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(57) ABSTRACT 

A method for selecting a data set to be synchronized from 
databases of a data system, in Which system metadata 
illustrating the relationships betWeen data units of the data 
system are stored for the selection of the data set to be 
synchronized. The metadata comprises at least information 
on the relevance betWeen the data units. When a ?rst data set 
is to be synchronized, metadata associated With at least one 
initial data unit of the ?rst data set is retrieved. Next, a 
second data set, Which according to at least one metadata 
element comprises a data unit of maximum relevance to the 
initial data unit, is selected for synchronization. 
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SELECTING DATA FOR SYNCHRONIZATION 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to selecting data for synchro 
nization. Data synchronization is an operation in Which a 
correspondence is provided betWeen the data collections of 
at least tWo databases to the effect that, after the synchro 
nization, the data units of the data collections substantially 
correspond to each other. The term ‘database’ should be 
understood in its broad sense to relate to any data collection 
Which resides in a data source or data storage and Which can 
be updated using one or more applications. 

[0002] Along With the increasing popularity of neW net 
Working terminals, such as portable computers, PDA (Per 
sonal Digital Assistant) devices, mobile stations and pagers, 
the need for data synchronization has increased as Well. Data 
of calendar and electronic mail applications in particular are 
typical examples of data that need to be synchronized. 
Synchronization has conventionally been based on different 
proprietary protocols, Which are not compatible With each 
other. HoWever, in mobile communications in particular, it is 
important that data can be obtained and updated irrespective 
of the terminal and application in use. 

[0003] For improved synchronization of application data, 
a Synchronization Mark-up Language (SyncML) based on 
the Extensible Mark-up Language (XML) has been devel 
oped. A SyncML synchronization protocol employing mes 
sages of SyncML format alloWs the data of any application 
to be synchronized betWeen any networked terminals. The 
SyncML synchronization protocol functions both in Wireless 
and in ?xed netWorks and supports a plural number of 
transmission protocols. SyncML provides both a synchro 
nization protocol and a data representation protocol. 

[0004] The implementation of data synchronization is 
described in the SyncML standard, but the standard does not 
specify in detail hoW to select the data that is to be 
synchronized. Typically, the amount of data on a server or 
desktop computer considerably exceeds the capacity of a 
portable device. Even larger portable terminals, such as 
portable computers, are not necessarily able to store all the 
data needed by the user, for example copies of every 
important document contained in a company’s data system. 
If synchronization is carried out over the radio interface, 
further restrictions are caused by the available bandWidth. 
From the user’s point of vieW, synchronization over the 
radio interface may appear to be too sloW, and in a mobile 
communications netWork the transmission costs may be too 
high. Consequently, it is necessary to restrict the amount of 
data to be synchronized by selecting only a subset of the data 
for synchronization. This may be called ‘adaptive synchro 
nization’. HoWever, it is not easy to select the subset. For 
example, When electronic mail messages are to be synchro 
nized, subsets such as ‘NeW Items’, ‘Outgoing Items’ and 
‘Deleted Items’ could be useful. HoWever, among the NeW 
Items, there may be a message that refers to a previous one 
on the same subject, in Which case an important message 
might be inaccessible to the user. The selecting of the data 
to be synchronized thus depends on various factors, such as 
the application concerned, the terminal and the needs of the 
user. 

[0005] In the prior art, adaptive synchronization is 
restricted to certain application-speci?c techniques that sim 
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ply alloW speci?c data units to be excluded from the data to 
be synchronized. A typical example is to rule out electronic 
mail attachment ?les. US. Pat. No. 6,052,735 discloses a 
method in Which only some of the attachment ?les of 
electronic mail messages are synchronized betWeen a com 
puter and a Wireless terminal. The synchronization may be 
based on the user’s choice or on ?ltering, in Which case only 
pre-determined attachment ?les Will be synchronized. In that 
case only electronic mail messages transferred according to 
a speci?c transfer technique can be synchronized. HoWever, 
US. Pat. No. 6,052,735 does not provide a solution for 
ef?cient selection of the data to be synchronized. In addition, 
prior art solutions do not take into account the different 
needs of applications. The SyncML protocol provides a kind 
of an adaption possibility in Which the server is aWare of the 
restrictions of the terminal. This means that the terminal 
application does not need to support all ?elds of a data unit 
and the amount of data can thus be reduced. Nevertheless, all 
data units are still fetched to the terminal in this case, too. 

BRIEF DESCRIPTION OF THE INVENTION 

[0006] It is therefore an object of the invention to provide 
an improved method and equipment implementing the 
method to alloW data to be selected for synchronization such 
that the most important data units are selected. The objec 
tives of the invention are achieved With a method, synchro 
nization system, synchronization device and computer soft 
Ware product characterized by What is stated in the 
independent claims. Preferred embodiments of the invention 
are disclosed in the dependent claims. 

