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Abstract. Current publication sharing systems weakly support creation
and personalization of customized user concept spaces. Focusing the at-
tention on the user, SharingPapers, the adaptive publication sharing
system proposed in this paper, allows users to organize documents in
flexible and dynamic concept spaces; to merge their concept map with
a social network connecting people involved in the domain of interest;
to support knowledge expansion generating adaptive recommendations.
SharingPapers presents a multi-agent architecture and proposes a new
way of representing user profiles, their evolution and views of them.

1 Introduction

Over the last decade, the Web has undergone great changes; there is a growing
evidence of two parallel worlds, the traditional world constituted by expert and
selected contributors and the new Web 2.0-based world, in which each user may
become author, tag and share documents with a world wide community.

In this new context, an interesting example is provided by the publication shar-
ing systems [1,2]; unfortunately, these systems weakly support creation and per-
sonalization of customized user concept spaces [3], representing them in a static
and flat way. This problem has been partly analyzed in Bibsonomy [1], that al-
lows users to organize the tags into hierarchies by exploiting an if...then relation;
this approach enhances the manual tagging activity, but it does not offer either
support for organizing knowledge or for personalized recommendations.

On the other hand, collaborative [4], content [5] and hybrid [6] recommen-
dation frameworks improve searches over the available information bases, but
few works (such as [7,8,9]) use the tags for recommending new resources: in [7],
the authors use a extension of the PageRank algorithm for ranking resources,
tags and users in a folksonomy; in particular, in [8], the authors use hierar-
chical clustering of tags for personalizing navigational recommendations; in [9],
the authors measure the users’ similarity considering their past tag activity and
inferring tags’ relationships based on their association to content.

Nevertheless, such recommendation systems consider only the tags and not
the goals and the context of the user’s tagging activity.
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In this paper, we present SharingPapers, an adaptive publication sharing sys-
tem, that allows users: to organize documents in flexible and dynamic concept
spaces, using innovative and dynamic data structures (the Nelson’s zz-structures
[10]); to merge their concept map with a social network connecting people in-
volved in the domain of interest; to support knowledge expansion generating
adaptive recommendations. These recommendations are generated analyzing the
user’s concept space, and evaluating the similarities among them in order to re-
veal the similarity among goals and perspectives of each user. The paper is
organized as follows: in Section 2 we describe the architecture of SharingPapers;
then we deepen the discussion about the organization of user concept spaces in
Section 3, and we propose a simple schema of recommendations in Section 4.
Finally, Section 5 concludes the paper.

2 SharingPapers

SharingPapers presents an agent-based architecture shown in Figure 1.
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Fig. 1. System architecture

The main modules are:
- the Cognitive Filtering module uses the IFT algorithm [11] and specialized
agent classes for browsing and accessing a set of external sources (Web sites
and digital libraries), looking for relevant documents. The filtering operation is
performed according to a set of defined information needs and populates the
Information Base.
- The Knowledge Extractor module is specialized in extracting, from documents
present in Information Base, attributes (such as the title of a paper, its authors,
its year of publication) and relations (such as the network constituted by co-
authors, or by people having a same affiliation, etc.), in order to populate the
Knowledge Base (see Section 3);
- The Navigator module provides views on the Knowledge Base, enabling users
to navigate among documents and social networks. Examples of views have been
proposed in [12].
- The Knowledge Editor module implements the features users can invoke in
order to manually modify and re-arrange their personal space, defined as concept
space (see definition in Section 3); more specifically, each agent keeps track of
the interaction of each user and translates the actions performed by himself into
a set of operations on his/her concept space: users can create new entities, add
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them to their concept spaces, or connect them with existing entities.
- The Recommender module suggests tags, recommends to visit parts of concept
spaces (belonging to other users) and calculates personalized rankings on papers.

3 Organizing the Knowledge Base

In our system, the users are represented by their concept space: it contains a
collection of papers and a social network.

Papers are connected in an innovative structure by links (indicating, for exam-
ple, common keywords or tags), while the social network is constituted by users
sharing interests and/or contents. A user concept space presents a dynamic struc-
ture, evolving in accordance to user behavior (new searches, adding-deleting new
contents or tags, etc.).

