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(57) Abstract: The invention concerns a system having: a virtual assistant interactivity platform (102) including: a processing
device; a memory device storing data identifying a plurality of virtual assistants, and one or more topics associated with each virtual
assistant; a communication interface configured to receive an input query from a user device (104); and a memory coupled to the
processing device and storing executable instructions that, when executed by the processing device, cause the processing device to:
assess the input query to identify a subset of at least one of the virtual assistants based on a comparison between at least one topic of
the query and the one or more topics associated with each virtual assistant; transmit a query based on the input query to each of the
virtual assistants of the subset; evaluate answers to the input query received from the virtual assistants of the subset in order to gener-
ate a response comprising one or more of the answers; and transmit the response to the user device.
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VIRTUAL ASSISTANT INTERACTIVITY PLATFORM

The present patent application claims priority from
Furopean patent application No. EP13306680.3, the contents of
which is hereby incorporated by reference.
FIEID

The present disclosure relates to the field of methods
and systems for providing automated responses to user queries,
and in particular to a method and system for responding to user
queries using virtual assistants.

BACKGROUND

Virtual assistants, also known as automated online
assistants, are systems that use artificial intelligence to provide a
dialog with a user in order to respond to user queries. For example,
companies often make use of virtual assistants to provide a form of
customer interface, allowing many types of customer queries to be
resolved without human intervention.

The capacity of a virtual assistant to be able to respond
to a client query, and the extent to which the response adequately
resolves the query, will depend on the knowledge base and programmed
competences of the wvirtual assistant. In particular, virtual
assistants generally operate by applying programmed rules when

responding to user queries. These rules determine the scope of queries
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that may be addressed by the virtual assistant, and the depth of the
response that is provided.

To improve user satisfaction, there is a need in the art
for virtual assistants capable of adequately handling a broader range
of user queries. However, there are technical difficulties in meeting
such a need without significantly increasing the processing and data
storage resources of the wvirtual assistant. Additionally, an
organization may want to make available a virtual assistant that has
a knowledge base and programmed competences directed to products or
services not directly produced by it. For instance, a retail sales
company may want to provide a virtual assistant to answer questions
regarding products 1t sells. However, maintaining such a wvirtual
assistant can be costly and inefficient due to a constant need to
update its knowledge base and programmed competences.

SUMMARY

It is an aim of embodiments of the present invention to
at least partially address one or more needs in the prior art.

According to one aspect, there 1is provided a system
comprising: a virtual assistant interactivity platform comprising: a
processing device; a memory device storing data identifying a
plurality of virtual assistants, and one or more topics associated
with each virtual assistant; a communication interface configured to
receive an input query from a user device; and a memory coupled to
the processing device and storing executable instructions that, when
executed by the processing device, cause the processing device to:
assess the input query to identify a subset of at least one of the
virtual assistants based on a comparison between at least one topic
of the query and the one or more topics associated with each virtual
assistant; transmit a query based on the input query to each of the
virtual assistants of the subset; evaluate answers to the input query
received from the virtual assistants of the subset in order to generate
a response comprising one or more of the answers; and transmit the
response to the user device.

According to one embodiment, the subset of at least one

virtual assistant is identified by generating an expert score
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associated with each of the virtual assistants, and comparing each
expert score with a threshold value.

According to one embodiment, the expert score is generated
for a given virtual assistant based on respective topics detected in
the query, an indication of the given virtual assistant’s knowledge
of each respective topic, and an indication of the importance of each
respective topic among the topics in the query.

According to one embodiment, evaluating the answers to the
input query received from the virtual assistants of the subset
comprises determining an authority score associated with each virtual
assistant that indicates a level of expertise of the virtual assistant,
and determining a response score for each of the answers based on the
authority score of each virtual assistant.

According to one embodiment, evaluating the answers to the
input query received from the virtual assistants of the subset further
comprises comparing at least some of the response scores with a
response score threshold.

According to one embodiment, the response comprises each of
the answers for which the response score is equal to or exceeds the
response score threshold.

According to one embodiment, the response comprises a
combination of multiple of the answers created using semantic analysis
to identify differentiated subject matter in the multiple answers.

According to one embodiment, the virtual assistant
interactivity platform comprises a virtual assistant dialog management
module adapted to communicate with a query entry interface of the
virtual assistants.

According to one embodiment, the virtual assistant
interactivity platform comprises a translation module configured to
translate the text forming the user query from a first language to a
second language.

