wo 2011/126458 A1 | NI 0K 00O O O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

Co o
1 1d Intellectual P t t k) sy
(9) Workd ntellctual Propety Organiation G825 | UMD UG A OO
International Bureau Wi ) )
3\ i 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
13 October 2011 (13.10.2011) PCT WO 2011/126458 Al
(51) International Patent Classification: School of Computing, Department of Computer Science,
GO6F 17/30 (2006.01) 21 Lower Kent Ridge Road, Singapore 119077 (SG).
(21) International Application Number: (74) Agent: AMICA LAW LLC; 30 Ratfles Place, #18-03/04
PCT/SG2011/000139 Chevron House, Singapore 048622 (SG).
(22) International Filing Date: (81) Designated States (unless otherwise indicated, for every
6 April 2011 (06.04.2011) kind of national protection available): AE, AG, AL, AM,
25) Filing L ) Enelish AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(25) Filing Language: nglis CA., CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(26) Publication Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
L. HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(30) Priority Data: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
61/321,133 6 April 2010 (06.04.2010) us ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(71) Applicant (for all designated States except US): NA- NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
TIONAL UNIVERSITY OF SINGAPORE [SG/SG]; SE, 5G, SK, SL, SM, ST, 8V, 8Y, TH, TJ, TM, TN, 1R,
21 Lower Kent Ridge Road, Singapore 119077 (SG). TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every

(72) Inventors; and ) g ’ !
(75) Inventors/Applicants (for US only): CHUA, Tat Seng kind of regional protection available). ARIPO (BW, GH,
[SG/SG]; ¢/o National University of Singapore, School of GM, KE, LR, LS’ MW, MZ, NA, SD, SL, SZ, TZ, UG,
Computing, Department of Computer Science, 21 Lower ZM, ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Kent Ridge Road, Singapore 119077 (SG). MING, Zhao TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

. . . . EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU
Y N . Nt 1 f £ b &) &) b &) &) 2 i 2 2 > >
an [CN/SG]J; c/o National University of Singapore, LV, MC, MK, MT. NL, NO, PL, PT. RO, RS, SE. SI, SK.

[Continued on next page]

(54) Title: AUTOMATIC FREQUENTLY ASKED QUESTION COMPILATION FROM COMMUNITY-BASED QUESTION
ANSWERING ARCHIVE

(57) Abstract: Frequently Asked Questions (FAQ) data

FIG. 4 - are generated using Community-based Question Answer-

ing (CQA) data. A thematic hierarchy generation module

receives multiple data sources and generates a thematic hi-

Receive a plurality of data on one or more topics erarchy of the data source, whetre a data source has one or

410 more topics and a topic has one or more themes. A feature

l classifier classifies multiple CQA data into one or more

themes based on the thematic hierarchy, where a CQA

data contains multiple question-answer pairs. A selection

module selects multiple question-answer pairs from the

i CQA data based on the classification, measures the quality

of the selected question-answer pairs and generates FAQ

data using the selected question-answer pairs of the CQA
l data.

Generate a thernatic hierarchy of the plurality of data
420

Receive a plurality of CQA data

Classify the CQA data based on the thematic hierarchy
440

!

Select a set of question-answer pairs from the classified
CQA data
450

Generate FAQ data using the selected question-answer
pairs of CQA data
460

Y
End



WO 2011/126458 A1 W00 0 ) 0 A0 0 A

SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, Published:
GW, ML, MR, NE, SN, TD, TG).

—  with international search report (Art. 21(3))
Declarations under Rule 4.17:

—  of inventorship (Rule 4.17(iv))



WO 2011/126458 PCT/SG2011/000139

AUTOMATIC FREQUENTLY ASKED QUESTION COMPILATION FROM
COMMUNITY-BASED QUESTION ANSWERING ARCHIVE

Inventors:
. Tat-Seng Chua -
© Zhao-Yan Ming

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No.
61/321,133, filed April 6, 2010, entitled “Automatic Frequently Asked Question
Compilation from Community-based Question Answering Achieve,” which is

incorpbrated by reference in its entirety.