[0007] The invention is based on maintaining in the data 
system metadata on the relationships betWeen the data units 
for the purpose of selecting the data to be synchronized. The 
metadata comprises at least information about relevance 
relationships betWeen the data units. Relevance is preferably 
given as a numerical value to express the probability of the 
user needing a data unit associated With an initial data unit, 
either directly or through other data units, provided that the 
initial data unit has been selected. In the system, metadata 
relating to at least one initial data unit of a ?rst data set is 
retrieved When the ?rst data set is to be synchronized. On the 
basis of the metadata, a second data set, comprising at least 
one data unit that is most relevant to the initial data unit, is 
selected for synchronization. Typically, in addition to the 
?rst data set, data units outside the ?rst data set that are most 
relevant to the initial data units are selected into the second 
data set. On the other hand, it is also possible that only most 
relevant initial data units from the ?rst data set are selected 
into the second data set on the basis of the metadata. 

[0008] The solution of the invention provides an advan 
tage in that it alloWs different relationships betWeen the data 
units to be taken into account for selecting the second data 
set to be synchronized. This alloWs the most relevant data 
units to be selected for synchronization, and thereby the 
restricted terminal resources and the limited bandWidth 
available in Wireless data transmission are more ef?ciently 
utilized. Since relevant data units can be automatically 
selected for synchronization, the user does not need to 
separately de?ne or restrict the data units to be synchro 
nized, Which provides improved usability. Since the method 
can be used in different applications, the relationships 
betWeen the applications can be taken into account. 

[0009] According to a preferred embodiment of the inven 
tion, situation-speci?c metadata are de?ned into the data 
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system for different synchronization situations. On the basis 
of the synchronization situation concerned, metadata repre 
senting the relationships betWeen the data units is selected. 
The synchronization situation may be de?ned for example in 
the form of pro?le alternatives available to the user, such as 
a business trip pro?le or a holiday trip pro?le. The advantage 
of this embodiment is that it further improves the possibili 
ties to take the user’s needs into account When data is 
selected for synchronization. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] In the following, the invention Will be described in 
connection With the preferred embodiments and With refer 
ence to the accompanying draWings, in Which 

[0011] FIG. 1 is a general vieW of a data system in Which 
the data of the databases can be synchronized; 

[0012] FIG. 2 is a metadata graph; 

[0013] FIG. 3 shoWs a path illustrating the relationships 
betWeen data units; 

[0014] FIG. 4 is a How diagram illustrating a method 
according to a preferred embodiment of the invention; 

[0015] FIG. 5 is a How diagram illustrating a method 
according to a second preferred embodiment of the inven 
tion; and 

[0016] FIG. 6 shoWs an initial data set and adjacent data 
units associated With it. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] FIG. 1 illustrates a netWorked data system, in 
Which data comprised in separate databases DB and termi 
nals TE can be synchronized. From the point of vieW of 
synchronization, the terminal TE is a Client Device, and it 
is typically a portable computer, PDA device, mobile station 
or pager, and a synchronization server S is a server, typically 
serving a plurality of client devices. HoWever, the synchro 
nization server is not restricted to any particular equipment 
type; unlike in the example described, a Wireless terminal 
can also function as a synchronization server. FIG. 1 shoWs 
tWo examples, the ?rst one of Which comprises terminals 
TE, databases DB and synchronization servers S connected 
to a Local Area NetWork LAN. A terminal TE connected to 
the netWork LAN comprises a functionality, such as a 
netWork card and softWare controlling data transmission, for 
communicating With the devices in the netWork LAN. The 
local area netWork LAN may be a local area netWork of any 
type, and the TE may communicate With the server S also 
over the Internet, typically through a ?reWall FW. 

[0018] In the second example, the terminal TE, synchro 
nization server S and databases DB are connected to a 
Wireless netWork WNW. The terminal TE connected to the 
netWork WNW comprises a mobile communications func 
tionality for Wireless communication With the netWork 
WNW. The Wireless netWork WNW may be any already 
knoWn Wireless netWork, such as a netWork supporting a 
GSM service, a netWork supporting a GPRS service (Gen 
eral Packet Radio Service), a third generation mobile com 
munications netWork, such as a UMTS netWork (Universal 
Mobile Telecommunications System), a Wireless local area 
netWork WLAN, or a private netWork. It is to be noted that 
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the server S may also comprise a database DB, although in 
FIG. 1 the servers S and the databases DB are separate, for 
the sake of clarity. 

[0019] The terminals TE (in Wired netWorks LAN and 
Wireless netWorks WNW) and the servers S comprise 
memory MEM; SMEM, a user interface UI; SUI, I/ O means 
I/O; SI/O for arranging data transmission, and a Central 
Processing Unit CPU;SCPU comprising one or more pro 
cessors. Application data that is to be synchronized may be 
stored in the TE memory MEM (Which, from the point of 
vieW of synchronization, may be a database to be synchro 
nized), the database DB memory, as Well as the server S 
memory SMEM. In response to a computer program code 
stored in the memory MEM; SMEM and executed in the 
central processing units CPU and SCPU, the terminal TE 
and the synchronization server S execute the inventive 
means, some embodiments of Which are shoWn in FIGS. 4 
and 5. The computer programs may be obtained through the 
netWork and/or they may be stored in memory means, such 
as a disc, CD-ROM disc or other external memory means 
from Which they can be loaded into the memory MEM; 
SMEM. HardWare solutions can also be used. 

