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KEPT 2011: THE THIRD INTERNATIONAL CONFERENCE

ON KNOWLEDGE ENGINEERING, PRINCIPLES AND

TECHNIQUES

MILITON FRENŢIU, HORIA F. POP, AND SIMONA MOTOGNA

1. Introduction

The Faculty of Mathematics and Computer Science of the Babeş-Bolyai
University in Cluj- Napoca is organizing the Third International Conference
on Knowledge Engineering Principles and Techniques (KEPT 2011), during
July 4–6, 2011. We are happy that our initial wish on Kept Conference “...
to be a permanent series of events on theoretical foundations and real-world
applications of knowledge engineering” [1] is, at least until today, a reality.

This conference, organized on the platform of Knowledge Engineering, is
a forum for intellectual, academic, scientific and industrial debate to promote
research and knowledge in this key area, and to facilitate interdisciplinary
and multidisciplinary approaches, more and more necessary and useful today.
Knowledge engineering refers to the building, maintaining, and development
of knowledge-based systems. It has a great deal in common with software
engineering, and is related to many computer science domains such as artificial
intelligence, databases, data mining, expert systems, decision support systems
and geographic information systems. Knowledge engineering is also related
to mathematical logic, as well as strongly involved in cognitive science and
socio-cognitive engineering where the knowledge is produced by socio-cognitive
aggregates (mainly humans) and is structured according to our understanding
of how human reasoning and logic works.

Since the mid-1980s, knowledge engineers have developed a number of
principles, methods and tools that have considerably improved the process of
knowledge acquisition and ordering. Some of the key issues include: there are
different types of knowledge, and the right approach and technique should be
used for the knowledge under study; there are different types of experts and ex-
pertise, and methods should be chosen appropriately; there are different ways
of representing knowledge, which can aid knowledge acquisition, validation
and re-use; there are different ways of using knowledge, and the acquisition
process can be goal-oriented; there are structured methods to increase the
acquisition efficiency.
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2. The content of Kept2011

The Submissions were grouped into four General Tracks in order to sim-
plify the review process and Conference presentations. These sections are
described downwards.

2.1. Knowledge in Computational Linguistics. The huge quantity of un-
structured text documents stored on the web represents issues of the very
hot researches in Computational Linguistics (or Natural Language Process-
ing, NLP). As a part of Knowledge Engineering, Knowledge in Computational
Linguistics includes the studies in Linguistic tools in Information retrieval and
Information Extraction, in Text mining, Text entailment and Text summariza-
tion. The study of Discourse and Dialogue, of Machine learning for natural
languages and of Linguistic components of information systems are also some
very active fields in the present research. All these aspects of theoretical and
application-oriented subjects related to NLP are subjects of debates in our
section of Knowledge in Computational Linguistics.

2.2. Knowledge Processing and Discovery (KPD). The purpose of this
track is to promote research in AI and scientific exchange among AI re-
searchers, practitioners, scientists, and engineers in related disciplines. Topics
include but are not limited to the following: Agent-based and multiagent
systems; Cognitive modeling and human interaction; Commonsense reason-
ing; Computer vision; Computational Game Theory; Constraint satisfaction,
search, and optimization; Game playing and interactive entertainment; Infor-
mation retrieval, integration, and extraction; Knowledge acquisition and on-
tologies; Knowledge representation and reasoning; Learning models; Machine
learning and data mining; Modelbased systems; Multidisciplinary AI; Natural
computing: evolutionary computing, neural computing, DNA and membrane
computing, etc.; Natural language processing; Planning and scheduling; Prob-
abilistic reasoning; Robotics; Web and information systems.

2.3. Knowledge in Software Engineering (SE). The main theme of this
track is the interplay between software engineering and knowledge engineering,
answering questions like: how knowledge engineering methods can be applied
to software, knowledge-based systems, software and knowledge-ware mainte-
nance and evolution, applications of knowledge engineering in various domains
of interest.

2.4. Knowledge in Distributed Computing (KDC). For distributed com-
puting and distributed systems, topics of interest include, but are not limited
to, the following: System Architectures for Parallel Computing (including:
Cluster Computing, Grid and Cloud Computing); Distributed Computing
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(including: Cooperative and Collaborative Computing, Peer-to-peer Comput-
ing, Mobile and Ubiquitous Computing, Web Services and Internet Comput-
ing); Distributed Systems (including Distributed Systems Methodology and
Networking, Software Agents and Multi-agent Systems, Distributed Software
Components); Development of Basic Support Components (including Oper-
ating Systems for Distributed Systems, Middleware, Algorithms, Models and
Formal Verification); Security in Parallel and Distributed Systems.

3. Invited lectures and accepted papers of Kept2011

This third Kept conference is honored by leading class keynote speakers,
to present their invited lectures in two plenary sessions. Main topics include
(but are not limited to): software engineering methods and practices, require-
ments engineering, software design, software reuse, object-oriented systems,
formal specification, software verification and validation, reverse engineering in
software design, model-driven architecture, model transformation, test-driven
development, impact of CASE tools on software development life cycle, knowl-
edge engineering methods and practices, ontology-based software development,
ontology-driven information systems. This year, the lectures are presented by:
Assoc.Prof. Diana Inkpen (University of Ottawa, Canada), Prof. Rada Mi-
halcea (University of North Texas, USA), Senior Lect. Constantin Orasan
(University of Wolverhampton, UK), Prof. Chin Wei Ngan (University of
Singapore), Prof. Attila Adamko (University of Debrecen), Prof. Gheorghe
Grigoraş and Prof. Dorel Lucanu (Al. I. Cuza University of Iaşi).

The organisation of this conference reflects the following major areas of
concern: Natural Language Processing, Knowledge Processing and Discovery,
Software Engineering, and Knowledge in Distributed Computing. The 41 ac-
cepted papers (from 84 submitted) were organized in these four sections (7
to NLP, 13 to KPD, 13 to SE, and 7 to KDC). The participants submitted
their works as peer-reviewed extended abstracts of 4–6 pages each, and full
papers of 10–12 pages each. These full papers will be further considered for
publishing in the postconference Proceedings, based on another peer-to-peer
review. The extended abstracts for the two former sections are printed in
this volume, 2/2011, of Studia Universitatis Babeş-Bolyai, Informatica jour-
nal. The extended abstracts for the two latter sections are printed in volume
3/2011, of Studia Universitatis Babeş-Bolyai, Informatica journal.

4. Conclusions

We hope the Third International Conference on Knowledge Engineering
Principles and Techniques (KEPT 2011) will be an exciting and useful ex-
perience and exchange of knowledge for our department. The possibility to
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communicate our most recent studies, and to compare with the results of oth-
ers colleagues, the emulation of new ideas and research, all these mean a great
gain of experience in our professional life. We hope that the next edition of
KEPT (in 2013) will be even more successful and more enthusiastic than this
one.

We are taking the feedback of this Conference to improve the next editions,
to atract more participants and to involve more personalities in the reviewing
process.

References
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TEXT SUMMARIZATION BY FORMAL CONCEPT

ANALYSIS APPROACH

DOINA TĂTAR, MIHAIELA LUPEA, AND ZSUZSANNA MARIAN

Abstract. This paper presents two original methods for text summariza-
tion (by extraction) of a single source document. The first method fulfills
the two desiderata of summaries on the base of Formal Concept Analysis
(FCA): 1.the relevance of a selected sentence is given by the introduction
of the weight for a FCA concept, and 2. the minimal similarity to sen-
tences previously selected is assured by a different coverage in the Concept
Lattice. The second method realizes summarization by clustering the sen-
tences. The new measure of similarity, com, has the roots also in FCA and
provides the results close to the classical cosine measure.

At least to our knowledge, there are no previous attempts to solve the
summarization of a text by FCA.

1. Introduction

Text summarization has become the subject of an intense research in the
last years due to the explosion of the amount of textual information and it
is still an emerging field [6], [8]. The extracts (which we are treating in this
paper) are the summaries created by reusing portion of the input verbatim,
while the abstracts are created by regenerating the extracted content [4]. How-
ever, research in the field has shown that most of the sentences (80%) used in
an abstract are sentences which have been extracted from the text or which
contain only minor modifications ([6]).

The paper is structured as follows: Some basic notions about FCA are
given in Section 2. Our original method for summarization is described in
Section 3. Section 4 presents the summarization by clustering with the co-
sine measure, on one hand, and the summarization by clustering with a new
measure, inspired by FCA, on the other hand. We show here that these two

Received by the editors: March 14, 2011.
2000 Mathematics Subject Classification. 68T50, 03H65.
1998 CR Categories and Descriptors. I.2.7 [Natural Language Processing]: Discourse

– Coreference Resolution.
Key words and phrases. text summarization, formal concept analysis.
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measures are closely related. The last section contains conclusions and possible
further work directions.

2. A short survey of Formal Concept Analysis (FCA)

FCA ([3]) has a big potential to be applied to a variety of linguistics do-
mains as a method of knowledge representation, and provides a very suitable
alternative to statistical methods. However, is somewhat surprising that FCA
is not used more frequently in linguistic [7] (see [9] for another linguistic ap-
plication). The reason could be that the notion of ”concept” in FCA does not
correspond exactly to the notion of ”concept” as developed in Computational
Linguistics.

Definition 1. A formal context K := (G,M, I) consists of two sets G and M

with I being a binary incidence relation between G and M , I ⊆ G×M . The elements

of G are called objects and the elements of M are called attributes of the context.

The pair (g,m) ∈ I is read as ”the object g has the attribute m”.
The derivative of A ⊆ G is A′ = {m ∈ M | ∀g ∈ A, (g,m) ∈ I}, the set of

all attributes shared by the objects from A.
Dually, the derivative of B ⊆ M is B′ = {g ∈ G | ∀m ∈ B, (g,m) ∈ I},

the set of the objects which share all the attributes from B.

Definition 2. A formal concept of the formal context K = (G,M, I) is a pair

(A,B), with A ⊆ G and B ⊆ M such that: A′ = B and B′ = A. A is called the

extent and B is called the intent of the formal concept (A,B).

Definition 3. If (A1, B1) and (A2, B2) are concepts of a context K, (A1, B1) is

called subconcept of (A2, B2) provided that A1 ⊆ A2 (or equivalently, B2 ⊆ B1). In

this case (A2, B2) is a superconcept of (A1, B1) and we write (A1, B1) ≤ (A2, B2).

Definition 4. For g ∈ G, the object concept is γg := (g′′, g′) and for m ∈M the

attribute concept is µm := (m′,m′′). The set of all formal concepts of a formal

context together with the subconcept-superconcept order relation, ≤, forms o complete

lattice called the concept lattice.

3. Our approach: The basic idea of summarization by FCA

In the paper [5], the authors show that the exploiting of the diversity of
topics in text has not received much attention in the summarization literature.
However, they propose as different topics the different clusters (exactly as in
older clustering methods), and for a reduced redundancy, a weighting scheme
(for each sentence) which finds out the best scored sentences of each cluster.
The authors of [2] assert that the main step in text summarization is the iden-
tification of the most important ”concepts” which should be described in the
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summary. By ”concepts”, they mean the named entities and the relationships
between these named entities (a different vision from our FCA concepts).

In our method we use the FCA concepts and the idea that the quality
of a summary is given by how many FCA concepts in the original text can
be preserved in it with a minimal redundancy. The process of summarization
is defined as extracting the minimal amount of text which covers a maximal
number of ”important” FCA concepts. The ”importance” of a FCA concept is
given by its generality in the concept lattice and by the number of the concepts
”covered” by it. The most important sentences are selected to be introduced
in the summary, keeping a trace of the concepts already ”covered”.

The basic idea is to associate with a text T = {S1, · · · , Sn} a formal
context (G,M, I) and a concept lattice CL (≤ relation from Definition 4):

• the objects are the sentences of the text: G = {S1, · · · , Sn};
• the attributes are represented by the set M of the most frequent terms

(nouns and verbs) in T ;
• the incidence relation I is given by the rule: (Si, t) ∈ I if the term t

occurs in the sentence Si.

Definition 5. The weight w(c) of a concept c ∈ Conc is w(c) = |{m|c ≤ µm}|,
where Conc is the set of all concepts (nodes) of the concept lattice CL.

Definition 6. An object concept Si covers the concept c if γSi ≤ c.

The object concepts cover a bigger number of concepts if they are located
in the lower part of the concept lattice CL. In other words, we are firstly
interested in the sentences Si such that γSi are direct superconcepts of the
bottom of the concept lattice CL. Let us denote this kind of sentences by
Sentencebottom. The algorithm introduces sequentially in the summary Sum
the sentences from Sentencebottom which cover a maximal number of attribute
concepts at the introduction time.
Summarization by FCA (SFCA algorithm):

Input: A text T = {S1, · · · , Sn} , the concept lattice CL, the set of con-
cepts Conc, the set of concepts Sentencebottom, the length L of the summary.

Output: A summary Sum of the text T with the length L.
Step 1. The set of covered concepts is empty, CC = ∅ and Sum = ∅.
Step 2. ∀Si ∈ Sentencebottom, Si /∈ Sum calculate the weight:

w(Si) = |{m|γSi ≤ µm, µm ∈ Conc\CC}|.
Step 3. Choose in the summary the sentence with the maximum weight:

Sum = Sum ∪ {Si∗}, i∗ = argmaxi{ w(Si)}.
Step 4. Modify the set of covered concepts: CC = CC ∪ {c|γSi∗ ≤ c}.
Step 5. Repeat from the Step 2, until the length of Sum becomes L.

Experiment
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We tested our method on ten texts from DUC2002 documents. For the
first text (Text1) having 15 sentences, the concept lattice is given in Figure 1.
We chose as attributes the verbs and nouns with a frequency ≥ 3.

All the concepts from Sentencebottom are γS1, γS2, γS3, γS6, γS7, γS8, γS9,
γS10, γS11, γS12, γS13, simply denoted by 1, 2, 3, 6, 7, 8, 9, 10, 11, 12, 13 in the
concept lattice. L = 30% length(Text1) = 5 ≤ |Sentencebottom|=11.

The first sentence introduced in the summary is S8, since γS8 covers the at-
tribute concepts: µpuerto, µrico, µweather, µgilbert, µstorm, µmph, µsay, the
maximal number of covered concepts is w(S8)=7. The algorithm provides the
summary Sum = {S1, S3, S7, S8, S10} with a precision of 60% (Table 1) .

Figure 1. Concept Lattice for Text1

4. Summarization by Clustering

One of the first attempts to cluster sentences of a text was the paper [10].
In this section we show the results obtained by applying the cosine measure
to cluster the sentences (as vectors) and to obtain further the summary.
Summarization by Sentences Clustering - SSC Algorithm

Input: A text T = {S1, · · · , Sn}, the length L of the summary.
Output: A summary Sum of the text T with the length L.
Steps: 1. calculate the frequency of the terms (verbs and nouns) in each

sentence, 2. calculate the total frequency of the terms for all sentences,
3. choose the most frequent terms, 4. represent each sentence as vector us-
ing the frequent terms, 5. apply the hierarchical clustering algorithm for
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Text1 Text2 Text3 Text4 Text5 Text6 Text7 Text8 Text9 Text10

n=15 n=27 n=21 n=9 n=28 n=35 n=26 n=11 n=44 n=13

SFCA 60% 44% 43% 66% 55% 45% 66% 75% 73% 75%

SSC 40% 44% 43% 66% 22% 54% 33% 50% 46% 50%

Table 1. SFCA algorithm versus SSC algorithm - precisions
with respect to manual summaries

T = {S1, · · · , Sn} based on the similarity measure sim(Si, Sj), 6. build the
summary (select from each cluster the sentence with the minimal index and
re-traverse the clusters applying the same selection rule until L is reached).

Details regarding the implementation of SSC algorithm:
- The length of the summary is L = 30%n, n is the length of the text.
- The number of clusters is equal with the length of the summary.
- The frequency for the m most frequent terms (nouns and verbs) used to

represent the sentences as vectors is ≥2 or ≥3 such that m ≈ n.
- In the bottom-up hierarchical clustering algorithm we begin with a sep-

arate cluster for each sentence and we continue by grouping the most similar
clusters until we obtain a specific number of clusters (L). We have used:

• as similarity measure between two sentences Si and Sj :

1) sim(Si, Sj) = cosine(V (i), V (j)) =
∑m

k=1 f(i,tk)∗f(j,tk)√∑m
k=1 f

2(i,tk)∗
∑m

k=1 f
2(j,tk)

or

2) a new measure denoted as com and defined as follows:

sim(Si, Sj) = com(V (i), V (j)) =
∑m

k=1 min(f(i,tk),f(j,tk))∑m
k=1 max(f(i,tk),f(j,tk))

• as similarity between two clusters C1 and C2, for merging them:
1) single-link clustering : the similarity of two most similar members
sim(C1, C2) = max{sim(Si, Sj)|Si ∈ C1 and Sj ∈ C2};

2) complete-link clustering : the similarity of two least similar members
sim(C1, C2) = min{sim(Si, Sj)|Si ∈ C1 and Sj ∈ C2}.

In the language of FCA, the new proposed similarity measure sim(Si, Sj) =
com(Vi, Vj) represents the ratio of the number of the common attributes of ob-
jects Si, Sj and the total number of attributes of these.

The SSC algorithm was implemented to work with all combinations for
similarity of two sentences (cosine or com) and similarity between two clusters
(min for complete-link clustering or max for single-link clustering).

According to the results obtained on the same input ten texts, the new
measure com behaves like cosine measure with a precision greater than 80%.

Examples of summaries for Text2, 27 sentences, 25 frequent terms, L =
9:
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• cosine+min: {S1, S2, S4, S5, S7, S11, S13, S15, S17}
• com+min: {S1, S2, S4, S7, S11, S13, S15, S17, S24}
• cosine+max : {S1, S4, S5, S7, S8, S11, S17, S23, S24}
• com+max : {S1, S2, S4, S8, S11, S12, S17, S23, S24}

From Table 1 we remark that both algorithms (SFCA and SSC) work with a
good precision, but the precision is better when we apply SFCA-algorithm.

5. Conclusions and further work

The algorithms described in this paper are fully implemented and the
evaluation indicates acceptable performance when compared against human
judgment of summarization. However, we are currently looking at ways of
expressing both properties of a good summary (the coverage and the distinc-
tiveness) and the introduction of the number of occurrences of a term in a
sentence using the multi-valued formal contexts ([3]).
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DETECTING TEXTUAL ENTAILMENT WITH CONDITIONS

ON DIRECTIONAL TEXT RELATEDNESS SCORES

ALPÁR PERINI

Abstract. There are relatively few entailment heuristics that exploit the
directional nature of the entailment relation. Our system uses directional
methods based on the Corley and Mihalcea formula [3] for expressing the
directional relatedness of texts which is then combined with conditions that
must hold for the entailment to be true. The condition used as a starting
point is that of Tatar et al [10]. Several other conditions have been gen-
erated automatically based on the RTE-2009 development dataset using a
variant of Genetic Programming. The word relatedness score required by
the formula uses not only identity and synonymy, but almost all the Word-
Net relations. We show the results that we have obtained by participating
at the 2009 and 2010 editions of the RTE challenge.

1. Introduction

Recognizing textual entailment is a key task for many natural language
processing (NLP) problems. It consists in determining if an entailment relation
exists between two texts: the text (T) and the hypothesis (H). The notation
T → H says that the meaning of H can be inferred from T.

Even though RTE challenges lead to many approaches for finding textual
entailment implemented by participating teams, only few authors exploited
the directional character of the entailment relation. That is, if T → H, it is
less likely that the reverse H → T can also hold [10]. This is because the
entailment relation, unlike the equivalence relation, is not symmetric.

The paper is organized into five sections. Section 2 presents background
on text relatedness and entailment that is used in our system. Section 3 de-
tails the conditions used inside the system. either manually or automatically.
Section 4 contains the experimental results that we have obtained using our

Received by the editors: March 29, 20011.
2000 Mathematics Subject Classification. 68T50, 03H65.
1998 CR Categories and Descriptors. I.2.7 [Computing Methodologies]: Artificial

Intelligence – Natural Language Processing .
Key words and phrases. textual entailment, directional relation, text relatedness, RTE,

WordNet.
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implementations. Section 5 concludes and discusses possible ways for improve-
ment.

2. Background

We recall some earlier work on expressing relatedness between texts which
depends on the order in which the two texts are considered. Then these
relatedness scores are used to formulate a directional entailment heuristic.

We have derived in paper [9] the directional text relatedness based on the
formula of Corley and Mihalcea [3]. The proposed text relatedness score was
defined as follows:

(1) rel(T,H)T =

∑
pos

∑
Ti∈WST

pos
(maxRel(Ti)× idf(Ti))∑

pos

∑
Ti∈WST

pos
idf(Ti)

A mathematically similar formula could be given for rel(T,H)H which
would obviously produce a different score. In (1), maxRel(Ti) was defined as
the highest relatedness between word Ti and words from H having the same
part of speech as Ti. The relatedness between a pair of words was computed
using many WordNet relations, most of which were not symmetric. We used
the equals, same synset, hypernym, hyponym, entailment, meronym, holonym
relations with decreasing weights starting with 1.0. The relatedness score of
the words was then the weight of the highest ranked WordNet relation that
takes place between them.

After defining the relatedness of two texts, which depends on their order,
paper [9] derived a directional entailment condition for texts of approximately
equal length derived from the condition in paper [10]:

(2) rel(T,H)H > rel(T,H)T

Now the summary of the steps needed for detecting the entailment relation
between two given texts, T and H [8]. One needs to compute the relatedness
score with respect to each text, rel(T,H)T and rel(T,H)H , by applying (1).
Then compare the resulting two scores according to (2). If this condition
holds, T → H has a good probability, otherwise the entailment is less likely.

3. Entailment conditions used inside our system

In this section we describe the component of our system, which uses (di-
rectional) conditions on relatedness scores for discovering entailment relations.

As mentioned earlier, condition (2) was for texts of about the same length,
so we have empirically tuned it for the RTE-2009 development dataset to



DETECTING TEXTUAL ENTAILMENT WITH CONDITIONS 15

account for the difference in the text lengths, obtaining the following more
appropriate condition [8]:

(3) rel(T,H)H > rel(T,H)T + 0.56

In addition to (3), we have experimented with other, more complex condi-
tions for detecting entailment [8]. These conditions were generated automat-
ically using Gene Expression Programming (GEP) [6, 7], a variant a Genetic
Programming (GP), of course using the development dataset as reference.

3.1. GEP for TE. Since the text relatedness scores that we are working with
are in fact numerical values in the range 0 and 1, it made sense to try the power
of GP. In GEP an individual is represented by a linear chromosome, which can
contain one or more genes, each one composed of a head and a tail. The head
can contain both functions, terminals and constants, while the tail can only
contain terminals and constants. Although the structure of a gene is linear,
there is a nice translation to obtain an expression tree (ET) from it, which
can then be evaluated to produce a numeric value.

Since a GEP chromosome can have more genes, we can easily generate
conditions of the form expr1 < expr2 with two genes each representing an
expression (tree) and with a subsumed linking function (‘smaller than’) be-
tween them. Let us define the set of functions F = {+,−, ∗, /} and the set
of terminals T = {rel(T,H)H , rel(T,H)T }. Each chromosome will contain a
small set of random constants. The fitness of an individual is computed by
evaluating the condition that it represents on each entry in the development
dataset and counting the number of correct classifications. The individuals in
the population are subject to all the genetic operators proposed in [6]. The
algorithm is stopped when when there is no change in fitness during the last
number of generations.

The proposed approach using GEP can be further extended to generate
more complex entailment conditions. We have experimented with individuals
representing heuristics of the form [8]

(4) (exp1 < exp2)

(5) (exp1 < exp2)and(exp3 < exp4)

and

(6) [(exp1 < exp2)and(exp3 < exp4)]or(exp5 < exp6),

however other structures for the conditions are easily possible. Both types
of chromosomes use subsumed linking functions, ‘smaller than’ to link two
expressions into a (sub-)condition and logical functions to form the final con-
dition from the sub-conditions.
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3.2. GEP at Work – The Obtained Heuristics. After several runs of the
proposed GEP algorithm, we have obtained many conditions that performed
better for the development set than the manually constructed one [8].

For the simplest template equation in (4), the two best individuals that
GEP generated were:

(7) rel(T,H)T < 0.4527× rel(T,H)3
H

and

(8) rel(T,H)T + 1.15 < rel(T,H)2
H + rel(T,H)H

For the template equation in (5), the best individual the GEP has obtained
is the following:

(9) (1.2837× rel(T,H)T + 0.5 < rel(T,H)H)and(1.5× rel(T,H)T > 0.1586)

The three term template condition from (6) found the following best for-
mula:

[(rel(T,H)T > 0.1061)and(rel(T,H)T < 0.4527× rel(T,H)3
H ]or

(
0.3218

0.3218− rel(T,H)T
<

rel(T,H)T
rel(T,H)H − 0.7518

)
(10)

4. Experimental Results

We have developed two separate applications, one in C for generating
the heuristics with GEP and the other one in Java for recognizing textual
entailment using the proposed conditions.

A part of speech tagger was needed in order to distinguish the open class
words. We used the Stanford POS tagger implemented in Java [2] for finding
the sets of open-class words. For looking up words and word relations, we
used WordNet [5], accessed through the Java interface provided by JWordNet
[4].

