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intelligence and software engineering. research intests include cellular neural networks, digital
image processing, numerical analysis & methods, simulation &
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Congress International relevance, such as, RTBI WorkSh Physics (Material Sciences) at
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- DCAI 2012: 5th International Symposium on Distributed 2009. Physics at Universidad Auténoma
Computingand Artificial Intelligence. de Madrid (Spain) in 2005 pecific field:
Optics and matter structuMowadays is a
Additionally, it also increased the institutions that index th Postdoctoral researcher in ethLaser
journal, such as, DOAJDirectory of Cpen Access Journals, Spectroscopy laboratory dtniversidad
Latindex, EBSCO Publishing, etc. Auténoma de Madrid (SpainHis main research fields are:
Domain engineering in ferroelectric materials, optical
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Abstract 8 Current Semantic Web frameworks provide a dependency between application logic and semantic web
complete infrastructure to manage ontologies schemes easing framework.

information retrieval with inferen ce support. Ideally, the use of 7 Coupled applications: common  semantic  web

their frameworks should be transparent and decoupled, avoiding functionality implementeihto different components
direct dependencies either on the application logic or on the y1mp P )

ontology language. Besides there are different logic models used
by ontology languages (OWL Description Logic, OpenCycFOL, On the other hand, component communication are
...) and query languages (RDQL, SPARQL, OWLQL, nRQL, exchanged messages that contain data, usually these data
etc.). These facts show integration and interoperability tasks follow a fix structure (schema) without using flexible
between ont.ologles and appllcatlons are tedious on _currgntly knowledge expressions provided by the semantic web
systems. This research provides a general ESB sewi@ngine . . .
design based onJBI that enables ontology query and reasoning emerging .technolqg Knowledge bases formallz'ed W',th a
capabilities thought an Enterprise Service Bus. An early Sound logic model sucts&DpenCyc[12] or ontologies written
prototype that shows how works our research ideas has been in OWL-DL[1], should enhanced the interoperability scenarios
developed. between "plugged" components inside an ESB providing a rich
. . . o semantic knowledge and inference opierss.

Keyvvprds o) Sgrwce Oriented Architectures, Distributed The problems enunciated above broken the leosmling

Computing, Semantic principle of service desigi]. For that reason this research has

been focused on services interoperability using a general

ontology reasoning connector, that provides a normalize

. INTRODUCTION . ) . o . .
interface tosemantic functionality inside an enterprise service

Recent advances in distributed computing have given riseb@s. A prototype that showtke semantic connector benefits
new philosophy of iteration between softwarehas been developed. The functionality implemented using
components, called SOA. This new software architectu®penESB technology to be able to carry out a semantic search
allows software components developed with differendn Google maps service ugiKML3 and a specific ontology
technologiescan be "plug in" to an Enterprise Service Buso allow semantic annotations. An example of these type of
(ESB), that enable the interoperability scenario. Angearch should be: "retrieve all religious building".
component interface is described using WSDL (a open This paper has the following structure: firstly described a
standard language using to publish the functionality providestief introduction related to SOA concepts, secomilysents
by a service), in this way any softwar@ngponent can the wide variety of query and knowledge representation
understand the operations provided by ottmmponents and semantic web languages, thirdly currently shortcomings in
establish the necessary communications to obtain a specifimantic web knowledge interoperability are exposed, fourthly
goal. the solution is exposed using the emerging ESB technologies
This paper showsthe impact and utility provided by to describe the general ontology reasoning connector,
semantic web technologies "plug in" on ESB. Currently thillowing presents the GORCON prototype, finally
main ESBmanufactures (Oracle, IBM, BEA or Sun) lack ofconclusions drawn for this work are explained.
semantic web connectors (Chappell 2004), (Rademakers y
Dirksen 2008) this fact forces to build components using a
particular semantic web framework with following associated Il. SERVICEORIENTEDARCHITECTURE
problgms (Jesus Setarrion 2008) : SOA is a form of technology architecture that adheres to the
1 Hinder development tasks: there not exist a common. | f servicerientation[10] it is an evolution of past
ontology access provider such as ADO or JDBC on dal?rInCIp es o . o pac
. . Platforms preserving successful characteristics of traditional
access, each semantic web framework (Jena, Protége. . . o . .
istributed architectures, and bringing with it the

OWL, Sesgmg or Redland) prowded a specific apphcat'olﬂteroperabiliw among services that uses different technologies
programming interface. Besides each framek has been

. o ) including legacy applications, datd®es and another types of
developed with an specific programming language, thll)sackend systems. The main features provided by this
fact, joined to previous explained, causes an strongly ‘
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architecture are:

il

The SOA layers are showed in the figurefdllowing are
explained from lowlevel to highetlevel:

1
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Enterprise  Application integration: enable the
interoperability between new applications and legac
systems, neither risks and collateral effects.

Lousedcoupled architecture: based on services that ca
perform a delimited task, dependencies between servic [

are modeled on a high level layer (choreography ar
orchestration).

Business modeling: the business activities performed by
company can be modeled with asiness language [18]
that uses real human business language terms.
Distributed technologies: necessaries to interconnect
different types of services. SOA deploy specification

SCA/SDOJ[2] and JBI[17] uses open standards in order Blgure 1S0A I:éyers

enable an interopendity scenario between all different
services (DCOM, CORBA, Web Services, etc...).

PRESENTATION LAYER

BUSINESS PROCESS

MIDbLEWARE SERVICES

LOW-LEVEL SERVICES {

Oﬁcle Internet

Abstraction: SOA abstracts programming language ofA- SOA SERVICE The Basic UNIT
services. SOA uses languages based on open standardé service is not only a Web Service, commonly is usual

(WSDL, SOAP, BPEL, ...) .

confuse the concept with the technology. In SOA a Service can

be developed with different technologies, the interfamed

security policies are described using a neutral open language.
Thus the operations provided by a CORBA Servant or a

DCOM object can be described in WSDL Language (instead
Low-Level services: this layer contains all services thaif IDL or MIDL respectively). SOA provides the mechanisms

perform delimited tasks. These services can

bbpat enable an interopmbility scenario between services

implemented with different languages and interact withmplemented with different distributed technologies (CORBA,

information systems such as databasegacy systems or DCOM, JMS,...), due to the use of open languages that
embedded systems (sonar, radar, and etcetera). facilitate understand the operations.

Middleware services:intermediate layer that enclosed all The interoperability —concepts described by SOA
higher level services. These services uses-lémal architecture requirefoa robust design principles. There are
services in order to perform a specific task, i.e. obtain tiggveral studies about the principles of service design (Oracle,
best service prader (relative time, cost or effort). IBM..) , mainly all converge in following set of principles
Business process: they are the more relevant entiti@gnunciating by Thomas Erl[7]:

inside SOA architecture. These entities work as mediators]l Reusable: any service must be designed and developed

they are invoked from an external request (can be origin
from presentation layer) or an internal evefihey are

defined by  orchestration and choreography
languages[11][3]. 1
Presentation: represents the visual interfaces of one

application or external systems that can invoke the
business process to execute a business task.

Security: vertical layer that conta all security
technology artifacts used across all layers. SOA establish
security service communication using contract policies

keeping in mind reuse its operations in a application,
company application domain or even for massive use in a
public domain.

Communication based on formal contract : services must
provided a formal contract in which contained the narre of
the service, access wayhe operations implemented
including in/out parameters description.

Loosecoupling: services must be autonomous (such as
LEGO puzzle piece), therefore may designed without
relationship dependencies.

[14], besides uses open standards to use a global identifief Abstraction: services must hide logic and implementation

among different systems[5].

Government: enclosed all mechanisnmatt establish a 1
sound structure for decision making and planning. This

vertical layer is focused on lifecycle services and optimize
business process, analyzing how work SOA applications
that uses company politics, procedures and standard$
(Brown et al. 200).

issues from the outside world.

Composition: any service must be designed in order to be
used in highetevel services building.

Stateless: a service implementation must not manage and
store information about state.

Discover ability: services may be foumahd assessed by
some discover mechanism.

B. DEPLOYING SOA
A Service Oriented Architecture needs an infrastructure to
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deploy services, process and applications that interoperdtee componentsi the basic piece that exposes a group of
between them with different protocols and data schemes. Téervices using WSDL language. The assembly features
software infrastructar that supports SOA is called Enterprisgrovides the mechanism to build composite components

Service Bus (ESB)[6]. describing the relationship structure with an XML languages.
Following the principles of SOA, components cdre
1) ENTERPRISE SERVICE BUS (ESB) implemented in different languages, for that reason its

An ESB provides a software infrastructure necessary tecessary specify the binding type (jms, soap, etc...).
deploy SOA architecture. Among features provided by the The messages transmitted between components contain data
most important suppliers (IBM, BEA, Oracle, Servigix) necessary to execute the operations described on a service
worth mentioningfigure 2) interface. Service Data hects are a set of specifications
1 Connectivity between any type of services: there afgomplementary to SCA specifications) that describes an
multitude of service technology that can be used insidesamplify data model and an uniform access to heterogeneous
SOA architecture, ie. DCOM, CORBA, EJB, LDAP data sets. SDO specifications are based on a disconnected data
Servers, FTP, databases, JMS, MSMQ, SAP, CIC&¢ccess model, is an alternative to DOM niosiece allow
among others. saving memory. SCA / SDO implementation examples are
1 Neutal language: used into ESB to describe operatiohdydraSCA (Rogue Wave Software), IBM WebSphere (feature
and interconnect services with a specific messagmck for SOA), BEA SCA for WebLogic, Oracle SOA/EDA
exchange protocol (MEP). Any message transmitteand Active Matrix (TIBCO).
inside the ESB can be enrouted.
{ Data transformation mechanism: executed when two 3) JBI
services, that uses diffnt data schemes, needs translate Java Business Integration specification[17] dedine
data in order to establish a communication. mediation architecture between heterogeneous services. The
1 BPM engine: interprets a business process languagéucture of JBI is composed of three components (see figure
executing actions followinghe flow defined, invoking 3): Component Framework, Normalized Message Router

services and receiving external request and messages. (NMR) and Component Management:

protect communications. components. JBI specification distinguishes two components
1 Administration components: enablethe components YPes: "Service Engine” and "Binding Component”. Service

management installed on ESB, common operations tHEpgine (SE) components are internal services charge of main
control the component lifecycle are "install’, "uninstall” ESB execution functionalities, such as BPEL interpreter or

"stop" and "resume". data translatio and transformation services. Binding
Components (BC) enable service deploy over a SOA
architecture. The internal design allow "plug in" and "unplug"

] P components on an ESB (like a USB device). These features

Legacy

== provides a flexible way to establish an entesprapplication
é‘ integration.

