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Abstract—Social search is having a flourishing success for
its effectiveness in retrieving high quality information useful
to achieve complex search goals. Surprisingly, the potential of
the social paradigm at the basis of collaborative tagging in
satisfying complex search intents has been unexplored so far.
We propose an extended model of folksonomies that allows to
compose and tag complex user-defined relations among items,
users, and tags. We show that this model offers several means
to fulfill complex search tasks that are hard to be achieved by
other existing services. Furthermore, we support the validity
of our approach through a data-driven analysis on Flickr
photosets and we present an online portal that provides this
new user experience.

Keywords-Relational folksonomies; social search; collabora-
tive tagging

I. INTRODUCTION

Online search engines are undoubtedly the main fulcrum
of Web user activity and they are used to satisfy a great
variety of search purposes. Among all the search intents,
a considerable portion of traffic on traditional query-based
engines is characterized by complex search tasks that can be
satisfied only through the aggregation of information from
multiple sources [1].

Recently, new Web services designed to meet this demand
are successfully emerging under two different paradigms.
The first uses automated techniques to assist the user during
a complex query session. The latter, so-called social search,
does not rely on algorithms to retrieve accurate responses
to queries, but instead routes queries to other users that can
provide their knowledge to answer them. Whether relying
on the “wisdom of the crowds” —where the best reply is
reached by a sort of consensus— or on a “ask an expert”
principle, social search is expected to be more effective than
automatic information retrieval in providing results that well
satisfy complex search goals.

In such a scenario, collaborative tagging, one of the first
social paradigm for online information retrieval, stopped at
an early stage of the Web 2.0 revolution and did not follow
the trend outlined by social search. Despite folksonomies
produce very high-quality categorization of items [2] and
evidence of their effectiveness in improving Web search has
been provided in the past [3], up to now tagging is used
mainly to accomplish simple search tasks.
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We propose a model to realize the unexplored poten-
tial of folksonomies in satisfying complex search intents.
We present the relational folksonomy, an extension of the
classical folksonomy that allows to compose complex user-
defined relations between objects and tag them. While the
most known tag-based search engines allow to tag atomic re-
sources like single URLs or multimedia objects, the purpose
of our model is to allow users to organize their knowledge
or their search experience in meaningful relational structures
that represent complex concepts. Resources produced by
users or retrieved via classic query-based or tag-based search
engines can be connected with relations that express the re-
sponse to a complex search goal, thus creating a knowledge
base that provides solutions to complex search needs of other
users.

The advantages of this model over existing systems are
manifold. First, arbitrary relations between objects can shape
complex knowledge more flexibly than simple set-like col-
lections of items. Second, our model allows to tag not only
relations between resources (e.g., URLs) but also between
users, tags, and any combination of them. This implies that
users can associate other users to items, thus easily triggering
the possibility of social search mechanisms, and they can
also share their search experience in terms of the relations
between the tags used during a search session. Third, the
composition of relations can be performed collaboratively
by many users; this allows to solve search problems that are
too complex or time consuming to be handled by a single
user. Last, the relations between objects provide an easy and
meaningful way to navigate inside the result. In a scenario
where the result is a complex object, this kind of navigation
could be reasonably more helpful to the user if compared to
classic ranked-list visualizations of results.

In the following we provide a deeper insight on the
behavior of users tagging complex objects with a data-
driven analysis of Flickr (Sec. II), then we present the model
together with a case study (Sec. III) and the description of
the online service implementing our model (Sec. IV).

II. USER BEHAVIOR IN TAGGING ITEM
COLLECTIONS

Tagging complex relations between resources can be
useful based on the assumption that a structured cluster
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of objects conveys richer semantics than a directory of
unrelated resources. This assumption resembles the holistic
philosophical current, effectively summarized by the noto-
rious sentence: “The whole is greater than the sum of its
parts”. We therefore expect that a sort of Gestalt effect,
i.e. the human capability of understanding a wider, unifying
meaning from a system of distinct but related items, can be
observed in this context.

As partial evidence that this principle holds in social book-
marking, we perform an analysis on a popular collaborative
tagging system to verify what is the relation between the
tags assigned to user-generated clusters of resources and the
tags assigned to the atomic items that compose the cluster.