At this point, we worked with all the possible senses for Ti with the given
pos. Here a possible improvement is to first disambiguate the word and then
work only with the resulted synset. The current implementation simplifies
the relatedness formula by considering idf(w) to be always 1 and hence the
importance of a word w with respect to some documents is neglected.

Our application participated at the RTE-2009 challenge, therefore it was
run several times against the development and testing datasets. The results
of the accuracies obtained are summarized in table 1 below:

The results show that even though condition (10) performed better than
the other conditions for the development set, it turns out that did not scale
well for other data, probably because it made use of the particularities of
the data too much. Condition (3) scaled the best for the testing data set,
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System DevSetAcc(%) TestSetAcc(%)
Run 1 (3) 60.33 61.50
Run 2 (9) 62.83 59.67
Run 3 (10) 64.33 59.67
RTE best - 73.50

RTE average - 61.17
RTE worst - 50.00

Table 1. Comparison of RTE-2009 accuracies obtained for de-
velopment and testing data sets.

obtaining even better results than for the training set. The fact that the
accuracies obtained with it did not oscillate much foreshadows that it is a
reliable heuristic for deciding entailment between texts.

Our system participated also at the RTE-2010 challenge, with some nec-
essary slight changes, because here the entailment between two texts had to
be decided making use of the document set that it was part of. The new
component that was introduced was for parsing all the input data given in
the particular format and constructing an object hierarchy of it. This made
it possible to form hypothesis and text pairs as it was accepted by the earlier
system. The system takes into account only these two sentences when deciding
on the truth value of the entailment, ignoring the context of the text that they
are part of, as it was the case in previous challenges.

The results of the accuracies obtained are summarized in Table 2 below:

System Precision(%) Recall(%)
Run 1 (3) 38.99 41.80
Run 2 (7) 52.38 15.13
Run 3 (8) 61.76 17.78

Table 2. Comparison of RTE-2010 precisions and recalls ob-
tained for the test sets.

The precision results show that condition (8) performed better than the
other conditions for the test set. Condition (7) and mainly condition (3) did
not scale well for newly seen data. However, condition (3) obtained the best
recall measure, while the others were significantly worse. This means that
if we are interested in discovering as many potential entailments as possible,
condition (3) is better, while if we want a greater certainty for the entailment
to hold, then (8) is a compromise solution. Overall the results are acceptable
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if we take into account that no sentence context information was used for
producing the results.

5. Conclusions and Future Work

In this paper we have presented our systems that participated at the 2009
and 2010 RTE Challenges. The system computed the “similarity” between
a pair of words using almost all WordNet relations, hence the name of relat-
edness. The best result we have obtained for the development dataset was
64.33%, while for the testing dataset the accuracy was 61.50%. As far as the
ablation testing for run 3 is concerned, the best result obtained was 61.17%.
This accuracy is more than 1% better than the official result for run 3.

Finally, there are possible improvements . Firstly, we can use a word
sense disambiguation algorithm for finding the exact sense of the word to
work with when computing the relatedness scores. Secondly, we can use the
inverse document frequency counts for words, obtained either from [1] or from
web searches. Thirdly, both the manually and the automatically generated
conditions can be further tuned, mainly by creating individual conditions for
each entailment task and then deciding on which one to use based on the task
annotation of the text pair.
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NAMED ENTITY RECOGNITION FOR ROMANIAN
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AND MARIUS CORÎCI(2)

Abstract. This paper presents a Named Entity Recognition system for
Romanian, created using linguistic grammar-based techniques and a set of
resources. Our system’s architecture is based on two modules, the named
entity identification and the named entity classification module. After the
named entity candidates are marked for each input text, each candidate is
classified into one of the considered categories, such as Person, Organiza-
tion, Place, Country, etc. The system’s Upper Bound and its performance
in real context are evaluated for each of the two modules (identification
and classification) and for each named entity type.

Named Entity Recognition (NER) is a common natural language process-
ing task dedicated to the discovery of textual expressions such as the names
of persons, organizations, locations, places, etc. Although a seemingly simple
task, this task faces a number of challenges: entities may firstly be difficult
to find, and once found, difficult to classify [3]. In this paper, we present
the development of a NER system for Romanian. Even though the categories
of named entities (NEs) are predefined, there are varying opinions on what
categories should be regarded as NEs and how broad those categories should
be. The categories chosen for a particular NER project may depend on the
requirements of the project. The NER system for Romanian presented in this
paper is intended to be part of a sentiment assessment system which monitors
user feedback in rapport to an organization’s brand or product. Therefore, we
tried to refine the named entities types with regard to companies and prod-
ucts, so the categories we considered are: Person, Organization, Company,
Region, Place, City, Country, Product, Brand, Model, and Publication.

NER systems use grammar-based techniques or statistical models (see for
an overview [8]). Hand-crafted grammar-based systems typically obtain better
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precision, but at the cost of lower recall and months of work by experienced
computational linguists. Statistical NER systems require a large amount of
manually annotated training data. Machine learning techniques, such as the
ones discussed in [6] or [7], allow systems-based adaptation two new domains,
perform very well for coarse-grained classification, but require large training
data. NER for Romanian has been attacked in [1], [4] and [5] (their advantages
and drawbacks are discussed in the extended version of the paper). There
is also a NER gazetteer for Romanian included in GATE [2]. The system
presented in this paper obtains comparable results for most of the considered
categories, and outperforms the existing approaches for Person recognition.

1. Our Solution

In the process of extracting named entities (NEs) we consider two steps:
the first one is related to the identification of NEs and second one involves the
classification of the identified NEs.

1.1. Named Entities Identification. A rule-based approach was considered
for the Named Entities Identification (NEI) task. The NEI module uses in a
preprocessing step a text segmentator and a tokenizer. Given a text, we divide
it into paragraphs, every paragraph is split into sentences, and every phrase is
tokenized. Each token is annotated with two pieces of information: it’s lemma
and the normalized form (translated to the proper diacritics1). Every token
written with a capital letter is then considered to be a NE candidate.

A special module was built for tokens with capital letters which are the
first tokens in phrases, considering two situations:

(1) when this first token of a phrase is in our stop word list - we eliminate
it from the named entities candidate list;

(2) when the first token of a phrase is in our common word list - in this
case we have two possible situations: a) when this common word is
followed by lowercase words - we check if it is a trigger word (cue
words introducing NEs). If the first word of the sentence is in this list
of trigger words, it is kept as NEs candidate. If the word is not in
the trigger words list, it is eliminated from NEs candidates, as being
just a common word written with capital letter due to its position.
b) when this common word is followed by uppercase words - the first
word of the sentence is kept in the NEs candidate list, and it will be
subsequently decided if it will be combined with the following word in
order to create a composed named entity.

1In Romanian online texts, two diacritics are commonly used, but only one is accepted
by the official grammar.
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After we build the list with named entity candidates, we apply rules that
unify adjacent candidates in order to obtain composed named entities. The
most important rules are:

(1) Rules related to a person’s title - in these cases, we unify words like
Doctor, Profesor (En: Doctor, Professor) next to adjacent candidates;

(2) Rules related to the Organization type - we unify words like Universi-
tate, Partid (En: University, Party) next to adjacent candidates;

(3) Rules related to abbreviation words - we unify abbreviations such as
S.R.L., S.C., S.A. next to adjacent candidates;

(4) Rules related to special punctuation signs - in these cases we unify
candidates separated by “&” or “-”;

(5) Rules related to candidates to named entities separated by stop words
- in these cases we unify candidates separated by specific stop words;

(6) Rules for a specific model/product - candidates are combined with num-
bers or with one or two letters, followed by digits.

Some of these rules are used also in the classification process, namely the
rules related to Person, Organization and Model types. Beside uppercase
words which are automatically NE candidates, we also consider as possible
NE-trigger lowercase words expressing titles (e.g. profesor, avocat, doctor,
etc. (En: professor, lawyer, doctor)).

1.2. Named Entities Classification. The NE resource for Romanian was
build starting from the categories used in GATE [2]. Thus, we consider the
following major categories: the “standard categories” of City, Organization,
Company, Country, Person, and additional categories such as Brand, Product
and Publication (for revues, newspapers, etc.), with a total of 572,730 NEs.
For almost all major categories we consider subcategories. In the end, we have
built a total of 14 main categories with 98 subcategories. After all NEs in the
input text are identified and, if possible, compound NEs have been created,
we apply the following classification rules:

(1) contextual rules - using contextual information, we are able to classify
candidate NEs in one of the categories Organization, Company, Person,
City and Country by considering a mix between regular expressions
and trigger words. For example oraş, capitală (En: city, capital) are
the triggers searched in order to classify a candidate NE as a City;

(2) resource-based rules - if no triggers were found to indicate what type
of entity we have, we start searching our databases for the candidate
entity. If the candidate NE is a compound one, we first try to find it
as if (i.e. the complex NE) in our resources. If it cannot be found as
a complex entity, we split it back and try to find the first entity and
assign its type to the whole complex.
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2. Evaluation

This section presents the performance of our NER system. Sections 2.1
and 2.2 discuss a first “development” evaluation step, where we wanted to
evaluate the system’s performance when all needed resources were available
(i.e. all NE are can be found in our resources). The next sections, 2.3 and 2.4,
present the evaluation of our system on a new corpus, for each module.

2.1. Upper Bound Named Entities Identification Evaluation. In the
evaluation process, we manually annotated 48 files with a total of 24,244 words
and with 1,638 NEs. Based on these development files, we incrementally built
our rules, both for NE identification (NEI) and for NE classification (NEC).
Also, we added all missing NEs in our resources and built special rules for
the untreated cases. Partial matching represents the intersection between the
gold NE and the NE identified by our system. The results show a F-measure
of 95.76%.

The first main problem in NEI is related to the agreement between an-
notators when different types of NEs are adjacent. In these situations, some
believe it would be a single entity, while others believe that two different en-
tities should be considered, with different types. The second main problem
in NEI is related to the cases when the first word of a sentence is a common
word and is not followed by words with capitalized letter. In these cases, the
system is trained to leave the first word of the sentence out of the candidate
NE list. A total number of 4,346 common words appear 5,622 times in one or
more resources as NEs. In other words, 1% of NEs is ambiguous with common
words in our databases.

2.2. Upper Bound Named Entities Classification Evaluation. For cor-
rectly identified named entities, the percentage of the matched and partial
matched NEs that have been properly categorized is 95.71%. The main prob-
lems in NEs classification (NEC) are related to the fact that there exist NEs
that are in more than one list of NEs. A number of 5,243 NEs appears in more
than two resources, summing up to 10,588 occurrences. The most important
problem is due to the fact that we have products that have the same name as
the company that produce them. Another problem is due to the fact that we
have the same names for cities and places. A problem for the NEC module
is related to cases when we have partial match on extracted NEs. This hap-
pens when in the initial text we have two gold entities, each with its type. In
this case, due to our NE composition rules, our application extracts only one
named entity which is not found in any class, and thus the system assign to
this NE group the class of the first NE.
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2.3. Named Entities Identification Evaluation in Real Context. For
testing the system in real context we created a new test corpus, unseen by our
system, containing 38 files manually annotated with a total of 19,509 words
and 1,215 NEs. The evaluation of the system with this test corpus shows
a F-measure of 90.72%. Besides the problems discussed in the upper bound
evaluation, we found additional problems related to the extraction of entities
of the type Title (which are usually written with lowercase letters) and are
very dependent to our resource list. The problems related to Title account for
3.70% of the total number of NEs error in this corpus (i.e. 45 from 144 titles
weren’t extracted) and comes from the fact that we don’t have enough entities
in our resources.

2.4. Named Entities Classification Evaluation in Real Context. Our
system correctly classified (total or partial match) 66.73% of the NEs in our
test corpus. Interesting is the case of Undecided entities, entities which are
not classified in any of our types by human annotator in the test corpus. In
13 of these cases, our system was not able to classify the extracted entity,
similar to the gold annotation. For Companies, Organization and Person
types, the errors appear because the NEs were not found in our resources
and no contextual rules could be applied. For Publication and Product types,
the errors occurred because they frequently are marked interchangeable in the
test corpus, since it is difficult to distinguish between them. For Region type,
the major cause of errors is due to the fact that respective NE exists also in
resources for other type, such as City, Place, and Country. An interesting
example is the case of PNL, which does not exist in any of our resources.
In some cases, when it is proceeded by the word “partid” (En: party), it is
correctly classified as Organization, but in all other cases, the system does not
identify any type for it. Thus is a clear example where anaphora resolution
would greatly increase the system performance.

3. Conclusions

This paper presents a Named Entity Recognition system for Romanian,
created using linguistic grammar-based techniques and a set of resources. The
architecture of our system involves two modules, named entity identification
and named entity classification module, successively applied. The goal of the
described system is to recognize named entities for Romanian, distinguishing
between 14 NE types. Even if we consider so many categories, we still man-
age to have comparable results (and even better for specific categories) with
existing systems for Romanian, which identify less NE types.

Future work will be related to the elimination of problems related to com-
mon words that are at the beginning of sentences. To fix these problems,
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we intend to use statistical information about common words obtained from
a large corpus, such as the Romanian Wikipedia. Another envisaged future
direction is related to anaphora, which could be of great benefit in order to
transfer the type of one classified entity to all its referees.
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COREFERENCE RESOLUTION FOR PORTUGUESE USING

PARALLEL CORPORA WORD ALIGNMENT

JOSÉ GUILHERME CAMARGO DE SOUZA AND CONSTANTIN ORĂSAN

1. Introduction

The field of Information Extraction (IE) studies and creates techniques
for turning the unstructured information present in natural language texts
into structured data [7]. An important part of this process is coreference
resolution, the task which identifies when different noun phrases refer to the
same discourse entity in a text. Coreference resolution is a field which has
been extensively researched for English (see [9] for a comprehensive overview
of methods), but received less attention for other languages. This is due to
the fact that the vast majority of the existing methods are based on machine
learning and therefore require extensive annotated data.

The aim of this paper is to present a system that automatically extracts
coreference chains from texts in Portuguese without having to resort to Por-
tuguese corpora manually annotated with information about coreferential links.
To achieve this goal, it is necessary to implement a method which can automat-
ically obtain data that can be used for training a supervised machine learning
coreference resolver for Portuguese. In this work, the training data is acquired
by using an English-Portuguese parallel corpus in which the coreference chains
annotated in the English part of the corpus are projected to the Portuguese
part of the corpus. This approach is similar to the one proposed by [13] for
projecting coreference chains from English to Romanian. In contrast to the
method developed by [13], our goal here is not to create an annotated resource,
but to implement a fully functional coreference resolver for Portuguese.

The rest of this paper presents the current stage of the development of
the system and is structured as follows: Section 2 presents a brief overview of
relevant work in coreference resolution with emphasis on Portuguese. Section
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3 presents the approach proposed in this paper. Preliminary evaluation results
are presented in Section 4 and briefly discussed.

2. Related Work

Despite attempts to develop rule-based coreference resolution systems as
part of the MUC competitions or using the MUC data [5], most of the existing
systems rely on machine learning approaches [9]. This is possible for English
where there are several annotated corpora large enough to be used for training,
but not for languages such as Portuguese which lacks the necessary resources.
As a result, most work for Portuguese focused on certain types of pronominal
anaphora resolution [12, 4] or problems related to coreference and anaphora
resolution such as anaphoricity classification [3]. The only available corpus
annotated with coreferential data is the Summ-It corpus [2] and to the best
of our knowledge the only work that uses it for the development of a machine
learning method for coreference resolution is [17]. Due to the small size of
the corpus, the evaluation results presented in that paper are below the ones
obtained by state-of-the-art systems for English.

The Summ-It corpus imposes restrictions on which supervised machine
learning approaches that can be used. For example, it is not possible to use
a large list of features, each with a detailed set of attributes as suggested by
some researchers, because this requires a large quantity of data for training.
Summ-It is not a big corpus, it contains around 700 coreferential expressions
distributed in 50 newswire texts. This is not as large as the corpora normally
used to train machine learning approaches for other languages such as English
(MUC1 and ACE2) and Spanish (AnCora [15]).

The next section presents a method that does not rely on the availability
of manually annotated data for coreference in the language in which the text
is processed.

3. The method

As previously mentioned, the goal of this research is to extract coreference
chains automatically from Portuguese texts. To achieve this, a parallel corpus
is employed to project coreference relations from the English part of the corpus
to the Portuguese part. The relations projected are then used for training a
supervised machine learning model capable of identifying coreference chains
in Portuguese. Figure 1 shows an overview of the whole system and each step
depicted in the figure is described next.

1http://www.itl.nist.gov/iaui/894.02/related_projects/muc/muc_data/muc_

data_index.html
2http://projects.ldc.upenn.edu/ace/data/
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Figure 1. The overall structure of the system

3.1. Annotation of English coreference chains. The first step of the pro-
cessing identifies coreference chains in the English part of the parallel corpus.
An off-the-shelf machine learning based coreference resolver for the English
language, Reconcile [18], is used to automatically annotate the text with coref-
erence chains. The authors of Reconcile report the results in terms of MUC
score and B3 score. The MUC F-Measure reported is of 68.50 for the MUC6
dataset and 62.80 for the MUC7 dataset. The B3 F-Measure is of 70.88 for
the MUC6 dataset and of 65.86 for the MUC7 dataset.

3.2. Generation of English pairs. The automatic annotation obtained in
the previous step is used to generate pairs of expressions (antecedent and
anaphor) that can be projected in the Portuguese corpus and used to train a
machine learning algorithm. The algorithm implemented for generating the
positive pairs (anaphoric pairs) always chooses the most confident antecedent
for a given anaphor as proposed in [10]. For each non-pronominal noun phrase,
it is assumed that the most confident antecedent is the closest non-pronominal
preceding antecedent. For generating the negative pairs (non-anaphoric pairs),
the algorithm implemented is the one proposed by [16]. The negative pairs
are formed by using expressions that occur in between the expressions in the
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positive chains. The anaphor is always an expression that belongs to a coref-
erence chain and the antecedent is an expression that does not belong to the
same chain or that does not belong to any chain.

3.3. Identification of the NP. This step identifies NPs in both languages
because they correspond to mentions and therefore can be in coreference rela-
tions. It needs to be performed explicitly only for Portuguese, as NPs in the
English part of the corpus are identified during the coreference resolution pro-
cess. The Portuguese NPs are identified using the Constraint Grammar based
parser PALAVRAS [1]. The authors report 99% accuracy for part-of-speech
tagging and about 97% accuracy for syntactic function detection.

3.4. Word-by-word alignment. Even though the method proposed in this
paper relies on a parallel corpus, most parallel corpora do not have a word-
by-word alignment as is required in the next step. For this reason, Giza++
[11] is used to produce this alignment.

3.5. Generation of Portuguese training examples. The word-by-word
alignment is used in the process of generating Portuguese training examples
from English pairs. Given the errors introduced by the identification of English
NPs and by the alignment process, the English NPs are not directly mapped
to Portuguese NPs. Instead, a matching algorithm is used to identify the best
Portuguese NP to be aligned with the English NP. Once a pair is identified
in the Portuguese data, features are extracted in order to produce training
examples. The features used are a mix of the ones proposed by [16] and
[14]. These features are used to train a machine learning model that identifies
coreferential chains in Portuguese.

4. Evaluation

4.1. Corpus. Our method was evaluated on an English-Portuguese parallel
corpus which contains texts from the Revista Pesquisa FAPESP3 (FAPESP
Research Magazine). The corpus contains 646 texts with a total of 17427
sentences. The English part contains around 464.000 words, and there are
about 433.000 words in the Portuguese part.

In addition, the NP4E corpus [6] is used internally by Reconcile to learn the
coreference model and the success of the proposed methodology is assessed on
the Summ-it corpus [2]. All three corpora contain newswire texts which makes
them comparable to a certain extent. However, due to the differences between
them, the results may not be as high as they would be if only one corpus

3http://revistapesquisa.fapesp.br/
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was used (e.g. if the parallel corpus was used both for training the English
coreference model and to evaluate the Portuguese coreference resolver).

4.2. Evaluation results. For the FAPESP corpus, the system generated
94,990 coreference chains. Most of these chains are singleton (i.e. chains
formed by only one expression): 82,272. This represents approximately 86%
of the expressions. The remaining 14% are chains formed by two or more
expressions. Using these chains, our current system generates 21,849 positive
pairs (approximately 4.7%) and 436,033 negative pairs (approximately 95.2%)
out of 457,882 pairs.

These pairs were projected from one side of the corpus to the other using
the current implementation of the projection algorithm. The algorithm pro-
jected 3,569 positive pairs (approximately 7.6%) and 43,174 (approximately
92.3%) out of 46,543 projected pairs.

The coreference chains extracted by the system were scored using two scor-
ing metrics, MUC [19] and CEAF [8]. The F-Measure values are 7.12 for the
MUC score and 14.37 for the CEAF score. The baseline implemented clusters
all the pairs of mentions that share the same head word. The performance
is identical to the baseline. Analysis of the results reveals that most of the
projected coreferential pairs used for training also have head matching. This
is due to the fact that the chains extracted by Reconcile contain lots of pairs
which have the same head. This phenomenon is intensified by the projection
algorithm.
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ONTOLOGY ENRICHMENT USING SEMANTIC WIKIS

AND DESIGN PATTERNS

MARIUS GEORGIU AND ADRIAN GROZA

Abstract. This research addresses the task of ontology enrichment by
exploiting the large amount of structured information available in semantic
wikis. The proposed solution makes use of ontological design patterns to
guide the semiautomatic enrichment process and regular expressions or
predefined values in the automatic enrichment process.

1. Introduction

Ontology enrichment generates extensions, in terms of new concepts, new
relations, or corrections of the axioms of an existing ontology. In semi-automatic
settings, these extensions are proposed to the ontology engineers for assess-
ment, whilst in an automatic setting, the ontology is enriched based on algo-
rithms that add, remove, or update terms from the ontology. The potential of
combining Web 2.0 with Web 3.0 is advocated in literature [1]. At the moment,
we are at the beginning of developing the social computing science [6]. In this
line, the current study applies the active social machine behind semantic wikis
to the hard task of ontology maintenance.

2. Technical instrumentation

Semantic wikis provide users the capability to annotate their text with
specific concepts and roles from a set of imported ontologies, in order to be
processed against semantic queries. Among the available semantic wikis, such
as DBpedia [3], ACEWiki [7], or OntoWiki [2], we drive our attention to-
wards Semantic Media Wiki (SMW), due to its success in terms of number
of users. The structure of an annotation in SMW [[property::value]] has the
role to associate a value to a property. The properties are defined by pages
which correspond to the Property namespace, where one can find information
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Figure 1. System Architecture.

regarding how to use that property. A semantic query consists of two parts:
the first one defines the pages where information is searched and the second
part defines the searched information. The query [[Memory : DDR3]] returns
all pages with Memory property having DDR3 value.

Ontology design patterns (ODPs) offer solutions to a series of issues which
appear recurently when developing an ontology. The solution is oriented to-
wards providing guidance related to a collection of questions: ”which agent
does play this role?” as in the Agent Role ODP. The ODPs used here belong
to several categories: i) classification, to represent the relations between con-
cepts and entities which concepts can be assigned to, ii) collection, to represent
domain membership, and price, to represent the price for different objects.

3. System Architecture

In our approach the ontology is enriched with terms taken from semantic
wikis. In the first step users annotate documents based on the imported
ontologies in the system. In the second step the initial ontology is enriched
based on these documents. Consequently, new wiki pages would be annotated
based on an up-to-date ontology. The ontology enrichment process is guided
by ontology design patterns and heuristics such as the number of annotations
based on a concept or an instance.

The system relying on pipe-based architecture is able to extract semantic
information in an automatic manner from Wiki pages and use it in order to
improve an existing ontology. The role of each component in figure 1 follows:
i) Automatic Annotation (UIMA) extracts and annotates text automatically
from Wiki pages; ii) Annotate Text annotates the text with information from
user; iii) Create Wiki Page creates a new Wiki page; iv) Update Ontologies
adds new terms into system ontology found after annotation process; v) On-
tology Concepts Provider displays all concepts from system’s ontology when
the user makes an annotation; vi) Annotation Enhancement (ODPatterns)
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1. Laptop v Computer 4. intelCore2Duo : Processor
2. Computer v ∃part.Processor u ∃part.Memory 5. ddr3 : Memory
3. compaq6710s : Laptop

Figure 2. Part of the initial ontology

helps the user in the annotation process by suggesting the rest of terms to
be annotated from an ODP when the user annotates a term from that ODP;
vii) Fortunata Engine, the core component which manages and integrates the
other modules; viii) Repository, a database where wiki pages and ontologies
are stored; ix) Browse Ontologies, displays ontologies in a human readable for-
mat; x) WWW Ontologies, ontologies imported in Fortunata. The system is
built on top of the Fortunata engine to integrate reasoning with ODP. Fortu-
nata is an extensible Semantic Web tool which allows developers to implement
plugins integrated with ontologies that can be presented in a human readable
format.

