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(57) Abstract: It 1s disclosed a method for providing a context-based service
in a communication network. The method comprises: at a context server co-
operating with the network, receiving a query generated from a service ap-
plication, indicating that the service application needs to receive from the
context server a set of context mmformation when a query condition is ful-
filled; at the context server, generating an update rule indicating that a termi-
nal has to transmit the context information to the context server when an up-
date condition is fulfilled; transmitting the update rule from the context serv-
er to the terminal; detecting the context information and transmitting them to
the terminal; at the terminal, receiving the context imformation and transmit-
ting them to the context server when the update condition is fulfilled; and at
the context server, forwarding the context information to the service applica-
tion, thus allowing the service application to mplement the context-based
service.
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METHOD AND COMMUNICATION SYSTEM
FOR PROVIDING A CONTEXT-BASED COMMUNICATION SERVICE

Technical field

The present invention relates to the field of communication services. In particular,

the present invention relates to a method for providing a context-based service to a

terminal of a communication network. Further, the present invention relates to

context server, a terminal and a communication system configured for implementing
the above method.

Background art
It Is known that communication networks allow to provide users with a number of

data services (for instance, Internet access, e-mail, exchange of messages, video-

on-demand) and/or telephone services (for instance, calls and conference calls).

A user may access such services by means of a terminal, which can be either a
fixed terminal (i.e. a terminal which is connected to the communication network
distributing the services through a wired connection) or a mobile terminal (i.e. a
terminal which Is connected to the communication network distributing the services
through a wireless connection). Exemplary mobile terminals are the GSM (Global
System for Mobile communications) or UMTS (Universal Mobile Telecommunication
System) mobiles and the laptop computers provided with a GSM or UMTS Iinterface,
or with a Bluetooth or Wi-FI interface.

A terminal (in particular, a mobile terminal) is frequently equipped with a number
of sensors allowing to detect context information about the terminal. In the following
description and in the claims, the expression "context information about a terminal”
will designate a set of information Iindicative of the context (i.e. the environment
and/or the operating status) in which the terminal is put. Exemplary context
iInformation are:

- the terrestrial coordinates at which the terminal is located, which may be detected
by the mobile network (on the basis of measurements done by the terminal or by
the network) or which may be detected by a GPS device installed on the terminal,
and which allow to determine the location of the terminal;

- the identifier of the mobile cell in which the terminal is located, which may be
detected by any GSM or UMTS mobile, and which is indicative of the location of
the terminal;

- the luminosity and/or the temperature and/or the humidity of the environment
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surrounding the terminal, which can be detected by suitable sensors installed on

the terminal, and which are indicative of the environment surrounding the terminal

(i.e. whether it iIs an outdoor environment or an indoor environment, etc.);

- the acceleration to which the terminal is subjected, which can be detected by an
5 accelerometer installed on the terminal and which Is indicative of whether the
user is moving or standing; and
- the presence of other terminals in the environment surrounding the terminal,
which can be detected e.g. by a Bluetooth interface or a Wi-Fi interface (in order
to be detected, also the other terminals should be equipped with a corresponding
10 Interface).

Recently, service providers are able to collect context information from the
terminals of their users, and to process them for providing data services and
telephone services which are capable of adapting themselves to the context of the
terminals. In the following description and in the claims, the expression "context-

15  based service” will designate a data service or a telephone service which is capable
of acquiring context information from a terminal and to use such context information
for adapting itself to the context of the terminal.

WO 2006/097778 discloses a method for sending environmental data by means
of a mobile terminal device, comprising the steps of detecting said environmental

20 data, evaluating said environmental data, determining If said evaluated
environmental data is to be sent, and sending said environmental data in case of an
affirmative determination. In particular, each mobile terminal device is equipped with
a wireless data interface for sending and receiving data packets to and from a
service provider. Said service provider Is equipped with a data storing module for

25  storing the received data, originating from said plurality of mobile terminal devices.
Additionally, each mobile terminal device has a sensor for detecting and preferably
recording environmental data. These environmental data may comprise humidity,
luminance, temperature, position and the like. Said mobile terminal device records
the environmental data and it is adapted to evaluate it. The devices are enabled to

30 decide either the data shall be temporarily stored or sent to said service provider.

US 2007/006098 describes methods that utilize a geographic location technology
(e.g., GPS) to determine user location data, and existing network-based websites
(e.g., Internet websites) for searching and accessing data related to the location
data such that the user context can be developed and stored.

35 WO 2002/093877 discloses a context sensitive web services method that
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enables a mobile phone or wireless device to use context inference techniques to
sense the user's environment and in response, to provide useful information to the
user that is appropriate to the user's perceived environment. The method includes
the steps of receiving sensor signals characterizing a current environment of the
wireless device; processing the sensor signals with a context inference engine;
outputting a current context result from the processing by the context inference
engine; and providing useful information to the user in response to the current
context result.

WO 2004/089006 discloses a mobile station for managing context-related
information including at least one sensor capable of measuring at least a portion of
at least one condition of the mobile station. The mobile station also includes a
context engine capable of storing context-related information based upon the
portion of the condition(s), where the context engine Is also capable of managing an
exchange of the context-related information with at least one context consumer. The
mobile station further includes a privacy engine, a script engine and a
communication manager. The privacy engine can provide security and/or privacy to
the exchange of the context-related information. The script engine can execute at
least one context rule relating to at least a portion of the context-related information.
And the communication manager can communicate with at least one context
consumer external to the mobile station for the exchange of context-related
Information

WO 2006/106303 discloses a system for processing context data comprising
means for receiving context data from a plurality of sources; means for producing
context information from the received context data according to a predetermined
rule-set including a plurality of rules; and means for communicating the context
information to at least one application, wherein the system includes means for
permitting at least one protocol-source to specify instructions and/or rules related to
a communication protocol for communication between the protocol-source and the
system, thereby updating the means for receiving and/or the means for
communicating.

US 2006/184616 discloses a method of managing conflicts between context-
aware applications by use of semantics of abstract service for group context
information management. The method includes detecting and resolving a conflict
between context-aware applications; upon receiving a service request from an

application, analysing a semantic of the requested service; and registering the
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semantic into a data structure.

US 2006/074633 discloses a method for improved diagnostic reading and
workflow in a healthcare environment using rules-based context management. In an
embodiment, the system includes a plurality of information sources, wherein each of
the plurality of information sources includes information. The system also includes a
rules engine including at least one rule governing at least one of availability and
presentation of information.

CA 2431491 discloses an architecture having a centralized storage location
coupled to a context manager for servicing and logging context events from a
plurality of sources. This type of system uses a synchronization scheme to perform
orderly storage and retrieval of data to and from the centralized storage location.

The paper "A Context Query Language for Pervasive Computing Environments”
from Roland Reichle et al., Proceedings on 5th IEEE Workshop on Context
Modeling and Reasoning (CoMoRea) and 6th |IEEE International Conference on
Pervasive Computing and Communication (PerCom'08), Hong Kong, 17 — 21 March
2008, discloses requirements for querying and accessing context information in
mobile and pervasive computing environments. Furthermore it studies existing query
languages and it is shows that they satisfy only a subset of these requirements or
cover some of them only to a limited extend. Therefore, it presents a context query
language to overcome these shortcomings. It explicitly addresses heterogeneous
representations of context information, definition of complex filtering mechanisms,
elaborate aggregation functions and ontology integration, all in one language.

summary of the invention
The Applicant has noticed that the implementation of a context-based service in a

communication network typically requires that the communication network
cooperates with a context database, which stores context information detected and
transmitted by the terminals connected to the communication network. Typically, the
terminals constantly update the context information stored at the context database
by periodically detecting the context information and transmitting them to the context
database.