According to a further aspect, there is provided a method
comprising: assessing, by a virtual assistant interactivity platform,
an input query from a user device to identify a subset of at least
one of a plurality of virtual assistants based on a comparison between

at least one topic of the query and one or more topics associated with
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each virtual assistant; transmitting a query based on the input query
to each of the virtual assistants of the subset; evaluating answers
to the input query received from the virtual assistants of the subset
in order to generate a response comprising one or more of the answers;
and transmitting the response to the user device.

According to one embodiment, the subset of at least one
virtual assistant is identified by generating an expert score
associated with each of the virtual assistants, and comparing each
expert score with a threshold value.

According to one embodiment, the expert score is generated
for a given virtual assistant based on respective topics detected in
the query, an indication of the given virtual assistant’s knowledge
of each respective topic, and an indication of the importance of each
respective topic among the topics in the query.

According to one embodiment, evaluating the answers to the
input query received from the virtual assistants of the subset
comprises determining an authority score associated with each virtual
assistant that indicates a level of expertise of the virtual assistant,
and determining a response score for each of the answers based on the
authority score of each virtual assistant.

According to one embodiment, evaluating the answers to the
input query received from the virtual assistants of the subset further
comprises comparing at least some of the response scores with a
response score threshold.

According to one aspect, there is provided a non-transitory
data storage device storing program instructions that, when executed
by a processing device, cause the implementation of the above method.
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features and advantages will become
apparent from the following detailed description of embodiments, given
by way of illustration and not limitation with reference to the
acconmpanying drawings, in which:

Figure 1 schematically illustrates an autcmated user query
response system according to an example embodiment;

Figure 2A illustrates a virtual assistant interactivity

platform of Figure 1 in more detail according to an example embodiment;
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Figure 2B illustrates a virtual assistant of Figure 1 in
more detail according to an example embodiment;

Figure 3 is a flow diagram showing operations in a method
of responding to a user query according to an example embodiment of
the present disclosure;

Figure 4 schematically represents functional modules
forming the virtual assistant interactivity platform of Figure 1
according to an example embodiment of the present disclosure;

Figure 5 illustrates the method of Figure 3 in more detail
according to an example embodiment of the present disclosure;

Figure 6 is a table showing an example of query analysis
according to an example embodiment of the present disclosure; and

Figure 7 is a flow diagram showing operations in a method
of determining a best answer according to an example embodiment of
the present disclosure.

DETAILED DESCRIPTION

Figure 1 schematically illustrates an automated dquery
response system 100 according to an example embodiment.

The system 100 comprises a virtual assistant interactivity
platform 102. The platform 102 is capable of comunication with one
or more user devices 104, via one or more intermediate networks 106.
Figure 1 illustrates an example in which there are two user devices
(USER 1 and USER 2), but in alternative embodiments there could be
any number. Each user device 104 is for example a personal computer,
portable device such as a laptop, smart phone, etc., or other device
capable of electronic communications. The one or more intermediate
networks 106 may comprise one or more packet switched networks such
as the Internet, one or more LANs (local area networks) and/or wireless
LANs and/or other types of networks.

The platform 102 is also in communication, via one or more
intermediate networks 110, with N virtual assistants 108 (VIRTUAL
ASSTITANT 1 to VIRTUAL ASSISTANT N). There is no limit to the number N
of virtual assistants that could be addressed via platform 102, but
in general, N is at least 2. As with the intermediate networks 106,
the one or more intermediate networks 110 may also comprise one or

more packet switched networks such as the Internet, one or more LANS
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(local area networks) and/or wireless ILANs and/or other types of
networks.

Fach virtual assistant 108 corresponds to an autcmated
response system, for example implemented on a server, capable of
receiving and responding to user dqueries. For example, virtual
assistants 108 may host an interface, such as a website that provides
a query entry interface allowing queries expressed in text format to
be submitted in dialog boxes, and responses, also in text format, to
be returned. Virtual assistants 108 may be addressable wvia other
interfaces as well, such as a representational state transfer (REST)-
compliant web service using eXtensible Markup Language (XML) messages
and the Simple Cbject Access Protocol (SOAP), or other framework
offering similar interactivity. It will also be apparent to those
skilled in the art that the input and/or output interfaces of the
virtual assistants could comprise other data formats in addition to
or instead of text, such as spoken language in the form of an audio
stream and using appropriate speech-to-text and/or text-to-speech
conversion.

