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METHOD FOR OPTIMIZATION OF SYNCHRONIZATION
BETWEEN A CLIENT'S DATABASE AND A SERVER DATABASE

RELATED APPLICATIONS

This application claims priority from and incorporates herein by reference the
entire disclosure of U.S. Provisional Application Serial No. 60/189,121 filed March 14,
2000.

BACKGROUND OF THE INVENTION
Technical Field of the Invention

The present invention relates to database maintenance, and more particularly,
to the synchronization of client and server databases which are remotely located from
each other.

Description of Related Art

The proliferation of networks, and in particular wide area networks, has led to
the circumstance where multiple versions or copies of a same database may exist at two
separate locations, for instance, at a server and at a client within the network.
Differences between the entries made at a client and at a server within the same
database requires periodic updating of each of the version of the database with respect
to each other in order to insure that the same information is stored within each versions
of the database. This process is referred to as synchronization and involves the
transmission of information between each version of the of the database indicating the
changes made since a last synchronization.

During the occurrence of a synchronization procedure between a client and
server databases, each of the versions of the database must be locked to prevent user
input to the database during the synchronization process. This is due to the fact that if
a database is not locked during the synchronization procedure, there is a risk that
modifications may be made during the synchronization process that will not be
detected, and create discrepancies between the supposedly synchronized versions ofthe
database. This, of course, limits access to a database and may prevent a user from

performing desired operations if the user attempts to contact the database during a
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synchronization procedure. Thus, some manner for enabling continued updating of
databases during a synchronization process of the database would be greatly desirable.

Furthermore, the synchronization process requires a number of messages to be
transmitted back and forth between the client version of the database and the server
version of the database. Some manner of minimizing or optimizing the number of
messages transmitted between the databases would enable the process to be carried out
in a faster manner. Thus, minimizing the amount of time for the synchronization
process to utilize system resources. This can be very important in systems such as
wireless transmission systems wherein radio link bandwidth is required to transmit

synchronization messages between the databases.

SUMMARY OF THE INVENTION

The present invention overcomes the foregoing and other problems with a
method and system for synchronizing a first database located within a client with a
second database located within a server. Upon initiation of the synchronization
process, the client transmits a first synchronization message to the second database at
the server. The first synchronization message includes MAPITEM records from a
previous synchronization process of the databases, UPDATES to be performed at the
second database, a current synchronization time of the present synchronization process
and a time for the last synchronization process.

Upon receipt of the first synchronization message at the server, the second
database is updated responsive to the first synchronization message. The server
transmits a second synchronization message to the client. The second synchronization
message contains UPDATES to be performed at the client database, the RESULTS of
the requested changes in the first synchronization message and the current
synchronization time received within the first synchronization message. Responsive
to the second synchronization message the client updates the first database responsive
to any UPDATES within the second synchronization message and deletes the
previously transmitted MAPITEM records so that the MAPITEM records for the
present synchronization process may be stored for transmission during a next

synchronization process.
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BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the method and apparatus of the present
invention may be obtained by reference to the following Detailed Description when
taken in conjunction with the accompanying Drawings wherein:

FIGURE 1 is an illustration of a prior art synchronization process between a
client and server databases;

FIGURE 2 illustrates the improved synchronization process of the present
invention,;

FIGURE 3 is an illustration of the first synchronization message; and

FIGURE 4 is an illustration of the second synchronization message.

DETAILED DESCRIPTION

Referring now to the drawings, and more particular to FIGURE 1, there is
illustrated a prior art synchronization process of a database between a client 10 and
server 15. While the following description refers to separate databases at the client 10
and server 15, it should be realized that these are actually different versions of the same
database. Two entries (changes) 20 have been made at the client 10 since the last
synchronization process and two entries (changes) 25 have been made at the server 15
since the last synchronization process. Thus, four new entries must be accounted for
within both the client 10 and server 15 databases. The synchronization process begins
at 30 (Time 2). During a synchronization process the databases contained within the
client 10 and server 15 are locked out such that no new entries may be made to the
databases.

Initially, the client 10 must determine at 35 any changes made to the database
since the last synchronization time. After the number of changes since the last
synchronization time has been determined, the client transmits any UPDATES 38 to
the server 15. An UPDATE 38 includes an operation, for example, add, delete, update,
remove, move, copy, etc.; a source record identifier indicating the record which was
originally changed in the client 10; a target record identifier identifying the record
within the server 15 to be changed; and record data comprising the data to be changed.

Upon receipt of the UPDATE 38, the server 15 updates the indicated records

received from the client at 40. This procedure consists of processing the provided
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record data in the manner indicated by the operation on the target record according to
the provided record data. All of this information is contained within the UPDATE 38.
The server 15 determines at 50 the number of changes made to the database since the
last synchronization time (Time 1) with the client 10. At Time 3, an additional update
55 is attempted at the client 10. As the database is locked at this period, the update at
the client is not permitted.