The automatic annotation is based on the UIMA (Unstructured Informa-
tion Management) framework, main task here being to provide the right input
to UIMA which annotates the text automatically. The annotation process is
based on regular expressions or predefined values which match certain words
from a text. The regular expression which identifies prices from a text con-
sisting in a number and a currency follows

<name>Patterns</name>

<value><array><string>[0-9]+[ ]*(?i)(ron|euro)</string></array></value>

Figure 3. Instances of the classification design pattern

4. Running Scenario

As a proof of concept we consider the dynamic domain of Information
Technology (IT), where new concepts are upgraded versions of the old ones. In
order to increase the matching between clients requests or searches and its own
offer, an IT store decides to describe its products according to the vocabulary
of the potential consumers. The employees can annotate information about
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<typeDescription>
<name>ro.utcluj.uima.ontology.concept.Price</name>
<description></description>
<supertypeName>uima.tcas.Annotation</supertypeName>
<features><featureDescription>

<name>hasValue</name>
<description>Value</description>
<rangeTypeName>uima.cas.String</rangeTypeName></featureDescription>

<featureDescription>
<name>hasCurrency</name>
<description>Currency</description>
<rangeTypeName>uima.cas.String</rangeTypeName></featureDescription></features>

</typeDescription>

Figure 4. Generated XML from Price ODP.

their products and use it for semantic queries. To accomplish this, its own IT
ontology will be updated according the definitions encountered on wikipedia.

The main steps of the semi-automatic process performed by an employee
and the system when enriching the ontology start by loading the innitial on-
tology (figure 2). A Laptop has one or more processors and one or more
memories (axiom 2), whilst compaq6710s is an instance of Laptop (axiom 3),
intelCore2Duo an instance of Processor (axiom 4) and DDR3 an instance
of Memory (axiom 5). For storing a new model of laptop Lenovo560 one has
to create a new Wiki page containing the text: ”Lenovo560 has been added
into our store at only 800 euro”. The selected text Lenovo560 is annotated
as being a Laptop by selecting this concept from the list of available concepts.
Further, the ontology enrichment process is launched based on ODPs. For
the classification design pattern the new model of laptop has been already
classified by user’s manually annotation: Lenovo560 is an instance of Laptop
as displayed in figure 3. Mapping this pattern over IT domain, we obtain
in the right side of the figure certain concepts and instances. For the price
design pattern the system asks user about laptop’s price and currency. The
ontology of the system is enriched with a new instance of Laptop and its price.
After importing it, the system extracts classes and their properties into XML
files (see figurefigure 4) and generates further Java classes used by UIMA.
Here, typeDescription describes the beginning of a new type/class generated
by UIMA; name, fully qualified name of the new class; supertypeName, fully
qualified name of the new supper class; features presents the list of all at-
tributes from the new class; featureDescription marks the beginning of an
attribute from the new class; name, name of the attribute; rangeTypeName,
type of the attribute.

UIMA uses an annotator configured with predefined regular expression
for new generated Java classes to annotate the text automatically, as follows:
”Found Price instance: begin=48 end=56 hasValue=800 hasCurrency=euro”.
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Figure 5. Diagram Classes for Price Annotation.

One can see the start and end indexes of the instance within the text marked
with begin, end tokens and the values for hasValue and hasCurrency attributes
extracted from Price ODP into Java classes displayed in figure 5. PriceAnnta-
tor represents the class which processes the text and creates Price annotations.

5. Discussions and Related Work

Information extraction methods are applied in the context of semantic
wikis in [9]. A semi-automatic solution to enrich ontologies [5] performs sev-
eral transformation operations against the content of Web pages: searcing for
words that appear frequently in the pages, classifying these words based on
heuristics, extracting ontology elements and revising the final ontology by a
human expert that can make modifications against the result.

Design patterns are used in [8] to manage ontologies in an easier manner.
ODPs are building blocks for ontology management representing small ontolo-
gies that can be extended and adapted to a specific application. An initial
ontology is enriched based on ODPs in [4]. The process is semi-automatic and
has been implemented in two phases: i) element extraction - uses an initial
ontology in order to extract elements together with a confidence ii) patterns
matching and ranking - evaluates against ODPs the ontology elements previ-
ously extracted based on words metrics or using WordNet. The ontology is
evaluated and enriched with the best new elements. In our case, the up to
date knowledge is extracted from semantic wikis in a solution that enriches
automatically system ontology using regular expressions or predefined values
for ontology elements extraction.

6. Conclusion

The main contribution here has been to exploit design patterns to structure
the automatic ontology enrichment process using semantic wikis. Ongoing
work regards the assessment of the proposed methodology against ontology
evaluation metrics based on features such as inheritance richness, attribute
richness, and class richness, within an ontology evaluation framework [10].
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ISSUES IN TOPIC TRACKING IN WIKIPEDIA ARTICLES

NATALIA KONSTANTINOVA AND CONSTANTIN ORĂSAN

1. Introduction

In the last few years, Wikipedia has become a very useful resource for
NLP offering access to both structured and unstructured information that can
be used for further language processing. One particularity of the Wikipedia
articles is that they focus on only one topic (e.g. a product, person, location
or event), which is detailed throughout the article. In order to extract
comprehensive information from these articles, it is necessary to be able to
track different expressions that refer to the topic. This paper discusses the
issues to be tackled when a topic tracking algorithm is implemented. In order
to address this problem, a shallow rule-based coreference resolution method
for topic tracking was implemented.

The results of this research are intended to be used for the development
of an interactive question answering (IQA) system that guides users in their
search process. The answers to be provided by the IQA system will be acquired
using information extraction from Wikipedia pages. To make this process more
precise, it is necessary to track all the mentions of the topic throughout the
article regardless of how the topic is expressed.

Attempts to use state-of-the art systems for coreference resolution showed
that they provide very low precision for the task in question and link NPs which
are not coreferential at all. In most cases it happens because the algorithms
rely heavily on substring matching and distinguish rather poorly between
entities with similar names. It can be seen very well when examining the
chain generated by RECONCILE [6] for the article describing mobile phone
“HTC Magic”: ’The HTC Magic’ - ’HTC’ - ’The HTC Dream’ - ’Vodafone’
- ’it’ - ’the Vodafone Magic’. The low performance of the state-of-the-art
systems provided us with a motivation for developing our own system that
will work with high accuracy for our domain.
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This paper presents the first step of the research: analysis of how the topic
is referred to in Wikipedia articles and which issues need to be addressed when
developing a topic tracking method. Linguistic investigation of the referential
expressions denoting the topic revealed that the notion of coreference is
not broad enough. This issue is discussed in Section 2 with emphasis on
the particularities of the Wikipedia pages. The experiment and design of
evaluation are described in Section 3. The paper finishes by discussing the
results of the research and conclusions.

2. The notions of coreference and near identity

Noun phrase (NP) coreference resolution is usually defined as “the task
of determining which NPs in a text or dialogue refer to the same real-
world entity”[3]. Coreference resolution overlaps with the field of anaphora
resolution, but there is a main difference between them: anaphora is “pointing
back to a previously mentioned item in the text” and coreference is “the act
of referring to the same referent in the real world” [2].

The classical definition of coreference presupposes that entities can be
either coreferential or not. However recent research [5] shows that this
definition covers only a specific type of relation and a more fine grained
definition should be used instead. We encountered the same problem while
investigating a corpus of Wikipedia pages with the purpose of annotating
coreference relations. One feature of Wikipedia articles is that they have a
unique topic throughout the whole article, e.g. the article about ”BMW E46”
should focus on this model of the car. However, corpus investigation showed
that it is not easy to track this topic by simply relying on the identity relation.

2.1. Corpus annotation. To address the above problem, we built a corpus
by extracting Wikipedia articles from the domain of products and more
specifically about mobile phones and annotated them with 4 relations
described below. Currently our corpus consists of 20 documents with
almost 22,000 words. To enable the annotation process clear guidelines
were developed to maximize the interannotator agreement. Since traditional
guidelines do not cover all the situations we encountered in our domain, we
had to adapt the existing guidelines [1] and change the notion of coreference.
The reminder of this section briefly presents the annotation guidelines used to
mark the relations of interest.

As proposed in a [1] the first step of the annotation process was to mark
all the NPs, including the embedded NPs, pronouns, definite descriptions and
proper names, as mentions (e.g. it, the device, The HTC Touch Diamond).
This was done regardless whether they were linked to the topic or not, and was
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achieved using PAlinkA [4]. Our corpus contains a total of 3372 markables.
The second step was to mark links between these markables.

On the basis of corpus investigation, we decided to focus on 4 types of
relations that are useful for our IQA task.

2.2. Coreference. This corresponds to the classical notion of coreference as
defined by [3]. This is the most frequent relation and is transitive forming
coreferential chains. Simple coreference should be carefully distinguished from
relations set of and siblings (presented below), as sometimes the distinction
between them is not straightforward.

The coreference relation is marked only between markables that refer
to the same entity in the real world. This includes coreferential links such
as identity, synonymy, generalization and specialization, but they were not
explicitly distinguished as proposed in [1]. In general, only definite descriptions
that stand in the relationship of identity (same head: a smart phone - The
Touch Pro smartphone ; pronouns: Opera Mobile - it) or synonymy (the
device - the phone) with the antecedent were marked as coreferential. Usually
an anaphoric expression is linked to the previous mention of the NP in the
document, but it can be also linked to the first mention.

Text in brackets and text between dashes after an NP is marked as
coreferential with this NP (as long as it definitely refers to the NP): e.g.
[the XV6800 ([Verizon Wireless]) variant of [the device]]. For this type of
coreferential link, the anaphor should be linked back to the nearest antecedent.

2.3. Set of. One characteristic of the Wikipedia pages discussing products is
that they can describe several versions of the same product. This is normally
marked by adding a prefix or suffix to the original name. Given the purpose of
this research, such links should be identified in texts, but they should not be
marked as identity as they refer to entities with different characteristics. For
this reason, we add a set of link from the markable to the antecedent that
describes the set (i.e. the topic of the article). E.g. A modified version of [the
Hero], [the HTC Droid Eris], was released on the Verizon Wireless network on
November 6, 2009.

The set of relation is used to link members of hyperonymy hierarchy:
it links less general markable to more general one. For our corpus, this
happens when a phone has several submodels. The link is always added from
the submodel to the nearest markable that corefers to the topic. set of is
also used to identify more general categories than the topic as it happens to
markables in copular relation like in the following example: [The HTC Dream]
is [an Internet-enabled 3G smartphone]. In this case the relation will be from
“The HTC Dream” to “an Internet -enabled 3G smartphone”. This gives the
possibility to collect more information about the topic.
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2.4. Alias. Another characteristic of Wikipedia product articles is that the
same product can be referred to using different names. This is a special case of
coreference relation where a completely different name is used for the product
and not a substring of the original name. This relation is usually indicated
by phrases such as is also named as and has codename. E.g. [The HTC
Touch Diamond], also known as [the HTC P3700] or [its] codename [the HTC
Diamond], is a ...

Relation alias is quite straightforward and is used to indicate situations
when different names are used for the same entity. This relation is quite
common in our corpus and usually is introduced by a limited set of verbal
phrases. The link is always from the markable that represents the alias to the
nearest markable that corefers with the topic.

2.5. Siblings. For interactive question answering it is very important to
identify when two entities differ in terms of only a few characteristics. This is
due to the fact that in case of ambiguity a user should be presented with close
alternatives and be asked to decide between them. This relation happens when
the two entities are in a set of relations with the topic of the article. We call
the link between these entities siblings relation to indicate the near-identity
between them. In our corpus this phenomenon happens quite often when the
same mobile phone is distributed by different operators with slightly different
features, and possibly with a different name. This relation is not explicitly
marked during the annotation process, but it can be inferred on the basis of
the above annotation.

In our corpus we annotated a total of 668 coreferential relations, 83 set
of relations and 59 alias relations.

3. Experiment

The corpus annotation described in the previous section revealed some
regularities in the way expressions refer to the topic which could be captured
using a rule-based approach. This next section briefly presents these rules
followed by preliminary evaluation results.

3.1. Rule-based coreference resolution method. The rule-based method
developed here relies on high precision rules that use particularities of the
documents to be processed, with emphasis on product names. Different rules
are used to target the different types of relations described above. Given
that our current focus is on the identification of expressions that refer or are
linked to the main topic of the article, we rely on the markables annotated by
humans. This allows us to ensure that no errors are introduced in the process
as a result of wrongly identified markables.
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The identification of all the relations is combined into a pipeline, where
already identified relations are used for further processing. First, alias
relations are found and alternative names of the topic are added to the list.
This helps to reveal all possible ways the topic can be referred to throughout
the text. Given the fact that we are interested not only in tracking the topic
but also all subtopics, the next step is identification of set of relations. This
stage yields a list of subtopics and at a later stage they are treated in a similar
way to topic expressions in order to identify all coreference chains. The last
step is discovering all coreference links for topic and subtopics.

The following list shows a few examples of rules used here:

• A markable corefers with the topic if the topic ends with the markable
after determiners are removed e.g. the markable the Bold 9700 corefers
with the topic The Blackberry Bold 9700

• Expressions such as also called, formerly known as between two
markables indicate that the second markable is an alias for the first

• If the topic is included in a longer markable, the relation between
the markable and the topic is set of e.g. the markable The GSM
BlackBerry Storm is in the relation of set of with the topic The
BlackBerry Storm

3.2. Evaluation. Evaluation of the rule-based approach presented above
revealed several issues that need to be addressed. We used the MUC score [7]
to assess the accuracy of the topic identification.

As it was mentioned above the main assumption of our research is that
Wikipedia articles describe the topic and provide more information about
it. Therefore as a baseline all subjects in the corpus were annotated as
coreferential with the topic. Connexor’s Machinese 1 was employed for
annotation of the corpus with syntactic relations and then tag SUBJ was
used to identify all subjects in the text.

Evaluation of the system output showed that it can identify the topic with
an accuracy of 75.33% f-measure, where as the baseline achieves only 14.07%
f-measure.

During the development of our method several issues that affect the
performance of the system were identified. First inconsistencies in the
annotation of the gold standard were identified and corrected. This issue
was addressed by correcting the annotation of the files.

Another problem was caused by the contents of some articles which did
not describe a model of a phone but the whole series of phones. In this case,
the article does not have a main topic, but rather many subtopics. Given the

1http://www.connexor.eu/technology/machinese/
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fact that our experiment assumed the presence of the main topic, this kind of
texts were not processed correctly.

Automatic processing of the texts relies on the peculiarities we identified
while studying the organisation of Wikipedia articles, e.g. it was noticed
that the first markable in the files denotes the topic. However this rule had
exceptions and so the output of the system was incorrect in some cases.

4. Conclusions

This extended abstract has presented a rule-based method for topic
tracking in Wikipedia articles. The results of the algorithm are promising
for most of the texts as it relies on the presence of a regular structure in
the articles. Investigation of the files for which the performance is rather low
revealed that even humans have problems analysing them.

A conclusion of this research is that for our application, it is not possible to
use the classical definition of coreference where entities are either coreferential
or not. Instead, we need to define several near identity relations. As a result,
it is not possible to apply the standard evaluation metrics directly. The full
paper will discuss this issue as well.

References
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Abstract. This study investigates the impact of zero pronominal anaphora

for Romanian on a learning model able to distinguish between translated

and non-translated texts. Even though the correct understanding of el-

lipsis from the source language and its mapping into the target language

is essential in the translation process, zero pronominal anaphora has been

scarcely investigated in the context of translation studies domain. This

paper reports the results of a supervised learning system which exploits

the anaphoric zero pronoun feature and its informativeness in the learning

process. Moreover, ellipsis is one of the attributes proposed for the in-

vestigation of explicitation universal, and hence this study also brings an

argument towards the existence of this hypothesis.

1. Introduction

The interest of studying translational language started a long time ago

and certain theories and hypotheses have been proposed. It has been claimed

that translated texts will always have certain particular features compared

to non-translated ones, leaving them specific unnatural ’fingerprints’. This

effect was named ’translationese’ [9]. Furthermore, a set of various hypotheses

were brought forward [24, 23], and some of them claimed to be universals of

translations [1, 2]. The translation universals theory continues to be a highly

debated issue within translation studies domain. Some scholars disagree with

these hypotheses or even argue the universality aspect of this theory [28, 4],
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while others emphasise the value brought by these assumptions in the practice

of professional translation [25].

The reasons to investigate these hypotheses are multiple: first, to bring

to light various tendencies of translational language [14], and hence, to pave

the way for more accurate and natural translations [7]. Second, the automatic

identification of these unconscious tendencies can improve the automatic web-

based parallel corpus extractors by enhancing the ability to correctly identify

the candidate parallel text [22]. Also, according to [10], the automatic detec-

tion of translationese can improve statistical machine translation frameworks.

The objective of the current study is to investigate to what extent the

zero pronominal anaphora appears in translational language. In the following

paragraphs the main concepts and assumptions of this study are described.

1.1. Explicitation. One of these hypotheses is explicitation, first defined

twenty-five years ago by Blum-Kulka [5]. She emphasised the concept that

“explicitation is a universal strategy inherent in the process of language me-

diation ”[5](p.21). In [15, 16] it is suggested that changes in function words,

such as addition, deletion or replacement, can lead to a shift in the degree of

explicitness through which cohesion is attained (p.81). As [6] points out that

cohesion change is one of the syntactic strategies which “affects intra-textual

reference, ellipsis, substitution, pronominalisation and repetition, or the use

of connectors of various kinds”(p.98), then ellipsis can therefore be considered

as one of the attributes through which explicitation universal can be inves-

tigated. This universal states that professional translators prefer to “spell

things out rather than leave them implicit”[2]. Also, various studies note an

increased level of repetitions due to translators’ tendency to be more precise

and to disambiguate the message conveyed [14, 29]. Consequently, it can be

concluded that ellipsis is expected to be avoided in translated language than

in non-translated language, and hence, it has the potential to be an impor-

tant feature in the classification task between translated and non-translated

texts. In this research study, the only type of ellipsis under investigation is

the anaphoric zero pronoun explored in the Romanian language.

It is known that the typology of explicitation hypothesis can be divided

into two categories: the obligatory one (ex.1), and the voluntary one (ex.2).

There are classical examples in Portuguese used to clarify explicitation quoted

from [21]. The obligatory explicitation appears when the target language
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forces translators to add information not present in the source text due to lan-

guage restrictions, whilst the voluntary one manifests only because the trans-

lators intentionally avoid any possible misinterpretations in their produced

texts.

(1) Source: Frances liked her doctor.

Translation: Frances gostava dessa médica.

Back translation: Frances liked this [female] doctor.

(2) Source: Você também gosta dela?

Translation: So you like her too?

Back translation: You like her too?

Just like in almost all Romance languages, the anaphoric zero pronoun is

entirely optional in Romanian (with the exception, however, of cases of em-

phasis, contrast and the like). Therefore, their presence in translated text

is entirely dependent on the translators’ decision. These experiments aim to

analyse one potential characteristic of voluntary explicitation in Romanian

language. In the following subsection, an overview of the anaphoric zero pro-

noun for Romanian language is presented.

1.2. Zero Pronominal Anaphora. Defining anaphora in the case of the Ro-

manian language is a controversial topic, and a complete agreement between

the scholars has not yet emerged. As a consequence, there are different classifi-

cations of ellipsis [20]. This study exploits the zero pronominal anaphora, and

the definition adopted is as follows: an anaphoric zero pronoun appears when

an anaphoric pronoun is omitted but nevertheless understood [19], in which

case the zero pronoun corefers to one or more overt nouns or noun phrases in

the text (entities which provide the information for the correct understanding

of the ellipsis). In this study we focus on the ellipsis of subjects, as it is the

most frequent case.

Note that in the Romanian language there are two types of elliptic subjects:

zero subjects and implicit subjects. The difference between them consists in

the fact that implicit subjects can be lexically retrieved (ex. 3, example quoted

from [18]), while zero subjects cannot1 (ex. 4, example quoted from [18]).

(3) zp[Noi] mergem la şcoală.

[We] are going to school.

1In the following examples, a zero pronoun is marked with zp[], while a zero subject is

marked with the � sign.
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(4) � Ninge.

[It] is snowing.

2. Research Methodology

2.1. RoTC Corpus. The corpus used for these experiments is a monolingual

comparable corpus specifically designed for the investigation of translationese

and other translation hypotheses. The resource used is the Romanian Transla-

tional Comparable Corpus (RoTC corpus) that comprises several newspapers

articles, translated and non-translated, written between 2005-2009. It has a

subcorpus of 223 translated articles collected from the Southeast European

Times website2, and the comparable non-translated corpus which has 416 ar-

ticles from the same time-span and in the same domain, documents collected

from a well-known Romanian newspapers website, called ’Ziua’3. The RoTC

corpus has a total of 341320 tokens, with 200211 for the translated subcorpus

and 141109 tokens for the non-translated one. To avoid any type of source

language interference or specific authorship style, the translated subcorpus

comprises texts written by various authors and translated from various source

languages.

This comparable corpus has been previously exploited in a similar exper-

iment for the identification of translationese, except the ellipsis feature was

not part of data representation and neither the scope of the study [12]. To

the best of our knowledge, this is the first study which investigates the pres-

ence and impact of zero pronominal anaphora in translated texts compared to

non-translated texts.

2.2. Data Representation. The approach undertaken is a supervised learn-

ing model which aims at learning to differentiate between translated and

non-translated texts. Data representation considers the following language-

independent features (suggested by various scholars in the field to stand in

favour of simplification universal [2, 14, 8]): information load, lexical richness,

sentence length, word length, and simple sentences.

In addition to this data representation, the learning model is enhanced

with one more feature: the average number of anaphoric zero pronouns in

the document. This attribute is automatically retrieved using the machine

learning approach proposed by [17, 18], and it is computed as the number of

2http://www.setimes.com
3http://www.ziuaveche.ro
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verbs which have zero pronouns divided by the total numbers of verbs in the

document. The assumption of this study is the following: if the addition of

the anaphoric zero pronoun attribute improves the accuracy of the learning

model, then this consequence may be considered as an argument in favour of

the explicitation hypothesis.

The collected dataset was randomly divided into a training set of 639

texts and a test set of 148 texts. The same ratio of translated and non-

translated class instances in the training and test set was maintained. All

attributes needed in the learning process were extracted using the part of

speech tagger provided as a web service by the Research Institute for Artificial

Intelligence4, the Romanian Academy [27, 26]. The learning classifiers used

for the experiments are: SVM, Näıve Bayes, JRip, and Decision Trees. These

algorithms proved to be accurate in similar experiments on the identification

task of translationese [13, 12].

An additional experiment constitutes the training of the learning model

using only the anaphoric zero pronoun feature. The objective is to investigate

to what extent the model is able to perform the same task relying only on this

attribute. Because this study focuses only on anaphoric zero pronouns, the

current data representation is not exploiting any other explicitation features,

such as conjunctions, adverbs or sentence length [3, 8].

2.3. Main Results. The baseline used is the ZeroR algorithm, which con-

siders the majority class of the learning model. In our case, the baseline is

65.10% for the cross-validation and 66.89% for the randomly generated test

dataset. By using the Weka tool5 [11, 30], classifiers are trained by including

and excluding the zero pronoun attribute from the learning model. The results

show that Näıve Bayes and JRip classifiers performed best: the addition of

the azp feature to the learning model improves the accuracy of Näıve Bayes

algorithm from 88.58% to 89.67% for the 10-fold cross-validation evaluation,

and from 85.81% to 89.91% for the test dataset. To note that JRip classi-

fier obtains an outstanding accuracy of 95.27% on the test dataset. For the

additional experiment, when the learning model uses only the azp feature,

the JRip classifier is the one which performs best: it achieves an accuracy

of 72.46% on cross-validation, and 77.03% on the test dataset. Interestingly,

4http://www.racai.ro/webservices/
5http://www.cs.waikato.ac.nz/ml/weka
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the results prove that the model is able to effectively perform the same task

relying only on this attribute, the anaphoric zero pronoun.

3. Conclusions and Further Research

This study reports a learning model which aims at identifying to what

extent anaphoric zero pronouns occur in translational language. The resource

used is a Romanian comparable corpus of translated and non-translated news-

paper articles. By studying the zero pronominal anaphora, a type of ellipsis,

the current experiments may shed light on the validation of explicitation hy-

pothesis. Further research can also consider the investigation of zero pronom-

inal resolution in translational language.
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CONCEPTUAL KNOWLEDGE PROCESSING GROUNDED
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DATABASES - EXTENDED ABSTRACT
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Abstract. Conceptual Knowledge Processing is a fundamental paradigm in data

analysis and knowledge management. We use several methods of Conceptual
Knowledge Processing to build a Logical Information System (LIS) for Oncolog-

ical Databases. This paper describes this approach by analyzing the use of these

methods on a cancer registry and discusses the main features of this LIS.

1. Introduction

Conceptual Knowledge Processing is a particular approach to knowledge process-
ing, underlying the constitutive role of thinking, arguing and communicating human
being in dealing with knowledge and its processing. The term processing also un-
derlines the fact that gaining or approximating knowledge is a process which should
always be conceptual in the above sense. The methods of Conceptual Knowledge Pro-
cessing have been introduced and discussed by R. Wille in [5], based on the pragmatic
philosophy of Ch. S. Peirce, continued by K.-O. Apel and J. Habermas.

R. Wille defined Conceptual Knowledge Processing to be an applied discipline
dealing with ambitious knowledge which is constituted by conscious reflexion, discur-
sive argumentation and human communication on the basis of cultural background,
social conventions and personal experiences. Its main aim is to develop and maintain
methods and instruments for processing information and knowledge which support ra-
tional thought, judgment and action of human beings and therewith promote critical
discourse (see also [2], [3], [4]).