We selected the Flickr photo sharing service for our
analysis because, to the best of our knowledge, it is one
of the few social media websites that allow users to group
together tagged resources. In particular, user can compose
photosets from single photos of their own; furthermore,
photosets have a short title that describes the collection. Even
if their structure is very simple and not flexible, since it does
not allow a real tagging operation on the set, photosets are
good candidate to verify the theory.

Using the Flickr API, we collected the information about
230,020 photosets corresponding to 13,317 users and con-
taining an overall amount of 7,188,004 pictures. For every
picture, we extracted the tags that its owner has attached to
it. We then compared the photoset title —free from stop-
words— with the tags inside the photoset.

The first result is that only the 43% of photoset titles
overlap with the tags attached to the images inside the
set. This means that in more than half of the cases, photo
collections have a name that is completely different, from a
lexical point of view, from the labels that define the atomic
items inside it. Analyzing the overlap between title and tags
at a finer grain, we can also observe that, when an overlap
occurs, in roughly 50% of the cases the title contains at
least one word that does not appear in any of the tags of
the photoset resources. This is a hint that very often the title
add some semantics to the information specified by the tags
of single pictures.

On the other hand, even when an overlap occurs, the
tags specify different information than the photoset title. As
shown in Fig. 1, the 90% of photosets contains tags that
overlap only 20% of the times with the photoset title and,
as one can expect, the overlap ratio decreases as the photoset
size grows. From the curves in Fig. 1 we also learn that it
is quite frequent that a picture in the photoset is labeled
with a tag that appears also in the title. This is coherent
with the observation that users tend to tag resources with
words taken by the title of the resource or of the collection
which contains it [4]. Moreover, In Flickr this behavior is
somehow broaden by the possibility to tag pictures in batch.
Nevertheless, it appears that this phenomenon is limited to
a minority of cases.
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Figure 1. Overlap between photosets title and tags inside the set. The

measures are restricted to the 43% of photosets whose title has some
overlap with tags. Left plot shows the portion of tags and distinct tags
that overlap with their photoset’s title and the portion of photos that are
labeled with at least one overlapping tag. Right plot shows the average
values of same measures for photosets with the same item size.

This preliminary analysis is not meant to be a formal
characterization of the user behavior in classification of ag-
gregated items; however it clearly shows that when resources
are aggregated even in a simple set structure, the description
that users give at the set level considerably deviates from the
labels assigned at atomic level. This observation validates
the hypothesis that the meaning of relationship between
resources goes beyond the mere aggregation of atoms.

III. MODEL

A common definition of the classic model of a folkson-
omy is the following [5]:

Definition 1: A folksonomy is a tuple F := (U, T, R, A)
where U, T, and R are finite sets of users, tags, and
resources respectively. The ternary relation A C U x T x R
represents the annotation of resources with tags performed
by users. Instances (u,t,7) € A are called triples.

We propose an new definition of folksonomy that is a
consistent extension of the previous one.

Definition 2: A relational folksonomy is a tuple
Fr=(U,T,R, A,R) where U, T, R, and R are finite sets
of users, tags, resources, and relational bundles respectively.
The ternary relation A C U xT x R represents the annotation
of bundles with tags performed by users. The set of relational
bundles R is recursively defined as follows:

reR = reR
uelU = ueR )
teT = teR

NCRApCNxN = (N,peRr

Shortly, in a relational folksonomy users start creating
bundles by specifying relations between atomic resources
in RUU UT. The relation p can be picked among the
(extensible) core set of relations specified in Table 1. In
turn, once a bundle is created, it can be recursively included
in a higher order relation together with other bundles or
atomic resources, according to Formula 1. This model is very
flexible and expressive, since any combination of simple
and complex items through any relation can be created by
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Relation Description
Set (S) p=0
List (L) p =<, antisymmetric and transitive partial order
relation on IV
Graph (G) If items are interpreted like nodes, then p C N X N
determines the set of edges between them. It can be
undirected if (n1,n2) € p = (n2,n1) € p
Tree (T) A hierarchical structure obtainable as an acyclic
graph G
Hypergraph ~ Graph-like relation between elements in the power-

set p(R), obtainable by the S relation

Table 1
CORE RELATIONS OBTAINABLE IN RELATIONAL FOLKSONOMIES
(FORMULA 1)

the users. Of course, bundles can be tagged for indexing or
description purposes.