51 NMR provides a normalized message interchange
L - " " :

mechanism between ESB "plugged" components. Each service

(associate with a SE or BC component) exposes its interface

Enterprise Service Bus

W cornec operations using a WSDL descriptor. The operations described

I on WSDL interface establish the contract relationship with
. -m. S consumers, necessary on SOA architectures to integrate
S different components "plugged” on an ESB. Each normalized

message routed into ESB contains metadata, payload (based
on WSDL message structure) andttachments. These
messages are translated from a specific protocol to normalized
The internal architecture can be implemented with twstructured (and vice versa) by binding components, and
principal approach, Service Component Architecture (SCA) &nrouted by means of NMR from start point to end point using
Service Data Objects (SDO) 4, and Java Business integratimme of message exchange patternso(ily, robust ironly, in-

Figure 2. Components “plugged" - Enterprise Services Bus

[17]. out or in optionabut).
2) SCA/SDO Component & BC Start poing
Service Component Architecture (SCA) is a set of NMRA BC End Poirdy Component 2

specifications that describes an application building model on
a service oriented architecture. SCA specifications are focusedComponent Management enables the component lifecycle
on component assembly, binding and implementation issuesanagement based on JMX. These management components

-7-
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provide operations to shutdown, stop, start, resume or gpauggneral ontolog management and structure issues. Adeap

binding or service engine component execution. explanation can be found in [9],[15],[16]. Based on CLOS
MOP (Common Lisp Object SystemMetaObject Protocol)
e JBI Environment ™\ and the Dynamic Object Model software design pattern,
Component Framework Protégé provides a set of abstract class iatetfaces that
 — ; .
BPEL Other allows execute ontology operations on different models (OWL
SE SES... M Installation or RDFS).
T i f Deployment JMX-based \
|| Normalized Message Router |4—‘ Control m Memory Model
I i I_i— < 4 Monitoring -
WS-1 Other & R
BC BCs... H -
\—F % T ¢
v r
(m) (mm) / Ontology API
Figure 3. JBI Components Schema Individual
\ | L )
o IEr}igface - .
. SEMANTICWEBLANGUAGES & FRAMEWORKS Bt TREEE Query
Currently semantic web emerging technologies provides a ) - D
wide range of frameworks that implement common f ¢
functionalities, among which highlights Jena, Sesame or )
Redland. Each framework works with an specific set of Persistence Subsystem

languages (publish on standards or proprietary specifications)
oriented to build and manage knowledge models. The ontology

languages widely used are RDF (Resour@escription
Framework) and OWL (Ontology Web Language).

The general structure of a Semantic Web Framework hggure 4 SWF- general structure
been represented in figure 4 (Ontology API):

il

Schema API: functions set oriented both building and IV. PROBLEMDESCRIPTION
manipulating of ontology schema objects (class
relationships, properties and data types).

Individual API: provides the main functionality to manag
ontology individual objects.

Inference  API: include inference and

" Semantic frameworks provide a complete functionality
focused to manage ontology models asl lbeen previously
ementioned, however nowadays there is no consensus aimed to
. resolve the strongly dependency between logic application and
) ) . re‘T"Son'ngemantic/persistent layer. When a software architect decides
mechanism which allow additional facts to be mferre((i’h‘,:mge the semantic web framework underlying, justrbeca

from instance data andass descrlptlons_. Besides it US€Sware that it is a tedious task because all code is strongly
an internal or external reasoner (mainly thought Dl%oupled [15]

interface based on Description Logic Reasoners) to addAnother motivation arises from the problem of distributed

check gongistencycopcept satisfiability, classification scenarios when different software components exchange
and realization operations. _ information and need process common knowledge structures
Query API: also influencedy Inference API, establishes  a)ieq mtologies). In an Enterprise Service Bus there are
the functionality to analyze and execute an specifiGiyqing components provided by third party manufactures that
ontology query language such as SPARQL or nRQLyq, "plug in" different pieces of software developed with a
among others. _ vast variety of technology. Not all components can use
Memory model: contains an ontology model on memongemantic technologies besauits underlying technology is
usually in a graph structure, to carry out ontology AP qer or not exits the way to create a binding.

opeations. A memory model can be serialized into an poliowing an scenario is described in order to illustrate an
storage device using the persistent subsystem. example of these problems: imagine a CICS component that
Persistent Subsystem: provides the main functionality {5 peen implemented using Cobol language and receies a s
work with a serialize ontology model upon a database or messages that contains a sequence of medicine patient
file in a timely and transparent fashion. history based on OWL knowledge structured provided by open

There is a framework initiative that defines a general desigflectronic health record ontology (OEHR)[19], COBOL
to manage ontologies, called Protégé. In this research, Protgggyage does not support a semantic library and the
structure has been analyzed against other frameworks (J&fnponent needs some relevanemions such as check the
Sesame and Redland) to obtain software design ideas ab@isistency of data or retrieves all instances of one specific

-8-
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class. In view of this situation, it is necessary developed a
specific protocol between the CIESOBOL component and
one semantic framework.

This research is focusedo resolve these problems,
including SOA philosophy concepts, that suggest the
possibility of extend a distributed scenario where several
software components can take advantage of semantic
functionality deployed on a service engine.

V.GENERALESBSERVICEENGINE DESIGN

Using the technology offered by an Enterprise Service Bus,
a general semantic service that resolves all problems
enunciated in the previous section can be developed.
Analyzing NMR behavior, external components should
consume operations providéy a semantic web framework.
This research uses only the following common operations:

1 Check consistency: verify if an ontology is well defined,
without inconsistencies between data types, duplicate
entries, properties definitions, etcetera. Using this
opeaation, component software can check the consistency
of one or more individual received.

1 Retrieve a specific individual.

1 Retrieves individuals using SPARQL language.

Inspired by service engines and binding components
provided by JBI d end ethird paaty 6 s
manufactures, a semantic service engine has
implemented. The general infrastructure that has been
supported the development is showed in figure 5. The General
Ontology Service Engine (GORSE) provides a general
interface that supports labperations previously enunciated
using Protégé OWL-API as an underlying framework for
ontology processing. GORSE can be deployed on a Enterprise
Service Bus in accordance with JBI specification. Our
prototype has been developed using OpenESB7.

The figure 5 shows how GORSE receives messages vial
Normalized Message Router. Using this system, different
components implemented with different technologies can used
semantic web functionality. For example, a IBM mainframe
which contains a COBOL subroutine that deeprocess a 1
XML file according an ontology schema instead of create a
new specific program to do these semantic processing tasks.
Another example can be a web service or some type of
component (DCOM,CORBA, etc..) witch is deployed within
an ESB but it imnot possible uses a semantic web framework 1
due to implementation constraints, or if the architecture design

9 conceptual

to create internal services.

Mainframe

GORSE

General Ontology
Reasoning
Service Engine

cIcs

Binding Connactor

NMR

Semantic
Application

WebService

e

beidgpire 5 Connection GORSE to NMR

Interface Builder: used to develop a specific GORSE
service which exposes an interface that contains
managemenand query operations on a knowledge base
(owl file or protégé database persistent subsystem)
structured according to a

model provided by an ontology. This
component is an OpenESBletbeans plugin.

Deploy services: a set of libraries that pdms common
functionality to deploy binding components or services
engines. Plugin API uses deploy services to place and
allocate resources into a SOA environment.

Message Handler: is the highlight component focused to
parse all operations received by NMius and launch
suitable execution tasks. This component plays an
important role into GORSE layer structure, uses top and
bottom components functionality.

Protege OWLAPI: provides the main functionality to
manage a knowledge base based structured accading

requirements establishes a decoupled semantic layer . GORSE ontology (classes, properties, instances and restrictions).

has been developed following the ideas provided by OpenESB
SQL Service Engine functiorif[8]. The design structure is
showed in figure 6.

This library contains all functions related to manage an
ontology stored in a file or into a persistent subsystem.

