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Abstract. The technological advancements, the availabilityttef computers and powerful
data-processing networks, as well as the need foeasing the effectiveness of the operations,
led the whole of the organizations to privilege tioenputing systems. Although they integrate
safe dimension, the computing systems are not\aepief errors which expose them at the
various risks of security: accesses not authorizsteal or loss of confidential data, sabotage,
not availability of data. The concern of makingeseffectively and exhaustively the computing
systems against the various threats, gave places®arch which is interested in formalization
of security in particular to modeling of the protds of security, the security policies, and the
attacks. Several models based on the formal metiveds proposed. They make it possible to
prove properties of the security of the systems&heodels use different formalisms, namely:
the algebra, process algebra, modal logic, thegresd the Petri net and his derivative.

The goal of our work is to make a state of the arttloe existing formal models for the
modeling of computer security properties, througke modelling of the various aspects of
security to knowing security protocols, the aceas#rols and the attacks.

The availability being one of the properties of wséy, the latter is violated by Denial-of-
service attacks; we proposed a formal model whicthased on the Deterministic and
Stochastic Colored Petri Nets (DSCPN) who describe tbeegs of TCP/SYN attack in order
to calculate the performances of the system urtdertype of attack.

Keywords.computer security, formal models, security protpcatcess control, computer
attacks, deterministic and stochastic Petri net®attack, TCP/SYN attack.

1 Introduction

The security issues within the large companies ealzsnage amounting to million
Euros. The viruses and worms regularly involve ingat periods of shut-down of
the systems as well as commercial losses and thagiof data and computers.

The concern of making safe effectively and exhaahti the computing systems
against the various threats, gave place to resednidh is interested in formalization
of security in particular to modeling security rools, the security policies, and the
attacks. The goal of our work consists in makingtate of the art on the existing
formal models, based on various formalisms, to rhidtevarious aspects of security
such as security protocols, access controls aratkativhere the properties ofthe
computer security (confidentiality, integrity anldetavailability), are also modeled.
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The availability being one of the properties of wgé@y is violated by Denial-of-
service attacks. We proposed a model (PetriDos3edaon the determinist and
stochastic colored Petri nets, which describespitoeess of the TCP/SYN attack
(DOS attack), in order to calculate the performanaiethe system under this type of
attack. The simple nature of this attack and thailability of necessary tools to its
realization has made that this attack is the mestiwne.

This document is organized as follows: In the fisttion, we present the concepts of
bases and the problems of security as well as #ehamisms used to make safe the
computing systems. The second section is devotebetstate of the art on formal
modelsformodelling computer security through thedeiling of the various aspects
of security. In the last section we present PesiDmodel, it is our contribution, it
consists of modelling by deterministic and stocdicasblored Petri net attack of the
type DOS. We finish by a conclusion and prospemt®r work.

1.1 Definition of the computer security

It is a set of measures adapted to prevent notthodmed use, bad use, the
modification or the refusal of use of a set of kienge, facts, data or means. This
computer security is addressed as much to the amtthe tools, but it cannot be
guaranteed.

Problems of the Computer SecurityThe main issue of the computer security is to
ensure the security properties (confidentiality,tegmity, authentication and
availability) vis-a-vis of problems of attacks, rinsions and vulnerability in data-
processing networks, especially Internet. The ppalcattacks (LESCOP, 2002 )
areViruses, Denial-of-service (DoS), listening bk tnetwork (sniffer), Intrusion,
Trojan horse, Social engineering.

Techniques and Mechanisms to Secure a Computing $ge.In order to eliminate
the vulnerabilities, to counter the attacks, andgtmrantee an elevated level of
protection of the network and information systere, wge services, mechanisms, tools
and procedures, named in a general way, the sofutio the security measures. To
reach a satisfying level of protection, it is adlie to lay down aecurity policy
corresponding to the needs. Its design is thusranpaunt stage, which consists to
identifying the objectives of security and workiogt a set of rules according to an
analysis of the risksT'he security policy is thus a set of the orientations followed by

an organization in terms of security. The security policy is reinforced by other
countermeasures, such as: cryptographic mechamsusions detection systems and
Firewalls.

2 Modeling of the computer security

When a mechanism of security is implemented, difiscult to formally validate the
properties of security. The proof of the propertésecurity requires to have methods
to abstract the behavior from a system in simgifimodel, which can then be
analyzed, it becomes possible to use mathematots to prove the validity of the

092



AID’2012

properties. In the literature there exists a diwersf formal models relative to the
various aspects of security (security protocolseas control and attacks).

2.1 Modeling of security protocols

Design Faults can exist, that make the protocolserable to attacks perpetrated by
intruders having access to the public networkswhith the data are exchanged. Not
such a long time ago, the protocols were considsesdire simply if nobody had
found fault there (Lafrance, 2005). Thus, certaiot@cols were used during several
years before being proven not secured. From wheee for analyzing the protocols
of security in order to prove their validity. Theadysis necessarily starts with a phase
of modeling for a rigorous specification of the fool of security.

Various models based on different formalisms aredufor the specification and
analyzes cryptographic protocols, the principal olage: algebras models, logical
models and Petri nets models.

Algebraic models of the cryptographic protocolsin these models,thelanguage of
specification is an algebraic language (Bidan, let 2995), and it describes the
knowledge of the attacker. Assumptions are alsoemeohcerning the capacity of the
attacker, listen, intercept and make pass the rgessan the network. A research of
the scenarios of attack is carried out while examginwhich information the
adversary can obtain or learn(Dolev, et al., 1983).

Models of Protocols Based on ProcegdgebrasSpi-calculus is a language of
process applied to the cryptographic protocolds lan extension of Pi-calculation
introduced by Abadi & Gordon (Abadi, et al., 1998ith cryptographic primitives.
The idea to use Spi calculus consists in speciftliegprotocol to be checked in terms
of parallel processes, and to specify the propeftsecurity in terms of equivalence
between processes. The intruder is not modeledoékpl

Models of Protocols Based on LogicThe language of protocols specification is a
logic especially built to model these protocolseThanguage is formal and includes
axioms and/or rules of inferences. The proof of #ecurity or not of the
cryptographic protocols consists in here provirgptems which model the properties
of security of these protocols. The first logicabdal introduced to analyze the
cryptographic protocols is BAN logic (Burrows, 198% is logic of belief, which
models the beliefs of principal implied in a pratband the evolution of these beliefs
after exchange of messages during the executitiregirotocol.

Models Based on the Petri NetsThe formal methods of specification and analysis
presented before are complex and misses chartPEhe nets are known as being
suitable models for the protocols characterized fogperties of parallelism,
competition and asynchronzation and offer a flditibivhich one does not find in the
other methods. The searches of (Nieh, et al., E3@R)Stal, et al., 1994)led to a
graphic specification of certain protocols whiclegented faults by using the colored
Petri nets. The tree of accessibility and the stesaf attacks were generated to find
the states no protected while inserting models wifuder in the resulting
specifications.
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Table 1: Comparison enters the various formalisms

Criterias Power of Graphical Use of Capacity of
Modeles V¥ expression representation automated proof
tool
Algebraic - - + +
Logical - - - +
Process algebras + - - +
Petri nets + + + +

Each formalism has strong points and limits, tlyelfaic and logical formalisms, are
characterized by their capacity of proof, but oeproaches them the weakness of
expression, indeed the algebraic and logical madiglsot allow the representation of
important characteristics of the protocols of sigusuch as parallelism, a
synchronism and no-determinism; lack of legibilidue to the fact that the
specification is textual, and the absence of toolahalysis, for the models which are
based on the process algebra and logic, which nthakeproof difficult to carry out,
one notes also the complexity of specificationtf models which are based on the
algebra process. On the other hand the Petri nedelsimitigate the majority of these
disadvantages.

2.2 Access Controls Modeling

A security policy is expressed in natural languabat its application requires
formalization by a model to raise ambiguities oa #pecification and to implement
necessary mechanisms of security. The most usei ¢tine access control.

The access control defines the set of operatingkté of accegs which an entity of
the system (subject) can carry out or not on atetsources (objects). The policies
of the access control can be grouped in three ipahclassesDiscretionary Access
Control (DACYAbou El Kalam, 2003), the access rights of eadbrination are
handled freely by the person in charge of infororatyenerally the owner, with his
discretionMandatory Access Control (MA@)the case of these policies, the access
control is carried out under the aegis of the systather than of the users. The
subject has access to information only if the systuthorizes thereRole Based
Access Control (RBAC}he permissions are associated through subjeslgsin the
organization (Sandhu, et al., 1996). A role ismcfion identified in the organization,
for example engineer of study. Alternatives of RBA€re proposed such as models
TBAC, TMAC, ORBAC, TRBAC, GTRBAC. These models refi model RBAC by
respectively introducing the concepts of tasksmtgaof organization and time.
Several models and languages were proposed to ligemthe structures, the
principles and the properties of the models of ssoantrol.

Modeling in Process Algebra of RBACTo describe models RBAC an extension of
Pl-calculus was proposed by(Braghin, et al., 2084Jension consists in integrating

the concept of users represented by processesetimations to express the activation
and the deactivation of the roles and new waysx@ress the assignment of the
permissions to the roles.
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Logical Modeling of ORBAC Model. (Organization Based Access Control) In
(Abou EI Kalam, 2003) author has defines a langubgsed on deontic logic to
represent security policy ORBAC, which makes itgilole to express permissions,
prohibitions, obligations, and also recommendatidie objectives of security are
expressed by the use of modal operators; a secwdigyis a modal formula. In
(Fekhar, et al., 2010)authors proposed a modelRBAC security using a logic of
description with defectsdf and where the context switch is expressed exigliby
exceptionsy).

Petri Nets for MAC and RBAC PoliciesThe Petri nets knew a broad diffusion in
the field of the checking of security, in partiauia the context of MAC models.

(Varadharajan, 1990)proposes IFS (Information FBegure Net), a new extension of
the traditional Petri nets, which introduces aidattof security of several levels.
(Juszczyszyn, 2003) proposed another model of i#gcoalled SCPN (Secure

Colored Petri Net) resulting from the IFS and usiodprs. Several works (Shafig, et
al., 2005)(Joshi, 2003), (Rakkay, 2009), proposer@gches of modeling and
checking for models RBAC containing the Petri netginly for two reasons: To

clarify the flow of information in a model of acsesontrol; to facilitate the

administration of a policy RBAC in the informatiosystems. The software
environment CPNtools is used for the graphic spatibn and the analysis.

Table 2Comparison enters the various formalisms

Criterias Ly Power of | GraphicalRepresentatio Use of Capacity

Models v expression automated too| of proof
Logical - - - +
Process algebras + - - +
Petri nets + + + +

The formalization of the access control is unavbidafor a sure and effective
management of access rights. The algebraic anddbfgirmalisms are characterized
by their capacity of proof, but one reproaches thiemibility lack due to the textual

specification and the absence of analysis toolckvimakes the proof difficult to carry
out. The Petri nets models mitigate the majorityhese disadvantages.

2.3 Attacks Modeling

The most direct and effective way to analyze atdaskhe paradigm of the model of
the exploitation of vulnerabilities.That can helig tmanager of the network to better
understanding the threats present in the netwodktaking effective measurements
against these threats.That facilitates also thetoaction of the systems of detection
of intrusions IDS. Modeling approaches of attacks be divided into combinatorial
approaches (attacks and faults trees), stochggtivaches and graphic approaches.

Fault Trees and Attack Trees The fault tree (FT) is an acyclic directed grapased

on the symbols of events, the symbols of doorsiiedpf the logical circuits and the
symbols of transfer which make it possible to diviie broad trees on several pages.
The designer of a system can use FT to analyzedbds for the system to a high
level of abstraction (Brook, et al., 2003)he attack treesre used to capture the
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stages of the attack and the interdependence hettiese stages. The attack tree
defined by Scheiner consists of three parts: tl¢ sheets and sub-tree components.
The node root indicates the desired behavior otttdmapromised system. The sheets
describe the attempts at attack like indivisiblenge actions. The sub-tree
components can be events AND or OR.

Stochastic Models The approaches using the stochastic models cotine=¢ models
into chains of Markov (Madan, et al., 2002), andlyred using steady state transition
matrix. The models of queues treat in their mégsi DOS attacks. Work of
modeling by queues was directed towards the detation of the exploitable
parameters for the detection of the attack sudrged rate, response time and the
growth rate of the queue (Khan, et al.,, 2005), erfggmance evaluation of the
computing system through the calculation of madfisecurity (Wang, et al., 2007).