The main goal of the model is to allow users to link
together different resources with a relational structure that
conveys complex semantics that would not emerge from a
simple collection of the resources. This is particularly useful
to organize and share the knowledge on complex topics or to
collaboratively build a common relational structure on very
articulated matters, in a Wikipedia fashion. Since also users
can be inserted into bundles, social information like connec-
tions between people can be directly related to resources, for
example to identify expertise in some knowledge areas, thus
implicitly enabling social search mechanisms. Moreover, the
possibility to tag relations between tags allow to index any
search process seen as a relation of co-occurring tags in a
search session; successful search paths can then be shared to
provide other users a guidance to achieve a complex search
goal.

Traditional folksonomies are clearly a subset of relational
folksonomies that are obtained following the first branch of
Formula 1. In this case, R can contain only elements from R
thus the folksonomy reduces to the (U, T, R = R, A) tuple.
This means that our model still allows tagging of atomic
resources like in classic folksonomies.

The structure of relational folksonomies allows to 1)
effectively collect the resources or the knowledge gathered
during a complex search activity on a traditional tag-based or
query-based engine, 2) add a structured, semantic connection
to the accumulated knowledge through user defined relations
and 3) share the structured knowledge that comes out from
this process with other users, using tags.

A. Use case

For illustrative purposes, we present an example of how
the relational folksonomies can be used to solve a real-world
task.

Suppose that Alice is willing to share her experience
about a recent travel through Italy. She went to Venice,
then Florence and, at the end, Rome. She visited the main
touristic attractions of each city, taking pictures and videos,

theater trains chocolate
Venice Turin Italy
opera hotels trip

Figure 2. Query graph for a user that wants to visit Italy and enjoy opera
and chocolate

writing notes about the hotels she stayed in or the restaurants
she went to, collecting online contacts of people she met
during the trip.

At the end of her travel, Alice wants to organize and
share her experience with friends. Using the proposed
approach, she creates a Set bundle for each city, con-
taining the media items related to that location; accord-
ing to Definition 1 and Table I, we refer to these as
(Venice,S), (Florence,S), and (Rome,S), respectively
(supposing that city names are just macro to identify the
collection of resources). To represent the temporal sequence
of the trip, she arranges the stages of her journey us-
ing a List that represents the path covered: Path =
({(Venice, S), (Florence,S), (Rome,S)}, L). Since the
model allows to include also people in relations, Alice
creates another Set bundle (Participants,S) that contains
the reference to her fellow travelers. At this point, she
shares the bundle ({Path, (Participants,S)},S) labeled
with tags Italy, trip and vacation.

Now assume that Bob is planning a vacation in Italy.
He submits a query to the system with the tags lraly and
trip, thus finding the bundle previously posted by Alice.
He navigates through the bundle collecting information and
possibly tagging or personalizing items. Since Bob has not
much time for his vacation, he would like to gather opinions
on which of the three cities is most worth seeing, in order
to spend more time visiting it. To do so, he sends a request
to the users in (Participants,S) to ask for their opinion and
suggestions.

Since Bob is keen on opera music, he wants to find an
opera house in Venice. So, he submits a query with tags
Venice, opera, and theater. At the end of the trip, Bob would
also like to visit a place where he can taste good chocolate,
so he searches for the tags Italy and chocolate. He finds that
Turin is the Italian capital of chocolate and so he plans to go
there by train and lodge in an hotel. Fig. 2 summarizes the
Graph bundle of tags used by Bob during his search, where
tags co-occurring in the same query are linked. This bundle,
automatically build by the system during the search session,
represents an example of a complex search path performed
by a user willing to visit Italy and enjoy opera and chocolate.
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Bob, who is interested in continuing its search session
later, saves this Graph tagging it with Italy, chocolate, and
opera. Bob can also choose to share its search experience
by publishing the bundle. Doing so, other users can begin
their own research starting from the knowledge gathered by
Bob, possibly learning relations between concepts which are
unknown to them (e.g., Turin and chocolate).

IV. PORTAL

The relational folksonomy model has been implemented
in an online Web service available at http://mumb.di.unito.it.
Although, at this moment, the portal is an early-stage
prototype that does not cover the complete set of intended
functionalities, it can still provide to the reader a concrete
idea of the scenarios that the relational folksonomy model
enables. The current portal is structured in three main
functional sections: Search, Share, and Socialize.

