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syst em 20FDBLD/0@FE9THE | NVENTI ON The present | mreemrPran/osob@t es in
general to data processing systems and ijn particular to distributed
client/server software architectures. Still nore specifically, the present

invention relates to a nethod and a systemto maintain consi stency between
contents of cache files distributed over a plurality of processing nodes,
while insuring 25their quasi real-time availability. BACKGROUND OF THE

| NVENTI ON The client/server nodel which has energed in the late
1980s is a versatile and nodul ar software architecture that was devised to
i nprove usability, flexibility, interoperability, and scalability as
conpared to centralized, mainfrane, tinme sharing 30 conmputing that was the
normatgthat tinme. The client/server architecture has since progressively
conpletely replaced the previous mainfrane software architectures where al
intelligence was within the central host conputer and where users
interacted with the host through dunb termnals. If mainframes are stil
however in use it is only as powerful servers in various client/server
architectures where dunb term nals have WD 2013/017599PCT/ EP2012/ 064966 2
al so been replaced by intelligent graphical user interfaces (GUJ) capable
of self processing the received and transmtted data fromto servers.

I'n nmodepn data processing systens, a client/server architecture largely in
use and capabl e of supporting a |large nunber of renotely located clients is
the so-called 3- 5 tier architecture. An exanple of such architecture is
illustrated in Figure 1. The naster tier 100 is traditionally built around
a dat abase system 120, possibly a large or very large repository of all the
data necessary to the daily operation of any business organi zati on, conpany
or enterprise in order to conduct all sorts of conmercial and

adm ni strative operations. Database is nostly of the relational type, i.e.,
IS und(,?é t hlﬁethod and system to maintain strong consistency of distributed replicated contents in

a client/server system

20 FIELD OF THE INVENTION

The present invention relates in general to data processing systems and in

particular to distributed client/server software architectures. Still more specifically, the
present invention relates to a method and a system to maintain consistency between
contents of cache files distributed over a plurality of processing nodes, while insuring
25  their quasi real-time availability.
BACKGROUND OF THE INVENTION

The client/server model which has emerged in the late 1980s is a versatile and

modular software architecture that was devised to improve usability, flexibility,
interoperability, and scalability as compared to centralized, mainframe, time sharing
30 computing that was the norm at that time. The client/server architecture has since
progressively completely replaced the previous mainframe software architectures
where all intelligence was within the central host computer and where users interacted
with the host through dumb terminals. If mainframes are still however in use it is only

as powerful servers in various client/server architectures where dumb terminals have
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necessary. In the exemplary system of Figure 1 this takes the form of cache files 250

on which the applicative processes 240 can work without having to incur long delays to

get them from the master database through the master servers each time they are

35 needed. In such a data processing system processing power and software applications

are thus distributed, i.e., partitioned, on as many nodes 210 as necessary to reach the
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This can be obtained as the expense of generating a very high down traffic from master
tier 100 to application tier 200 just to answer queries from the client tier 300 also
20 resulting in a very high occupancy of the master database to answer them. This comes
in conflict with the administration and updating of the master database by
administrative users (140) even though the proportion of writes into the database is
generally relatively low. Access to the database and traffic on the network between
data and application tiers are clearly bottlenecks that limit performances when the
25 number of users of the client tier increases.

Availability and scalability 42 are achievable in a 3-tier architecture like the
exemplary one shown in Figure 1 by having distributed cache files 250 in order to
overcome the above problems of database occupancy and high traffic between data
and application tiers. However, in this case, there is no guarantee that cache file

30 contents are consistent between slave nodes and with contents of the master database
since they are distributed over independent computing nodes.

It is thus an object of the invention to bring a solution to this problem. In a 3-
tier client/server architecture where client applications and replicated files are
distributed over a plurality of independent slave nodes, the invention discloses a

35 method and a system to maintain strong consistency between replicated file contents

and full availability while preserving some scalability 43.



receiving an update request in at |least a master server of the nmaster tier
to update a master database of the data processing system

based on wW@i2diupd#ve generati ng and storing a new versi @ATHEP2@ 2064966 cat ed
file 15stored in a shared file system of, the master tier; providing, a
notification of availability of the new version of the replicated file to
all sl ave nodes; I n each slave node, starting preloading fromthe
shared file systemthe new version of the replicated file and upon
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updating t he master g%tabase with data of the new 25version of the

repl i caPed PEiMERYUAEILEHHTt ting the use of the new version of the
replicated file IBWMMARNVESE EHEIINFENTEONM tting the use of the new version
of the replicated file in | ave dat abase of th pplication tier, arranged
for Keepi nd-cEpB0 B1on% 40P dpedayastion Ppacrber & BRE0T REAIReINRG RS ERESmst or
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real -time while ensuring a stron onsi stency over a possibly high
update a master database%f S[%e dsata proceg/sing system;p y g