After the server 15 has determined the changes 25 to the database since last
synchronization with the client 10, the server transmits UPDATES plus RESULTS
message 60 back to the client 10. The UPDATE portion consists of the same
information described previously (i.e., operation, a source record identifier, a target
record identifier and record data). The RESULT portion includes the results of the
operation performed at the server 15 which was responsive to the previously
transmitted UPDATE message, a source record identifier for the originally requested
change, and the target record identifier for the changed record at the server.

In response to the message 60 from the server 15, the client 10 performs the
requested updates 65 at Time 4. During the update process, the client 10 maintains a
mapping record of the mapping between the server record identifiers and the client
record identifiers. After the updates at the server 15 and the client 10 are completed,
these mapping records are transmitted to the server 15 as MAPITEMs 70. A
MAPITEM consists of the server record identifier, the client record identifier and the
results of the operations originally requested by the client and the server and are stored
within a table. Inresponse to the MAPITEMs 70, the server 15 transmits a MAPITEM
acknowledge message 75 back to the client 10. The client deletes the MAPITEM
records from its memory and sets at 80 the last synchronization time to Time 4. This
completes the synchronization process.

Referring now to FIGURE 2, there is illustrated the database synchronization
process of the present invention wherein a database need not be locked. This enables
updates to be performed during the synchronization process and also minimizes the
amount of time necessary to accomplish the synchronization process. Initially, it is
noted that three separate synchronization processes are illustrated in FIGURE 2 at 85,
90 and 95, respectively. The previous synchronization process of the database last

began at 100 (Time 1). Since this time, four additional changes have occurred to the
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database. Two changes 105 have been made at the client 10 and two additional
changes 110 have been made at the server 15.

Atthe beginning of the synchronization process, the client 10 determinesat 115
the number of changes made to the database at the client since the last synchronization
process at Time 1. The client 10 also determines at 116 the number of MAPITEM
records from the previous synchronization process which must be transmitted to the
server 15. The client compares the changes 105 made since the last synchronization
process to the stored MAPITEM records to determine at 118 which UPDATES have
been previously made to the server and which UPDATES have not been made at the
server. Next, the client 10 transmits a first synchronization message 120 to the server
15.

Referring now also to FIGURE 3, the first synchronization message 120
contains the current synchronization time 125, the previous synchronization time 130,
an UPDATE 135 portion containing updates to be performed by the server 15, and the
determined MAPITEM records 140 from the previous synchronization process. The
current synchronization time 125 comprises the time at which the present
synchronization process was begun (Time 2). The previous synchronization time 130
indicates the point at which the previous synchronization process began (Time 1). This
enables a determination of all changes to the database made between the previous
synchronization time 130 and the current synchronization time 125. The UPDATE 135
include an operation, for example, add, delete, update, remove, move, copy, etc.; a
source record identifier indicating the record which was originally changed; a target
record identifier identifying the record within the server to be changed; and record data
comprising the data to be changed. The MAPITEM records 140 comprise the server
record identifier and the client record identifier for the records updated during the
previous synchronization process, and the results of the operation from the previous
synchronization process.

Referring now back to FIGURE 2, once the server 15 receives the first
synchronization message 120, the server determines at 142 whether the current
synchronization time 125 contained within the first synchronization message 120 is
after the provided last synchronization time 130. If so, the server 15 updates at 144 a
mapping table at the server using the received MAPITEM records 140. The server 15

5
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next updates at 145 the records indicated in the UPDATE portion 135 of the
synchronization message 120. The server stores at 148 the received current
synchronization time 125 as the last synchronization time and determines the number
of changes made at the server at 150. After determining the number of changes, the
server 15 transmits a second synchronization message 160 back to the client 10. At
Time 3 an additional change 155 is made to the database at the client 10. Since the
database is not locked, the change 155 may be made to the database, and the update to
the server will occur during the next synchronization process 90.

Referring now also to FIGURE 4, there is illustrated the second synchronization
message 160 which includes the current synchronization time 165 received from the
client 10 in the first synchronization message and a RESULT portion 170 including the
results of the updates performed at the server, the source record which was originally
changed at the client and the target record identifier of the record changed at the server
15. The second synchronization message 160 further includes an UPDATE portion 175
identifying the updates made at the server to be made in the corresponding records of
the client. The UPDATE portion 175 includes an operation, for example, add, delete,
update, remove, move, copy, etc.; a source record identifier indicating the record which
was originally changed; a target record identifier identifying the record within the client
to be changed; and record data comprising the data to be changed.