In the Search section (Fig. 3) users can submit queries
to the system obtaining a ranked list of atomic results or
complex bundles that meet the search criteria. By selecting
a bundle the user can navigate its content, tag it or publish
a personalized version. On the left side, filters allow to
organize the result set by type, source or ownership. On
the right side, the upper box contains a weighted list of tags
that are related to the words in the current query string.
The similarity relation is derived from the semantic concept
network built in the Great Minds Think Alike project [6],
[7] (http://greatminds.givealink.org) that leverages the games
with a purpose paradigm to collect high-quality social anno-
tations on Web resources, tags, media content, people, and
geographical locations. In the lower box, the current session
is represented by the Graph bundle that contains the tags
used during the search session, where edges between tags
indicates their co-occurrence in a query. At this moment,
the user is not able to publish the search path, however, this
functionality is under development and it will be introduced
in the next release since it represents a key functional aspect
and a concrete shift from the current approaches.

In the Share section users can compose, share and tag
bundles. Bundle creation is performed by aggregating con-
tent from existing bundles or from social media like Flickr,
YouTube, Twitter or any other web services that exports a
public APIL. Since the atomic elements are URIs, the system
allows to append anything to a bundle, even users and
locations, enabling a geo-social aspect to the engine. Fig. 4
shows the process of adding a YouTube video to a bundle
set. The current prototype provides the ability to create only
bundle sets containing photos, videos or tweets. However,
it is worth noting that the prototype architecture has been
carefully designed to easily support new relations or media
channels in future releases.

The Socialize section (not implemented yet) is intended
to foster the creation of social links between users building
a community around them. The system will suggest people
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Figure 4. Adding a YouTube video to a bundle set

interested in similar topics and will enable discussion panels
to share the knowledge of experts.

The portal allows anonymous users to search, navigate and
create a bundle; instead, sharing, tagging and connecting to
people requires a login procedure. Users may login using
an account from some of the most popular social media
sites like Facebook, Yahoo!, Google and many others. Any
service that implements the OpenID protocol is accepted.
In the Control Panel the user can manage her multiple
digital identities and connect them to the local id, enabling
services like discovery, personalized recommendation, social
networking, and so on.

V. RELATED WORK

In the following we discuss previous work in extending
classic collaborative tagging services with new features and
in improving search with social tools.

A. Improving and extending folksonomies

Since the scientific community has turned his attention on
folksonomies, many aspects of collaborative tagging systems
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have been studied and developed. Recent research on social
bookmarking includes the analysis of behavioral patterns,
topical trend detection in tagging [8], [9], and studies about
the relationship between folksonomies and taxonomical cat-
egorization of items [10]. Several efforts have also been
spent in improving the tagging systems quality of service by
structuring and properly ranking search results in tag-based
search [5] or proposing services based on the information
extracted from folksonomies, like personalized recommen-
dation services [11], [12] or social link suggestion [13].
Some work has been done in extending tag-based search
from a navigational point of view. Services like Yahoo!
TagExplorer allow to specify narrower tags at each search
step with the aim of quickly converging to a small set of re-
sources, and other work has been done in realizing platforms
for tag navigation [14], automatic tag clustering [15], and in
improving the user experience in navigational search [16].
Currently, some of the major social bookmarking ser-
vices support some sort of grouping functions. Del.icio.us
allows to create tag bundles, which are tagged sets of tags,
Bibsonomy support relations between tags in a hierarchical
fashion, and, as seen above, Flickr allows the construction
and tagging of photosets. Nevertheless, these solutions lack
of generality since they are designed to fit their own single
domain and hardly adaptable to more complex relations than
the simple set. For instance, more general features like nest-
ing of relational structures or composition of different types
of relation are not explicitly supported by these models.
Perhaps, the only relevant attempt in changing the
paradigm at the basis of folksonomies has been proposed in
the GroupMe! project [17]. Similarly to our work, GroupMe!
is based to an extension of the classic Folksonomy for-
mulation that allows the creation of groups of multimedia
resources. GroupMe! is able to capture just one of the
many relations we introduce in our model and, even more
important, it deals only with the resource dimension of the
folksonomy, thus not being able to embed social search
features like tagging and sharing of successful search paths
or indexing users and associate them to particular resources.
Finally, note that the problem of improving the quality of
the relations between concepts has been somehow addressed
also in context different from collaborative tagging systems.
The work by Volkel et al. [18], for instance, is aimed to
extend the links between Wikipedia pages with semantic
modifiers that could be used by editors to specify the nature
of connections between Wikis.