Petri Nets ModelsThe Petri net for attacks models contains two tygfesodes. One
the places describe the states of the system. Titex the transitions describe the
actions. The places and the transitions are coedédnt directed arcs. The expressions
of the arcs describe how the states of the Petrilmenge when a transition is carried
out. The type of distribution of the tokens reprgsea certain state of the system.
(McDermott, 2001), (Wu, et al., 2008).

Table 3:Comparison enters the various formalisms

Criteria Power of expression Graphic Use of
Models representatior] automated tool
Combinatorial - + -
Stochastic + /- (synchronization) - -
Petri nets + + +

Several models were proposed to formalize the lttatlowever each model has
advantages and disadvantages. The combinatoriaklsjode characterized by the
facility to represent the scenarios of attack, this facility generates a power of
limited expression, one notes also the absenceats for the analysis. The queues
are often used for a quantitative evaluation of slgetems; however they are not
adapted for a qualitative study or to express oertaechanisms of the parallel
systems such as synchronization. Finally the PPetris the model which has the most
advantages and mitigates the majority of theseddesatages.

3 The PetriDoS Model

The availability being one of the properties of lg@y, it ensures that the requests
made by authorized subjects are always treatedsay® that there are no denial-of-
services.lt is this objective of the security whishimpaired by DOS attacks. Indeed,
the companies whose main activity is based on rieteare threatened. Today the
pirates use the denial-of-service attacks as newapwre to exert blackmail against
these companies. The message is clear “the purtieeagxploitation of your site”.
Denial-of-service attackDOS) is a type of attack aiming at rendering unavadabl
during an unspecified time the services or resauread an organization
(www.Commentcamarche.net). We distinguish usuailyo ttypes of denial-of-
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services:Denial-of-services by saturatiprtonsisting in submerging a machine of
requestsDenial-of-services by exploitation of vulnerab@gi consisting in exploiting
a fault of the distant system. Among DOS attaclesfind SYN/TCP.

3.1 Description of TCP /SYN Attack

TCP /SYNAttack called also SYN Flooding is an attack network by saturation
exploiting the mechanism of handshake in three gimef protocol TCP

(www.Commentcamarche.net). The mechanism of hakédshathree times is the
manner according to which any “reliable” connectiorinternet using protocol TCP
is carried out (figure 1).

Client e Serveur

Fig. 1.SYN/TCP Attack

When a client establishes a connection to a setlverclient sends a requésYN the
server answers then by a pack&)yEN/ACKand finally the client validates connection
by a packagddCK. A TCP connection can be established only whesett® stages
were reached. Attack SYN consists in sending atgrember of requests SYN to a
host with an address IP non-existent source odithv@hus, it is impossible that the
server machine receives a packageK. The machines vulnerable to attacks SYN put
in queue, in a structure of data in memory, conaestthus opened (what is called
semi open connections), and wait to receive a mpcRaCK Nevertheless, with a
number of very important packages SYN, if the seresources are exhausted, it is
likely to lead to a blocking.

SYN/TCP Attack Modeling.Since 1996, TCP/SYN attack was perpetrated on akver
occasions by intruders having the capacity toadteti with a minimum of effort, a
great number of executions of the protocol with $hene server, due to the facility to
forge a false identity and, consequently, the clifty for the victim of recognizing an
attacker. This scourge has interested the resercstudies were directed towards
the detection of this type of attacks by proposimechanisms of detection exploitable
in firewalls, routers or the construction of irgimns detection systems (IDS) (Wang,
et al., 2004). Other Works (use queues modelings wiaected towards the
determination of the exploitable parameters fordkéection of the attack (Khan, et
al., 2005), or performance evaluation of the conmgusystem through the calculation
of metric of security such as the probability afdoof connection and the percentage
of occupation of the buffer by attacks packagesr(gyet al., 2007), (Aissani, 2008).

The queues are often used for a quantitative etiatuaf the systems; however they
are not adapted to undertake a qualitative studheinodeled system, or to express
certain mechanisms of the parallel systems sudyrashronization and deadlock. For
that we thought to use the Petri nets to modelmapeting system under this type of
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attack, we based on the model of Wang. We chos®éterministic and Stochastic
Colored Petri Net (DSCPN). The choice is justifadthe power of modeling of this
high level formalism adapted to describe and amatiie performances of the systems
characterized by the properties of competition sywchronization. The randomness
of the process of connection and attack requestctéid us towards thg&ochastic
Petri nets, the presence of the time out (an abbwad constant time) for the
packages in the buffer of the server directed wsatds thedeterministic Petri nets,
and finally to distinguish the packages from attaadf the legitimate packages we
added theolor. We called this modd?etriDos.

3.2 Basic Model

In the model of Wang (Wang, et al., 2007), thevairand the service are stochastic
processes. The arrival of the legitimate packets the packets of attacks are both
Poisson process with ralg and\, respectively. It is supposed that each half-open
connection in the buffer is maintained at the lagegeriod given B (a time out),
which is the time interval since half-open conrattbegan (arrived of SYN) until it
is abandoned (not ACK). The victim has a buffertfoe untreated requests in which
N half-open connections are allowed simultaneoussigre are thus N connections
served at the same time. When the buffer is fdlalrival packets are rejected. It is
supposed that half-open connections for the leginpackets are maintained for
random duration which is distributed exponentialith a parametep (arrived of the
ACK). The two processes of arrival are independem¢ of the other and are
independent of times of maintenance of half-opemeations.

We will take again the model of Wang (Wang, et &Q07)with the same
assumptions, that we model with the deterministid atochastic colored Petri Nets
(DSCPN) in order to evaluate the performances ef dfistem during the attack,
through the quantification of one of the attributefs security. We focus on the
property of availability (probability of loss of naection and the occupancy rate of
the buffer by the packets of attack). These measemés of performances will make
it possible to dimension the parameters to guaeatite availability of the services
during the attacks. In the literature, we did naetany work of modeling with
Deterministic and Stochastic Petri nets, who uskred. Thus our contribution
consists of modeling by the formalism Petri netthef process of attack TCP/SYN, as
well as the introduction of the color into the Datenistic and Stochastic Petri nets.

Deterministic and Stochastic Petri Nets DSPN.Stochastic PetriNet§SPN
(Molloy, 1982)are an extension of PN, defined bkirtg of account the concept of
time. They are characterized by timed transitidresying exponentially distributed
firing delays; these transitions describe the djra requiring a random time to be
carried out. The SPN models which include timeahdittons with constant firing
delay or exponential distribution, and immediagngitions without firing delay are
called Stochastic Deterministic Petri Néigmone, et al., 1987). To the deterministic
stochastic Petri net, we add the concept of calbich makes it possible to model the
similar behaviors by means of one only condensquesentation, we called it
Deterministic and Stochastic Colored Petri Nets PSIC

98



AID’2012

3.3 Description of PetriDos Model

In our model (Fig. 2), a place represented by aleicontains tokens of various
colors; it represents the state of the system.tiidresition represents the event which
causes the change of state of the system. Ther¢hiae types of transitions, the
transitions with an exponential distribution firidglay, and which are represented by
a rectangle, are associated random variables mmgdéhie time of firing of these
transitions. The transitions for which the firinglay is constant are represented by
full black rectangles, those for which the timefiohg is null, are represented by a
thick black bars, the immediate transitions haverjty than the timed transitions.

PSC

™ o TS u

Fig. 2. PetriDos Model.

PlacesarePSCthe source of the packets (legitimate arattatks); PF: contains the
packets (legitimate and attacks) ready for the iservS: contains the packets
(legitimate and attacks) in service; PS: availafdevers (spaces available in the
buffer) Transitions are T1: the arrival of the legitimate packetshvétrate\;,T2: the
arrival of the packets of attack with a rakg ; T3: immediate transition for
synchronization enters the packets ready for teicge and the availability of the
servers; T4: immediate transition for the rejecticmm the packets (legitimate and of
attacks) when all servers are unavailable (zerertok PS); T5: end of service for the
legitimate packets with a rage(arrival of ACK); T6: end of service for the patkef
attack at the end of a given time B (not arrivalAgEK).The initial marking of the
network is a number of token in each places imtig¥l, (OL, OA), (OL, 0A), N, (OL,
OA)}( OL,0A : zero legitimate and attack packetpestively). The firing of T1 or T2
indicates the arrival of legitimate packets or tthek in place PF, if the place PS
contains at least a free server, immediate tramsifi3 is firing, which indicates the
beginning of service for the arrived packets. Tinenediate transition T4 is firing on
arrival from a packet (legitimate or of attack) fioiding a server free (M (PS) =0),
the packet is then rejected. The firing of the fia@msition means that the server ACK
arrived then it is service end of for the legitimgiacket, and the server becomes free
and it is ready to serve another packet. The firia§T6 transition means that the
ACK did not arrive and by consequence it is the ehdervice for the package of
attack at the end of determined period B, andsdrger becomes free and ready to
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serve another packets. In our model, attack suftdlss expressed by the firing of
the T4 transition, and many times where the marlkih@Ss is to zero, and also the
many times where the marking of the place S is legull, because it is from there
that the packets are rejected and the servicetiavailable any more.

Performance Analysis.The analysis of the performances is based onatwelation
of quantitative parameters. These parameters dmilaged containing formulas
according to the stationary probabilities. DSPN giad underlying semi-Markovien
process, provided that at most, only one concuetgrministic transition is enabled
for each marking (Ajmone, et al., 1987). The magkgraph represents the various
states of the system to be studied. The passagemafrking with another is done by
firing transitions. In a DSPN model, we find twopgs of markings, vanishing
markings and tangible marking, vanishing markisgne in which an immediate
transition is enabled, and tangible marking, is ambich a deterministic or
exponential is enabled. A reduced reachability lgraptangible markings is obtained
from the graph of marking of the DSPN model by nmegghe vanishing markings
into their successor tangible markings. The finpodicy entailed by DSPN to choose
the next transition to firing, if several tempoudzéransitions are simultaneously
enabled, is race policy with enabling memory (RE).

Steady State Analysis of RdAPSDThe condition that at most, only one concurrent
deterministic transition is enabled for each magkiis checked in our model, since
there exists only one deterministic transition. §hhe analysis with the stationary
state exists. In the analysis of a DSPN (Ajmonealet 1987), we consider three
different stochastic processeshe DSPN-processinderlying the DSPN (DSPN
reduced reachability graph which is not a Markowegass,The EMCwhich is a
discrete-time Markov chain, constructed by samplitee DSPN-process at
appropriate time instants (instances of a detestiniransition firing if it is enabled,
and at the instant of firing of any exponentiahsi@ion otherwise).The semi-Markov
process (SMP) which is a continuous-time processesponding to the above EMC.
This analysis is left in prospects for the contithom

4 Conclusion

In this work we made a state of the art on the &drmodels used in the computer
security, several aspects of the computer secuaniey modeled such as security
protocols, the access control and finally the &ga¥arious formalisms are adopted,
each formalisms present advantages and disadvantéfge presented a comparison
between the formalisms used for each aspect. We gheposed a model which we
named PetriDos, that's TCP/SYN attack modeling wi#iterministic and stochastic
colored Petri Net. Our model can be used for tHeutation of the performances of
the system under the attack.
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Abstract.The graph transformation is widely used to expre$d® model
transformation. Most tools of graph transformatigive a declarative and visual
program which encourage application developers s& them. In this paper, we
compare four graph transformation tools in order goovide a help of choosing a
graph transformation tool. This comparison is gedleand can be used for
multivarious objectives.

Keywords.Model driven engineering; model transformation; @ha grammar;
Transformation Tool.

1lIntroduction

The Model Driven Engineering (MDE) is relativelyracent paradigm which uses
models like artifacts of first Importance and alsdyased on the principle of "all is

model" (Bézivin, 2004). The system development pssccan then be seen like a
sequence of model transformations partially ordevhdre every transformation takes
as input one or more models and produces in outpatou more models, until to

obtain a final product.

One of essential MDE aspects consists to autorhatenbdel transformation process
by using transformation languages and tools thatement these languages. Beyond
principle and basic concepts, model transformatieay a lot, especially in the
implementation. This led of many tools available date and based on different
approaches of model transformations as QVT (The@HWjlanagement Group), ATL
(Jouault, 2006), Kermeta (Muller, 2006), VIATRAVI(sual Automated model
TRAnNsformations) (Csertan,2002), GReAGréph Rewriting and Transformation
Language) (Agrawal, 2003) and AGGCAt{ributed Graph Grammar System)
(Taentzer, 2004).

In this paper, we are mainly interested to propaseomparative study of an
exhaustive tool sample based on the use of gragshrgars for model transformation.
The aim is is to identify advantages, limits anaddequacies of the compared tools.
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Section 2 presents evaluated tools. Section 3 skssua case study to enable us to
compare different tools. In Section 4, differenpexts are analyzed, followed by a
comparative study. Section 6 concludes the docunaewt presents the future
orientations.

