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Method and network unit for determining a measure of relevancy between items

Technical field

The present invention relates to a method for determining a measure of relevancy

between two selected items of a plurality of interrelated items. In a further aspect, the

present invention relates to a network unit in a communication network, implementing

an application using a measure of relevancy between two selected items of a plurality

of interrelated items.

Background

Many applications exist in which an item must be selected based on relevancy of

that item. In an exemplary application, a service determines which persons are relevant

in a situation, based on the relations between the persons and other items, which are

stored in a database. For example, a police officer may be relevant for some incident

because a database contains a record which states, that the officer has dealt with the

suspect of the incident. Or, the police officer may be relevant because the database

contains a record which states, that the officer has had an appointment at the location of

the incident. Or, the police officer may be on duty in the area where the incident took

place.

Using current technology, the different ways in which a person can be relevant is

determined first. Then, for every way in which a person is relevant, the amount of

relevance is determined independently according to some formula that models the

relevancy. Then these relevancies are added to find the total relevancy of the person.

The existing solution requires that the different ways in which a person is relevant, are

determined by an expert. Then for each type of relevancy, software must be written to

determine which persons are relevant. When there are many ways in which a person

can be relevant, this method requires a lot of work from the expert.

Another disadvantage is, that this does not give an appropriate model for

relevance. There can be unforeseen chains of relevancy leading to a person. A chain of

relevancy occurs when a person is relevant for an item, which is relevant for another

item, which is relevant for another, etcetera, until it is finally relevant for the item in

which there is interest, for example an incident. These relevancy chains will not be

taken into account using current methods.



Summary

The present invention seeks to provide an improved method for determining

relevancy of a specific item.

According to the present invention, a method according to the preamble defined

above is provided, in which the method comprises modeling the plurality of interrelated

items (e.g. stored in a database) as nodes in a network (e.g. an electronic network),

modeling a relation between two items as an impedance between two associated nodes,

in which the impedance is a function of the relevancy between the two items,

determining the impedance value between two nodes associated with the two selected

items, and determining the measure of relevancy as a function (e.g. the inverse) of the

impedance value between the two nodes.

This method provides a flexible way of determining the relevance of items (e.g.

representing persons) in a database, in which relations between the items are known.

The present method provides a more realistic relevance model than existing methods.

In a further embodiment the impedance is a resistor, which allows to reliably

model relevance between associated items, and to easily determine the measure of

relevancy between two selected items.

The impedance may in a further embodiment have a value which is a function of

a parameter, e.g. a context parameter. The resulting measure of relevancy is then also a

function of that parameter, allowing re-use of the calculation when only the parameter

changes and not the relevancy relation. In a specific embodiment, the impedance has a

time varying value, e.g. a periodically changing, continuous changing, or stepwise

changing value. This allows e.g. to model a relation between items of which the

relevancy declines over time. In a further embodiment, the function comprises a

quotient of polynomials of one or more parameters. This allows an easier method to

add, subtract, multiply, and divide the various impedances in the network in order to

determine the measure of relevancy between the two selected items, as these operations

result again in a quotient of polynomials of the one or more parameters.

In a further embodiment, the impedance value between the two nodes is

determined by adding a voltage source with a predetermined voltage, the terminals of

the voltage source being connected to the two nodes, and determining the current

through the voltage source. Especially when choosing a voltage source of 1 Volt, the



impedance between the nodes associated with the two selected items may be directly

determined by determining or measuring the current through the voltage source.

In certain applications, it may be required to determine the contribution of a

specific item or a specific relation. In one further embodiment, a contribution of an

item to the measure of relevancy is calculated by determining the current through the

associated node, i.e. the sum of current flowing in and out of that node. In a second

further embodiment, a contribution of a relation between two items to the measure of

relevancy is calculated by determining the current through the impedance between

associated nodes.

In a further embodiment, intermediate results of determining the impedance value

or of determining the measure of relevancy are stored for re-use. In certain applications,

this may reduce the required overall processing capacity, as certain calculations need

not be done again.