Our approach on building a Logical Information System for Oncological Databases
has been motivated by this understanding of knowledge and its processing. Moreover,
the promotion of critical discourse in acquiring, processing, retrieval and/or approxi-
mating knowledge is the grounding principle in developing this system. Its main aim
is to support human thought, judgment, and action. This implies a certain under-
standing of what knowledge is. Knowledge is considered to be much more than a
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collection of facts, rules, and procedures, i.e., a cognitive-instrumental understanding
of knowledge. K.-O. Apel advocates in [1] for a pragmatic understanding of knowl-
edge. Hence, as has been stated by Wille in [5], the methods of Conceptual Knowledge
Processing can only be successfully applied if discourses can be made possible which
allow the users and the persons concerned to understand and even to criticize the
methods, their performances, and their effects.

The mathematical theory underlying the methods of Conceptual Knowledge Pro-
cessing is Formal Concept Analysis, providing a powerful mathematical tool to un-
derstand and investigate knowledge, based on a set-theoretical semantics, developing
methods for representation, acquiring, retrieval of knowledge, but even for further
theory building in several other domains of science.

2. Conceptual Scaling

A many-valued context (G,M,W, I) consists of sets G,M and W and a
ternary relation I ⊆ G×M ×W for which holds that

(g,m,w) ∈ I and (g,m, v) ∈ I ⇒ w = v.

The elements of G are called objects, those of M (many-valued) attributes and those
of W attribute values. The fact (g,m,w) ∈ I is read as the object g has the attribute
m with value w.

Conceptual Scaling is the process of transforming a many-valued context into
a binary one, in order to assign formal concepts to the many-valued context. This
gives rise to an interpretation process, the concepts of the derived binary context
are interpreted as concepts of the original many-valued context. This process is not
uniquely determined, the concept system of a many-valued context depends on the
scaling.

The cancer registry database, in its original form, contains 25 attributes for each
patient: Tumor sequence, Total number, Incidence, Topography, Morphology, Cause
of death, etc. are just a few of them.

Figure 1. TNM stage scale
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3. Analysis of Concept Hierarchies

The scales mentioned in the previous paragraph are included in the knowledge
management system Toscana which are used to search structures to the objects under
consideration. This is done by using the conceptual landscape paradigm. Knowledge
is organised by scales and represented by conceptual hierarchies in diagrams, which
can be aggregated in order to highlight knowledge structures and concept patterns.
We will present some scenarios for browsing the knowledge structure of our database
in order to discover concept patterns and to retrieve knowledge.

Graphically represented conceptual hierarchies prove to be a very efficient tool
for the discovery and understanding of complex relationships between the concepts
in which knowledge is aggregated.

In the following, we will describe one scenario, for more please refer to the main
paper. These scenarios are simple aggregations between certain diagrams.

Treatment - Survival - Vitality - Cause of death. In the diagram comprising
all the types of treatments, divided by curative and non-curative, we have the option
of selecting one curative treatment and check for the survival period. The survival
period is not maximized for all the patients, which can help to conclude that the effect
of a curative treatment is rather relative. We can move forward to the vitality diagram
to check the current status of the patient(alive/dead) as the survival diagram does
not provide such information. Indeed, for most of the patients the vitality is alive,
however there are some cases in which the patient has died and in most cases the cause
of death was the cancer. This aggregation can go on by adding also the topography
diagram or the morphology diagram to find out which is the strongest type of cancer.
Another extension can be considered the age diagram to find a reason why death has
occurred (due to the old age).

4. Conceptual Knowledge Inferences

A knowledge structure is not only characterized by its concepts and their hier-
archy, but also by inherent inferences. We focus in our research on dependencies,
implications, and associations.

For example we could check if there is an association rule that contains age >65
in the premises and does not contain prostate cancer in the conclusions, having a
minimal support of 20 and a confidence of at least 60%. This feature allows the
user to conduct a more organized browsing of the association rules and thus obtain
information that is relevant and structured more easily.

5. LIS at a glance

The central idea of the LIS is the current context, which at the beginning is the
entire context comprising all data, and by querying and browsing it can be reduced
or extended (the context always contains all the attributes and the objects that con-
stitute the intent of the concept whose extent is specified by the current conditions).
All navigation is always performed starting from the current context. This LIS will
thus allow the extension of the context by removing conditions (reducing the intent of
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the sought concept) or its reduction by adding other conditions (growing the intent of
the sought concept), either through additional querying or step-by-step browsing. For
example, the user might ask to see al patients diagnosed with a digestive apparatus
tumor who are still alive. After obtaining the result, he may want to give up the
vitality constraint or further add new conditions, like filtering only the patients that
have received surgical treatment. The current context will always change accordingly.
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A CONTEXT-AWARE ASM-BASED CLUSTERING

ALGORITHM

RADU D. GĂCEANU AND HORIA F. POP

Abstract. We present a context-aware algorithm based on ASM (Ants
Sleeping Model) in order to resolve the clustering problem. In the ASM
model data is represented by agents placed in a two dimensional grid.
The agents will group themselves into clusters by making simple moves
in their environment according to some local information the parameters
being selected and adjusted adaptively. In order to avoid the agents to
be trapped in local minima, they are also able to directly communicate
with each other. Moreover, the agent moves are expressed by fuzzy IF-
THEN rules and hence hybridization with a classical clustering algorithm
is needless. Being aware of the context the agents can easily adapt when
the environment changes.

1. Introduction

Several clustering algorithms exist each with its own strengths and weak-
nesses. Some algorithms need an initial estimation of the number of clusters
(k-means, fuzzy c-means); others could often be too slow (agglomerative hier-
archical clustering algorithms). Ant-based clustering algorithms often require
hybridization with a classical clustering algorithm such as k-means. We pro-
pose an algorithm based on ASM (Ants Sleeping Model) [1, 3] in order to
resolve the clustering problem. In order to avoid the agents to be trapped
in local minima, they are able to directly communicate [2] with each other.
Furthermore, the agent moves are expressed by fuzzy IF-THEN rules [5] and
hence hybridization with a classical clustering algorithm is needless. Being
aware of the context, the agents can adapt when changes in the environment
occur; so the items from the dataset can change at runtime and the agents are
able to spot these changes leading to a result based on the updated dataset.
Dealing with changes in the environment becomes a necessity in data streams,
real-time systems, wireless sensor networks. The rest of the paper is struc-
tured as follows. Section 2 presents a motivation of this paper outlining the
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relevance of the idea together with the related work. The proposed model is
described in Section 3 and Section 4 presents a case study. The closing Section
5 contains the conclusions and future work.

2. Motivation and related work

Context-aware systems could greatly change the way we interact with the
world — they could anticipate our needs and advice us when taking some
decisions. In a changing environment context-awareness is undoubtedly ben-
eficial. In this section we present some papers which we consider relevant for
our clustering approach. In [1] an ant-based clustering algorithm is presented.
It is based on the ASM (Ants Sleeping Model) approach. In ASM, an ant has
two states on a two-dimensional grid: active state and sleeping state. When
the artificial ant’s fitness is low, it has a higher probability to wake up and
stay in active state otherwise it would sleep. However, by using local informa-
tion only the risk of getting trapped into local optimum solutions exists. In
[2] a Stigmergic Agent System (SAS) combining the strengths of Ant Colony
Systems and Multi-Agent Systems concepts is proposed. The agents from the
SAS are using both direct and indirect communication. However, as showed in
[5], most ant-based algorithms can be used only in a first phase of the cluster-
ing process because of the high number of clusters that are usually produced.
In a second phase a k-means-like algorithm is often used. In [5], an algorithm
in which the behaviour of the artificial ants is governed by fuzzy IF-THEN
rules is presented. Like all ant-based clustering algorithms, no initial parti-
tioning of the data is needed, nor should the number of clusters be known in
advance. The ants are capable to make their own decisions about picking up
items. Hence the two phases of the classical ant-based clustering algorithm are
merged into one, and k-means becomes superfluous. The algorithm from [3] is
extended in this paper by the idea of context-awareness, the agents being here
able to detect changes in the environment and adjust their moves accordingly.

3. Proposed model

The skeleton of our approach is based on the ASM-like algorithm from [1]
embellished with features from [2, 5, 3]. In the ASM model each data item is
represented by an agent and due to the need for security they ants are con-
stantly choosing a more comfortable environment to sleep in. The ants feel
comfortable among individuals having similar characteristics. While it doesn’t
find a suitable position to have a rest, it will actively move around to search
for it and stop when he finds one; when it is not satisfied with his current
position, he becomes active again. The definitions 1-5 related to the grid, the
neighbourhood, agent fitness, agent activation probability etc are taken from
[1] and will not be repeated here due to space limitations. At the beginning of
the algorithm, the agents are randomly scattered on the grid in active state.
In each loop, after the agent moves to a new position, it will recalculate its
current fitness f and the activation probability pa so as to decide whether it
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needs to continue moving. If the current pa is small, the agent has a lower
probability of continuing moving and higher probability of taking a rest at its
current position. Otherwise the agent will stay in active state and continue
moving. In the end, similar agents will be grouped together in small areas
while different types of agents will be located in separate areas.

Definition 1. We use the following definition for the fitness in this paper:

f(agenti) = 1
(2sx+1)(2sy+1)

∑
agentjεN(agenti)

α2

α2+disim(agenti,agentj)de(agenti,agentj)

de(agenti, agentj) represents the euclidian distance between the agents on the grid
disim(agenti, agentj) denotes the disimilarity between the two agents.

Algorithm Clustering is
initialize parameters α, λ, t, sx, sy
for each agent do

place agent at randomly selected site on the grid
endFor
while (not termination)

for each agent do
compute agents fitness and activate probability pa according

to definitions 5, 6 and 7
r ← random (0,1)
if (r < pa) then activate agent and adaptively move based

on the context to a site in the neighbourhood
using fuzzy IF-THEN rules

else stay at current site and sleep
endif

endFor
adaptively update parameters α, λ, t, sx, sy

endWhile
endAlgorithm

The agents decide upon the way they move on the grid according to their
similarity with the neighbours, using fuzzy IF-THEN rules. Thus two agents
can be similar (S), different (D), very different (VD). If two agents are similar
they would get closer to each other. If they are different or very different they
will get away from each other. The number of steps they do each time they
move depend on the similarity level. So if the agents are V D they would jump
many steps away from each other; if they are D they would jump less steps
away from each other. In the end the ants which are S will be in the same
cluster. The similarity computation is taking into account the actual structure
of the data or the data density from the agent’s neighbourhood; a bigger
change from one agent to another translates into a certain similarity which
then affects the agent’s movement on the grid. The parameter α is the average
distance between agents and this changes at each step further influencing the
fitness function. The parameter λ influences the agents’ activation pressure
and it may decrease over time. The parameter t is used for the termination
condition which could be something like t < tmax. The parameters sx, sy, the
agent’s vision limits may also be updated in some situations.
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We outline that the result of the algorithm is not a fuzzy partition. How-
ever, in order to perform a deeper analysis, the membership degree of each
item to the obtained clusters will be considered and a representative for each
cluster will be chosen. So the problem of computing the similarity degree
between the item and the cluster is reduced to considering the similarity de-
gree between the item and the chosen representative. Other fuzzy clustering
approaches could perform similar operations at each step of the clustering
process; our approach does this only once at the end of the clustering process
so we consider our approach an improvement from this point of view. For
finding these cluster representatives we try to simulate the real-life process in
which the data analyst would point such representatives with the mouse. Of
course that if he deals with a high density cluster then he normally can only
make a rough approximation. We can refine his choice by proposing an item
in the neighbourhood which has the highest fitness. So we randomly choose a
candidate representative from each cluster and then replace it with the best
fitted agent from a certain radius.

4. Case study

In order to test the algorithm in a real-world scenario, the Iris dataset [6]
was considered. The data set contains 3 classes of 50 instances each, each
class refering to a type of iris plant. There are 4 attributes plus the class:
sepal length in cm, sepal width in cm, petal length in cm, petal width in cm,
class (Iris Setosa, Iris Versicolour, Iris Virginica). The last 2 attributes (petal
length in cm and petal width in cm) are highly correlated according to [6].
However we do not dismiss any of these attributres because we would like to
keep as much of the data unchanged. We do however scale the data to the
interval [0, 1]. This dataset is appropriate for rather testing classification, but
it was prefered for clustering too because the class attribute is given and hence
there is a way to evaluate the algorithm. According to the Iris dataset [6],
items ranging from 0 to 49 belong to the first class, items ranging from 50 to
99 belong to the second class and items ranging from 100 to 149 belong to
the third class. Comparing the final grid configuration of all agents (not listed
here due to space limitations) with the information from [6], it appears that
the following clusters contain some misclassifications:

• Cluster1 (items 0 – 49): no misclassifications
• Cluster2 (items 50 – 99): 106, 119, 23, 43
• Cluster3 (items 100 – 149): 86, 70, 83, 52, 56

So it appears that the algorithm has misclassified nine items. However, it
is unclear why should items 106 and 119 from Figure 1a be considered misclas-
sifications. According to our similarity measures they have a 0.20 and a 0.18
similarity with the representative item 90. This makes them S (Similar) with
this item. The membership degree with Cluster2 suggests that these items
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belong to this cluster. However the membership degree with Cluster3 is also
high. The highest membership degree is with Cluster2 though and because
of this it could be claimed that the items are actually correctly classified with
respect to the considered metric. However we believe that items 106 and 119
cannot be considered to strictly belong either to Cluster2 or to Cluster3 as
they are clearly at the border of the two clusters so they belong to both. In
this case we also believe that they should not be regarded as misclassifications.
After a similar reasoning is applied to the items from Table 1b, it turns out
that only items 23 and 43 are really classification errors.

(a) Cluster2, RepresentativeId (90) (b) Cluster3, RepresentativeId (120)

Figure 1. Miclassifications

For benchmarking reference purposes, the k-means algorithm from [4] was
evaluated on both datasets, with three misclassifications reported on the cus-
tom dataset and 17 misclassifications on the Iris dataset. Compared to the
approach from [3], the dataset can be changed at any time and the agents will
react on this change, they will operate on the updated dataset.

The ability to handle the dataset changes at run-time is an important
feature in dynamic environments where changes occur over time independent
form the agent’s actions. An agent from such a system is iteratively making
a decision based on the context without the knowledge of the future changes
in the environment. Planning systems in general need to deal with changes in
the environment. For example a portfolio management system clearly needs to
handle changes, the stock market being very dynamic. Also, in large health-
care systems, when an update in medical analysis occurs that perhaps corrects
previous entries, it could be impractical to recompute the entire model. One
could be tempted to judge the quality of algorithms operating in a static
environment with the quality of the algorithms operating in a dynamic envi-
ronment. When such a comparison is done it should be clear that in a static
environment all information is available from the beginning and the problem
of adapting to changes in the environment is a completely different problem.
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5. Conclusions and future work

The algorithm we have presented is based on the adaptive ASM approach
from [1]. The major improvement is that, instead to moving the agents at
a randomly selected site, we are letting the agents choose the best location.
Agents can directly communicate with each other — similar to the approach
from [2]. In [5], the fuzzy IF-THEN rules are used for deciding if the agents
are picking up or dropping an item. In our model we are using the fuzzy rules
for deciding upon the direction and length of the movement. Compared to [3]
the agents are able to adapt their movements if changes in the environment
would occur. More experiments with other clustering methods using larger,
real-world data sets are on-going.

Acknowledgement

The authors wish to thank for the financial support provided from pro-
grams co-financed by The Sectorial Operational Programme Human Resources
Development, Contract POSDRU 6/1.5/S/3 “Doctoral studies: through sci-
ence towards society”.

References

[1] L. Chen, X. H. Xu, and Y. X. Chen. An adaptive ant colony clustering algorithm. In
Machine Learning and Cybernetics, 2004. Proceedings of 2004 International Conference
on, Vol. 3, pages 1387–1392, 2004.
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REINFORCEMENT LEARNING ALGORITHMS IN

ROBOTICS

BOTOND BÓCSI(1) AND LEHEL CSATÓ(1)

Abstract. Modern robots are not build to solve pre-determined tasks,
rather they are designed to tackle a wider class of problems. Finding effi-
cient control algorithms for a new problem within the class is not straight-
forward. Machine learning techniques, e.g., reinforcement learning (RL)
proved to provide suitable methods in finding such control algorithms.
Robotic control learning tasks share several common properties, thus, when
selecting among RL methods one has to consider these properties. In this
paper, we present the state-of-the-art RL algorithms from the perspec-
tive of robotic control. We highlight their advantages and drawbacks in
conjunction with robotic control, hereby, analyzing their feasibility in this
context. Our results are supported by simulated pole balancing control
experiments.

1. Introduction

The aim of machine learning (ML) is to develop algorithms that improve
their performance based on empirical observed data. We aim to use machine
learning techniques in developing intelligent robots. Intelligent robots are de-
fined in this context as instruments – or algorithms – that can adapt to new en-
vironments and new conditions whilst solving the problem they were designed
for. Within the context of implementing adaptive behavior, a promising ML
technique is the application of the reinforcement learning methods. Requir-
ing limited knowledge about the environment, these methods are used with
success in problems like optimal robot control [6], or various tasks involving
unknown environments where agents must move.

Within the problems addressed by RL, robotic control learning tasks share
several common properties, thus, when selecting among RL methods one has
to consider these properties. For example, variables attached with the robotic
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learning process – e.g., joint angles, joint torques – are continuous, therefore,
methods which handle well continuous state spaces are preferred. Another
requirement is the efficient handling of high dimensional data originated from
robots with many degrees of freedom – e.g., humanoid robots. These features
require a special selection of learning algorithms. In this paper, we analyze the
state-of-the-art RL algorithms from the perspective of robotic control. Several
attempts has been made to takle this problem [6, 1, 3], we present a compara-
tive study of RL methods in conjunction with robotic control, analyzing their
feasibility in this context.

The paper is organized as follows. In Section 2, we define RL and in-
troduce the state-of-the-art RL algorithms, i.e., value based methods, policy
gradient methods, and evolutionary algorithms. These algorithms form the
base of our comparison. In Section 3, we presents a quantitative comparison
of the presented methods based on a simulated pole balancing experiment.
Conclusions are drawn is Section 4.

2. Reinforcement Learning Algorithms

Reinforcement learning (RL) is the learning process when an agent takes
actions in an environment consisting of states and gets reward associated
to state and action pairs [9]. The goal of the agent is to maximize its long-
term reward. Formally RL problems are defined in terms of a Markov Decision
Process (MDP) [7] consisting of a tuple (S,A,P,R, π) where (1) S is the state
space; (2)A is the action space; (3) Pass′ : S×S×A → R, with Pass′ = P (s′|s, a)
are the transition probabilities, i.e., the probability of going from state s to
s′ by taking action a; (4) Rass′ : S × S × A → R is the reward received when
action a was taken in state s followed by state s′; (5) π(s, a) : S ×A → [0, 1],
π(s, a) = P (a|s) is called the policy, that is the probability of taking action a
in state s. A trajectory – a.k.a episode or roll-out – τ is a sequence of triplets
(st, at, rt) ∈ S × A × R with t the time index. The values of the triplets
at+1, st+1, rt+1 are obtained from sampling based on the policy π(s, a) and
the transition probabilities.

By solving an MDP, we understand the finding of a policy π′ that maxi-
mizes the long-term (discounted) reward along a trajectory generated by the
respective policy

π′ = arg max
π

Eπ

[∑
t

γtrt

]
,

where rt ∈ τ , Eπ denotes expectation conditioned on π, and γ ∈ (0, 1] is
a discount factor. The objective of RL is to solve the MDP underlying the
problem. Solving the MDP is not straightforward. To tackle the problem,



REINFORCEMENT LEARNING ALGORITHMS IN ROBOTICS 63

different algorithms has been introduced, approaching the problem from dif-
ferent points of views. Next, we classify the learning approaches into three
classes and present the appropriate methods in details.

2.1. Value function based methods. Value function based methods model
the optimal policy indirectly via so called value functions. The key insight is
that we measure the utility of states and actions respectively, and based on
these values, the optimal policy chooses the action that has to higher utility.

Given an MDP, we define the action-value function, also known as Q
function, that expresses the utility of action a in state s. The definition looks
as follows1

Q(st, at) =
∑
s′

Pass′
[
Rass′ + γmax

a′
Q(s′, a′)

]
.

The optimal action-value function Q is a fixed-point of the above equality.
Then, the optimal policy can be easily computed by taking the most valuable
action in every state, i.e., π(s, a) ∼ arg maxaQ(s, a).

The computation of Q is not trivial, different approaches have been pro-
posed. A fundamental method is temporal-difference learning [9]. It is an
iterative algorithm that updates the values of Q after every action taken based
on the difference between expected and observed Q value. Q-learning [9] is
the mostly used temporal-difference learning methods. It has the following
update rule:

Q(st, at)← Q(st, at) + α
[
rt+1 + γmax

a
Q(st+1, a)−Q(st, at)

]
,

where α ∈ [0, 1] is a learning rate that expresses how much confidence we have
in the observed value.

Is has been shown that temporal-difference learning converges asymptot-
ically to the optimal policy when the accurate representation of the action
value function is possible [9]. However, when the action-state space is contin-
uous – e.g., joint angles, joint torques, in the case of robotic control – function
approximation has to be applied to model the value function. As a conse-
quence, all theoretical convergence guarantees are vanished [4]. When used in
continuous domain, a tabular representation of the value function is advised.
This representation is unfeasible in high dimensional action-state spaces.

2.2. Policy gradient methods. A different approach for solving the RL
problem is to model the policy directly as a parametric function πθ, e.g., by

1The definition of the value function V (s) = maxaQ(s, a) is also possible, however, the
determination of the policy is harder based on V (s).
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a neural network, and update its parameters using steepest gradient descent
[8], based on the gradient of the average expected reward:

J(θ) = Eπθ

[∑
t

γtrt

]
.

The computation of the gradient of J(θ) is not tractable, thus, to ease the
difficulties related to calculating the expected return, several approximations
of the gradient have been suggested. We present the three basic approaches.

Finite difference methods compute the gradient by making small perturba-
tion in the parameters of the policy and observing the corresponding rewards.
Then, the gradient is estimated using regression techniques. The generation
of the parameter perturbation is difficult, since it depends on the parameter
space induced by the policy. These methods suffer from slow convergence. For
details about finite difference methods consult Peters and Schaal 2008 [6].

The family of vanilla policy gradient algorithms use the log-ratio method to
compute the gradient [6]. They have several advantages over finite difference
methods. Fewer roll-outs are needed to achieve convergence – it is possible
that a single roll-out leads to an unbiased gradient estimate. Another benefit
is that perturbation – representing the exploration – is not generated in the
parameter space, rather in the action space that is much easier to handle.

To speed up the vanilla policy gradient algorithm, the use of natural gra-
dients [6] has been suggested. The motivation behind natural policy gradient
is that the first order gradient based policy update step does not take into
account the structure of the parameter space. Kakade 2001 [2] introduced the
extension by defining a metric based on the underlying parameter space.

Policy gradient methods can be used with different policy representations,
thus, the policy can be chosen to handle well continuous state spaces and to
scale acceptable with high dimensional data, as well. The major drawback of
the policy gradient methods is that they can easily be stuck in local maxima.
This is a direct cause of the steepest gradient descent learning [8].

2.3. Evolutionary methods. Evolutionary methods are black-box optimiza-
tion algorithms. They optimize a parametric function by keeping a population
of possible function parameters – called individuals –, and combining them
based on the corresponding function values. In RL, individuals are policies
and the function values are the corresponding average expected rewards [5].
Evolutionary algorithms are used with success in RL [1, 3], since they need no
prior knowledge about the learning task.

As well as policy gradient methods, evolutionary algorithms model directly
the policy, thus, share the advantage of good scalability to high dimensional
and continuous state spaces. Although, note that high dimensional tasks may



REINFORCEMENT LEARNING ALGORITHMS IN ROBOTICS 65

require a large population size. Evolutionary methods are less influenced by
being stuck in local maxima solutions but they need significantly more evalu-
ations to converge – see Section 3.

3. Experiments

In this section, we present the simulated robotic experiments we con-
ducted, and highlight the advantages and drawbacks of the presented learning
methods in a robotic control framework. We have conducted experiments to
analyze the performance of the following algorithms: Q-learning, finite differ-
ence method, vanilla policy gradient, natural policy gradient, and evolutionary
algorithms.

The experiments were conducted in a simulated 3D environment – using
the ODE physics simulation library – on a pole balancing robot2 – see Figure
1.(a). The task of the robot – a car with a pole attached on the top – is to
learn how to prevent the pole from falling down by applying force to itself. For
evolutionary methods and policy gradient learning we used neural networks
with no hidden layer as policy. As a measure of performance we used the
average number of episodes needed by the algorithms to find a good policy.

Results based on 393 experiments are shown on Figure 1.(b) where the
variance of the convergence is displayed as well. From the simulations reveals
that the policy gradient based methods outperformed the other algorithms.
The finite difference method is rather slow and the time of convergence has
a huge variance. The vanilla policy gradient algorithm produced better re-
sults than the natural policy gradient, however, it failed to converge in 10% of
the simulations which did not happen in the case of natural policy gradient.
Divergence occurred when the robot was close to the optimal policy and the
magnitude of the gradient was too small, therefore, the update of the param-
eters had almost no effect. Q-learning happened to be stable but produced
the worst results since it does not scale well with high dimensional continuous
state spaces.