[0020] Metadata on the relationships betWeen the data 
units are maintained in the data system. FIG. 2 shoWs an 
example of a metadata graph. The nodes in the graph 
represent the data units and the links depicted by arroWs 
illustrate the relationships betWeen the data units. Each link 
is assigned at least one value expressing hoW closely the 
target node is associated With the source node (the closeness 
of the relationship). The metadata graph is preferably a 
directional netWork. As shoWn in FIG. 2, relationships 
betWeen different types of data units (depicted in different 
shapes) are also preferably determined. Athicker link is used 
in FIG. 2 to denote a close relationship betWeen the data 
units, Whereas a thinner link is used for a remote relation 
ship. A simple metadata graph could comprise for example 
an electronic mail data unit linked at least With earlier 
electronic mail messages on the same subject, With the 
contact information of the sender or the recipients, and With 
attachment ?les, if any, attached to the data unit. 

[0021] Synchronization requires the determining of an 
initial data set the data units of Which are at least to be 
synchronized. The metadata links alloW paths from the 
initial data set to different data units to be determined. FIG. 
3 illustrates paths from initial data unit A to data unit B 
according to a preferred embodiment of the invention. In a 
preferred embodiment, the relationship betWeen the data 
units is denoted by relevance and utility. Relevance is a 
value representing the probability that the user Will need a 
data unit associated With an initial data unit, either directly 
or through other data units, provided that the initial data unit 
has been selected. In FIG. 3, relevance is denoted by ri. 
Utility expresses the utility of a data unit associated With an 
initial data unit in the metadata, either directly or over a link 
through other data units, provided that the initial data unit 
has been selected. Utility can be thought of as added value 
obtained by a related data unit, or, on the other hand, as a 
loss, if the data unit is not available even if it Were needed. 
In FIG. 3 utility is shoWn by ui, each link betWeen A and B 
being provided With a relevance value ri and a utility value 
ui. The initial data unit A and the related data unit B may be 
connected by several paths. The different paths represent 
different reasons Why a user Who needs the initial data unit 
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A might also need the data unit B. In FIG. 3, there are tWo 
paths p1 and p2 betWeen A and B, the paths having the 
following probabilities: 

[0022] Hence, the relevance of B to Ais the product of the 
relevance values assigned to the data units along the path. 
B’s utility to A is determined by the utility value of the last 
link, i.e. utility through path p1 is u2 and through path p2 it 
is u5. Gained Utility g is the utility of the data units that the 
user Would really request. Since the user’s actions cannot be 
knoWn in advance, gained utility is a random variable and 
therefore has a distribution and expected value. The close 
ness of the relationship betWeen the data units A and B, ie 
the importance of data unit B in the selection of data unit A, 
can be de?ned by calculating an Expected Gained Utility 
E(g) value. If the user needs the data unit B for several 
different reasons (a plurality of paths p1, p2), the gained 
utility obtained With the data unit B can be determined in the 
form of the maximum utility of the paths (max(u2,u5). It is 
also possible to use the utility of an individual path or the 
combined utilities of different paths as the utility to be 
gained by data unit selection. The expected gained utility 
E(g) is preferably calculated by taking into account both 
paths p1, p2, Whereby the folloWing is obtained: 

E(g)=u2*P(p1)*(1—P(p2))+u5*P(p2)*(1-P(p1))+ 
max(u2, u5)*P(p1)*P(p2). 

[0023] If the utility value ui of the links is set at one, the 
expected gained utility E(g) represents the probability of a 
data unit being needed for some reason. Hence, in the 
example of FIG. 3, E(g) is 

[0024] A comparison of the expected gained utility E(g) 
values of related data units alloWs the data units comprising 
the highest values to be selected, in addition to the initial 
data units, into the selection data set that is to be synchro 
niZed. The metadata can be collected by applying a mini 
mum spanning tree method or by means of content analysis, 
for example. To optimiZe the processing resources and the 
time required, deviations from the above calculation method 
can be made. For example, the number of paths to be taken 
into consideration can be restricted to only comprise direct 
links, in Which case path length is one. Methods for restrict 
ing the number of the paths to be taken into account include 
Dijkstra’s minimum path algorithm and Kruskal’s algo 
rithm. 

[0025] FIG. 4 shoWs a method according to a preferred 
embodiment of the invention. Metadata comprising rel 
evance and utility information are collected 401 into the 
system as described above. The metadata can be maintained 
in the memory MEM, SMEM in data structures, in the 
application executing the method, or in the application input 
data. Metadata can also be loaded from netWork databases, 
through the Internet, for example. To the metadata is added 
a neW initial data unit that is to be synchroniZed, the related 
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data units and utility and relevance values illustrating the 
relationships betWeen them. According to a preferred 
embodiment, general rules are used, such as: the relevance 
value on a link from any electronic mail item to any related 
Word processing ?le is alWays 0.7. Consequently, the value 
0.7 is alWays used, irrespective of the electronic mail item or 
the Word processing ?le, Which reduces the space needed for 
storing the metadata. 