2 Presentation of The Evaluated Tools

In late 1960 and early 1970, the concepts of graphsformation and graph

grammars were introduced (AGG), but the developnbeols that support them has
been delayed considerably. Actually, a number apbrtransformation tools is

available and their use has increased. To thictefiee are interested to propose a
comparative study of tools that support graph-basedel transformations. These
tools suffer from a little detailed documentationdagenerally indicate either the

structure of used graphs or the transformationrtiectes of supported graphs but do
not detail the functional aspect.

The tool choice consists to evaluate four toolst thaes graph-based model
transformation.The real purpose behind this comspariis to see what the most
appropriate tool which meets the maximum MDE regjuents. It is important to note
that chosen tools for the comparative study arestiopource” and they use graph
grammars as a theoretical foundation for modekfamation.

The selected graph transformation tools are AGGz$Rberg, 1996) (Taentzer,
2004), GROOVE (GROOVE), GrGen (GrGen) and ATOKATOM3)

» Attributed Graph Grammar (AGG):is a development iemment for
attributed graph transformation systems suppodimglgebraic approach to
graph transformation.

e Graphs for Object-Oriented Verification (GROOVE):s ia graph
transformation tool based on SPO approach. It fexas the use of simple,
unassigned graphs with labeled edges.

e GrGen (Graph Rewrite Generator): is a programmiogl for graph
transformation, which eases the transformationoofilex graph structured
data required in model transformation.

« The two main tasks of AToflare metamodelingand model-transforming
Meta-modeling refers to modeling of different folisms used to model
systems. Model- transforming refers to the (aut@hpatrocess of translating
a model into another model that might or might mat in the same
formalism.

3 Case Study

The graph transformation tools can be used foreudsfit purpose, to explain some
aspects of each transformation tool. We introdus@rgle and popular example of
memory buffer where the graph is not attributedy. Bi shows a graph like a class
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diagram: the buffer is finite size composed of 4<C& he firstCell is modelized by
the First relationand the lasCell is modelized by thelast relation Cells are
organized one after the other forming a circle sTreiation is modelized Hyext.

Cell

Cell Last Buffer Cell

Fig. 1. Graph schema of buffer : "initial graph”

The Fig. 1 (left part) shows the transformatiorertilat consists in passing from one
Cell to another and inserting one Object at the @Gadl. This action is modelized by

the val relation. The right part of the Fig. 2 represetite obtained graph after

applying rewriting rule on the initial graph.
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Fig. 2. Rewriting rule (left) and graph obtained (rightjeafthe derivation

4 The Comparative Aspects

In the literature, there exist comparative studiegsansformation tools such as work
of G. Rozenberg (Rozenberg, 1997) and R. Bardhard@hl, 1999) whose their
study is based on application domain of the toolgAgrawal, 2004) A. Agrawal is

interested in offering infrastucture aspect to eaidels and perform transformations.

105



AID’2012

Other more recent comparisons focus on versatilgeds such as T. Mens
comparaison (Mens, 2005) and G. Taentzer anTaéntzer, 2005) comparaison.
These evaluation studies do not take into accdwnthalysis of certain performance
criteria of graph transformation tools. The badea of our comparative study is to
analyze and highlight all relevant criteria of pospd comparisons in (Rozenberg,
1997), (Bardohl, 1999), (Agrawal, 2004), (Mens, 200(Taentzer, 2005). Then
classify criteria according to theoretical, strwatuand functional aspect and add
performance criterion as a new aspect.These asprectiefined in what follows.

4.1 Theoretical, structural and functional aspect

We define the three aspects used in this work or#ieal, structural and functional

aspect. Theoretical aspect considers approachesturiques used to transform input
graphs into output graphs, structural aspect takesaccount structure verification of

input and output graphs in order to perform trameftions, and functional aspect
considers the features expected or promoted bgphdransformation tool. For more
details see (Rozenberg, 1997), (Bardohl, 1999)rd#gl, 2004), (Mens, 2005),

(Taentzer, 2005).

4.2 Performance aspect

As we have already mentioned, our comparative sttakes into account the
previously mentioned comparisons. We try to analyzaccount of new criteria of
performance using the example of buffer memory witie four tools presented
previously. We consider here a new aspect to coenplae effectiveness and
performance graph transformation rules.

We say that a tool is hon-deterministic if the smpes of transformation rules are not
finished and the transformation enters into amitdiloop. To this effect, AGG and
GROOVE are indeterministic tools. Fig. 3 represdhe graph grammar of buffer
applied to AGG tool.

Fate ol Gantaa
s

Fig. 3. Graph grammar of buffer example in AGG

The graph transformation tools use two modes: gcapimode via an integrated GUI
to specify and execute graph transformations vig@ald textual mode via an API for
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writing programs that use a graph transformatiogiren This latter mode is more
complex to implement because the transformatiore cadist be written. For this
purpose, GrGen tool uses textual mode; AGG useswbemodes, GROOVE and
ATOM 2 use the graphical mode. The Fig. 4shows the gggpmmar of buffer

applied to GrGen tool.

The meta-model : The rules :
nodeclass Celll ruleinit {
nodeclass Cell2 pattern{
nodeclass Cell3 }
nodeclass Cell4 replace{
a:Cell1 -:Next-> b:Cell2-:Next-> c:Cell3-:Next-> d:Cell4-:Next->a;
nodeclass Buffer e:Buffer-:Last->Celld
nodeclass Object [f:Buffer-:First->Cell1
}
edgecloss Next rulegen {
edgecloss Last pattern{
edgecloss First }
edgeclass Val replace{
a:Celll -:Next-> b:Cell2-:Next->c:Cell3-:Next-> d:Celld-:Next->a;
e:Buffer-:Last->Ceill
g:Celll- :Val->Object
!

Fig. 4. Graph grammar of buffer example in GrGen

In graph transformation field, two types of toote available: general purpose tools
and meta-modeling-based tools where souce andt tgrgghs must be defined from
meta-models.  graph transformation Tools based oetammodeling can be

advantageous if the graph is widely used as thenzate where the metamodel
permits to define graph type and constraints taglied. When the graph is used
only once (eg buffer example), the meta-modelingossidered as a waste of time.
Fig. 5 shows the buffer model created from the metael "Tampon_MDL_META".

% = <1
—/ Next

Fig. 5.Model buffer on AToM?

During the derivation process, some tools allowapelication of rules sequentially
and other tools in parallel way that seems the belsition to reduce time execution
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AGG and GrGen allow the sequential and paralledlen@&ROOVE and ATOM tools
support sequential mode.

5 The Comparative Study of Tools

Table 1 includes all aspects of the three criteledined in (Agrawal, 2004) and
(Mens, 2005) and adds the ones we proposed, suob-dsterminism, parallelism,
visualization and modeling.  This set of criéeis tested on the selected tools: AGG,
GROOVE, GrGen and ATORI The results of performed tests are briefly désti
for each criterion. All evaluated transformatioml®ouse graph grammars. AGG and
GROOVE implement the SPO approach by adding thatiegapplication condition
(NAC). GrGen supports both SPO and DPO approachikie transformations in
ATOMS3 are expressed as models of graph grammar.

AGG, GROOVE, GrGen specify integrity constraintsthwinegative application
condition (NAC). This explicit that transformationle can be applied in the case of a
structure that should not appear in the initialpirain ATOM, integrity constraints
are expressed in Python language or in OCL language

The verification criterion is expressed by layefsudes in AGG, by priority rules in
ATOM?® and GROOVE while GrGen uses an application cafl@daph Rewrite

Sequences" (GRS) for controlling transformationesul Validation Level helps
transformation tools to check whether constrainés\eerified after a transformation,
AGG supports critical pairs and GrGen controls igmg rules containing arbitrary
tests.

The transformation process is non-deterministit ivaepeated as long as possible in
AGG and GROOVE.

The transformation rules of the buffer example cdrexpress the parallelism. It is
important to know that AGG and GrGen allow bothusatial and parallel mode of
applying transformation rules. However GROOVE andOM3 support only
sequential mode.

The visualization criterion is supported by GROOVE,OM3 by using graphical
interfaces unlike GrGen, a textual tool that useown API called LibGr. Also, the
AGG tool uses both visual and textual mode by usidgva API.

Finally modeling is supported by ATOMind GrGen unlike AGG and GROOVE that
are transformation tools for general use.

Comparing the performance of the four transfornmatamls, we can see a distinction
in the execution time for the same example wher©KB is the slowest tool because
it is entirely coded in Python which is compiledrantime. GROOVE is faster than
ATOMBS that its code is compiled java. AGG is thstést tool.

A process model transformation is said semi-autmmat automatic if the user
interacts with the tool or not. For this purpo$e tour studied tools are automatic.
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The completeness criterion provides the abilityei@cute complex rules for large
projects. ATOM3 can execute complex rules in Pyti@riGen can also handle less
complex rules. However AGG and GROOVE are usquetéorm simple rules.

Other comparison criteria were not presented imphaper for they were not tested but
yet of which their study is in the perspective. 3deriteria are flexibility, reusability
and modularity.

Table 1.Comparative Table

Criterion AGG GROOVE | GrGen ATOM3
Thepretical | The approach SPOby SPO by SPO and Graph
aspect used addingNAC | adding DPO Grammar
NAC
Typeofgraph Typedand | Not Typedand | Typedand
Structural attributed attributed | attributed | attributed
aspect Integrity NAC NAC NAC OCLand
constraint Python
Code generation | Mot Not Not Not
supported supported | supported | supported
Verification Supported Supported | Supported | Supported
Validation Supported Not Not Not
Fenctional withcritical | supported | supported | supported
aspect paj_rs
bidirectionality | Not Not Not Not
supported supported | supported | supported
Debugging Manual Manual Marmal
selection selection selection
nules nules rules
Determinist Not Not Yes Yes
Performance | Graphic/ Theboth Graphic Textual Graphic
acpect Textual
Parallelism Supported Not Supported | Not
supported supported
Modeling Not Not Supported | Supported
supported supported
Automatic Yes Not Yes Yes
Completeness Simplerule simplerule | Less Complex
complex rule
rule
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Abstract.The purpose of this work is to clearly describe &€Bwhich stands for
“Organization based access control " as it was fimmoposed by its authors in the
literature; OrBAC is in fact a dynamic access cohtmodel, it actually handles the
authorizations depending on the role of users adhganization and also depending
on the context in which they are asking for a pssioin to access the running system,
the model was represented using the entity relatign diagram, and its
formalization was based on first order logic. Gafethe proposed works in this field
was to formalize OrBAC using another kind of forisral namely the description
logic, and to extend the model to be able to regmeslefault and exception contexts,
one of the future perspectives were to extend théehmfurthermore to be able to
represent temporal Context to deal with temporathatizations, that will be our
foreseen for upcoming work.

Keywords.OrBAC, Contextual Authorizations, Temporal coniekt,OrBAG;.

1 Introduction

Before proceeding to the definition of the OrBACdrband its different components
it is important to remind the meaning of an accesstrol model which in fact
consists of granting privileges to users of a giggatem so that they can perform
different actions on available resources. Secysityicies models that exist in the
literature do not take into account the followingirgs: the possibility of granting
contextual authorizations, the possibility of exgziag not only permissions but also
prohibitions, obligations and recommendations atsh @he possibility to express
rules specific to an organization [2, 3]. OrBAC g¢akinto consideration all these
aspects by allowing specifying contextual secypitjicies proper to the organization.
This paper is organized as follows: We give a diédin of the OrBAC model in
section 2, the different parts of OrBAC are listedletail in section 3, in section 4 we
give a brief summary about OrBAC and first ordegitoformalization, section 5
contains an overview about DL — OrBAC which is inspired from OrBAC but
formalized using description logic and extendedbé&o able to handle default and
exception contexts, a conclusion summarizing thiskw and exposing the future
perspectives is given in section 6.
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2 Definition of the OrBAC Model

OrBAC stands for Organization based access conwvbich is an access control
model in which permissions, prohibitions, obligasoand recommendations are
granted or assigned to users depending on thess riol the organization and also
depending on the context in which they perform tte context in which they are
making a request to access the different resoufides.OrBAC model is actually an
evolution of the RBAC model toward a dynamic madel2, 3, 6, 11].

3 Different Components of OrBAC

In this section we will introduce the different fmthat constitute the OrBAC model
[2, 3]; in fact OrBAC lays on a diagrammatic remetmtion based on the Entity
relationship model, the different components os thiodel are:

The Organizationwhich is the main component of OrBAC.
The SubjectsandRoleswhich are related to each other through the @ati
Employ
The ObjectsandViewswhich are related using the relatiose
The ActionsandActivitieswhich are related through the relatiéonsider
The contextwhich is related tdSubject Object Action and Organization
entities through the relatidbefine

» TheAuthorizationswith bothabstractandconcreteaspects.
We will define these components in detail in theaming sections.