— based on said update generating and storing a new version of a replicated file
15 stored in a shared file system of the master tier;
— providing, a notification of availability of the new version of the replicated file to all
slave nodes;
—in each slave node, starting preloading from the shared file system the new
version of the replicated file and upon completion of the preloading,
20 acknowledging successful completion of the preloading;
o only if all slave nodes acknowledge successful completion of the preloading then
performing the following steps:
— receiving at the master server a notification of preloading achievement;
— from the master server, updating the master database with data of the new
25 version of the replicated file thus committing the use of the new version of the
replicated file by the master tier;
— committing the use of the new version of the replicated file in a slave database of
the application tier arranged for keeping track of all replicated file versions;
— forwarding to the master server a notification of commitment of all slave nodes;
30 — from master server, acknowledging achievement of the update in response to the
received update request,
o if not all slave nodes acknowledge successful completion of the preloading, then
receiving at the master node a notification of error without updating the master
database and committing the use of the new version in the slave database.
35 Thus the invention provides an efficient solution for responding to a query for

information in near real-time while ensuring a strong consistency over a possibly high



WO 2013/ 017599PCT/ EP2012/ 064966 5 nunber of nodes having the piece of
information required for responding to the query. Therefore, the invention
enabl es MEDOB/MTIYY strong consi stency, availability w POTEPERP64ILOT t

| atency and enhanced scal ability. S5Optigpally, the invention may conprise
at | east one of the followi ng optional features: In t he present
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applicative esses 0 The not per se snall pieces of data brought
froma sl O\EQB %gecrl?yéﬁ‘&eﬁ’é Cﬂ@bﬁé{ cache menory. In the context of the

invention replicated flles also referred to as replica are indeed conplete

files op which an applicative process in ve node rk wthou
exper i hci no. any CRBRaE TiinaeRisobRp caRenss afisas! Sre of e g hyttrg! o
particul ar féattregot llnltatlve enbodlnent the replicated files, 15 also
referred as repli rovidin

are Ccaq a
notiti eat on of Wudia BlseeTeGvaton it daioaps a&frepﬁr@%ﬁ'??@a% PRI o
all slave mm]gtﬁatc‘e@mpna?edma] ﬂh@|n:1é§t¢rﬂ@séfaa§$)roughf Qﬁﬁ@dhdhl@)]ghé E@nehbfaesnast Sr
server a notification of aval It t ew version of.the re | cate
Tl e to a S ehidin DR octs dotie' slieShotiion o enty L o Fatiss BrocsEres
br oa?cﬁelt i Myef e@?t%rﬁymlmo&r@g déia&)t@ug‘tﬂd@nﬁalsd)we@bbéﬂ erai memo%f m(tjo
availabilit a ot rsav now edgi n
aceast ul RGHPITPBR oM HrCoTenddra st reiEid Heh Arart 0 KDl ave
nodes acknowpliedgee fdece ssipletsfiaploatvitich of appRatWeepoacisig 4 Slade Aede/&dn
process of the % ehronizin sl ave %% 250n e all slave nodes acknow edge
successf ul "‘6’6‘%(' Y 6’ﬁp?ﬁe”9'ﬁ‘ B '¥H ga AHe'Cerver process of the
synchr oni zi ng sl aweormocgetoaawﬂameﬂler But st Imtnemv@eﬁfbedenwtnmeaepmdmedmleser
server 3 %atl on of gr | oadi ng achi evenent, the synchroni zing sl ave
node fo el @S rerdicar € &P ME%i d notification of prel oading
achi everrent Uporrhecumi ef pbavidrig bhetifitation aff mnamntty ionghd hewusesion of itk new

