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The invention relates to a system for data synchronization between two or more computer terminals comprising, at least one client
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terminal, a server terminal, a communication network connecting said
client and server terminals, a data string being created on said client termi-
nal, said client terminal being contigured to send the data string to the serv-
er terminal for synchronization between the two terminals, characterized in
that upon synchronization failure, reconciliation data with the latest syn-
chronization mformation imncluding said data string, 1s configured to be
stored 1n a database on the client terminal and resent later according to a
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The present invention relates to a data synchronization system between
terminals, namely, client terminals and server terminals. In more specific terms,
the present invention relates to a data synchronization system between a
reservation system RS and an Airline Inventory System AIS. The present
invention further relates to a method of data svnchronization hetween thece

terminals.

The term terminal used in this application should be interpreted by its
broadest definition, comprising any computing device or any entrance or exit

node for input or output.

As an example of a reservation system, let's consider Amadeus

Reservation System that provides a traveler with a combined view of possible

CONFIRMATION COPY
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travel solutions from one point to another. The chosen travel is sent by a
reservation system to a corresponding airline. The reservation system further
provides the confirmation of the booking and stores passenger data in a
dedicated data string called Passenger Name Record (PNR) or Structured

Booking Record (SBR). Thus such system has passenger oriented architecture.

AlS is a system that is dedicated to store and process flight information
of an airline. Hence it has a flight and date oriented architecture. The
communication between both systems is done through an on-line link using
EDIFACT messages (Electronic Data Interchange For Administration,
Commerce and Transport) on every transaction on the itinerary data or

passenger data on the reservation system.

A number of RSs can be connected on-line to a single airline inventory
system and thereby representing multiple clients on a single server, where RSs

are considered clients and AIS the server.

AIS should be notified instantly each time a creation or modification of a
booking gets committed. The key information that should be communicated to
AlS is:

- flight related information
- overall trip related information
- passenger related information

- special service requests that are done by a passenaer

On such notifications, AIS may provide supplementary data in the
response that corresponds to a booking. This information is stored on the client

terminal for passenger notification.

The same booking can be modified several times in a short period of time

generating high traffic between both systems which may restrict the
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performance of the Airline Inventory System. This may lead to an on-line lin

disruption, which results in a loss of synchronization between the systems.

Thus a powerful mechanism should be put in place between the system:
to guarantee correct booking synchronization. Such mechanisms are
implemented on a server terminal and thereby contributing to their complexit

and increase the traffic between the systems.

When data synchronization between a client and a server is don
through on-line links, the message exchange can fail because of time out, lin
down issue or other possible errors (resource busy on server side, data not ye

available on server side...). The synchronization information needs to be resen

later.

The objective of invention is to assure synchronization between the

systems, while reducing complexity from the server terminal without importan

traffic increase between the systems.

To solve said problem of complexity while assuring synchronizatiol
between the systems, the invention provides a system where al
synchronization responsibilities between two systems are moved to a client side
only. Client guarantees to a server that it sends the most recent booking image
with all actions that have been taken since the last successful synchronizatiol

between two systems on a concerned booking.

One and only one client can be a master of a booking thus it Is aware o

all modifications that are subject to synchronization with a server.

To move responsibilities to a client it is necessary to

- Have a dedicated storage for each modification done on a particula

booking.
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- Define the rules that express the importance of each type of
modification and their interactions.
- Allow to implement a reconciliation process on a client side for all

modifications that were not previously synchronized.

Thus enabling complexity reduction on a server side without any

increase of traffic between two systems.

To solve the technical problem above, the present invention provides a
system for data synchronization between two or more computer terminals
comprising, at least one client terminal, a server terminal, a communication
network connecting said client and server terminals, a data string being created
on said client terminal, said client terminal being configured to send the data
string to the server terminal for synchronization between the two terminals,
characterized in that upon synchronization failure, reconciliation data with the
latest synchronization information including said data string, is configured to be
stored in a database on the client terminal and resent later.

In one example the client terminal is a reservation system (RS) and the
server terminal is an Airline Inventory System (AlS). In one embodiment the

data string includes PNR information.