[0026] In a preferred embodiment, the metadata is appli 
cation-speci?c. In that case, neW metadata needed for select 
ing data units for a neW application are added for example 
to application-speci?c directories in the synchroniZing 
device (TE, S). The metadata determines the relationships 
betWeen electronic mail data items synchroniZed by an 
e-mail application, for example. In other Words, the meta 
data from Which the relationships betWeen the data units are 
to be fetched are selected according to the application 
employed. Application-speci?c metadata can also be used 
for in?uencing the relationships betWeen the data units of 
different applications by applying different relevance and/or 
utility values to the links betWeen them. For example, a link 
from an electronic mail item to a Word processing ?le has a 
higher relevance value than a link from a calendar entry to 
a Word processing ?le. Application-speci?c metadata can 
also be used in a table format, for example, in Which the 
relevance and/or utility values betWeen different applica 
tions are given. 

[0027] Application-speci?c metadata can be modi?ed 
according to the purpose of use, and, in addition, different 
metadata can be used in different situations, ie for different 
synchroniZation contexts. For example, When a person is 
leaving for a business trip, the relevance of business card 
data units is higher than When s/he is leaving for a holiday 
trip. Metadata can be arranged for use in different synchro 
niZation contexts by applying different application- or 
device-level user pro?les, similarly as user pro?les arranged 
at mobile stations. Pro?le-speci?c metadata may be stored 
for the different pro?les; it is also possible to modify the 
metadata or to select the data units to be synchroniZed on the 
basis of different criteria in different situations. Typical 
synchroniZation contexts include a general context, business 
trip, holiday trip, reading of electric mail messages and 
meetings. For example, When a meeting has been scheduled 
for the user (Which can be stated from the calendar), data is 
synchroniZed With the user’s terminal TE such that the 
business cards of those participating in the meeting form the 
initial data set and they are provided With links of high 
relevance values to the electronic mail messages last sent by 
the participants. 

[0028] The user also has the possibility to in?uence the 
metadata, for example by adding neW links betWeen the data 
units, or to change the utility or relevance values of the links. 
To maintain good usability, a predetermined number of 
high-level user preferences can be de?ned, the metadata 
being automatically determined and modi?ed according to 
the preferences. This could be illustrated by an example in 
Which the user considers business cards not to be important 
and thus selects a loW priority for them. The synchroniZation 
application may therefore set loW relevance values for 
business cards. All preferences related to synchroniZation 
can be determined user-speci?cally, and the appropriate 
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preferences can be selected using the user ID (the prefer 
ences can also be stored on an Integrated Circuit (IC) card, 
for example). 

[0029] According to yet another embodiment of the inven 
tion, metadata can be collected and updated 401 by analyZ 
ing the contents of the data units. In response to changes in 
the data unit contents, the relevance and/or utility values of 
the contents can be changed as Well. 

[0030] Metadata updating 401 can be arranged to take 
place as an automatic monitoring of user actions. This means 
that a neW data unit With its relevance data can be automati 
cally added to the metadata When the user requests for the 
data unit in question. In addition, the frequency of use of the 
data units can be monitored and the relevance and/or utility 
values changed automatically on the basis of the monitoring. 
Relevance values can be changed on the basis of the 
frequency of use, and utility values on the basis of the 
duration of use, for example. The monitoring of user actions 
and automatic collection of metadata can be arranged by 
means of neural netWorks, for example. 

[0031] When synchroniZation is needed, an initial data set 
is determined 402. The initial data set is preferably a 
pre-determined application-speci?c set. The user may also 
add data units to or remove them from the initial data set. 
Next, metadata associated With the initial data units of the 
initial data set are retrieved 403, i.e. the links from the initial 
data units are de?ned. 

[0032] According to an embodiment of the invention, 
metadata can be modi?ed 404 according to application or 
situation. An application- or situation-speci?c transform 
function can be used for Weighting different data units 
differently to provide synchroniZation pro?les such as those 
referred to above. The transform function refers particularly 
to application- or situation-speci?c coef?cients for the rel 
evance and utility values of the different data units. The 
transform function is applied to the links betWeen the data 
units, and the transformed relevance and utility values are 
then used at later stages (405). This embodiment provides an 
advantage in that the data units can be Weighted differently 
for different purposes and situations, but employing as small 
memory space as possible. 