>
>

Y V VY

3.1 Organizations

The central entity of the OrBAC model is tl¥ganization an Organization can be
seen as a structured group of active entities,subjects playing certain roles. For
instance we can consider in the medical field tbkoWing organizations: The
hospital“Mustapha” or the medical centéCentre Pierre et Marie Curie] etc. it's
important to note here that a group of subjectsois necessarily considered as an
organization, that follows from the fact that thermaust be a certain agreement
between the subjects to play some roles to fornotheanization.

3.2 Subjects and Roles

In the OrBAC model, aSubjectis known to be an active entity, for example
“Ahmed”, “Asma”, etc. to structure the link between the subjeatsl d@he
organizations an entity calledRoleis used for this purpose, for instarizghmed”
plays the role of “Doctor” in the “Emergency Department” The relation that
represents this link is known @&mploy this is shown in (Fig.1), so ibrg is an
organization,s is a subject and is a role , therEmploy(Org, s, means that the
organizationOrg employs the subjestto play the role. For example:

Employ (H_Mustapha, Ahmed, Cardiologistyvhich means that the hospital
Mustapha employs Ahmed in the role of cardiologist.
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Subject (-Employ Role

Organization

Fig.1. The relationship Employ.

3.3 Objects and Views

An Objectis known to be a passive entity among the sysiemeants, an example of
an object could be ‘grinted Form” or a“File” , etc. as for the subjects the objects
are structured through an abstract entity cal@éw. For instance in a file
management system the vielmdministrative record” corresponds to patients
administrative records, while the vielmnedical record” corresponds to patients
medical records, from this we see that the viewsadly characterize the way objects
are used in the organization, the relatldse links these entities, this is shown in

(Fig.2) .
Object (" Use ) View
o.n an
on

Organization I

Fig.2. The relationship Use.
So iforg is an organizatiorg is an object and is a view, therlJse (org, o, v)neans
that theorganizatioarg usestheobjeat in the viewv. For example:
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Use (H_Mustapha, File21.doc, Medical_Recoréhhich means that the hospital
Mustapha uses the file File21.doc as a medicakdeco

3.4 Actions and Activities

An Action is known as an entity which mainly includes compuetions such as
“read”, “write”, “send” , etc. In the same way as roles and views represent
abstractions of subjects and objects, the ertitivity is used as an abstraction of
actions, thus activities corresponds to actionstihae a common goal. The activities
could be*“consult”, “modify”, “transfer”, etc. The relationConsider shown in
(Fig.3) is used to associate the entities orgaioizasction and activity. So drg is an
organizationac is an action andv is an activity, therConsider (org, ac, avineans
that the organizatioorg considers the actioac as being part of the activigv. The
objective is to be able to characterize the orgdiuns that structure differently the
same activities.

Action I/ Consider Activity
0n 0n
; : ,

an

Organization

Fig.3. The relationship Consider.
The two following examples illustrate the abovetsane:

Consider (H_Mustapha, read, consuliy this first example the hospital Mustapha
considers the action read a file as being part ftweractivity consult.

Consider (H_Belfore, select, Consulip this second example the hospital Belfore
considers the action select performed on a dagadmpart from the activity consult.

3.5 Contexts

Contexts are used to specify the concrete circurmetain which organizations grant
permissions to perform activities on views. In thedical domain the context can
express circumstances such‘asiergency”, “attending physician’etc. The entities

organization, subject, object, action and conten&t welated together through the
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relationDefing this is shown in (Fig.4), so d@rg is an organizatiors is a subjectac
is an actionp is an object and is a context, thebefine (org, s, ac, o, aheans that
within the organizatiororg the contexfc is true between the subjegtthe objecto
and the actiomc. Given the following two examples:

1) Define(H_Mustapha, Ahmed,Read,File21.doc,Emergency)
2) Define(H_Mustapah, Asma,Read,File31.doc,Attendptgsician ).

If the first fact is true then Ahmed doesn’t needbe the attending physician of the
patient corresponding to the medical record File@d.to consult his record, indeed
it's reasonable to consider that in an emergercytson, doctors have an immediate
access to all medical records. If the second fadrue then Asma should be the
attending physician of the patient correspondintheomedical record File31.doc: in
normal contexts such as “Attending physician” dogtoave only the authorizations to
consult the medical records of their own patients.

Currently in OrBAC, five types of contexts wereraduced [8, 9, 10], we will just
briefly list them here:

v' The temporal contextthat depends on the time at which the subject is
requesting for an access to the system.

v' Thespatial contextthat depends on the location of the subject.

v' Theuser — declared contexhat depends on the subject objective.

v' The prerequisite contextthat depends on the characteristics that link the
subject, action and object.

v" The provisional contextthat depends on previous actions that the subject
has performed in the system.

The decision to grant an authorization necessttaeevaluation of the context, this
requires to have at our disposal a number of inftion the system must provide for
testing the activation of context, More details atbthese kind of information are
given in [8,9,10].
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Action I

Subject / Dbﬂne Object
on ! o
l v
/O,n on
Organization Context

Fig.4. The relationship Define.
3.6 Authorizations

In OrBAC there are two levels of abstraction: aaete level that contains (subjects,
objects and actions) and an abstract level thatudes (roles, views and
activities).Thus the authorizations can be modatdabth abstract and concrete level.

3.6.1 Abstract Authorizations

The relation Permissionis defined at the abstract level as a relationwéeh
organizations, roles, views, activities and corgexthe relationsProhibition,
Obligation, Recommendaticere defined in the same way. (Fig.5) shows these f
relations. So ibrg is an organizatior, is a roley is a view,av is an activity ana is

a context therPermission(org ,r, av, v, aneans that the organizati@ng grants a
permission to the roleto perform the activityav on the viewv in the context. For
instance the security policies of the hospital Mpsia can comprise the following
facts: Permission (H_Mustapha, Doctor, consult, medicatore, emergencyyvhich
indicates that the hospital Mustapha grants toafedhe permission to consult any
medical record in the context of emergency.
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Organization Context

Role View

Fig.5. the Relationships: Permission, Prohibition, Oblyatnd Recommendation.

3.6.2 Concrete Authorizations

The low-level access control must be adequate $oriee the concrete actions that
the subjects perform on objects. In order to madeicrete permissions the relation
Is_Permitteds introduced between the subjects the objectdfandctions: so gis a
subjectacis an action, end is an object, thda_permitted (s, ac, mgignifies that the
subjects has the permission to perform the actamon the objecb. The relations
Is_prohibited, Is_obliged, Is_recommandade defined in the same way. (Fig.6)
represents the security model OrBAC. It containghkientities Qrganization,
Subject, Object, View, Action, Activity and Conteit also contains twelve
relationships Employ, Use, Consider, Define, Permission, Prolahit Obligation,
Recommandation, Is_permitted, Is_prohibited, Isig#lol and Is_recommended
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Delegations are another important topic dealindgp \@tBAC, in which privileges are
granted to a specific user without having to gthrg privilege to all persons plying
the same role as him, we will not refer to it imstpaper, and for more details about
delegations in OrBAC we refer the reader to [5].

4 OrBAC and First Order Logic

OrBAC was formalized using first order logic, inighapproach the context is
represented as an argument in the predicate péomissas follows:
Permission(Organization, role, activity, view, cext) the problem with this
approach is that we can represent only one coamteshce i.e. we can’t represent a
conjunction of contexts, an exception of conteit, Adding to this the fact that first
order logic is not decidable. One of the propos#dt®ns was the use of description
logic [6,7 ] which is a subset of first order logic

5 OrBAC Using Description Logic

Description Logics “DL” are used as formalisms tepresent knowledge based
systems, [4] provides a good overall review abbateavolution and different types of
description logics. As mentioned in the previoustisea OrBAC was formalized
using first order logic which turned to be undebtigabeside the impossibility to
represent a conjunction of contexts or an exceptibrontext, a solution to this
problem was to formalize OrBAC using descriptiomi@ this work was done in

[6,7], where the authors presents OrBAC with thecdgtion logiccAL [4] this new
type of formalization permitted to overcome the ecidability problem, OrBAC was
also extended by adding two connectérande to represent respectively the notion
of Default and exception to be able to expressraest by default and also a context
by exception, thus providing the possibility topeass a permission (prohibition,
obligation, recommendation) in a context by defaamftd also in a context by
exception. This new model was called DL_OrBA[B, 7] In this model permission
by default is expressed as follows:

dPermissioE PermisionAv.Activity M PermissionR.Rolen PermissionV.Viewn
PermissionOr.Organization

Here & represents a context by default, PermissionAvmigsionR, PermissionV,

PermissionOr are binary relationships that linkspeetively the concepts activity,
Role, View, Organization to the concept permissieor example by default in the
organization ‘X’, all the persons that play theerof doctor has the right to modify an
ordinance. This is represented by the permission P1

dPermission (P1E PermisionAv.Activity( Modify) m PermissionR.Role(Doctor)i
PermissionV.View (Ordinance) PermissionOr.Organization(X).
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Fig.6.The OrBAC Security Model.

6 Conclusion

The Objective of this work was to present the OrBi@del with its different parts as
it was first defined by its authors, we then gaverief overview about the DL —
OrBAC;, model, the major goal behind developing DL —OrBA&as to provide the
possibility to express authorizations in a contextdefault and also in a context by
exception, this was achieved by adding to the udescription logic the two
operatorsd (Default) ande (Exception),this accomplishment enabled to augrtfent
expressivity of the new model and at the same timaéntaining a polynomial
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complexity, a future work can be done in the sanammar to take into consideration
the temporal context to give the possibility to gs temporal authorizations. This
could be achieved by using temporal descriptioiclog
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Abstract. Following the evolution of the web, a new techgglthhas emerged and
which is known as the Semantic Web Services (SWiS)technology allows us to
automate the discovery, composition and invocatibrservices through using the
Web. In order to benefit from these advantagesioagss of re-engineering, which
redirects from Web applications to the Semantic V8ebvices, is very required.
Reengineering can reuse the functionality of Webpliestions as Web services
without re-writing the code of these applicatiofifie objective of this work is to
propose an approach based on ontological reengingefor the description and

classification of WSMO SWS applications. The apghoaonsists of two stages.
First, extracting useful information from the omgil code of web services WSMO
SWS, and then analyzing the derived data throughotitology domain by using a
similarity criterion.

Keywords.Engineering ontological,Web Service, Semantic Welvi&s, WSMO,
similarity measure.

1 Introduction

The World Wide Web (WWW), or simply the Web, proegdaccess to heterogeneous
data sources residing anywhere on the Internaedant years the Web encountered
two revolutionary changes.

To begin with, the first technology is known as wadyvices. These services offer
functionalities that are accessible via the Welmgig set of common technologies
such as SOAP, WSDL, UDDI and XML.

The second technology is called the Semantic Wéis iB an intelligent Web that
allows us to enrich the existing data on the Weahguformal descriptions indicating
their significance. The Semantic Web technologipdased on ontology’s. According
to Gruber, ontology is an explicit specificationao€onceptualization.

The combination of the techniques of Web serviges Semantic Web, is called the
Semantic Web Services (SWS).
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Several proposals have been submitted to W3C ferdisign of Semantic Web
Services (OWL-S, WSMO, WSDL-S, etc.). One of thgdeist challenges was to
allow the construction of flexible applications mtainy companies and thus enable
their dynamic composition to offer their customtrs best solutions. In other words,
we use WSMO (Web Service Modeling Ontology) as atfptm to model the
Semantic Web Services. WSMO has four main compsnédinst, ontology’s, Web
services, goals and the mediators.

2 Engineering of Semantics Web Services

According Chikofsky, The engineering of SWS is tme@gte syntactic and semantic
descriptions of Web services from conceptual modelfact, many work in the latter
context of ontological engineering Sabou et al &adr et al , Bell et al .

3 Proposed Approach

We first give an overview of the steps, their oligation and the tools that they
involve (Fig.1).

useful mformatiord

feVerse engineeting process
ontlogique

e
Wordiet

l

i’chmaﬁmfm+onldhgympmted' Sorte |

Fig. 1 Process of description and of classification of SWSMO.

3.1 Extracting useful information

Thisbegins  with  thescreeningof the  structuring  aptofthe  Web
serviceWSMOSWSfollowed byextraction ofkeywords{['memberOf} which
areshared variablesinweb servicesand finallythe raetion ofinformationthat
areusefulafter the keyword'memberOf' and beforkéysvord .
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3.2 Analysis

It is a series of sub-steps for the treatment efulsnformation resulting from the
previous phase. The result is the calculation ofasdic links.