As will be described in more detail below, in operation, a
user submits an input query, via a user device 104, to the virtual
assistant interactivity platform 102. For example, like the wvirtual
assistants 108, the virtual assistant interactivity platform 102 hosts
an interface, such as a website allowing queries expressed in text
format to be submitted in dialog boxes, and responses, also in text
format, to be returned. The virtual assistant interactivity platform
102 may have other interfaces as well such as REST-compliant web
services. Also like the virtual assistants 108, the input and/or output
interfaces of the virtual assistant interactivity platform 102 could
comprise other data formats in addition to or instead of text, such
as spoken language. The platform 102 interrogates a selection of one
or more of the virtual assistants 108 based on the query, by forwarding
at least part of the query to each of the selected virtual assistants
108. The response from at least one of the selected virtual assistants

108 is then forwarded to the user device 104 that submitted the input
query.
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While in the example embodiment of Figure 1, the virtual
assistant interactivity platform 102 communicates with the user device
104 and with the virtual assistants 108 via intermediate networks 106,
110, in alternative embodiments the platform 102 may be in direct
communication with one of the user devices and/or a plurality of the
virtual assistants 108, for example if they are implemented locally
with the platform 102.

Figure 2A illustrates an example of hardware implementing
the virtual assistant interactivity platform 102 according to an
example embodiment.

For example, the platform 102 comprises a processing device
202, which comprises one or more processors under the control of
instructions stored in an instruction memory 204. The processing
device 202 is also coupled to a memory 206 storing data, such as a
list 208 of wvirtual assistant identifiers. For example the virtual
assistants may each be identified by a URL (uniform resource locator)
such as a web address. As will be described in more detail below, an
authority level may also be associated with each virtual assistant.
It should also be noted that the list 208 may be encapsulated in a
database.

The processing device 202 is also coupled to a
communications interface 210, which allows communications via one or
more intermediate networks with other elements of the query response
system, such as the user device 104 and virtual assistants 108.

Figure 2B illustrates an example of hardware implementing
each of the virtual assistants 108 according to an example embodiment.

For example, each wvirtual assistant 108 comprises a
processing device 212, which comprises one or more processors under
the control of instructions stored in an instruction memory 214. In
particular, the instructions in the instruction memory 214 for example
cause rules to be applied when processing user queries in order that
a query response 1is generated. The processing device 212 1is also
coupled to a memory 216 storing data, such as a knowledge base 218
providing data for aiding the response to queries. As an example, data

forming the knowledge base could include product specifications, help
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files, textual answers, multimedia contents (pictures, wvideo), web
links, etc.

The processing device 212 is also coupled to a
communications interface 220, which allows communications, via one or
more intermediate networks, with the virtual assistant interactivity
platform 102.

Figure 3 is a flow diagram illustrating operations in a
method, implemented by the virtual assistant interactivity platform
102 of Figure 1, for automatically responding to a user query according
to an example embodiment. This method is for example implemented by
program instructions stored in the instruction memory 204 of Figure
2A.

In a first operation 302, the wvirtual assistant
interactivity platform 102 receives a user input query from cne of
the user devices 104.

In a subsequent operation 304, the wvirtual assistant
interactivity platform 102 identifies a subset of virtual assistants
based on the user query. The subset for example comprises one or more
virtual assistants. For example, the virtual assistant interactivity
platform 102 extracts one or more topics from the user query, and
compares these one or more extracted topics with topics handled by
each of the virtual assistants 108. A filtering operation is then for
example used to filter out one or more of the virtual assistants that
are not capable of responding to queries relating to scme or all of
the extracted topics, or that have a relatively low expertise in
relation to some or all of the extracted topics. The remaining virtual
assistants form the subset of selected virtual assistants to which
the query will be transmitted.

In a subsequent operation 306, at least part of the query
is transmitted to each virtual assistant of the subset. For example,
this involves transmitting all or some of the text forming the query
to each identified virtual assistant in the subset, for example by
entering the text into a dialog box of a web interface associated with
each virtual assistant, or by formulating a SOAP message containing
the appropriate querying information and transmitting that message to

the web services interface of that virtual assistant.
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In a subsequent operation 308, responses are received from
the virtual assistants, and one or more best answers to the query are
identified and transmitted to the user device 104 from which the query
initiated. In particular, the virtual assistant interactivity platform
102 is for example capable of identifying cases in which a wvirtual
assistant was unable to provide a useful response, for example by
detecting standard wording such as "your query has not been
understood". Such responses may be discarded. If there is more than
one remaining answer, the system is for example capable of ranking
the answers based on characteristics of the virtual assistant from
which each response is received. These characteristics include for
example a measure of the relevance of the topic for the wvirtual
assistant and/or an authority score associated with the wvirtual
assistant.