[0033] It is also possible to exclude 404 some of the data 
units indicated in the metadata already before the expected 
gained utility values are calculated. The exclusion may be 
based on a minimum value set for utility and/or relevance, 
in Which case only related data units of the initial data set 
that exceed the minimum value qualify as candidates for the 
selection data set. When a minimum relevance value is 
applied, a high-relevance link or a short path can be pre 
ferred over long paths of loW relevance. If relevance is 
assigned a high minimum value, the impact of high utility 
value can be reduced in the selection of data units. For 
example, a minimum value set for utility alloWs the syn 
chroniZation of data units easily obtainable by other means 
(and thus providing loW utility), such as telephone numbers, 
to be prevented. Another possible exclusion criterion is path 
length, Which alloWs data units that are too far aWay from the 
initial data set to be excluded. In addition, the exclusion 
method in step 404 alloWs limit values to be set, Whereby 
expected gained utility values of all data units included in 
the metadata do not need to be calculated and compared. 
This speeds up the selection process and reduces the pro 
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cessing capacity needed in the equipment implementing the 
method. The minimum values applied in the exclusion can 
also be application-speci?c, in Which case they vary accord 
ing to the purpose of use. 

[0034] The metadata (and the modi?cation and/or exclu 
sion, if any, of step 404) provide related data units associ 
ated, one Way or another, With the data units of the initial 
data set. The relevance and utility values denoted by the 
paths leading to the related data units are preferably used for 
calculating 405 expected gained utility values E(g) for them. 
The expected gained utility values obtained for the different 
data units are compared 406. The data unit With the highest 
expected gained utility value is added 407 to the selection 
data set. When a neW data unit is added to the selection data 
set, the routine checks 408 Whether an end criterion deter 
mined into the data system in advance is met. The end 
criterion may be, for example, exceeding the maximum siZe 
set for the data to be synchroniZed; exceeding the maximum 
number of data units; or the non-attainment of minimum 
expected gained utility value (i.e. there are no data units left 
Which Would exceed the minimum value of expected rel 
evance). If the end criterion is not met, the routine proceeds 
by adding 407 a neW data unit to the selection data set. 

[0035] Once the end criterion is met, the selection data set, 
Which typically comprises related data units de?ned accord 
ing to the initial data set and the end criterion, is synchro 
niZed 409. In this connection, the changes made to the 
selection data set since the last synchroniZation event can be 
checked and the changed data units, or at least data about the 
changes, can be sent to the other party involved in the 
synchroniZation. It is to be noted that as a modi?cation to the 
above description, only the relevance values can be used for 
selecting the data units (in the comparison 406 or as an end 
criterion 408). The data selection according to steps 401-408 
described above can be carried out in one device participat 
ing in the synchroniZation, in some of the devices, or in all 
of them. 

[0036] The selection data set can be synchroniZed using 
any synchroniZation method. The synchroniZation may be 
carried out using a protocol based on the SyncML standard, 
although the scope of application of the invention is not 
restricted thereto. According to the SyncML standard, a 
synchroniZation session is ?rst initialiZed in step 409 to 
select the database to be synchroniZed. A SyncML client 
device (TE) comprises a Sync Client Agent executing the 
SyncML protocol. The client agent may send the SyncML 
server (S) a SyncML message (Client Modi?cations) con 
taining information about the changes made to the selection 
data set since the last message Was sent. The SyncML server 
comprises a Sync Server Agent, Which controls the synchro 
niZation, and a SynchroniZation Engine, and it usually Waits 
for the client’s initiative for the synchroniZation. The Syn 
cML server synchroniZes the data, i.e. analyses the changes 
made to the selection data set and harmoniZes the data units 
(makes the necessary additions, replacements and dele 
tions). The SyncML server then sends the client device a 
Server Modi?cations message Which comprises the infor 
mation about the changes made to the selection data set since 
the last synchroniZation message from the server S. 
Although simple, the above example serves to illustrate 
synchroniZation based on the SyncML standard. 

[0037] It is also possible to use a modi?ed SyncML 
protocol, in Which case the data to be synchroniZed can be 
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selected during the initialization of the synchronization 
session. According to a preferred embodiment of the inven 
tion, it is also possible to de?ne during the synchronization 
session Whether the TE and the S support the adaptive 
synchronization of the preferred embodiment. In that case 
the TE uses the initialization message to request the adaptive 
synchronization type for use, the synchronization type being 
provided With a speci?c Alert code in the SyncML standard. 
If the S supports adaptive synchronization, the routine may 
proceed according to steps 402-408 described above to 
select the selection data sets in the synchronization client 
device TE and the synchronization server S. When the TE 
has determined the selection data set, it sends the modi? 
cations (Client Modi?cations) that have taken place since 
the last synchronization session to the synchronization 
server S. The TE may also send additional requirements 
relating to the determining of the selection data set, for 
example that a particular data unit must be included in the 
set, Which the server S must take into account When select 
ing the selection data set. TE preferences and other data 
relating to adaptive synchronization may be transmitted in a 
Meta element and in an EMI ?eld, for example. The S selects 
(402-408) its selection data set in a similar manner. The 
server S preferably carries out the selection such that at least 
the data unit modi?cations sent by the TE are taken into 
account. Alternatively, it is possible that the S informs the 
terminal TE about the selection data set it has selected prior 
to the synchronization. This, hoWever, causes increased 
delay and adds to the amount of data to be transferred. 

