;@ a middle -|er
corﬁ#ﬁ*ﬁ@a@tﬂeéﬁ lonelcental sbrvee! dvotl sa@hplrleastoge cenisalsaesyss operating

of : constructing. ects in ; ;

o e e o A LR DAL e AR, o et one

datfa{;é’s!@ t{ﬁﬂiLlﬁhgﬂ Iéa%ﬁtﬁhe dfalebtdm eél@iwesaidait teasbons ﬁ%t_@b?ﬁ@gcqn;:mmg
step includin e rther Y i at

i emeds, SR TP (THE o T geery Bpbe HoROeaR fuid o

leaSbrRCESraP 86t tordaithatsiaast cobjdatdtmse sewar, ¢aisemethgd comprising
caches; forwarding said objects fromsaid central

thesi@$e t o any ones of said satellite servers
requesting said objects, said forwardi ng step
i ncluding the further. st of i | (et § id
| SERIUEURPDIEES o oI TarL A LR PRyt Ay ApleRt &ne i
t hoggtaQflemse®f oM saidan pddst ahé datbasm isaidgcapstraeting step including

satellite servers and_request| saj ohj.ects;

el HBE; SEPS b BEa B e PHefsh A he o 308 (T to
sai gdaili@bRictsS antiemriag eaidiobjeatsi idatiddeatalsaohesas at

| east one said data el enment used to construct said

obj ects has been nodified in said database, said

et kgafdiig BaE cbpE fremssaldeentsd epshesfto atytanesiaiisaly satellite
whi ch objects are ippacted;.. ti g p\ég_, i Flatirier ste
Cormanag g st RS it R ﬁ'@‘?’sét‘%?' Said> P
centof-akorf@r 86 Bbjettevimkaidasdah gactes ealiverial agjd ebjasta 19 those of
in sajd central, caches: pro ' ' nd requesting said
i nv&PTOUE RPlicatinfgn g & %%gg%%tgﬂtoecg%\lcgcﬁes; 4 J
| nvabjediat bAg |
wherein objects stored in said central caches and in said local caches are
invalidated as soon as at least one said data element used to construct said
objects has been modified in said database, said method further comprises the
steps of.
determining which objects are impacted;
broadcasting invalidation commands to all invalidation handlers of said
central servers;
invalidating corresponding objects in said central caches; propagating
said invalidation commands to all said local caches; invalidating
corresponding objects in said local caches, said invalidating step

including the further step of deleting said objects.



correspondi ng objects in said |ocal caches, said

i nvalidating step including the further step of

del eting said objects. 5a Also disclosed is a nethod
and a system for maintaining cobgrence of cache
contents in a nulti-tier software architecture. This
can include a front tier of satellite servers each

Opediad icﬁ‘&:l@sheldoﬁaé RRENR aRdth systedice ramtaitihg asheraice of
servers each operating a central cache. Central .
cacherooatents éma malErticasettware ardiesibie sthie rHasUgRlude a front tier

dat abase servers to retri t e :
of SR AR PLR o B Rl P Sa” e e ot
serPSrsabhéh ipepstinyy W @Bniral baotee. (TEhiral sedvess waedinterface with
central caches then, forwarded to the satell.

databases thraugh clatalgse cafvepe 19t BHtERNS /N9 FER dsgals used to

or & .bei ' F -

corb Ll by e bl el 25 LoprioBead fineomwe (1L

anog glbr@j |$n e&itrdd Qzabhi@l tHoead, dot;vmideab\t@ theashtedlifaispeaisrse where they
ntra servers. t .

cary g staved fbloCRLSAANES BRIMIERS G RO ER TR by LE ecahp pgtions

thaf, @&'& f%@“égtéd“th%hl. F@éc{}%r%tscﬁ&hrs'ﬁtelﬁt%rééﬂlérs danose 1da@l balanced

entral “ser An obj ect can be requested
ovdr=timaiihisieteedtracsavers. Accarital abee gan betsealected per rruest to

or outdated in | ocal cache. The . A
haricle foguty RURICERRDBE vr GGdrelEns Sb Al i Gt sprvers
frofSfhe® Eel&%ﬁnééﬁﬂfal' Serlér. AP Ot dard Pecedbstrntoat selected
cache. nstruction can be skipped if requeste

. . n-can DE d
ceriiail ecacties vehereney ir issontssingd ars owédatedt dhtlegal pache. The

central cache, e, central r i
corsiiah, °€ i SEq FFEL B B GG S8 el serer
WhES&Uer @ isSRl¥RESn sERS:tEP Bahtralcddche. Canstaction cayebedskipped if
main central Server froman invalidation handier
reqw?e?dv@rge@thle alepdyspregediopid is net PHEP%&efgd'ﬂ $ahigl cachg. One
ound out dat ed. abi C
corfil PV Pt BP TG s 4 M, BRI Sy g RN Fpero are
ba@@ipVEsntral Reralrs eThe cohsinedionrcaneve trigigerart evalmeentral server

| ocal caches can be invalidated . as.
oty i orabane et I BB ki Sldsea.
RSO a8 RRTR R B S LT e red
thel reqalckting satetlite servesr The robjddtel staredh im gaatralreachen@pd in local

can inval j dat %A;e cor respondi Lec ' '

co e Sl 1 5058 85 8RR B B Bridhy 804 1 b
thefh lh%socb% nCafoafRdMH Gatabdsest Whith idet@hiidat whighd objects are
_ del'ete the corresponding objects in |ocal caches. The

impacted then, broadcast invalidation commands to all centra! server
invalidation handlers. They can invalidate the corresponding objects in central
caches then, propagate the invalidation commands to all local caches which, in
turn, invalidate and delete the corresponding objects in local caches. The
invalidated objects in central caches can either be deleted or reconstructed, in
this latter case reconstructed object can be replicated into all backup central

caches.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 discusses prior art i.e., 2-tier versus multi-tier software architectures.
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i nval i dated objects in central caches can either be
del eted or reconstructed, in this |latter case
reconstructed object can be replicated into al

WO backup centr al caches. BRI EF DESCRI PTI ON gég%{i@oosmsssw

FIGURE 1 di scusses prior art i.

versus nmulti-tier software &rchi tectures WO

20071039535 PCT/ EP2006/ 066819 6 FI GURE 2 shows the
FRYGRE!D gl Hd @fvefdl tnanGenrwitivees tartRitdqurehits hwhibe the

I nvention best applies. FIGURE 3 describes the
inyaptigulses #9Blef obj ect fetching that result fromthe
Fﬂﬁﬁﬁg%shg é@) eRd-Hidls rc%%é@%ﬁ%bﬁé’ct @@tcﬁﬁ\%' igfteQit from the

rogram an e construction object’s in central
pme:essan§ of EhdCURET zeqdesf@mamma@aﬁ@ﬁ REpasEMajddbe Sonpiruction
and tral caches. FIGQURE 5 describes the