BACKGROUND
[0002] This invention generally relates to generation of a Frequently Asked
Question (FAQ) list of data from community generated question-answer pairs, or
other unstructured archived data.
[0003] Community-based Question Answering (CQA) and Frequently Asked
Question (FAQ) data are similar in that both provide information using pairs of
questions and answers. However, while services providing CQA data accumulate
user-generated question-answer pairs, FAQ data is often manually compiled by
experts about one or more topics at significant cost. Hence, FAQ data is usually
concise, comprehensive, well-partitioned and written in formal and grammatical
language while CQA data has varying quality in both language and content and is
usually loosely structured and coarsely partitioned because of the large number of

participants supplying data.
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[0004] Maintenance of FAQ.data introduces additional complexity by requiring
one or more experts in the field of ‘the FAQ data to monitor developments in the FAQ
topic and the changes in the béhévior of the users of the FAQ topic. Hence,
conventional FAQ data ié genéraily undef—maintained and quickly becomes outdated.
While CQA data is more able to Be maintained, the large number of quesﬁon and
answer pairs present in even the most specific level of CQA data results in
information overload. Additionally the quality of the content used to generate CQA
data varies drastically from excellent to irrelevant. Further, the conventional category
structure of CQA data is generally not specific enough to include specific relations for

convenient user access.

SUMMARY
[0005] Embodiments of the invention relate to a method and a system for
hierarchically classifying and summarizing Community-based Question Answering
(CQA) data associated with a topic to present concise and hierarchically structured
Frequently Asked Question (FAQ) data associated with the topic. In one embodiment,
a thematic hierarchy is generated for a specific topic by retrieving data from one or
more sources associated with the specific topic and from structured data associated
with the specific topic. For example, data associated with the specific topic is
retrieved from websites or manuals associated with the specific topic and used to
generate a thematic hierarchy associated with the topic.
[0006] Using data from the thematic hierarchy, CQA data is retrieved from one or
more CQA sources and used to train a classifier. In one embodiment, a classifier,
such as Class-Feature-Centroid (CFC) classifier, is trained using data from one or

more CQA sources. After being trained, the classifier organizes CQA data into one or
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more themes from the thematic hierarchy. Question and answer pairs included in
CQA data within a theme are clustered and a subset of the question and answer pairs
within a cluster of a theme areas:sociated with the theme and stored based on a
relevahce score and a quality seofre, Hence, the stored data associated with a thefne
comprises one or more question and answer pairs having at least a thresheld number
of features associated with previoﬁsly-identiﬁed high quality question and answer
pairs‘and also having a relatively small distance from a centroid of the cluster
including the question and answer pair. The small distance from the centroid of the
clustef indicates that a question and answer pair is highly relevant to the fheme

associated with the cluster.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] FIG. 1 is a high-level block diagram of a system environment for
generation of Frequently Asked Question (FAQ) data using Community-based
Question Answering (CQA) data in accordance with an embodiment of the invention.
[0008] FIG. 2 is a block diagram of a computing device in accordance with an
embodiment of the invention.
[0009] FIG. 3 is a block diagram of a FAQ generator in accordance with an
embodiment of the invention.
[0010] FIG. 4 is a flow chart of a process for generating FAQ data using CQA
data in accordance with an embodiment of the invention.
[0011] FIG. 5 is a flow chart of a process for selecting CQA data based on
classification of CQA data for FAQ data generation in accordance with an

embodiment of the invention.
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DETAILED DESCRIPTION

FAQ Generation Platform Architecture

[0012] Embodiments of thé iﬁ\:/ehtion may be i_mblemented using various
archiiéctures, such as the exarﬁplé architecture illustrated in FIG. 1. In this
,emboidiment, a Frequently Asked Question (FAQ) generator 130 retrieves data from
one or more data sources | 10A,‘ 110B and one or more Community Question
Answering (CQA) sourées 115A, 115B and generates FAQ data from the retrieved
data. In the embodiment shown in FIG. 1, the FAQ generator 130, the data sources
110A, 110B and the CQA sources 115A, 115B are coupled to a network 120. While
FIG. 1-depicts two data sources 110A, 11 0B and two CQA sources 115A, '1'1 5B, in
other embodimen.ts a greater of fewer number data sources 110 and CQA sources 115
may be ﬁsed.