Referring now back to FIGURE 2, the client 10 determines at 168 whether the
received current synchronization time 15 is after the last synchronization time, and if
s0, updates the last synchronization time to the current synchronization time at 180.
The client 10 performs the updates indicated by the UPDATE portion 175 at 185 and
stores the new MAPITEM records for the present synchronization process 85 at 190
in place of the MAPITEM records stored from the previous synchronization process.
Unlike the prior art methods, the MAPITEM records for the synchronization process
85 are transmitted within a next synchronization process 90 rather than within the
present synchronization process 85. This limits the number of messages required to be
transmitted during the synchronization process and limits required bandwidth for the
process.

The synchronization process 90 beginning at Time 4 occurs substantially

similarly to the synchronization process 85 describer above. The client 10 initially
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determines at 195 the changes made since the last synchronization process 85
beginning at Time 2. A first synchronization message 200 is transmitted from the
client 10 to the server 15 including the previously described information the
MAPITEM records for the previous synchronization process 85. The server 15 is
updated with this information at 205, and the received current synchronization time and
the RESULTS of the updates requested in first synchronization message 200 are
transmitted back to the client 10 from the server 15 in a second synchronization
message 210. It should be noted that the second synchronization message 210 does not
include an UPDATE portion 175 since no changes have been made to the database at
the server 15 since the last synchronization process 85. The client 10 confirms the
current synchronization time is after the last synchronization time and sets the last
synchronization time equal to the current synchronization time at 212. The client 10
next deletes the previously stored MAPITEM records from the previous
synchronization process 85 and stores the present MAPITEM records for the current
synchronization process 90 at 215. During the third synchronization process 95
beginning at Time 5, the client 10 determines that only a single change 205 has been
made since the previous synchronization time (Time 4). However, a comparison at
225 of this change 205 with the stored MAPITEM records shows that these changes all
comprise part of the previous synchronization process 90, and all changes have already
been made to the server 15. Thus, the first synchronization message 230 transmitted
from the client 10 to the server 15 only includes the present synchronization time, the
previous synchronization time and the MAPITEM records 140 for the previous
synchronization process 90. The server 15 determines at 235 that no updates are
needed so only the present synchronization time is returned to the client 10 within the
second synchronization message 240. In response to the second synchronization
message 240, the client 10 determines that the received synchronization time is after
the last synchronization time and sets at 245 the last synchronization time equal to the
current synchronization time. The previously transmitted MAPITEM records 140 for
the previous synchronization process 90 are then deleted at 246. No further MAPITEM
records are stored since no updates were performed during the third synchronization

process 95.
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Rather than transmitting the present synchronization time and the last
synchronization time within the synchronization messages between the client 10 and
server 15, a change counter may be included within the synchronization messages. A
change counter is a counter within the databases that increases by one for each change
made to the database. Thus, rather than tracking synchronization times, the database
would track number of changes to a database to enable the database to remain open
during the synchronization process when all changes from change 0 to change 4 (for
example) where made.

The present invention provides an improved method of synchronization
between a database located within both a client and a server such that the database need
not be locked during the synchronization process. This is accomplished by transmitting
information relating to the beginning time of the last synchronization process and the
beginning time of the current synchronization process. This enables the tracking ofany
changes to the database made during synchronization process. Furthermore, the
described method utilizes less of the communications bandwidth of a link between the
client and the server since the MAPITEM records are not separately transmitted during
its own synchronization process but are maintained and transmitted during a subsequent
synchronization process.

The previous description is of a preferred embodiment for implementing the
invention, and the scope of the invention should not necessarily be limited by this
description. The scope of the present invention is instead defined by the following

claims.
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WHAT IS CLAIMED IS:
L. A method for synchronizing a first database with a second database,

comprising the steps of:

transmitting a first synchronization message from the first database to
the second database, the first synchronization message containing mapping records
from a previous database synchronization process, updates for the second database, a
current synchronization time and a last synchronization time;

updating the second database responsive to the first synchronization
message;

transmitting a second synchronization message from the second database
to the first database, the second synchronization message comprising updates for the
first database, results of updates responsive to the first synchronization message and
the received current synchronization time from the first synchronization message;

updating the first database responsive to the second synchronization
message;

storing new mapping records for a present synchronization process for

transmission during a next synchronization process.

2. The method of Claim 1, wherein the step of transmitting a first
synchronization message further comprises the steps of:
determining a number of changes since the last synchronization time;
determining which of at least one stored mapping record to send as the
mapping records from the previous synchronization process; and
comparing the determined number of changes to the determined at least

one stored mapping record to determine the updates for the second database.

3. The method of Claim 1, wherein the step of updating the second
database further comprises the steps of:
confirming that the received current synchronization time is after the
received last synchronization time;
updating a mapping table responsive to the received mapping records;

and
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updating records of the second database responsive to the updates for

the second database in the first synchronization message.

4. The method of Claim 3 wherein the step of updating
further comprises the step of storing the current synchronization time as the last

5 synchronization time at the second database.