version of t p ated file ster tier, the master node
forwards a %‘g'ﬁﬁﬁegg@n e}qﬁq\’ﬁ”@é{f’? BW“P%SeISEree ARESHPZI ng sl ave node and then
t he synchr oni zfdwgasiirVeor Ake niakicd §8rvar b i tifdatibn of acaRBIlityt dfie hBR véstordf the
new version of 1I trrllg rerzpﬁr():ated%eet% J eyln%hrloﬂ|ztl;ngeslesv|e6|1’1\6%eg[ie?kte%bamong the slave nodes;
20 — broadcasting from the synchronizing slave node said notification of availability to
all other slave nodes.
The step of acknowledging successful completion of the preloading comprises
a step wherein the slave nodes acknowledge successful completion of the preloading
to a server process of the synchronizing slave node.
25 Once all slave nodes acknowledge successful completion of the preloading to
the server process of the synchronizing slave node and before the step of receiving at
the master server a notification of preloading achievement, the synchronizing slave
node forwards to the master server said notification of preloading achievement.
Upon completion of the step of committing the use of the new version of the
30 replicated file by the master tier, the master node forwards a commitment notification to
the synchronizing slave node and then the synchronizing slave node triggers the step

of committing the use of the new version of the replicated file in the slave database.

At beginning of a transaction initiated by a query for information from a user, at

35 least in each slave node involved in said transaction an applicative process



WO 2013/ 017599PCT/ EP2012/ 064966 6 interrogates the slave database and is
instructed whether to switch froma current version of the replicated file
to the prebDoatsad7svew version of the replicated file. PCT/EP201R/06£966 abl vy,
at beginning of a transaction initiatedgy a query for information froma
user, in each slave node involved in said transaction an applicative
process 5. reads a g of a rrent ver.sion of d file, id
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retrieving |ﬁstmmeﬂhmamrtecbmftbh €rofy teedlr@n€ Vst of iRe séibated fike foetlei et ed
file and converti grcrl a $ﬁlgropr| ate format the current version of the
repl i cat ed VP ¢fdgEP U??geol appl yi ng the update onto the

currentiover si on gne teprvet bi glg:caﬁgfulsdcmﬁplag)riéf@r@lemdmgmbm@mzxﬁméiohhﬁthe
replicated file into the sh fi Sys he replicated files are
conpressed " Wl'éﬂtegmﬁ%ﬂ#'ﬁﬁeﬁ @ngrﬁtarfa@%” ¥’ T@?Hve rocess.  The replicated
files stored in the shared file systemare decorrpressed and converted into
an appropriate fqormat by fhe naster server mh rformng t i ncr engent al
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database can t():(ca)n\%[rt(l)r e% elmnagprglprl e?orma(t:rhe curl(')ent version of the replicated file to be
updated;
applying the update onto the current version and converting and storing the new version
20 of the replicated file into the shared file system.
The replicated files are compressed when stored in the shared file system.
The replicated files stored in the shared file system are decompressed and
converted into an appropriate format by the master server when performing the
incremental update and by the slave nodes upon preloading.
25
If not all slave nodes acknowledge successful completion of the preloading,
then the master node sends a notification of error to an administrator that sent said
update request.
The master database can be stored in a single machine or in a plurality of
30 machines of the master tier. The slave database can be stored in a single machine or

in a plurality of machines of the application tier.

The shared file system is a network-attached storage NAS.



in a plurality of machines of the application tier. The shared file system
Is a network-attached storage NAS. WD 2013/ 017599PCT/ EP2012/ 064966 7
Accor di ngvbaommarivser aspect, the invention relates to aPCOMPRAIROG46OQr am
product stored in a non-transitory conputer-readable nmenory nmedi um and
perform ng the nmethod according to any one of the preceding features.
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Ml ti -t er 10 MEMCRAGFYENIdS PRy Bie BEbEPHRFeapgIeR ethe ropl i cated 1iles being
distributed froma master node of a naster tier, wherein the nethod
conprisges 10the follow ng steps perfornmed with at |east dat a processor:
recei ving an upééf%fdfqufa%—gp%heﬁ aége"?te §t'”‘éeqli‘ﬁgtr‘é'@%e?etp\?emegpdtq{é“ B9 ¢ er
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system L as n said update generatjng and storing a new
varsion of U QU SoPFETY O SEBRRIET R ObSRES SV MRS P DA Hebhast er
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file and upenfolowpyetdpeerbrnidtewitlt & l6adiantta g@asssaew edgi ng successf ul
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successful conpiEMENaBUPIRE PRI HgCesled TRIF PG FgO HE MBFEHHPHEP
steps: recei vVipgatat blsiesEBsilesr stoRIV @ aanideter f daidse nofotheP dala0picBssing