Note that all the algorithms are sensitive to parameter settings (e.g., state
space segmentation – Q-learning – , convergence detection – gradient based
methods –, population size – evolutionary algorithms), thus, careful parameter
tuning is required to obtain good performance.

4. Conclusions

In this paper, we analyzed RL algorithms from the point of view of robotic
control. We have shown that algorithms which use direct policy modeling
provide better performance than value based methods. This behavior is a

2Code available at http://cs.ubbcluj.ro/~bboti/downloads/RL_sim.tar.gz.
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Figure 1. (a) Simulated pole balancing robot. (b) Ex-
perimental results, performance measured by the number of
episodes until convergence, for Q-learning (QL), finite differ-
ence method (FD), vanilla policy gradient method (VP), nat-
ural gradient method (NG) and evolutionary algorithm (EA).

direct cause of the continuous action-state spaces induced by robotic control
tasks. The results are based on both theoretical considerations and simulated
robotic control experiments. As future work, we aim to improve the value
based methods by finding suitable value function approximators – e.g., Gauss-
ian processes. We also want to provide theoretical convergence guarantees
when the aforementioned approximations are used.
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NUMERICAL COMPUTATION METHOD OF THE

GENERAL DISTANCE TRANSFORM

SZIDÓNIA LEFKOVITS(1)

Abstract. The distance transform is a mathematical operator with a
wide range of applications in computer vision. In the state-of-the art the
mostly discussed distance transform is the Euclidean distance transform of
binary images. In this paper we propose an algorithm for general distance
transform of sampled functions. In our method the only restriction is that
the defined distance has to be an increasing function for each component.
The proposed algorithm is compared with the low parabolas algorithm
which is one of the most performant. Experimental results show advan-
tages in computation speed even for the Euclidean distance transform of
high resolution images. The most important property of our method is the
usability for any kind of distances.

1. Introduction

The distance transform is defined as a mathematical operator which com-
putes the distance map of an image. In the classical formulation only binary
images are considered. Thus, the distance transform is an image D obtained
from the original image I, where each pixel value is the nearest distance from
this to the object O.
(1) D(y) = min

x∈O
{d(x, y)|y ∈ I}

Numerous applications of the distance transform are known in computer
vision, image analysis, pattern recognition, shape analysis, feature detection
techniques. It can also be associated with the shortest-path algorithm, medial
axes or skeleton extraction and other image segmentation techniques.

The paper is organized as follows: In the next section the most important
distance transform algorithms are summarized. The third section presents the
formal definition for understanding the theoretical background. The fourth
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section illustrates the proposed algorithm presenting an example and the pseu-
docode implementation. In the last section the algorithm is compared with
the low parabolas algorithm.

2. Related work

There are many ways to compute the distance transform. The trivial
method which is valid for all types of distances is called the brute force algo-
rithm. This algorithm computes for each background pixel its distance to all
the object pixels and out of these it selects only the minimum.

Instead of the brute force algorithm a lot of scientists have tried to solve
this algorithm in a faster way. Fabbri et al. in their survey [1] makes a classifi-
cation and compare the most important algorithms. They classify the existent
algorithms in three categories.

The propagation algorithms proposed by Eggers[2] and Cuisenaire [3] com-
pute the distance of the background pixels, starting form the boundary pixels
of the object, from the closest to the farthest.

The raster scanning algorithms, first used by Rosenfeld et al.[4] and de-
veloped by Borgefors et al. [5] and Daniellson [6] , compute the distance
transform algorithms supposing that a value of a pixel can be computed from
the value of distance of its neighbours.

The independent scanning algorithms compute the distance transform by
scanning the image in each direction. Paglieroni [7] extends Rosenfeld et al.’s
method[4], by independent scans for each direction appliable for Euclidean
distance transform too. In the same category some morphological operators
can were used by Shih at al. [8] and Lotufo et al.[9]. One of the most in-
teresting algorithms are based on parabola intersection, by constructing the
lower envelope of the parabolas invented by Meijster et al.[10]. This has been
further developed by Felzenszwalb et al. [11] in order to compute l1 and l2
distance transform of sampled functions which give a faster solution to the
cost minimization problem.

3. Theoretical background

In the previous section the distance transform was defined in the classical
way, but in several applications it is useful to combine the distance with an
other property. This extends the definition (1) with an additive term a(x).
We define the measure function as: M : P × P → R+, where P is a finite
discrete domain.

(2) M(x, y) = d(x, y) + a(x)
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The distance transform is defined as the minimum of the measure function
D : P → R+

(3) Da(y) = min
x∈P

M (x, y) = min
x∈P

(d (x, y) + a (x))

In this article the functions take arbitrary positive real values, in order to
be summable with the distance function. Several methods can not handle this
additional term.

Our algorithm is able to compute the distance transform for any kind of
distances with the same restrictions given by Paglieroni [7]:

d(x, y) = f(|x1 − y1|, |x2 − y2|, . . . , |xn − yn|)
|xi − yi| < |zi − ti| ⇒ f(m1, . . . , |xi − yi|, . . . ,mn) <f(m1, . . . , |zi − ti|, . . . ,mn)

(4)

These properties mean that the distance function is increasing for each compo-
nent separately. These conditions are valid for usual distances. Our algorithm
computes the distance transform using the independent scanning method, thus
the distance is computed in each dimension independently.

4. Presentation of the algorithm

In this section we propose an algorithm adequate for computing the gen-
eral distance transform (3). The main idea comes form the observation that
in order to find the minimum of the value of the measure function (2) in a
point y it is not necessary to compute all the possible distances d(x, y) to it.
The points x which can be eliminated, are those in which the value of the dis-
similarity function a(x) is greater than the actual value and are further than
the actual point. It is assumed that the distance is an increasing function,
thus the order relation between the arguments assigns the same order for the
values (4). The dissimilarity function values are ordered increasingly and we
operate only with the indices of them: a(1), a(2), . . . a(n).

The algorithm principle is the sequential determination of the potential
minimum points for each reference point. The reference point y is the point
for which the distance transform is computed. The next potential minima
have to satisfy the following two conditions:

(5) d(y, xpmi) > d(y, xmpi+1) (6) a(xmpi) < a(xmpi+1)

Based on these conditions all the potential minimum points can be com-
puted from the reference point. The value of the distance transform will give
the minimum of the measure function computed only in the potential mini-
mum points. Thus the algorithm sequentially computes the potential minima
set for each reference point.
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The algorithm implementation resides form the observation that every po-
tential minimum point splits one matrix into four parts (figure 1(a)). Two of
these matrices represent the elements which are not taken into consideration
(shaded points in the figure), because the measure function value of these is
surely greater than the value of the split point. The other two matrices are
split recursively by the next minimum, which satisfies the condition . Each
potential minimum point splits one matrix in the same way.

This algorithm suggests a recursive implementation. The search for the
minimum in the main matrix can be traced back to the minimum of the
superior and inferior matrices. This method can be rephrased with binary
search tree (figure 1(b)). The nodes of the tree are inserted in the ascend-
ing order of the dissimilarities and their final position in the tree is deter-
mined by their distance to the position of the previous split. The root is
always the a(1) and every element a(i) is inserted into the left subtree, if
position(a(i)) < position(a(iparent)) or into the right subtree otherwise. Thus
every node represents a split in the matrix. The construction of the tree ends
with the insertion of all the potential minimum points. From the preorder
traversal of the tree the distance transform can be computed. In each node
we have to compute the distance transform only for the indicated interval (see
figure 1(b)).

(a) potential minima (b) corresponding binary search tree
Figure 1. Principle of the algorithm

5. Applications and Experiments

Exemplifying the functionality of the algorithm we refer to figure 1(a). In
this case the general distance transform is determined for 10 points. The first
row represents the natural order of the distances, the second row represents the
ordered values of the dissimilarity function, the matrix represents the method
of the calculus.
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Algorithm 1 DT(a,d)

sort([a, d]) {ascending order of a}
tree← Create([a, d](1))
for i← 2..n do

Insert(tree, [a, d](i))
end for
min← ComputeMinimum(tree, 1, dim([a, d])) {preorder traversal}

Subalgorithm 1a ComputeMinimum(tree, idx topleft, idx rightbottom)

if ∃ node then
for all y ≥ idx topleft and y ≤ idx rightbottom do

tf← ComputeDT(node.a,dist(node.x, y)); min← UpdateMinimum(tf)
end for

end if
return min

The points of principal diagonal are the consecutive reference points . The
potential minimum points are indicated on white background, numbered in the
order of appearance. The grey background elements need not be effectively
evaluated as described above. The proposed algorithm (1) was compared with
the one of the best distance transform algorithm proposed by Meijster [10],
known as the low parabolas algorithm. An exhaustive implementation of this
can be found in the technical report[11] proposed by Felzenszwalb. The most
recent survey of distance transform [1] compares the best-known algorithms.
These algorithms were defined and implemented based on the Euclidean dis-
tance transform, with only few of them based on the chess-board or city-block
distances. According to the described experiments in [1], the Meijster algo-
rithm is one of the most performant. Also here the measures are made only
for the Euclidean distance transform. Thus we compared our algorithm with
these measures. The presented results are made in the same circumstances
using the same hardware. Both of the algorithms are implemented in Mat-
Lab. In this case not the absolute values in seconds are relevant, but the
comparative results. The measures are made for different image sizes varying
the number of points. For every size a set of N (N = 50) grayscale images are
generated randomly. The measured time represents the average computation
time of the distance transform for these images. The 1D results are shown in
table (1). Due to the experiments we noticed that for large values of n, our
proposed algorithm computes faster than that of Meijster’s. Our algorithm is
based on the construction of a binary tree, so the complexity of it is θ(n log n),
that of Meijster’s is ”almost” linear, but from the measures it results, that for
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n > 5000 our algorithm is faster.

Table 1. Performance of EDT

No. of Low Proposed
points parabolas[s] algorithm[s]

20 0.02293 0.049972

100 0.027082 0.115051

1000 0.256203 0.765405

5000 7.51091 6.693865

10000 32.600791 21.660176

100000 3149.846706 1940.046934

Table 2. Performance of GDT

No. of Low Proposed
points parabolas [s] algorithm [s]

20 0.420737 0.048204

100 1.169198 0.105476

1000 12.223505 0.74884

5000 80.379097 6.693865

10000 184.046395 24.87107

The most important advantage of our algorithm is not needing to com-
pute the intersection point of parabolas. For arbitrary distances the graphical
representation is not obvious and the intersection points even less so. In this
case the lower envelope of curves can be computed by only using numerical
methods for determining the intersection point of curves. Consequently, the
proposed algorithm is much more efficient (see table (2)) in this case. When
there are many equal values, the binary tree becomes very unbalanced. The
algorithm can be improved by building a balanced tree.

6. Conclusion

The most important advantages of our algorithm is the applicability for
any distance. There is no need to compute the intersection of curves in order
to determine the lower envelope. In most cases, the solving of the equation is
very time consuming. The bottleneck of our algorithm is the construction of
the tree. But in several applications we can use the same tree several times for
more images, for example, in image retrieval or detection in video sequences.
Based upon the experiments made, we consider our algorithm one of the most
performant for general distance transform. The general distance transform is
often used in deformable object detection, or when a special distance function
needs to be used.
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OPTIMIZATION OF THE INFORMATIONAL FLOW IN A

SOCIAL NETWORK – A PROTEIN NETWORK-BASED

APPROACH

RĂZVAN BOCU(1) AND DORIN BOCU(2)

Abstract. This paper introduces an integrated inter-personal communi-
cation quality assurance method that is based on the study of protein net-
works. The method assesses each individual in the social network on two
dimensions, considering the analysis of the biological network as a model.
The procedure allows for an informative and comprehensive analysis of the
social networks to be conducted, at various levels of complexity.

1. Introduction

The aim of this paper is to present a novel two-dimensional social data
analysis method that is based on the experience that we have accumulated
during the previous phases of our research activity in relation to networks of
proteins [1]. These are very large networks that can be compared to the social
networks from a structural perspective. Moreover, it can be stated that social
networks are smaller as compared to the protein networks, considering their
size [2]. Therefore, any optimal approach in relation to protein networks is
bound to ensure an adequate analysis of the social networks, both considering
the execution times and the accuracy of the results that are obtained. The
core of the procedure is based on the computation of each individual’s impor-
tance, with the help of betweenness centrality, and on the determination of
the communities (clusters of individuals).

The quality of the interpersonal informational channels greatly affects the
operation of the social network seen as a whole [3]. In this respect, this pa-
per demonstrates that in the case of problematic social networks, malfunction
is related to the most important individuals in the network and, as a con-
sequence, the normal operation of the overall structure is greatly disturbed.
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An accurate understanding of the structure and importance of social networks
requires the usage of efficient analysis techniques [4]. The efficiency of this
procedure is demonstrated through a case study that takes into account a
large social structure.

1.1. Remarks Regarding the Social Networks and the Importance of
Individuals. Betweenness is a centrality measure that is based on the short-
est path computation, and is widely used in the complex networks analysis [1].
It deals with one of the main problems in network analysis that supposes the
precise assessment of the importance (or the centrality) of a particular vertex
(or an edge) in a network, at the scale of the whole network [5].

Let us also recall that we have extensively used the concept of centrality
in a series of research endeavours that belong to the area of bioinformatics
through the study of protein networks, considering a computer scientist’s per-
spective. Thus, it can be stated that the use of centrality is an important
instrument for the proper analysis of various networked structures that deter-
mine the nowadays world. The myriad of social networks that co-ordinate all
human interactions are among the most important ones. The following section
describes the analysis method through a case study that analyzes a medium-
sized social network that is represented by the supporters of an Irish football
team, which is constituted by 13,738 supporters and 693,075 social links. The
group of supporters is divided into informal clusters that are autonomous. The
history of this social group records certain periods of time when various prob-
lems arose, such as unsatisfactory attendance at the stadium. We took over
the task to analyze the causes of these problems through the analysis method
that is described. First, we chose a few supporters that appear to occupy the
position of community liaison. They have all been analyzed following the direc-
tions of the method. One of the supporters, let us conventionally call him S1,
constitutes the main subject of the case study that assesses the effectiveness of
the analysis method. Following, the presentation contains references to con-
cepts like the Dijkstra-adapted betweenness computation algorithm and the
flag-based community detection algorithm [1]. They represent contributions
that have been produced by the protein network-related part of our research,
and due to typographic space constraints they are not presented in this paper.
Nevertheless, they are properly referentiated, and the interested reader can
look up for additional information in relation to them.

2. The Analysis Method

The supporter S1 has been analyzed through the following steps, which
actually conform to the structure of the social data analysis method conceived
by the research presented in this paper:
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• Considering the social data set, the Dijkstra-based adapted algorithm
[1] was run in order to determine the absolute importance of the sup-
porter at the scale of the whole social network.
• Following, the functionally related clusters of supporters have been

determined using the flag-based community detection algorithm [1].
• Consequently, the sub-communities that express (contain) the sup-

porter S1 have been isolated.
• Taking into account the centrality scores of the supporters that are

components of the sub-communities determined, their overall impor-
tance has been calculated.
• For the next step, real-world information about the individual in ques-

tion has been used, in order to precisely link the topological features
of the S1-determined sub-communities to the information about their
role at the scale of the whole group of supporters.

2.1. Description of the Analysis Process. The practical analysis that
was performed as part of the research pathway presented strictly followed the
procedure described in the previous section. Let us note that betweenness has
been normalized relative to all the practical assessments and analyses that
were performed. As a consequence, the betweenness is defined in this context
as a function CB : GOS → [0, 1]. Here, GOS is an acronym that comes from
Group Of Supporters, and designates the set of all the individuals that are
contained in the social network. In other words, this convention means that,
in a particular case that supposes all the social links pass through a certain
supporter, its betweenness value can be maximum 1. Following, the output
generated by each step of the analysis process is presented.

2.1.1. Betweenness Computation. The social data set has been processed con-
sidering the Dijkstra-adapted sequential betweenness algorithm as the main
routine. In order to ensure perfect accuracy of the results, the output was com-
pared to the results produced by the parallel versions of Brandes algorithm
and Dijkstra-adapted algorithm [1]. The supporters have been classified in
three categories, based on their betweenness values. Thus, supporters that
feature a betweenness that is less or equal than 0.3 are considered to be char-
acterized by a low importance, supporters that feature a betweenness that is
less or equal than 0.6 but greater than 0.3 are considered to be characterized
by a medium importance, while supporters whose betweenness is greater than
0.6 are referred to as important and having a significant influence on the social
network as a whole.

The supporter S1 is ranked as an important entity, with a betweenness
value of 0.843. The result is produced by the Dijkstra-adapted betweenness



78 RĂZVAN BOCU AND DORIN BOCU

algorithm, and is confirmed by the two parallel betweenness computation al-
gorithms, Brandes and Dijkstra-adapted.

2.1.2. Community Detection. The community structure of the social network
has been determined using the flag-based community detection algorithm [1].
Let us recall that modularity is used throughout this research in order to as-
sess the quality of the determined community structure. Consequently, it is
used as a stop criterion for the community detection algorithms that were
implemented. Considering the suggestions found in the literature and this
research’s results, it is possible to ensure the algorithm is stopped when the
social network is partitioned into meaningful communities, situation that cor-
responds to a modularity value a little bit greater than 0.8, in the case of social
networks, which is another important similarity as compared to protein net-
works. This threshold is lowered to 0.4 in the case of other practically-useful
networks, such as road networks or telecommunications networks. Thus, the
algorithm does not generate unnecessary iterations, and the accuracy of the
community detection is assured.

Furthermore, the overall importance of sub-communities that contain the
supporter S1 has been assessed. The results proved that he belongs only
to globally central sub-communities (with betweenness values in the range
[0.679..0.842]), which significantly influence the informational flow in the social
network.

The community isolation step generated suggestions about several other
supporters bearing key roles in the overall group. It is interesting to note that
the empirical data confirms the importance of the individual supporters.

As a consequence, the analysis method is not only useful for the study
of individual persons, it also suggests other persons that co-operate in order
to fulfill the same social function. It is equally important to note that, while
it is interesting to confirm the existence and the role of already proven social
liaison individuals, it is especially useful to detect possible candidates that may
have a significant influence at the scale of the overall social group, as this is
bound to allow for a faster and more effective identification and correction of
the issue that may affect the communication and the informational flows in
the social network.

2.1.3. Mapping Experiments’ Output to Real World Data. The last phase of
our research involved checking the accuracy of the results that have been
obtained through an empirical approach. Thus, the role of the supporter S1
in the overall group of supporters has been carefully investigated over a period
of time. Consequently, it has been discovered that any failure of S1 to fulfill
his normal community liaison tasks provoked a significant disorganization of
the group he is a member of. As an example, when some health problems
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kept S1 away from the usual daily activities, most of the supporters that
belong to the same group gave up attending the matches of their favourite
team. Furthermore, this has generated problems at the scale of the whole
social network, as the group whose leader S1 is acts as a globally central one.
Thus, the informational flow between some other groups has been affected.

2.2. Conclusive Remarks on the Case Study. The main aim of the case
study that has been described was to demonstrate the usefulness and effec-
tiveness of the social data analysis method. Thus, it can be stated that the
goal has been reached, as the outcome of the case study can be summarized
as follows:

• The supporter S1 is an important entity at the scale of the entire social
network (group of supporters).
• The social communities it is a member of are globally central and,

thus, any problem that prevents him from acting normally significantly
affects the informational flow social network wide.
• The link that exists between issues that may prevent S1 from interact-

ing normally with the rest of the group and informational flow prob-
lems at the scale of the social network has been established with the
aid of empirical data.
• The social data analysis method is also able to detect related important

members of the social network, apart from the one that is the central
entity of the analysis. Moreover, it is important to note that the
output of the analysis offers suggestions about individuals that seem to
regulate the same social network, but that have not yet been accepted
as de facto holders of a key role social network wide.

The same analysis method has been applied in relation to other important
members of the social network and found to successfully produce relevant re-
sults considering all instances. Furthermore, it can be stated that any member
of any social network can be analyzed as per this method, provided the follow-
ing requirements are met: the individual has to be properly defined in a social
data set, and a proper empirical investigation on the actual social network has
to be performed, in order to allow for the precise social role of the individual
to be established.

3. Conclusions and Future Developments

The social data analysis method is able to process social networks in a
comprehensive and accurate way considering the specific information provided
by both individual members’ importance assessment and communities detec-
tion components. The resulting analysis method allows us to explore social
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networks in a more informative way than is possible by just making use of tra-
ditional analysis techniques. It allows us to distinguish between central and
peripheral hubs of highly connecting community members, revealing individ-
uals that form the backbone of the social network. The fact that we observe
an enrichment of members that influence the informational links in this group
and also their highest betweenness centrality values indicates the central role
of these individuals.

It is important to note that while the method is suitable for the assess-
ment of individual members, it is also extremely useful for discovering other
important social network members that have not yet been recognised as such.
As a consequence, relevant sociologists’ efforts can significantly benefit from
using the analysis procedure.

As an additional important remark, it can be stated that the successful
re-utilization of the analysis technique both for protein networks and social
networks, already suggests that it should be suitable for any other networked
structure that exists in the contemporary world.

The next stages of our research will involve further optimizations of the
algorithms that form the backbone of the analysis method. Additionally, we
intend to analyze even more biological and social data sets and, possibly,
expand its usage to other types of networked data.
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FACTORIZATION METHODS OF BINARY, TRIADIC, REAL

AND FUZZY DATA

CYNTHIA VERA GLODEANU

Abstract. We compare two methods regarding the factorization problem
of binary, triadic, real and fuzzy data, namely Hierarchical Classes Anal-
ysis and the formal concept analytical approach to Factor Analysis. Both
methods search for the smallest set of hidden variables, called factors, to
reduce the dimensionality of the attribute space which describes the ob-
jects without losing any information. First, we show how the notions of
Hierarchical Classes Analysis translate to Formal Concept Analysis and
prove that the two approaches yield the same decomposition even though
the methods are different. Finally, we give the generalisation of Hierar-
chical Classes Analysis to the fuzzy setting. The main aim is to connect
the two fields as they produce the same results and we show how the two
domains can benefit from one another.

1. Introduction and Problem Setting

In this article we compare two methods of factorization: Formal con-
cept analytical approach to Factor Analysis presented in [3] and Hierarchi-
cal Classes Analysis introduced in [6]. Both methods were generalised to the
factorization of triadic data. We have generalised the factorization through
Formal Concept Analysis for the triadic case in [8]. The triadic version of
Hierarchical Classes Analysis was introduced in [10] and an even more general
case in [5]. As we will see in the following, for binary and triadic data, the
two methods both use formal concepts as factors and yield the same results.
We also compare the two approaches for real data sets. Unfortunately, there
is no more a one-to-one correspondence between the two. The formal concept
analytical approach uses fuzzy concepts and performs better than Real-Valued
Hierarchical Classes Analysis. Therefore, it was promising to generalize the
latter to the fuzzy setting, which we also present in this article.
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2. Dyadic Factorization

Formal Concept Analysis [7] has as the underlying structure the notation
of a formal context K = (G,M, I) consisting of two sets G (objects) and M
(attributes) and a binary relation I ⊆ G×M . Then (g,m) ∈ I means that the
object g has the attribute m. The relation I is called the incidence relation of
the context. For A ⊆ G and B ⊆M the derivation operators are defined as

Ap := {m ∈M | (g,m) ∈ I for all g ∈ A},
B p := {g ∈ G | (g,m) ∈ I for all m ∈ B}.

A concept of K is a tuple (A,B) with A ⊆ G and B ⊆ M such that Ap = B
and B p = A. All the objects from A have all the attributes from B in common
and the attributes from B apply to all the objects from A. As in Philosophy,
the extent A contains the objects which fall under the concept’s meaning and
the intent B includes attributes which apply to all the object of the extent.
Finite small contexts can be represented through cross tables. The rows of
the table are named after the objects and the columns after the attributes.
The row corresponding to the object g and the column corresponding to the
attribute m contains a cross if and only if (g,m) ∈ I. Concepts ordered by
the inclusion form complete lattices, see [7].

The formal concept analytical approach to Factor Analysis was presented
in [3] and searches for the smallest subset of formal concepts which covers
the incidence relation of the context. Working with binary matrices, a p × q
binary matrix W is decomposed into the Boolean matrix product P ◦ Q of
a p × n binary matrix P and an n × q binary matrix Q with n as small
as possible. The Boolean matrix product P ◦ Q is defined as (P ◦ Q)ij :=∨n

l=1 Pil ·Qlj , where
∨

denotes the maximum and · the product. The matrix
P has as columns the characteristic vectors of the extents and the matrix Q has
as rows the characteristic vectors of the intents from the concepts contained
in the factorization. Then, the matrices W , P and Q represent an object-
attribute, object-factor and factor-attribute relationship, respectively. That
the factorization has indeed the smallest number of factors follows from the
maximality of formal concepts, i.e., formal concepts correspond to maximal
rectangles full of crosses in the cross table representation of a formal context.