The concept space (Map) related to the user u is formally defined by
Mu = (Su, Enu, Reu, Acu) where: Su represents its topological structure; Enu

= {η1u , η2u , . . .} defines its local environment; Reu = {ρ1u , ρ2u , . . .} is the fi-
nite set of incoming requests; Acu = {α1u , α2u , . . .} is the discrete, finite set of
possible actions.

In particular, Su = (MGu, Tu, t) is a zz-structure, an edge-colored multigraph
where MGu = (Vu, Eu, f)1 is a multigraph, in which the set of vertices Vu =
{Pu, Uu}. Pu is the collection of papers of the user u, Uu the set of users connected
to u; Tu is a set of colors (T refers to Tag), and t : Eu → Tu is an assignment of
colors (tags) to edges of the multigraph; ∀x ∈ Vu, ∀k = 1, 2, ..., |Tu|, degk(x) =
0, 1, 22. Interested readers will find a deeper discussion about zz-structures in
[10], [3], and [12]. In Figure 2 (left) is shown a graphical example of a generic
Mu.
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Fig. 2. An example of user concept space (left) and four dimensions of it (right)

Pu = {p1, . . . , pn} contains papers of interest for u, while Uu = {u, u1, . . . , um}
contains his/her social network; 7 different colors-tags (identified with different
types of line style - normal, thick, dashed, double, etc.) are associated to the
edges. Each tag identifies a link among vertices; for example, the tag (dashed
line) connecting p1, p7, p6, p5, p4 represents papers sharing a same tag or topic;
1 Multigraph definition: MGu = (Vu, Eu, f) is a multigraph composed of a set of

vertices Vu, a set of edges Eu and a surjective function f : Eu → {{v, v′} | v, v′ ∈
Vu, v �= v′}.

2 degk(x) denotes the degree (that is, the number of edges incident to x) of color tk.



328 A. Dattolo, F. Ferrara, and C. Tasso

the tag (double line) connecting u, u7, u6, u5 indicates co-authors of one or more
papers; the tag (long dashed line) connecting users u, u4, u3, u2 groups members
of the same research group; the tag (dotted line) connecting users and papers in
u4, p8, p7, p1, p2 and u2, pn identifies the author and a set of his/her papers.

For each color tk, we may isolate a specific sub-graph of Mu, constituted by
the set of vertices Vu and edges Ek

u ∈ Eu, containing edges of the unique color
tk. Each sub-graph of Mu is called dimension of color tk and is denoted by Dk

u.
Formally, a dimension Dk

u = (Vu, Ek
u, fu, {tk}, tu), with k = 1, ..., |Tu|, is a graph

such that (1) Ek
u �= ∅; (2) ∀x ∈ Vu, degk

u(x) = 0, 1, 2.
Using dimensions, the topological structure of Mu can be seen as Su =

⋃|Tu|
k=1 Dk

u. In this way, a dimension is defined in terms of one or more connected
components, that it, some paths and a set (eventually empty) of isolated cells.
For example, four paths present in Mu are shown in Figure 2 (right).

When the user enters in the system for first time, his/her concept space is
automatically initialized by a set of dimensions. Papers that the user wrote, cited
or tagged are imported in specific dimensions, as well as the papers presented in
the events (conferences, journal, workshop) that (s)he attended. Similarly, co-
authors and other people involved in the user research activity are also imported
in the social network considering common publications, events and organizations.
As second step, users can invoke the Knowledge Editor in order to manually
modify and re-arrange their concept spaces. In this way, users can create new
entities, add them to their concept spaces or connect them with existing entities.
In its entirety, the concept space represents the user and model him/her; the
interaction with the system is stored in it, generating new dimensions or updating
the existing ones. Each dimension groups the resources labelled by the same tag
and specifies a user interest, while sets of dimensions are used to identify his/her
goals and perspectives. Specialized classes of agents manage the user model and
calculate personalized recommendations, as described in the next Section.