The authority score of each virtual assistant is for example
determined periodically based on factors such as the size and/or
customer base of the company, the general level of expertise of the
company as perceived by their customers, etc.

The measures of the relevance of a range of topics for each
virtual assistant for example represent pre-programmed parameters in
the system. Alternatively or additionally, machine learning can be
used to determine/modify the topic-based competence of each virtual
assistant by using a feedback loop to assess whether or not users find
responses from the virtual assistants on one or more given topics to
be of use.

One or more of the best answers are then transmitted to the
user device 104. TFor example, a single best answer could be
transmitted, and then the user could be offered the chance of seeing
other answers if they wish, or all of the answers may be transmitted
to the user device 104. In an alternative embodiment, the subject
matter of multiple best answers may be combined into a single answer
for presentation to the user, for instance, by using semantic analysis
to identify differentiated subject matter in the best answers. In this
manner the knowledge of multiple wvirtual assistants can be
simultaneously presented to a user, without duplicate presentation of

subject matter.
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Figure 4 schematically illustrates an example of functional
modules forming the virtual assistant interactivity platform 102
according to an example embodiment. Each of these modules is for
example implemented by a program stored in the instruction memory 204
of Figure 2A.

The virtual assistant interactivity platform 102 for example
comprises a user dialog management module 402, which provides an
interface with user devices 104. For example, the module 402 provides
a web interface, accessible via the Internet, with a dialog box via
which users may enter queries and responses may be provided. The
virtual assistant interactivity platform 102 is for example capable
of processing a plurality of user queries in parallel.

The platform 102 also comprises a query analysis module 404,
which is capable of analysing user queries and identifying a subset
of the virtual assistants 108 that may be able to assist in responding
to the query.

The platform 102 also comprises a query routing module 406,
which is capable of routing user queries to the subsets of identified
virtual assistants 108. Furthermore, the platform 102 comprises a
virtual assistant dialog management module 408 via which queries are
routed to identified virtual assistants. In particular, the module 408
is for example capable of establishing and maintaining a dialog with
each virtual assistant 108 forming the identified subset.

The platform 102 may also comprises a translation module
410, which is capable of translating the text forming a user dquery
and/or one or more of the responses received from the virtual
assistants 108 from one language to another, to aid communication.
For example, a user submitting an input query may type the query in
French, and while some of the identified subset of virtual assistants
may accept French as a language of interrogation, others may accept
only English, and so the translation module 410 provides appropriate
French to English and English to French translation.

The platform 102 also comprises a response transformation
module 412, which is adapted to receive responses from one or more

virtual assistants 108, and to transform the responses, for example
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by filtering out and/or merging some of the answers, in order to
generate the response to be provided to the user device.

Figure 5 is a flow diagram showing operations in the method
of Figure 3 in more detail according to an example embodiment.

A query is received in an operation 502, and in a subsequent
operation 504 the dquery is assessed. This for example involves
identifying one or more topics of the query, and ranking the topics
based on their deemed importance, as will now be described with
reference to Figure 6.

Figure 6 is a table illustrating an example of the ranking
of terms in a user query. In the example of Figure 6, the user query
is the phrase "I am looking for new xyz phone colors", where xyz is a
phone brand. This query forms a top row 602 of the table, with each
word corresponding to a separate column. As shown by a middle row 604
of the table, each word is for example indexed 0 to 7 in the order
that the words occur in the query. Each of the words for example
corresponds to separate topic of the query, and as shown in the bottom
row 606 of the table, a ranking may be applied to the words based on
their deemed importance to the context of the query.

In the example of Figure 6, the highest ranking word is for
example the word "xyz"”, which is the name of the brand of phone that
is concerned. Indeed, one or more of the virtual assistants 108 may
be provided on website associated with given brands, and thus a brand
name detected in a query may systematically be considered the highest
ranking topic. The word "phone” is for example given the second highest
importance, as this word identifies a class of product concerned by
the query, and the word "colors" is for example given the third highest
importance as this term indicates the type of information that is
requested regarding the product.

The other words are given lower importance, and in some
cases certain words such as "I" and "am" could be automatically
filtered from the query during the assessment phase as not adding
useful information to the query.