Example 1. Suppose we have a context with patients as objects and symptoms
as attributes. Then, the factors would be the diseases the patients have. The
matrix P associates each patient the disease he/she suffers from and the matrix
Q associates each disease the symptoms it causes. Therefore, the factors have
a verbal description and they can be potentially more fundamental than the
original attributes.
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Hierarchical Classes Analysis was developed in [6] and it addresses the
same factorization problem as discussed above with the same matrix product.
However, the mathematical formalisation is slightly different. We give directly
the translation of the notation into Formal Concept Analysis and just the
definitions for objects. The ones for attributes can be done analogously. In a
formal context (G,M, I) two objects g1, g2 ∈ G are called equivalent iff gp1 = gp2.
The set [g1] := {g ∈ G | gp = gp1} is called the object class of the object g1 ∈ G.
The object set which corresponds to an attribute class can be decomposed
into object classes such that their size is maximal and their number minimal.
These objects are then called object bundles. An object (attribute) bundle is the
extent (intent) of some concept. In Hierarchical Classes Analysis the matrices
P and Q contain the object and attribute bundles, respectively. We have
presented the comparison for the dyadic case between these two approaches
to the factorization problem in [9].

In [3] a greedy approximation algorithm was considered because the fac-
torization problem is NP-hard, but can compute factorizations with up to 15
bundles.

3. Triadic Factorization

The triadic approach to Formal Concept Analysis was introduced by R.
Wille and F. Lehmann in [11]. A triadic context is defined as a quadru-
ple (K1,K2,K3, Y ) where K1,K2 and K3 are sets and Y is a ternary re-
lation between K1,K2 and K3. The elements of K1,K2 and K3 are called
(formal) objects, attributes and conditions, respectively, and (g,m, b) ∈ Y is
read: the object g has the attribute m under the condition b. A triconcept of
(K1,K2,K3, Y ) is a triple (A1, A2, A3) with Ai ⊆ Ki (i ∈ {1, 2, 3}) that is
maximal with respect to component-wise set inclusion.

In [8] we have generalized the factorization problem presented in [3] to
the triadic case.1 We define a triadic factorization as the smallest set F of
triconcepts such that they cover the ternary incidence relation Y of the tri-
adic context. In [8] we have proved that every Boolean 3d-matrix can be
decomposed into the 3d-product of three binary matrices and that by using
triconcepts as factors we obtain the smallest possible factorization. The proofs
are based on the fact that the triconcepts are maximal rectangular boxes in a
triadic context.

1During the revision period of [8] it turned out there is yet unpublished work of R.
Belohlavek and V. Vychodil dealing with the same subject [4].
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The triadic version of Hierarchical Classes Analysis, called Indclas, was
presented in [10]. The main difference to the dyadic version consists in work-
ing with three bundle matrices instead of two. Then, once again, every no-
tation from Indclas can be translated into the language of Triadic Concept
Analysis and the three bundles correspond to the intents, extents and modi,
respectively.

4. Real and Fuzzy Factorization

In the last part we compare the factorization of real valued data through
the formal concept analytical approach to Factor Analysis and Hierarchical
Classes Analysis. The first, uses fuzzy concepts and the second one bundles,
and an association matrix containing the real values. Because the fuzzy fac-
torization yields fewer factors, we propose the generalisation of Hierarchical
Classes Analysis to the fuzzy case.

There are many approaches to Fuzzy Formal Concept Analysis, however,
we consider the method developed independently by Pollandt [13] and Be-
lohlavek [1] as the standard one. A triple (G,M, I) is called a fuzzy formal
context if I : G×M → L is a fuzzy relation between the sets G and M and L
is the support set of some residuated lattice. The fuzzy relation I assigns to
each g ∈ G and each m ∈M a truth degree I(g,m) ∈ L to which the object g
has the attribute m. A fuzzy concept is a tuple of the form (A,B) ∈ LG×LM .

In [2] the formal concept analytical approach to Factor Analysis was gen-
eralised to the fuzzy setting. All the results from the dyadic case can be
translated into the fuzzy case, i.e., a fuzzy factorization is the smallest subset
of fuzzy concepts, such that they cover the fuzzy relation in the fuzzy context.

The disjunctive Hiclas-R model was presented in [12]. It implies the de-
composition of a p × q matrix W with integer entries from V = {1, . . . , v}
in a binary p × n1 object bundle matrix P , a binary q × n2 attribute bun-
dle matrix Q and a rating-valued n1 × n2 core matrix T which takes n3 dif-
ferent non-zero values, where n3 ≤ v. The equivalence relations is defined
analogously to the binary Hiclas model. The association relation is given by
Wij =

∨n1
h=1

∨n2
k=1 Pih · Qjk · Thk for all i ∈ {1, . . . , p} and j ∈ {1, . . . , q}.

Object i is associated with attribute j at the maximum value of association
indicated by the core matrix T for the pair of bundles which contain object i
and attribute j.

The core matrix also allows association of an object bundle with more
attribute bundles. The association relation is not binary any more, it contains
integer entries, which represent the value of association between an object
and an attribute bundle. On the other hand, the fuzzy concepts contain the
values of association in their membership values for each object and attribute.
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Such a decomposition has a natural interpretation since the factors are fuzzy
concepts. The factorization through fuzzy concepts is a more parsimonious
method. First of all, because it does not require a third matrix, namely the
core matrix. Second, the fuzzy approach yields in general a smaller number of
factors than the bundle decomposition, due to the properties of the t-norm.

The factorization through fuzzy concepts is not possible in the setting
of Hierarchical Classes Analysis, however weaker structures provide optimal
solutions. We call (A,B) a fuzzy preconcept if and only if A ⊆ B p (⇔ B ⊆ Ap,
where p are the fuzzy derivation operators). The fuzzy preconcept (A,B) is
called fuzzy protoconcept if and only if (B p, Ap) is a fuzzy concept of (G,M, I).
We will be searching for the smallest subset of fuzzy protoconcepts which
covers the fuzzy relation in the fuzzy context. Due to the properties of the
t-norms it is possible to choose the fuzzy protoconcept of a fuzzy concept such
that they both yield the same maximal rectangle. With these remarks, we are
able to generalize all the notation from Hierarchical Classes Analysis into the
fuzzy setting.

Definition 1. Let (G,M, I) be a fuzzy context and L the support set of some
residuated lattice. Two fuzzy objects g1(a), g2(b) ∈ G × L are equivalent if
and only if g1(a)p = g2(b)

p. Equivalent objects form an object class. For
two objects g1(a), g2(b) ∈ G × L we call g1 hierarchically below g2, written
g1(a) ≤ g2(b), if and only if g1(a)p ⊆ g2(b)

p.

Note that an object can be hierarchically below itself for different values,
i.e., g1(a), g1(b) ∈ G× L may yield g1(a) ≤ g1(b).

As in the other models of Hierarchical Classes Analysis, we build object
and attribute bundle matrices and define for them the matrix product.

Definition 2. An object bundle is a subset gi1(aj1), ..., gin(ajn) of fuzzy ob-
jects such that gpi1(aj1) ⊆ ... ⊆ gpin(ajn). An object bundle is associated to
an attribute bundle if and only if they form a protoconcept together. For the
matrix representation of a fuzzy context with n bundles and associated object
bundle matrix P and attribute bundle matrix Q, the fuzzy matrix product
is given by (P ◦Q)ij :=

∨n
l=1 Pil ⊗Qlj .

That is, we compute the t-norm multiplication between each element of the
l-th column of P with each element of the l-th row of Q for each l ∈ {1, . . . , n}
and take the maximum over these products.

Compared to the fuzzy factorization with fuzzy concepts this method is
more laborious, since the number of fuzzy protoconcepts is much bigger than
the number fuzzy concepts.
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5. Conclusion

The main aim of this paper is to connect two fields with another and show
how they can benefit from each other. The formal concept analytical approach
to Factor Analysis and Hierarchical Classes Analysis can be connected trough
the factorization problem. We compared these two methods regarding dyadic,
triadic and real data. Concerning the first two data types there is a one-to-
one correspondence between the two methods. Due to reasons of parsimony
and interpretability we developed the fuzzy approach to Hierarchical Classes
Analysis.
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A BRIEF ANALYSIS OF EVOLUTIONARY ALGORITHMS

FOR THE DYNAMIC MULTIOBJECTIVE SUBSET SUM

PROBLEM

IULIA COMŞA1, CRINA GROŞAN1, AND SHENGXIANG YANG2

Abstract. The paper investigate the behavior of evolutionary algorithms
for solving multiobjective combinatorial problems in dynamic environ-
ments. Present work envisages the multiobjective subset sum problem
which is known as an NP-hard problem [2]. Several test and analysis are
performed in order to asses the advantages and to point out the disadvan-
tages and drawbacks of these classes of algorithms.

1. Introduction and problem formulation

The paper aims at analyzing the behavior of two classes of evolutionary
algorithms for a well known combinatorial optimization problem – subset sum-
but in its multiobjective form (more than one sum is considered) and in its
dynamic version (the set of elements and the sums change in time).

The idea that motivates the majority of work in dynamic evolutionary op-
timization is the reuse of information uncovered in the past (and, to a lesser
extent, the prediction of future dynamics). In other words, most evolutionary
approaches to dynamic optimization problems (DOP) attempt to reduce the
computational complexity of the dynamic problem by “transferring knowledge
from the past” [1]. The number of publications in the field of dynamic evo-
lutionary computation has increased significantly in recent years: [3]-[8]. The
majority of work is motivated by the presence of real-world problems that are
inherently dynamic: solutions to such problems need to be re-optimised, as
time goes by to ensure feasibility and satisfactory quality.

Even thought the research on DOPs dealing with a single objective to op-
timize id increasing, there is still no significant research dealing with situations
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in which more than one objective is present. This paper proposes a case study
involving multiple objectives and various dynamics.

The two evolutionary methods are a standard genetic algorithm and a
genetic algorithm which uses an external population (archive) to store all the
nondominated solutions found so far during the search process at a time step.
The motivation for the need of such an archive comes in the explanation of
the results obtained by the standard algorithm.

There are numerous variations of the classical subset sum problem, which
is an NP-complete decision problem that may be solved in pseudo-polynomial
time. In this paper, we consider its NP-hard optimization variant: given a set
of positive numbers N and a positive integer S, the task is to find a subset of
N the sum of which is as close as possible to c, without exceeding it.

In the multiobjective case, the problem comes slightly modified: given a
set of positive numbers N and m positive integers S1, S2, . . . , Sm, find m
disjoint subsets of N the sums of whose are as close as possible to any of the
Si, i=1, 2, ...m, without exceeding them.

In the multiobjective case we are interested in finding as many Pareto
optimal solutions as possible.

We consider two dynamic situations: one in which Pareto set is static and
the other one in which Pareto set is dynamic. Objectives values change at
each time step in both situations.

2. Description of the algorithms

The chromosome was represented as a string of size equal to the items in
the set and values from 0 to 1 in case of two objectives and from 0 to 2 in case
of three objectives.

At each iteration, the old population was completely replaced, by repeat-
edly selecting two chromosomes, combining them with a probability Pc, and
mutating them on every position with a probability Pm.

Tournament selection was used. To select a chromosome, two random
chromosomes were taken from the population, and the winner was either the
dominant chromosome or, if they were non-dominant, one was randomly se-
lected.

One-point crossover was used. The crossover point was randomly gener-
ated and it was assured that at least a gene from every chromosome would be
transferred into the child.

Mutation was done on every chromosome before adding it to the new
population. Mutation was strong, meaning that the value of a gene before
and after mutation was always different.
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Every iteration was repeated for a number of steps, after which the objec-
tive sums were modified (therefore also the fitness function).

Since the population was completely replaced at every iteration and muta-
tions were involved, there was little chance that all the solutions will be present
in the population at the last iterations; even if a Pareto optimal solution was
found, it would be probably soon replaced. Therefore, we considered a second
algorithm which keeps a special set of Pareto optimal solutions found by the
algorithm – an external archive - that was updated at every iteration with the
new found solutions.

When comparing two chromosomes, we first used Pareto dominance: a
solution dominates another when its fitness is better (lower) with respect to
one objective and equal or better with respect to the other objectives. If
none of the solutions was dominant, the chromosomes were non-dominant and
therefore considered equally good.

This comparison did not yield very good results on the second large data
set (dynamic Pareto set), as it found roughly about 70% of the Pareto optimal
solutions. Therefore, we further compared the non-dominant solutions using
sum of fitness values with respect to every objective, considering better the
chromosome which minimized this sum. The results improved (which was
also influenced by crossover and mutation rate change), more than 90% of the
Pareto optimal solutions being found.

3. Experiments

3.1. Algorithm parameters. Experiments are performed on two data sets,
a small and a large one.

We use a crossover rate of 0.6 and a mutation rate of 1/n, n being the
number of items in the set. The experiments on the large data set showed
that a mutation rate two times lower and a higher crossover rate (0.75) would
produce better results.

We used a population of 50 chromosomes for the small data set and of
100 for the large data set. We iterated 20 times at every sum change (time
step) for the small data set and 50 times for the large set. This means that, in
the case of the large data set, 5000 individuals (not necessarily distinct) were
generated out of the 177147 possible (since the large data set consisted of 11
elements).

3.2. Numerical tests. We performed 2 tests for the DOP with 2 and 3 ob-
jectives respectively: one test for static and one for dynamic Pareto set. Each
test considers two data sets. One set is a small set and the other one is larger.
All the results presented here are averaged over 10 different runs.
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The small data set for the dynamic Pareto set consists of the items: 1, 2,
3, 4, 5, 30, with the initial sums (4, 25) which are further modified (at each
time step) into (5, 24), (6, 23) and so on.

The large data set for the dynamic Pareto set consists of the items: 1, 2,
3, 4, 5, 6, 7, 8, 9, 10, 100, and the initial sums are 6 and 65 (and then they
modify into (7, 64), (8, 63) and so on).

The small data set for the static Pareto set is formed by the items: 1, 2,
3, 20, 21, 80, with the initial sums (6, 70) which modify with the time steps
into (7, 69), (8, 68) and so on.

The large data set for the static Pareto set is formed by the items: 1, 2,
3, 4, 5, 30, 31, 32, 135, 150, 200 and the initial sums (15, 118) which modify
into (16, 117), (17, 116) and so on at each time step.

We call the data sets small or large based not the item set but on the
number of Pareto solutions they generate.

It can be easily observed that for the small set both algorithms – standard
genetic algorithm (GA) and GA using archive are able to find a number of
Pareto solutions (see Figure 1 (for dynamic Pareto set and Figure 2 (for static
Pareto set)). It is by far obvious that the algorithm incorporating archive is
able to find a number of solutions close to the real number of Pareto optimal
solutions (as generated by a backtracking algorithm for this simple test).

Figure 1. Comparison of standard GA and GA with archive
using a small data set for the dynamic Pareto set case.
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Figure 2. Comparison of standard GA and GA with archive
using a small data set for the static Pareto set case.

In the case of large dataset, it can be noticed form Figures 3 and 4 (corre-
sponding to dynamic and static Pareto set respectively) that the standard GA
manages to increase the number of nondominated solutions as it approaches
the final time steps in the case of dynamic Pareto set. It still remains a signifi-
cant gap between standard GA and GA with archive. It is interesting that the
number of nondominated solutions increases in standard GA in the situation
in which the Pareto set is dynamic and not when it is static.

For the three objectives case we consider same 11 time steps as with the
previous experiments. In this case, Pareto domination relationship among
solutions will return most of the solutions as nondominated among them. This
situation worsens with the increase in the number of objectives (4 or more).
The convergence to the real Pareto from is much slower

The data set used is composed from the items: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
100 and the initial sums are (6, 65, 100) which then modify into (7, 64, 101),
(6, 63, 102) and so on.

Figure ?? show the results obtained by the algorithm by averaging the
objectives values for each of nondominated solutions found at the end of each
time step. Minimum, maximum and average values among them are displayed
in the graph. It cannot be observed a linear evolution towards the end of the
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Figure 3. Comparison of standard GA and GA with archive
using a large data set for the dynamic Pareto set case.

Figure 4. Comparison of standard GA and GA with archive
using a large data set for the static Pareto set case.
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dynamic process which clearly shows the algorithms need some improvements
for an increased number of objectives.

Figure 5. Behavior of standard GA for 3 objectives subset
sum problem.

4. Conclusions

The paper briefly analysis the behaviors of two types of genetic algorithms
for the multiobjective dynamic version of the subset sum problem. Some of
the conclusions and findings of this study are as follows:

The algorithm preserving all the nondominated solutions found so far dur-
ing the search process approximates better the Pareto frontier.

Pareto nondominance relationship might not always be a relevant com-
parison measure among the solutions and additional information might be
required.

Algorithms require improvements and extra information if the number of
objectives is increased (to 3 or more criteria).
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AUTOMATIC SELECTION OF SCHEDULING ALGORITHMS

BASED ON CLASSIFICATION MODELS

FLAVIA ZAMFIRACHE AND MARC FRÎNCU

Abstract. Selecting the appropriate scheduling algorithm in distributed
heterogeneous systems is a difficult problem. In order to avoid an exhaus-
tive search it is possible to design an automatic selection procedure based
on a classification model trained using various characteristics of the tasks
to be scheduled. This paper presents a comparative study on the effective-
ness of several classification models used to select an effective algorithm
for a given scheduling problem. The main contribution of the paper is the
hybrid classifier based on non-nested generalized exemplars and an evolu-
tionary selection of attributes and exemplars. The experiments show the
ability of the proposed hybrid classifier to identify the appropriate sched-
uling algorithm when new configurations arrive to the grid scheduler.

1. Introduction

Distributed Heterogeneous Systems require Scheduling Algorithms (SA)
in order to efficiently map tasks on existing resources. However due to the
unpredictable behaviour of the underlying systems SAs are greatly influenced
when trying to optimize the objective cost function (e.g., makespan - time
required to complete the schedule, lateness - time delay in executing a task
given a specified deadline). The efficiency of the heuristic is both influenced
by tasks and system characteristics [1, 7].

So, the problem of designing a SA capable of efficiently dealing with a
wide range of scenarios has been given a lot of attention. However most of
the work focused on creating improved switching algorithms based on existing
scheduling heuristics [2, 7, 9], mostly using the Min-Min and Max-Min SAs [7].
The main issue with switching algorithms is that due to the large amount of
available SAs and to the tendency to discover new improved versions, creating
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a super-SA which contains conditional branches to existing heuristics is inap-
propriate. The reason for this is that the algorithm would require constant
re-editing and would eventually become to hard to comprehend.

An alternative to the switching algorithms is a brute force Best Selection
(BS) strategy in which every existing SA is tested against the existing system
configuration. Despite being efficient in identifying the best SA to be applied
in a given scenario, this solution has the disadvantage of increasing its runtime
when the number of tested algorithms increases. When considering also that
the strategy has to be reapplied periodically the time costs can make the
approach unsuitable. The periodicity is influenced by tasks completion and
arrival events, as they are the only ones that influence the resource load.

Because of the previously mentioned issues an alternative could be to ap-
ply BS only in constructing a training set of data. The training data contains
several platform characteristics of the scheduling scenario (tasks and resources
related) together with the best SA (class label) for that specific configuration,
found by BS. This data set could be used to train a classification system.
Then, when new configurations occur the classifier generated in the previous
step is used to infer the corresponding SA. Different scheduling scenarios need
different scheduling algorithms. Extracting the relationship between the char-
acteristics of a scheduling scenario and the corresponding best scheduling algo-
rithm would allow us to design an automatic procedure to select the algorithm
suitable (assuring the lowest makespan) to a given scenario. This relationship
can be extracted by using either supervised or unsupervised learning. In our
experimental analysis we used techniques belonging to both categories.

In this paper we tested several classification strategies in order to find the
one that ensures the largest classification accuracy and to identify which char-
acteristics of the scheduling events influence most the choice of an adequate
SA. In the experimental analysis we used several classifiers implemented in the
WEKA 1 data mining toolkit (MultiLayer Perceptron (MLP) neural network,
Radial Basis Function (RBF) network, Non-Nested Generalized Exemplars
classifier (NNGE)), a Fuzzy C-Mean unsupervised classifier and a hybrid clas-
sifier combining the NNGE algorithm with an evolutionary selection of relevant
attributes and exemplars (called Evolutionary Pruning NNGE: EP-NNGE).

2. The EP-NNGE Classifier

The NNGE algorithm is a hybrid instance based learning method which in-
fers from data classification rules represented as non-nested and non-overlapping
axes-parallel hyperrectangles [8]. In order to illustrate the NNGE learning pro-
cess let us consider a set of L training instances (examples), (E1, E2, . . . , EL),

1http://www.cs.waikato.ac.nz/~ml/weka/
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each one containing the values of N attributes. The aim of the learning pro-
cess is to construct a set of generalized exemplars (hyperrectangles), H =
{H1, H2, . . . ,HK}. A hyperrectangle usually covers a set of training instances
belonging to the same class. The learning process is incremental, for each ex-
ample Ej the following three main steps being applied: classification (the
hyperrectangle Hk which is closest to Ej is identified by using a distance-
based criterion), model adjustment (the hyperrectangle Hk is split if it covers
a conflicting example) and generalization (if it is possible, Hk is extended,
in order to cover Ej). The classification step is based on the computation
of the distance D(E,H) between an example E = (E1, E2, . . . , EN ) and a
hyperrectangle H = (H1, H2, . . . ,HN ) as given in Eq. (1):

(1) D(E,H) =

√√√√ N∑
i=1

wi
d(Ei, Hi)

Emax
i − Emin

i

where d(Ei, Hi) is the distance between the examples attributes and the hy-
perrectangles sides (Eq. (2) for numerical attributes and Eq. (3) for nominal
attributes), and wi represent the weights corresponding to attributes and are
computed based on the mutual information between the attribute and the
class.

(2) d(Ei, Hi) =

 0 if Ei ∈ [Hmin
i , Hmax

i ]
Ei −Hmax

i if Ei > Hmax
i

Hmin
i − Ei if Ei < Hmin

i

(3) d(Ei, Hi) =

{
0 if Ei ∈ Hi

1 if Ei /∈ Hi

Once the set H of hyperrectangles has been generated by the NNGE al-
gorithm, it can be postprocessed in order to reduce its size and, hopefully, to
improve the classification accuracy. Following the idea of the hyperrectangles
selection presented in [6] we developed an evolutionary pruning algorithm act-
ing as postprocessor of the results produced by NNGE [10]. The first version
of the algorithm, called EP-NNGE (Evolutionary Pruning in NNGE) is based
on the idea of evolving a population of M binary strings containing K com-
ponents. Each element, x, of the population corresponds to a subset of H,
e.g., if a component xk has the value 1 it means that Hk is selected into the
model, while if it is 0 it means that Hk is not selected. The quality of each
element is quantified using two measures: one related to the accuracy of the
classifier based on the selected hyperrectangles and the other one related to
the reduction of the model size. Thus the fitness of an element x is given by
Eq. (4) where Acc denotes the accuracy, |H| denotes the number of hyper-
rectangles and λ ∈ (0, 1) is a parameter controlling the compromise between
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the two quality measures.

(4) f(x) = λAcc(H(x)) + (1− λ)((|H| − |H(x)|)/|H|)
The general structure of the evolutionary selection strategy is inspired by

the adaptive algorithm used in [6]. It uses a population of binary encoded
elements that is evolving by applying a one point uniform crossover operator.
The selection operator was implemented using a truncation selection in order
to preserve the best M elements in the population.

The second approach is that of simultaneously selecting hyperrectangles
and attributes. In this case each element in the population has K + N com-
ponents (K being the initial number of hyperrectangles and N being the total
number of attributes). The corresponding algorithm (EPA-NNGE) has the
same structure as EP-NNGE and the population elements are evaluated also
by using Eq. (4). The main difference between EPA-NNGE and EP-NNGE
is related to the computation of the classification accuracy: when computing
the distance between a test instance and a hyperrectangle, all non-selected
attributes are just ignored in the former case.

3. Tests and Results

The supervised and unsupervised classifiers used for testing and their con-
figuration are presented below.

As supervised classification methods we used two neural networks archi-
tectures and a NNGE classifier. For NNGE and RBF classifiers we used the
default parameters values from WEKA toolkit. For MLP classifier we used 7
output neurons (one for each SA), a learning rate of 0.3 and 8 hidden neurons.

Fuzzy C-Means is an unsupervised classification technique which identifies
clusters in data based on some membership values which quantify the degree
of similarity between a data and a cluster. It computes the membership values
in an iterative way using as input only the data and the number of clusters to
be identified. The number of clusters used in tests is equal with 7.

For EP-NNGE and EPA-NNGE classifiers the population dimension is
M = 50 and the stopping criterion is a combination between a maximal
number of generations (100) and a maximal number of generations without
progress (50). The value used for λ is 0.995. This value have been chosen in
order to increase the classification accuracy and based on a study developed
on the datasets from UCI Machine Learning Repository.

Each instance in the training set contains values corresponding to the fol-
lowing attributes: the time when the schedule was completed, the mean task
Estimated Execution Time (EET) (in seconds); the mean standard deviation
of the EET ; the mean task Estimated Completion Time (ECT) (in seconds);
the mean standard deviation of the ECT ; the mean task size (in bytes); the
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mean standard deviation of the task size; the total number of tasks; and the
number of long tasks used in the experiment. Besides this information for
each configuration, the best SA found by BS was added in order to charac-
terize the class. The training set was derived synthetically generated using
the models described in [3]. In addition to them the platform heterogeneity
factor h = smax/smin − 1 (smax is the fastest CPU and smin is the slowest
CPU in flops/s) was also considered and used to build two training sets for
homogeneous (h = 0) and heterogeneous (h = 42) environments. Seven SAs
were used for determining the best policy: Max-Min [7], Min-Min [7], Suffrage
[1], MinQL [4], MinQL-Plain [4], DMECT [5] and DMECT2 [5].