achi evenent ;
system;
— based on said update generating and storing a new version of a replicated file
15 stored in a shared file system of the master tier;
— providing a notification of availability of the new version of the replicated file to all
slave nodes;
—in each slave node, starting preloading from the shared file system the new
version of the replicated file and upon completion of the preloading,
20 acknowledging successful completion of the preloading;
o only if all slave nodes acknowledge successful completion of the preloading then
performing the following steps:
— receiving at the master server a notification of preloading achievement;
— from the master server, updating the master database with data of the new
25 version of the replicated file thus committing the use of the new version of the
replicated file by the master tier;
if not all the slave nodes acknowledge successful completion of the preloading,
then receiving at the master node a notification of error.
Optionally, the invention may comprise at least one of the following optional
30 features.

Advantageously, each business rule comprises a set of criterion and a
content. Preferably, each criterion is associated to a weight, allowing thereby a search
engine to identify the most relevant rule when a search is launched.

The set of criterion comprises at least one of: a point of sale, a country, a

35 group of countries, a country of origin of a flight, a destination of a flight, a customer

profile.



fromthe master server, updating the master database with data of the new
25version of the replicated file thus conmtting the use of the new version
of the repbi2ostadsobil e by the naster tier; i f noPCAIAP201RB649bEYV e
nodes acknow edge successful conpletiongf the preloading, then receiving
at the master node a notification of error. Optionally, the invention may
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vt aceaust v anemben ety el prRes e st & b4l £ i inyentance’
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t hereby a search _engine to id t|f he nos Ievan r en.a search is

| aunched. VR o35l i Brve fodebmrb rotnsinid Gt least vt SBueREn o

]Pf)! n:] of sakan a&\rlu@e@lgnélé%(a,rtuae:c S&gm@yst@rﬁ FRUMiNihgSa r@eﬁ@wmamg@ﬁemrgygnem of a
i ght stipation of a a .customer
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processi ng aglisd.emis part of an inventory of a travel provider.

More generally, the slave nodes are connected to at |east one of: an

inventory of an airline, a departure control systemof an airline, a

revenue nmanagenemnotys taepediadf 1Be mdnlnbnﬂes aadueemat@uemammurmemgemestd@m of an
airline, an electronic ticket. server her. aspect

of the i nvERRIESHNY SYHeH; MAsIe&T ?ﬂﬂ"?ﬁ'“oﬁ l&f aEﬁ" @éﬂ??tg We‘ihe&é’f’AE %PB&'E%su ng
syst emigonebmptisigg ad EERlityCat iikdepehesntap@casdis tskivet hédes. t Tige aptécagi on

tier comprises a master node arranged for distributing replicated files to the slave nodes, a
master database and a master server. The master tier comprises a shared file system.
The master server is arranged for receiving an update request to update the master
database, to generate a new version of a replicated file stored in the shared file system

15 and to store said new version in the shared file system. The system according to the
invention also comprises a slave database connected to all slave nodes and arranged
for keeping track of all replicated file versions. The system is configured for:

e providing a notification of availability of the new version of the replicated file to all
slave nodes;

20 e« in each slave node, starting preloading from the shared file system the new version
of the replicated file and upon completion of the preloading, acknowledging successful
completion of the preloading;

o only if all slave nodes acknowledge successful completion of the preloading then
performing the following steps: receiving at the master server a notification of

25 preloading achievement ; from the master server, updating the master database with
data of the new version of the replicated file thus committing the use of the new version
of the replicated file by the master tier ; committing the use of the new version of the
replicated file in the slave database ; forwarding to the master server a notification of
commitment of all slave nodes; from master server, acknowledging achievement of the

30  update in response to the received update request,

o if not all the slave nodes acknowledge successful completion of the preloading,

then receiving at the master node a notification of error without updating the master

database and without committing the use of the new version in the slave database.
BRIEF DESCRIPTION OF THE DRAWINGS

35 FIGURE 1 illustrates an example of a standard distributed 3-tier data processing

system.
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20 master node 110, a master database 120 and a master server 112. Contents of the
master database 120 is distributed into slave nodes 210, 210’, 210" in the form of
replicated files 250, 150 so that corresponding pieces of data can be used by client
applications 240, 240’, 240" running on these slave nodes 210, 210, 210" without
having to interrogate the master database 120.