0%‘%3)3@?&??@@6’?”@5?90& i n caches when data el enents
FRBIGRPFOiiEO QG ek thel agmgaﬁwgecﬁ! BURE] Gndiceotrabemhiehe

F{f‘é@%&f%é}ésc(%ﬁlpgggggﬂﬂ\féga ic?patg g@%%ﬁ%ﬁ: o cﬁé%&ﬁiﬁ%%?@%a elements .

a@ﬁggmggﬁ{ g&hangbiect s that nust be renoved from
central caches. DETAILED DESCRI PTI ON The fol | owi ng

FHRYBE | Gediseasesithe ranpnstrugtion ofivvaidated oRledPs to the

l g n
CESIREAERI, M W 8 BERer 0 o iR
opiesisithitenusinsh whangedromaygebalmmdbes.o t he enbodi ments

descri bed without departing fromthe spirit and scope
of tHBETArL\EhDiEmﬁRIPIT@_e 2 describes the overall

MvertiorolRdnoagdsiEs e Hibhy ghant iienblosetes o the
abdnparivirR t%rﬁ@:@ge ai/hitiat &hmheﬁ@oaibubueasmma% exemplary

dat abase server ener al '%ﬁg' nterfaces mul ti

|
crbotiits, qienyrbages gk POsYRE 25719 ERO%HaYPe made to
tk%aéi?zg &:ﬁﬁer@% B%églﬁ%cf)%:tﬁé{ﬁv@pa‘%@@ frﬁﬁﬁtrér'ébai‘i{té}%! scopde of the

“providers services fromall over the worl
infhosan.dat abases are frequently updated

Figure 2 describes the overall multi-tier software architecture to which

- the invention best applies.

The upper tier (200} is the ultimate source of data where ét least one
database server {(202) generally interfaces multiple databases (204} such as the
availability and fare databases provided by travel carriers and other providers of
such services from all over the world. Those databases are frequently updated
by their users i.e., those in charge of updating and maintaining their contents
(208), most often through a combination of privaie and public networks (208)
including the Internet. Overall, on a daily basis, millions of transactions may be
recorded involving high volumes of data.

The middie tier {210} is here shown 0 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 between one (no redundancy) and many servers is
possible. Also, a central server may occasionally have to be configured as a

standalone server e.g., for facilifating the mainienance of the system or
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by their users i.e., those in charge of updating and
mai ntaining their contents 25 (206), nost often
t hrough a conbi nation of private and public networks

including the Internet. Overall, on %Taﬁ,' oY /066819

08%
Woé)ﬁy? 5350 | 1ions of transactions may be relorade

i nvol ving high volumes of ddta. The mddle tier (210)
is here shown to be conprised of two servers

bé@u@afde%fgn%?é@ﬁ% ethd B a8 dPRRtERMdPabaerSardeeignated backup
CDS. Typicall for 30 redundancy, there are a main

seyueivERY (12Y9 )0 HRlEYe FRIBRUBNYEIS 8IMqiD BEIVEr MARRRACESERY- This
is GARLd UL AL zrp%"‘!%%‘w Ag%ie%Eﬁbtfcﬁlddmﬁéﬁ%t@E‘d many

servers 1S poss a central erver may
occadilamal mzmeemrw ibermtidgler it ime commaem ptRsiion with this

agfledinecrRis sohrd s dtheadSolRsbeiET Helia i gome

rofte Sisomhat eckinTaiefy<CDGr i speaisfizef sendes ruMbingodiffierenh application
desi gnat ed backup server

na t ehave s
PTOSTAS P Teg GOV PREReEd ETaK o st Bl Way, L achigving
scfé}’éﬂﬁh? "coﬁé@i%%ﬁ’%%ﬁ!mg‘m?d@ﬁe Eahvban gl fase chéntarmnebctidig can

Invention. Having nultiple servers in the mddle tier

b¢ Handied rthwgbraa&adcféalamiﬁg ohile rgniielHiZedE FapugstsTpigr dnore
milie REr éo@{/&rs EJ%E]CS NE-dLABRIARN 1S Sﬁf}’;edachgl(?“}’é g 88 Neferred to

sane main server, or speclallzed sérvers
ag ceniied gadhdd, eviech wwpammm cqprasgniaaegiienthen nore

ded L evi o
oG BRI DS Bl e OB B, e
s s sty s v e oy
e front tier
inrip dolkaying i Genaral raan, gea o %‘ﬁé‘g‘i ggeé SRR e faighases
th\?\c}(]%!ﬁaﬁ%é 2A&sd %&@e plEtGIdteEr 1P creiffe ARBINT HerRBC BASobject

must al ways hol d cohierent contents. In the kind
agsfordipplts daa inyastionis ifdepamplg. &periowairavehiaa that has been

o c%t é&#{tﬁm’&&f Sgeepr@ HOAT BS&I @ireﬁbé?ﬁQ adl aYnéoeerﬁ'rr 88 dfabases

Ware objects or si ect’s
(2@@& liaroligl . the rdajabmabaw&amgomatih sl ézﬁemwd mbthal meekground

fr. dat ab th h )
508t PR & BAeRPRahiotapse TS hof Bl Pttty S ifying =t
Iefb@t érﬁkf EC{LV%%Me%ﬂ drf gérralpX mmlyenom patlie doledasés ayehat all
ar e a as een once CO
thg el clamenie Ne8eed HoaoNF ML) hé“cﬁa&e&&ééh%@i Tare of this
pérﬂ&%%aggé Eiéj%bﬁé%v%ﬁfu‘é% defifdby :thDQS Obisgd 8886kding to

the invention are thus assumed 1o be elaborated objects that require processing

power and that use communication bandwidth with the data server io be putin a
usable form. Objects can stay in cachses as long as the source information that
was used o build them has not been modified in the databases. Reconsiruction
is costly since it consumes piocessing power and uses part of the available
communication bandwidth with the database server and its databases. As far as
coherence is concemned, a parficular object present in e.g., the central cache of
main CDS (218) must be exactly the same as iis clone in the backup CDS
central cache (218) and their contents must be consistent with the data
elements of data bases (204) frem where they were constructed. This is further

discussed in the following descn’ptién of the invention.
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section, database is a relational database this has

been achieved in issuing at 20 | east one SQ. request,

and generally many nore, to the databases so that all
data el enents needed to construct the 1%006/066819

wogooamws%sne travel fare of this particular exanp

can be eventually gathered Bn CDS. bjects accordl ng
to the invention are thus assuned to be el aborated

obj ectise At iEe QR EsPheES i giurpiwerf sndlifehsdrvaserunning
comruni cation bandwi dth with the data server
sgfiwar%amﬂizgti%iﬂréh%reﬁﬁ usse i $he SestRly UPRd é%d‘ﬁtﬁéfa‘ie‘ the

t S U
Ror 7SS, RO RISHET S0 e TRk e
aPploatists ozt Pomndirgatlyos alspiaiita cient seivaisifdgs or on independent
L1 r I
frgygﬁﬁﬁ[ Eedﬂe os%\ll\\%egﬁ ?gzgqﬁ&ﬁdﬁ% f%sﬁﬁé gf ?grgg}s’@é ﬂs%?vtgarat are in tum
abésssdatfaasesctid\ssbay (228) tholhgheageivas: oopebiihediwak (228)
par te%cul ar object present