When the user of a terminal wishes to access a context-based service, a
corresponding service application is activated, which retrieves from the context
database the context information required for providing the context-based service.

The Applicant has noticed that the above described mechanism for providing a
context-based service disadvantageously implies a non efficient use of the
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terminal’s resources, in particular of the terminal's battery and computation capacity.
Indeed, according to the above mechanism, the various terminals periodically

detect and transmit the context information to the context database, even If such
context information are not specifically requested by any service application. In other
words, the terminals disadvantageously employ their resources for periodically
detecting and transmitting context information which are stored at the context
database, but which possibly will not be requested by any service application.

This also implies a non efficient use of the communication network resources
(e.g. routers, etc.), since a part of such resources has to be allocated for transmitting
packets transporting the context information from the terminals to the context
database, even though such context information have not been requested by any
service application.

In view of the above, the Applicant has tackled the problem of providing a method
for providing a context-based service to a terminal of a communication network
which overcomes the aforesaid drawbacks, I.e. which allows to provide the service
application with the context information required for implementing the context-based
service, while allowing to use in a more efficient way both the resources of the
terminal (in particular, its battery and its computation resources) and the resources
of the communication network by minimizing detection and transmission of context
information which are not needed for implementing the context-based service.

According to a first aspect, the present invention provides a method for providing
a context-based service to a terminal of a communication network, the method
comprising:

a) at a context server cooperating with the communication network, receiving a
query, generated from a service application, the query indicating that the service
application needs to receive from the context server a set of context information
when a query condition is fulfilled;

b) at the context server, generating an update rule associated to the query, the
update rule indicating that the terminal, for allowing the context server to serve
the query, has to transmit the context information to the context server when an
update condition is fulfilled;

c) transmitting the update rule from the context server to the terminal;

d) at a sensor module, detecting the context information, and transmitting them to
the terminal,

e) at the terminal, recelving the context information and transmitting them to the
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context server when the update condition is fulfilled; and

f) at the context server, forwarding the context information to the service
application, thus allowing the service application to implement the context-based
service.

5 Preferably, step b) further comprises a step of generating a trigger associated to
the query, the trigger indicating that the context server, for serving the query, has to
forward the context information to the service application when a trigger condition is
fulfilled.

Profitably, the step a) comprises determining a query condition type, the query
10  condition type being one of: on-clock query condition type, on-value query condition
type and on-change query condition type.
Preferably, step b) comprises inserting in the trigger a trigger condition of a
trigger condition type corresponding to the query condition type.
Preferably, step b) comprises checking whether a further update rule including a
15  further update condition and relating to the context information is active and, in the
negative, inserting in the update rule an update condition of an update condition
type corresponding to the query condition type.
Preferably, step b) comprises checking whether a further update rule including a
further update condition and relating to the context information is active and, in the
20  affirmative, if the query condition type is the on-clock query condition type:

- If the further update condition is of on-clock type, inserting in the update rule an
update condition Cr=C/max(min(x,y), ts), ts being a minimum period of detection
and transmission of the context information at the terminal;

- If the further update condition is of on-value type or of on-change type, inserting

25 In the update rule an update condition, and

- replacing the further update rule with the update rule.

Preferably, e step b) comprises checking whether a further update rule including

a further update condition and relating to the context information is active and, in the

affirmative, if the query condition type Is the on-value query condition type:

30 - If the further update condition is of on-value type, inserting in the update rule an
update condition Cr=V/(p=p* OR r=r*);

- If the further update condition is of on-clock type or of on-change type, inserting
In the update rule an update condition Cr=H/; and

- replacing the further update rule with the update rule.

35 Preferably, step b) comprises checking whether a further update rule including a
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further update condition and relating to the context information is active and, in the

affirmative, if the query condition type is the on-change query condition type:

- If the further update condition is of on-change type, inserting in the update rule
an update condition Cr=H/(q OR 2);

- If the further update condition is of on-value type or of on-clock type, inserting in
the update rule an update condition Cr=H/, and

- replacing the further update rule with the update rule.

According to a second aspect, the present invention provides a context server
suitable for cooperating with a communication network for providing a context-based
service to a terminal of the communication network, the context server comprising:

- aquery pre-processor suitable for recelving a query from a service application,
the query indicating that the service application needs to receive from the
context server a set of context information relating to the terminal when a query
condition is fulfilled; and

- a query processor suitable for:

- generating an update rule associated to the query, the update rule
iIndicating that the terminal, for allowing the context server to serve the
query, has to detect the context information and transmit them to the
context server when an update condition is fulfilled; and

- transmitting the update rule to the terminal;

the context server being suitable for receiving the context information and

forwarding it to the service application, thus allowing the service application to

implement the context-based service.

Preferably, the query processor is further suitable for generating a trigger
assoclated to the query, the trigger indicating that the context server, for serving the
query, has to forward the context information to the service application when a
trigger condition is fulfilled, the context server further comprising a trigger database
for storing the trigger.

Preferably, the context server further comprises a trigger processor suitable for
cooperating with the trigger database for checking whether the trigger condition is
fulfilled and forwarding the context information to the service application if the trigger
condition is fulfilled.

Preferably, the query processor is further suitable for determining a query
condition type, the query condition type being one of: on-clock query condition type,
on-value query condition type and on-change query condition type.
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According to a third aspect, the present invention provides a terminal for a
communication network, the communication network cooperating with a context
server suitable for providing a context-based service to the terminal, the terminal
being suitable for cooperating with a sensor module configured to detect context
iInformation relating to the terminal, the terminal including a context client suitable
for:

- recelving from the context server an update rule indicating that the terminal, for
allowing the context server to serve the query, has to detect the context
iInformation and transmit them to the context server when an update condition is
fulfilled; and

- operating the sensor module according to the update rule.

According to a fourth aspect, the present invention provides a communication
system suitable for providing a context-based service to a terminal of the
communication system, the communication system including a communication
network to which the terminal Is connected, a service application suitable for
implementing the context-based service and a context server suitable for
cooperating with the service application and with the communication network, the
terminal being and the context server being as set forth above.

Brief description of the drawings
The present invention will become clearer from the following detailed description,

given by way of example and not of limitation, to be read with reference to the

accompanying drawings, wherein:

- Figure 1 schematically shows a communication system suitable for implementing
the method according to a first embodiment of the present invention;

- Figure 2 is a flow chart schematically showing the operation of the
communication system of Figure 1;

- Figure 3 schematically shows a communication system suitable for implementing
the method according to a second embodiment of the present invention;

- Figure 4 is a flow chart schematically showing the operation of the
communication system of Figure 3;

- Figure 5 is a flow chart showing Is further detail the operation of the context
server of Figure 3; and

- Figures 6a, 6b and 6¢ show in still further detail one of the steps of Figure 5.

Detailed description of preferred embodiments of the invention
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Figure 1 schematically shows a communication system CS' according to a first
embodiment of the present invention.

The communication system CS' preferably comprises a communication network
CN. For instance, the communication network CN may comprise a mobile access
network such as a GSM or UMTS network and/or a transport packet-switched
network such as an Internet network.