25 The master tier 100 includes a master node 110 comprised of one or more
servers 112. The master node 100 is in charge of managing the data repository of the
system, i.e., the master data base 120, generally a large or very large database system
that holds all the data necessary to conduct any type of large business activities
including commercial and industrial applications and possibly covering also all sorts of

30 administrative, educational and governmental activities too. In the airline and travel
industry this can be for example a global distribution system or GDS. A GDS is any
large data processing system put in place by companies of the travel industry to allow
real-time access to airline fares, schedules, and seating availability and in general to
any travel product. GDS’s offer the capability to travel agencies and individuals,

35 through numerous online travel sites, of booking reservations and generating travel

tickets from all over the world.
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lowering memory usage. The range and number of applicative software products run

Ilce:ql’ted for each oﬁhem thus drastically

on the slave nodes 210, 210’, 210" is potentially very wide and in practice just limited
by the computing resources of the nodes. It is largely dependent of the type of
business conducted by the owner of the data processing system. In the travel industry,
30 for a GDS, this includes specific applications like the electronic booking and ticketing
services now offered to all travelers and the departure control of passengers in the
airports. More common applications to any type of business include those concerning
availability of goods and services, revenue management and revenue accounting.
Hence, users of the application tier 200 are not limited to be customers but include also
35 the professionals in charge of managing the assets of the company that owns the data

processing system.
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30Figure 4, which is conprised of Figures 4a and 4b, describes the steps of
the nmethod to achieve strong consi stency anong the distributed replicated
files of woQatdaipivdcessi ng system accordi ng to the i nveRCirar012/0649%anpl e of
which is illustrated and discussed in pggvious figure. First
phase of the 2-phase commt process for updating data within the system
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synchroni zi ng sl avé & égﬁigg?gﬁﬁngﬁgggﬁgnfé&#ﬁéﬁﬁﬁi¥ﬁépg@8}g@g%gbagsthe
210, 2107, under the control of the server process 220 task of the synchronizing slave
node 210, the notification of availability of the new version 150 of the replicated file.
Then, at step 5, upon reception of the notification of availability of the new
25 replicated file 150, each slave node 210, 210’, 210", including the synchronizing slave
node 210, performs the following two sub steps:
- Acopy, i.e., a preloading 51 of the newly available replicated file 150 is done from
the NAS system 160 in which it has been previously stored by the master server 112 in
charge of performing the updating.
30 - Once preloading has properly ended an acknowledgement 52 of successful
completion is sent back to the synchronizing slave node 210 by the server process
220, 220°, 220" task of each slave node 210, 210", 210".
The server process task 220 of synchronizing slave node 210 is also in charge
of collecting all acknowledgements of successful preloading completion. If, and when
35 this is achieved, a notification of successful preloading achievement 6 in all slave

nodes 210, 210’, 210" is in turn forwarded to the master server 112 in charge. This is
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Nevertheless, at step 10, the master server 112 receives from the server
process 220 task of the synchronizing node 210 a reply to inform it of the completion of
25 the commitment into the slave database 260. This reply is further propagated, at step
11, to the data processing device 140 of the administrative user of the data processing
system to inform said administrative user that the requested update 142 has indeed
been committed and is as of now in effect.
The actual use of the new version 150 of the replicated file will however take
30 effect only within the system when an applicative process actually needs it to respond
to a query for information. In the present invention, a query for information is a query
that requires retrieving data stored in the system in order to be fulfilled whereas an
update request requires updating the stored data to be fulfilled. Thus a query for
information is sent by end-user of the system such as a customer or a travel agent
35 while update request 142 are sent by administrative users in charge of updating data

related to products, services or information to be provided to end-users. Upon
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The mechanism described in previous figures which explained how the
replicated files are made available to the slave nodes 210, 210", 210" in quasi-real time
clearly distinguishes between two types of behaving for the two types of nodes of the

30 system:
- The master node 110 is the writer node which is possibly comprised of several
master servers 112. Each of them is made capable of managing transactions issued
through user interface 140 by any authorized administrative users of the data
processing system. Management transactions are intended to eventually update the
35 master database 120. To this end, as already discussed, a management transaction

first creates a new replicated file version (Vn+1) 150 and stores it in the NAS system
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30 knowledge of the slave node 210, 210, 210” topology. Master servers, i.e., writers, rely
on service integrator to route versioning information to the slave nodes 210, 210’, 210".
Writing into the shared file structure of NAS is illustrated in Figure 5. It
describes the incremental update that is performed at step 2 when creating a new
version (Vn+1) 150 of a replicated file.
35 Making available the replicated files, i.e., publishing them from a shared file