.0., th | h
miiRMehs )Stﬁﬁg%fdbg’rgwg%‘ﬁ fnt%hen&%% {00 Spread
Fh%ﬁoh NiHe QroBAGIKER- S or oesl . Bl bearkasé2kBe aplications are

eir contents must be consistent with the

takinheatwaniioadabh baglscqacdes) (£30m Waaﬂxhe&%fmé%mg the
cﬁ&ﬂﬁfn éé%&ﬁgwe;mala% bt t t-ticf I ateUE Bt bf‘ nlid@e-tier to which

escriptiron o e I nvention.
a[!O:Qa'EélBi%%@&eﬁC’éﬁ'eEm%ﬁ@@BSﬁm oBjeTie d‘i%ﬁseqi i dhoveza® thus

el P W L RIS, TN o o
aByRdEEbes waesl nbb td bbusds atCEDS he a Hateesdriven zftdim rageested is
n%e@ﬁ%'r 6 1isp catbes ode das i EMEbadVgigeeact protecting the
?%‘b%lsé lsbRrepd '(;ﬁfﬁ) 851 | %ebré\%%&):gz o sdrpdePRafaeteing myriad

ront-tier satellite servers (224) including farns of
of eaques’s frome e endusensd 226) that woulselbervse feasih hefot e

:fgrf’aécﬁ%@ht&gﬁ%&é@ é})ﬁﬁéf{cﬂj{se £& gléggé& ﬁfﬁﬁ""ﬁ{é‘ dhe@he of

I ng st andar rowsers and
abﬁbe;ngegomﬂ)siachpr h'ﬁdratsappihegaﬁ%@rtheﬁ' heedwriahoat ddramaiically

n both gases t licati '
BRRPAR aiEP Pioc 1S cGettere oy Caueh tilf iy overhead
beREHE Mirs 4R ﬂ;%;@ommg Q@tacﬁﬁnmdn@mrt}etmmereﬁd users on a
front-tier and CDS s of r to

sgEeenfrepEudlie ofig %{f@@%?ﬁ@&%&‘ apie. oﬂi{me‘lft is Hssumes  that
cgb Ry %’ié%ﬁt%lﬁé&“«ﬁhicﬁ LOHGNer JWREERERTERM Mg figures.

to the various |ocal caches too. Hence, the | ocal
appl i Ei&ﬂm Asidseviben the varialsceasesof abiee fetghing: tyat result from

tl'Tc’ee;r)r\é ssmg SPér?ac hsé@%ﬂﬁéét@%ﬁeﬁ: application program.

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

When reguested 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 (380}
through a load balancing function further discussed hereafier. If this is indeed
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WO

indeed in its local cache. This has the chief

advant age of protecting the 15 database servers (202)

that is, preventing those servers fromreceiving
riad of requests fromthe end-users (22
7106"53—‘[ herwi se reach them Because soft(WaS)éj171'31’26['6‘“]66819

applications are devised w h the objective of

achi eving good cache hit ratios they see their

HREEL QY (@@%Sdé%%%d iérfunytion (@H@‘l@‘éimé@ra@@éﬁi@gmbm from the

consi derably reduces comruni cati on over head
coiirslecashei tlorioramd iti(BaP) o the laseb ceena ot dhpvaayestivgnserver
S fr I
oBPEE ERCSRES AR R Bph AT e iRty bo
delblzesd e dhé $p|p§ﬁmtttm negirani dtencs, faget hachalicebiagsedne nmore

ol | owi i b
b2t 85 i pat Posib b isehiel RRERL PRt “The S
pr Oce‘ﬁﬁaleﬁgrseﬁs\ﬁﬁ%d @@ﬁ&t fseﬂue?tésefzy ;sarao@ﬂpctamat {330) and not
program en suc an C
Pfﬁﬁeﬁt iy CRRlEY reas B3Oy an Gt (3300 Pist Be penstniCted in
CTR URE s@&%g%n en@l 85thd. 309 i ackieiBIES tﬁetdaayq{andier (350)

price local cache is first interrogated (310
alrmﬁm@tianw whighhjrewat godest dfeny thedalabpeg (36 bnaif the data

s
tﬁm&lﬁjéme@art he asermpiex rpromessghieh m@p‘puumm mueaﬁaw e&muesis
gg %ﬁ_t gi?q{%st?q éheagatﬁgggy é’sﬁeﬁ) s&@it !écggfe%caﬁ'gagough checking

o‘b b8jahts ivardffled tiol Siaké rdilre a5 3 aBEIahg &ablaby ijees@t;uesting
is resent in central cache of main CDS (340

applicetion: rifucieiudssi gs @alacio0snd ¢ FBAGH aCh @'FQ of Obseci

t i I
SRR A0S 4 45 008 o AEHERER DANTRLLR, 1w ot
pamscfaiﬁevﬂ@&ﬁt)m @haaeaah drdireally goesi bis ¢B58] in §evatraimche
retrievin [ h f
e ISR, b0 16 o S BRLrARRL Bl s, BETG o e
oMjEet €oiif cais ket mm@k:edA%en m&tﬁstetfsaslé Gurther rebsmusseedn figure 4.
obj ect .can eventu i,vered to th
O ITE &t FaE e PRiee! onEsrded S I el i ol smevap et hs
ré'&?!e@ted5 HORIHRGE k&gS«?rst r@ére@amd@ﬁﬁéhﬁr&d b@?@@ etd fier software
further requests. Wien requested object Is

applicalion thai negait: Hawavel.dbvplidgHen ﬁf)f‘e"’"rﬁ@@§’€ﬁ?teﬂ fpbject fails it
SR PR ST S S riaRlen iomiRecht con

i s achihenedndw obiest dacraateshid reain(@59) it is also replicated {380) in
backup ceniral server(s} (342) so that the new object can be relrieved from the
other central server caches as well. As previcusly discussed, to allow
redundancy and scalability, many middle tier servers may be active
simultaneously in order that the requests from the front tier servers can be load
balanced over the set 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 to mention that there is a load balancing function (385)
that dispatches the front tier requests (380} according to a paricular logic or
algorithm that can be as simpie as the weli-known round-rebin function. in

which case, incoming front tier requests are sent successively to each active
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al ready nentioned which nmust collect, fromthe
dat abase (365), all the data 10 el enents (360)
necessary to construct the requested object (355).