Table 1. Classification accuracy

Training Inst. Cls. Fuzzy MLP RBF NNGE EP- EPA-
set C-Means NNGE NNGE

h=0 303 6 63.93 80.85 67.98 68.42 87.31 87.51
±7.67 ± 4.66 ± 10.00

h=24 366 6 74.81 81.42 50.54 65.41 85.34 85.91
±6.82 ± 5.00 ±10.00

mixed 669 7 68.2 65.32 66.24 64.32 83.70 83.16
±4.44 ± 4.33 ±10.00

The average runtime of each (un)supervised technique was below 2.5s
(training step + classification), while the BS strategy in the case of the 7
SAs requires around 6 seconds to complete one schedule event. The high clas-
sification percentages as well as the low runtimes make the learning techniques
suitable for determining the best SAs without requiring a BS or switching pol-
icy.

Table 1 presents the accuracy of the classification techniques. The be-
haviour of EP(A)-NNGE classifiers is similar for the three data sets even if
the number of selected attributes involved in classification process varies from
100% rate for the first approach to 47% rate for the second one. But in the
case of less attributes selection a larger variance is noticed. By analysing the
mutual information of each attribute it follows that the biggest amount of
information is offered by the number of tasks involved in the scheduling event
(weight = 0.53) followed by the task duration information (number of long
tasks - weight = 0.26, % of long task - weight = 0.16). These two parameters
are also efficient in determining certain SAs. For instance the total number
of tasks is an important parameter for selecting DMECT while the number of
long tasks is essential in classifying Max-Min (direct consequence of the study
performed in [7]). The rest of the attributes have low weight values (< 0.1).
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4. Conclusions

The EP-NNGE heuristic variants perform better than the other analysed
classifiers, the most significant difference being observed in case of mixed data
(homogeneous data combined heterogeneous data). The task set characteris-
tics that influence the mostly the scheduling heuristic selection are the tasks’
number and size. Since the test data sets are unbalanced, containing two
dominant classes DMECT and MaxMin, future work will address a hybrid ap-
proach between the EP-NNGE algorithm and some specific techniques applied
in case of unbalanced datasets.
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NONDOMINATION IN LARGE GAMES:

BERGE-ZHUKOVSKII EQUILIBRIUM

TUDOR DAN MIHOC(1), RODICA IOANA LUNG(2), NOÉMI GASKÓ(3),
AND D. DUMITRESCU(4)

Abstract. Generative relations, a class of binary relations on the game
strategies, can characterize game equilibria. The set of non dominated
strategies with respect to the generative relation describes the game equi-
librium. Evolutionary techniques based on nondomination may detect
game equilibria. Some properties of a generative relation used to de-
tect Berge-Zhukovskii equilibrium are investigated. Numerical results on
a Cournot model illustrate the proposed techniques.

1. Introduction

Among the most popular solutions in game theory are equilibria [4] such
as Nash or Aumann equilibrium. Each of them cope with different situations
and game conditions regarding players rationality however they give sometime
unrealistic results predicting how real players choose their actions.

In Berge-Zhukovskii equilibrium agents are allowed to play in a cooperative
way. By allowing them to form coalitions the equilibrium describes a kind of
reciprocation altruism and it represents a robust solution concept in Game
Theory, more close to people behaviour than Nash equilibrium.

Large games (with a great number of players) are of great interest but
the computational costs for finding good approximations of equilibria are ex-
tremely high.

A fitness concept based on non-domination has been proposed for strategic
games in normal form for pure strategies. Similar with the Pareto dominance
from the evolutionary multi objective algorithms [1] a domination relation be-
tween two members of the population has been defined. This relation (named
generative relation) allows a comparison between two individuals.
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Pareto-dominance concept is known to be inefficient for many-objectives
optimization problems. Algorithms that use Pareto-dominance are inefficient
for more than 3, 4 objectives [2].

The difficulties in computing Berge equilibrium for large games are pre-
sented and studied here in comparison with Pareto-dominance for many-
objectives optimization.

2. Prerequisites

Some basic notions from Game Theory are considered (see, for instance,
[4]).

2.1. Strategic games. Definition. A finite strategic game is defined as a
system by G = (N,S, U) where:

• N = {1, ..., n}, represents the set of players, n is the number of players;
• for each player i ∈ N , Si represents the set of actions available to her;
• S = S1 × S2 × ...× Sn is the set of all possible situations of the game;
• (s1, s2, ..., sn) ∈ S is a strategy profile.
• for each player i ∈ N , ui : S → R represents the payoff function.

U = {u1, ..., un}.

Remark. In a strategic game the set of all possible strategy profiles
represents the search space.

2.2. Berge-Zhukovskii equilibrium. Berge-Zhukovskii equilibrium [6] can
be viewed as a solution for games that do not have a Nash equilibrium, or for
games which have more than one Nash equilibrium.

The strategy s∗ is a Berge equilibrium in the sense of Zhukovskii, (or
Berge-Zhukovskii equilibrium) if at least one of the players of the coalition
N − {i} deviates from her equilibrium strategy, the payoff of the player i in
the resulting strategy profile would be at most equal to her payoff ui(s

∗) in
the equilibrium strategy.

Formally we may write:
Definition. A strategy profile s∗ ∈ S is a Berge-Zhukovskii equilibrium

if the inequality

ui(s
∗) ≥ ui(s∗i , sN−i)

holds for each player i = 1, ..., n, and sN−i ∈ SN−i.
A player that chooses a strategy from Berge-Zhukovskii equilibrium ob-

tains a maximum payoff when the other players also choose strategies from
Berge-Zhukovskii equilibrium.
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3. Generative relations

Two generative relations are presented in this section, relations used to
guide the search towards the equilibria: the Pareto front and the Berge-
Zhukovskii-equilibrium respectively. With respect to these relations, two strat-
egy profiles can be indifferent one to another, or one of them dominated by
the other.

3.1. Pareto domination. Definition. A strategy s′ Pareto-dominates the
strategy s′′ if and only if each player has a better payoff for s′ than for s′′. We
write s′≤P s

′′ or (s′, s′′) ∈ Pd.
Formally s′ Pareto dominates s′′ if and only if we have ui(s

′) ≥ ui(s
′′)

∀i ∈ {1, ..., n} and there ∃j ∈ {1, ..., n} : uj(s
′) > uj(s

′′).
A strategy s′′ is called Pareto-non dominated if @s′ ∈ S : (s′, s′′) ∈ Pd.
A Pareto-non dominated strategy is also called Pareto optimal or Pareto

efficient.
In a similar manner to the Pareto domination relation, two strategy profiles

may either dominate each other or they may be indifferent to each other.

3.2. Berge-Zhukovskii equilibrium. A generative relation for Berge-Zhu-
kovskii equilibrium is presented in this section. The relation is constructed
similar to Nash-ascendency relation introduced in [3].

Consider two strategy profiles x and y from S. Denote by b(x, y) the
number of players who lose by keeping the initial strategy x, while the other
players are allowed to play the corresponding strategies from y.

Consider

b(x, y) = card{i ∈ N, ui(x) < ui(xi, yN−i)}.

Definition. Let x, y ∈ S. We say the strategy x is better than strategy
y with respect to Berge-Zhukovskii equilibrium, and we write x ≺BZ y, if and
only if the inequality

b(x, y) < b(y, x),

holds.
Definition. The strategy profile y ∈ S is a Berge-Zhukovskii non-

dominated strategy, if and only if there is no strategy x ∈ S, x 6= y such that
x dominates y with respect to ≺BZ i.e. x ≺BZ y.

Denote by NBZ the set of all non-dominated strategies with respect to
the relation ≺BZ . This set equals the set of Berge-Zhukovskii equilibria, if the
Berge-Zhukovskii equilibrium exists for that game.
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4. Numerical experiments

In order to analyse the domination in an arbitrary population for Nash-
ascendency relation we consider a Cournot oligopoly. The generative relations
for Pareto and Berge-Zhukovskii equilibria are analysed and compare using
the coefficient of relative dominance [5].

Consider P a set of m strategy profiles, R ⊂ S1 × S2 × ...× Sn.
In order to compare the relations in the population P we consider the

coefficient of relative dominance

Krd =
D

T

whereD denotes the number of pairs from P in which one individual dominates
the other with respect to the relation, and T the total number of pairs of
individuals from P .

The coefficient of relative dominance is a good indicator of the potential
of a generative relation.

4.1. Cournot model of oligopoly. A single good is produced by n firms.
The cost to firm i of producing qi units of the good is Ci(qi), where Ci is an
increasing function (more output is more costly to produce). All the output
is sold at a single price, determined by the demand for the good and the firms
total output. If the firms total output is Q, than the market price is P (Q).

If the output of each firm is qi, then the price is P (q1 + q2 + ...+ qn) and
the firm i’ revenue is qiP (q1 + q2 + ...+ qn). The payoff function for the player
i is:

πi(q1, ..., qn) = qiP (Q)− Ci(qi)

= qi [a− (q1 + ...+ qn)− c] .

Each firm cost function is Ci(qi) = c ∗ qi for all qi. P (Q) = a−Q if Q ≤ a
and 0 otherwise. We consider in the following experiments that a = 24 and
c = 9.

4.2. Experimental set up. A population P of 50 individuals is randomly
generated. Each member of this population s ∈ P represents a strategy profile
s = (s1, s2, ..., sn) ∈ S1 × S2 × ... × Sn where n is the number of players and
Si ∈ [0, 10].

We will count: the number of pairs where an individual dominates the
other one, and the number of pairs of individuals that are indifferent to each
other. We will also compute Krd, the coefficient of relative dominance for both
relations. The analysis will be made for different numbers of players, from 2
to 30. Presented results are averages after 30 runs of the algorithm.
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Table 1. Results for the Pareto domination and for the gener-
ative relation for Berge-Zhukovskii equilibrium in the Cournot
game

Number No. of pairs

of Pareto domination Berge-Zhukovskii domination

players dominated indifferent Krd dominated indifferent Krd

2 628 597 0.51 684 541 0.55

5 617 608 0.50 870 355 0.71

10 59 1166 0.04 1008 217 0.82

20 0 1225 0.00 1216 9 0.99

30 0 1225 0.00 1225 0 1.00

Pareto Dominance. If we consider the above experimental set-up for the
game of Cournot type we obtain the results similar with those in current
literature. As the number of players increases, the chances that one individual
from a pair dominates the other get extremely low (Table 1).
Berge-Zhukovskii equilibrium. For the Berge-Zhukovskii equilibrium gen-
erative relation, as the number of players increases so does Krd and the number
of indifferent individuals with respect to the ascendancy relation tends to zero
(Table 1).

5. Conclusion

Some properties of the generative relation for Berge-Zhukovskii equilibrium
in large game are presented. As the number of players increases, the number
of strategy profiles indifferent to each other with respect to the generative
relation decreases, unlike the case of Pareto dominance.

The generative relation for Berge-Zhukovskii equilibrium would become
problematic because the lack of indifferent individuals, unlike the Pareto dom-
inance relation that becomes useless in many-objective optimization due to
too many indifferent individuals. In both cases - for many objectives/players
- both relations fail to indicate efficient solutions.

The study of these properties may be useful in improving the results of
evolutionary search operators designed for solving large games.
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(1)Babeş Bolyai University Cluj Napoca
E-mail address: tmihoc@cs.ubbcluj.ro
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SELF-ORGANIZED CRITICALITY AND ECONOMIC CRISES

ANDREI SÎRGHI AND D. DUMITRESCU

Abstract. The conventional economic science appears to have ignored
some important phenomena of economic systems by treating them as ex-
ceptions – namely the destructive phenomena. Relying on various widely
accepted models and theories that practically avoid the occurrence of fail-
ures, depressions, crises and crashes, the economic science is incomplete
and clearly needs a major reorientation and a change of focus from the
deterministic to the holistic perspective.

This paper is primarily oriented on discovering and understanding the
destructive phenomena in economic systems through the paradigm of com-
plex systems. Introducing a new economic model based on a connective
structure borrowed from neurosciences, interesting behaviour is emerging
even for a very simplistic economic system like a distribution network. A
new cause for the apparition of economic crises which is unconventional
and totally different from the common views is identified and brought to
light.

Introduction

The modern economic science, inheriting much of Neoclassical Synthesis,
is basically build on constraint optimization mathematical models whose ap-
plicability in economy has become more and more sophisticated. Having a
deterministic character, this strong mathematical theoretic base created the
illusion that economics is a good child of science having an easy to influence
behaviour and being fully controllable. But this idealistic mask of economic
science is betrayed by its inability to demystify and prevent the appearance in
economic systems of destructive phenomena like: fluctuations, market failures,
depressions, disequilibria, and crises, in attempting to meet the theoretical ex-
pectations in real world economic systems.

In this paper we propose a new economic model, defined in terms of a con-
nective structure composed of elements and connections called econnectomic
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model. The model is based on the theory of complex systems [1] and intro-
duces a connective approach and a historical dimension for studying economic
systems. Using a revolutionary view, the model can represent various types
of economic systems being appropriate to study all aspect of their activity,
including the phenomena which tend to disturb it by creating disequilibria,
thus raising collapses and crises.

We demonstrate that unpredictable behaviour in economic systems can
result from small independent shocks generated by the elements inside the
system when the system achieves a dynamical state of self-organized criticality.
No exogenous cataclysmic force is needed to create large catastrophic events.
Using proposed model we will analyze the apparition of these phenomena in a
simplified distribution network of the form: producers-distributors-consumers.
Even this simplistic model based on simple local interactions is plausible to
generate complex behaviour.

1. THE MODEL

An economic process can be completely defined by the set of agents which
are involved in it and their ability to create connections during economic activ-
ity. To denote these things with a single word, we will use term ”econnectome”,
obtained from the term ”connectome”- widely used in Neuroscience.

In an econnectome each agent is viewed from two perspectives: (i) as an
individual entity having own goals, interests and activities; (ii) as a connected
entity which is part of a complex community, is dependent of this community
for achieving own goals, and is implied in a global process of the community.
Our model is based on the econnectome structure and is called ”Econnectomic
Model” (ECM). Model structure is defined by ECM = (A,C, λ), where:

− A is a fixed set of agents, A = {a1, a2, ..., an}, where n represents
the number of agents. Agents can have different roles, e.g. producer-
consumer;

− C is a dynamical set which represents the connections between agents,
C = {c1, c2, ..., ci, ...}. Each connection links two different agents from
the set A. This set is changing during model activity as result of agents
tendency to optimize connections, by keeping profitable connections
and destroying those that generate losses;

− and λ is an incidence function that associates to each connection ci ∈ C
an ordered pair of agents {u, v}, u, v ∈ A, u 6= v, thus: λ(ci) = {u, v} -
is a function that connects agent u with agent v by connection ci.

Participating in an economic process, each agent in the model tracks the
profitability (fitness) of their connections using function fc. They assign to
each connection an individual fitness value which is updated after every in-
teraction between agents supported by the corresponding connection. This
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fitness function governs the evolution and optimization of the ECM struc-
ture. Moreover it is a simple but effective mechanism for the implementation
of interactional historical dimension in our model, which is a key factor in
understanding economy as a continuous complex process.

Additionally each economic agent has a fitness value which shows if the
agent is prepared to take new connections. These fitness values depend on the
agents’ activities and form a law of preferential attachment in the econnectome
which govern the process of apparition of the new connections. The agents
with a bigger fitness are more preferred by other agents to connect with.

2. Distribution Network

Using the ECM we will analyze the activity of a producers-distributors-
consumers (PDC) distribution network. In the PDC network are involved
three types of agents: (i) producers - the agents who produce economic
goods, and generate the supply of economic goods on the market; (ii) dis-
tributors - the agents who connect consumers with producers, distributing
economic goods from producers to consumers; (iii) consumers - the agents
who generate the need on the market by requesting economic goods. The con-
nections between consumers, distributors and producers form the distribution
chains of the economic goods from producers to consumers. The number of
outgoing connections for each agent is limited and relatively small compared
with network size.

The preferential attachment that governs the formation of new connections
is based on the nodes fitness. In the PDC network the producer’s fitness value
is the difference between the quantity of produced economic goods and the
quantity of distributed economic goods in current iteration. The distributor’s
fitness value is the report between the fitness of distributor’s sources and the
number of agents supplied by these sources minus a penalty for the distance
from producers. Consumers does not have a node fitness value, they have just
outgoing connections.

3. ECM Activity

The activity of ECM is organized in iterations. In the PDC network, each
iteration producers generate a quantity of goods and all consumers or a part
of them generate the demand for goods. The goal of ECM is to cover the
demand generated by the clients with goods produced by producers, finding
and maintaining an effective set of distribution chains.

Having a limited amount of connections, each agent in the econnectome
should maintain profitable connections and destroy unprofitable ones evalu-
ating them using connections’ fitness function. When the PDC network is
generated, a constant fitness value k is assigned to each connection. Dur-
ing model activity, the fitness of each connection in PDC network evolves:
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fc(ci, i) = fc(ci, i − 1) + (qp/qr − 1), where i represents iteration number, qp
represents the quantity of goods provided by this connection, and qr is the
quantity of goods this connection should provide.

At the end of iteration the agents remove connections with a minimal
fitness and create new connections to replace the removed ones. Initially dis-
tribution network is generated randomly, and obviously forms an ineffective
set of distribution chains. But letting model to evolve some iterations, the
distribution chains are gradually improved to a level where consumer demand
is nearly fully covered and no further improvement is possible. Such config-
uration of the econnectome is called an optimized meta-state. In most cases,
the demand coverage is close to optimum but not reaches it, excluding specific
cases. Thus, the econnectome evolves close to an optimum configuration but
reaches it in very specific cases. This situations is not new to economy, there
are many economic processes which meets this situation, e.g. unemployment
rate in labour market.

We call this level of network evolution optimized meta-state, because it is
not a stationary configuration. It is rather a continuous chain of states or con-
figurations which changes network structure but at the same time preserves
its ability to nearly fully cover client demand. Each configuration in this chain
is close to optimum and is called optimized configuration. Analyzing network
evolution, an important property of the model stands out: the local interac-
tions between the agents engage the system in a complex process of learning
and adaptation. Moreover, the agents interactions generates a tendency of the
model to self organize (see [2] and [3]) the network globally and to maintain
optimized meta-state at a close to optimum level. By self-organization we
mean that the system naturally evolves to the optimized meta-state without
detailed specification of the initial conditions.

This behaviour is very similar to the emergence of complex behaviour ob-
served in the models which analyze the sandpile formation, apparition of earth-
quakes, organization of traffic flow, etc. Our model alongside with all the
enumerated models evolves in a state of self-organized criticality [4], which in
ECM is not a stationary state but is an optimized meta-state. These critical
states behave as an attractor of the system dynamics, and can be viewed as a
complement of the chaos concept. However, reaching certain levels of critical
configuration and interconnectivity, the interdependences between system el-
ements also makes the system very susceptible to small variations or shocks.
At the same time, the system cannot be too sensitive since the current state
is the result of a long chain of optimization and evolution. The presence of
this balanced configuration is considered an important part of the ”critical”
systems. As result, small variations in the system environment may destabilize
these critical states which in turn will give rise to unpredictable behaviour in
the whole system behaving as a source for apparition of avalanches and catas-
trophes which easily can be distributed by the connective structure creating
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Figure 1. PDC network demand coverage dynamics in cases
1, 2 and 3.

domino effects. In the next section we shall see that this qualitative concept
of criticality can be put on a firm numerical basis.

4. Numerical Experiments

We will analyze the behaviour of the ECM modelling PDC network in
different situations. The PDC network involves 100 producers, 300 distributors
and 100 consumers (for first 2 cases). First we let the econnectome to evolve to
an optimized meta-state, then small shocks inside the system are consecutively
generated, by slightly increasing the demand of a small number of consumers
beyond the predefined bounds. We have following 3 situations: Case 1 and
2 - network has a uniform distribution of connections; production capacity
is 2, consumer demand is 2. Each distributor or consumer has one outgoing
connection for case 1, and 1-2 connections for case 2. Case 3 - network has
a power law distribution of connections, depending on production capacities.
The producers’ production capacities are approximately: 56% - 2 units, 20%
- 4 units, 11% - 6 units, 7% - 8 units and 5% - 10 units. Consumer demand
is 2 units, number of consumers is 173. Each distributor or consumer has 1-2
outgoing connections.

The dynamics of demand coverage in PDC network for these situations is
presented in Fig. 1. In each case small shocks are generated at iteration 168,
by increasing the demand of 5% of consumers from 2 to 5, consecutively for
10 iterations. The figure shows that the effects of small shocks in these cases
are different and they are more destructive when the network has a power law
distribution of nodes or when nodes have 1-2 outgoing connections.
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Conclusions

The economic science clearly should include a dedicated chapter for study-
ing crises and their rehabilitation. In this paper we analyzed this complex phe-
nomenon using a holistic approach, based on the theory of complex systems
and a connective structure called econnectome. Using a simplistic producers-
distributors-consumers distribution network, we addressed such complex as-
pects of economic processes as adaptability, emergence, and self-organization.

The connective approach used to model a universal structure for economic
processes provides a rich scientific background for understanding the propa-
gation of destabilization and apparition of the domino effect in the economic
systems. The theory and computational approaches of complex systems, of-
fers a new perspective of understanding and modelling the economic processes.
Treating economic equilibrium as a continuous dynamical process opens new
views for understanding its stability and the potential destructive factors.

We identified that when the system enters an optimized meta-state, small
variations inside or outside the economic systems can be the cause of unpre-
dictable behaviour, which further can lead to a global crisis which cover whole
systems. The role of self-organized criticality is crucial in economic systems
and should be considered as a cause and as a start point of many important
economic phenomena.
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AN EVOLUTIONARY APPROACH OF DETECTING SOME

REFINEMENTS OF THE NASH EQUILIBRIUM

D. DUMITRESCU, RODICA IOANA LUNG, AND NOÉMI GASKÓ

Abstract. In non-cooperative game theory the most important solution
concept is the Nash equilibrium. Many refinements of this one are in-
troduced in order to solve the selection problem associated to the games
having several Nash equilibria. Numerical experiments are proposed to
calculate the distance between the Pareto front and different type of equi-
libria. A generative relation and an evolutionary technique for detection
different Nash equilibrium refinements are used. The experiments show
that these equilibria concepts can be useful in multi-objective optimiza-
tion problems.

1. Introduction

A major application of Game Theory is the equilibrium detection. In
general an equilibrium can be described as a state, from that no player wants
to deviate. The most known equilibrium concept in non-cooperative Game
Theory is the Nash equilibrium [8]. Intuitively, a strategy profile is a Nash
equilibrium if there is no player who can change his/her strategy in order to
improve his/her payoff. For games having more Nash equilibria can appear
a selection problem. Agents can not decide which strategy to play, therefore
can appear bad decisions. Several refinements of the Nash equilibrium have
been developed: Aumann (strong Nash) equilibrium [1], coalition proof Nash
equilibrium [2].

Our goal is to compare the detected different equilibria types with the
Pareto front of the experiments.

2. Game theoretic prerequisites

A finite strategic non-cooperative game, G = (N,Si, ui, i = 1, ..., n), can
be described as a system, where:
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• N represents a set of players, and n is the number of players;
• for each player i ∈ N , Si is the set of available actions, S = S1 × S2 ×
...× Sn is the set of all possible situations of the game and s ∈ S is a
strategy (or strategy profile) of the game;
• for each player i ∈ N , ui : S → R represents the payoff function

(utility) of the player i.

In the following we present shortly the different equilibria types.

2.1. Pareto efficiency. The solution is Pareto-efficient if there is no possi-
bility of improving the payoff of one agent, without making that of another
agent worse.

2.2. Nash equilibrium. As we mentioned Nash equilibrium is a strategy
profile from then no player can deviate in order to increase her/his payoff.

Formally:

Definition 1. A strategy profile s∗ ∈ S is a Nash equilibrium if the inequality
holds:

ui(sij , s
∗
−i) ≤ ui(s∗), ∀i = 1, ..., n, ∀sij ∈ Si,

where (sij , s
∗
−i) denotes the strategy profile obtained from s∗ by replacing the

strategy of player i with sij .

2.3. Aumann (strong Nash) equilibrium. The Aumann equilibrium is
a game strategy for which no coalition of players has a joint deviation that
improve the payoff of each member of the coalition.

In order to give a formal definition,let (sI , s
∗
−I) denotes the strategy profile

in which i ∈ I chooses the individual strategy si, and each j ∈ N − I chooses
s∗j .

Definition 2. The strategy s∗ is an Aumann equilibrium if for each coalition
I ⊆ N, I 6= φ the inequality

ui(sI , s
∗
−I) ≤ ui(s∗), ∀i ∈ I,

holds.

2.4. Coalition proof Nash equilibrium. Bernheim [2] introduced the coali-
tion proof Nash equilibrium. A coalition-proof equilibrium is a correlated
strategy from which no coalition has an improving and self-enforcing devia-
tion.

Definition 3. Let s∗ ∈ S and let P be the set of the subsets of {1,2,...n}. An
internally consistent improvement (ICI) of P upon s∗ is defined by induction
on card(P ) [6]:
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• if card(P ) = 1, then P = {i}, then si is an ICI upon s∗, if

ui(si, s
∗
N−i) > ui(s

∗);

• if card(P ) > 1, then sP ∈ SP is an ICI of P upon s∗

(i) sP is an improvement of P upon s∗;
and
(ii) if T ⊂ P and card(T ) < card(S) then T has no ICI upon

(sP , s∗N−S).