In a further aspect, the present invention relates to a network unit according to the

preamble defined above, in which the network unit is arranged to execute the method

according to any of the method embodiments. The network unit may e.g. be an

application server or an already existing network unit, such as a telephone switch.

In a further embodiment, the communication network is arranged to provide

connections to one or more terminals, such as (mobile) telephones, and the network

unit is arranged to determine a most relevant terminal to contact. This may e.g. be an

implementation of an emergency service application allowing an operator to quickly

determine who should be contacted in case of an emergency relating to a specific

person.

In another embodiment, the network unit is arranged to receive a call directed at

an item of a first type, and to determine the most relevant terminal to contact associated

with an item of a second type, in which the first type and second type are different. This

embodiment may e.g. be implemented in a private exchange system to route calls to in

a company. For example, a call to a number associated with a project may be routed to

an employee most relevant to that project.

In an even further aspect, the present invention relates to a computer program

product comprising computer executable code, which when loaded on a computer

system, allows the computer system to execute the method according to any one of the

embodiments above.



Brief description of the drawings

The present invention will be discussed in more detail below, using a number of

exemplary embodiments, with reference to the attached drawings, in which

Figure 1 shows a schematic presentation of an electronic network modeled

according to an embodiment of the present invention;

Figure 2 shows a diagram representing a database comprising items and relations

between the items;

Figure 3 shows a representation of relations between a number of items of

different types;

Figure 4 shows a schematic representation of an exemplary implementation of the

present invention;

Figure 5 shows a schematic representation of a network implementation of the

present invention; and

Figure 6 shows a diagram representing a database comprising items and relations

between the items in a further example.

Detailed description

In many applications, a database model may be used to represent actual items and

relations between items in the real world. E.g. an item may be represented by a node,

and the relation between two nodes as a branch between the two nodes. The branch

may furthermore have one or more specific properties relevant for the application.

In an exemplary application, a service determines which persons are relevant in a

situation, based on the relations between the persons and other items, which are stored

in a database. For example, a police officer may be relevant for some incident because

a database contains a record which states, that the officer has dealt with the suspect of

the incident. Or, the police officer may be relevant because the database contains a

record which states, that the officer has had an appointment at the location of the

incident. Or, the police officer may be on duty in the area where the incident took

place.

Using current technology, the different ways in which a person can be relevant is

determined first. Then, for every way in which a person is relevant, the amount of



relevance is determined independently according to some formula that models the

relevancy. Then these relevancies are added to find the total relevancy of the person.

According to an embodiment of the present invention, the plurality of interrelated

items and relations in the database can be modeled as nodes and impedances (e.g.

resistors) in a network. Each item has an associated node, and a relation between two

items is modeled as an impedance between the associated nodes. The impedance value

is lower for items that are more relevant to each other. The relevance (or measure of

relevancy) of a person for an item is a function (in this case the inverse) of the

impedance in the network that is constructed in this manner from the database between

the node that represents the person and the node that represents the item.

In an exemplary embodiment an electronic network is constructed as shown in

Figure 1 from the database that contains a plurality of interrelated items and associated

relations. Each item in the database is a node N1 in the network. Each relation between

two items is an impedance Zy between the two nodes N1and Nj . To determine the

measure of relevancy between two items in the database, the impedance between the

corresponding nodes N1 in the corresponding electronic network is calculated. The

measure of relevancy is the inverse of the impedance. In Figure 1, an exemplary

situation is shown of an electronic network having four nodes N 1-N4 (representing four

items or entities), in which the relations are modeled as impedances Zy (i and j being

the indices of the nodes N1, Nj between which the impedance Z is present).

When the relations are modeled as resistive impedances (resistors), the

impedance between two nodes N1and Nj in the electronic network can be determined

by adding an ideal voltage source Vi of 1 Volt between the two nodes N1and Nj to the

network. This is indicated by the dotted line in Figure 1. Then the resistance in Ohms is

equal to the inverse of the current Ii through the voltage source Vi (R=VZI). This

means, that in the case of a voltage source V l of 1 Volt, the relevance is equal to the

current Ii through the voltage source V 1. Naturally another voltage source value may be

chosen, and the resistance value (and measure of relevancy) may then also be

determined using Ohm's Law.