GORSE: contains all specific tasks developed according the

Layer structure showed in figure 6 contains the followingervice interfacereated thought Interface Builder plugin.

components explained from bottom to

top: Following we provided a detailed description of Interface

Builder and GORSE components. All operations and messages

| OpenESB: provides all functionality related to build deceived from NMR follow a schema provided by an auto
SOA environment that interconnects heterogeneowneratEd WSDL interface. The interface el module has

services. GORSE has been built using libraries providdi¢en developed to generate automatically the WSDL ontology

-0-
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interface using specific parameters with are specified into 0 Output Message:
gorsesettings.xml file, following we show a short example: A LIST - XSDOWICLASS]
) ! ) o Create CheckConsistency Operation
0 Input message - InputCheckConsistencyMsg:
<connection> A rawXMLdata xsd:string
<database - url 0 Output message _
value=jdbc:mysq|://localhost:3306/ model> A ResultCheckConsistencyMsg:

<knowledge - base value='ontomaps'/> T Resultxsd:  Boolean
</connection> The above gorithm provides ontology control and

management common operations inside ESB infrastructures.

This file contains key information about how GORSE gain$ne service engine which implements WSDL interface is

access to the ontology persistent subsystem. The gi\;é(pfnpoged of different classes (re.f), as we.showed in the figure
example uses a short set of parameters, other Ontob@‘,’ProwderSEMessageHandIer" is the maicllyss focused to

serialized representations cae kpecified, for example an Process all messages received from NMR message bus. This

OWL file instead of a relational database. class inherits of "AbstractMessageHandler" class, a generic
handler that includes relevant operations such as "send" or
"processMessage".- The "processinMessageOnProvider"

GORSE method e&clared in "ProviderSEMessageHandler" class,
»0>0 .
‘. contains relevant code necessary to process all messages
Protege OWL API o received from NMR Bus in accordance with ontology WSDL

Ontology: OWL File or specification interface.

Message Handler FDeartsali;esl:‘el)SUbSVStem ProviderSEEndpoint
{ From gorsa |
. [ Interface aintates
Deploy Services Builder —
public FroviderSEEndpoint( Provides provides, Definition wed|Def, ProviderSESenicalinit su |
public XSLTSenice getXSLTSzmice( |
public XSLTFileLozator get¥SLTFileLocater] )
OpenESB
Cperations Redsfined From MessageExshangsListonar
public void messageExchangeReceived( ExchangeStalus stalus, MassagaSachange me )
+ * Operations Redefinzd Fram ProviderEndgoint
NMR public void delnitf )
— i e
public hangeHzndler hangeHandler( }
Figure_ 6. GORSE Service Engine protected Mess changaListensr c xchangelistener( )

Once the user has been configured these parameters,
can launchthe build process with which will be created the mEndpoint
WSDL interface. Theinterface builder model generates &
WSDL interface using the followinghort set of rules:

ProviderSEMessageExchangeHandler

{ From gorsa |

- Foreach OWL - CLASS i
o Create a XSD ComplexType - XSDOWACLASS.
o Into a Sequence (*):
Alnclude an ontology ID element as
xsd:anytype.

Operations
public ProviderSEMessagsExchangeHandler ProviderSEEndpeint encpaint )
protected woid processintessageCnProvider InCut inDulExchange )
prvate void nomalize OutMassage( MessageExchange me, Noimalizedviassage normivisg, Source msgsic |

Cperatioas Redefined From ARsiraciie s cage Exchangeandier
protectzd Logger gatlogger( )

AMapping OwWL Datatype proper ties - protected DelveryChanne! getDelveryChannel( )
protected void validst=hMessageExchange|
L, XSD l eleme_nts ) ;l-:vle:{ed vold processErroi] gExcepuc-ngex )l
AMapping OWL ObjectProperties - protactsd void procsasDenal )
XSD Comp|exTypes protzctzd void processFauli( Fault fauli )
A Include references. protected woid processMessage( )
o0 Create Add - Operation
AddOnto[CLASS]Individual and : ) . . .
o Input Message: InputMsg Figure 7 Main Class Relationships
individual ns:XSDOWL - CLASS

0 Output Message - ResponseOperationMsg:
resultcode xsd:int
o Create RemoveOperation
0 RemoveOntolndividual[CLASS]:
0 One- Way message: IDMsg
A individuallD xsd:anyURI
o0 Create Find Operation - Search[CLASS]
0 Input message - Find:
A inputdata ns:XSDOWL - CLASS
0 Output message - FindResultsMsg:
A result ns:LIST - XSDOWACLASS
0 Add SPARQL Query operation:
0 Input Message:
A query xsd:string

VI. PROTOTYPE

In order to illustrate how GORSE works, we have been
developed an early prototype with uses and interconnect three
services: google maps, a GIS coordination service and finally

an ontology inside GlassFish OpenESB.

-10-
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AJAX Ontology ~ - .. author:DiegoVeladzquez A dc:creator[Oil -onCanvas]
- . . @ e —p
Client Application o ‘ 4 Protégé
@< Knowledge Base . . . .
GOU [e ‘1;‘ GIS coordination service translates the previous query to
P KML Mapping SPARQL language as follows:

¢ MA
4.results 3.results

~ | SOAP Binding g Senice Engine

# f PREFIX

N\

e P N ontoK:
i 1.query : 2. sparglQuery http://iwww.  ijimai.org/2008/OntoKnowledgeBase.owl
AN OPEN ESB S SELECT ?resource ?coordinates WHERE{
N S '. : ~ S ?picture rdf:type ontoK:Oil - OnCanvas .
AN SOAP Binding P

?picture dc:creator ontoK:DiegoVelazquez
?track ontoK:uri ?resource .

- L ?track ontoK:coords ?coords .
Gis Coordination

Senvice
Figure 8 Sequene of messages "OntoK" prefix linking a limitedontology which have defined
classes, properties and individuals in order to execute
Figure 8 depicts the SOA environment created usingecessary case tests. This ontology is based on ATT Thesaurus
OpenESB to execute our test cases. All messages interchanged KML Google Schema, first used on historaglscenarios
between different services have been labeled with a sequeage secondly necessary to work together with gkodlaps.
number. The ontology has been plugged to OpenESB thoughir prototype works with a small knowledge base structured
GORSE serice. Following the sequence, firstly GISaccording to the ontology aforementioned. Using a wizard
coordination service receives a client request eg. searchifigterface Builder, see figure 6) built following NetBeans
buildings and places thought a web page, examples of thisilosophy, we have deployed a service on OpenESB that
request are ‘"religious buildings" or "has-picture(Lasisten and exeded all actions received though NMR Bus,
Meninas')". Secondly, this service usesSOAP proxy class such as "AddAuthor", "removeAuthor", "searchAuthor", "sea
created through GORSE WSDL interface to launch a requeshOil-onCanvasPictures”, among others class (GORSE
with an SPARQL input message enclosed. Thirdly GORS8ervice Engine showed on left side of figure 8). These actions
service returns all results following a XSD schema. Finallgre invoked by GIS coordination servicedar case. Results
GIS Coordination service decoupled knowledge informatiogiata structure fulfill with an autogenerated XSD schema, and
and KML dda to merge into a Google Maps [13]. As arare transfered to GIS Coordination Service into a SOAP

example, the following query has been executed: message. This service decoupled KML location information
"7 'GORSE alpha v0.1 - Mozilla Firefox [=][s]1%]
Archiva Edtar Ver Histonsl Marcadores Herramisntas Ayuda
oo 8 ) b:3 @ % |@) | flleyyhome/jesus/Escritario/gorse |L| Gl ~ n“l
©| GORSE alpha v0.1 . || GORSE alphavo.1 #® .
@R N I-i |a|ﬁhar:diego--zelazquez-.\dr::creamr[cil-onr.am;cs]
Results ® | /N Greaniara [ Tarce J[ mas. [ _mapa | satéitz | Releve
® [ musao del Prado == . —
Q La rendicion de breda. |
0 Cristo crucificado
© El Triunfo de Baco. | rekrd Poccusi
O Las Meninas Aussia
® [ national Gallery of London | 0 |
© Christ in the House of Martha and Canada g oy
Mary. Ceutaclind /v, P
O Rokzby Venus @ @N R e i Mzngeda
T 7
= [ The wallace Collection, London | United ‘ Es £y o <
= DRy 3 = cific States o Lwad = 2
O The Lady with a Fan = A"Oﬁﬂh Loy 5
= ontic I1ag  |ran AfEhanisan China Sossn
= [ Hemitage Museum, St, Petersburg ] Qcean ; e
O Portrait of Dule d2 Olivares B iy AION3 | Litya  Egypth g \ i
© The Lunch. beabania e o8 g i
= I: Galleria Dona Pamphilj, Roms 0l Chag g ouin Thallaad
© Portrait of Innocent X, Vepezulo Nigeris Etopa
® | S50 Paulo Museum of Art, Sao Paulo | S R O s T Sy s S oo SR s e o S
© Portrait of Count Duke of Olivares Congo s *N./M rdoresis Paind
b s Brasi| y s
By Anol
SPARQL Sctva S :
PREFIX ontoK: < ) v e T e Sesin Australia
- cor/ 2008/ 0atoXns . Sourn Crie S
SELECT ?resource ?c HER Ocean Ocaan ;.,':‘,.r,
Jpicturs rdf:type att:0 v s
Jpicture ontoK:iCreator - A s~
ONTOK:INAME "D1EPo Ve LAT . ac '&I_I »
ontoK:uri ?resgource . 7track oncoK:coords 2000 km 008 Gonge - Datos de mapa B200€ Eyrona i3 -~ (atimiios de ua |
Jcoords . )
Fig. 9 Ul Prototype
I Erminaao %LM____B‘U. ___”
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individual structure to fit on Interface results. Firstly to adding

a Google Maps overlay (right panel figure 9) and secondly {gs;

depict a resume of results (left panel figure 9). Knowledge

structure can be used to create search filters that helps_t
launch more horough searches. On right panel of prototypIﬁ:1
interface (see figure 9) a user can click on "Museo del Prado"
element and application straight afterwards launch aupop [17]
window that shows the ontology structure. Therefore concepts
like "religiousbuildings" or "artgalleries" can be used to [1g]
browse on knowledge base using GORSE service like common
gateway of ontology query and management operations.