3.2.1 Identification of the concepts of ontology

It is applied to domain ontology’s, and consistgehoving spaces, dashes, etc..and
keep only the roots of words as they appear in \Netd We collect a set of terms
that can be identified later as the concepts aflogy.

3.2.2 Calculation of similarity measure

Based on the calculation of similarity, this mangiion involves withholding
information from the web service that is currenitya table and the concepts of
domain ontology’s (see previous step).
Forour approachwe willuse thissimilarity measure ldtter is equal to the inverse of
the length of the shortest path between two coscept

sim(cl, c2) =1/1+d(cl, c2)

The Similarity between two concepts is held intecamt if it exceeds a certain
threshold. The threshold is the value taken betv@eand 1.

4 Proposed Algorithm Approach

Start -Algo
1- Create an array of elements V1. Each eleme nt has
attributes such as fields of useful information of web
service WSMO SWS.
2- Create an array of elements V2. Each eleme nt

corresponds to a concept of the domain ontology.

3- For each element Oi of V1 array Make
For each element Oj of V2 array of concepts V2 Make
Calculate the similarity between the concept of the

element Oi and the concepts of the element Oj one by
one;
If for an element of Oi , the similarity is equal t o the
threshold, then mark the element corresponding to O i to
"domain" of the element O;j.

End -If

End-for

End-for

End-Algo

Fig.2. The proposed algorithm

4 WordNet: is a lexical database that organizes s@ma verbs in concept (synset) in
hierarchies of is-a relationships.
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5 Experimentation

5.1 Results of extracting useful information

Filtering our code results in remarkable three thenthat form the set {Child,

location, parent}.

e {Child}: appears after the keyword ‘memberOf’.

e {location, parent} appears before the .

Give the classification of SWS WSMO and be ableday out the analysis of the

next phase.

5.2 Results of the analysis phase

We will analyze with a domain ontology’s that isSenerations.owl. Be fixed before

the threshold to 1.

5.2.1For ontology Generations.owl

The results of the analysis phase are shown ireT(@ele Tablel):

Table 1 Similarity measure for Generations.owl

The concepts of Child location Parent
ontology

Sex -1.0 -1.0 -1.0
Female 0.166 0.142 0.111
Person 0.333 0.166 0.166
Brother 0.142 0.1 0.125
Daughter 0.125 0.090 0.111
Father 0.111 0.083 0.5
GrandFather 0.125 0.090 0.142
GrandMother 0.125 0.090 0.142
GrandParent 0.142 0.1 0.166
Man 0.2 0.125 0.125
Mother 0.111 0.083 0.5
OffSpring 0.2 0.125 0.166
Parent 0.125 0.090 1.0
Sibling 0.2 0.125 0.166
Sister 0.142 0.1 0.125
Son 0.125 0.090 0.111
Woman 0.2 0.125 0.125
kid 1.0 0.142 0.111
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This analysis produced a result against which #gheutation of the similarity measure
gives 1.

Hence the possibility to conclude that this sentamieb service belongs to the
domain of ontology Generations.owl, and thereforan be made to this web service.

6 Conclusion

The aim of this study is to propose an approachs&mantic web service using
ontology engineering of domain to generate semdintis.

Our approach consists in two phases: the extraaforelevant information, and
analysis. The approach allows a classification 8§ SSWSMO by ontology of
domain.

To this end, we consider the domain ontology asmf@n source semantics that
allows the identification of the domain of SWS.

It would be useful to note the specificity of thaudy in SWS WSMO , other
approaches are generic and do not address thefispaxfi each service in its own
ontology.

After several experimentation's, the results wergy \satisfactory in terms of quality
and quantity. The models generated by the processverse engineering have been
very close to those expected by the designers. ratee of semantic descriptions
generated by the direct process engineering habedaan average of sixty percent.
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Abstract.In this article we propose a combination betweea diigciplines of the data-
processing field, the loosely coupled interorgatieanel workflow aiming to make in
collaboration processes workflow distributed, awnomus and heterogeneous
resulting and being executed in various organizagicand the agents which are
autonomous, co-operative and adaptive entities @oious contexts. Flexibility,
adaptation and distribution are the major challesgior the inter-organizational
workflow. In this paper we propose an agent basechitecture for the loosely
coupled inter-organizational workflow interoperabjil By what precedes, we can say
that the whole execution of the implemented meddivided into two parts: the intra-
execution, which expresses the execution withinoayanization, and the inter-
execution, which represents the interaction betw@ganizations. An agent plays the
role of a workflow engine; it ensures the supeonsof the execution of the process
workflow in the organization and the interactiortlwits external environment.

Keywords.workflow, agents, discovery, negotiation, contract.

1 Introduction

The inter-organizational workflow has several forofisnteroperability such as: share
of capacity, chained execution, sub-contractingedaansfer, extended case transfer,
public-to-private and loosely coupledafst, 2009 Chebbj 2006). Our contribution is
oriented towards the loosely coupled inter-orgaional workflow. This form of
interoperability is characterized by the preserfce partners; each one has a private
local workflow and a structure of interaction whiehables him to interact with the
other partners by using asynchronous messagebislfiorm of interoperability it is
necessary to fix a protocol of interaction to sfettie different messages circulating
between the partners according to a messages sequbart (MSC). Each partner
must maintain his private workflow in accordancéhvihe protocol of interaction.

In the following sections, we will expose relatedriks concerning the LCIOW, then
an explanation of the suggested architecture, lfina conclusion where we will
speak about the achieved objectives, the encouhtdifficulties and the open
prospects for the development of this work.

2 Related Works

SLCIOW : Loosely Coupled Inter-Organizatioal Workflow
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In (Donghui and al, 2006}he authors proposed a platform of execution ofQ\W
based on agents and rules ECA (Event, ConditionAstibn); in this platform, the
inter-organizational workflow is modeled by a madfent system where each
organization is represented by an agent. The execof the whole process is divided
into two parts: the intra-execution, which expresgbe execution within the
organization, and the inter-execution, which repnés the interaction between
organizations. In the intra-execution, rules ECaypthe role of a workflow engine in
the organization; they are used to control theriakestate of the transitions. The
agent is used to ensure the interaction with thentsgof the other organizations. In
this work the discovery of partners and the negjotisare not discussed which makes
the system rigid.

In (Bouzguenda and al 2008) the authors proposed a model based ontsagew
ontologies for dynamic coordination between theerinbrganizational workflow
processes, in this model, the service for the disjpo of the workflow is represented
by three types of agents; the engine agent whielyspthe role of the workflow
engine, the agent of connection which is chargezbahection to the infrastructure of
mediation in order to find the partners and theesuvgor agent which is responsible
of the allocation of the functions on the enginerstg and the control of the activities
in the service for the disposition of workflow. Thauthors also proposed two
ontologies:(i) the domain ontology which has as a role to desaibihe concepts of
the domain and the relations between these cona@ptthe ontology of interaction
which describes the protocols of interaction usethe domain. The inconvenient in
this work is that the intra-organizational aspeigs®s in the description of services.

In (Aalst, 1999) the author proposes a prototype of modeding analysis of the
loosely coupled inter- organizational workflow bdsen messages sequence chart
(MSC) and Petri net (PN); The MSC are used for description of the inter-
organizational interactions and PN are used to inadprocess workflow and to
analyze the properties of the processes for deteofithe situations of deadlock.

3 Architecture Proposed

3.1 Workflow service description

A LCIOW is viewed as a set of autonomous, distéduiservices. Each one is
described by an aggregation of classes; each islased to assure some tasks in the
local workflow or in the global one. In our arclitere, a workflow service is
described by:

Service_Profil. This class is used to create an abstraction tovtréflow services
and to hide the business party of them. It's defibg the tupleService Profil= (AID,
Name, Type, Inputs, Outputs)

Service_Model. This class represents the business party of thdceeto offer, it
describes the execution schema of the service, setwbma is characterized by the
event of beginning followed by a set of activiti®de distinguish three types of
activities: (i) business activities used to execute specific taskise local workflow.
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(i) Interaction activities used to send or to receiveessage(iii) routing activities
that aresequence, loop, AND-Split, XOR-Split, AND-Jaimd XOR-Joineach one is
used to interconnect between two activities of tthe precedents types. Finally the
schema is finished by the end event.

Service_Contractlt is used to describ@) the messages exchanged between partners
and the order imposed over theii), the actions should be executed by each partner.
In the formal way the contract is viewed as firstate machine that is represented by
a graphFSM=<N, A), whereN represents the set of nodes #npresents the set of
arcs. Every node represents a clause in the comtnacis described by a rule of the
deontic logic that has the form h—0s(a<y), whereri is a label to identify and
reference the statemertrepresent the activate condition of the rule (pyedition),

0 is the deontic operatosis the subject, or the role who assumes the stateme
fulfillment. bis the beneficiary, or the role to whom the statetie fulfilled. ais the
action to perform.yindicates a deadline to the statement fulfilmehhe arcs
represent the FIPA-ACL messages exchanged betvarameps.

3.2 Macro architecture

Our architecture inherits of the service orientazhidlecturd. SOA in its global form;
it is characterized by the following elements:

Actors. A set of agents every one represents an orgamizatithe global system.

Roles.A role is defined by a set of capabilities assuvgdhe actor playing the role,
we distinguish three macro roles:

Facilitator. The actor playing this role shoul@) Allow to an agent to register the
profile of a workflow service that will be offered the future, update a profile that is
already published or to deregister a profile ofuaavailable servicdji) Allow to an
agent who searches a service to find the partesponding to the criterions defined
in his request.

ProviderThis role is played by an agent having a workflosvvices that can be
offered to other agents. To make the offered sesvzerceptible and accessible by the
external agents; the Provider should publish theenfacilitator.

Customer.This role is played by an agent that searchesréflow service in outside
boundary of the organization which he represenitee 3earch of services is carried
out by querying a facilitator through a requestctiéing the service demanded.

Inter-role interaction. In this section we will identify the different eractions
existing and their semantics;

Interaction Provider-Facilitator;This interaction takes place when an agent wants t
publish a profile of workflow service which he caffier, to update profile of a service
already published, to delete a profile when a ser¥s unavailable. In these three

6 SOA : Service Oriented Architecture
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situations, the provider solicit the facilitator ésecute an actiorp@blish updateor
deletg. This interaction mode is implemented by the @cot FIPA-Request
(SC00026H, 2002)

Interaction Customer-Facilitatgrthis interaction has the objective to return lie t
customer the list of elements according to theilerapecified in his request. The
implementation of this interaction requires the wfethe protocol FIPA-Query
(SC00027H, 2002)

Interaction Customer- Providethis interaction is divided into two phases:

* Negotiation to establish the contracthis first phase has for objective to
establish a contract between partners; it takesepl@hen a non empty list of
services profiles is returned to the customer kg fidcilitator. This form of
interaction has one initiator which is the custoraed several contractors which
are the providers returned by the facilitator. Ehgsoviders come into an
implicit competitive situation because each on¢hein wants to earn the offer
and doesn’t know the other adversaries. This formteraction is concretized by
one of the negotiation protocols proposed in théiagent system domain which
are the FIPA-Contract-NetSC00029H, 2002)or FIPA-Iterated-Contract-Net
(SCO00030H, 2002)we say that the contract is established when te®mer send
anaccept-proposamessage to a provider.

» Contract execution and the monitor of the execufidnis is the second phase in
the interaction between the customer and the peovidtakes place when a
contract is established between them, it procesd®bows:

If the service is atomic; which means that its exien is carried out in one
transaction, the provider agent must instantiateriacessary schemas and resources
when he receives theccept-proposaimessage from the customer agent and executes
the service.

If the service is composed; which means that iexetion is carried out in more than
one transaction, the contract is modeled by a efirstate machine which is
implemented by a finite and ordered set of clauggsch clause has a subject
representing the partner which executes the actiefined in the clause, the
beneficiary partner of the realized action, andnéef and ordered set of FIPA-ACL
messages that connect the clauses and describeetseages that must be exchanged
between partners during the execution of the contra

3.3 Micro architecture

The micro architecture allows identifying the elenseand the capabilities of each
agent, this is depending directly on the role piblyg the agent; we distinguish:

The workflow engineThis element assures the instantiation and theugxec of
workflow process, and monitors the process durtagekecution. It is modeled and
implemented using the ruleE CAPE’ (Boukhebouze and al, 2009)
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Library of plans. Each plan represents a workflow schema that id bgethe agent
to reach his goal or to interact with an event ingmk Each plan is an instance of the
classService Workflow

The knowledge baselt includes a set of beliefs of the agent abont Ahd about his
environment. A belief can be a concept or a predica

4 Conclusion

In this work we proposed an approach based on tife agent systems to solve some
emergent problems in the loosely coupled inter-oigdional workflow in particular
those related to the research of the partnerspebetiation and the establishment of
the contracts. This work opens the way to otherstioes whose answers allow its
development in particular the covering of exceptiases, the decision-making in the
situations of failure of the service execution.
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Abstract. Pattern matching is one of the most importantfehteracting with many

domains. This paper presents a state of the ampatiern matching search using
dictionary or index, or direct search in the te¥¥e review the main algorithms and
their complexities referring to the developmenthefr use over the years.