5. The method of Claim 1, wherein the step of updating the first database
further comprises the step of updating records of the first database responsive to the

updates for the first database in the second synchronization message.

6. The method of Claim 5, wherein the step of updating the first database
10 further comprises updating a last synchronization time responsive to the second

synchronization message.
7. The method of Claim 1, wherein the step of storing new mapping

records further comprises the steps of removing the mapping records contained within

the first synchronization message.
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8. A method for synchronizing a first database with a second database,

comprising the steps of:

determining a number of changes to a first database since a last
synchronization time;

determining which of at least one stored mapping record to send as
mapping records from a previous synchronization process;

transmitting a first synchronization message from the first database to
the second database, the first synchronization message containing the mapping records
from the previous database synchronization process, updates indicating the determined
number of changes for the second database, a current synchronization time and a last
synchronization time;

confirming that the received current synchronization time is after the
received last synchronization time at the second database;

updating a mapping table responsive to the received mapping records
at the second database;

updating records of the second database responsive to the updates for
the second database in the first synchronization message;

transmitting a second synchronization message from the second database
to the first database, the second synchronization database comprising updates for the
first database, status of updates from first synchronization message and the received
current synchronization time from the first synchronization message;

updating the first database responsive to the second synchronization
message; and

storing new mapping records for transmission during a next

synchronization process.
9. The method of Claim 8, wherein the step of updating the last

synchronization time further comprises the step of determining the received current

synchronization time is after the last synchronization time.

11
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10.  The method of Claim 8, wherein the step of storing the new mapping
records further comprises the steps of removing the mapping records contained within

the first synchronization message.

11.  The method of Claim 8, wherein the step of updating
further comprises the step of storing the current synchronization time as the last

synchronization time at the second database.
12.  The method of Claim 8, wherein the step of updating the first database

further comprises the 'step of updating records of the first database responsive to the

updates for the first database in the second synchronization message.
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13. A system for achieving synchronization between a first database and a
second database, comprising:
a client associated with the first database, the client configured to:
transmit a first synchronization message from the first database
to the second database, the first synchronization message containing mapping records
from a previous database synchronization process, updates for the second database, a
current synchronization time and a last synchronization time;
store new mapping records for transmission during a next
synchronization process responsive to a second synchronization message;
update the first database response to the second synchronization
message;
a server associated with the second database, the server configured to:
update the second database responsive to the first
synchronization message;
transmit the second synchronization message from the second
database to the first database, the second synchronization message comprising updates
for the first database, results of updates responsive to the first synchronization message

and the received current synchronization time from the first synchronization message.
14.  The system of Claim 13, wherein the client is further configured to:

determine a number of changes since the last synchronization time;

determine which of at least one stored mapping record to send as the
mapping records from the previous synchronization process; and

compare the determined number of changes to the determined mapping

records to determine the updates for the second database.

13
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15.  The system of Claim 13, wherein the server is further configured to:
confirm that the received current synchronization time is after the
received last synchronization time;
update a mapping table responsive to the received mapping records; and
5 update records of the second database responsive to the updates for the

second database in the first synchronization message.
16.  Thesystem of Claim 13 wherein the server is further configured to store
the current synchronization time as the last synchronization time at the second

database.

10 17.  The system of Claim 16, wherein the client is further configured to

determine the received current time is after the last synchronization time.

14
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18.  The system of Claim 13, wherein the server is further configured to
update records of the first database responsive to the updates for the first database in

the second synchronization message.

19.  The system of Claim 13, wherein the server is further configured to

removing the mapping records contained within the first synchronization message.

15



WO 01769435 PCT/EP01/02765
1/2
Client -~ 10 Server — 13
25
Time 1 -
20 \ ime /
Time 2
35 Sync Start
~C B
40— N
F 3 T so
55/ me 60 ~
65
Time 4 / 7
" _
75
L
BO\O<
FIG. 1
Current Previous
Synchronization Synchronization gpdtqte MRop I’tgzm
Time Time ortion ecords
gl 2125 a130 8135 8140
120
FIG. 38
160
Current Undat Resul v
Synchronization paaie esu
Time Portion Portion

s

s

2180

FIG. 4




WO 01/69435

2/2

PCT/EP01/02765

Client Server 110
100~ ?
105 \\ Time 1
\ |
Time 2
115\0 Sync Start
116\C
118\0
120\ _ 4
8: 144 /\/85
\ 145
\O/
O/ 148
150
N e 3 160 o8
168\0 -
180‘\C
185 /
190§OO/
Sync End
Time 4 Sync Start
195 200
O r _ /Vgo
205
g0 N
212\O - L of
215\O
Time 5 Sync End
225\O Sync Start
[0 235
" 95
245 3 240 O/ /\/
246\0
Sync End

FIG. 2



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