Constructing the object can be a conplex pr
WO require to i ssue many requests (2‘?(8&'?%"66819

gueries) to the database. Ohge it is put together a
t hor ough checking of object is performed to nmake

céa‘ﬁhﬂ debvdrdn %@é} deYurv8 fdt6s ByadhBe. NeguesLiésids then sent again
a l'i cation his includes a syntactic and semantic

ﬁish@uesfbemﬁ sentralsseIEaic AR | HHg sigRiepigerigm is often
vé@%ﬁé@tﬁr?. m@ﬂﬂé?&c Qﬁﬁ)?ﬁ@ﬁj&ﬁé@le%& Al Esk sgebﬂh%‘ftmeasure
passes this val It

atron phase, as it orma
thesasitial ledd ioh ceentsealer cadhsanad® kpsendayg tﬁmnmgg aequest to the
ti[rg-to-live (TTL) or an expiration date is attached
* object so it can be renpbved when outdated as

f ur t hebnsh, Sreeied a‘&ésdupgum ehdt mefaaoaed hhat bsmiteirey object is
new obj ect is forwa g t he I f ser.ver
i3S ac

h
rH SR § 050 e TR ¢ Bt 6 pwepied, BepeRaS on the
déﬁ@ﬁndrﬁééié’ 8L ade Q%%ﬁl&ﬁch@%ﬁ%%‘é‘ﬁ%&%} ﬂ?é’ﬁhéé&%} bBRRct may be

needs it. However valid new
respiestadues well disfres tbaciup s:entra! faEhedings w*vm@@strﬁ@ﬁd objects

<R B 380 ko BB I MBS o Sk R vor o
picseat 0 the@eieﬁbédbéc%@) centralbasdhep itc arms_t dle s:ensrtewc(tse:j iike
efilas ol s Hata S 8 0lo G RE AR R ALHER, backur

b@ﬁ@é@t&hﬁarﬁh@céé}%dﬂahows avigte dnestan ehatadBice constructed,
scal abi | i many mddle tier servers %nbe active

obleft s méa@ﬁyfmrﬁ RRckelr tnal achee (dgREsts NewoRbipRicbecomes
a@él%‘%ﬁe Pnl QLVI%E{: éé fLp c?ﬁﬁai%ch@@d'rh@ %Bﬁ%kg% QY §fvehign Sekere a

aval ntr ata servers bal anci ng,
batleqchBE may fdrguererily, aaikschmeln BBPoitpiendiscysyrg ipffigure 6.
the i n t r Sse h
to nme 51935% %hg’tm’? geé%e ﬂ]ﬁésj L&ﬁé gpba %c%%ll E‘g% g%e "3 %ﬂeady
medfibied bbade, @I%mab@hﬂedtdh@m bate Eldeﬁneasqmestmiwefi%b.) or an

accordin to a rticul ar C Or [ gorithmt hat
oiirbe S tironBade Bhu sei Pk AufrelERauD Fhh 56 removed
frémcadh@@anhrao rvmlseéym%eer anrm@moﬁg front tier

requests are sent SUCCGSSIV%yy to each active
2007/ 08535 spiovriersriicpbion 490} feirhes @y afme%tewbiéh i puidated

ﬁ%ﬁ% %C%cgpﬁ%éhé ﬁ% refhdVBACAIRE th Nt FeQ td the Féﬁgfesting

rst nunbered central server an
asgdioahon TAhs $iggere tialegcmeatmmtrcm of taermiddler yier CDS ({the one

%%’r% tll%yhvgufel ”@g@mengsﬁﬂ%@c §h 1 S A L8 taxb My fdilsE 3. 1
object is present in ceniral cache (445}, and is not ouidated, it is forwarded by
the data handier (450) as previously explained, to local cache of calling
application where it is stored {425} and from which it can be delivered {435} to
ihe requesting application. This ends the process of replacing an outdated
object in a local cache. If a fresh copy of the requested object is readily
available in central cache it most likely results from the fact that another
application, using another local cache, has already needed the same object

which has thus been previously reconstiucted in CDS.
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the actual |oad of each server and manage to send an
incomng request to the 5 |east busy. Hence,
previ ous description that nmentioned that a m ssing

object is requested fromthe main CDS cac t
WO%PH%?FH@?C? Dependi ng on the decision nmade bg’%frﬁﬁqog}g(’cefsw

bal anci ng function (385) the m ssing object may be
requested as well froma backup central cache since

new v oBgLT Hetig sk ﬁ@ﬂ gelst.are récﬁ@%t&%tﬁé’ct(@%&b dUitdated

active servers. In this case, if ect Is
inhendned caelnt (455006 emistibe resensiaided. e&r%ﬁra@ﬂﬁoré@ﬁ &g already

b

ofSfBa!, R AP RN s e el AiBbOten oo
reljackisp invabdatioess (4ERpof dhé grutdst@ whjast Cheughi eh myakidation
t hat , t t ed bj { t
i RS ST G5 S S0 sk T S Bl P convl
cayRl bab ;]gew Alrstritiddl shd \(I\?S)Qﬂm aﬁgb repiidasd ifThil sniddie tier
asp ect of the invention ere a a
C@&ﬁoasawwﬂ%mn fgurg Srelf f5 EPROTIRRY ’fﬁﬂéﬂg fiege 15@3 ¥ eps from
wﬁ?cﬂ%ﬁo&datéﬁ' &gé@ @58 ﬁ&é@é@ﬁ récﬁbiés?@:! ROn& 1O PhAE TDS hut 2

ches. nentlone above, all constructed
baﬂiquedt?@Shawe rassaiéﬁ‘i ihechoiareperinrriegdy( trpllyag balgRcing function

oS LD SHhSSRGAHICR 1 R POt o e
A},%% dain reveler] ”Eih@mmgmzy:nﬂﬂldaiacm mﬁmgmse“aﬁmjlfumrde@ (480}
o TSP RS s e SR g ko e

récBBstheisAShi®Red a@;ﬁmepn@ue@ fhe irénosxstmettgc ebied: heall backups in
i nterrogati on of mddle tier (the on? .sel ecte

ongizr bt @ baudqiwt@ﬁ&%smmc@\f%ﬁuaihfo@%m ygling the oRE that
hg&}%&t@g%égn&%%y@u&t If 25 object is present in

ral” cach and is not outdated, it is
f or vva‘BsetEwsbyecommu@aﬁa desiriel @r lepa®e) prasessr B @tmgq:tyorigma!ly