VIl. CONCLUSIONSAND FURTHERWORK

SOA philosophy concepts provide new scenarios where

interoperability of heterogeous services is the key to reuse

legacy systems. Using these powerful technologies in our

6

[19]

Rosenberg, J., y D. Remy. 2004. Securing Web Services with WS
Security: Demystifying WSSecurity, WSPolicy, SAML, XML

Signature, and XML Encryption. Pearson Higher Education.
SotoCarrién, Jesus, Oscar SanJuan Juan, ylayanes2006.

Semantic Web Servers: A new approach to query on big datasets of
metadata. WSEAS Transactions on Computers 5, no. 11: 2658
SotoeCarrién, Jesus, Salvador Sanciéanso, y MiguelAngel Sicilia.
2005. Semantitearning object repositas: flexibility and

implementation issues.

En SUN JBI. 2005. Specification: JSR 208, Java Business Integration
(JIBI)("Specification").Agosto 23.
http://jcp.org/aboutJava/communityprocess/final/jsr208/index.html
Weske, Mathias. 2007. Business Procesaddgement: Concepts,
Languages, Architectures. 1° ed. Springer, Noviembre 3.

Peter J. Groen, Marc Wine.Virtual Medical Woriddune

2009.Medical Semantics, Ontologies, Open Solutions and EHR Systems

research we have been suggest a new scenario where semantic

web technologies play an important role. Legacy systems take

advantage of all benefits provided by thésehnologies into a
SOA environment. Further work will be focused to improve

knowledge management and transport operations using

semantic web services "plugged"” on an ESB.
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Facial Emotion Recognition Using Context
Based Multimalal Approach

Priya Metri, Jayshree Ghorpadyesha Butalia
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MIT-COE, Pune.

EXPRESSION
RECOGMNITION

Abstract& Emotions play a crucial role in person to person

interaction. In recent years, there has been a growing interest in v

improving all aspeds of interaction between humans and INFUT [1aGE Fsonste [ taormon
computers. The ability to understand human emotions is desirable

for the computer in several applications especially by observing BODY AND HAND

facial expressions. This paper explores a ways of human FSTURE RECOGTION

computer interaction that enablethe computer to be more aware
of . the u s eros e. mo t | O. nal expre SF?gdreq..%lgcde&geTam B mfiltin&a ) gppro%ch %é?eﬂ.’ ocach for
emotion recognition from a facial expression, hand and body
posture. Our model uses multimodal emotion recognition system

in which we use two different models dr facial expression II. METHODOLOGY

recognition and for hand and body posture recognition and then

combining the result of both classifiers using a third classifier Recently, researchers have also turned to emotional body
which give the resulting emotion . Multimodal system gives more language, i.e. thexpression of emotions through human
accurate result than a signal or bimodal gstem body posesand/or body motion. An implicit assumption

common to the work on estional body language is that body
Keywordsd Emotion recognition, Multimodal approach, Face  |anguage is only a different means of expressing the same set
Detection, Facial Action Uljl_ts, Facial expression recognition of basic emotions as facial expressions. Using a set of
system, Body posture recognition system emotional body language stimuli, which was originally

prepared for neuro scientific studies, we shoat thuman

observers, as expected, perform very well on this task, and
|. INTRODUCTION

construct a model of the underlying processing stream. The
Different people express their feelings in a different waymodel is then tested on the same stimulus Be¢ data we
under differentcircumstances (different contexthe human use for our work is should based on the database which was
sciences contain a bank of literature on emotion which is larg@riginally created FABQ[9] bimodal database consisting of
but fragmented[1][6][7][8]. The main sources which are combined face and body egssions recorded
relevant to our approach are in psychology and linguisticsSimultaneously Which is as shown in Figur@. Here

with some input from biologyEmotions play an important Segmentation process is applied based on a background
role in humaro-human communication and interaction, subtraction method on image in order to obtain the sédhe

allowing people to express themselves beyond the verbé'[’llf the upper :oldy: VIV?| then apgly threshc()jlding, noise
domain. Some study in perceiving facial emotions ha eaning, morphological filtering and connected component

fasci . . . abeling. We extract the face and the hands automatically
ascinated the human computer interaction environments. IIProm image, by exploiting skin color information. The hand
recentyears, there has been a growing interest in improving all osition con,s;ists ofhie position of the centroid aﬁd—pﬁane
aspech Of, interaction - between humans and -f:ompute Btation. We employ th€amshiftalgorithm [L1] for tracking
especially in the area ohuman emotion recognition by ihe hands and predicting their locationsriage Orientation
observingfacial, voice, and physiological signals, where the fa5tre helps to discriminate betwesifferent poses of the
different modalities are tréedindependently. Here we present pang together with the edgergity information These body

a multimodal approach in which we use two different modelgeatures we give to the classifier as input to get the emotion.
one for recognizing the emotion using facial expression and

second forhandand body posturas context The desig of

above approach is shown in Figure 1.

-13- DOI: 10.9781/ijimai.2011.142
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IMPUT IM£GE

FACE
DETECTION

FERS

(Facial Expression

Recognition System)

Despair, Interest Pleasure Sadnesdrritation, JoyandPride.
We chmse thg set of features in order to obtaémotions
Block diagram of the process to find the features from face is
as shown in Figura.

FACE
FEATURES

Figure 3.Block Diagram for FERS Model.

Initially a face detection algorithm is applied to find out the
face from given irage Face detection is to identify all image
regions which contain a face
dimensional position, orientation, anibhting conditions.
Such a problem is challenging because faces are no rigid and
have a high degree of variability size, shape, color, and
texture [4]. Figure 4 shows thd~ace features extraction
system Ekman and Friesefb] have produced a system for
descri bvingu aflallyl

regardless of its three

di stinguishabl

called theFacial ActionCoding Systerar FACS

associated facial «c¢hand3
Tablel Some AU and their associated
study [L2].
AUl AU2 AU4 AUS AU6
#8 FA ] BF RS
Inner brow raissr Onuter brow raisar Brow Lowearer Upper lid raisar Cheak raisar
AU7 AU9 AU12 AUILS AUL7
Lid tighien Mose wrinkle Lip corner puller Lip corner depresscr Chin raiser
AU23 AU24 AU25 AU26 AU27
[ g - - - i
SRR AN R
Lip tighien Lip presser Lips part Jaw drop Mouth smetch

Figure 2.Examples of affective body gestufffom the FABO database)

models

It is based on the enumeration of @llac t i o MUsuafii t s 0
a face that cause facial movemefi8]. Thereare 46AUs in
FACS that account for changes in facial expressibhe
combination of these action units result in a large set of
possiblefacial expressiom Table |showsSome AU and their
obtai

faci a

Recognition of facial expressions can be achieved by
As you can check in Figure 1, our approach have two differegategorizing a set of such predetermined featureas in
FACSHere we take a input face whichas outcome of face

detection algorithm .We extract the facial action units from

1.Facial expressiorecognition systerfFERS)
2. Body posture recognition systdBPRS).

system to find out emotion.

Ill.  RELATED WORK

1. Facial expression recognition systé@RtERS)

The leading study of Ekman and Friesen formed the basis of
visual facial expressiomecognition. Their studies suggested
that anger, disgust, fear, happiness, sadness and surprise are
the six basic prototypical facial expressions recognized
universally [2]Here we consider eight emotional statesger,

14

face using FACS .These feature points then given to the
classifier which also takes input from bodyspure recognition
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EYE ACTION UNITS EXTRACTION

WIOUTH ACTION UNITS EXTRACTION

FACIALFEATURE
POINTS 1
RECOGMITION

FACIAL FEATURE
POINTS

|NPUT FACE FACE ACTION

UNITS

EYEBROW ACTION UNITS EXTRCTION

FORHEAD ACTION UNITS EXRACTION
FACIAL

FEATURE POINT
DATABASE

Figure 4. Block diagram of FERS

2. Body posture recognitiosystem(BPRS).

As we extract Facial Action Units from face the same way

we extract the body posture and hand postures as Body Action

Units (BAU) .We use Clamshift Algorithm [11] to extract

stretched, not
wrinkled

horizontal wrinkles
across foreheh
eyelids opened
jaw drops open or
stretching of the
mouth