The currents andZor impedances in an electronic network can be calculated or

determined using existing technologies, e.g. using simulations, network calculations or

actual construction of the network and actual measurements.



The current I i through the voltage source V i is the total relevance between the

two items represented by nodes N i and N . The sum of currents from and to a node N1

(e.g. I14+I34-I42 for node N4), is a measure of its contribution to the relevance. The

current through an impedance Zy is a measure of its contribution to the total relevance.

This can be used to analyze the contributors to the relevance.

The relevance of a relation, as modeled by the impedances Z
1}

can be a constant,

but also a function of some parameter, which may be a context parameter (Zy =

f(parameter x)). In this case, all calculations of the currents can be performed using

functions instead of constant values. The resulting current Ii through the voltage source

V i is then also a function of that parameter. This function can be used to calculate the

relevance under different values of the parameter.

A useful parameter may be time (Z =f(t)), which allows to model a time varying

value (e.g. a periodically changing value, a continuous changing value, or a stepwise

changing value). For some relations the relevance may decline over time. This can be

modeled by making the impedance Z a function that increases over time.

For the calculations with functions of parameters it is practical to choose

functions that are a quotient of polynomials (e.g. (ao+aix)/(bo+biy)). When quotients of

polynomials are added, subtracted, multiplied or divided, the result is again a quotient

ofpolynomials.

In the following, examples of applications where an embodiment of the present

method is applied are described in more detail.

In a first example, a company is modeled with employees who are in a

department and who work on a project and who have their desk in some room in the

office. Some employees are in the same department, some are in the same project, and

some are in the same room. The plurality of items in this example thus comprises

employees, departments, projects and rooms. The relations between the employees,

departments, projects and rooms are represented in a database. This database can be

described by a diagram as shown in Figure 2 .

The diagram shows three relation types: 'works for', 'desk at' and 'member of.

An employee is relevant for a project if the employee works for the project. An

employee is relevant for a room if the employee has a desk in the room. An employee

is relevant for a department if the employee works for the department. An expert may



determine a quantitative value for the relevancy related to each of the three relations

types.

In an exemplary application, the company has four employees E1-E4, three

projects P1-P3, two rooms R1-R2 and two departments D1-D2. The actual relation

instances between the employees E1-E4 and the projects P1-P3, rooms R1-R2 and

departments D1-D2 are as represented by the schematic diagram of Figure 3 . Each path

in this figure represents a way in which one item or entity is relevant for another,

represented by a line ('member of relation), a small dash line ('works for' relation) or

a bold dash line ('desk at' relation). For example, employee El is directly relevant for

project P l because El works for Pl. This is a path El - Pl. But El is also indirectly

relevant for Pl, for example because E l is member of department Dl, employee E4 is

member of Dl, E4 works for P3, E2 works for P3 and E2 works for Pl. This

corresponds to the path E l - Dl - E4 - P3 - E2 - P1. The present embodiment is based

on the assumption that the longer path should also contribute to the relevance between

El and Pl, but (much) less than the shorter path.

The method embodiment of the present invention calculates the relevance

between El and Pl by considering the network in Figure 3 as an electric network,

where the relations are resistors (a specific example of the impedance Z described

above). The resistances of the impedances Z are the inverse of the relevance of the

corresponding relation. So if the 'works for' relation makes an employee twice as

relevant for a project as the 'member of relation makes the employee for a department,

the resistance of the impedance Z corresponding to a 'works for' relation instance

should be half of the resistance of an impedance Z
1}

corresponding to a 'member of

relation instance.

To determine the relevance between the items employee E l and project Pl, the

resistance between the two corresponding nodes in the electrical network is determined.

This can, as mentioned before, be done by mathematical calculations, simulation, etc.

E.g. a voltage source providing 1 Volt may be added between El and Pl. The current

between El and Pl is then calculated. The current represents the relevance between El

and Pl.