I
BB, S R R s et Wil oca
céi'@iéai M;@E?@o(tﬂﬁﬂ)eqbe?tiﬁgﬂ a?pmmest(ﬁa@) ?gmttim ganinr Thidslivery,
ends e process o e CI a a Q
THL |06@§;ect:§cq¢é to pfvegy p gg?,ugﬂ} ?-r e, & 881;51 J gi? Lisbdbie for
th%bchﬁ!?ént'@qu@s?{@') | wh:@r@‘éﬂb’ir@&kﬁ\ ishn Cp%ﬁré@é Saekfainkd above.

likely results fromthe fact that

Fw@mr reaveHh, regeivag afRbiNeeharbE Ak héﬁ@ﬁ%'fg% éﬂgrﬁwéﬁjhe new
SRRAIIET O S, o Rl RIS,y e ind o
aROTRER? @064E66R1 By the invention where air fares are updated regulariy
however, with flexible update times since it takes anyway a significant time {o
deploy a new set of air fares over a large network.

Figure 5 describes the invalidation of objects in caches when dala
elements are modified in databases (500). This occwrs whenever database are
updated by their users {505) i.e., those in charge of updating and managing
their contents, The database server is able to detect what data elements, which
were used to build objects, have changed. The set of objects impacted are then
determined i order to have them invalidated and possibly reconstructed in

ceniral caches. To this end the database broadcasts (510} object invalidation
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11 However, if this is not the case i.e., if

requested object is also outdated in central cache

(455) it nmust be reconstructed. This is perforned,
| ready explained in figure 3, from dat

WOE%’%@)”@ the data handier which al so requesta - 0666815

i nvalidation (470) of the ot dated object through an
invalidation 5 handler (460) function. Hence,

c@mh%%gdtoo@aleebs@é} iQvent ikt YCDBPhAg eshdipCem(e) where all
cache a newmy constructed one (475) and al so

Im&ﬁﬂtﬁﬁta igats afea$vairﬁﬁ@@i| 819/ %45} cDS' s as explained in
Figurg,3nel fndid éﬂ% (Isbg?t%a%omﬁ}gﬁé’atﬁ%r ﬁaﬁz’ﬂéF (53d) &89 first to
from which'an o

has been
dedide esheitter sam dtvatidetataichieCDSidsuto de Isietdiep @DRconstrycted.

It of .t f b d |
nERl: 1a5h RIS GERT iy BTl St mBRCh e KRRV RO be
réﬁ@nﬁt{i@c’t@@%ﬁ@ égfrﬂ;ﬁ?f Mtﬂ’%ﬁ ;gytttal&e usbdcfbma lolag @me or is seldom

andl er e object. jnval] n requ is ra
UPH! W EEqUARY Ty daign St iRl desice to
dsitd #ab dd td SotBrich §3@§CM€‘ h@n@?fds@[éﬁiytm save the processing

reconstruction ins ead and replicates the
pewen At coTBWNistient barsivadih B%%%?é@f for they a%innﬁFFﬁ%“G“ The

T

hamﬂeenstdefn@émdwt be (IS vomgtistoaiosan be a | engt hy

glr? ol dutearen s AedRvetebE e & 3?%’*@0“%@ cache
RN Sdphe isoﬁ@éd H@ﬁi@eer( 48 valigatidnahandiquestideg that object

Ilcatlon (400) is not stuck. Prior, to deli
Eb@fres%nséetctﬁe@ trjads dans Tl parabRsedn FeSHBLAHEY s already

e‘i&&?ﬁ%ﬁ ; h?@&% V\% (?néé kddordgeabhes59r HOobiBse: e@ttégsm'ted (540} in

eques e reconstructionis in progress
ale X35 reedthab dvey. arersiynaheenizash aéﬁtasfre%@@w&ja‘aﬁa@ie from all

has expired, will thus use the new
%’i}g%???%%%gmlg))obj ect. This way of operating is
corrpa’snlhbik@vm tibletibe okirecbretructiqupbf objecbis mefsingdr eehin CDS
he |5 tion where aict fare @Fre up
an

nvbiAien DaSREnaTeracAis paid iR asaa g 3 F Sateliips, g50) to

pldveh8k8fwaRy \WpplieatRing N{sEET atihb i MEnitier s’&v@lepﬂooys@ obsolete
new set of air fares over a | ar t wor Fi gur
olieds: (3805, MHben 1y TN APRUFSE] 40T Saed BgaRagh darlidated

o%i@i:ff‘ w?ﬁ%ﬁ e HFefths ngqQh%éreéi:dllab%hﬂgéﬁe@acﬁéo@tchﬂ@ Io$ object
ccur's

enever datab are updated by their users
froB06PS apd, pohebly, ita rehamsjaicion vl axicHy & ridrangl agyipigned in
thel,a; contents, The database server is able to detect
9¥&t> dat a el enents, which '
Also, upon completion of object deletion or reconstruction, the

invalidations are notified {570} from the main CDS to the backup CDS(s}. This is
done to ieke care of the management of an in-progress table used by the
invalidation handler as discussed in next figure.

Figure 8 further discusses the reconsiruction of an invalidated object.

When this must cccur, as explained in figure 5, there is an in-progress
table (600} in CDS’s which is updaied upon reception of an object invalidation
request. The operation in progress Le. the reconstruction (605) of an
invalidated object is logged in table (610) of main CDS and forwarded to backup
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30 were used to build objects, have changed. The set

of objects inpacted are then determned in order to
have theminval i dated and possibly reconstructed in
central caches. To this end the database b%%@&%%%bﬂ%&w

WO 2838558bj ect i nval i dati on WO 2007/ 039535

PCT/ EP2006/ 066819 12 conmatids to all CDS's i.e. to
mai n CDS and backup CDS(s) where all inpacted

in%gl‘é%§ 15185 katy @arlapRe, (Rl PTL 22 Bkpiréor Saentiithe GRBlidated
(520), the invalidation handl er (ISSO_% “has, first to .
cuerrt biawids keangad it v yeRE bttt st gspable while new

o%g&% S?ingrreéﬁgﬁflﬁédjﬁé ﬁ%viméiy](ﬂ egan object still
résen

n-central cache nmay ‘not deserve to be
r econBiter motred, cBowlagicanpf éhisi dperatiiads nibet mbiect usegormally

f | i ' | A . .
Uit ead Fesoar AhSer B s e heling capP I case
ist pist delveir@ed 1(596) @5 baciept COSsIms Girehedy niistusped so that i
st B e gies e <8P ¥ he toaoing of e
o%ﬁggégfw gk 1sTh8sdd rdRctsd it S-pRAGRCROIA G alsy from