both hands going to the
head

moving the right/left hand
up

two hands touching the
head

two hands touching the
face, mouth

right/left hand touching
the face, mouth

both hands over the head
right/left hand touching
the face

self-touch two hands
covering the cheeks
self-touch two hands

BAUG6s fr om i ma g ell.Tasbloskldiagnam of Tabl|e :
body posture recognition system as shown in the Figure 5. covering the mouth
head shaking body shift
backing
Fear brows raised and body contracted
BPRS drawn together closed body/closed handg
INPUTIMAGE BODYORECTS | | 150y posture | oDy forehead wrinkles clenched fist
DETECTION Recagnition System) FEATURES drawn to the center | body contracted, arms
upper gelid is raised| around the body
and lower eyelid is | selftouch (disbelief)/
Figure 5. Body posture recognition system drawn up covering the body parts/
. . mouth is open arms around the
We then classified the data from expressive fackbady lips are slightly tense_body/shoulders
into labeled emotion categories using Bayeslassifier. or stretched and body shift backing, hand
drawn back covering the head
body shift backing, hand
covering the neck
body shift backing, hands
covering the face.
FACAL By both hands over the head
BAPRESSION POSTURE selftouch (disbelief)
covering the face with
hands
Happiness | corrers of lips are body extended
AL AL 8D B0y drawn back and up hands_clapplng
CEATUREL AT —— S rn_outh parted/not arms lifted up or away
with teeth from the body with hands
exposed/not madeinto fists
) . - ) cheeks are raised
Figure 5 Bayesian classifier for emotion lower eyelid shows
i i i i wrinkles below it
Table Il Emotion and the respective Facial expression and Body posture wrinkles around the
Expression Face Gesture Body Gesture outer corners of the
neutral no expression hands on th table, relaxed : eyes
anger brows lowered and | open/expanded body Disgust upper lip is raised hands close to the body
drawn together hands on hipsvaist lower lip is raised body shift backing
lines appear betweel| closed hands / clenched and pushed upto | orientation
brows fists upper lip changed/moving to the
lower lid tense/ may | palmdown gesture oritis lowered nose | right or left _
be raised lift the right/ left hand up is wrinkled backirg, hands covering
upper lid finger point with right/left cheeks are raised | the head _
tense/lowered due to| hand, shake the brows are lowered | backing, hands covering
br owsd ac{ finger/hand crossing the the neck
||ps are pressed arms backlng, rlghtlleft hand on
together with corners the mouth _
straight backing, move right/left
or down or open . hand up
Surprise brows raised right/left hand going to the Sadness inner corners of contacted/closed body
skin below brow head eyebrows are drawn | dropped shoulders
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perceptually aware, recognize the context in which they act,

can adapt to theusers, and can understand how they feel, and

respond appropriately
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Introduction toDevices Orchestration In
Internet ofThingsUsing SBPMN

Alejandro Gonzalez GargiManuel Alvarez Alvarez]ordan Pascual Espadscar Sanjuan
Martinez, Juan Manuel Cueva LoveleristinaPelayo GBustelo
Computer Sciencie Department, Oviedo University, Oviedo, Spain

Abstract & in this research we ty to provide an architecture them To do this we will rely primarily on the study i®]
that allows the orchestration of objects that are part of the which presents a notation for modeling business processes

Internet of things creating business processes. Internet of Things (SBPMN) that appears to be relatively easy anitlq for
is still in full development; this implies that there is a lack of users without technicakills

standards for its proper implementation. Among these gaps is for
example the technology used to allow objects to connect to the
network, since there are several options but none seems to end [I. SMART THINGS - THE INTERNET OFTHINGS DEVICES

imposed that is why this work try to provide architecture that . . . .
imposes an alternative solutionto this problem. However, it is The aim of the Internet of Things is that all objects are

difficult to provide a common solution to all the objects used in connecteq to the Inter.net \{vo,rlﬁbr it is necessary to provide
everyday life because of its great diversity, it requires us to these object®f some intelligence. Ergincorporate in them
classify them and thus create an appropriate architecture for each certain hardware to enable them to communicate with the
of the types These architetwres are designed to facilitate the oytside.These objects are called Smart Thirst we can ask
devices orchestration in a similar way as is currently done with e following questions: Should we treat all objects equally? Is
web services enabling business process modeling. . . .
it necessary to use the same technologies to communicate t
Keywordsd Internet of things, Orchestration, BPEL, SBPMN, the outside? Is it profitable to follow a standard procedure for

SOAP, WSDL, REST, and WADL. all of them?From our point of view the answer is Nd.we
start to thinkabout the objects that surround us every day we
l. INTRODUCTION can find food on base, even our mobile phoResd does not

UCH time h d since th mpletion of th ﬁr‘p_erfcrm any function and the container is disposable, mobile
1Mme nas passed since the compretion ot the phones are essentially mini computers today already are
connection between computers in 1969, laying th

roundwork forinternet All this time this technol has b r1capab|e of connecting to the Internet and perform diverse
groundwork forinterne s time this technology nas been oy s we therefore believe that it is necessary to classify these
constantly evolving encouraged by the continuingaades in

. e . objects.We will propose a taxonomy based on that processing
hirrcli(\j/va_:je ?rr(])(:n ?:;’;a;f.’l.t:rnmae W.'gfond':)uzlgn ar:?sof hoadr power has and how complex it may be the architecture that can
woridw & litary appéiati P u gupport the object. Following this criterion we classified the
daily lives In recent years a new trend has emerge

' f the | f Thi i :
networked objects that are part of our daily live®e clearest Objects of the Intemet of Things into 3 groups
example is mobile phoneghis trend is called Inteat of High-capacity devices Type A

Thingsand is now a rapidly developing field that offers a wide These & devices with high processing capabilties,

hiche researchpromoted by agencies such as the EurOpe%?chitectures capable of supporting relatively complex and

Cor.nm|SS|on.1]. In literature there are e_xamples _Of hOWconsume considerable bandwidBar examplewould be able
serious our “fe thanks_ to the Internet of Thinghtut still no to publish Web services with SOAP and WSDL architecture.
techndogy existsfor doingthat , . To this group belong a minority grpwof smart thingsfor

On the other hand the moeldiven archltect_ures seem to b?example computers and neyéneration devices.
gaining more strengtlsince the use of modeling techniques is

used as a means to build applications simplifiedus, the Mediumcapacity devices Type B
main part of the development of business et is through  tase are devices with some processing power and

the development of the specification of the application, whiqyiistang lightweight communications protocols that consume

abstracts the technical detailMore and more these low bandwidth.For examplewould be able tgublish REST

applications seem to be based on business procelsses, e, services technology. This group includes most of the
particular the service coordination is gaining increasing mocnines involved in our daily lives, as they could be
acceptanceas there are technologies such as BPEL wide;,

. L A X . appliances.
consolidated for which is still being investigated asohition
to new problemé], 4], [9], (6], [7], [8]. Low capacity devicesType C
This suggests that the Internet of Things can be benefitetrhase are devices capable of processing very low or
from the progress in moddriven archiecture facilitating the negligible, can withstand very sife protocol based on
orchestration of such objects to create business processes harqware technology with which they were endowed with
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intelligence, such as RFID tagBhey would be able to offer
such a simpleprotocol by its IDor other simple data. This WSDL
group includes most of the objects of the Internet of Thing

getPosition()
blockPhoned)

etCorntact
Ill. ARCHITECTURE FOR THEDRCHESTRATION pelltti

ringPhone)

We will propose the characteristics that should be tr
objects of each of the types according to its processi
capacity to be orchestrated by SBPMN. It is important to no
that since the objective is not to propose camplete SOAP
architecture but to establish the bases of what we need
publish objects on the network. All the technology that i
needed to succeed in providing intelligence to the objects ahgure lll-1. Example of type A device communication
communicate these is being investigated in many papers and at
different levels 10], [11], [12], [13], and [L4]. In fact to begin
research we rely on the ability of these objects might have to
post something similar to web services. There are
investigations as1p] Of particular interest to support our
approach as theget an example of architecture applies to any
object on the Internet of Things will be able to publish an
HTML page or even a WSDL. This investigation is not
intended to enter into discussions on whether this architecture
is the most appropriate or notnsé there is no even a specific
standard in order to solve the challenge of communicating
objects to the Internet of Things, however, that gives us foot to Source Code
make a proposal based on servicented architecture. We
will propose a set of features for eachtliee types of smart rigure 111-2. Translation between technologies for Type A devices
objects that have divided the Internet of Things in terms of its

SBPMN Business Process

BPMN Business Process

BPEL

=0 Vo c o= =g —

processing capacity, i.e. high capacity devieeSype A, To summarize our proposal for an object can enter the type

mediumcapacity devices Type B, low capacity devices A is to be able to publistheir capabilities abroad in the form

Type C. of methods for SOAP based web services and described with a
WSDL.

A. Architecture for highcapacity devices Type A

This Type A devices are those that we classified as mord- Device Architecture medium capacityype B
intelligent, we understand that when an object receives thisThese Type B devices are those that have qualified with a
classification has a relatively high processing capacity andngdium capacity, we understand that when aeathjeceives
range of consumption of relatively large bandwidtbr this is  this classification has some processing power and a range of
the leastproblematic group because we can rely on alread@nsumption of limited bandwidthThis group is more
established technologies such as SOAP and WSblthe complex because although we use relatively entrenched
WSDL will define the types and methods offered by thestandards there is no technological coherence as in Type A. In
object to then publish them as Web services SOAP, fthis case wewill use REST andWADL technologies.In
example a mobile phone may have a methodhtin its WADL will define the types and methods offered by that
location, lock in case of theft or access the calendar, amo@gject to then publish them as Web services, REST, for
others Figure 11I-1). example, could publish an oven temperature and time schedule
We think this is the preferred choice, since technologffrigurelll-3).
exists for the coordination of web services based business
process modeling (WBPEL), this specificatin in its original
version is designed precisely to SOAP Web services with
WSDL description services. To this we must add that there is a
direct translation between the notation BPMN and-BFEL,
which we can apply processing in [9] of SBPMN to BPMN to
tha from a business process carried out in which SBPMN
involving Type A smart objects are made the relevant changes
to the code is generated automatically to run these processes
(Figure 111-2).
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situation will change ithe future §].
1 There is a discussion about whether they really need a

WADL REST service description service WADL [18] [19]:
o e Theories against using these services are essentially that
PIST | Temperature we not need to define procedures REST services by

DELETE

relying solely on defult HTTP means that their
operations are GET, POST, UPDATE and DELEdik
data types are defined in XML Schema to which it refers.
Of the bids for this research can highlight the use of this
REST kind of services facilitates the self icode Later we
explain the fundamental reason why we have opted for

WADL.. . . .