[0038] The S harmonizes the data units in the selection 
data set it has selected on the basis of the modi?cations sent 
by the TE and those made into the database (DB) synchro 
nized by the server S. After the harmonization, the S sends 
the modi?cations (Server Modi?cations) that have taken 
place in the selection data set since the last synchronization 
session to the TE. On the basis of the modi?cations, the TE 
modi?es the data units in its memory MEM. According to an 
embodiment, the TE may send information about the initial 
data set and other preferences, if any, during the initializa 
tion to the server S, Which selects the selection data set on 
the basis of the metadata and the initial data set. 

[0039] FIG. 5 shoWs a method according to a second 
preferred embodiment of the invention in Which the meta 
data can be used also for excluding data units of the initial 
data set. Metadata, Which can be updated in the above 
described manner and Which comprises relevance and utility 
information, is collected 501 into the system. The relevance 
and utility values of the data units can be changed, even if 
the data units concerned Were in the initial data set. When a 
need arises to carry out synchronization, an initial data set is 
determined 502. Next, at least metadata associated With the 
initial data units of the initial data set are retrieved 503, i.e. 
the links betWeen the initial data units are de?ned. 

[0040] The importance of the initial data units With regard 
to other initial data units is calculated 504. This can be 
achieved experimentally by removing one data unit at a time 
from the ?rst data set and by determining, on the basis of the 
metadata, the expected gained utility value to be obtained if 
a data unit is added. The expected gained utility values 
calculated for each initial data unit are compared 505. The 
initial data unit With the highest expected gained utility 
value is added 506 to the selection data set. When a neW 
initial data unit is added to the selection data set, the routine 
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checks 507 Whether the end criterion determined into the 
data system in advance is met. The end criterion may be for 
example the maximum size set for the data to be synchro 
nized, the number of the initial data units, or the non 
attainment of the minimum value set for the expected gained 
utility value. If the end criterion is not met, the routine 
proceeds by adding 506 the neW initial data unit to the 
selection data set. When the end criterion is met, the initial 
data units in the selection data set can be synchronized 508. 
This alloWs the least relevant initial data units to be removed 
from the initial data set. 

[0041] The embodiment of FIG. 5 provides an advantage 
in that it alloWs initial data units that have typically been 
determined in the initial data set on a relatively permanent 
basis to be placed into an order of relevance and only the 
most relevant initial data units to be synchronized. The 
functions shoWn in FIGS. 4 and 5 can also be combined, in 
Which case the remaining initial data units are considered to 
provide the initial data set (step 402) and thus instead of 
entering step 508, the routine may proceed through step 403 
to assess the relevance of the data units related to the initial 
data units. 

[0042] The user’s action can be monitored and the meta 
data updated 501 on the basis of the use of a data unit. For 
example, the terminal TE may be arranged to monitor the 
use of audio data ?les stored in the terminal. When an audio 
data ?le has been played, it can be marked for removal, 
added to the initial data set and replaced by a neW audio data 
?le in the next synchronization session. This can also be 
achieved by changing the relevance and/or utility value to 
indicate that it is relevant to synchronize an audio data ?le 
marked for removal by the audio application. Consequently, 
an embodiment is provided Which alloWs to determine data 
units to be removed and to replace the data units during the 
next synchronization by a neW data unit of a similar type. 

[0043] It is also possible to apply the method such that 
data units remaining outside the selection data set after the 
end criterion has been met are automatically removed. For 
example, the relevance and utility values of an audio track 
of a speci?c music type can be modi?ed according to user 
behaviour such that instead of being replaced by neW ones, 
the audio tracks of the music type are removed. Similarly, 
outdated contact information or electronic mail messages 
can be deleted With this method. 

[0044] Data amount can be used as an end criterion in 
steps 408 and 507. In that case the size of the selection data 
set is alWays checked after a neW data unit has been added. 
When a predetermined size limit is reached, the synchroni 
zation of the selection data set may begin. According to a 
preferred embodiment, it is also possible to synchronize data 
units (or information relating to modi?cations made to them) 
one at a time, starting from the data unit that is the closest 
to the initial data unit. When the predetermined maximum 
size limit for the data to synchronized is reached, the 
synchronization is interrupted. The terminal TE may also 
send the synchronization server S a message When the 
maximum size limit is exceeded so that the S no longer 
sends data units for synchronization. In this embodiment, the 
selection data set is selected during the synchronization, 
unlike in FIGS. 4 and 5. The embodiment’s advantages 
appear in cases Where the size of the data units is not knoWn, 
the calculation of the size of the data units requires a large 
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processing capacity, or the server does not know the memory 
space available at the terminal. 

[0045] According to a further embodiment, data unit siZe 
is also taken into account in the comparison (steps 406 and 
505). The ratio of the expected gained utility value E(g) (or 
the gained utility value g) to the data amount can be 
calculated for the data units. The data unit having the highest 
E(g) per kilobyte is selected (407, 506) into the selection 
data set. This alloWs smaller data units to be preferred over 
larger ones. HoWever, the comparison must be de?ned such 
that a small data unit of loW relevance is not preferred over 
a large data unit of high relevance. This can be accomplished 
for example by applying a logarithm of data unit siZe, 
instead of siZe, in the comparison. 