I nedsettings. Behavior of the invalidation .
thieapiisepf the deckueERRE HEP) MDD BN His fegansiycted object
(qub% n, if decisionis nade to delete the object the

coOrrespondi ng cache nenory space is freed. However,
i f i fbadskdapemiohandizgr pdegibiyesiot hatd olgneedly #hosgh beithout

oA 5T hob RS RS D HTBA” (oo o'
r econg tiksicéin@itich3®) cotidigeol atini ehjesipin nalire CES4nnot be

in all CDS s so that thea{ are séynchroni zed and a
recoBRIFLGRh pomMplalel foRrp@miignvefaUse dBRegesealypdla elements

whré wbt W%Q%@&d%%r@nﬁ% Hes QRsindset (@mm)ofR&ingFtction

I's perforne i nval i dati on handl er ] )
operofielyatiess bbjreetienpled. | darti ehwhich Bee kearelggasgsin the in-

pl{oﬁgeogsrt%ﬁie_ @gﬁ)r $HEHer ot YL 5GP R Fﬁ%t 5@&%&9@5@5%5%&’«.@39@

servers t'o ‘use obsolete objects
pidhess #6535 thatrracnibphi aad ipenodicklly repectey thm irprogress table.

i nvalidated opject,,which is .therefare no,longer .. .
Therep SBVEUPK 4 Bt o daE MU ReE R PGS regi ek Py i eication
h&% e A thePSSTifg Ypetdtivn QERRABIItHE li-proghbsd tabes Wndes normal

al ready expl ai ned i igure 3.

in . 25 Al sg, upon
cHHEING! POR BrinBHPkISS eNBCrITULG SRBRIPRBEVER, ATl as
aexplained above. _

A second situation to consider is when the object just reconstructed
(610} is not transferred nomally o any number of backup CBS's. This is
detected in a similar way as in main CDS since backup CDS’s all have an in-
progress table too (620). Hence, the backup scavenger process detects the
pending operation which was logged as a result of the object invalidation
broadecast from the database. Backup CDS’s, which expect main CDS io
reconstruct the invalidaied object, do not normally undertake any object
reconsiruction. However, this can be exceptionailly triggered by the backup
invalidation handler (650) when scavenger reporis a problem. When this
situation is enccuntered backup invalidation handier eventually reconsiructs

{655} the invalidated object for its own cache, behaving temporarily as a main
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i.nval i dat
Woﬁ?“&’a?s’és% further discusses the reconstruction of an

invalidations are notified (570) fromthe main CDS to
the backup CDS(s). This is done to take care of the
management of an in-progress table used by the

i i on handl er as di scussed i n next fljcqlfﬁ 006/066819

i nval i dat ed object. 30 Whefé t hi s nust occur, as
explained in figure 5 there is an in-progress table
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current ow val ue 'so
ab&:@ﬂehiaﬂd@eatﬁ ean/tl’ai lservae\in whighat tesidesbh dimgy thus happen that

reco struct as previpusly disc sed The r.al
@?‘?fﬁﬁs 3!3' Rt §r@5gﬁ %Iﬁ atp %%]SE’E?P ? ARy requested
f%ﬂ%'danc%r@ 6 88Rle Watheshohbd s@aﬁ@e&) abiove the least recently
verl fications and checking (640). In which

et LB BoiRgY JodTEES SOt T R b ege GIPRE dapiacement
g&@fﬁ? ?ﬁjaf%peéiﬁ adkt ‘h’té'ﬂ] WREPEES %Bhﬂhﬁmseuééﬁ %Je'!efctedh object to

e sane tine | g 0
repeva tiltoh ihas prod greepsusies recaii nﬁa&omﬁt h% i objectie. itis

f f h
riheREeRs tgay Hhin By i PPk AEAER. 8 vhcTugrion ar
cORasd objklts( Abih. reEhﬁ‘&es;gmﬁcmu PISCRSiNg m&rbﬂrwniﬁte server

end normal |y though vvltho affec %the
capERaPiasESIRg t it ¢eBLInta Be PO ted " fisfofeduire. multple
aBbddiakl %2‘{5(9 HeeRSICURE dsavban @m{ﬂcﬂ-&éﬁ&en’&eébr@@ﬁctson of an

cannot reconstructed conpl etely for ex

objechisserstii@ndaiecasding shauld o9 avaided if ohgeciet Eﬂh%wdatﬂd when
%58\1@?’5 Lied properly fromthe database (630).
e

cons ruction operation nmust be reattenpted, start
of whintenhasetiesvacbggetlili (F60heithiasin praiy CE5s ('.t*%mcg in any of

i oo Dff DA =BG HRLLRELAIES, A8 B Soltnst (770) to
bRefenislicaalihiy 1ansPesh d Bored{Progints s tedinelary Thamery (740,
?'551 gqﬁ\galgig(uﬁsogysq?wlgl f{pwa';}xcﬁ)oégrs%rgu ei%gﬁ} pgfc} $ ?{%@ instead of
b%ﬁ@gég@%agraﬁg{(%am 6198669 duiadtb8 (v4)PE RARESS disdireed though.
The secondary memory is generally a dedicated memory space from a hard
disk atiached to the server. Hence, reconstruction of non cutdated objects can
be avoided. To do so, CDS's keep track of objects siored in secondary
memories. When an application neads one of them again, it is retrieved from
the corresponding secondary memory instead of being reconsiructed. The
same mechanism applies L.e., LRU object is removed from cache to make room
for the requested object which is first searched in secondary memory before
beirg reconstructed if search is not successful or if object has become outdated

since it was stored in secondary memaory.



conditions, one of the retries is successful and
operation resune normally as explained above. A
second situation to consider is when the object just
reconstructed (610) is not transferred normally to
any nunber of backup CDS's. This is 25 detected in a
simlar way as in main CDS glnce backup CDS s al

have an in progress table too (620). Hence, the
backup scavenger process detects the pending

operathﬂHﬁ@5§bH§@§Eb pgged as a result of the object

i nval roadcast fromthe database. Backup

1. Fh'od"\@" Frﬁm%ifrﬁﬁ?tcoﬁ&'eﬁcé:% dalhe [@RRAGL et muliier software
I nval 1 dat ed ob o not. norpal |y undertake
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Ieaﬁ’@ﬁ@%ﬁ!eﬁf@éér\)érmﬁé@ﬁ@ 8 theheathe sbﬂfdfmecﬂuféllabluﬁﬁé ta(n’ﬂddle tier
handl er (650

en scave report bl em
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cerfanNdhéie, @sentdadl by |¢6=8€ @RSt canbrhs serfy@b iterfding with at least one

data%\%bb%ﬁéﬁgt %ggggﬁ%éﬁa%e%@%o%ggé%lba eohnaevdata(—]base containing
datPEBhien®) 664 AaGEdIOmerdtd réSied Mithsquedgalissesd frdre each said at least

retra sfer back 0 e .
ond, Fafieh Eer¥er e & 1saPEBIE e B e hertly sHEERA0E YofBlcha e
stepd offt n- progress table can be erased and operation can
resunme normally for affected backup CDS. Figure 7

briefly describes an optional feature of the
| nV@lnsilrtmﬂng Bbjects éceaid Aideast eoe semral pgrver framy pt leasf jope said data