A synchronization failure includes network errors, online link

unavailability, lack of confirmation response from the server terminal, the server

terminal heina hiisv

The stored reconciliation data will always be modified to contain the
latest synchronization information. After modification, the stored reconciliation

data is placed in a queue containing unsynchronized data.
A daemon is configured to determine if the unsynchronized queued data

IS eligible for synchronization.
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The modification of the reconciliation data is based upon a reconciliatio
process including adding the modified data string to the original data string
merging the modified data string to the onginal data string or replacing th

original data string by the modified data string.

Furthermore the counter is configured to reinitiate synchronizatio

according to an exponential backoff algorithm.

Finally, the reconciliation data is removed from the database on the clier

terminal after a successful synchronization with the server terminal.

The present invention also describes a method for data synchronizatio
for a system as already described above where a successful synchronization |
reached without subsequent modification of the reconciliation data includes th

steps of:

-Creating a new or modifying an existing data string on the clier
terminal

-Triggering the synchronization process

-Generating a synchronization message

-Synchronization failing

-Reconciliation information being stored in a database on the clien

terminal

-Adding a queue item in the aueue

-The daemon determining if the queue item is eligible foi

synchronization

-Retrieving the reconciliation information

-Regenerating the previous message

-Incrementing a retry counter

-Synchronizing successfully

-Removing the reconciliation data

-Deleting the queue item.
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synchronization for a system as already described above where a successfu

synchronization with subsequent modification of the reconciliation data include:

5 the following steps performed with at least one data processor:

terminal
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20

-Creating a new or modifying an existing data string on the clien

-Triggering the synchronization process

-Generating a synchronization message

-Synchronization failing

-Reconciliation information being stored in a database on the clien
terminal

-Said data string subsequent modification

-Reconciling the reconciliation item with the current data

-Regenerating the synchronization message containing update
reconciliation information

-Incrementing a retry counter

-Synchronizing successfully

-Removing the reconciliation data

-Deleting the queue item.

The invention also relates to a method for data synchronization for :

system as already described above where an unsuccessful synchronizatior

25  without subsequent modification of the reconciliation data includes the following

steps performed with at least one data processor:

terminal

30

-Creating a new or modifying an existing data string on the clien

-Triggering the synchronization process
-Generating a synchronization message

-Synchronization failing
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-Reconciliation information being stored in a database on the client
terminal

-Adding a queue item in the queue

-The daemon determining iIf the queue iIitem is eligible for
synchronization

-Retreving the reconciliation information

-Regenerating the previous message

-Incrementing a retry counter

-Reaching the maximum number of retries

Another subject matter of the present invention is a method as set forth
in any one of the two preceding paragraphs, where the method is performed as
a resuit of execution of computer software by at least one data processor, the
computer software being stored in a non-transitory computer-readable memory

medium.

Another subject matter of the present invention is a computer program
product stored on a non-transitory computer readable storage medium,
comprising computer readable code means for causing at least one computer to
operate the method according to any one of the three preceding paragraphs.

A preferred embodiment of the invention will now be described in further

details according to the drawings.

Figure 1 shows a schematic view of the invention process without
subsequent modification on the data, ended by a successful synchronization

Figure 2 shows a schematic view of the invention process with
subsequent modification on the data, ended by a successful synchronization

Figure 3 shows a schematic view of the invention process without

subsequent modification on the data, ended by an unsuccessful synchronization
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As an example for fig. 1 a PNR (Passenger name record) with booking'
and passenger data is created and committed on the reservation system (1).
This triggers a synchronization process (2) and a synchronization message Is
generated (3). The message contains information about the booking itself and
the actions on the PNR called transactional information. Synchronization can
fail (4) for several reasons. Reasons could be that the sending of the
synchronization message fails due to on-line link unavailability, that the
message is sent but no confirmation response is received from the server
terminal or even that the resource on the server terminal is busy and the server

replies with a given error code.

If a synchronization failure is identified, the PNR message gets into a
synchronization pending state. The reservation system stores the data in a
dedicated database as reconciliation items (5a). Reconciliation items are linked
to the PNR and contain information to identify the data that were not yet
synchronized and the information that is needed for reconciliation process. A
queue item is also added in a dedicated queue (5b). A daemon (6) Is set up
against a dedicated queue. It analyses each queue item. According to the retry
counter and the time stamp of the item, it determines whether synchronization
should be triggered. If yes, the reconciliation item is retrieved (7), a message
regeneration process (8) builds a synchronization message (9) and sends it

again to the server.