In a subsequent operation 506, the query is for example
translated, and one or more experts, in other words one or more of

the virtual assistants having an expertise in the given topics, are
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identified. For example, 1in some embodiments, experts may be
identified by determining an expert score Scoreyp o0f each virtual
assistant using the following formula:

topic_k

Scoregy, = §:topic__weightx Im

topic_ 0
where the topics topic 0 to topic k correspond to the identified topics
of the query indexed O to k, the topic weight corresponds to the
welghting associated with a topic for the given virtual assistant,
and Im is the importance of the topic among the topics identified in
the query. Thus, virtual assistants associated with a high weighting
for a given topic, which is also an important topic of the query, will
receive a high expert score.

An expert score determined based on the above formula is
for example determined for each of the N wvirtual assistants 108. A
selection of a subset of virtual assistants i1s then made based on
these scores. For example, the selection could be made by comparing
each score with a threshold value, the subset of virtual assistants
corresponding to those for which the threshold is exceeded.
Alternatively or additionally, a certain number of the highest scoring
virtual assistants are selected to form the subset. For example, in
some embodiments, the subset comprises all of the virtual assistants
for which the expert score exceeds a threshold value, unless the number
of such virtual assistants exceeds a limit L, for example equal to a
value between 10 and 50, in which case the L highest scoring virtual
assistants are selected to form the subset.

In a subsequent operation 508, the query is submitted to
the identified wvirtual assistants forming the subset. For example,
this involves transmitting the complete text of the query to each
expert. Alternatively, in some embodiments, certain words of the query
may be suppressed, such as words that are deemed to be of low
significance.

In a subsequent operation 510, responses are received from
at least some of the subset of virtual assistants. This operation for
example involves setting a time delay, for example of between 2 and

30 seconds, and if any virtual assistant has not responded within this
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time delay, it may be assumed that this virtual assistant is not
available, and processing continues based only on the responses from
the other virtual assistants. If a virtual assistant is consistently
unavailable, platform 102 may be operable to exclude that virtual
assistant from querying for a period of time, so as to not induce
delay in providing responses to users.

In a subsequent operation 512, one or more of the best
answers provided by the virtual assistants are presented to the user
device 104. The selection of best answers is described in more detail
with reference to Figure 7.

In a subsequent operation 514, user feedback is received
from the user device 104. For example, the user may be prompted to
indicate, via a user interface of the user device, whether one or more
of the best answers adequately responds to the query. This feedback
can be analysed to determine which virtual assistants are capable of
providing useful responses to queries of given topics.

In a subsequent operation 516, the user is for example
prompted to indicate whether she/he wishes to continue dialog with
the virtual assistant that provided the best answer. If so, in a
subsequent operation 518, the virtual assistant interactivity platform
102 for example enables conversation between the user device 104 and
the wvirtual assistant. In particular, the platform 102 for example
routes each input from the user device 104 to the designated virtual
assistant 108, and routes each response back to this user device 104.

Alternatively, 1f in operation 516 the user does not wish
to continue the dialog, the next operation is for example operation
520, in which an additional loop is for example used to provide further
best answer in the case that the user was not adequately satisfied
with the best response transmitted in operation 512, and/or if the
user indicates a desire to view the answers from one or more other
virtual assistants.

Figure 7 is a flow diagram illustrating operations performed
in generating a best answer in the operation 512 of Figure 5 in more
detail according to an example embodiment.

Once answers have been received from at least some of the

subset of virtual assistants in operation 510 of Figure 5, an coperation



10

15

20

25

30

35

WO 2015/086493 PCT/EP2014/076828

14

702 of Figure 7 is performed, in which any answers are discarded when
the virtual assistant indicates a phrase such as "No topical answers",
implying that the expert was unable to answer the query.

In a subsequent operation 704, the answers from the subset
of virtual assistants are moderated. For example, this may involve
filtering out certain aspects of the responses from virtual
assistants, such as marketing material.

In a subsequent operation 706, it is determined whether
there are any remaining answers after the two filtering operations of
702 and 704 have been applied. If not, in a subsequent operation 708,
it is indicated to the user that "No expert understood your question",
or a similar phrase to inform the user that none of the virtual
assistants was able to respond to the query.

Alternatively, if in operation 706 there is at least one
answer, the next operation is 710, in which an expert score and
authority score associated with each virtual assistant is determined,
along with a history score for each virtual assistant determined based
on historical results obtained by machine learning. These parameters
are then used to generate a response score associated with the query
response from each virtual assistant. For example, in one embodiment
the response score is the sum of the expert score, the authority score,
and history score. In alternative embodiments, different formulas
could be used to generate the response scores.