Keywords.pattern, string, text-editing, pattern-matchingireg-matching, searching,
dictionary, suffix tree, sorting, hashing.

1 Introduction

The simplest and most natural way to represenirtfoemation is to write it as text,

and save it, which necessarily creates a real teeeegad and seek information from
the written text, for example, the search for infation in a book of letters, or a
definition in a dictionary.

The automatic processing of information has led éshtors to invent main purposes
to simplify text processing. The basic problem hie word processor is the pattern
matching problem, or string matching.

2 Definitions

2.1 The Alphabet &)

Is a finite set of letters, for example the Grekgdhabet, the Arabic alphabet, the DNA
alphabet.

2.2 The pattern matching problem

Let T be a text of length “n” and P be a patterteofyth “m”, such as “n” is too much
greater than “m”. Both strings over a fixed finlphabek. The string matching
problem is to find all occurrences of P in T, weshvto find all positions, or perhaps
only the left most position. The search pattermdsive in several areas, but more
often in text editors, it's also found in the séarcweb pages, as Google for example.
In bioinformatics we search for DNA sequence, RNA&amino acid.
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3 Pattern matching variant

Without pattern  pre With pattern pre-
treatment treatment
Without text pre- Naive algorithm Kmp[8], BM[13]
treatment
Text pre-treatment Suffix tree[5,12] Rabin Karp[12]
Without dictionary pre{ Naive algorithm Aho Corasick [1]
treatment
Dictionary pre- Trie[4] Hashage [11].
treatment

4 Windows pattern matching

We can model the pattern search in a text withcthrcept of sliding window, the
window defines a factor called the text containethie window, which has the length
of a word search, we try to compare some word chers with the contents of this
window, if there is a mismatch, the window is gifto the right.

4.1 The naive algorithm

The simplest idea that comes to mind is to moveptteern along the text and check
for each text position if the pattern is or notaatér of the text at this location. This
method requires O (n * m) comparisons, n is the temgth and m is the pattern
length.

4.2 The algorithm of Knuth-Morris-Pratt

The algorithm of Knuth-Morris-Pratt [8] performssaarch pattern in the text in linear
time O (n + | P |). The pre-treatment of the patteris realized in time O (| P |)
calculates an offset function for all prefixes PieTcomparison of the pattern is then
performed on the pattern and the text by a patim fieft to right. A shift function is
used each time to compare the letters no longecicts.

4.3The Boyer-Moore algorithm

The Boyer-Moore algorithm, [13], performs a segpelttern P in a text of length “n”
in average time O (n/ | P |). The bank is scatfreed left to right as in the algorithm
of Knuth-Morris-Pratt, but this time the patterncismpared from right to left. The
original algorithm has the disadvantage of beingdyatic in the worst case, but an
extension (Galil, 1979) [5] gives a complexity of @ + | P [).The Boyer Moore
algorithm is considered as the most efficient gtrmatching algorithm in usual
applications. A simplified version of it or the gretalgorithm is often implemented in
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text editors for the search and substitute comméihds used in Microsoft Word for
example).

4 .5Karp -Rabin Algorithm

The Karp-Rabin[12] Random Fingerprint algoritiena semi- numerical method
based on using hashing function to compare thvene a substring of equal
length to the pattern is a match (Karp,biRa 1987). The hashing function
pre-processes the string by moving one le#ter a time, assigning a value to
substrings that have the length of the pattefdter the hash function pre-
processing, the algorithm performs the sarmashhfunction on the pattern, and
then performs a left to right comparison stibstring hash values.

5 Pattern matching automata

There is an automatic search for each patterneéP¢ahtroller must be built from the
ground during a pre-processing step, before theybeaused to search the pattern in a
text string.

When the pattern to look for is a dictionary witramy words {P1, P2,..., Pm},
automata-based approaches are the most common.

The classical solution for this problem is the ABorasick [1] automaton which finds
all occurrences (occ) in a text T in time O ( |[¥ pcc) using a representation that
occupies O ( m log m ) bits of space where<m +1 is the number of states in the
automaton.

6 Dictionary pattern matching

Given a set S of d strings of total length “n” chaers over an (not necessarily
constant) alphabet of size build a data structure so that we can match iargntext
T all occurrences of strings belonging to S.

There are several techniques that give solutiothidyproblem; the classical solution
for this problem is the Aho-Corasick [1] automatdlow, among the most effective
method, there is research in a suffix tree [4], alsd the hashing method [11].

7 Indexing pattern matching

Recently, people start to consider the offline imrf the problem, which assumes
the text T is given in advance and we can pre-p®deto build an indexing data
structures so that any pattern query can be andvieseer.

Structures such as suffix trees [5, 8] or DAWG €died acyclic word graphs) [3]
give good results on many issues. A suffix treghis canonical finite automaton
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recognizing all the suffixes of the bank. It isalsossible to construct generalized
suffix tree for a set of words.

7.1Suffix tree

Let S T be the suffix tree of text T. Let P = pl...jpm a pattern. Start at the suffix
tree root and follow the labels on the tree as lasghey match pl...pm. If at some
point there is no matching label, then P does ppear in T. Otherwise, let v be the
closest node (from below) to the label where w@mstal. The starting location of the
suffixes that are leaves in the sub tree root atevprecisely all text locations where
the pattern appears. It is easy to see that tlssltrean be obtained, for a fixed
bounded alphabet, in time O(m+tocc).

8 The hashing pattern matching

Hashing provides a simple method that avoids thadratic number of character

comparisons in most practical situations and thasrin linear time under reasonable
probabilistic assumptions It has been introducediayrison and later fully analyzed

by Karp and Rabin [12],

The effectiveness of the hash is found in the aliaiy (a set of words), and to
represent all the grounds of dictionary, we usehhables, A hash table is a data
structure used to implement effectively dictionarie

Despite that finding an element in a hash tablebsaas long as the search for an item

in a linked list @(n) in the worst case), in practice the hash iy dfective. With
reasonable assumptions, the average seek timesdé¢ment in a hash table is O (1).

A hash table is a simple generalization of the amtof regular table. Direct
addressing in an ordinary array uses effectivedy ibssibility consider an arbitrary
position in a table in O (1).[15]

9 Conclusion

The string matching problem is to find all occues of P in T which satisfy some
criteria. Depending on the criteria, we have thdééerent problems. (1)The exact
string matching problem; (2) The k -difference gesb is to find all factors of T that
have edit distance at most k from P; and (3) thenismatch problem is to find all
factors of T that have Hamming distance at mosoinfP.

The goal of this work is to understand the patteaiching domain; we want to study
the k errors problem in the next work and compheedomplexity of each algorithm
seen below depending on k and try to find moretanis for the k errors case.
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Abstract. This paper presents the modeling and simulatioreattive navigation of a
mobile robot using the characteristics of discreteent systems (DEVS), which is a
young approach in modeling and simulation. The fitglaind the autonomy of robots
pose complex problems, as regards generation ¢édrary in strongly constrained
and unstructured spaces, and decision-making baseihaccurate or incomplete
information sensors. In this work we propose anhdecture based on the DEVS
(Discrete Event System Specification) and the thebifuzzy logic for modeling and
simulation of an intelligent agent observing, déuig acting on a dynamic and
uncertain environment in context of the DEVS forsmal This problem is at the
border of two areas of research: artificial intgJénce (Mobile Robotics) and
modeling and simulation.

Keywords.Modeling & Simulation, DEVS, Fuzzy Logic, Soft Catimg, Reactive
navigation, Mobile Robots, Fuzzy Logic Controller.

1 Introduction

Modeling and simulation are essential tools to y®lthe behavior of dynamic
systems. Several methods have been proposed tovenfire process of analyzing the
behavior of these systems.

Since the 1970s, formal work has been done to dpvéle theoretical foundations of
modeling and simulation of discrete event dynargteams Bisgambiglia 2008

The DEVS formalism is a modeling approach basedgeneral systems theory.
Specifically, it is a modular and hierarchical famm for modeling, centered on the
notion of stateZeigler 1976)

The main goal of this paper is to propose a modehguthe DEVS formalism
integrated with the theory of fuzzy logic to deberand simulate a complex system of
reactive navigation of mobile robot.
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This paper is organized as follows: In the secBiome introduce the basic concepts of
DEVS and the theory of fuzzy logic. In the secti®rwe propose a model of the
reactive navigation of mobile robot. Finally we cturde our work in the section 4.

2 Background

In this section we introduce the formalism DEVS émel theory of fuzzy logic.

2.1 The DEVS formalism

BP Zeigler defined inZeigler 1976) a formal specification of discrete event models.
This formalism was introduced as an abstract usaldormalism independent of the
implementation. The DEVS formalism is based on dlefinition of two types of
models: atomic models and coupled models.

2.1.1 Formal specification of a DEVS atomic model

The atomic model provides an autonomous descrigifosystem behavior, defined
by states and input / output functions and intetraadsitions of the model.

Formally, an atomic model M is specified by a 7aipAM = (X, Y, S, Oext, Oint, A, ta)

X: is the set of external events (input).

X ¥

Y: is the set of output events.

S: is the set of states. LU- ﬁ(ﬂ JJ‘
Oni. S— S:is the internal transition function M)

caused by the occurrence of internalevents. \

Sexi OxS-S : is the external Vs —t ey
transitionfunction caused by the occurrence pS Y

ofexternal events,

Q={(s.e) | £JS.Cxe<ta(s)} : total states and Fig. 1. DEVS atomic model

describes the elapsed time since the
systemmade a transition to the current state s.
L : is the output function..

ta: is the function of lifetime of state.

2.1.2 Formal specification of a DEVS coupled model

To describea more complex

systemweinterconnectseveralatomic modelsto c

form acoupled model.

A coupleddiscrete eventis defined bythe i |n out out st qut

A ——— Al 1 —
following structure: A2 \
\

f : in in
IC EOC

CM=<X, Y, D, {Md / dOD}, EIC, EOC, IC> /
Y: set of possible outputs of the coupled @) — =

X: set of possible inputs of the coupled model.

Fig. 2. Description of a coupled DEVS
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model.

D: set of names associated to the model components.
Md:set of the coupled model components

EIC: set of External Input Coupling.

EOC: set of External Output Coupling.

IC: set of internal couplings.

2.2 Fuzzy Logic

Fuzzy systems are a technique that allows the itlefinof input-output mappings
based on linguistic terms of every day common uUBeis approach has been
particularly successful in the area of control peafs.

The fuzzy set theory introduced by Zadetadeh 196} offers a set of tools to
formalize the process of human reasoning. Thisnisetiective way to take into
account the imprecision in knowledge. .

2.2.1 A fuzzy inference system FIS

One of the most successful areas of
application of fuzzy systems is control, Engine

where fuzzy controllers have proved to !
be very effective in the context of l

controlling complex ill- Membership
definedprocessestuen 1990 e S N

The realization of an inference Fary ok
systemconsists of three operations: Linguistic Variables

(1) fuzzification, (2) inference engine,

and (3) defuzzification. Fig. 3. Fuzzy inference system

3 A Proposed DEVS Model for reactive navigation ofa mobile
robot

Our aim is to develop an approach using DEVS foisnaintegrated with fuzzy logic

to model and simulate a robot moving autonomouslgri environment which is not
known a priori and in which obstacles are present.

Modeling and simulation with DEVS has become arexfee to the question of
coupling of heterogeneous models.

Autonomous robotic systems are deeply random becaltheir interaction with an

unpredictable environment. Modeling of these systemder DEVS become difficult

due to their random nature.

The classic DEVS formalism allows the modeling amélysis of complex systems
with discrete event with a known structure and baira

It is possible to use this formalism for the speation of a system of the reactive
navigation of mobile Robot.
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3.1 Architecture of the mobile robot system in DEVS

£

The proposed model divides the system gf—— =
navigation of a mobile robot into four | ™4 ...

subsystems:  Localization,  Perception| ||~ <
Controller, Actuator.