Further, the communication system CS' comprises a context server SCtx' and a
service application A. Preferably, the service application A Is suitable for
implementing (when activated) a context-based service by cooperating with the
context server SCtx', as it will be described in further detail herein after. Optionally,
the service application A may be included in the context server SCtx'. For instance,
It may be a configuration application which is automatically activated at the context
server SCtx' when a given event occurs in the communication system CS' (e.g., a
new terminal Is connected to the communication network CN). Further, preferably,
the communication system CS' comprises a terminal T, by means of which a user
may access the context-based service implemented by the service application A.

Preferably, the terminal T cooperates with a sensor module SM, which includes
one or more sensors suitable for detecting context information relating to the
terminal T. In Figure 1, the sensor module SM Is represented as included in the
terminal T. However, according to other embodiments not shown in the drawings,
the sensor module SM may be external to the terminal T.

Further, preferably, the terminal T comprises a context client CCtx. The context
client CCtx iIs preferably configured to command the sensor module SM and to
cooperate with the context server SCtx' through the communication network CN.
The context client CCtx may be for instance a client application installed on the
terminal T by the terminal manufacturer. Alternatively, the context client CCtx may
be downloaded on the terminal T by the service provider, either automatically or at
the user's request.

According to the first embodiment of the present invention, the context server
SCtx' preferably comprises a query pre-processor QPP and a query processor QP.

Herein after, by referring to Figure 2, the operation of the communication system
CS' will be described In detall, under the assumption that the user of the terminal T
requests to access the context-based service implemented by the service
application A.

Preferably, when the user requests to access the context-based service, the
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service application A Is activated. Alternatively, the service application A may be
activated at the request of the context server SCtx'.

When the service application A is activated, it preferably generates a query QI[S,
Cq] (step 1), indicating that the service application A, for correctly implementing the
context-based service, needs to receive from the terminal T a set of context
information S when a query condition Cq is fulfilled. The context information S may
be either the whole context information detected by the sensor module SM, or a part
of it. The query Q[S, Cq] preferably also comprises an identifier of the terminal T
since, generally speaking, the communication system CS' of Figure 1 comprises
various terminals, and therefore the application A has to specify the terminal to
which the query relates. For simplicity, in the following description, the identifier of
the terminal T will be omitted.

As It will be discussed In detail herein after, the query condition Cqg may be the
expiration of a periodical timer, or a condition on a value of a given parameter (e.qg.
a change of the value of such parameter, or the equality of the value of such a
parameter to a predefined value). For instance, the query Q[S, Cqg] may specify that
the service application A needs to receive the terrestrial coordinates of the terminal
T every 5 seconds. Besides, the query Q[S, Cqg] may specify that the service
application A needs to receive the temperature and humidity of the environment
surrounding the terminal T when the terminal T enters a predefined mobile cell.

Preferably, the query Q[S, Cq] is written in XML (Extensible Markup Language,
as defined by the W3C in http://www.w3.org/TR/xm|

The query Q[S, Cq] is received by the context server SCtx', which preferably
processes it (by means of its query pre-processor QPP and query processor QP, as
it will be described in detail herein after) thus generating an update rule R[S, Cr]
associated to the query Q (step 2') and indicating that the terminal T, for allowing the
context server SCtx' to correctly serve the query Q[S, Cq], should detect the context
information S and transmit them to the context server SCitx' when an update
condition Cr is fulfilled.

The update condition Cr depends on the query condition Cq. For instance, if the
query Q[S, Cq] indicates that the service application A needs to receive the
terrestrial coordinates of the terminal T every 5 seconds, the update rule R[S, Cr]
associated to the query Q[S, Cq] preferably indicates that the terminal T should
detect and transmit the terrestrial coordinates of the terminal T every 5 seconds.
More complex cases may arise when a query Q[S, Cqg] comprises more than one
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query condition, or when multiple queries are generated (possibly by different
service applications) on the same context information S. The generation of the
update rule R[S, Cr] in such cases will be described in detail herein after.

By referring again to Figure 2, the context server SCtx' then transmits the update
rule R[S, Cr] to the context client CCtx of the terminal T (step 3). Then, the context
client CCtx preferably instruct the sensor module SM to operate according to the
update rule R[S, Cr] (step 4). In this way, the sensor module SM starts to detect the
context information S and to transmit them to the context server SCtx' when the
update condition Cr is fulfilled. The context server SCtx' then starts receiving
updates of the context information S from the terminal T according to the update
rule R[S, Cr] (step 5). Upon reception of each update of the context information S,
the context server SCtx' preferably forwards it to the service application A (step 6),
which therefore can process it for providing the user of the terminal T with the
context-based service. Steps 5 and 6 are preferably repeated until the query Q[S,
Cql (and therefore the update rule R[S, Cr]) is expired.

Therefore, advantageously, according to this first embodiment of the present
iInvention, the resources of the terminal T (in particular, its battery and its
computation capacity) are used exclusively for detecting and transmitting the context
information S, which have specifically been requested by the service application A in
the query Q[S, Cq]. Indeed, thanks to the query-update rule mechanism
iImplemented by the context server SCtx' and the context client CCtx, the terminal T
(in particular, its sensor module SM) is instructed to detect and transmit only the
context information specified in the query Q[S, Cqg]. Moreover, such context
information S are detected and transmitted by taking into account the update
condition Cr, which is determined according to the query condition Cq. Therefore,
the terminal T does not continuously update the context information S, but it updates
them only when an update is actually requested by the service application A.

For instance, if the query Q[S, Cq] specifies that the service application A needs
to receive context information indicative of the presence of other terminals Iin the
environment surrounding the terminal T when a predefined terminal T' is located in
the environment surrounding the terminal T, the terminal T advantageously does not
transmit information about the presence of other terminals in the environment
surrounding the terminal T, unless it detects the presence of the predefined terminal
T'. Therefore, advantageously, the terminal T only periodically checks whether other
terminals are located in the environment surrounding the terminal T (e.g. by means
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of its Bluetooth interface) and, when the context client CCtx detects the presence of
the predefined terminal T', it actually transmits the context information indicative the
presence of other terminals in the environment surrounding the terminal T to the
context server SCix'.

The above example shows that not only the terminal’'s resources are exploited in
a more efficient way, but also the communication network resources are more
efficiently used, since transmission of context information from the context client
CCtx to the context server SCix' is performed only when actually requested. This
advantageously reduces the costs of the communication between the terminal T and
the communication network CN.

Figure 3 schematically shows a communication system CS suitable for
iImplementing the method according to a second embodiment of the present
Invention.

Similarly to the communication system CS' of Figure 1, the communication
system CS of Figure 3 comprises a communication network CN, a service
application A and a terminal T having a sensor module SM and a context client
CCtx. Since such components are substantially identical to the ones of Figure 1, a
detailed description of them will not be repeated.

Further, the communication system CS comprises a context server SCtx, which Is
suitable for cooperating with the service application A and with the context client
CCtx through the communication network CN.

Preferably, according to this second embodiment of the present invention, the
context server SCtx comprises a query pre-processor QPP, a query processor QP, a
trigger database TR-DB, a trigger processor TRP, a trigger clock CK cooperating
with the trigger processor TRP, and a context database C-DB.