[0013] The one or more data sources 110A, 110B comprise computing devices or
storage devices including data associated with one or more specific topics. As used
herein, “topic” refers to a top class or overall name while “theme” refers to categories
within a topic. Hierarchically, the topic is the top level of the hierarchy while the
“themes” are categories or classes within a topic. For example, a topic may be a
product name and themes associated with the topic may be different features of the
product. The data sources 110A, 110B include data associated with a topic.
Examples of data sources 110A, 110B include product specific web sites, product
manuals or other domain specific web pages or web sites. Additionally, data sources
110A, 110B include other information resources, such as online encyclopedias.
[0014] The one or more CQA sources 115A, 115B comprise computing devices or
storage devices including CQA data associated with one or more specific topics

and/or one or more themes within a topic. In one embodiment, CQA data comprises
-4-
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user-generated question-answe; pairs structured so that one or more answers are
associated with a question. A CQA source 115 may associate stored question-answer
pairs with a topic, theme or othef category to facilitate subsequent data retrieval.
[0015]: The nfetwork 120, \g/h:ich may comprise ény combination of local area
and/or wide area networks using wireless communication systems, communicates data
between the one or more data sources 110A, 110B, the one or more CQA sources
115A, 115B and/or the FAQ generator 130. In an embodiment, the network 120 is the
Internet and uses a combination of wireless and wired communication systems to
communicate data. |

[0016] The F'AQ generatof 130 comprises one or more computing déﬂ/ices which
communicate with the one or fnofe data sources 110A, 110B and/or the one or more
CQA sources 115A, 115B via the network 120. In the embodiment illustrated in FIG.
3, the FAQ generator 130 comprises a thematic hierarch generation 310, a feature
classifier 320 and a selection module 330. As described above in conjunction with the
data sources 110A, 110B, the thematic hierarchy generation module 310 is configured
to generate a thematic hierarchy identifying themes within a topic based on the
structure or hierarchy of data associated with the topic retrieved from one or more data
sources 110A, 110B. The feature classifier 320 is configured to use the thematic
hier‘archy to generate a class-feature cent_roid from one or more CQA sources 1154,
115B using a centroid-based classifier. The selection module 330 is configured to
select one or more classified CQA data to generate the FAQ data.

[0017] The data sources 110A, 110B include data associated with a topic. In one
embodiment, the thematic hiefarchy generation module 310 uses the structure or
hierarchy of data within a data source 110 to generate a thematic hierarchy.identifying

themes within a topic and the relationship of themes to each other. For example, a
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hierarchical outline of an online ency¢10pedia’s data about a topic and/or the structure
ofa to‘pic-speciﬁc web site is idéntiﬁ'ed by the FAQ generator 130 and used to
generate a’ structured object mpdel of themes within a topic. The structured object
mod'el; is further ;eﬁned into a ‘th:ematic hierarchy uéing the structure of online
encyclopedia data associated with:a topic or the structure of sections of é topic-
specific web site. |

[0018] The feature classifier 320 of the FAQ generator 130 classifies the CQA
data based on the thematic hierar_chy of topics and themes. In one embodiment, the
feamre classifier 320 is a mod‘ivﬁ'.ed ClassAFeatureQCentroid (mCFC) ciassiﬂer to
claééify recgived CQA data usmg themes from thé themaﬁc hierarchy. For example,
thé mCFC classiﬁer classiﬁeS'nén?leaf themes having at least two child themes, which
may be direct child themes or descendents of child themes. The basic framework of
mCFC classifier is adopted from a general centroid classifier in which a prototype, or
“centroid” is used as a delegate for a theme.