structure such as a NAS system 160 provides additional benefits. The master server
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of the invention and how it is obtained with the system and the method previously
described over all replicated files of slave nodes 210, 210°, 210” each implemented on
a different physical machine 30, 30°, 30".
In a data processing system of the invention the master database 120 is
30 assumed to be regularly updated. Although this figure may vary largely depending on
the application of the invention, a typical frequency of updates to consider is in the
order of a couple of times per minute. Each update produces a new version 150 of a
replicated file (Vn+1). Then, strong consistency is achieved if, from the moment a
replicated file of a given version, say version N, is read on a given slave node, any

35 subsequent read on any other slave node 210’, 210” indeed returns the same
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each transaction may optionally be skipped. In this case, replicated files stored in
shared memory need to contain a tag or flag that indicates whether a new version 150
30 is available or not. Thus, it is this tag which is first checked at beginning of each
transaction instead of systematically interrogating the slave database. If the tag
indicates that no new version 150 is available, then the current replicated file is used. If
the tag indicates that a new version 150 is indeed available, then the version table 262
is read from the slave database so that the applicative process 240, 240°, 240” can
35 switch to the new preloaded replicated file (Vn+1). The tag, that was set when

preloading of new version 150 was done, is reset when the client application has
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discussed' is used to make sure that an image of the group of slave nodes actively
participating to the client application tier is always available. When a slave node joins
25 or leaves the group, the image is updated accordingly so that the method of the
invention can be carried out properly.

While there is shown and described the present preferred embodiment of the
invention, it is to be distinctly understood that this invention is not limited thereto but
may be variously embodied to practice within the scope of the following claims.
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based on said update generating and storing (2) a new version (150) of a
replicated file stored in a shared file system (160) of the naster tier
(100); prwoi2diang798, 4) a notification of availability @®CTEPIROMISEr Si ON
(150) of the 15replicated file to all shgve nodes (210, 210', 210"); in
each sl ave node (210, 210', 210"), starting preloading (51) fromthe shared
file system (160) the new version (15 f the replicated file and upon
conpl eti on of the prel oadi ng, acknow (52) successful conpletion of
the preloading; only if all slave nodes (210, 210', 210") acknomﬁedge (52)

successf ul letjo f 20t he prel padi ng .t hen rfor fo]l owi n

S eoe® uedr oA el R g s arshel s Oarale fes. Bt dlsdbulil pe g o

gctﬂ gveﬁE?tplngﬁl)ty of |h@@bédd©nt][m?%@sin‘g€§la@rno_(dé§221{)58;1)@{:1%1mﬂpér_t' bf éﬂﬂ@pﬂimétl(ﬁf |

al abas 0 new versi on ( 0 ere e

t hus coﬁm ]fPf {?8\% HE lﬁ’%té“ 1 ‘E"F?Bﬁ : %P@ﬁeﬁé%?y%?mt‘ﬁ?s rF%‘l&Bleé’aft &Ppl e by

me maslt er 150e beind AtibASE M & trhagded fdet naoysefaqﬁaétben@ewougrm @rltibtlﬁd&(())zogg
ere I ca (0] | n I e

o amept | ShSieclstrs N PaLE caPPuse hesrouitotbrs Petd Beanpiit leisg onsiskla

f or war di ng precekbsr: mast er server (112) a notlficatlon of corrmtrrent (10) of
all slave nodes (210, 210' 210"% : 30from naster server

acknow edgi ng { V'%H)é?eﬁ%‘jrﬂte srayesk (\hsadn &t isst és’ﬁ%ﬁ%s?r&eﬁ 211812? St ed
updat e1pequest n{afét%?)tler ot ugddte td"%a%keﬁlV(ﬁatM@SvQ@)l@f tHel Qata BAfeedsing

acknow edge (52; successful conpletion of the prel oading, then receiving at
the master nod&@T0) a notification of error. 2.The nethod according to

the previous chaidd Whessd rprdB@ §ér%?atﬂfg Qﬁ@\@t&m@gfz():?'a i @er%ﬁiﬂo(1l5f)? @Rtd on of
availability of the new versio f)lcat |Ietoal sl ave

nodes (210, 21(plicaiegfilc sierggin %é%ar?ﬁg'ef%ﬂe&/\ﬂﬁa Jfttap sastepger (10
2013/ 017599qu%D%QggZ/((Qtsﬁ)gQGn&ﬁcatlon of availability of the new version (150) of the