If tha ewvnrhranizatinn wae nnt clirracefiill tha rotms rnnintar Af tha Anania

V) - T — &y SJ" - - w—v . - ﬁﬁv-iv

will be incremented (10). The PNR data remains in the synchronization pending
state and the synchronization will then be retried according to an exponential
back-off algorithm.

Upon a successful synchronization (11), the reconciliation data and the

queue item are removed from the client terminal. The PNR data is not in the

synchronization pending state anymore.
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To avoid infinite retries, when the maximum number of retries is reached
and the synchronization still fails, the queued item is moved to a rejected item
queue as on figure 3. However the reconciliation item is kept and the PNR data
remains in the synchronization pending state. Thus in case of a subsequent
modification, for example a subsequent synchronization, the information that is
still not synchronized with the server terminal can be reconciled with the

synchronization message and resent.

This mechanism ensures that the modifications are sent to the server
terminal even though the first attempt fails and no subsequent synchronization

Is tnggered.

Other issues may also rise for example where PNR data is in the
synchronization pending state. If no modification of the PNR is introduced then
the synchronization continues according to the above and as described in fig 1
and 3. However, if a modification of the PNR is presented before the

synchronization is triggered, then that leads to a second synchronization

process shown is fig 2.

In fact, each time synchronization is triggered, reconciliation items are
stored in the dedicated database. These items are analyzed and compared to
the modifications that have been done to the PNR (12) in the current
transaction. Based on earlier defined reconciliation rules, a decision is taken
deciding if the correspondina item should he added removed or maraad (7) {2
the content of the synchronization message that will be seht to the server
terminal. Thus a synchronization message (8) containing the most recent PNR

and all actions not yet synchronized with the server.

Thanks to the reconciliation rules, the client terminal decides the
pertinence and the coherence of the message content, so that the message

reflects all the information on the server terminal to be synchronized. This way,



CA 02776276 2012-03-30
WO 2011/042203 PCT/EP2010/006186

10

the logic on the server terminal to handle synchronization failure is fairly

reduced.
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CLAIMS

1. A system for data synchronization between one or more reservation systems and an airline
Inventory system connected by a communication network, such that the one or more

reservation systems are responsible for the data synchronization, the system comprising:

at least one processor; and

a memory storing instructions that, when executed by the at least one processor, cause the

system to:

create a first data string at one of the one or more reservation systems, the first data string

Including information relating to a creation or modification of a passenger name record on the

one reservation system;

In response to the creation of the first data string, trigger a first synchronization attempt

between the one reservation system and the airline inventory system;

In response to the first synchronization attempt being triggered, generate a synchronization

message based on the first data string;

send the synchronization message from the one reservation system to the airline inventory

system,;
determine that the first synchronization attempt is unsuccessful; and

In response to determining that the first synchronization attempt is unsuccessful:

store, at the one reservation system, reconciliation data that identifies data relating to the

passenger name record that is not yet synchronized;

add a queue item to a first queue;

trigger one or more additional synchronization attempts based on the queue item and the

reconciliation data according to a retry counter;
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in response to one of the one or more additional synchronization attempts being successful,

remove the reconciliation data from the one reservation system and the queue item from the

first queue; and
in response to reaching a maximum number of retries:
move the queue item to a second queue for rejected items,

after the queue item is moved to the second queue for rejected items, modifty the first data

string on the one reservation system,
update the reconciliation data based on the modified data string,
generate a third synchronization message based on the updated reconciliation data, and

send the third synchronization message from the one reservation system to the airline inventory

system.

2. The system according to claim 1, wherein said first synchronization attempt is unsuccessful
because of a reason selected from the group consisting of a network error, online link

unavailability, lack of confirmation response from the airline inventory system, and the airline

inventory system being busy.

3. The system according to claim 1, wherein the instructions further cause the system to:

in response to determining that the first synchronization attempt is unsuccessful, place the

reconciliation data in a third queue containing unsynchronized data.

4, The system according to claim 3, wherein a daemon is configured to determine if the

unsynchronized data in the third queue is eligible for synchronization.