Herein after, by referring to Figure 4, the operation of the communication system
CS will be described In detail, under the assumption that the user of the terminal T
requests to access the context-based service implemented by the service
application A.

Preferably, when the user requests to access the context-based service, the
service application A Is activated.

When the service application A is activated, it generates a query Q[S, Cq] (step
1), Iindicating that the service application A, for correctly implementing the context-
based service, needs to receive from the terminal T a set of context information S
when a query condition Cq is fulfilled.
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The query Q[S, Cq] is received by the context server SCtx, which preferably
processes it (by means of its query pre-processor QPP and query processor QP, as
it will be described in detail herein after) thus generating an update rule R[S, Cr]
associated to the query Q (step 2) and indicating that the terminal T, for allowing the
context server SCtx to correctly serve the query Q[S, Cql, should detect the context
information S and transmit them to the context server SCtx when an update
condition Cr is fulfilled.

According to this second embodiment, during step 2 the context server SCtx
preferably also generates a trigger TR[S, Ct], indicating that the context server SCtx,
for serving the query Q[S, Cq], should read from its context database C-DB the last
update of the context information S and forward it to the service application A when
a trigger condition Ct is fulfilled. The trigger condition Ct depends on the query
condition Cq and on other parameters, as it will be discussed in detail herein after.
The trigger TR[S, Ct] is then stored in the trigger database TR-DB.

The context server SCix then transmits the update rule R[S, Cr] to the context
client CCtx of the terminal T (step 3). Then, the context client CCtx preferably
iInstructs the sensor module SM to operate according to the update rule R[S, Cr]
(step 4). In this way, the sensor module SM starts to detect the context information S
and to transmit their update to the context server SCtx when the update condition Cr
Is fulfilled. The context server SCtx then starts receiving updates of the context
iInformation S from the terminal T according to the update rule R[S, Cr] (step 5).

According to this second embodiment, each time the context server SCix
receives an update of the context information S, it preferably stores it in the context
database C-DB (step 5a). Then, preferably, the context server SCtx checks in the
trigger database TR-DB whether a trigger is active on the context information S
(step 5b). As it will be discussed in further detail herein after, step 5a may be
performed not in response to the reception of an update of the context information
S, but at the expiration of the trigger clock CK, independently of the received
updates, as it will be discussed In detall herein after.

If no trigger is active on the context information S, the context server SCix
preferably does not perform any other action, until the next update of the context
information S is received (or until the trigger clock expires). Otherwise, the trigger
processor TRP checks whether the trigger condition Ct is fulfilled (step 5c¢). In the
affirmative, the context server SCtx preferably reads the context information S from
the context database C-DB and forwards them to the service application A (step 6),
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which therefore can process them for providing the user of the terminal T with the

context-based service. In the negative, the context server SCix preferably does not

perform any other action, until the next update of the context information S Is
received (or until the trigger clock CK expires).

5 Preferably, steps 5, 5a, 5b, 5¢ and 6 are repeated until the query Q[S, Cq] (and
then the trigger TR[S, Ct] and the update rule R[S, Cr]) is expired.

The step 2 of generating a trigger TR[S, Ct] and an update rule R[S, Cr]
associated to the query Q[S, Cq] will be now described in detail by referring to
Figure 3.

10 According to this second embodiment of the present invention, three different

types of query conditions Cq are defined, i.e.:

- on-clock query conditions, indicating that that the service application A, for
correctly implementing the context-based service, needs to receive from the
terminal T the context information S every x seconds. For simplicity, in the

15 following description the on-clock query conditions will be indicated as Cq=C/Xx;

- on-value query conditions, indicating that the service application A, for correctly
Implementing the context-based service, needs to receive from the terminal T the
context information S when a condition on the value of a specific parameter p Is
fulfiled. The parameter p is preferably part of the context information S. For

20 simplicity, in the following description the on-value query conditions will be
iIndicated as Cq=V/(p=p7*); and

- on-change query conditions, indicating that the service application A, for correctly
Implementing the context-based service, needs to receive from the terminal T the
context information S when a parameter q changes its value. The parameter q Is

25 preferably part of the context information S. For simplicity, in the following

description the on-change query conditions will be indicated as Cg=H/gq. A

particular on-change query condition preferably indicates that the service

application A, for correctly implementing the context-based service, needs to
receive from the terminal T the context information S when any of the context

30 information S changes its value. For simplicity, in the following description this
particular on-change query conditions will be indicated as Cq=H/.

Further, preferably, three different types of update conditions Cr are defined,
which correspond to the above defined query conditions, i.e.: on-clock update
conditions (Cr=C/x), on-value update conditions (Cr=V/(p=p”")) and on-change

35 update conditions (Cr=H/q or Cr=H/). Similarly, three different types of trigger
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conditions Ct are defined, which correspond to the above defined query conditions,
l.e.. on-clock trigger conditions (Ct=C/x), on-value trigger conditions (Cr=V/(p=p™))
and on-change trigger conditions (Ct=H/q or Ct=H/).

Further, according to embodiments of the present invention, a query generated

5 by the service application A may comprise a single query condition or multiple query
conditions linked by Boolean operators. Herein after, a query comprising a single
query condition will be termed "basic query" and will be indicated as Qb, whereas a
query comprising multiple query conditions linked by Boolean operators will be
termed "complex query"” and will be indicated as Qc. Since three types of query

10  conditions have been defined above (on-clock, on-value and on-change), three
different types of basic query Qb are preferably defined, i.e.:

- basic query with on-clock query condition: Qb[S, C/x];
- basic query with on-value query condition: Qb[S, V/(p=p*)]; and
- basic query with on-change condition: Qb[S, H/q] or Qb=[S, H/].

15 Herein after, some examples of complex queries Qc are reported.

According to a first example, a complex query Qc may indicate that the service
application A, for correctly implementing the context-based service, needs to receive
from the terminal T the context information S when the parameter q changes value
but, in case the parameter q is constant, the service application A anyway needs to

20  monitor the context information S every x seconds. This complex query is then Qc|[S,
Cqg1 OR Cqg2], wherein Cq1=C/x and Cqg2=H/q.

According to a second example, a complex query Qc may indicate that the
service application A, for correctly implementing the context-based service, needs to
receive from the terminal T the context information S when both the parameter g

25 and the parameter g2 change their values. This complex query is then Qc[S, Cq-
AND CqgZ2], wherein Cg1=H/g1 and Cqg2=H/q2.

By referring to Figure 5, the context server SCtx receives a query Q by means of
its query pre-processor QPP, which preferably validates the query Q (step 20).
During validation, the query pre-processor QPP preferably checks whether the query

30 Q has a correct syntax. Then, the query pre-processor QPP preferably checks
whether the query Q is a basic query Qb (step 21).

If the query Q is a basic query Qb, the query pre-processor QPP preferably
forwards the basic query Qb to the query processor QP, without performing any
other processing.

35 On the other hand, if the query Q is a complex query Qc, the query pre-processor
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QPP preferably processes it for replacing the complex query Qc with one or more

corresponding basic queries Qb and, possibly, one ore more triggers (step 22).