[0046] According to yet another embodiment, the user 
interface UI;SUI can also be used for inquiring the user 
about the need for synchroniZing one or more data units 
(before step 409 or 508). This embodiment is useful When 
large data units are concerned and mainly When the syn 
chroniZation is to be carried out With a terminal, Which has 
a very limited storage capacity. 

[0047] The above-described embodiments are typically 
applied at the synchroniZation server S, Which selects the 
selection data set to be synchroniZed, and, thereby, has an 
effect on the amount of data to be sent to the terminal TE, 
Which typically has relatively limited memory resources. 
The present method can also be used in the terminal TE for 
selecting a selection data set, the modi?cations made to the 
set being informed to the synchroniZation server S. Usually 
the number of data units added to the terminal TE by the user 
is fairly small, and thus all neW data units (or other modi 
?cations made at the terminal TE) can be easily synchro 
niZed. HoWever, if savings in time or in transfer costs are to 
be aimed at, the above solution can also be used to limit the 
amount of data to be transmitted from the terminal TE for 
synchroniZation. 

[0048] In server-to-terminal synchroniZation, different 
values (relevance, utility) are preferably used in the meta 
data or in other criteria related to the selection of the data 
units than in terminal-to-server synchroniZation. At the 
server S side, the purpose may be to limit the required 
memory space (for the TE), Whereas the aim at the terminal 
TE may be to save the processing resources needed for the 
comparison and selection of the data units. An embodiment 
of the solution of the invention provides various pro?les 
(With different metadata or different exclusion/end criteria) 
for different transfer situations. Fast synchroniZation can be 
determined for expensive transfer links (through public 
mobile communications netWorks) to only synchroniZe par 
ticularly important data units. Full synchroniZation can be 
carried out in a local area netWork of a company, for 
example. 

[0049] FIG. 6 further illustrates the initial data set and the 
selection data set. The initial data set 60 de?ned With a 
dotted line comprises four data units With links that illustrate 
their relationships With other data units. The circles in FIG. 
6 illustrate all data units Which according to the metadata 
links are in some Way associated With the initial data set 60. 
A dashed line 61 de?nes the selection data set to be 
synchroniZed, obtained by employing the method of the 
invention. As already described above, one data unit at a 
time is preferably added to the selection data set 61, the data 
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units that are closest to the initial data units being typically 
the most important ones as Well. It should be noted that the 
selection data set 61 does not comprise all the data units of 
the initial data set, ie the method illustrated in FIG. 5 has 
been used. FIG. 6 further shoWs a so-called pre-excluded 
set, de?ned With a continuous line 62. Expected gained 
utility values have been calculated for the data units in the 
set 62, Which is selected using the exclusion of step 404. A 
data unit With a too loW relevance value, for example, has 
been left outside the set 62. 

[0050] According to an embodiment, a reference user data 
unit, Which is alWays included in the initial data set and 
Which has links to other data units, is added to the initial data 
set 60. The user data unit itself is not a subject of synchro 
niZation, but it de?nes the data units that are to be taken into 
account When the selection data set is selected. 

[0051] It is apparent to a person skilled in the art that as 
technology advances, the basic idea of the invention can be 
implemented in various Ways. The invention and its embodi 
ments are therefore not restricted to the above-described 
examples but they may vary Within the scope of the claims. 

What is claimed is: 
1. A method for selecting a data set to be synchroniZed 

from databases of a data system, the method comprising: 

maintaining in the data system metadata representing the 
relationships betWeen data units for the purpose of 
selecting the data set to be synchroniZed, the metadata 
comprising at least information on the relevance of the 
data units With regard to one another; 

retrieving metadata associated With at least one initial data 
unit of a ?rst data set in response to a need to synchro 
niZe the ?rst data set; 

selecting a second data set for synchroniZation, the data 
set comprising at least one data unit Which, on the basis 
of said metadata, is most relevant to the initial data unit. 

2. A method according to claim 1, further comprising: 

selecting one data unit at a time into the second data set 
in the order of relevance; 

checking the siZe of the second data set after a neW data 
unit has been added; and 

initiating synchroniZation With the second data set in 
response to a predetermined siZe limit having been 
reached. 

3. A method according to claim 1, Wherein 

only data units Which exceed one or more predetermined 
exclusion criteria, such as the minimum relevance 
value, are selected into the second data set. 

4. A method according to claim 1, Wherein 

said metadata further includes utility information repre 
senting the utility provided by at least one data unit 
associated With an initial data unit in said metadata, 
either directly or through other data units, provided that 
the initial data unit has been selected. 