=
cbstadles

»
X sf
i S | -
Y.sf || From {1 Era—— 5
oo
[ e
o
X |

Y st || Frome_migne [ B0

I ‘ﬁ‘

Figure 4 shows the diagram of the
architecture of the mobile robotsystem in B
DEVS.

Fig. 4. Mobile robot system in DEVS

3.2 The controller Fuzzy DEVS

The classic DEVS formalism does not take into antanaccuracy and uncertainty
on the events and the states.

The multi-formalism DEVS enables the integration manyother formalisms or
modeling methods.

In this work we propose a classical or traditiofualzy controller combined with the
DEVS formalism.

3.2.1Formal specification of the controller

The formal specification of the fuzzy controller@EVS is as follows:
Controller = (X, Y, SQexs Oint, A, ta) where :

X: D (DI, Df, Dr): distances given by
the perception.

S: "Initial", "Turning left", "Turning ox
right","Moving Forward", "Stop". # »

Y: V, ABwhich  respectively Tam | Move
correspond to the velocity of Forward

movement and the angle of deviationcrP SP
of the robot. e | ! @
Move ¢ 3 Tum

v

Oyt :FIS (Distance) fuzzy inference Forward, ! Right P26
system, it receives input (D) fromozp e
the subsystem perception. Rigt

&« :The internal transition function.

A: Send results of FIS to the output ports. Fig. 5.A fuzzy controller in DEVS
ta:is the function of lifetime of state

3.3 Simulations and results

3.3.1 The modeling and simulation Environment JDEVS




JDEVS provides the advantages of a domain spetifidelling environment. With
JDEVS, it is also possible to specify, store, e, couple and simulate different
kinds of models without having to specify how thosedels should be imulateldan-
Baptiste 200

3.3.1.1 Representation of the proposed model usitige modeling tool JIDEVS

Figure 9 shows the proposed smmmmm
model of reactive navigation of ®S%jie<=
a mobilerobot modeled on the ;

environmentJDEVS. This :
model consists of several :
atomicmodels. ——|

To validate our approach
coupling the DEVS formalism
and fuzzy logic on the, we
conducted two simulation tests
to verify the proposed
approach. ot

Fig. 6.Representation of the model under JDEVS

Test 1
In the first test the robot starts in a free envinent, there is no obstacle in its path
which allows it to go straight and to move towattuks target.

Y(Pixel)
600 T
Gm(i&ofc{oi °

400] /
300 L
200]
100 Sl

d X(Pirxel [ ] o [ ]
0 100 200 300 400 500 600

Fig. 7.The trajectory in the first case

Test 2

In the second test the robot encounters an obstadte path. As shown in Figure 11
the robot makes a deviation on the left to avo&ldbstacle then it continues to move
straight and to move towards the target.

Y(Binel)
600

Goal(300,300) P

/

m

o \Obstacld(230,250)
Start(5440)

100

@ —_ . 0 ®

0 100 200 300 400 500 600

Fig. 8.The trajectory in the second case

145



AID’2012

4Conclusion and Future Work

In this paper we presented the modeling and simoulaif reactive navigation of a
mobile robot in a dynamic and uncertain environméntr contribution lies in the
possibility of combining the DEVS formalism and theeory of fuzzy logic. We
proposed a model that describes the studied system.

Based on this model, we developed an applicatiamguthe tool for modeling and
simulation JDEVS to simulate the behavior of autonas mobile robot in an
unknown environment.

The proposed approach works well in simple envirents also in complicated
environments.

The continuation of our work will concern severalinis. First, we consider the
application of this proposal on more complex systelhoreover, we wish to combine
the DEVS formalism with other Soft computing todiseural networks, genetic
algorithms etc ...).
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Abstract.The increasing use of Web services as well as itheigg interest lent to
Cloud computing technology and its capacity of gkltton, storage and Cloud
services, impose today that the traditional meckasi of discovery must be re-
examined. This specificity of discovery over theud!led us to propose a new
approach based on mobile agents dedicated to Webices discovery. More
accurately, we propose a new algorithm of comparibetween the request of the
client and the description of the Web services. §tem is composed of two areas
of Cloud. The first deals with syntactic researctd aecond supports the filtering of
the found web services. This discovery is perforimge@n algorithm based on the
calculation of similarities between the request #émel description of the web services.

Keywords. Cloud Computing, Mobile Agent, Web Service, DiscoweiyWeb Services,
statistics of language

1 Introduction

Among emergent technologies currently Cloud commguis really booming these
years, and IT actors are convinced that this telogyois essential for distributed
computing and will change the way of conceivind areating of web applications.
Web services discovery is one of the most impordgmiications on Internet. It aims
to create a mechanism which makes it possible tmsd and to access the web
services that best corresponds to the clients stgjue

In this paper we will present a new approach of webvices discovery based on
mobile agents in Cloud computing, This approacprisiarily based on open Cloud:
“Open Cloud Computing Federation Based one Mobitemt’(Zhang and Zhang
20009).

This paper is organized as follows: section 2 desccertain related works to our
approach, section 3 explain our approach, sectipredent the algorithm of filtering,
In section 5 one explains the contributions of approach, section 6 is the conclusion
of this article.
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2 Related Works and Problems

In the paper (Jingliang and Zhe, 2010) the autpooposed an architecture based on a
set of situated and mobile agents; each situataetdges one of the following tasks:
system management, request analyzing, update ahtliéle agents, expeditions of
the mobile agents, results analyzing. The mobilentgy are dispatched to do a
syntactic search of web services. The problem thith approach is that it misses, on
the one hand, a powerful economic model bindingh® discovery web services
system, and on the other hand, syntactic reseamels dot take into account the
disposition of the words in the description of Web service compared to the request
nor the repeated words in the request.

In (He et al 2005) the authors proposed an ardhbitedbased mobile agents for the
management of mobile services in Grid computing aedcribed in detail the
discovery service. The architecture is based oregatthical model of identical
agents. Each agent is able to provide and reqeegicss in the grid and when it
moves certain processes of registration and deratyi are called, which makes the
discovery faster and more effective. The problerthwhis architecture, is that the
economic model of Grid computing suffers from thekgem of instantaneity and
availability and especially from time of use, iteat a resource in the grid is not
necessarily available when it is required but onestnwait until it is free then one
uses it for a determined time as a preliminary.

In (CHEN and LI, 2010) Chen et al. proposed alehdService Registry on Cloud
(SRC)” which is an extension of a service modeklasn keywords, this application
is deployed like a Cloud application. This modemsi to discover the most
appropriate service to functional and non functiaeguirements expressed in the
client's request. SRC stores the semantic desrsigtoWeb Services and dynamic
state feedback of the QoS of Web services as QES ifi the Cloud, and uses the
mechanism of MapReduce to process files. The pnolth this work is the absence
of one tool (a tool like mobile agents): autonomoaisto-adaptable, and especially
adapted to the nature of web services that areilligtd on the Internet, for the
research of the Web services, represents a persisteblem.

3 Web Services discovery Architecture

The figure below show the general architectureusfdiscovery system:
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Interface

Client

Cloud computing region A

%] Virtual Machine

© Interface Agent
I:I Mobile agents Placement .
Researcher Agent
_ 'J Task manager . Transport Agent
o
Software of comparison and filtering I:I X )
Web Service Provider

Fig. 1. The General architecture of the system.

3.1 Web Interface Part

The client accesses the region A of Cloud via a \wérface that allows it to:
Introduce its request (in textual form), Paymenthaf cost of using our system, and
Display the results.

3.2 Cloud Computing Part

1) Region A: under the model Software-as-a-Ser(®&aS), this region offers the
services of a software which allows creating anchagang a mobile agents system,
which has for essential goal, the syntactic discpwed web services, by creating the
researcher mobile agents which will deal with tiasisk, moreover, this region deals
with the creation of the Interface agents and thian3port agents in order to
communicate with the clients and the region B afudl

2) Region B: under the same model of the regiorSéftware-as-a-Service (SaaS),
this region offers the services of a software thiédws filtering then selecting or
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rejecting web services found by researcher molglents; when a Web service is
selected, a mobile agent of transport is createtfaiasport the web service to the
region A.

3.3 Mobile Agents Part

1) Interface Agent: Interface agent is used tosmaihthe client request to the region
A and display selected web services to clientvéaweb interface.

2) Researcher Agent: Researcher agent is usefih t@ syntactic research based on
keywords (from the request of client).

3) Transport Agent: A transport agentcan be usadthe one hand, to transportthe
client requestfrom the region A to the regionB, @mthe other hand, has to transport
the Web services detected by the researcher aggettie region B, and then has to
transport each Web service selected by the regitmrBgion A.

A4

g Y )

| Communication with Client |

v

| Treatments Module

A

Communication with Client

A4

Treatments Module

A

\ 4

Inter-CommunicationModule

\ 4

Communication with region A

A P,

Fig. 2. Interface Agent architecture. Fig. 3Researche agent architecture.

Inter-CommunicationModule | Communication with regions A and B |
A
D Treatments Module

Fig. 4. Transport Agent architecture.
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3.4 Operating Mode

The scenario of use of our system is describedéydllowing stages:

1) Send the client request via the web interface.

2) An Interface agent is created at the region Aring the request to this region, via
the task manager, which extracts the key words fimrequest (nouns, verbs... etc)
and their synonyms using a dictionary of synonyams| associates each request to an
identifier (in the form of a code) that can identefach client (since clients can not be
identified by their requests only).

3) The task manager of the region A creates a fsetsearcher mobile agents and
transmits to them, the keywords of the requestthrdt synonyms, associate to the
request identifier, Then it creates a transpornafm transporting the client request
and its identifier, to the region B of Cloud.

4) Launching of researcher’s mobile agents on h&terto do the syntactic research of
Web services which corresponds to the requesteotlibnt.

5) Each time, a researcher mobile agent find a B&hice that correspond to the
request of the user, he create a transport mobéatavho deals with transporting of
the web service (and the identifier of the corresiiog request) to the region B.

6) The task manager of the region B launches fitexifig of the description of the
web services transmitted bye transport mobile agesing a dictionary of lemmas.

7) If one of the services is selected, the taskagancreates a transport mobile agent
which will deal with transfers of the selected Wayvice (and the identifier of the
corresponding request) from the region B to theored\, if not; the service will be
deleted from the region B.

8) After the reception of the Web service from oegB, the task manager of the
region A, Select a reasonable number of Web sexwidgch have the greatest degree
of acceptance, then create an Interface agenamnsriit the web service to client via
the Web interface.

4 Algorithm of Comparison and filtering

4.1 Comparison and Filtering Algorithm

The algorithm of comparison and filtering can assagdegree of acceptability to the
web services discovered after the syntactic rekedioe algorithm is based on a set
of operations from the statistics of language; at’question of calculating the degree
of similarity between the request of the client &nel description of the Web service
which one finds in the data structure <businessSesv

The algorithm is based on 4 steps:

1) The pre-treatment step: that has for essembial thenormalizationof the request
and the description of the web service, which csiegio tokenise (in order to extract
the unitsof meaning) and possibly lemmatise (only if one passes toajhygroximate
comparison step) these two last.

2) Exact comparison step: it aims to calculate:

151



AID’2012

The Jaro-winkler similarity $im_Word) (Distance de Jaro-Winkler): between the
words of the request and description, since thislaiity is adequate with the
short chain.

The partial similarity Part_Sim): it is about the similarity of the cosine (Sinnitg
cosines) who takes into account the words repéatacgentence.

The index of shift I(S): This allows calculated percentage of words etifof
description compared to the request.

3) Approximate comparison step: one passes byptmse if only one measurement

exceed 50% of similarity, and that one lemmatizimg request and the description of

the web service, then one calculate the partialaiity as well as the index of shift in
the same way that in the preceding phase (the I¢iatian makes it useless to
calculate the similarity between words).

4) Decision step: The latter allows assigning facte web services a degree of

acceptability (a service can also be refused) a@egrto the results of measurements

carry out in the two preceding phases.

So our algorithm avoids the inconveniences of sstitaesearch:

To avoid having few web services: we use a largabar of researcher mobile agents
which increases our chances of avoiding havingvel services; but it may be
that we obtain a great number of Web services, so;

To avoid having a large number of web servicesuge the filtering algorithm, that
each service has attributed a degree of acceptangefusal, then the task
manager of the region A choose (among all accepéedices by region B) a
reasonable number of web services that have tlaegtedegree of acceptance.

The filtering algorithm takes into account the raeel words thanks to the use of the
cosine measure, and takes into account the arrawgewf words in the
description of web services compared to clientaiests thanks to the index of
shift.

4.2 lllustrating Example

Considering the following Request:Purchases aress#lnew and used cars.
If we apply the filtering algorithm, we obtain tfalowing results:

4.2.1 Web Service 1

Description:www.automobile.comis a site foPurchases and sales of new and
used carsof various models including brands: Peugeot anthigk.....