5. The system according to claim 1, wherein prior to the reconciliation data being updated, the

reconciliation data includes the first data string, and the instructions cause the system to update
the reconciliation data based on the modified data string by causing the system to add the
modified data string to the first data string included in the reconciliation data, merge the

modified data string to the first data string included in the reconciliation data, or replace the

first data string included in the reconciliation data by the modified data string.
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6. The system according to claim 1, Wherein the instructions that cause the system to trigger
one or more additional synchronization attempts based on the queue item and the

reconciliation data according to a retry counter comprise instructions that cause the system to:

initiate the one or more additional synchronization attempts according to an exponential

backoff algorithm.

7. A method for data synchronization between one or more reservation systems and an airline
inventory system connected by a communication network, such that the one or more

reservation systems are responsible for the data synchronization, the method comprising:

creating, by at least one processor, a first data string at one of the one or more reservation

systems, the first data string including information relating to a creation or modification of a

padssenger name record on the one reservation system;

in response to the creation of the first data string, triggering, by the at least one processor, a

first synchronization attempt between the one reservation system and the airline inventory

system;

In response to the first synchronization attempt being triggered, generating, by the at least one

processor, a first synchronization message based on the first data string;

sending, by the at least one processor, the first synchronization message from the one

reservation system to the airline inventory system;

determining that the first synchronization attempt is unsuccessful; and
In response to determining that the first synchronization attempt is unsuccessful:

storing, by the at least one processor and at the one reservation system, reconciliation data that

identifies data relating to the passenger name record that is not yet synchronized;
adding, by the at least one processor, a queue item to a first queue;

triggering, by the at least one processor, one or more additional synchronization attempts based

on the queue item and the reconciliation data according to a retry counter;
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in response to one of the one or more additional synchronization attempts being successful,

removing, by the at least one processor, the reconciliation data from the one reservation system

and the queue item from the first queue; and
in response to reaching a maximum number of retries:
moving, by the at least one processor, the queue item to a second queue for rejected items,

after the queue item is moved to the second queue for rejected items, moditying, by the at least

one processor, the first data string on the one reservation system,
updating the reconciliation data based on the modified data string,
generate a third synchronization message based on the updated reconciliation data, and

send the third synchronization message from the one reservation system to the airline inventory

system.

8. A computer program product for data synchronization between one or more reservation
systems and an airline inventory system connected by a communication network, such that the

one or more reservation systems are responsible for the data synchronization, the computer

program product comprising:
a non-transitory computer readable storage medium; and

computer readable code stored on the storage medium and that, when executed by at least one

processor, causes the at least one processor to:

create a data string at one of the one or more reservation systems, the data string including

information relating to a creation or modification of a passenger name record on the one

reservation system;

in response to the creation of the data string, trigger a first synchronization attempt between

the one reservation system and the airline inventory system;

in response to the first synchronization attempt being triggered, generate a synchronization

message based on the data string;
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send the synchronization message from the one reservation system to the airline inventory

system;
determine that the first synchronization attempt is unsuccessful; and
in response to determining that the first synchronization attempt is unsuccessful:

store, at the one reservation system, reconciliation data that identifies data relating to the

passenger name record that is not yet synchronized,

add a queue item to a first queus;

trigger one or more additional synchronization attempts based on the queue item and the

reconciliation data according to a retry counter;

in response to one of the one or more synchronization attempts being successful, remove the

reconciliation data from the one reservation system and the queue item from the first queue;

and
in response to reaching a maximum number of retries:

move the queue item to a second queue for rejected items,

after the queue item is moved to the second queue for rejected items, modify the first data

string on the one reservation system,
update the reconciliation data based on the modified data string,
generate a third synchronization message based on the updated reconciliation data, and

send the third synchronization message from the one reservation system to the airline inventory

system.

9. The method according to claim 7, wherein triggering the one or more additional

synchronization attempts based on the queue item and the reconciliation data according to the

retry counter comprises:
determining, by a daemon, if the queue item is eligible for synchronization; and

in response to the daemon determining that the queue item is eligible for synchronization:
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retrieving the reconciliation data;
generating a second sy'nchronization message based on the retrieved reconciliation data;
incrementing the retry counter; and

sending the second synchronization message from the one reservation system to the airline

inventory system.
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