The calculated relevance can, in this embodiment, be used to route calls to the

company, as exemplified in the schematic representation of Figure 4 . The private

branch exchange PABX of a company may have access to a database dB which stores



data regarding the projects, rooms, employees and departments and the relations

between them. Now every project may have a phone number, e.g. as indicated by "Pl"

in Figure 4 . When the private branch exchange PABX receives a call for the phone

number of a project ("Pl"), the most relevant employee E1-E4 is determined using the

method described above and using the data in the database dB. Then the call is offered

to the most relevant employee E1-E4. If the most relevant employee is unavailable, the

next relevant employee E1-E4 can be determined, until an available relevant employee

is found.

Note that it is possible that two items or entities in the database are not connected

through any path in the database. When in this case a voltage source is added, no

current will flow between the nodes representing the entities in the electrical network.

The lack of current represents a relevance of zero.

The services and applications described above may be implemented in a network

unit in a communication network, e.g. in the form of an application server 10, as shown

schematically in Figure 5 . The communication network comprises a telephone

exchange 15, which controls connections between a plurality of terminals 20 (of which

two are shown as telephone terminals). The communication network 15 may be any

type of communication network, e.g. a line based network (e.g. a POTS or ISDN

network) or a wireless network (e.g. GSM or UMTS network). The terminals 20 are

communication devices which allow the use of such a communication network.

The application server 10 has access to a database 11 (or multiple databases 11)

that stores the relations and relevant items. The application in the application server 10

(e.g. in the form of a software program) retrieves the relations from the database 11,

and constructs an internal model of the instances of the relations in the form of an

electrical network. This transformation from relations to an electrical network model

with resistance values can be performed at every query to the application, but for the

calculation of currents in the network some work can be shared from one calculation to

the next. For example, cycles in the electrical network must be detected when

calculating using Kirchhoff s current and voltage laws. This work and more can be

done once, and the intermediate result stored in an intermediate memory or database

12. Work (calculations) remains to be done for the calculation of the relevance between

any pair of items, because each relevance calculation requires the addition of a (virtual)

voltage source to the model, which modifies the modeled network. The application



server 10 may be (directly or indirectly) connected to the telephone exchange 15, in

order to be able to influence and control the connections between terminals 20

(indicated as 'call control' in Figure 5), e.g. using the embodiment described with

reference to Figures 2-4.

A further application embodiment in which the present invention may be used is

an emergency centre application. In case of an emergency such as a traffic accident, the

emergency services may need to contact a person that is related to the casualty. They

may need to contact the related person only to inform the related person, or perhaps to

obtain relevant information, such as medical information. Suppose that the emergency

services have access to information about family relations, employment data and the

city in which persons live. This data related to persons can be represented by the

database representation of Figure 6 .

A person may work for one or more companies (small dash line), and live in one

or more cities (bold dash line), and be the parent of one or more persons (line).

Through the 'parent of relation type all family relations are modeled: two siblings are

related through their parents. In this model the relevance of the 'parent of relation

would be much higher than the relevance of the 'works for' relation. The relevance of

the 'works for' relation would be higher than the 'lives in' relation, because two

persons who work for the same company would be more relevant to each other than

two persons who live in the same city.

This service could be deployed at the operator of an emergency centre. There the

relations can be retrieved from databases that contain the relations and the relations can

be transformed to the model of an electrical network. When an emergency call arrives

at the emergency centre, the operator can type the name or some identifier of the

casualty, after which the most relevant person can be determined. Then the operator can

call the most relevant person. Using this method, the operator no longer has to look

through the different databases separately, but an objective evaluation of the most

relevant person is presented based on the combination of different relations.

The contributors to the relevance, represented by the currents through the other nodes

and resistors in the simulated electrical network, can be presented to the operator,

sorted from high current through low current. When the most relevant person is

informed, some background information of the relevance can be given. For example, if

the related person is the brother of the casualty, there will be a high current in the



simulated network from the casualty to the parents of the casualty and from the parents

to the brother. This means that the parents and the corresponding 'parent of relations

involved have a high contribution to the relevance of the brother. These relations can be

presented to the operator, who can use this information when contacting the brother of

the casualty. It may be useful for the operator to know that the person is relevant

because he has two parents in common with the casualty.