5. A method according to claim 4, further comprising: 

determining numerical values representing relevance 
probabilities and utilities betWeen the initial data units 
and other data units for the metadata; 
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forming links between the data units in said metadata, the 
links being associated With the numerical values of at 
least relevance and utility; 

multiplying the relevance values of the links along at least 
one path originating from the initial data set and 
leading to other data units; 

selecting the utility value of the last link leading to 
another, separate data unit to be used as the utility of 
that data unit; 

calculating an eXpected gained utility value for each one 
of the other data units by multiplying the utility value 
by the relevance value; 

comparing the eXpected gained utility values of the dif 
ferent data units; and 

selecting at least one data unit With the highest eXpected 
gained utility value into the second data set. 

6. A method according to claim 1, further comprising: 

updating said metadata on the basis of user actions. 
7. A method according to claim 1, Wherein 

application-speci?c metadata are added to the data system 
in response to the adoption of a neW application; and 

the metadata associated With the at least one initial data 
unit are retrieved as required by the application. 

8. A method according to claim 1, Wherein 

situation-speci?c metadata for at least tWo different syn 
chroniZation situations are determined into the data 
system; and 

the metadata associated With the at least one data unit are 
selected as required by the synchroniZation situation. 

9. A method according to claim 1, further comprising: 

determining the eXpected gained utility value for initial 
data units in the ?rst data set by experimentally adding 
initial data units, one by one, to the ?rst data set, and 

selecting into the second data set one or more initial data 
units the adding of Which provides the highest eXpected 
gained utility value. 

10. A method according to claim 1, Wherein 

the data system includes at least one synchroniZation 
client device and synchroniZation server; 

a request for selecting a data set in accordance With the 
method is sent from the synchroniZation client device 
to the synchroniZation server during the initialiZation of 
the synchroniZation session; 

second data sets are selected in the synchroniZation client 
device and the synchroniZation server in accordance 
With the method; 

the modi?cations that have taken place in the second data 
set since the last synchroniZation session are sent from 
the synchroniZation client device to the synchroniZa 
tion server; and 

the modi?cations that have taken place in the second data 
set since the last synchroniZation session are sent from 
the synchroniZation server to the synchroniZation client 
device. 
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11. A synchroniZation system comprising: 

means for synchroniZing the data of at least tWo data 

bases; 
means for maintaining metadata representing the relation 

ships betWeen data units, the metadata comprising at 
least information on the relevance of the data units With 
regard to one another; 

means for retrieving the metadata associated With at least 
one initial data unit of a ?rst data set in response to a 
need to synchroniZe the ?rst data set; 

means for selecting a second data set for synchroniZation, 
the second data set comprising at least one data unit 
Which, on the basis of the metadata, is most relevant to 
the initial data unit. 

12. A synchroniZation system according to claim 11, 
further comprising: 

means for selecting one data unit at a time into the second 
data set in the order of relevance; 

means for checking the siZe of the second data set after a 
neW data unit has been added; and 

means for initiating synchroniZation With the second data 
set in response to a predetermined siZe having been 
reached. 

13. A synchroniZation system according to claim 11, 
Wherein 

said metadata also contains utility information represent 
ing the utility provided by at least one data unit 
associated With an initial data unit in said metadata, 
either directly or through other data units, provided that 
the initial data unit has been selected. 

14. A synchroniZation system according to claim 11, 
further comprising: 

means for taking application-speci?c metadata in use in 
response to the adoption of a neW application; and 

means for retrieving the metadata associated With at least 
one initial data unit as required by the application. 

15. A synchroniZation device comprising: 

means for sending modi?cations made to a data set to be 
synchroniZed of at least one database to at least one 
second party involved in the synchronization: 

means for storing metadata representing the relationships 
betWeen the data units, the metadata comprising at least 
information on the relevance of the data units With 
regard to one another; 

means for retrieving metadata associated With at least one 
initial data unit of a ?rst data set in response to a need 
to synchroniZe the ?rst data set; 

means for selecting a second data set for synchroniZation, 
the second data set comprising at least one data unit 
Which, on the basis of the metadata, is most relevant to 
the initial data unit. 

16. A synchroniZation device according to claim 15, 
Wherein 

the metadata also contains utility information represent 
ing the utility provided by the at least one data unit 
associated With an initial data unit in said metadata, 
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either directly or through other data units, provided that 
the initial data unit has been selected. 

17. A computer software product for controlling a syn 
chroniZation device, comprising program code Which, When 
executed in the synchronization device, causes the synchro 
niZation device to 

store metadata representing the relationships betWeen 
data units for the selection of a data set to be synchro 
niZed, the metadata comprising at least information on 
the relevance of the data units With regard to one 
another; 

retrieve metadata associated With at least one initial data 
unit of a ?rst data set in response to a need to synchro 
niZe the ?rst data set; 
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select a second data set for synchronization, the second 
data set comprising at least one data unit Which, on the 
basis of the metadata, is most relevant to the initial data 
unit. 

18. A computer softWare product according to claim 17, 
Wherein 

the metadata also comprises utility information represent 
ing the utility provided by the at least one data unit 
associated With an initial data unit in said metadata, 
either directly or through other data units, provided that 
the initial data unit has been selected. 