[0019] In one embodiment, a new instance, p, is compared with multiple
prototypes, and is classified as a theme associated with the most similar prototype.
The new instance, p, is compared to each prototype. For example, a vector space
model of mCFC in term space is used to represent the prototypes and the instances in
the ;:orpus of prototypes, such as the thematic hierarchy. The similarity between a
new instance and a prototype is calculated using the cosine similarity between the
corresponding term vectors of the new instance and the prototype. Cosine similarity is
a measure of similarity between two vectors of » dimensions by finding the cosine of
the angle between them (the smaller the angle, the 1arger the similarity). For example,
a new instance is assigned to a theme according to Equation (1) presented below,

where T represents a theme and p represents a new instance:

-6-
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.  plprototype,
T = argmax,( i b ovpe,

| Ipll prototype, | 1)

[0020] Frdm the thematic ﬁiérarchy and a centrbid-based classification
framéwork, such as the mCFC classifier described above, the feature classifier 320
categorizes new instances associated with a non-leaf theme to a child thefne of the
non-leaf theme based on protofype‘ vectors associated with the children theme. In one

embodiment, a centroid is represented by a weighted vector prototype, =

(W, W2 joees Wyseos Wy, ,-) in the space of the vocabulary 7, and the term weight is

“calculated as the combination of an inner-class term index and an inter-class term
index, as:

DF,’

]

, T|

=pT xlo 7]

w; X g(TF, )
' 2

where pr, is document frequency of term  in theme 7,, |7, is the number of
documents in theme 7,, |C| is the total number of document classes, 7r, is the number
of themes containing term ; and b is a constant larger than one.

[0021] The first component of Equation (2) is the inner-class term index, which
favors frequent terms in questions under a theme. The second component of Equation
(2) represents the inter-class term index, which favors discriminative terms that
distribute rather differently among themes.

[0022] To gather training instances for centroid-based classification, the feature
classifier 320 retrieves CQA data from one or more CQA sources 115A, 115B using
one or more terms associated with themes from the generated thematic hierarchy. In
one embodiment, the feature classifier 320 retrieves data from one or more CQA

sources 115A, 115B associated with each theme from the thematic hierarchy. For
-7-
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example the feature classifier 320 :issu_es a query for a theme according to the thematic
hier‘aréhy to one or more CQA sci)lllrces: 115A, 115B to collect data for a topic from

- one or more CQA sources 115A; 115B

[00231 The féamre classiﬁe;r'320 uses a subset of the data received ﬁom the CQA
sources 1 15A, 1 iSB associated with a theme as training data for centroid-based
classification for that theme. For example, a specific theme in the thematic hierarchy
is constrained by its ancestors and the unification of its descendants, so a query for the
specific theme is formed accofdingly. In one embodiment, the query aschiated with
the ith’eme is augﬁiented with lmked concepts associéted With the theme énd reﬁ*ieved
frorh one or moré‘data sourceS 110A, 110B. For examplé, a subset of the ‘CQA data,
such as the most relevant 20 question and answer pairs, returned by a query are used
by the feature classifier 320 to build a training corpus associated with the theme.
[0024] In one embodiment, the feature classifier 320 uses a top-down approach
for hierarchical classification based on the mCFC output. For example, CQA data
associated with a first topic is first categorized into a second level of themes
associated with the first topic. CQA data associated with a non-leaf theme are further
classified into themes descending from a theme in the second level of themes until the
CQA data is associated with a leaf node. In this embodiment, individual models are
use& for each non-leaf node of a theme by using individual training sets associated
with each non-leaf node.

[0025] After classifying CQA data into themes from the thematic hierarchy, the
selection module 330 of the FAQ generator 130 individually processes CQA data
associated with a leaf theme to réduce the amount of CQA data. In one embodiment,
the selection module 330 groups CQA associated with a leaf theme into a predefined

number of clusters using K-means clustering, or another suitable clustering method,

-8-
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and identifies representative CQA data having a high quality from a plurality of
clusters associated with the leaf node‘. In one embodiment, representative, high-

quality CQA data is identified from each cluster aséociated with a leaf node.