The present method according to one of the embodiments described above, may

be implemented in a network unit in a communication network, such as the application

server 10 as described with reference to Figure 5. The present method may also be

implemented in an already existing network unit, such as a telephone switch (e.g. the

PABX of the embodiment described with reference to Figure 4). The method may be

implemented by loading computer executable instructions (e.g. a software program)

stored on a computer program product, in program memory of a computer system,

which is e.g. part of the network unit. The computer system comprises a processor or

processor system, which are arranged to load the computer executable instructions from

the program memory, and to execute the associated instructions. The processor system

may be a single- or multi-processor system, or a combination of a number of remote

processors.



CLAIMS

1. Method for determining a measure of relevancy between two selected items of a

plurality of interrelated items, comprising

modeling the plurality of interrelated items as nodes (N1-N4) in a network;

modeling a relation between two items as an impedance (Z ) between two associated

nodes, in which the impedance (Z ) is a function of the relevancy between the two

items;

determining the impedance value between two nodes (Nl, N ) associated with the two

selected items,

determining the measure of relevancy as a function of the impedance value between the

two nodes (N1, N ) .

2 . Method according to claim 1, in which the impedance (Zy) is a resistor.

3 . Method according to claim 1 or 2, in which the impedance (Z ) has a value which

is a function of a parameter.

4 . Method according to claim 3, in which the impedance (Zy) has a time varying

value.

5 . Method according to claim 3 or 4, in which the function comprises a quotient of

polynomials.

6 . Method according to any one of the claims 1-5, in which the impedance value

between the two nodes (N1, N ) is determined by adding a voltage source (Vi) with a

predetermined voltage, the terminals of the voltage source (Vi) being connected to the

two nodes (N1, N2), and determining the current (Ii) through the voltage source (Vi).

7 . Method according to any one of the claims 1-6, in which a contribution of an item

to the measure of relevancy is calculated by determining the current through the

associated node (N1-N4) .



8. Method according to any one of the claims 1-7, in which a contribution of a

relation between two items to the measure of relevancy is calculated by determining the

current (Iy) through the impedance (Z ) between associated nodes (N1-N4) .

9 . Method according to any one of the claims 1-8, in which intermediate results of

determining the impedance value or of determining the measure of relevancy are stored

for re-use.

10. Network unit in a communication network, implementing an application using a

measure of relevancy between two selected items of a plurality of interrelated items, in

which the network unit (10; PABX) is arranged to execute the method according to any

one of claims 1-9.

11. Network unit according to claim 10, in which the communication network is

arranged to provide connections to one or more terminals (20), and in which the

network unit (10; PABX) is arranged to determine a most relevant terminal (20) to

contact.

12. Network unit according to claim 11, in which the network unit (10; PABX) is

arranged to receive a call directed at an item of a first type, and to determine the most

relevant terminal to contact associated with an item of a second type, in which the first

type and second type are different.

13. Computer program product comprising computer executable code, which when

loaded on a computer system, allows the computer system to execute the method

according to any one of claims 1-9.
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'— ' covers only those claims for which fees were paid, specifically claims Nos :

4 . No required additional search fees were timely paid b the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark o n Protest The additional search fees were accompanied by the applicant's protest

I I No protest accompanied the payment o f additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2004)
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Claims Nos.: 1-9

The claims relate to subject matter for which no search is required
according to Rule 39 PCT, i.e. schemes, rules and method for performing
mental acts. Given that the claims are formulated in terms of such
subject matter, the search examiner could not establish any technical
problem which might potentially have required an inventive step to
overcome. Hence it was not possible to carry out a meaningful search
into the state of the art (Art. 17(2)(a)(i) and (ii) PCT; see Guidelines
Part B Chapter VIII, 1-3).

The applicant's attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is

normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guideline C-VI, 8.5),
should the problems which led to the Article 17(2) declaration be
overcome .
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