For simplicity, by way of example, it is assumed that the complex query Qc
comprises two query conditions Cq1 and CqZ2 linked by a Boolean operator. Under
this assumption, during step 22, the query pre-processor QPP preferably performs
the following operations:

- if the Boolean operator is equal to OR:
the pre-processor QPP preferably replaces the complex query Qc with a first
basic query Qb1[S, Cq1] and a second basic query Qb2[S, Cq2], and forwards
both the basic queries to the query processor QP, which processes them
separately;

- If the Boolean operator is equal to AND:

- 1t Cg1=V/(p=p”) and Cqg2=C/X:

the pre-processor QPP preferably replaces the complex query Qc with a basic
query Qbl[s, C/x] and a trigger TR[S, V/(p=p™*)], forwards the basic query QDIs,
C/x] to the query processor QP and stores the trigger TR[S, V/(p=p*)] in the
trigger database TR-DB;

- 1if Cg1=V/(p=p*) and Cq2=H/q:

the pre-processor QPP preferably replaces the complex query Qc with a basic
query Qb[s, H/q] and a trigger TRI[S, V/(p=p*)], forwards the basic query QD[s,
H/q] to the query processor QP and stores the trigger TR[S, V/(p=p*)] in the
trigger database TR-DB.

By referring again to Figure 5, the query processor QP then receives from the
query pre-processor QPP a basic query Qb (the particular case in which the query
processor QP receives two basic queries Qb1and Qb2 substantially at the same
time will be discussed separately herein after).

Then, preferably, each basic query Qb is processed (step 23) for generating:

- a corresponding trigger T[S, Ct] referring to the context information S and
comprising a trigger condition Ct which, as mentioned above, may be an on-clock
trigger condition, an on-value trigger condition or an on-change trigger condition;
and

- a corresponding update rule R[S, Cr] referring to the context information S and
comprising an update condition Cr which, as mentioned above, may be an on-
clock update condition, an on-value update condition or an on-change update
condition.
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Preferably, the trigger condition Ct is of the same type as the query condition
comprised in the basic query Qb. Further, preferably, the update condition Cr may
be either of the same type as the query condition comprised in the basic query Qb
or of a different type, as it will be described in further detail herein after by referring
to Figures 6a, ob and 6c¢.

In particular, Figures 6a, ob and 6¢ are flow charts relating to the operation of
generating a trigger T[S, Ct] and an update rule R[S, Cr] corresponding to the basic
query Qb, in case the basic query Qb comprises an on-clock query condition, an on-
value query condition or an on-change query condition, respectively.

In particular, by firstly referring to Figure 6a, if the basic query Qb comprises an
on-clock query condition Cq=C/x, the query processor QP firstly generates a trigger
with an on-clock trigger condition Ct=C/x (step 230a), and stores it in the trigger
database TR-DB.

Then, the query processor QP preferably checks whether a further update rule R’
relating to the context information S has already been generated for fulfilling a
further query Q' which may have been generated either by the service application A
itself or another service application cooperating with the context server SCtx (step
231a).

In the negative, the query processor QP preferably generates an update rule
comprising an on-clock update condition Cr=C/x (step 232a).

In the affirmative, the query processor QP determines the type of update
condition comprised in the already existing update rule R' (step 233a).

If the already existing update rule R' comprises an on-clock update condition
Cr'=Cly (y being different from x), the query processor QP preferably replaces the
update rule R' with an update rule comprising an on-clock update condition
Cr=C/max(min(x.,y), ts), wherein ts is the minimum context information detection and
transmission period of the terminal T (step 234a). ts preferably depends on the clock
of the context client CCtx and on the features of the sensor unit SM.

The update rule generated during step 234a is advantageously capable to serve
both the basic query Qb and the previous query Q' associated to the update rule R'.

For instance, It iIs assumed that a first service application generates a first query
Q' relating to the context information S and comprising a first on-clock query
condition Cq'=Cly, with e.g. y=10 seconds. If no queries relating to the context
information S are already active, the context processor QP preferably generates a
first trigger TR' comprising a first on-clock trigger condition Ct'=C/10 (step 230a) and
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a first update rule R' comprising an on-clock update condition Cr'=C/10 (step 232a).
The first trigger TR' is then stored at the trigger database TR-DB, while the first
update rule R' is transmitted to the context client CCtx, which then instructs the
sensor module SM to detect and transmit the context information S to the context
server SCtx every 10 seconds. It is assumed that, while the first trigger TR' and the
first update rule R' are still active, a second service application generates a second
query Q relating to context information S and comprising a second on-clock query
condition Cq=C/x, with e.g. x=5 seconds. The query processor QP then generates a
second trigger TR comprising a second on-clock trigger condition Ct=C/5 (step
230a), which is stored at the trigger database TR-DB. Then, the query processor QP
preferably performs step 231a (thus determining the existence of the first update
rule R') and step 233a (thus determining that the first update rule R' comprises the
on-clock update condition Cr'). Accordingly, the query processor QP preferably
replaces the first update rule R' with a second update rule R comprising an on-clock
update condition Cr=C/max(min(10,5), ts)=C/5 (step 234a), assuming that ts is lower
than 5 seconds. The second update rule R is transmitted to the context client CCtx,
thus replacing the first update rule R'. The context client CCtx then instructs the
sensor module SM to detect and transmit the context information S to the context
server SCtx every 5 seconds. While the context server CStx Is receiving the updates
of the context information S according to the second update rule R, the trigger
processor TRP preferably cooperates with the trigger clock CK for checking whether
the on-clock trigger conditions Ct' and Ct are fulfilled. Therefore, the updates on the
context information S are read from the context database C-DB and sent to the first
service application each time the first trigger condition Ct' is fulfilled, i.e. every 10
seconds. On the other hand, the updates on the context information S are read from
the context database C-DB and sent to the second service application each time the
second trigger condition Ct is fulfilled, i.e. every 5 seconds.

Referring again to Figure 6a, if during step 233a the query processor QP
determines that the already existing update rule R' comprises an on-value update
condition Cr'=V/(r=r*), the query processor QP preferably replaces the already
existing update rule R' with an update rule comprising an on-change update
condition Cr=H/ (step 235a).

Also In this case, the update rule generated during step 235a is advantageously
capable to serve both the basic query Qb and the previous query Q' associated to
the update rule R'.
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For Iinstance, It is assumed that a first service application generates a first query
Q' relating to the context information S and comprising an on-value query condition
Cqg'=V/(r=r*). If no queries relating to the context information S are already active,
the context processor QP preferably generates a first trigger TR' comprising an on-
value trigger condition Ct'=V/(r=r*) (step 230b, which will be described in detalil
herein after by referring to Figure ob) and a first update rule R' comprising an on-
value update condition Cr'=V/(r=r) (step 232b, which will be described in detalil
herein after by referring to Figure 6b). The first trigger TR' is then stored at the
trigger database TR-DB, while the first update rule R' is transmitted to the context
client CCtx, which then instructs the sensor module SM to detect and transmit the
context information S to the context server SCtx when r is equal to r*. It is assumed
that, while the first trigger TR" and the first update rule R' are still active, a second
service application generates a second query Q relating to the context information S
and comprising an on-clock query condition Cq=C/x, with e.g. x=5 seconds. The
query processor QP then generates a second trigger TR comprising an on-clock
trigger condition Ct=C/5 (step 230a), which is stored at the trigger database TR-DB.
Then, the query processor QP preferably performs step 231a (thus determining the
existence of the first update rule R') and step 233a (thus determining that the first
update rule R' comprises the on-value update condition Cr'). Accordingly, the query
processor QP preferably replaces the first update rule R' with a second update rule
R comprising an on-change update condition Cr=H/ (step 235a). The second update
rule R is transmitted to the context client CCtx, thus replacing the first update rule R'.
The context client CCtx then instructs the sensor module SM to detect and transmit
the context information S to the context server SCtx each time any of the context
information S changes value. Upon reception of each update of the context
iInformation S, the trigger processor TRP stores the updated context information S in
the context database C-DB and preferably checks whether the on-value trigger
condition Ct' is fulfilled and, in the affirmative, it reads the context information S from
the context database C-DB and forwards it to the first service application. Besides,
upon reception of each update of the context information S, the trigger processor
TRP cooperates with the trigger clock CK for checking whether the on-clock trigger
condition Ct is fulfilled and, in the affirmative, it reads the context information S from
the context database C-DB and forwards it to the second service application.