In a subsequent operation 712, it is determined how many of
the response scores are equal to or exceed a response score threshold.
Thus threshold is for example the highest score among the response
scores, multiplied by a rate R. This rate R is for example a parameter,
in the range 0.1 to 1, set by the client indicating a willingness to
accept several answers rather than a single answer. For example, if
the rate is set to a value of 0.5, this will mean that any answer that
scores more than 50% of the highest response score will be counted.
Alternatively, 1if the rate is set at 1, only the highest response
score will be counted.

If in operation 712 it is determined that there is a single
answer, this answer is transmitted to the user device in operation

714. Alternatively, if in operation 712 it is determined that there
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is more than one answer, the answers are aggregated and transmitted
to the user device in operation 716. For example, this may simply
involve entering each answer in the dialog box of the user device 104,
and inviting the user to indicate which answer is found to respond
best to their query.

An advantage of the embodiments described herein is that,
by providing a virtual assistant interactivity platform capable of
communicating with a plurality of wvirtual assistants and of
identifying a subset of the virtual assistants to be interrogated with
the query, an autcomated response system can be provided that is capable
of responding to a broad range of user queries. A further advantage
is that, by selecting a subset of the virtual assistants, the number
of assistants to be interrogated, and the number of received responses,
will be reduced when compared to a case in which all virtual assistants
are interrogated. This leads the technical advantage of reducing
processing requirements and energy consumption in the system.

Furthermore, by relying on multiple virtual assistants, each
dedicated to specific areas of expertise, and filtering between
answers provided by these virtual assistants, the behaviour of the
platform may mimic closely that of a virtual assistant capable of
responding to a broader range of requests than a single wvirtual
assistant.

Having thus described at least one illustrative embodiment,
various alterations, modifications and improvements will readily occur
to those skilled in the art.

For example, 1t will be apparent to those skilled in the
art that while software implementations have been described,
alternatively the embodiments described herein could be implemented
at least partially in hardware, such as by one or more ASICs
(application specific integrated circuits).

Embodiments of the subject matter and the operations
described in this specification can be implemented in digital
electronic circuitry, or in computer software, firmware, or hardware,
including the structures disclosed in this specification and their
structural equivalents, or in combinations of one or more of them.

Fmbodiments of the subject matter described in this specification can
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be implemented as one or more computer programs, 1l.e., one or more
modules of computer program instructions, encoded on computer storage
medium for execution by, or to control the operation of, data
processing apparatus. Alternatively or in addition, the program
instructions can be encoded on an artificially-generated propagated
signal, e.d., a machine-generated electrical, optical, or
electromagnetic signal, which is generated to encode information for
transmission to suitable receiver apparatus for execution by a data
processing apparatus. A computer storage medium can be, or be included
in, a computer-readable storage device, a computer-readable storage
substrate, a random or serial access memory array or device, or a
combination of one or more of them. Moreover, while a computer storage
medium is not a propagated signal (i.e. it is non-transitory), a
computer storage medium can be a source or destination of computer
program instructions encoded in an artificially-generated propagated
signal. The computer storage medium can also be, or be included in,
one or more separate physical components or media (e.g., multiple CDs,
disks, or other storage devices).

The operations described in this specification can be
implemented as operations performed by a data processing apparatus on
data stored on one or more computer-readable storage devices or
received from other sources.

The term “data processing apparatus” encompasses all kinds
of apparatus, devices, and machines for processing data, including by
way of example a programmable processor, a computer, a system on a
chip, or multiple ones, or combinations, of the foregoing The apparatus
can include special purpose logic circuitry, e.g., an FPGA (field
programmable gate array) or an ASIC (application-specific integrated
circuit). The apparatus can also include, in addition to hardware,
code that creates an execution enviromment for the computer program
in question, e.g., code that constitutes processor firmware, a
protocol stack, a database management system, an operating system, a
cross-platform runtime environment, a virtual machine, or a
combination of one or more of them. The apparatus and execution

environment can realize various different computing model
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infrastructures, such as web services, distributed computing and grid
computing infrastructures.

A computer program (also known as a program, software,
software application, script, or code) can be written in any form of
programming language, including compiled or interpreted languages,
declarative or procedural languages, and it can be deployed in any
form, including as a stand-alone program or as a module, component,
subroutine, object, or other unit suitable for use in a computing
environment. A computer program may, but need not, correspond to a
file in a file system. A program can be stored in a portion of a file
that holds other programs or data (e.g., one or more scripts stored
in a markup language document), in a single file dedicated to the
program in question, or in multiple coordinated files (e.g., files
that store one or more modules, sub-programs, or portions of code). A
computer program can be deployed to be executed on one computer or on
multiple computers that are located at one site or distributed across
multiple sites and interconnected by a communication network.