4 Recommendations in SharingPapers

An important feature of the zz-structures is the intrinsic simplicity to contex-
tualize information and to retrieve all documents and info related to a given
resource, starting from the resource itself. On this feature is based our collab-
orative approach for recommendations: starting from the set of tags (that is,
dimensions), that identify the current user’s interests, we apply a four steps pro-
cess: (1) expanding the set of tags for similarity; (2) comparing the collections
of documents, associated to the set of tags; (3) ordering similar collections, as-
signing them a score of similarity; (4) ordering similar papers, assigning them a
score of similarity. Each step enables the system to provide intermediate specific
types of recommendation: (1) new tags for selected resources; (2) new similar
users; (3) new collections of resources; (4) new specific resources.

In order to simplify our discussion, we identify with ti a generic topic (tag or
set of tags), and with Di

u the dimension related to the user u, containing only
the papers tagged also with ti. Here, we propose the application of the recom-
mendation mechanism to a specific user dimension Dk

u.
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(1) Expanding the set of similar tags. In order to obtain a high recall, we are
interested to find tags similar to the starting tag tk; for this reason, we apply
a non-adaptive reasoning for stating tag similarity considering the frequency of
association to a certain paper.
Let wk(p) be the number of times that tk has been associated to the paper p:

wk(p) =
∑

u′∈U

wk
u′ (p) where wk

u′(p) =
{

1 if degk
u′(p) �= 0

0 otherwise

wk(p) is expressed in terms of the number of times that tk has been associated to
the paper p from each generic user u′ (that is, wk

u′(p)); in particular, degk
u′(p) �= 0

indicates that the paper p has been tagged with tk in the concept space of
user u′.

Now, we consider a set P of papers, and the vector w̄i = (wi(p1), . . . , wi(pN ))
if N = |P |, specified for the generic tag ti.

In order to measure the similarity between a chosen tag tk, and another generic
tj , we apply the cosine similarity on related vectors w̄k and w̄j .

tag sim(tk, tj) = cos(w̄k, w̄j) =
w̄k · w̄j

‖w̄k‖ ∗ ‖w̄j‖

This measure allows us to assign a score of similarity to each tj ∈ T in re-
spect to tk. So, we consider top scored tags, T k, as the most similar tags to the
input tk.
(2) Comparing user dimensions. As second step we compare the dimensions la-
belled by tags in T k, evaluating the number of resources that they share; in
fact, as stated from traditional collaborative techniques, if two users share a
lot of resources (in our system, if their concept spaces contain a common set
of resources), there is a greater probability that they have a common informa-
tion need. The Jaccard similarity coefficient is applied as user similarity metric,
∀tj ∈ T k, ∀u′ ∈ U :

user sim(Dk
u, Dj

u′) =

∣
∣
∣V k

u ∩ V j
u′

∣
∣
∣

∣
∣
∣V k

u ∪ V j
u′

∣
∣
∣

This metric compares the dimension of interest for u (that is, Dk
u) with the dimen-

sions of other users and allows us to assign them a score of similarity.
(3) Ordering dimensions. For obtaining an order, which considers both tag and
user similarities, we define, ∀tj ∈ T , ∀u′ ∈ U , the following metric:

scoretk
u (tj , u′) = tag sim(tk, tj) ∗ (user sim(Dk

u, Dj
u′) + 1)

This value can be used for suggesting, to the user u, personalized navigation
paths on dimensions defined from other users.
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(4) Ordering papers. Finally, we associate a score to each paper present in the
chosen dimensions:

scoretk
u (p) =

∑

∀tj :degj

u′ (p) �=0 ∀u′∈U

scoretk
u (tj , u′)

Top scored resources are suggested.

5 Conclusion

Web 2.0 users share a huge size of user generated content and assign them tags
for simplify new searches, but current systems do not provide users with tools
for organizing own concept spaces, allowing only a flat organization of them.
This paper proposed a concept model focused on a dynamic and flexible organi-
zation of user concept spaces, and an adaptive and customized recommendation
mechanism. Implementation is currently ongoing and experimental evaluation is
planned for the next future.
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