15 replicated file to all slave nodes (210, 210°, 210”);

—in each slave node (210, 210°, 210"), starting preloading (51) from the shared file
system (160) the new version (150) of the replicated file and upon completion of
the preloading, acknowledging (52) successful completion of the preloading;

o only if all slave nodes (210, 210’, 210”) acknowledge (52) successful completion of
20  the preloading then performing the following steps:

— receiving at the master server (112) a notification of preloading achievement (6);

— from the master server (112), updating (7) the master database (120) with data of
the new version (150) of the replicated file thus committing the use of the new
version (150) of the replicated file by the master tier (100);

25 — committing (9) the use of the new version (150) of the replicated file in a slave
database (260) of the application tier (200) arranged for keeping track of all
replicated file versions (150, 250);

— forwarding to the master server (112) a notification of commitment (10) of all slave

nodes (210, 210°, 2107) ;
30 — from master server (112), acknowledging (11) achievement of the update in response
to the received update request (142),
o if not all the slave nodes (210, 210°, 210”) acknowledge (52) successful completion
of the preloading, then receiving at the master node (110) a notification of error.
2.  The method according to the previous claim wherein the step of providing (3, 4) a
35 notification of availability of the new version (150) of the replicated file to all slave

nodes (210, 210°, 210”) comprises the following steps:



forwarding (3), fromthe master server (112), a notification of
availability of the new version (150) of the replicated file to a

synchr oniwpregiaglias®e node (210) taken anong the sl ave no®€3/EP2M0/ 06280 ,
210"); broadcasting (4) from %@e synchroni zi ng sl ave node (210)
said notification of 5availability to all other slave nodes (210", 210").
3. The nethod accordjng to the grew ous claimwherein the s

of
acknow edgi ng [&YRrdige BasEem the SrasiRit SeYErdfl 1¢4h & ptiErafion; ?fga"@ﬁ?ﬁ(;lft}’ Sbdhe step
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once all slaveppdesstingl@) kD the %}&h}orﬁﬁﬂf@%v&vedr%e( b} SHRCRSHcHion of

conpl etion of the preloading to the server ﬁ%ocess (220) of the
synchr oRi zi ng 8V3i@ '“Wd@é‘”@ﬁ‘ﬁ@f'a&?uﬂo‘%?@ﬂ@ £HE)step of receiving at the
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synchroni zg% sl ave nod forwards to the master server (112) said

notificati &P%?Séf%ﬁﬂnﬁlﬁt'%ﬁfcthﬁ SRS ¢anprises a sigRawhereidae slvenafey t o

any one of (»fe 24bT egp’ 9%@%(9\”&@@' (BQI’@JC\‘)Q%‘@'CB ROBn ePhR! (REIbaMnGto & BErvEE €p Of
comm tting the use of the new version %;ﬂ\% the replicated file by the
r

master ti erprqc;g@@jﬂog ﬁfathﬁég'f‘@}roﬁ‘i@ﬂ%skaﬁ@?dq ds a commitnent (8)

notifigetian tons fh@etﬁdd‘ﬁ&%o%h ltmesgtrevsu@@ld% (WAERIn BREL BINSRVE RBdes g10
synchroni zi Ha sl ave 20node ( trig Sgers the step of commtting

use of the? WZOQr)s?%ﬁOW'_‘E’gg? (62) pupse? lﬂlqoaas&'@@nf@fﬂee melpﬁ@n%ﬁ%\}@ é%”ﬁ’ﬁbase
(260). 6. plhrsgeidngdr ﬁq@cs%mraﬂz.h?s%w 08 (Do) bR bEfovethRI B L6k rBskiGhghis
|

wherei n at beg| nni ng of transaction initiated by a query for information
from a usethe ﬁlasﬁeéé@'vei H 18hg motficaiien Aberelogding, acﬁweme'ﬁtl(@) g BYRANURFITG sai d

transacti oR|8 iRl 29@f foreards A6 886 madRer(sehbr (248 sa@‘ﬂ@tﬁ)ca‘haﬁ F RIS ATy (264)
t he sl ave dat abase (260) and is instructed whether to switch fz froma