The main problem we met him at the time of creating the
business process with Type B devices and go making changes
to the source code that is executéthile the Type A from a

Pusiness process SBPMN couldake a transformation to

.F.'rSt we chqse REST ‘h'!"k'”g W.e negd a.n operation Vetyansform BPMN to BPEL for latein this case the final
similar to that in type A devices while taking into account the

limitations of Type BREST technology is lighter thaSOAP transformatioris not pos_s!ble because BEEL only supports

. AP and WSDL originally.However, there are several
because it does not add that extra layer above the HT rensions to meet the new challen that arise in th
protocol and consume less bandwidth by not using any typeeo ensions to mee € new chaflenges that arise €

A L . coodination of web services and BPEBPEL-SPE [,
packaging in communication as SOAP ago (Fidlrd). BPEL4People 4] BPEL4JOB f], BPEL-DT [6] or BPE]L-

light [7].
REST Vs SOAP gIn [;]articular in the work§] proposes a new extension to
allow the use of REST in BPEL. In this research precludes the
SOAP use of WADL based mainly Hat most of the REST APIs
described using services through  humeadable
documentation or examples of use because this specification is
still recent. Although you get a solution to use REST services
for our research we found that this solution is reldyiegainst
1CP 1CP the fundamental principle of SBPMN notation is abstract the
business user of the technical specificatiof® understand
that this work is necessary to understand the technical
documentation of service to BPEL subsequently needed to
program the code, while the use oMWADL could be
Figure Ill-4. Protccol stack REST vs SOAP implemented automatically as is the case with WSDL in the
o ] o _original specification of BPEL.

WADL élection as a service description of REST Services therefore in order to execute business processes involving

may be somewnhat controversial for several reasons: Type B devices will be necessary to implement an extension of

T WSDL 2.0 can be used with REST service€]{A clear {he WSBPEL for using REST services witWADL. In figure
rivalry betweenWADL and WSDL 2.0 as both compete|||_.5 we can se¢he evolution from business process to the
as a service desption for REST.In work [17] as a generated source code execution.

comparison of these two technologies coming to the T4 summarize our proposal for an object can enter the type

conclusion that they are very similar, but have a fey js 1o be able to publish their resources abroad imgua/eb
differences. Taking into account these differences Weygryices with REST and describatADL .

decided to opt fotWADL due to:
o WSDL 2.0 isorientedto interfaces description ~ C- Architecture for low capacity deviceSype C
while WADL is oriented to resource description, These Type C devices are those that have qualified with a
which agrees more with the REST philosophy. low or almost zero capacity, we understand that when an
o WADL is simpler, and not a drawback to thisobject receives this classification is not atolgpost any type of
research that only supports the http protocol ~ Web service. This group is technologically much simpler to
Although theoretically the natural evolution of BPELas t get a chain of devices and processes in accordance with a
obtain WSDL 2.0, WSDL 1.1 standard is strongly rooteprearranged agreement. Even so neither will have the
and there are many services in this formtSDL 2.0 is technological coherence that we had in Type A. In this wase
not yet well established, especially to describe the currewil| provide further details on the hardware necessary to make
API REST services, and there is little evidence that ththese objects intelligent type C. The objects will be tagged

Figure Ill-3. Example of type B device communication

HTTF HTTP
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with passive RFIDs will be interpreted by a reader to obtain
data string information. For example the packaging of a foc
product labeled with an RFID could post the code tha | D |
identifies it and its expiration date (Figuie-6).

Only ldentification

dentification + Data + Aditional Information

T | D 3 Value = Type = Description = Aditional Info. |
P SBPMN Business Process Data
g with N Data
U BPMN Business Process | ID = Datal= Datal = Datall = Info. Adicional |
C Figure Ill-7. Example stucture of thestrings senby Type C devices
I
| BREL extension for REST and WADL Despite the simplicity of the proposed technology, since
0 there is no need to publish any type of service, we have a
N problem similar to that of type B and there is no existing
Source Code technological coherence in Type Aherefore in order to
execute business processes involvingy@ devices will be
Figure IlI-5. Translationbetween technologies for Typed&vices necessary to implement an extension of the-BPEL to the

correct interpretation of the lightweight protocli.Figurelll -
8 we can sedhe evolution from business process the
generated source code execution.

Light Protocal RAD Reader

Figure 1l1-6. Example of type B device communication

SBPMN Business Process

6 @O
==

BPMN Business Process

There is a wide range of RFID tags on the market ar
greatly varying size and quantity of information they cal
provide RQ]. This influenced the choice of the characteristic
of the proposed lightweight protocol. In the relatively open i
trying to leave the size that these chains may have obtained
reading the label§ hese chains have the following segments: Source Code
1 ID (mandatory): This is the only mandatory field is the

identifier that has been printed on the label for that objeClkigre 1. Translation between technologies for Type B devices
1 Data (optional): This segment represents additional
information that the object wants to communicate. Turn is To summarize our proposal for an object can enter into the

divided into three sections that will be mandatory. Type C is that the string readfn the label of the object has a
0 Value: The value of data to be transmitted structure proposed in this section.

o Type: Indicates the type of data, namely,
numeric, text, date doolean.

BPEL extension far light protocol

=0 Voo c o == —

D. Summarizing

o Description: Briefly describe the data. We have seen how this classification can save the
1 Additional information (optional): full details are to pelimitations of the hardware available on the Internet of Things
added to the information transmitted by the object. objects by choosing a particular group of technologies.

By convention establish the chater = is the boundary of Howeer, this does not mean that objects can not acquire
each of the segmentsn Figure IIl-7 we can see three sufficient capacity reserved for technologies lower groups.

examples of what these objects could transmit the transmissibifS 1S important approached from the perspective of the
from simple to more complex. debate between REST and SOAR][ [22], [23]. While there

is strong disagreement betve advocates of one or another,
all generally agree that SOAP is oriented procedures while
REST is resourceriented. With the proposed architecture
allows a choice to use technology or other information
depending on the object you want to publish, as mnghey
have sufficient capacity to accommodate the technology.

We can see all the proposed architecture summarized in
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Tablel.
TABLE |
ARCHITECTURE FORINTERNET OFTHINGS DEVICES
TYPEA TYPEB TyPEC
COMMUNICATION Lightweight
SOAP REST protocol:
Interpretation of
the string read
DESCRIPTION
WSDL WADL -
ADVANTAGES SBPMN . .
] Functionality
direct S
. similar to type
translation of ; N
A with lower Simplicity.
the source
resource
code consumption
executed. :
DISADVANTAGES It is necessary .
. - It is necessary to
High to implement .
. ) implement a
capacity. an extension of BPEL extension
Bandwidth BPEL for
. to the protocol
consumption. REST and Slightl
WSDL. ghtly-

IV. SBPMNAND INTERNET OFTHINGS DEVICES

In the previous section we have proposed a number of
technologies that should besead to perform a SBPMN
orchestration in terms of their processing capacity. The next
step in this research is defined as represent each of these typt

with SBPMN.
TABLE Il
SBPMNCOMMON ELEMENTS FORORCHESTRATINGINTERNET OFTHINGS
DEVICES
GRAPHICS
ELEMENT DESCRIPTION
REPRESENTATION
Allows to model data that are
processed during a process flov
Data Object . d|ggram on BPMN. The data
1 objects can represent many
Web k. . ;
\ different types of electronic or
Reference L

Automatic task

Textual
annotation

physical. In particular an
extenal object that refers to an
external interface

Business process that can not
divided into threads. A basic
unit processes. In this case
because it automatically means
it is automatically executed by ¢

machine.

Allow further describe the
associated item of business

process.

1 Web Reference: Represents the object involved in the
modeling.lt may be accompanied by the identifier of the
object or some type of name or reference.

1 Automatic Task: Represent the functionality normally
published by the objects.

1 Textual annotation: Add additional information about the
object or its features.

In the following sections we will see how this would be

applied to each object type and restrictions béllapplied

A. Type Adevicerepresentation with SBPMN

To carry out the modeling of business processes involving
Type A devices will need a Web reference that represents the
device that Wl be orchestrated and automatask for each
published method.

If we take he example given in Section 4 mobile phone
(Figure 11I-1) and we had a tool that would allow us to model
what is proposed in this research, we should be displayed in
the component palette similar to what we see in Fijré.

Mobile Phone
\Lﬁ;
i -' i . -' i I -' L i I .'
I ptCortact I'i I BockPhone_.3 I'i I gePostion .4 ri I ringPne 2.4 '_i
. LB - Lo - Lig - e
Figure IV-1. Example of components for the orchestration of Type
devices.

We can see the direction in proceedings in this
representation due to influence of the technology used
(SOAP).In general, these devices canodel involving
activities, reading, writing or some kind of processing.

B. Type Bdevicerepresentation with SBPMN

The modelling of Type B devices similar to the type A in
terms of components buwtonceptually different but similar
way as do their protocelreported REST and SOAP.

If we take the example given in Sectiih-B, smart oven
(Figurelll-3) and we had a tool that would allow us to model
what is proposed in this research, we should be displayed in
the component palette similar to what we seeiguife [V -2.