[0026] In one embodimeni, fhe selection module 330 selects a set of features used
to estimate the quality of different question and answer pairs included in CQA data.
Because some feétures may not be available for each cluster of CQA data or for each
question and answer pair within a cluster of CQA data, a subset of the features may
also be used to obtain an apprnximate measure of the quality of a question and answer |

pair within a cluster of CQA daté.,

[0027) In one embodiment, a labeled training set is generated for CQA quality
estimation, where the labeled fraining set provides the ground-truth for question-
answer nairs of a topic or theme. The inter annotator agreement on question and
answer pairs having high quality, “positive instances,” is found to be low because of
the subjective determination of what constitutes a high quality question and answer
pair. Hence, the labeled training set is generated by automatically downloading
existing FAQs associated with a topic or theme from one or more data sources 1104,
110B or CQA sources 115A, 115B and identifying the existing FAQs as positive
instances. Low quality question and answer pairs are manually collected from one or

more separate CQA sources 115A, 115B.

[0028] In one embodiment, the low-quality question and answer pairs are obtained
from a separate developing CQA source 115 or CQA sources 115A, 115B. Examples
of low quality question and answer pairs, or “negative instances,” include questions
for chatting, questions seeking personal opinions or questions with ungrammatical

English. In one embodiment, a set of positive instances and a set of negative instances

-9-
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are used as the training set for determining quality. For example, the training set
| corhprises 2000 positive and 2000 negative instancés. The set of features represented
by thei positive instances and the negative instances in the training set are then used to
estimate the quality of different question and ansWer pairs in the CQA data. In one
embodiment, the features from the training set are application-specific and are
different features, or subsets of features, may be used in different applications. Using
features from the training set, the selection module 330 produces a quality score for

multiple question and answer pairs within a CQA cluster.

[0029] In addition to the quality score, the seléc’tion module 330 also generates a
representative score by calculéting the distance between an individual quéstion and
ansWer pair and fhe centroid of the K-means cluster, or other cluster, including the
individual question and answer pair. In one embodiment, the quality score and the
representative score are linearly combined to produce a suitability metric describing
the suitability of a question and answer pair to be put into the final FAQ. For
example, question and answer pairs having a suitability metric exceeding a specified
threshold are stored and included in the final FAQ. Alternatively, question and
answer pairs within a cluster of CQA data are ranked based on their associated
suitgbility metrics and the question and answer pairs having the highest relative
suitability metrics are stored included in the final FAQ. In other embodiments, the
representative score and the quality score may be differently combined to generate the

suitability metric.

FAQ Generation Using COA Data

[0030] FIG. 4 is a flow chart of a process for generating FAQ data using CQA

data in accordance with an embodiment of the invention. Initially, the FAQ generator

-10-
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130 receives 410 a plurality of data on or more topics (e.g., data sources 110A, 110B).
The FAQ generator 130 generates 420 .a thematic hierarchy of the plurality of data,
whére the thematic hierarchy identifies themes within a topic and the relationship of
“themes to each other. The FAQ génerator 130 receives 430 a plurality of CQA data
and classifies 440 the CQA ddta based on the thematic hierarchy. In one embodiment,
the FAQ generat&r 130 uses a modified Class-Feature-Centroid (mCFC) classifier to
classify received CQA data using the themes from the thematic hierarchy. The FAQ
generator 130 selects 450 a se't:‘ of question-answer bairs from the classiﬁ‘ed CQA data
and géneratés 460 FAQ data u“sing the selected question-answer pairs.of CQA data.
[0031']: FIG. 5 is a flow chart of a process for selecting CQA data based on
classification of CQA data for FAQ data generation in accordance with an
embodiment of the invention. The FAQ generator 130 receives a plurality of
classified CQA data, where the CQA data are cl‘assiﬁed by the feature classifier 320
and the classified CQA data have one or more themes of the thematic hierarchy. For
each theme of the classified CQA data, the FAQ generator 130 groups 522 a
predetermined number of CQA data into multiple clusters (e.g., a K-means cluster),
where the CQA data in a cluster share some common features related to the theme.
The number of CQA data in a cluster is a configurable design choice.
[0032] For each cluster, the FAQ generator 132 selects 524 a number of
representative data of the clustér, and measures 526 the quality of the representative
data. For example, the FAQ generator 130 measures the quality of the representative
data using a labeled training sef, which provides grbund-truth of question-answer pairs
of a topic or theme. The quality of a representative data in a cluster can be:
represented by a quality score; The FAQ generator 130 further generates 528 a