B. Social search

On the other hand, social search is having a great suc-
cess so that also traditional query-based search engines are
turning to a more social perspective to follow this trend.

Originally, the idea of “social search” was referred to the
task of searching a particular person through a path between
users in a social network [19], but soon its meaning evolved

to denote a process of search for knowledge through a social
platform. In fact, complex queries that cannot be easily
satisfied by conventional search engines can be efficiently
answered if they are submitted to a social substrate of
human computers, especially if they are experts in the query
subject. It has been shown that users perceive many advan-
tages in social search like getting personalized answers by
trustworthy experts or the possibility of getting satisfactory
responses to subjective questions [20]. Q&A bulletin boards
like Yahoo! Answers have been the earliest examples of
social search, but recently this paradigm evolved in services
like Aardvark [21], where queries are automatically routed
to users that declared their expertise in the subject of the
submitted question.

The power of social search facilities is complementary
with the services offered by traditional search engines. The
synergy between the two paradigms have been already ex-
ploited by services like Google Confucius [22], where users
are redirected to a social search platform for some query
categories. Another social approach to deal with complex
query activity has been adopted by Yahoo! SearchPad [1],
a service that automatically recognizes the boundaries of a
complex search mission in a query stream, allowing the user
to save the session history and, subsequently, to share the
steps of a successful search with other users.

The extension of the folksonomy paradigm that we pro-
pose in this paper is aimed to fill the gap between the
features offered by traditional collaborative tagging systems
and the emerging trend of social search to satisfy complex
searches.

VI. CONCLUSIONS

We propose an extension to the folksonomy model that
enables to tag complex user-defined relations between users,
tags, and items. As a premise, we analyze the connection
between tags associated to Flickr photosets and tags related
to the single pictures composing the photoset. We observe
that even this simple form of aggregation conveys richer
semantic than a directory of unrelated objects. Accordingly,
we define the concept of relational folksonomy presenting a
concrete example of how they can be used to solve real-word
tasks. To the best of our knowledge, this is the first attempt
to leverage the power of folksonomies to enable social
search and the achievement of complex search missions in
a collaborative way. An online Web portal is presented as a
reference implementation of the model.

As a future work, we plan to collect usage data from
the portal and analyze it to corroborate the validity of our
model. Moreover, we are exploring the possibility to use
the user-generated relations to implement a class of recom-
mender systems that do not use automatic similarity metrics
between objects/users, but leverages social mechanisms to
create subjective serendipitous suggestions that reduce the
overspecialization problem that affects many recommenders.

312 2011 7th International Conference on Next Generation Web Services Practices



ACKNOWLEDGMENTS

This work has been partially supported by the “Service a
la carte” (SALC) project within the framework POR FESR
2007/2013.

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

REFERENCES

D. Donato, F. Bonchi, T. Chi, and Y. Maarek, “Do you want
to take notes?: identifying research missions in Yahoo! Search
Pad,” in WWW’10: Proceedings of the 19th international
conference on World Wide Web. New York, NY, USA: ACM,
2010, pp. 321-330.

P. Heymann, A. Paepcke, and H. Garcia-Molina, “Tagging
human knowledge,” in WSDM’10: Proceedings of the third
ACM international conference on Web search and data min-
ing. New York, NY, USA: ACM, 2010, pp. 51-60.

S. Bao, G. Xue, X. Wu, Y. Yu, B. Fei, and Z. Su, “Optimizing
web search using social annotations,” in WWW’07: Proceed-
ings of the 16th international conference on World Wide Web.
New York, NY, USA: ACM, 2007, pp. 501-510.

M. Lipczak and E. Milios, “The impact of resource title on
tags in collaborative tagging systems,” in H1'10: Proceedings
of the 21st ACM conference on Hypertext and hypermedia.
New York, NY, USA: ACM, 2010, pp. 179-188.

A. Hotho, R. Jaschke, C. Schmitz, and G. Stumme, “Infor-
mation retrieval in folksonomies: Search and ranking,” in The
Semantic Web: Research and Applications, ser. Lecture Notes
in Computer Science, vol. 4011. Heidelberg: Springer, June
2006, pp. 411-426.