As prevbusly discussed this technologyoisentedto REST
resources. In the palette presented to us the resources
published by the device as well as web references the four
methods that we have to interact with them in the form of

Of the proposed elements in the notation SBPMN be usedautomatedasks.In general, these devices can model involving
basically three: Task automatically to web reference data andhctivities, reading or writing.
textual annotatiorin Table llare expained briefly

In general we will use these three elements as follows to sui

our purposes:

(ft. Type Cdevicerepresentation with SBPMN

Device modeling of Type C is the most conceptually
different from the other two, as happened with the proposed
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architecture, but ogl used a different item, the textualof data that is sent. In particular, the activity will read the data

value and the information that appears in the annotation text
will be the data type and description, alniare the segments
are subdivided Data segment.
As a last point to note that these devices allow only read

operations.

V.CONCLUSION AND FUTURE WORK

annotations.

i 3 ; . that

¥

l T r..i fffffffff I BT 'l.i

- L,_'. L H,J-

l- — Temperature  Time I 3

T i N S SOt} HIT 3

kL i ,':i "\ i-\ L {5 _,.':i

— T Q1 —

l UPDATE rr{ ””” ol - N I IPIATE rri 1.[

D OVEN B

; - ; . .

I DTE r{ ,,,,,,,,,,,, l WHETE g r{ l

. Lt L I.,J-
Figure IV-2. Example of componentfor the orchestration of Type B
devices.

Taking the example proposed in sectibhC container
labeling (Figurelll-6) to publish a series of data with the
structure presented in (Figutd-7) and we had a tool that
would allow us to model what is proposed in this research,
should show in the component palette similar to what we see in
FigurelV-3.

In this work we have laid the groundwork for continuing
research on the devices orchestration in Intesh&hings:

We have proposed Taxonomy for the Internet of things
objects.

We have proposed architecture for each of the types
described in the taxonomy. These architectures also
provide some flexibility if those objects have sufficient
resources may us¢he technology you want, this is
important from the point of view of the debate between
SOAP and REST because we can use one type or another
depending on whether procedures aim to publish articles
or rather offering resources.

We have proposed SBPMN r@sentation for each of the
types described in the taxonomy.

Among other points of future development can include:

D — 1 Extending BPEL for web services and REBdsed
technologies VRDL.
¢ \ ,,,,,,, — Mditional Information 1 Extension BPEL to orchestrate objects that communicate
\t}g with the proposed ligtweight protocol.
| I 1 Development environment for BPEL orchestration and the
= proposed extensions to SBPMN
| 1 Development of a series of pilot applications in different
| platforms to enable the orchestration of devices, Internet
L of Things in real time through &sulated environment.
| I Testing the usability of these applications with business
| users.
i 3 i 3 i 3
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Virtual Objects on the Internet of Things

Jordan Pascual Espada, Oscar Sanjuan Martinez, B. Cristina PelayoBbatd@
Juan Manuel Cueva Lovelle.
Computer Science Department, Oviedo University, Oviedo, Spain

Abstractd As technology advances more and more "things"
began to appear in digital format, such as: tickets, agendas, \When we observe the behavior of theitual objects we
books, electronic purses, etc. Internet of things encourages see there is no standard format or any recommendation to

communication and integration of physical objects with each normalize their There is no mechanism by which w
other and people to automate tasks and improve efficiency. ormaize their usage. €re 1S no mechanis y ¢ e

Digital objects like physicists should be part of Internet of Things Can treat them in a general way, store them, share them or
but the different structures of these digital objects causes in most process them with other applications which may not know
cases these dital objects can interact only with specific their format.

applications that know the specific format.Based on the problems  proplems coming out of this lack of standard format are the
in this paper proposes a structure that supports the generic following:

construction of virtual objects irrespective of their business logic - . . . .
: P g 9 Difficulties for decode: devices with no specific

and their integration with other applications and "things". o . . X
applications to decode tlwirtual object will not be able

Keywordsd Virtual Ob ject, Internet of Things, DDTS, Web to process it Letbs take
Services Smart Phone. phone; if | transfer a contact card to another user, the
Mobile intended t o ordecodei ve
|. INTRODUCTION the incoming information. This handicap leads to the
HEmain idea in the Internet [eedofinsialingrgany agplicatigng in cage we want i, i n
or object, conveniently tagged, may be able to operate with differentirtual objects. It makes it harder
communicée with other objects equally tagged through for a company or developer face in the market their

internet or any other protocols. These objects which are part of ~ OWN Virtud object, site nobody would be able to
the net may contain small chips or embedded systems, decode it without the suitable software. _
depending on their purpose [1]. They may range from home Lack of Communicationsdeally, the objects linked to

equipment to industrial items or evelectrodomestic, cars or the Internet of things to interact among themselves and
even Supermarket food. Anyth|ng can be tagged to be part of with other applications to automate tasks and increase

the Internet of things [2, 3]. efficiency[5]. Sincethere is no standard format way to

Possibilities of the | nter ne t9etashonsprsendcgssront agiviggiyatabjech iéip p | e 6

easier and to automatize many of our current tasks are huge, Very difficult to interact with another applicatiobet’s

for instance, tiis possible that the fridge may send an email to illustrate it with a cinema ticket which is basically

our mobile phone if it runs out of milk, we can monitor related to being a mere number code with stored
hospitalized patients by internet... there are lots of practical ~ information in a company database. The ticket is

applications and all of them are seen with a common basis:  decoded by a web application and a specific machine.
ithingso arg wiotmmuit kkiatd o or  BYdacusipanoy this, t ig yery complicated fovatual
Parallel to the development of technology, more and more  Object to directly communicate with other applications
objects called fthingso whi ch ordofransfani@etigketyo otheaupey.j cal st art
seen also in digital format. Examples of them can be seen ininternet of things follows the aim of making the
books, maps,-&ickets for gigs, plane tiets, agendas, contact Communication between things possible, so things can
cards, agendas, electronic purses etc. communicate by themselves with other things and users. A
Not all "virtual objects" that are used today are digitaPhysical thing may have a catalog of actions which is used to
models of physical objects, sometimes thebfectsare new communicate, for instance a sensmwnnected to the net
concepts designed for any type of task or informatiogffering service to get position and temperature. The focus of
encapsulation. We hawiefined the ternfivirtual objecd as a something connected to a web which has a catalog of actions

digital element has a specific purpose, comprised a seriesédd is able to communicate by itself with other users is
data and can perform actions. crashing frontally against the focusingwiftual objects, which

do not exist themselves, independently, as entities, but only to
form part of an application which interprets them.

This work was supported in part by the Oviedo University under Grant This work has been divided into the following sections: In

I0VD-01. A.
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the second section provides an analysis of current trendsrésource which is treated by a specific application difficulties
systemsbased on virtual objecth the third section we define arise that an be accessed or discovered in a generic way by
the objectives to be met by the proposeddel In thenext another application or device. Depending on whether the
section we examine virtual objects in order to define theapplication managing the virtual object mechanisms offers
features and get their points in commdm.the fifth section some kind of integration or other applications may access the
presents a propabk for a common structure to support theobject. In an ideal situatiom specific virtual object should be
construction of virtual object$n the following two sections able to be accessed by other objects or applications, and
we construct a prototype virtual object with the proposeshould be able to do the same. Communication with the virtual
structure and show the operation of the prototydethe end objects should be conducted in a standardized way, although
of the document refers to: pote uses of virtual objects and obviously each object will not make teame actions but how
standardized research findings. to display and access to those shares if it should be common to
them all.

Il. CURRENTMODELS OFVIRTUAL OBJECTS

B.Resources managed Wyebapplications

At present there aréew systems that deal elements that |n sych systems, virtual objects are records in a data
could be considered as virtual objects, mainly there are tWrehouse and managed by a web application. Users interact
different approaches to model them. with virtual objects using web browser, in some systems also

A.Reurces managed by device applications use specific devices such as ATM#utomated Teller

In this type of system virtual objects are composed of I\a/llachme, cash machiphghat are connected directly to the

number of records stored in a database. The records erpr%nagement applicatidgfigure 2) This approach gets to the

. . ___Interpretation and managementtioé object is not conditioned
dependent on an application that manages the application o ) ; .
contains the business logic that is run agahesrecords in the y the applications installed on the client, as it is done through
data storeThe information associated with every record that web browser.

represents a virtual object varies according to each system A

business logiqFigure 1) Sometimes there may be rules ol Id Day
. . . . . )6/2
conventions to model virtual objects belonging feecfic 2 —_
business logic, but there is no general model. Data 12 06/22
— Applicatior_l
Contact Card Application = SisinessFeoic

Actions Web Server

id Name | Company - Sync with calendar A A v
1 John 5 - Open contact card :
2 Mary G - Send contact card : ; : !

[— Business Logic ; @ v—;J

~==— Data 3 Ben M

f ;
(.Juf_ =l O
Figure 1. Structure of a management application contact cards

Localized deficiencies in these systems are: e
T One of the objectives is that virtual objects run in i Web Clients Dpesial Devices
variety of devicesDevices thatvant to pIay a virtual Figure 2. Structure of an application for the sale of cinema tickets

object need to have installed a specific application that _, . : -
Ject | ) b PP This type of system continues to make difficult the
recognizes the particular format of the object.