Request Purchases and sales of new and used cars
A A A A A A A A
\ 4 A 4 Y \ 4 \ 4 \ 4 \ 4 \ 4

Description Purchases and sales of new and used cars

Fig. 5.Comparison between request and description of WS
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Sim_Word=1, 100% of similarity

Part_Sim=10/10=1, which corresponds to an anglé dégrees; so the similarity is

equal to 100%.

|_S=1, since the positions of the 8 words of tequest correspond to those in
description; 100% of words are not to shift.

Three measurements exceed 50%, so the Web sesgirerigly accepted.

Note: We will not see the comparison figures of theeotbxamples because the lack
of space.

4.2.2 Web Service 2

Description: www.purchasesell.com specialized oew and classiccars, for
purchases, sales, andxchanges...

Sim_Word= 0.75; 75% of similarity.

Part_Sim= 0.8; which corresponds to an angle al&jtees, so the similarity is 58%.
|_S=0.13; 13% of words are not to shift.

Two measurements exceed 50%, the Web servioedum accepted.

4.2.3 Web Service 3

Description: www.ps-auto.comt@urchase andsale of allcars kindsand....

Sim_Word=0.74; 74% of similarity.

Part_Sim = 0.7; which corresponds to an angle6fldgrees, so the similarity is

48%.

|_S =0.25; 25% of words are not to shift.

*  Only one measurement exceeds 50%, so we pass &pfineximate comparison
phase.

Part_Sim= 0.8; which corresponds to an angle al&jtees, so the similarity is 58%.

|_S=0.5; 50% of words are not to shift.

Two measurements exceed or equal to 50%, so theséfelre is weakly accepted.

4.2.4 Web Service 4

Description: www.pcforall.com ...laptops for sales and purchases per facility:
HP, Toshiba and Dell, are....

Sim_Word =0.38; 38% of similarity.

Part_Sim = 0.44 which corresponds to an angle ofié®ees, so the similarity is
30%.

|_S=0.13; 13% of words are not to shift.

Three measures are less than 50%, so the Webeésxwétused.
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5 Contributions

5.1 Contribution of Cloud Computing Technology

The adoption of Cloud for the creation and the dgplent of our system have a

direct and very important effect on the systemifised the clients who use them:

The client will have instant access to the resainmade available to him by our
system ... the instantaneity is one of the charatites of cloud computing
(Mather, 2010).

The client uses the service discovery from theelahere it is and when he wants ...
it is the availability of resources offered by thgstem, guaranteed by Cloud
technology (RAOV et al 2009).

The client pays only what he used as resources @mgmumber of virtual machines

. etc) ... this is one of the most important elaggristics of cloud computing
(Rittinghouse and Ransome, 2010).

If the request processing requires more resouncese( memory for filtering web
services for example), it is not to the client tband searched them, but it is the
system that deals with that ... it is the characteXuto-provision.

Reduced-cost implementations, due to the use tdalization, to run and creates,
virtual machines and storage areas, for procesdigigt requests.

5.2 Contributions of the mobile agents technology

Reduced costs of using resources for the clienteifnot use the researcher’s agents,
the task manager of region A will itself creates 8OAP messages to query the
UDDIs, which will increase the communication coatsl thus will increase the
resources used, then the client will be obligegay Moreover.

In case of panes (fault tolerance) in region A, rtiabile agents decide (autonomy and
auto-adaptability of agents) to keep the clierdguest until the fault is set (the
case of interface agents or transport agents) witheturning to its owner to
decide.

6 Conclusion

In this paper we have presented a new approaclebfssrvices discovery based on
mobile agents in Cloud computing, this approachefiefrom the “Business Model”
of Cloud computing.

In the short term, and to validate our work we wilplement our architecture as our
algorithm what will make it possible to carry oasts with a variety of requests and a
whole of web services.

With regard to the prospects for our work, we gtaapproach the following points:

1) Improve the architecture of researcher’s moagents to perform a search more
relevant web services, rather than a key wordsareke

2) Integrating an algorithm that takes into acconanh-functional aspects of web
services such as: quality of service, service iamrt, semantics interface, and cost.
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How to conductdoctoral research

Abstract

The purpose of a Ph.D. is to teach students how to conduct research. Now that you
have decided to get a Ph.D., applied, and been accepted, how can you best prepare
for the work ahead? This talk gives suggestions on what you can do to prepare to hit
the ground running on day one, and next throughout the doctoral thesis. Academic
research is conducted to produce new knowledge, not merely summarize, restate, or Dr. Thouraya
repackage existing knowledge. The process of creating new knowledge depends on | BOUABANA-
generating interesting questions to answer, properly applying a research TEBIBEL

methodology, and then correctly analyzing and interpreting the results. Learning National School of

what are interesting research questions is part innate ability and part learning from .
Computer Science - ESI,

experience what is considered an interesting question. The suggestions on this talk

Algeria.

deal with both scientific and organizational aspects.

Biography
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editions of the doctorial conference in Sciences and Technologies of Information and Communication.
She also has been the Graduate Student Track chair of the International Conference on Machine and
Web Intelligence ICMWT 2010 technically co-sponsored by IEEE Communication Society and whose
proceedings are published by IEEE Xplore Library. She participates to national and international
conference organization committees as IEEE International Conference on Information and Reuse and
Integration. She is a program committee member of many international conferences and journals and
she conducted several national research projects (CNEPRU, PNR). She published more than 50 papers in
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Petri nets, simulation, validation and verification. She, more recently, also works on network security,
especially, intrusion detection and ad hoc routing protocols security.
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De la recherche orientée requéte vers la recherche
orientée contexte

Abstract

L’objectif de cette présentation est de faire un tour d’horizon sur les avancées
effectuées ces derniéres années en recherche d’information personnalisée en
contexte. Les approches proposées dans cet axe tentent de revisiter 'approche
classique de RI, communément qualifiée d’« approche orientée requéte », vers une
approche, qualifiée d’ «approche orientée utilisateur ou contexte» qui intégre le
contexte de l'utilisateur comme parameétre du modéle d’accés a l'information. Plus
précisément, dans l'approche classique, un besoin en information est uniquement
traduit a travers la requéte soumise par 'utilisateur, or 'approche contextuelle tente,
quant a elle, d’intégrer le contexte de la recherche comme paramétre dans le modéle
de recherche d’information. L’interprétation du besoin est donc subordonnée au
contexte de l'utilisateur qui I'a exprimé. Celui-ci est représenté entre autres, par ses
centres d’intérét, son expertise, ses objectifs, la tache qu’il effectue et la situation de
recherche correspondante, sa localisation géographique, le dispositif d’acces utilisé.
Cette présentation est organisée de la maniére suivante, nous définirons tout d’abord
les différents termes et concepts utilisés dans ce cadre, a savoir, d’utilisateur, le

Prof.
MohandBOUGHAN

Nous consacrons ensuite le reste de la présentation aux approches de collecte, de | EM

profil, le contexte, la RI personnalisée/contextuelle/sociale. Nous passons ensuite en
revue les différentes dimensions du contexte (vu coté utilisateur et c6té document).

représentation et d’exploitation du contexte en recherche d’information. Université de Toulouse,
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2004. He was the chairman of ARIA during 2004-2007. He published more than 100 papers in
international conferences and journals.
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The future computing

Abstract

The domain of computer science and engineering has known many important
mutations from ordinary to large scale computing since the emergence of the
information and communication technologies. Already prepared for these huge
changes, the computer science industries have rapidly reacted by manufacturing
supercomputers and developing intensive computing. For instance, Google current
search engines seek hundreds of millions of web pages to respond to millions of
queries daily, thanks to the supercomputer which includes thousands of processors
that treats this tremendous volume of data. In the absence of such sophisticated
device, complexity theory is critically examined for this category of applications. This
talk first introduces the necessity of the scalable computing by explaining how
polynomial complexity is not sufficient enough to handle large scale problems with
ordinary machines.

In the first part of the speech, I focus on the use of scalable devices such as
supercomputers, grid or cloud computing. A detailed presentation of supercomputer
technologies is provided. Examples from industries and universities are given and
discussed. On the other hand, the other alternatives of extreme hardware that are
grid and cloud plate-forms are also examined and compared.

In the second part, a promising software direction to overcome the scale issue is
provided. I will first present the Bees Swarm Optimization (BSO) meta-heuristic [
published with my research group in 2005 and its applications to academic problems
such as satisfiability, to an industrial real world application such as the frequency
assignment problem and to web context such as information retrieval. For the latter,
classical information retrieval will be reviewed then new algorithms with parallel
versions based on BSO are suggested. The challenge of coping with complexity of
large scale information retrieval is discussed. Several directions proposed in the
recent literature to tackle this issue such as personalizing information retrieval,
document clustering and knowledge based information retrieval are pointed out. A
novel practical system based on hybrid BSO and clustering is presented through its
design and implementation with speedup results.
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technologies. She has a wide international experience in the domain of computational intelligence and
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International Journal of Advanced Operations Management (IJAOM).
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Variety of Meta-heuristics based on genetic
algorithms to solve a generalized job-
shopscheduling problem

Abstract

After an introduction to shop scheduling problems, we consider a generalized job-
shop problem with unrelated parallel machines and precedence constraints between
the jobs operations. The objective is to minimize the completion time. Resolution of
several scheduling problems, including parallel machines scheduling is referred to as
NP-hard. So, the application of approximate methods to solve them is well
appropriate. Considering the success of genetic algorithms, we develop a variety of
original techniques based on this meta-heuristic to solve the considered problem. | Dyr. Fatima

GHEDJATI

Université de Reims,

These techniques integrate different strategies linked to mutations and crossovers for
selecting the individuals for reproduction and generating a new population. The

performance of these algorithms is tested by numerical experiments using different
types of data. France.
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A Concise Introduction to Machine Learning

Abstract

Nowadays it is almost impossible to conceive the advancement of research without
the use of the rich spectrum of techniques developed in Machine Learning (ML).
These techniques have penetrated all application areas in all walks of life. Scientific
and medical applications, information retrieval and web-based applications, e-
commerce and customer profiling, and games are but a few examples of so many
application areas that have witnessed major breakthroughs due to the power brought
in by ML techniques.

This tutorial aims at presenting some of the fundamental ideas and techniques of
Machine Learning. It is meant to be a brief introduction to the subject and its
techniques for doctoral students and researchers who would most likely be able to
make use of some of these techniques in their own research work. After an
introduction to ML, we will explain the notion of concept learning and stress the
importance of the formulation of any learning problem in terms of a search problem.
We will then explain various ML techniques starting with Decision Tree Learning,
then Artificial Neural Networks, Bayesian Learning, and Genetic Algorithms. If time
allows we will also touch upon rule induction. Various common issues will be tackled | prof.

AhmedGUESSOUM
U.S.T.H.B., Algeria.

such as problem representation, bias, and overfitting, to help the audience better
grasp the problems that are at stake when solving a problem using some ML

technique.
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Analysis and modeling of semantic information

Abstract

Information has a broad meaning. It can be interpreted as raw material that is
directly acquired via observations. At a higher level, information is the results and
opinions that are reached directly and/or indirectly through data processing and
analysis. In fact, the level of analysis determines the information abstraction level.
The semantic analysis can be defined as the methods by which the high-level
information characteristics can be addressed in terms of the low-level, directly
measurable information attributes. The semantic analysis is a suite of methods, there
exists no unique semantic solution.

In this work, in order to represent semantic information, the information modeling
requirements are considered. Semantic information can be modeled on a manifold.
Manifold is a more general space than the metric space but through the local
properties it provides specialization at the same time. The specialization comes from
the position dependence by which a curvature metric becomes available in addition
to the ordinary distance metric.

As part of the work, a manifold based semantic analysis method is proposed in order
to support the idea of modeling semantic information on a manifold. The proposed
approach is based on the concept of geodesic distance on a manifold. The aim is to
utilize geodesic distances for making similarity measurements. The proposed
geodesic similarity measure is tested on the Wikipedia XML Corpus, which is a text-
based linked data set. The clustering coefficient values that are computed using the
link graph are substituted as curvature values by the assumption that clustering
coefficients are rough estimates of curvatures. Then, the curvatures are combined
with the Cosine text similarity measure in the formula of geodesic distance. The
experimental work is conducted in the clustering context and clustering metrics are
used in order to evaluate the experimental results.

Finally, the originality of the work comes from the fact that it proposes the manifold
structure for representing information, develops and tests a manifold-based semantic
analysis method to justify the information manifold idea. Thus, it opens a new
research area and motivates similar approaches for future research.
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