Referring again to Figure 6a, if during step 233a the query processor QP
determines that the already existing update rule R' comprises an on-change update
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condition Cr'=H/z, the query processor QP preferably replaces the already existing
update rule R'" with an update rule comprising an on-change update condition Cr=H/
(step 236a).

Also In this case, the update rule generated during step 236a is advantageously
capable to serve both the basic query Qb and the previous query Q' associated to
the update rule R'.

For Iinstance, It is assumed that a first service application generates a first query
Q' relating to the context information S and comprising an on-change query
condition Cqg'=H/z. If no queries relating to the context information S are already
active, the context processor QP preferably generates a first trigger TR' comprising
an on-change trigger condition Ct'=H/z (step 230c, which will be described in detall
herein after by referring to Figure 6¢) and a first update rule R' comprising an on-
change update condition Cr'= H/z (step 232c, which will be described in detall herein
after by referring to Figure 6¢). The first trigger TR' is then stored at the trigger
database TR-DB, while the first update rule R' is transmitted to the context client
CCtx, which then instructs the sensor module SM to detect and transmit the context
information S to the context server SCtx when z changes value. It is assumed that,
while the first trigger TR' and the first update rule R' are still active, a second service
application generates a second query Q relating to the context information S and
comprising an on-clock query condition Cq=C/x, with e.g. x=5 seconds. The query
processor QP then generates a second trigger TR comprising an on-clock trigger
condition Ct=C/5 (step 230a), which is stored at the trigger database TR-DB. Then,
the query processor QP preferably performs step 231a (thus determining the
existence of the first update rule R') and step 233a (thus determining that the first
update rule R' comprises an on-change update condition Cr'). Accordingly, the query
processor QP preferably replaces the first update rule R' with a second update rule
R comprising an on-change update condition Cr=H/ (step 236a). The second update
rule R Is transmitted to the context client CCtx, thus replacing the first update rule R".
The context client CCtx then instructs the sensor module SM to detect and transmit
the context information S to the context server SCtx each time any of the context
information S changes value. Upon reception of each update of the context
information S, the trigger processor TRP checks whether the on-change trigger
condition Ct' is fulfilled and, in the affirmative, it reads the context information S from
the context database C-DB and forwards it to the first service application. Besides,
upon reception of each update of the context information S, the trigger processor
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TRP cooperates with the trigger clock CK for checking whether the on-clock trigger
condition Ct is fulfilled and, in the affirmative, it reads the context information S from
the context database C-DB and forwards it to the second service application.

By referring now to Figure 6b, if the basic query Qb comprises an on-value query
condition Cg=V/(p=p™*), the query processor QP firstly generates a trigger with an on-
value trigger condition Ct=V/(p=p*) (step 230b), and stores it in the trigger database
TR-DB.

Then, the query processor QP preferably checks whether a further update rule R’
relating to the context information S has already been generated for fulfilling a
further query Q' which may have been generated either by the service application A
itself or another service application cooperating with the context server SCtx (step
231b).

In the negative, the query processor QP preferably generates an update rule
comprising an on-value update condition Cr=V/(p=p~) (step 232b).

In the affirmative, the query processor QP determines the type of update
condition comprised in the already existing update rule R' (step 233b).

If the already existing update rule R' comprises an on-value update condition
Cr'=V/(r=r*) (the parameter r being other than the parameter p), the query processor
QP preferably replaces the already existing update rule R' with an update rule
comprising an on-value update condition Cr=V/(p=p* OR r=r*) (step 234b).

The update rule generated during step 234b is advantageously capable to serve
both the basic query Qb and the previous query Q' associated to the update rule R'.

For instance, It iIs assumed that a first service application generates a first query
Q' relating to the context information S and comprising a first on-value query
condition Cq'=V/(r=r*). If no queries relating to the context information S are already
active, the context processor QP preferably generates a first trigger TR' comprising
a first on-value trigger condition Ct'=V/(r=r") (step 230b) and a first update rule R’
comprising an on-value update condition Cr'=V/(r=r*) (step 232b). The first trigger
TR" is then stored at the trigger database TR-DB, while the first update rule R' is
transmitted to the context client CCtx, which then instructs the sensor module SM to
detect and transmit the context information S to the context server SCtx when r Is
equal to r*. It is assumed that, while the first trigger TR' and the first update rule R’
are still active, a second service application generates a second query Q relating to
the context information S and comprising a second on-value query condition
Cqg=V/(p=p*), with p other than r. The query processor QP then generates a second
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trigger TR comprising a second on-value trigger condition Ct=V/(p=p~*) (step 230b),
which is stored at the trigger database TR-DB. Then, the query processor QP
preferably performs step 231b (thus determining the existence of the first update
rule R") and step 233b (thus determining that the first update rule R' comprises the
on-value update condition Cr'). Accordingly, the query processor QP preferably
replaces the first update rule R' with a second update rule R comprising an on-value
update condition Cr=V(p=p* OR r=r*) (step 234b). The second update rule R is
transmitted to the context client CCtx, thus replacing the first update rule R'. The
context client CCtx then instructs the sensor module SM to detect and transmit the
context information S to the context server SCtx each time p is equal to p* and each
time r is equal to r*. Upon reception of each update of the context information S, the
trigger processor TRP preferably checks whether the on-value trigger conditions Ct
and Ct are fulfiled. When the first on-value trigger condition Ct' is fulfilled, the
context information S are read from the context database C-DB and sent to the first
service application. When the second on-value trigger condition Ct is fulfilled, the
context information S are read from the context database C-DB and sent to the
second service application.

Referring again to Figure ©6b, if during step 233b the query processor QP
determines that the already existing update rule R' comprises an on-clock update
condition Cr'=Cly, the query processor QP preferably replaces the already existing
update rule R' with an update rule comprising an on-change update condition Cr=H/
(step 235Db).

Also In this case, the update rule generated during step 235b is advantageously
capable to serve both the basic query Qb and the previous query Q' associated to
the update rule R'. This situation is substantially the same the one described above
by referring to Figure 6a, in case the already existing update rule R' comprises an
on-value update condition. Accordingly, a detailed description will not be repeated.

By referring again to Figure ©6b, if during step 233b the query processor QP
determines that the already existing update rule R' comprises an on-change update
condition Cr'=H/z, the query processor QP preferably replaces the already existing
update rule R' with an update rule comprising an on-change update condition Cr=H/
(step 236Db).