ﬁnéérﬁt froin QFHd' it 184 b Ja?@oa%abé]@%ﬁstr@ﬁﬁq ¥@p MRIMIiNG the

central server in whichit resid

t hdgﬂhﬁrﬁé% efh yalidating: Kaid tnbiestee Sttilyting %Bmeéﬁdﬂa@ LAITL) to said

e ngyidctd: Sind %Fmg% &if 95‘]@&& Urdaidcditv éRAEest ed  obj ect.
A standard practice With caches is then to remove the

| east recently wused (LRU object to nmake room for

t hefoﬂ@f\ﬂlﬁ@lsﬁi@lt cabje€3t§1 Gomr 4 BERTER ﬂi’acﬁ& Rl Or bARNSF $EY satellite
ap as wel | ever al

oby byt Epptig el AR SHE SPHABtsp Tty BEHERg step of

maystédrigl baidd@bectsalni shid bt tcathes; ,dell\tenn@ saitiobbjects to those of
out dat

o TREA RRIEARarE B0l B SBIUE SSURT AT dedieaane sa

Si gjddtcandl  pr oceSS| ng power fromthe server central
processing unit (CPU) to be constructed and al so

require multiple 15 accesses to the background

dat wiessie sobj&00 stordde frc saidr eantrak cachesi and of saigl local caches are

invalidated as soon as at least one said data element used to construct said
objects has been modified in said database, said method further comprises the
steps of:
determining which objects are impacted;
broadcasting invalidation commands to all invalidation handlers of said
central servers;
invalidating corresponding objects in said central caches; propagating
said invalidation commands to all said local caches; invalidating
corresponding objects in said local caches, said invalidating step
including the further step of deleting said objects.



object is costly and discarding should be avoi ded if
object is not outdated when renobved from cache. Wen
a central cache is full (760) either in main CDS
(720) or in any of the backup CDS's (730), and e.g.,
the LRU object has been selected (770) to 20 be
renmoved, this latter can B2 stored (775) into a
secondary menory (740, 750 easily accessible from
the server, if it is not outdated (792), instead of
bei ng dlscarded (780). If object is outdated %794 it
2. Thasethns afcerdingde gl 4 ygerein rﬁqeegtéére'ﬁoﬁawgﬁaﬁﬁé'ﬁ% grvers are load
bal&m@@@ B@érla\ﬂ RafBf SAd 6shtFIE 50 ¥rs A Whefdi® Bhéohedidl cerflias ervers
tached to the server. Hence, reconstruction of non
'SS%@@Q%P%UE@HFéCtS can 25 be avoided. To do so, CDS' s
keep track of objects stored in secondary Menori es.

an appl i cation needs_one t hem agai.n, it i

3. ThemeBos AU 2 RBEDS P 2oUTRIAN G2 BCRDRUID0 sldpopfuces the

furthdﬁsdteﬁﬁdf @épllbﬁ:ln@ga heRy Nswihstiadtet objddten afl anterreacheanitsirservers
”hgﬁ e F object is renoved fromcache to

fro %S?Sf}ﬁ‘? c?rdrf" " equest ed obj ect which is first
searched in secondary nenory before 30 being
reconstructed if search is not successful or if
obj ect has becone outdated since it was stored in
secondary nenory. -15- WHAT IS CLAIMED IS: 1. A
nmet hod of mai ntai ning coherence of cache contents in
a multi-tier software architecture including a front
tier conprising at |east one satellite server, each
said at |east one satellite server operating a |loca
cache, said architecture including a mddle tier
conprising at |east one central server, each said at
| east one central server operating a central cache,
each said at | east one central server interfacing
with at | east one database through at |east one
dat abase server, said at |east one database
containing data elenents, said data el enents
retrieved with queries issued fromeach said at |east
one central server to said at |east one database
server, said nethod conprising the steps of:
constructing objects in said at |east one centra
server fromat |east one said data elenment from said
at | east one database, said constructing step
including the further steps of: validating said
objects; attributing a tine tolive (TTL) to said



objects: and storing said objects in said centra
caches; forwarding said objects fromsaid centra
caches to any ones of said satellite servers
requesting said objects, said forwardi ng step
including the further step of: storing said objects
in said local caches; delipgring said objects to
those of software applications running on said
satellite servers and requesting said objects; and
wherein objects stored in said central caches an
4. TOR T o APTIRRAS CATES T SA ML AN S0IGh G AP o sai
seldcRaThnied) eadhai vthefatar itk engsiiy on seaidiated i said tocalotackal d
obj ects has been nodified in said database, said
met hod further conprises the steps of: determ ning
5. TY\Binﬁﬂhddtécﬁﬁﬁdmg&b&ﬂdlmaair@d.whdnemaed'ndasmising:tihg\%wpi igl &ridgered in
to all invalidat ' :
saic SHIFRE couy dptver DR oAl ) BBk s sl sad selected
cenirdl caetied central caches; propagating said
i nvalidation commands to all said |ocal caches;
i nval i dating correspondi ng objects in said | oca
6. Thachaisqd amodiingntpatiaitiat ong vaeegn thenderiaf Ayibukeg AriHmd the
step cgf%Por@% sgﬁlo% écfégaréﬂaﬂ \Aﬁa]rlﬁ%é step bPazjedting 4RI HBENOH previous

eéin request's from said
SaICb@tIMtﬂthS@psf@ﬁ‘hélﬁé tayvalidplesdid aPiRcnced over al |
avai |l abl e said central servers and Wwherein one of
said central servers s selected pe ues
7 TheRIhEOIIGp Seme Lo WhoGHn SR ERSI R P 18 skpbed i

salocégiétﬁédJEéﬂtﬁg sSivEPwhatdvee esqubiied object Redirgatie prexent and is not
[icating a newy constructed object in all other

°Utc?4ﬁ43l”é§'ﬁt°?'&tra'§%‘?'¥?ers from said sel ected central
server -16- 4. The nethod according to clains 1 or 2

wherei n an object is requeste om sai -
5 PR st EReREiRanREr T EaTE hi bl S SR BEN sorver
desBpbtdd boaahait aatienl sé'rver'lélm aIthHeamjara(baolrLuh qegtralasemem. ms 1
or 2 wherein said constructing step is triggered in

said selected central server whenever requested
9. Tobjneathod scouidig teganynoreadfctlaimk dctoddwhereint Jaid cansiHeling step is

triggered in said main central server from an invalidation handler whenever said

requested object is found outdated in said selected central server.