L. Weng, R. Schifanella, and F. Menczer, “Design of so-
cial games for collecting reliable semantic annotations,” in
CGAMES’11, 16th International Conference on Computer
Games, 2011.

L. Weng, R. Schifanella, and F. Menczer, “The chain model
for social tagging game design,” in FDG’11: Proceedings of
the 6th International Conference on Foundations of Digital
Games, 2011.

E. Santos-Neto, D. Condon, N. Andrade, A. Iamnitchi, and
M. Ripeanu, “Individual and social behavior in tagging sys-
tems,” in HT’09: Proceedings of the 20th ACM conference
on Hypertext and hypermedia. New York, NY, USA: ACM,
2009, pp. 183-192.

S. A. Golder and B. A. Huberman, “Usage patterns of col-
laborative tagging systems,” Journal of Information Science,
vol. 32, pp. 198-208, April 2006.

P. Heymann and H. Garcia-Molina, “Collaborative creation of
communal hierarchical taxonomies in social tagging systems,”
Computer Science Department, Tech. Rep. 2006-10, April
2006.

L. Stoilova, T. Holloway, B. Markines, A. G. Maguitman, and
F. Menczer, “Givealink: mining a semantic network of book-
marks for web search and recommendation,” in LinkKDD’05:
Proceedings of the 3rd international workshop on Link dis-
covery. New York, NY, USA: ACM, 2005, pp. 66-73.

2011 7th International Conference on Next Generation Web Services Practices

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

B. Markines, C. Cattuto, F. Menczer, D. Benz, A. Hotho,
and S. Gerd, “Evaluating similarity measures for emergent
semantics of social tagging,” in WWW ’09: Proceedings of
the 18th international conference on World wide web. New
York, NY, USA: ACM, 2009, pp. 641-650.

R. Schifanella, A. Barrat, C. Cattuto, B. Markines, and
F. Menczer, “Folks in Folksonomies: social link prediction
from shared metadata,” in WSDM’10: Proceedings of the
3rd ACM international conference on Web search and data
mining. New York, NY, USA: ACM, 2010, pp. 271-280.

L. M. Aiello, M. Milanesio, G. Ruffo, and R. Schifanella,
“Tagging with DHARMA, a DHT-based Approach for Re-
source Mapping through Approximation,” in HOT-P2P’10:
7th International Workshop on Hot Topics in P2P Systems.
IEEE, 2010.

G. Begelman, P. Keller, and F. Smadja, “Automated tag
clustering: Improving search and exploration in the tag space,”
in Proceedings of the WWW Collaborative Web Tagging
Workshop, 2006.

D. R. Millen and J. Feinberg, “Using Social Tagging to
Improve Social Navigation,” in Workshop on the Social Navi-
gation and Community based Adaptation Technologies, 2006.

F. Abel, N. Henze, and D. Krause, “A novel approach
to Social Tagging: GroupMe! - Enhancing Social Tagging
Systems with Groups,” in WEBIST 08, Proceedings of the 4th
International Conference on Web Information Systems and
Technologies. INSTICC Press, 2008, pp. 42-49.

M. Volkel, M. Krotzsch, D. Vrandecic, H. Haller, and
R. Studer, “Semantic wikipedia,” in Proceedings of the 15th
international conference on World Wide Web, ser. WWW ’06.
New York, NY, USA: ACM, 2006, pp. 585-594.

L. Adamic and E. Adar, “How to search a social network,”
Social Networks, vol. 27, no. 3, pp. 187-203, 2005.

M. R. Morris, J. Teevan, and K. Panovich, “A comparison
of information seeking using search engines and social net-
works,” in ICWSM’10: Proceedings of the 4th International
AAAI Conference on Weblogs and Social Media, 2010, pp.
23-26.

D. Horowitz and S. D. Kamvar, “The anatomy of a large-scale
social search engine,” in WWW’10: Proceedings of the 19th
international conference on World Wide Web. New York,
NY, USA: ACM, 2010, pp. 431-440.

X. Si, E. Y. Chang, Z. Gyongyi, and M. Sun, “Confucius
and its intelligent disciples: Integrating social with search,” in
VLDB’10: Proceedings of the 36th International Conference
on Very Large Data Bases, 2010, pp. 1505-1516.

313




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