The processes and logic flows described in this
specification can be performed by one or more programmable processors
executing one or more computer programs to perform actions by operating
on input data and generating output. The processes and logic flows
can also be performed by, and apparatus can also be implemented as,
special purpose logic circuitry, e.g., an FPGA (field programmable
gate array) or an ASIC (application-specific integrated circuit).

Processors suitable for the execution of a computer program
include, by way of example, both general and special purpose
microprocessors, and any one or more processors of any kind of digital
computer. Generally, a processor will receive instructions and data
from a read-only memory or a random access memory or both. The
essential elements of a computer are a processor for performing actions
in accordance with instructions and one or more memory devices for
storing instructions and data. Generally, a computer will also
include, or be operatively coupled to receive data from or transfer
data to, or both, one or more mass storage devices for storing data,
e.g., magnetic, magneto-optical disks, or optical disks. However, a

computer need not have such devices. Moreover, a computer can be
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embedded in another device, e.g., a mobile telephone, a personal
digital assistant (PDA), a mobile audio or video player, a dJgame
console, a Global Positioning System (GPS) receiver, or a portable
storage device (e.g., a universal serial bus (USB) flash drive), to
name Jjust a few. Devices suitable for storing computer program
instructions and data include all forms of non-volatile memory, media
and memory devices, including by way of example semiconductor memory
devices, e.g., EPROM, EEPROM, and flash memory devices; magnetic
disks, e.g., internal hard disks or removable disks; magneto-optical
disks; and CD-R(M and DVD-ROM disks. The processor and the memory can
be supplemented by, or incorporated in, special purpose logic
circuitry.

To provide for interaction with a user, embodiments of the
subject matter described in this specification can be implemented on
a computer having a display device, e.g., a CRT (cathode ray tube) or
ICD (liquid crystal display) monitor, for displaying information to
the user and a keyboard and a pointing device, e.g., a mouse or a
trackball, by which the user can provide input to the computer. Other
kinds of devices can be used to provide for interaction with a user
as well; for example, feedback provided to the user can be any form
of sensory feedback, e.g., visual feedback, auditory feedback, or
tactile feedback; and input from the user can be received in any form,
including acoustic, speech, or tactile input. In addition, a computer
can interact with a user by sending documents to and receiving
documents from a device that is used by the user; for example, by
sending web pages to a web browser on a user’s client device in
response to requests received from the web browser.

Embodiments of the subject matter described in this
specification can be implemented in a computing system that includes
a back-end component, e.g., as a data server, or that includes a
middleware component, e.g., an application server, or that includes a
front-end component, e.g., a client computer having a graphical user
interface or a Web browser through which a user can interact with an
implementation of the subject matter described in this specification,
or any combination of one or more such back-end, middleware, or

front-end components. The components of the system can be
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interconnected by any form or medium of digital data communication,
e.g., a communication network. Examples of communication networks
include a local area network (“LAN”) and a wide area network (“WAN”),
an inter-network (e.g., the Internet), and peer-to-peer networks
(e.g., ad hoc peer-to-peer networks).

A system of one or more computers can be configured to
perform particular operations or actions by virtue of having software,
firmware, hardware, or a combination of them installed on the system
that in operation causes or cause the system to perform the actions.
One or more computer programs can be configured to perform particular
operations or actions by virtue of including instructions that, when
executed by data processing apparatus, cause the apparatus to perform
the actions.

The computing system can include clients and servers. A
client and server are generally remote from each other and typically
interact through a communication network. The relationship of client
and server arises by virtue of computer programs running on the
respective computers and having a client-server relationship to each
other. In some embodiments, a server transmits data (e.g., an HIML
page) to a client device (e.g., for purposes of displaying data to
and receiving user input from a user interacting with the client
device). Data generated at the client device (e.g., a result of the
user interaction) can be received from the client device at the server.

While this specification contains many specific
implementation details, these should not be construed as limitations
on the scope of any inventions or of what may be claimed, but rather
as descriptions of features specific to particular embodiments of
particular inventions. Certain features that are described in this
specification in the context of separate embodiments can also be
implemented in combination in a single embodiment. Conversely, various
features that are described in the context of a single embodiment can
also be implemented in multiple embodiments separately or in any
suitable sub-combination. Moreover, although features may be described
above as acting in certain combinations and even initially claimed as

such, one or more features from a claimed combination can in some



10

15

WO 2015/086493 PCT/EP2014/076828

20

cases be excised from the combination, and the claimed combination
may be directed to a sub-combination or variation of a sub-combination.