Definition 4. A strategy profile s ∈ S is a coalition proof Nash equilibrium,
if no P subcoalition has an ICI upon s∗.

3. Evolutionary equilibria detection

In order to obtain the above mentioned equilibria types of a non-cooperative
game we define generative relations.

Several generative relations are introduced, for Nash equilibrium [7], for
Aumann equilibrium [4], for modified strong Nash and coalition proof Nash
equilibrium [5]. Generative relations may be used for ranking-based fitness
assignment in an evolutionary technique for equilibria detection.

3.1. Generative relation for different equilibria types. Consider two
strategy profiles s and s∗ from S.

We may express the generative relation generative relation (s, s∗) as the
number of players or coalition of players for which some players or coalitions
of players change from the initial strategy.

Generative relations for the certain equilibria are the following:

• Nash equilibrium

k(s∗, s) = card{i ∈ {1, ..., n}|ui(si, s∗−i) ≥ ui(s∗), si 6= s∗i }.

• Aumann equilibrium

a(s, s∗) = card[i ∈ I, φ 6= I ⊆ N, ui(s∗I , s−I) ≥ ui(s), s∗i 6= s−i],

• coalition proof Nash equilibrium

cn(s∗, s) = card[i ∈ I, φ 6= I ⊆ N, ui(sI , s∗−I) ≥ ui(s∗), si 6= s∗−i]

+card[t ∈ T, T 6= φ, T ⊂ I, φ 6= I ⊆ N, ut(zt, sI−T , s
∗
N−I) ≥ ut(sI , s∗N−I),

sI 6= s∗I , zt ∈ ST ],
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Definition 5. Let s, s∗ ∈ S. We say the strategy s is better than strategy s∗

with respect to the certain equilibrium, and we write s ≺EQ s∗, if and only if
the inequality

generative relation(s, s∗) <generative relation(s∗, s),
holds.

Definition 6. The strategy profile s∗ ∈ S is a certain non-dominated strategy,
if and only if there is no strategy s ∈ S, s 6= s∗ such that s dominates s∗ with
respect to ≺EQ i.e.

s ≺EQ s∗.

We may consider the relation ≺EQ as a generative relation of the certain
equilibrium. The set of the certain equilibria equals the set of the nondominant
strategies with respect to the relation ≺EQ. We may consider the set of non-
dominated strategies as a subset of the certain equilibrium of the game.

3.2. Evolutionary equilibrium detection method. A population of strate-
gies is evolved using the dominance concept based on the generative relation.

The individuals in the Pareto front are represented as an n-dimensional
vector representing a strategy profile s ∈ S.

An initial population is generated randomly. A subsequent application
of the such operators (like the simulated binary crossover (SBX) and real
polynomial mutation [3]) is guided by a specific selection operator induced by
the generative relation.

At iteration t the strategy population may be regarded as the current equi-
librium approximation (Nash, Aumann or coalition proof Nash equilibrium).
The successive populations produce new approximations of the equilibrium
front.

4. Numerical experiments

We would like to examine the position of the Pareto front to the Nash
equilibrium and to its refinements. In each experiment the population size is
200 the maximal number of generation is 50.

4.1. Experiment 1. Let us consider game G1, having the following payoff
functions [4]:

ui(x1, x2) = xi[10− sin(x1 + x2)], xi ∈ [0, 10], i = 1, 2.

We have detected all of the Aumann and coalition proof Nash equilibria
on the Pareto front, and some of the Nash equilibria lies on the Pareto front
and some of it under the Nash equilibria.
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Nash eq. Aumann eq. coalition proof Nash eq.
G1 0 0 0
G2 0 0 0

Table 1. Minimum distance from the Pareto front in the case
of the Nash, Aumann and coalition proof Nash equilibrium in
the best population

Nash eq. Aumann eq. coalition proof Nash eq.
G1 3.0181 0.3769 0.35759
G2 49543 0 0

Table 2. Maximum distance from the Pareto front in the case
of the Nash, Aumann and coalition proof Nash equilibrium in
the best population

4.2. Experiment 2. Let us consider the three person game G2 with the fol-
lowing payoff functions:

ui = exi(a− sin(
∑
i=1,3

x2
i )), xi ∈ [0, 10], i = 1, 2, 3, a = 1;

We have detected only one coalition proof Nash and Aumann equilibrium
the strategy (10, 10, 10) with the corresponding payoff (44047.55, 44047.55,
44047.55).

4.3. Numerical results. Table 1 and 2 presents the distance between the
Pareto front and the minimum and maximum values of the different equilibria
payoffs in the final population.

The numerical experiments show that the certain equilibrium detection can
be a good tool in optimization problems, as well. The Pareto front contains an
infinite number of points, the refinements of the Nash equilibrium (Aumann
and coalition proof Nash equilibria) reduce the set of the solutions.

5. Conclusions

Generative relations are used for evolutionary equilibrium detection. The
detected different type of equilibria can be solutions in multi-objective opti-
mization problems.

Numerical experiments show that detected equilibria can be better solu-
tions in some cases than Pareto front detection. In the most cases Pareto
front contains an infinite number of values, the different refinements of the
Nash equilibria gives less solutions.
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Calculating the minimum and maximum distance from the Pareto front
to the different equilibria types in the best population we can conclude that
some of the refinements of the Nash equilibrium lie on the Pareto front. In
the presented games the number of the Nash refinement solutions is small,
therefore these solution concepts can be viewed as a new optimization tool.
Further work will include experiments with more players, and other equilib-
rium concepts.
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LEARNING TO PLAY THE GUESSING GAME

ZSUZSANNA MARIAN, COSMIN COMAN, AND BARTHA ATTILA

Abstract. We present two models from literature (Nagel’s Quantitative
model and Stahl’s Boundedly Rational Rule Learning model) that describe
people’s behaviour when playing the guessing game. Although these mod-
els were defined based on experimental data, when they are implemented
and their result compared to experimental data, the results are not good.
We define a new model, called Refined Boundedly Rational Rule Learning,
based on an existing one, and show that its results are closer to experi-
mental data than the results of the other two.

1. Introduction

Game theory has defined different equilibrium concepts, probably the most
famous of them being the Nash equilibrium. These concepts can be applied
to games to show which strategies would be the best for people playing them.
Unfortunately, experiments show that people rarely play the strategy given by
the equilibrium, but there is no clear explanation about why they do not.
Many different experiments were performed to see how people play exactly,
trying to define general rules that describe their behaviour. Finding such
models of people’s behaviour is important, because some games can model
different economic phenomena, such as: bargaining, auctions, social networks
and so on. This paper presents two algorithms based on existing models that
try to simulate people’s behaviour when playing the Guessing Game. The
first is a simple model, called Quantitative model, while the second is a more
complex one, called Boundedly Rational Rule Learning model. Since these
models, when using to simulate people’s choices do not give good results, we
propose a new one, which is a modification of the second.
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2. Related Work

The guessing game (also called beauty contest game) was developed and
introduces by John Maynard Keynes in ”General Theory of Employment In-
terest and Money” in 1936, as a way to explain price fluctuations in equity
markets [4]. Since its introduction, many different articles have been written
about this game, trying to analyse different aspects of it, such as: the impor-
tance of complete (or incomplete) information for players ([3]), the importance
of the size of groups in games and many different criteria. The Museum of
Money & Financial Institutions even has a flash applet of the game on their
webpage ([5]), where people can choose a number, and see the average result
of choices so far. Currently the average guess is 23.
[1] presents some detailed experiments, and defines a ”step-k” model, that is
later used by [2] for his own model, which is a complex model, with many
different parameters, for which values were estimated based on experimental
data.

3. The Guessing Game

The guessing game is usually played by N players (N ≥ 2), for T (T ≥
1) periods. For each period, each player simultaneously chooses a number
from the [0, 100] interval. The winner of the game is the person whose chosen
number is closer to p (usually p is 2/3, although [1] treats also the case when
p =4/3) times the mean of all numbers, the rest of the players win nothing.
When p is less than 1 the only Nash equilibrium of the game is when all players
play 0, but many different studies and experiments (for example [1, 2]) show
that people rarely play this equilibrium at first. When the game is repeated
many times, usually the numbers chosen by people are lower and lower for
each round, and there are players who learn to play the equilibrium.
In [1] Nagel presents a model that tries to explain the way people play this
game, by introducing the ”step-k” model. In her idea, there are players who
choose their numbers randomly, without forming any idea of the game, and
these are the ones having zero-order belief [1]. Players with first order beliefs
think that the rest of them are zero-order belief players, and choose their
numbers according to this idea and so on. Although theoretically there could
be defined an infinite number of such levels, experiments show that the highest
order present when people play is usually 3.

4. Two existing models

4.1. Quantitative model. This model was described by Nagel in [1] based
on some experiments she performed, during which people played the game for
four sessions, and it is used to describe how people change the value they play
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from one session of the game to another. First of all, an adjustment factor ait
is defined for player i for period t, after the player has chosen a number (xit).
Its value is computed using the formula

(1) ai,t =

{ xi,t

50 for t = 1
xi,t

(mean)t−1
for t = 2,3,4

After all players have chosen their numbers, the optimal adjustment factor
can be computed which gives the optimal deviation from the previous mean,
leading to the current one:

(2) aopt,t =

{
xopt,t

50 = p×(mean)t
50 for t = 1

xopt,t

(mean)t−1
= p×(mean)t

(mean)t−1
for t = 2,3,4

After a round a player can compute his own adjustment factor and he can
also compute the optimal adjustment factor. He then compares the two, and
if ai,t is less than aopt,t then in the next round he will choose a number that
will increase ai,t+1, otherwise he will chose a number that will decrease it.

4.2. The Boundedly Rational Rule Learning Model. The Boundedly
Rational Rule Learning Model is based on Nagel’s ”step-k” model, but adds
learning to it, which means that players of a given step, can learn to play
numbers corresponding to another step. The model is presented in [2] and
it is a complex model, which depends on 14 parameters, whose value was
estimated based on data gathered from experiments. In the following we will
shortly present the model as described in [2]. The model defines K behavioural
rules (corresponding to the steps in Nagel’s model), numbered from 0 to K−1.
They consider the case K = 4. Each player will have a type which corresponds
to these rules, but during the game they can learn to use a rule that is different
from his type. Each player has a vector of propensities which has a value for
each rule. This vector (denoted by ω) is used for computing the probability of
using a behavioural rule. The probability of a player of type k choosing rule
j in a period t (denoted by ϕ(k, j, t)) is given by the following formula:

(3) ϕ(k, j, t) = eω(k,j,t)/
∑
l

eω(k,l,t)

The initial propensities are defined so that the rule corresponding to the
player’s type will have the most chance of being chosen, but other rules will
have a positive probability as well. So, they define ω(k, k, 1) = µ > 0 and
ω(k, j, 1) = 0 for k 6= j. They define a function fk : A → ∆(A) that maps
the previous mean of numbers into a probability density on the set of current
choices. If the mean of choices in the previous round was xt, then the probabil-
ity density of xt+1 for rule k is denoted by fk(xt+1;xt). Since fk(p× xt;xt−1)
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is the probability density for rule k evaluated after the numbers were chosen,
it can be used as a performance measure. Both functions will be of normal
distribution, but, because making a decision is different from evaluating one,
the standard deviation of this performance measure (denoted by gk) is de-
fined using different parameters. In every round, after the player has chosen
a number, the vector of propensities is updated in the following way:

(4) ω(k, j, t) = β0 × ω(k, j, t− 1) + β1 × gj(p× xt−1;xt−2)

The parameter β0 shows how important the current propensity is, while pa-
rameter β1 shows how important the feedback over the current choice is for
the player. The value of gk does not depend on the current value chosen by
the player, it will have the highest value for the k which represents the rule
that would have been the best choice taking into consideration the previous
and the current means. The model does not specify how a number is chosen,
but given a number x(i, t) (the choice of player i in period t) and a player’s
propensities towards the behavioural rules (which lead to the probabilities of
choosing the rules) they define a formula to compute the probability of that
number being chosen.
Finally, Stahl defines four parameters (α0, α1, α2 and α3) to represent the
percentage of the players that have type zero, one, two and three respectively.
They also add a fifth type, called α−1, which represents the players that does
not learn at all, but choose random numbers in every period.

5. Refined Boundedly Rational Rule Learning Model

We have implemented the two models described above to simulate the
game, and see if the results are close to actual experimental results. Unfortu-
nately, neither the Quantitative, nor the Boundedly Rational Rule Learning
model gives a method of generating the next number of a player. For the
Quantitative model, we choose to compute the difference between ai,t and
aopt,t and modify ai,t in the given direction with a random value that is at
most equal to the difference (chosen from a uniform distribution). When we
have the new value of ai,t we can compute x using the formula from 1 (only
that this time x is the unknown). The other model contains a formula to com-
pute the probability of a given number being chosen. We used this formula
and randomly generated one hundred numbers using a uniform distribution
and choose the one for which the probability was the highest.
When testing these models, the only conclusion we could draw was that the
numbers chosen by the models are lower and lower, but this was not sufficient.
So we decided that instead of randomly generating first session choices, use
numbers taken from experimental data and see if numbers chosen for subse-
quent session will be similar to those from experiments. Unfortunately we did
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not have the opportunity to perform experiments and gather data, but Nagel
describes some experiments in detail in [1]. She gives the mean of choices
for the four sessions, moreover, the first period choices of peoples are also
presented on a graph (Figure 1.B) from which we were able to deduce the
numbers chosen by people with a good accuracy. Using these values as first
period choices, we ran our simulation, but it did not give very good results.
When analysing the models, we observed a problem with the Boundedly Ra-
tional Rule Learning model: the way of computing the probabilities based on
the propensities will smooth out very big differences in the propensities. To
try to solve this problem we propose a modified version of the model, called the
Refined Boundedly Rational Rule Learning Model. First we changed Formula
3 to the following one:

(5) ϕ(k, j, t) = ω(k, j, t)/
∑
l

ω(k, l, t)

The only problem with this Formula is, that all but one probability will be
zero initially. This is why we changed the original propensity values from 0 to
0.107 (the number was chosen so that it will give the same probability in the
first period as with the old formula). Experimental results were a little better,
but learning was still very slow, so we decided to modify the value of β1 from
Formula 4. We performed tests with β1 = β0, β1 = 2× β0 and β1 = 4× β0.

6. Experimental Results

We performed test with all three modified values for the value of β1 men-
tioned above. They will be noted RBRRL 1, RBRRL 2 and RBRRL 3, respec-
tively. Results of the test can be seen on Figure 1, where the column ”Nagel”
contains the mean choices from Nagel’s experimental data, while the following
columns contain the results of simulations for the models implemented by us:
Quantitative model, Boundedly Rational Rule Learning model, and the three
above mentioned models. The values are averages for 100 runs. Values for the
first period are similar, because those values were given to the algorithm as
input to have initial values similar to the ones in Nagel’s experiment.
Comparing the results in the columns, we can see that values closest to the
experimental data are in the RBRRL 1 model, where β1 = β0, which means
that the initial type of a player is equally important as the performance in the
last period.

7. Conclusion

We have proposed to implement two models from literature, for simulating
the way people play the guessing game: the Quantitative model from Nagel’s
paper, and the Boundedly Rational Rule Learning model from Stahl’s paper,
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Figure 1. Mean choices for four periods in Nagel’s exper-
iments, the Quantitative Model, the BRRL model and the
RBRRL model with three different values for β1.

to test how well are they doing at predicting the next number a player will
choose. Since they did not give good results, we defined a new model, the
Refined Boundedly Rational Rule Learning, based on the second one.
In lack of own experimental results, we compared the performance of our
model with experimental results found in Nagel’s paper. Results show that all
models give values closer and closer to the Nash equilibrium, just like Nagel’s
experimental results do. Moreover considering the average results for the four
sessions, we can conclude that our model gives the values that are closest to
the ones in Nagel’s paper.
As further work we propose to perform experiments with human players and
repeat the simulations using those values as initial numbers. Also, we propose
finding other models in the literature, implementing and testing them, to see
if they can better model people’s behaviour.
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COLLABORATIVE SEARCH OPERATORS FOR

EVOLUTIONARY APPROACHES TO DENSITY

CLASSIFICATION IN CELLULAR AUTOMATA

ANCA GOG, CAMELIA CHIRA

Abstract. The density classification problem is a prototypical distributed
computational task for Cellular Automata widely studied for the analysis
of complex systems. This paper focuses on evolutionary models designed
to approach this problem, particularly on the importance of search opera-
tors in the context of evolutionary algorithms. Different collaborative re-
combination operators are described and engaged in an evolutionary search
framework for the density classification task in cellular automata. The sig-
nificance of considering genetic material from parents, global best/worst
solutions and the individual’s best ancestors in the recombination process
is discussed.

1. Introduction

Cellular Automata (CA) are discrete dynamical systems having the ability
to generate highly complex behaviour starting from a simple initial configu-
ration and set of update rules [9, 15, 1]. Evolving CA rules for the com-
putationally emergent task of density classification is a challenging problem
extensively studied due to its simple description and potential to generate
a variety of complex behaviours [8, 14]. The task refers to determining the
initial density most present in the initial cellular state of a one-dimensional
cellular automaton within a number of update steps. This is not a trivial task
because finding the density of the initial configuration is a global task while
the CA evolution relies only on local interactions between cells with limited
information and communication.

This paper focuses on evolutionary approaches to the computationally
emergent task of density classification. Genetic algorithms have already been
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succesfully applied for this problem in many studies [3, 9, 10, 12, 8, 6]. An
important search operator in genetic algorithms is the recombination of two
individuals which should be able to produce new interesting rules. Recent
studies [4, 5, 2] highlight the benefits of considering information received from
other selected specific individuals (besides the genetic material of the parents)
in the recombination process for permutation-based encoding problems. In this
paper, we intend to study their performance in an evolutionary model for the
density classification problem in CA which requires a binary representation.

2. Collaborative Search Operators for Evolutionary Models

When using an evolutionary framework for solving complex problems, the
choice of search operators is of great importance as the success of the approach
depends on it. For detecting rules in cellular automata it is also necessary to
design suitable search operators able to increase both the exploration and the
exploitation of the search space, thus leading to valuable results.

Several collaborative recombination schemes for permutation-based encod-
ing have been proposed [4, 5, 2] with encouraging results. The collaborative
feature refers to the fact that when crossover between two individuals is per-
formed, genetic material from the parents best ancestors and/or from the
best/worst solution obtained so far is also involved.

The best results have been obtained with Best Order Crossover (BOX)
[2], which clearly outperforms the most popular recombination operators for
permutation-based encoding. This crossover operator uses genetic material
belonging to the GlobalBest individual together with genetic information from
the two parents that are subject to recombination. Several cutting points are
randomly chosen and each resulting sequence in the offspring inherits infor-
mation from one of three sources.

It is well known that genetic operators are highly dependent on the chromo-
somes encoding and on the problem to solve. Nevertheless, due to the encour-
aging results obtained by collaborative recombination for permutation-based
encoding, the binary codification has also been considered and approached
in this paper. Several collaborative recombination schemes have been tested
against the difficult problem of rule detection in cellular automata. The best
performing operator is presented in what follows.

2.1. Two-Point Line Crossover. For each individual in the population we
keep track of its best ancestor (LineBest), representing the best individual
that has contributed to its creation by mutation or recombination. When per-
forming recombination, the LineBest of each parent is also considered besides
genetic information from the two parents. Two cutting points are randomly
chosen, thus resulting three sequences of genes. For the first offspring, each of
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the three sequences is taken from one of the two parents or from the LineBest
of the second parent. The source of the sequence is randomly chosen but in
such a way that each of the three chromosomes will contribute to the first off-
spring. The second offspring is obtained in a similar way, using the LineBest
of the first parent instead of the LineBest of the second parent and different
cutting points.

3. Evolutionary Model for the Density Classification Problem

Experiments focus on the most frequently studied version of the density
classification problem: the one-dimensional binary-state CA of size N = 149
based on the radius of 3. This means that each cell is connected to 3 neighbors
from both sides giving a neighborhood size of 7. The radius of the CA gives a
rule size of 22r+1 = 128. The number of all possible rules is 2128 ' 1036 which
makes an exhaustive evaluation of all this rules unfeasible.

A very simple evolutionary framework has been setup for solving the den-
sity classification task, in order to better analyze the performances of differ-
ent recombination operators. A potential solution of the problem is a one-
dimensional array of bits of size 22r+1 = 128 (because we have considered the
radius as having the value r=3) and represents a rule table for the cellular
automaton. The initial population is randomly generated.

The potential solutions are evaluated by means of a real-valued fitness
function f : X → [0, 1], where X denotes the search space of the problem.
As stated before, |X| = 2128. The fitness function represents the fraction of
correct classification over 100 randomly generated initial configurations. A
relative fitness is used, as the set of initial configurations is generated anew
for each generation of the algorithm. This way, solutions with high fitness
in one generation and which survive in the next generation will be evaluated
again using another set of 100 initial configurations.

Every set of 100 initial configurations was generated so that their densities
are uniformly distributed over [0, 1]. It is important to underline the differ-
ence between the fitness of a rule and the performance of a rule. While the
fitness is evaluated by using 100 uniformly distributed initial configurations,
the performance of a rule is computed as the fraction of correct classifications
for 104 randomly generated initial configurations. The initial configurations
are generated in such a way that each cell has the same probability 1

2 of being

0 or 1. This means that the density of 1s will be around 1
2 for most of the ini-

tial configurations and these are actually the most difficult cases to correctly
classify. The CA is iterated until it reaches a fixed-point configuration of 1s
or 0s but for no more than M ' 2N time steps.
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The individual resulted after each recombination will be mutated at ex-
actly two randomly chosen positions. A weak mutation is considered, the
probability of obtaining a different value for the chosen position being equal
to the probability of obtaining the very same value.

The algorithm is applied for 100 generations with a population size of 100,
roulette selection, different crossover schemes with the same probability of 0.8,
weak mutation with probability 0.2 and elite size of 10%.

4. Computational Experiments

The algorithm described in the previous section has been applied with the
following recombination operators: one-point crossover (a single cutting point
on both parents chromosomes is randomly chosen and resulting sequences are
swapped in order to create offspring); two-point crossover (two cutting points
on both parents chromosomes are randomly chosen and everything between the
two points is swapped between the parents chromosomes); uniform crossover
(each gene from the offspring is taken from either parent with the same prob-
ability). A recent study on the efficiency of crossover operators in genetic
algorithms with binary representation [13] revealed the good performance of
two-point crossover and uniform crossover. However, we also consider one-
point crossover as, for the investigated problem of rule detection, one-point
crossover seems to have slightly better results compared to the other two. Pro-
posed collaborative two-point line crossover has been compared with these
three popular operators. Tables 1 presents the average and the maximum
performances obtained after 10 runs of the algorithm with different crossover
operators.

Table 1. Performances obtained after 10 runs of the algorithm

One-point
crossover

Two-point
crossover

Uniform
crossover

Two-point
line crossover

Average 0.64 0.63 0.50 0.67
Best 0.65 0.65 0.50 0.73

Obtained results indicate a high performance of the proposed collabora-
tive recombination. The difference between the best rule performance obtained
when using the two-point line crossover (0.73) and the maximum value ob-
tained by other operators (0.65) is not at all neglectable. This is true especially
because we are using a standard evolutionary algorithm and the best known
performances is 0.88 [11] and has been obtained with a method that uses a
two-tier evolutionary environment. We should also recall another good per-
formance obtained by [7] (0.86) using a coevolutionary approach that evolves
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both populations of rules and of initial configurations, thus increasing the
computational complexity.

The small values obtained when using uniform crossover indicate the fact
that mixing individual genes from the two parents instead of mixing (rel-
atively) long sequences of genes leads to difficulties in the search process.
This conclusion is also confirmed by some experiments we have performed
with other collaborative crossover operators. We have tried different schemes
where genes are randomly taken from parents, LineBest of parents, GlobalBest
or GlobalWorst and similar results have been obtained (both performance and
fitness values were not higher than 0.53). This led us to considering sequences
of genes instead of individual genes. Several one-point collaborative crossover
schemes have also been considered, with a sequence taken from one parent
and the other sequence take from the LineBest of the other parent, or from
the GlobalBest/GlobalWorst but obtained performances did not exceed 0.64,
values similar to the ones obtained by simple one-point crossover and two-
point crossover. Even smaller values have been obtained when more than two
cutting points have been considered (performance did not exceed 0.60). Re-
garding the two-point collaborative crossover, values around 0.64 have been
also obtained when genetic material from GlobalBest has been considered in-
stead of or together with genetic material from LineBest. This might be due
to the fact that using the best individual in all recombinations (even if the best
individual constantly changes) affects the search process by not introducing
diversity within the population.

5. Conclusions

A collaborative recombination operator for binary encoding has been pro-
posed. Numerical results indicate a competitive performance compared with
some of the most popular crossover operators for the difficult problem of rule
detection in cellular automata. The main feature of the proposed operator
is the use of genetic information not only from the parents, but from their
LineBest as well. Several other collaborative recombination schemes have
been studied but weak results have been obtained. It has been observed that
mixing particular genes instead of genes sequences leads to difficulties in the
search process. More extensive studies on the collaborative feature will follow.
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