Also In this case, the update rule generated during step 236b is advantageously
capable to serve both the basic query Qb and the previous query Q' associated to
the update rule R'.
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For Iinstance, It is assumed that a first service application generates a first query
Q' relating to the context information S and comprising an on-change query
condition Cqg'=H/z. If no queries relating to the context information S are already
active, the context processor QP preferably generates a first trigger TR' comprising
an on-change trigger condition Ct'=H/z (step 230c, which will be described in detall
herein after by referring to Figure 6¢) and a first update rule R' comprising an on-
change update condition Cr'= H/z (step 232c, which will be described in detall herein
after by referring to Figure 6¢). The first trigger TR' is then stored at the trigger
database TR-DB, while the first update rule R' is transmitted to the context client
CCtx, which then instructs the sensor module SM to detect and transmit the context
information S to the context server SCtx when z changes value. It is assumed that,
while the first trigger TR' and the first update rule R' are still active, a second service
application generates a second query Q relating to the context information S and
comprising an on-value query condition Cg=V/(p=p*). The query processor QP then
generates a second trigger TR comprising an on-value trigger condition Ct=V/(p=p~)
(step 230b), which is stored at the trigger database TR-DB. Then, the query
processor QP preferably performs step 231b (thus determining the existence of the
first update rule R') and step 233b (thus determining that the first update rule R’
comprises the on-change update condition Cr'). Accordingly, the query processor
QP preferably replaces the first update rule R' with a second update rule R
comprising an on-change update condition Cr=H/ (step 236b). The second update
rule R is transmitted to the context client CCtx, thus replacing the first update rule R'.
The context client CCtx then instructs the sensor module SM to detect and transmit
the context information S to the context server SCix each time any of the context
information S changes value. Upon reception of each update of the context
information S, the trigger processor TRP preferably checks whether the on-change
trigger condition Ct' is fulfilled and, in the affirmative, the context information S are
read from the context database C-DB and sent to the first service application.
Besides, upon reception of each update of the context information S, the trigger
processor TRP also preferably checks whether the on-value trigger condition Ct is
fulfilled and, in the affirmative, the context information S are read from the context
database C-DB and sent to the second service application.

By referring now to Figure 6c¢, if the basic query Qb comprises an on-change
query condition Cg=H/q, the query processor QP firstly generates a trigger with an
on-change trigger condition Ct=H/q (step 230c), and stores it in the trigger database
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TR-DB.

Then, the query processor QP preferably checks whether a further update rule R’
relating to the context information S has already been generated for fulfilling a
further query Q' which may have been generated either by the service application A
itself or another service application cooperating with the context server SCtx (step
231¢).

In the negative, the query processor generates an update rule comprising an on-
change update condition Cr=H/q (step 232c).

In the affirmative, the query processor QP determines the type of update
condition comprised in the already existing update rule R’ (step 233c¢).

If the already existing update rule R' comprises an on-change update condition
Cr'=H/z (the parameter z being other than the parameter q), the query processor QP
preferably replaces the already existing update rule R' with an update rule
comprising an on-change update condition Cr=H/(q OR z) (step 234c).

The update rule generated during step 234c is advantageously capable to serve
both the basic query Qb and the previous query Q' associated to the update rule R’

For instance, It iIs assumed that a first service application generates a first query
Q' relating to the context information S and comprising an on-change query
condition Cqg'=H/z. If no queries relating to the context information S are already
active, the context processor QP preferably generates a first trigger TR' comprising
a first on-change trigger condition Ct'=H/z (step 230c) and a first update rule R’
comprising an on-change update condition Cr'= H/z (step 232c). The first trigger TR’
Is then stored at the trigger database TR-DB, while the first update rule R' is
transmitted to the context client CCtx, which then instructs the sensor module SM to
detect and transmit the context information S to the context server SCtx when z
changes value. It is assumed that, while the first trigger TR' and the first update rule
R' are still active, a second service application generates a second query Q relating
to the context information S and comprising a second on-change query condition
Cqg=H/q, with g other than z. The query processor QP then generates a second
trigger TR comprising a second on-change trigger condition Ct=H/q (step 230c),
which is stored at the trigger database TR-DB. Then, the query processor QP
preferably performs step 231c (thus determining the existence of the first update
rule R") and step 233c¢ (thus determining that the first update rule R' comprises the
on-change update condition Cr'). Accordingly, the query processor QP preferably
replaces the first update rule R' with a second update rule R comprising an on-
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change update condition Cr=H/(q OR 2z) (step 234c). The second update rule R is
transmitted to the context client CCtx, thus replacing the first update rule R'. The
context client CCtx then instructs the sensor module SM to detect and transmit the
context information S to the context server SCtx each time either q or z changes
value. Upon reception of each update of the context information S, the trigger
processor TRP preferably checks whether the on-value trigger conditions Ct' and Ct
are fulfilled. If the first on-change trigger condition Ct' is fulfilled, the context
information S are read from the context database C-DB and sent to the first service
application. If the second on-change trigger condition Ct is fulfilled, the context
information S are read from the context database C-DB and sent to the second
service application.

By referring again to Figure 6c¢, if during step 233c the query processor QP
determines that the already existing update rule R' comprises an on-value update
condition Cr'=V/(r-r*), the query processor QP preferably replaces the already
existing update rule R' with an update rule comprising an on-change update
condition Cr=H/ (step 235c).

Also In this case, the update rule generated during step 235c is advantageously
capable to serve both the basic query Qb and the previous query Q' associated to
the update rule R, as disclosed above by referring to Figure 6b, in case the already
existing update rule R' comprises an on-change condition (step 236b).

By referring again to Figure 6c¢, if during step 233c the query processor QP
determines that the already existing update rule R' comprises an on-clock update
condition Cr'=Cly, the query processor QP preferably replaces the already existing
update rule R'" with an update rule comprising an on-change update condition Cr=H/
(step 236¢C).

Also In this case, the update rule generated during step 236¢ is advantageously
capable to serve both the basic query Qb and the previous query Q' associated to
the update rule R', as disclosed above by referring to Figure 6a, in case the already
existing update rule R' comprises an on-change condition (step 236a).

Therefore, according to this second embodiment of the invention, the resources
of the terminal T are used in a still improved way. Indeed, thanks to the triggers, two
or more different queries generated by different service applications and relating to
the same context information can be "merged” in a single update rule, which is
capable to serve both queries. Indeed, from the above flow charts, it can be noticed
that when two queries relating to the same context information are received at the
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context server SCtx, the context server SCtx determines a single update condition
which Is suitable for fulfilling at the same time all the queries, while it associates to
each basic query a separate trigger including a trigger condition equal to the query
condition. Therefore, while the transmission of the updates from the terminal T to
the context server SCtx is regulated by the "common” update rule, the forwarding of
the updates from the context server SCtx to the service applications is regulated by
the trigger conditions.

Advantageously, the above mechanism of "merging” different queries in a single
update rule advantageously allows to optimise the resources of the terminal T.
Indeed, instead of separately serving the two queries, the terminal T operating
according to the update rule determined as disclosed above advantageously detects
and transmits the minimum amount of updates of the context information S which is
sufficient for serving both queries at the same time.