Similarly, while coperations are depicted in the drawings in
a particular order, this should not be understood as requiring that
such operations be performed in the particular order shown or in
sequential order, or that all illustrated operations be performed, to
achieve desirable results. Moreover, the separation of various system
components in the embodiments described above should not be understood
as requiring such separation in all embodiments, and it should be
understood that the described program components and systems can
generally be integrated together in a single software product or
packaged into multiple software products.

Thus, particular embodiments of the subject matter have been
described. Other embodiments are within the scope of the following
claims. In some cases, the actions recited in the claims can be
performed in a different order and still achieve desirable results.
In addition, the processes depicted in the accompanying figures do
not necessarily require the particular order shown, or sequential

order, to achieve desirable results.
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CLATIMS
1. A system comprising:
a virtual assistant interactivity platform (102)

comprising:

a processing device (202);

a memory device (208) storing data identifying a
plurality of virtual assistants, and one or more topics associated
with each virtual assistant;

a communication interface (210) configured to receive
an input query from a user device (104); and

a memory (204) coupled to the processing device and
storing executable instructions that, when executed by the processing
device, cause the processing device to:

assess the input query to identify a subset of at least one
of the virtual assistants based on a comparison between at least one
topic of said query and said one or more topics associated with each
virtual assistant;

transmit a query based on said input query to each of the
virtual assistants of the subset;

evaluate answers to the input query received from the
virtual assistants of the subset in order to generate a response
comprising one or more of said answers; and

transmit said response to the user device.

2. The system of claim 1, wherein said subset of at
least one virtual assistant is identified by generating an expert
score associlated with each of said virtual assistants, and comparing
each expert score with a threshold value.

3. The system of claim 2, wherein said expert score is
generated for a given virtual assistant based on respective topics
detected in the query, an indication of the given virtual assistant’s
knowledge of each respective topic, and an indication of the importance
of each respective topic among the topics in the query.

4. The system of any of claims 1 to 3, wherein
evaluating the answers to the input query received from the virtual

assistants of the subset comprises determining an authority score
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associated with each wvirtual assistant that indicates a level of
expertise of the virtual assistant, and determining a response score
for each of said answers based on the authority score of each virtual
assistant.

5. The system of claim 4, wherein evaluating the answers
to the input query received from the virtual assistants of the subset
further comprises comparing at least scme of the response scores with
a response score threshold.

6. The system of claim 5, wherein said response
conmprises each of the answers for which said response score is equal
to or exceeds said response score threshold.

7. The system of claim 5 or 6, wherein said response
comprises a combination of multiple of said answers created using
semantic analysis to identify differentiated subject matter in the
multiple answers.

8. The system of any of claims 1 to 7, wherein said
virtual assistant interactivity platform (102) comprises a virtual
assistant dialog management module (408) adapted to communicate with
a query entry interface of said virtual assistants.

9. The system of any of claims 1 to 8, wherein said
virtual assistant interactivity platform (102) comprises a translation
module (410) configured to translate the text forming said user query
from a first language to a second language.

10. A method comprising:

assessing, by a virtual assistant interactivity platform
(102), an input query from a user device (104) to identify a subset
of at least one of a plurality of virtual assistants based on a
comparison between at least one topic of said query and one or more
topics associated with each virtual assistant;

transmitting a query based on said input query to each of
the virtual assistants of the subset;

evaluating answers to the input query received from the
virtual assistants of the subset in order to generate a response
comprising one or more of said answers; and

transmitting said response to the user device.
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11. The method of claim 10, wherein said subset of at
least one virtual assistant is identified by generating an expert
score (Scoreyp) associated with each of said virtual assistants, and
comparing each expert score with a threshold value.

12. The method of claim 11, wherein said expert score is
generated for a given virtual assistant based on respective topics
detected in the query, an indication of the given virtual assistant’s
knowledge of each respective topic, and an indication of the importance
of each respective topic among the topics in the query.

13. The method of any of claims 10 to 12, wherein
evaluating the answers to the input query received from the virtual
assistants of the subset comprises determining an authority score
associated with each wvirtual assistant that indicates a level of
expertise of the virtual assistant, and determining a response score
for each of said answers based on the authority score of each virtual
assistant.

14. The method of claim 13, wherein evaluating the
answers to the input query received from the wvirtual assistants of
the subset further comprises comparing at least some of the response
scores with a response score threshold.

15. A non-transitory data storage device storing program
instructions that, when executed by a processing device, cause the

implementation of the method of any of claims 10 to 14.
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