representative score for each question-answer pair of the representative data in the
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cluster, where the representatifye' score vof the representative data indicates how well
the representative data represents the features assoeiated with theme/topic of the
cluster. For e){ample, FAQ generator 130 generates the representative score by
calculating the distance between an individual question-answer pair and the centroid
of the K-mean cluster. The FAQ generator 130 selects one or more question-answer
pairs from the clusters based on the quality and representativeness of the
repres_entative data.

[00:3_35] Althobugh shown m FiG. 1 as coupled to the FAQ generator 1?30 via a
neMork 120, in other embodiments, one or more of the data sources 1 IOA, 110B
and/or one or more of the CQA seurces 115A,115B may‘be included in a single
cemprrting device or storage device. In an alternative embodiment, a sirrgle
computing device includes the FAQ generator 130, one or more data sources 1104,

110B and/or one or more CQA sources 115A, 115B.

System Environment

[0034] FIG. 2 illustrates an embodiment of a computing device 200 used to
implement the FAQ generator 130. In the embodiment shown in FIG. 2, the
computing device 200 comprises a processor 210, a data store 220, an input device
230, an output device 240, a power supply 250 and a communication module 260. It
should be understood, however, that not all of the above components are required for
the computing device 200, and this is not an exhaustive list of components for all
embodiments of the computing elevice 200 or of all possible variations of the above
components. A computing device 200 may have any combination of fewer than all of
the capabilities and components described herein.

[0035] The processor 210, data store 220, and the power supply 250, such as a

battery or any other suitable power source enable the computing device 200 to
-12-
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perfofrn computing functionai’ities. The processor 210 is coupled to the input device
230 and the outplit device 240 ehabling applications running on the computing device
200 to use these devices. In one embodiment, the data store 220 comprises a small
amount of random access memory (RAM) and a larger amount of flash or other
persistent memory, allowing applications or other computer executable code to be
stored and executed by the processor 210. In one embodiment, the data store 220
includes instructions, that when executed cause the processor to perform the actions
described above in FIG. 1 in eenjunction with the FAQ generator 130, allowing the
corhbuting device 200 to retrieve data from one or more ciata sources 1 IOA, 1 ldB and
from one or more CQA sources 115A, 115B to automatically generate a FAQ. The
cemputing device 200 also executes an operating system or other software supporting
one or more input modalities, for receiving input from the input device 230 and/or one
or more output modalities presenting data via the output device 240, such as audio
playback or display of visual data.

[0036] The output device 240 may comprise any suitable display system for
providing visual feedback, such as an organic light emitting diode (OLED) display.
The output device 240 may also include a speaker or other audio playback device to
provide auditory feedback. For example, the output device 240 may communicate
audio feedback (e.g., prompts, commands, and system status) according to an
application running on the computing device 200 using the speaker and also display
word phrases, static or dynamic images, or prompts as directed by the application
using the display. The input (ievice 240 comprises 'any suitable device for receiving
input from a user, such as a keyboard, touch-sensitive display or gesture capture

system.

-13 -
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[0037] The communicatioiri ﬁﬁ)dﬁlé 260 comprises a wireless communication
circﬁit allowing wireless communication with the network 120 (e.g., via Bluetooth,
WiFi, RF, inﬁ'argd, or ultrasonic). For example, the communication module 260
identifies and communicates with one or more wireless access points using WiFi or
identifies and communicates with one or more cell towers using RF. In an
embbdiment, the communication module 260 also includes a jack for receiving a data

cable (e.g., Mini-USB or Micro-USB).