Further, as mentioned above, also complex queries may be managed in a very
efficient way. In particular, the above mentioned complex queries Qc including two
query conditions Cqg1 and Cq2 related by an OR Boolean operator are replaced by
the query pre-processor QPP with a first and second basic queries Qb1 and Qb2,
which are then sent to the query processor QP. Preferably, the query processor QP
processes the two basic queries Qb1 and Qb2 by firstly processing the first basic
query Qb1 as shown in the flow charts of Figures 6a, 6b and 6¢, and then by
separately processing the second basic query Qb2 as shown in the flow charts of
Figures 6a, 6b and 6¢, and by transmitting the resulting update rule to the context
client CCtx only after the processing of the second basic query Qb2 is completed. In
this way, the resulting update rule takes into account both the basic queries Qb1
and Qb2.

Further, according to advantageous embodiments of the present invention, each
query Q is associated to an expiration time. In particular, the query processor QP
preferably cooperates with an active query table (not shown in the drawings) which
stores, for each query received at the context server SCtx, the query expiration time.
The query processor QP periodically checks the active query table for possible
expired queries, by comparing the trigger clock CK with the expiration times stored
In the table. Upon expiration of the expiration time of a query, the query processor
QP preferably recalculates the update rule relating to the context information S
concerned by the expired query. In particular, the query processor recalculates the
update rule as If the still active queries relating to the context information S were
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arrived at the context information SCtx after expiration of the expired query. Further,

the query processor QP also deletes from the trigger database TR-DB possible

triggers associated to the expired query.

Further, preferably, according to advantageous embodiments of the present
iInvention the trigger processor TRP cooperates with an active trigger table (not
shown Iin the drawings). The active trigger table preferably comprises a list of the
active triggers. For each active trigger, the active trigger table preferably indicates
the query according to which the trigger has been generated, the trigger condition to
be fulfilled, the context information requested by the service application and the
terminal to which the trigger condition refers and an identifier (preferably, an URL) of
the service application to which the context information has to be forwarded when
the trigger condition is fulfilled. In order to check the on-clock trigger conditions, the
trigger processor TRP preferably cooperates with the trigger clock CK.

Further, according to advantageous embodiments, the context information S
stored at the context database C-DB are associated to an expiration time. When the
expiration time of the context information is expired, the stored values of the context
information S will be no more considered valid. The expiration time of the context
information S is preferably determined by the context client CCtx, depending on the
update rule according to which the context information S is being detected and
transmitted to the context server SCtx. For instance:

- If the update rule R[S, Cr] comprises an on-clock update condition Cr=C/Xx, the
context client CCtx preferably sets the expiration time of the context information
S equal to (5/4)x. This advantageously ensures that the values of the context
iInformation S are considered valid until the next update arrives at the context
database C-DB;

- If the update rule R[S, Cr] comprises an on-value update condition Cr=V/(p=p™)
or an on-change update condition Cr=H/q, the context client CCtx preferably
sets the expiration time of the context information S equal to infinity, since the
values of the context information S have to be valid until the next update arrives
at the context database C-DB, which is an unpredictable event.
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CLAIMS

A method for providing a context-based service to a terminal of a communication network,

said method comprising:
a) at a context server cooperating with said communication network, receiving a query,

generated from a service application, said query indicating that said service application
needs to receive from said context server a set of context information when a query
condition is fulfilled:

b) at said context server, generating an update rule associated to said query, said update
rule indicating that said terminal, for allowing said context server to serve said query,
has to transmit said context information to said context server when an update condition

Is fulfilled:
¢) transmitting said update rule from said context server to said terminal;

d) at a sensor module, detecting said context information, and transmitting them to said

terminal,
e) at said terminal, receiving said context information and transmitting them to said context

server when said update condition is fulfilled; and
f) at said context server, forwarding said context information to said service application,
thus allowing said service application to implement said context-based service,
wherein b) further comprises generating a trigger associated to said query, said trigger
indicating that said context server, for serving said query, has to forward said context

information to said service application when a trigger condition is fulfilled.

The method according to claim 1, wherein a) comprises determining a query condition type,
said query condition type being one of. on-clock query condition type, on-value query
condition type and on-change query condition type.

The method according to claim 1, wherein b) comprises inserting in said trigger a trigger

condition of a trigger condition type corresponding to said query condition type.

The method according to claim 2 or 3, wherein b) comprises checking whether a further
update rule including a further update condition and relating to said context information is
active and, in the negative, inserting in said update rule an update condition of an update

condition type corresponding to said query condition type.

The method according to any of claims 2 to 4, wherein b) comprises checking whether a
further update rule including a further update condition and relating to said context
information is active and, in the affirmative, if said query condition type is said on-clock

query condition type:

CA 2729560 2017-07-07
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- if said further update condition is of on-clock type, inserting in said update rule an
update condition Cr=C/max(min(x,y), ts), ts being a minimum period of detection and
transmission of said context information at said terminal;

- if said further update condition is of on-value type or of on-change type, inserting in said
update rule an update condition Cr=H/, and

- replacing said further update rule with said update rule.

The method according to any of claims 2 to 4, wherein b) comprises checking whether a

further update rule including a further update condition and relating to said context

information is active and, in the affirmative, if said query condition type is said on-value

query condition type:

- if said further update condition is of on-value type, inserting in said update rule an
update condition Cr=V/(p=p* OR r=r);

- if said further update condition is of on-clock type or of on-change type, inserting in said
update rule an update condition Cr=H/; anad

- replacing said further update rule with said update rule.

The method according to any of claims 2 to 5, wherein b) comprises checking whether a
further update rule including a further update condition and relating to said context
information is active and, in the affirmative, if said query condition type is said on-change

query condition type:

- if said further update condition is of on-change type, inserting in said update rule an
update condition Cr=H/(q OR z);

- if said further update condition is of on-value type or of on-clock type, inserting in said
update rule an update condition Cr=H/, and

- replacing said further update rule with said update rule.

The method according to any of claims 2 to 7, wherein said update condition is dependent

upon said query condition.

A context server suitable for cooperating with a communication network for providing a
context-based service to a terminal of said communication network, said context server

comprising:

- a query pre-processor suitable for receiving a query from a service application, said
query indicating that said service application needs to receive from said context server a
set of context information relating to said terminal when a query condition is fulfilled; and

- aquery processor suitable for:

- generating an update rule associated to said query, said update rule indicating that

CA 2729560 2017-07-07
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said terminal, for allowing said context server to serve said query, has to detect said
context information and transmit them to said context server when an update
condition is fulfilled; and
- transmitting said update rule to said terminal,
said context server being suitable for receiving said context information and forwarding it to
said service application, thus allowing said service application to implement said context-
based service,
wherein said query processor is further suitable for generating a trigger associated to said
query, said trigger indicating that said context server, for serving said query, has to forward
said context information to said service application when a trigger condition is fulfilled, said

context server further comprising a trigger database for storing said trigger.

The context server according to claim 9, wherein said context server further comprises a
trigger processor suitable for cooperating with said trigger database for checking whether
said trigger condition is fulfilled and forwarding said context information to said service

application if said trigger condition is fulfilled.

The context server according to claim 9 or 10, wherein said query processor Is further
suitable for determining a query condition type, said query condition type being one of: on-
clock query condition type, on-value query condition type and on-change guery condition

type.

The context server according to any one of claims 9 to 11 wherein said update condition is

dependent upon said query condition.

A communication system suitable for providing a context-based service to a terminal of
said communication system, said communication system including a communication
network to which said terminal is connected, a service application suitable for implementing
said context-based service and a context server suitable for cooperating with said service
application and with said communication network, said context server being according to
any one of claims 9 to 12.

CA 27729560 2017-07-07
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