10. The method according to claim 9 wherein TTL of said outdated object is set to a low

value before being forwarded to the requesting satellite server.



6. The nmethod according to claim1l or 2 wherein the
step of attributing a TTL and the step of storing
said objects are replaced by the step of: rejecting
said objects if previous said validating step has
failed to validate said objects. 7. The nethod
according to clains 1 or 2 ¥herein sai d constructing
step is skipped in said séf-ected central server
whenever requested object is already present and is
not outdated in said central cache. 8. The nethod
according to any one of clains 1 to 7 wherein one

11. 5PeYnERB4 %@%rﬁiﬁ%}fﬁ T 1 @ﬁ%rigglnﬂées‘?epﬁéf iﬂvé@hﬁhgc%]é&gl.in said

server an ers are backup central servers.
cenfhlecagheshodudasdos firhgr step afifeleling saifl obleaiSns 1 to 8

wherein said constructing step is triggered in said

main central server froman invalidation handler

12. Winenegted sarcerdingelgueaimed1 ojesRt the siepudfqdeieingatald dpigets is
repBeed byelechrl &rerddondtrRRy Vaid bBiectihf 588 hadin central server,
according to cIa|n19_mhereLH TTL of %@Id utgaégd. K
congpiig the Birtbiek ster, olreplisating Spifl segoapiEyde %?J%‘SSM P gackup
centrfl debfRrd equesting satellite server. -17- 11. The
met hod according to claim1l wherein the step of

invalidating objects in said central caches includes
13. tThe rethdd&ecortirgptoadnydteleadfiting pesiods clbjmecisereib2:achlseid central

_hod di | ai m. :
serE TRy EatPL i eRr e T EgPSE Bl b g Seffbaey process to

motiee eaig bbject recrmssadtidn dlopresicint progeissttaie, womprigingihe steps of:

server. . C I Sl repl b eal ble:
s o 0 ool e bt orSiroft nf !y RIdr e tave
ceribsrektirngersat sin-piiresthdables hiod detasbr efiniietion hy saipeobject
of rEE‘o%sRE&iéhQ“éonjlr@.ln@ﬁh%ﬁﬁl‘?ér N &AGH Pt EBIY Eftties of object
server I ncl'udes an obj ect reconstruction I n-progress
t abeeonsiidctigns they bangesucprssiudy soRletefoni t or sai d obj ect
" ORI g h-blogflss Bbilot BoorirGdioRss - t abl e, |
conpri si t he stéps of: | oggi ng begi nning and endi ng
of Tetittewpingiating PRIBE PeAISIVAIO8%i d i n- progress tabl e;
i nspecting said in-progress tables to detect
conpl eti on of said objec recopstryctions, ..
14, SRR REPHESTRFeer S SheToTa RS srgRe fiens e Pedaed
in safd mlbine@gtral(rj@emanﬂ wa:cce'r@?_samh_aggimmtepsmm_smm Further step of
conpl eted; detecti.n ai ling.in-progress o
forvad B Sl £ SONECPE BeBnBRgE th FIFRT g gfie dfbles of backup
cenfr@lc@Rgdrs. uct i ons. 14. The method according to claim13
wherei n said object reconstructions are perfornmed



in said main central server and wherein said | ogging
step includes the further step of: forwardi ng object
reconstruction beginnings to all said in-progress
tabl es of backup central servers. -18- 15. The
met hod according to claim 14 wherein object
reconstruction endings are,logged in said
i n-progress tabl es of backup central servers on
recepti on of objects forwarded frommain centra
server. 16. The method according to claim 13 ¥herei
15. The thethwdeascordigg 4o elgimhd wharein pricct J8oBRFHGUAT SA¢IRgP %(Pg"gge"
in s@ﬁﬁﬁ-@é@é’ss‘ BpIeH &f Bhciep| dnbACderiers BRrE@ptise b eljscts Iofwarded
e nethod according to claim1l wherein said
frome BAEGeNEelisREest ep i ncl udes the prelimnary steps of:
checki ng whether said central cache Is full or not;

if not, proceeding i mediately. to.sai ruct i ng.
16. g melady aropiansi e (g 1 ey B Seleofify ejihd Wi re-
attefPAhg Stbp aRCRLIOormadid cnbet kit gactetchetral seiversLRU obj ect
is outdated or not; if not, storing said LRU object
in a secondary nenory; if outdated, discarding said
17. 17Rd mljhedt accanithg to clabot h whasss sajdr costrgeting step Jaglyes the
Iconstr ctipg step. 18. The nmethod according to claim
Pre N SIEP R sai d secondary menory is further searched
f orcheekiindy whetbérrsgicotsingret cashe dg il or pele B @phgracseding gnmediately
re r ' - § j bidi da@itral cache;
CoNBraRARE g kB, it <PeSifES RELD) obipTh 3501 28
arcmdt ecture of servers, said system conprising

”ealﬁégé?rgba% of Okid GRU ¥hjB& i@ WutRRGNoShEPif Hot, tdi®ing said LRU
method according to any one of the clains 1 §$6$8" d i
20.objast insy seeandaly empRy f outdatad, disRdngmaithk ject; and, In
CONsk &bl o @RHRG S sl thndhating géement s from at

| east one database, a neans for invalidating said
data objects when outdated, and nmeans for managi ng

18. 'BfO RtHodChd BRI t6 @E;amn ot @\mb&gh @hidesdécond@¥. mémory is further
conput er _pr.ogram.pr, ct stor on_a ¢
seafche g{;ﬁ@ldg‘fllag%gbjg{ﬁ&ethfﬁ proggﬁcgtpq tgi Sﬁlﬁj rggﬁap%mxgt{ng step.

readabl e code neans for causing at | east one conputer

to operate .the. method of ' 1. . r ;
1o SR B AP (O LPER 9 iRER Urtctae
of RPEDE, Haith) systerawpmprisingfmaane adagiedsfon cargyimp out each step of the

method according to any one of the claims 1 to 18.

20. The system of claim 19 including a means for constructing objects with data
elements from at least one database, a means for invalidating said data objects when

outdated, and means for managing reconstruction of said outdated objects.

21. A computer program product stored on a computer readable storage medium,
comprising computer readable code means for causing at least one computer to operate
the method of maintaining coherence of cache contents in a multi-tier software system

according to any one of the claims 1 to 20.