Summary

[0038j The déscription of the embodiments of the invention is presehted in this
application for the purpose of ’illus’tration; it is not intended to be exhausti;/e or to
limit the invention to the precise fbrms disclosed. Persons skilled in fhe relevant art
can appfeciate that many modifications and variations are possible in light of the
above disclosure. |

[0039] Some portions of this description describe the embodiments of the
invention in terms of algorithms and symbolic representations of operations on
information. These algorithmic descriptions and representations are commonly used
by those skilled in the data processing arts to convey the substance of their work
effectively to others skilled in the art. These operations, while described functionally,
computationally, or logically, are understood to be implemented by computer
programs or equivalent electrical circuits, microcode, or the like. Furthermore, it has
also proven convenient at times, to refer to these arrangements of operations as
modules, without loss of generality. The described operations and their associated
modules may be embodied in Soﬁware, firmware, hardware, or any combinations

thereof.
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[0040] Any of the steps, dpérétiohs, or processés described herein may be
performed or implemented with one or more hardWare or software modules, alone or
in combination with other devicgs. In one embodiment, a software module is
implemented with a computer program product comprising a computer-readable
medium containing computer program code, which can be executed by a computer
processor for performing any or all of the steps, operations, or processes-described.
[0041] Emediments of the invention may alsoz felaté, to an apparatué for
perférining the dperations heréin. | This apparatusvn‘lay be specially cons&ucte& for the
required purposes, and/or it rriay comprise a general-purpose computing device
selectively activated or reconfigured by a computer program stored in the computer.
Sﬁch a computer program may be‘stored in a tangible computer readable storage
medium or any type of media suitable for storing electronic instructions, and coupled
to a computer system bus. Furthermore, any computing systems referred to in the
specification may include a single processor or may be architectures employing
multiple processor designs for increased computing capability.

[0042] Embodiments of the invention may also relate to a computer data signal
embodied in a carrier wave, where the computer data signal includes any embodiment
of a computer program product or other data combination described herein. The
corﬁputer data signal is a product that is presented in a tangible medium or carrier
wave and modulated or otherwise encoded in the carrier wave, which is tangible, and
transmitted according to any sﬁitable transmission method.

[0043] Finally, the language used in the specification has been principally selected
for readability and instructionél purposes, and it may not have been selected to

delineate or circumscribe the inventive subject matter. It is therefore intended that the
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scope of the invention be limited not by this detailed description, but rather by any

claims that issue on an application based hereon.
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What is claimed is;

1. A method of generating Frequently Asked Questions (FAQ) data from
Community-based Question Answering (CQA) data, the method comprising:
receiving a plurality of data sources and a topic having one or more
- themes, wh‘er:ein each data sourcé has data associated with one or
more topics; -
generating a thematic hierarchy of the plurality of data sources;v
| classifying a plurality of CQA data into one or more themes baéed on the
thematic hieraréhy, where the CQA data containing a plurality of
question-answer pairs;
selecting a plurality of question-answer pairs from the CQA data based on
the classification; and
generating FQA data using the selected question-answer pairs of the CQA

data.

2. The method of claim 1, wherein the topics and themes of the plurality

of data sources organized hierarchically within the thematic hierarchy.

3. The method of claim 1, wherein classifying the plurality of CQA data
comprises using a centroid-based classifier, wherein a theme of the CQA data has a

centroid of a plurality of prototypes associated with the theme.

-17 -
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4. The method of claim 3, wherein the centroid of the plurality of
prototypes associated with the theme is based on the weights assigned to the plurality

of prototypes associated with the theme.

5. The method of claim 1, wherein selecting the plurality of question-
ansWer pairs frofn the CQA déta ¢0mprises:
for each theme of fhe CQA data, grouping a plurality of CQA datainto a
plurality of cluéters, wherein the CQA data in a cluster share one or
more features associated with the theme, and a cluster of CQA data

has a centroid representing the theme of the cluster.

6. The method of claim 5, further comprises, for each cluster of CQA
data:
selecting a plurality of representative data from the cluster;
measuring a quality of the representative data; and
generating a representative score for each question-answer pairs of the

representative data.

7. The method of claim 6, wherein measuring the quality of the

representative data comprises generating a quality score of the representative data.