cur rent OverP§igHeesd$)- of the replicated file to the prel oaded new ver si on

(150) of the r ¢ﬁé'rﬁélh@dj aEbér@rn? t6- anlhBndTet Wtrﬁ*@@%’?é’i}lcﬂ& &IQm%n\Y/h@ﬂéfh @hore! ai s
1 to 5 wherein at begi nnin

a transaction initiated %) % y for
i nf or mat i oifOFPEIHPR ofjHiersten ﬁf ARRItENgH)e Use @btheonmy versign £139) of epliGatRebl ved
in saidtr Eﬂlfés%?tth@nmaﬂeﬁQBF I(660)] MR pﬁé%@&sﬁod@‘&pm)%ﬁmardg@ C))mmt gsyag of
a current version (250) of the replicated file, said tag indicati ngﬁlf a

new ver si offOlBI3G9N & techEYRABEIIEEY SVeinage; @18 and dnnethesmchioaiziionsiate t he
tag i ndpcatege (oaf) t@ggfeeé/\&h\éegtéﬂ) gzc&rﬁwﬁng) Q%Ttrlﬂaeué@ﬁﬂ fhe HeRdvdrkibg é!@)%\(%hé abl e,

then the applicative proce 2 interrogates (264) the slave
dat abase (Zo0iraigddilq ig th%%‘?Y%@%t@Bas\ﬂr@@%r to switch 35(12) fromthe current

version (2%0) @hethethbgPadorliRfl thid bRe tdiethaeie’ @hsdeaimg( dRPIhéBR at
replicated bf gllnﬁlng of a transaction initiated by a query for information from a user, at least in
each slave node (210, 210°, 210”) involved in said transaction an applicative process
25 (240, 240, 240”) interrogates (264) the slave database (260) and is instructed whether
to switch (12) from a current version (250) of the replicated file to the preloaded new
version (150) of the replicated file.
7. The method according to any one of claims 1 to 5 wherein at beginning of a
transaction initiated by a query for information from a user, in each slave node (210,
30 210, 210”) involved in said transaction an applicative process (240, 240’, 240”) reads
a tag of a current version (250) of the replicated file, said tag indicating if a new version
(250) of the replicated file is available, and wherein if the tag indicates that a new
version (150) of the replicated file is available, then the applicative process (240, 240’,
2407) interrogates (264) the slave database (260) and is instructed whether to switch
35 (12) from the current version (250) of the replicated file to the new version (150)of the

replicated file.



WO 2013/ 017599PCT/ EP2012/ 064966 21 8. The nethod according to the previous
claimwherein the tag is set at successful conpletion of preloading (51) of
a new verwpem3y3®y of the replicated file and is reset PaT/HPRII064960di Nng by
the applicative process (240, 240', 2405). 9. The nethod according to any
one of the preceding clainms wherein the received 5 update request (142)
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The method accordlng to claim 1 wherein if not all slave nodes (210, 210’, 210”)
acknowledge (52) successful completion of the preloading, then the master node (110)
20 sends a notification of error to an administrator that sent said update request (142).
12. The method according to any one of the preceding claims wherein the shared file
system (160) is a network-attached storage (NAS).
13. The method according to any one of the preceding claims wherein the slave
database (260) only stores data related to the version of replicated files.
25 14. Computer program product stored in a computer-readable memory medium and
performing the method according to any one of the preceding claims.
15. A distributed multi-tier client/server data processing system comprising an
application tier (200) and a master tier (100), the application tier (200) comprising a
plurality of independent processing slave nodes (210, 210’, 210”) and the master tier
30  (100) comprising a master node (110) arranged for distributing replicated files (250,
150) to the slave nodes (210, 210°, 210”), a master database (120) and a master
server (112), characterized in that: the master tier (100) comprises a shared file system
(160), the master server (112) being arranged for receiving (1) an update request (142)
to update the master database (120), to generate a new version (150) of a replicated
35 file stored in the shared file system (160) and to store (2) said new version (150) in the

shared file system (160); in that it comprises a slave database (260) connected to all



plurality of independent processing slave nodes (210, 210', 210") and the
master tier 30 (100) conprising a master node (110) arranged for

di st ri butwogorsaplrisated files (250, 150) to the slave n®dEEPLA2O064984.0'
210"), a naster database (120) and a nagher server (112), characterized in
that: the master tier (100) conprises a shared file system (160), the
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(10) of 15all slave nodes from mast er server
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t he mast er *noifigofalltby skavaopies Zd0i 31004108k Whnowledge (52) successful completion
of the preloading, then receiving at the master node (110) a notification of error.