8. The method of claim 6, wherein generating a representative score of
the representative data comprises calculating the distance between a question-answer

pair of the CQA data with the centroid of the cluster.

-18-
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9. The method of claim 6, wherein generating a representative score for
each question-answer pair of the representative data further comprises ranking the
question-answer pairs of the CQA data in the cluster based on the representative

SCOres.

10. A non-transitoi_?y computer-readable medium storing exec%utable
computer program code for générating Frequently Asked Questions (FA:Q) data from
: Corhmunity—based Question Answering (CQA) data, the computer program code
comprisiﬁg codei for:
receiving a plurality of data sources, a data source having data.associated
with one or more topics, and a topic having one or more themes;
generating a thematic hierarchy of the plurality of data sources;
classifying a plurality of CQA data into one or more themes based on the
thematic hierarchy, where the CQA data containing a plurality of
question-answer pairs;
selecting a plurality of question-answer pairs from the CQA data based on
the classification; and
generating FQA data using the selected question-answer pairs of the CQA

data.

11.  The computer-readable medium of claim 10, wherein the topics and
themes of the plurality of data sources organized hierarchically within the thematic

hierarchy.
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12.  The computer-readable medium of claim 10, wherein the computer
program code for classifying the plurality of CQA data comprises computer program
code for using a centroid-based classifier, wherein a theme of the CQA data has a

centroid of a plurality of prototypes associated with the theme.

.: 13.  The computer-;e{adabl_e medium of claim 10, wherein thejcomputer
prOéram code for selecting thé plﬁrality of question-answer pairs from the CQA data
comprises computer program code for:

for each theme of the CQA data, grouping a plurality of CQA data into a
- plurality of clpsters, wherein the CQA data in a cluster.share one or
more features associated with the theme, and a cluster of CQA data

has a centroid representing the theme of the cluster.

14.  The computer-réadable medium of claim 13, further comprises
computer program code for, for each cluster of CQA data:
selecting a plurality of representative data from the cluster;
measuring quality of the representative data; and
generating a representative score for each question-answer pairs of the

representative data.

15.  The computer-readable medium of claim 14, wherein the computer
program code for measuring the quality of the representative data comprises computer

program code for generating a quality score of the representative data.
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16.  The computer-readable medium of claim 14, wherein the computer
program code for generating a representative score of the representative data
comprises computer program code for calculating the distance between a question-

answer pair of the CQA data vjvith‘the centroid of the cluster.

: 17.  The computer-ireéiadjablle'medium of élaim 14, wherein the %computér
program code for generating a representative score for each question—anéwer pair of |
the representativc data further cdinprises computer program code for ranking the
quesbtion-answer pairs of the CQA data in the cluster based on the represeﬂtative

SCOres.

18. A system of genérating Frequently Asked Questions (FAQ) data from
Community-based Question Answering (CQA) data, the system comprising:

a non-transitory computer-readable storage medium storing executable
computer program modules comprising a thematic hierarchy
generation module configured to:

receive a plurality of data sources, a data source having data
associated with one or more topics, and a topic having
one or more themes, and

generate a themativc hierarchy of the plurality of data sources;

a feature classifier configured to classify a plurality of CQA data into one
or more themes based on the thematic hierarchy, where the CQA
data containing a plurality of question-answer pairs; and

a selection configured to:
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select a plurality of question-answer pairs from the CQA data
based on the classification, and
generate FQA data using the selected question-answer pairs of

}the CQA data.

9. The system of blaifn 18, wherein thé. selection module is further
conﬁgured to: |
for each theme of the CQA data, group a plurality of CQA data into a
| plurality of clusters, wherein the CQA data in a cluster éhare one or
" more featul;cs: éssociated with the theme, and a cluster of CQA data

has a centroid representing the theme of the cluster.

20.  The system of claim 19, wherein the selection module is further
configured to, for each cluster of CQA data:
select a plurality of representative data from the cluster;
measure quality of the representative data; and
generate a representative score for each question-answer pairs of the

representative data.
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