. . . ) ossibility tha virtual objects can communicate with other
91 Derived from the first problem devices requires a IargB y J

. . ; . “applications or users outside the application where they are
number of installed applications, if each application is PP bp y

: ) : running. Currently there are several web applications which
only able tointerpret a particular type of object. In : : )
" o : rovide APIs as web services for data that are stored in the
addition to the complication posed by developing a

o ) ; ; eb application (that modelnaobject) can be integrated
application for each type of virtual object, device an C . : e .
! . ) applications. Although this alternative may be sufficient in
operating system. It would be impractical for every . oo : _
. o . some cases, this solution is far from ideal. There are still
website need a specific browser to be interpreted. . : . . .
Following the approach of internet of things. the virtuaP'mCUlt'es for the virtual object could communicate with a
g PP gs, physical object nearby, who holds the locatitependen

objects should also be able to integrate with otpefieations, : .
devices and userdVhen a virtual object is designed as éserwces [6] (supermarkeparking etc). Although the Web
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application has access APIs, is difficult for a virtual object
hosted in awveb application takes the initiative in interacting
with other Things or application.

Ill.  OBJECTIVES

In this document we will give shape to a possible format
recommended for the construction of virtual objects. Mai~
objectives are as follows:

1 The proposition of a common structure for the

construction of virtual object, in which all of them,
regardless complexity omusiness logic, can be:

interpreted equally by any electronic device which i p,ofite 1: owner

provided with the computational capacity neede
(enclosed systems, computers PDAs, mobile phon

etc) without the need of any previous configuration o

specific software.

virtual object with applications and users. It will be

similar to the process followed to integrate physice

elements to the internet of things since virtual objec!

should offer the choice of discovering them dtiner

users or applications, as well as getting their action and

serviceods catalogs or eveh

Another objective is that the designed solution is a

technologically possible with the systems and devices that
exist today and that also onsistent with the trends and
evolution that follows Internet of things.

IV. FEATURES OFVIRTUAL OBJECTS

A.Interaction levels

The level of integration that can have a virtual object on the
internet of things is difficult to determine because it can cover
a lot of cases. Physical objects have different levels ¢
integration, for example, a yogurt has RRID tag [7] that is
read by other thingssuch as a smart refrigerator. The
intelligentf r i dge i s an oompleddhan thau
yogurt, this object haa catalog of actions that enables it tc
interact with people or other thingach as RFID tagged food.

Profile 1: Owner

To favou the integration and communications of any ~——

Profile 2: Guest
Device 2.

Figure 3. Structure of an application for the sale of cinema tickets

- I e K
Action 1
Q‘I :

electronic deviceDepemling on the purpose of the
virtual object could be users with different privileges to
control some actions in the obje(figure 3)In the
same way that a physical object, a virtual object should
be able to change owner, this property could involve a
device migration.

[ Action 1 |

ﬂ_

|Aclian 2

h 4

u Interf 1
ser tnterface Virtual Object A

Device 1.

Actions
- Action 1
= Action 2
P Action 3

Device 1.

@.

User Interface 2

&
5]

Interactéon with t applicgtions j things. This dype. of
interaction can be divided into two pa(Egure 4)

1. Interaction as a transmitter: the virtual object has to
be able to iniate interaction with another thingr
application.

2. Interaction as a receiverhe virtual object must be
able to be discovered by other "things" or
applicationsOnce discovered the virtual object, things
can interact with the object ioking actions that have
been in their catalog.

—» Virtual Object A

-

Uéer Interface

Device 1. ==

As physical objects, virtual objects can have differer Device 1. : @

degrees of integration depending on its purpose. For virtt &' :"'.'K&?f..!ii{"'ls =

objects could have a similar intetican of a complex physical _ | o ;:g:ggg ) Smart thing

object connected to the Internet of things, the structure actlons receptor
virtual objects should provide the opportunity to discove -
objects and their associated actions. Smart thing

transmitter

The structure of virtual objects should include several Ieve|._,> . . .
. . . . - igure 4. Structure of an application for the sale of cinema tickets
of interaction, and also be able to model virtual objects with a
lower degree of interaction, for example, virtual objects thd-Structure and properties
only have to be read or processed by other applications ot deals with the searching of a unique structure which may
devices (similar to happened with the yogurt). lead to the rebuilding, in the same way, verfyedent objects:
In conclusion, although a spéc virtual object may not plane ticketsintelligent publicity, contact cards etc.
require all types of interaction, the model should supportthe In a similar way of a conventional application, parts of a
following types of interaction: given virtual object could be divided in three layers:
f Interaction with people A person must be able to ¢ Application layer, in which we include the needed
interact with the virtual object and control it through an mechanisms so thertiial object can interact with users
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and applications. The classic form of interactions with
users is by means of a rich graphic interface. The
interaction with other applications is normally made ¢

screen, which is the means by which the user can
communicate with the logic of a virdl object.
Service catalogs: there are resources which have the

through a service catalog.

1 Business logic, in which we fodnall the Business
logic, executable coded or services the object can carry
out.

1 Data access layer, in which necessary data are stored iff
order to operate with the virtual object.

The design of the structure could be similar to that of a

conventional apptiation, but still underlies a great difference

in their natures. Frequently, virtual objects are downloaded
through internet or are transferred from computers and this is|
the reason why they should offer a structure very capable of
migrating between devisdn a very dynamic way, very lightly,

and with no installation required. Instead of settling should be Virtual objects are relatively simple models when
run in a fisandboxo[8Bwith | i mit edmppred tenihat efiaaangentional applicatidhey

Generally, all objects should have a series of common are not thought to store a great deal of registers but only

properties which may allow identification: namgpe and a few values.

identification. f Additional resources: Could be included a Lumber of
At the time of dealing with an object, there are common extra resources, in a ndimited way. Generally, this

actions which are similar to those of a file. Can they be  will be multimedia resources: images, icons and videos,

copied? Can they be modified? Can they change owner, or be  which will be used to complete the graphical parcel

transferred? regarding virtual object.

All needs and observations commented, havenhbaking

into count when it comes to elaborate a common structure for .
virtual objects

function of showing the applications or programmes,
the actions an object may carry out. This interaction is
achieved by means of service catalogs, which execute
actions in the business logif the object.

Executable code: a file which contains the needed code
to execute the virtual object logic. The code can be
obtained in different formats or languages of
programming in order to be executed in devices of
different characteristics.

Data stoage: if the logic regarding Business services
may require persistence, this must be provided with a
file responsible for the arrangement of that information.

DEVELOPMENT OFVIRTUAL OBJECTSDDTS

To illustrate the use of virtual object®DTS has

implemented a movie ticket, following the proposed
V.PROPOSAL STRUCTURE OF VIRTUALOBJECTS

specification; this prototype will be used to illuserathe
Being based upon detected needs, this proposal defines #talicture and operation of virtual objects.

the structure of a virtual object is formed by a group of files of Complementing the virtual object input has developed an

different natureThe precisenodelproposed in this document application "manager of virtual objects,” which runs on the

has been called Virtual Objects DDTS (Device Dependepindroid mobile operating systef@]. The ideal container for

Temporary Services)lhe choice of this name is based on theirtual objects is an electnic device that we carry with us all

following arguments: day, which allows us to interact with objects at anywhéfe.

1 Services. The virtual object will communicate withselected the Android mobile platform for developing the
other deices or applications sharing the actions iprototype because it is open source and devices that have this
associates for this purpose use a catalog of services. operating system have characteristiof computing and

1 Temporary. Most of the virtual objects are not designecbommunication technologies, these features are sufficient to
to have a persistent character as an ordinagnsure interaction with virtual objects.
application. The proposed structure attempts to model This application is able to interpret and work with any
objects "supplies" which are used in a limited periodyirtual object built to specification.
until a certain date or activity.

1 Device DependentThe virtual object needs to be
placed in an electronic device, which acts as a container
of objects. One of the properties of these objects is 10" ) _ o
be able to change host device to maintain its status and ~ Show Movie Info title, synopsis, imagestc
function. Sometimes the objects will be downloaded T Show information aboutcket film, cinema, etc
from the internet; others migrate between devices, etc. 9 Validate ticket: validation of the cinema ticket at the

The elements that form the structure virtual object DDST intelligent door cinema

are: The business logiis implemented in a code file as if it were

1 Descriptor: XML file, which contms information @ conventional applicatioThe virtual object can contain
about identity, configuration, general behavioursfnumple source files that implement the same business logic,
arrangement and execution of the virtual object. so that the devices running the object select the appropriate

1 Graphical interfaces: XML files, each one represents @d€ 0 run on the operatirgystem.This prototype uses the
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Java language for implementation, because we know that o privateInterface.xml
runs on Android systenThe implementation is done in
standard Java by inheriting the VirtualObject specifi
class.The code will be dynamically loaded by the ngeraof
virtual objects, so that methods to be invoked must be decla
as public.

aﬁ 1:09 AM

: 1 Title: Robot Movie
> : Date: 12/10/2009 18:00
E: Position: 23

& | Cinema: 1234
$ Used: false

le:
toRightOf="2" marginTop="10%"
color="0,0,0" size="17"></TextView>

<TextView id="8" text="#getName()'|

B.Data storage Business logic. o8 b T e | Tomeas
Sometimes the business logic may require that some d| = ______________________________
. . . . 1
have a persistent nature. Virtual objects are simple models, | !~ height="21%" background= {#getimage()
1
1

bellow="2" action="#useIt()" A

they will not store man registers and will not require a | !__marqin="10%"></Buttonz . 1 __
traditional databas@.o support persistent data they are

</RelativeLayout>

declared as keyalue pairs in a specific file.From the e

executable code one can easy access to the stored values, t getimage()

special method§Code 1) which are implmented in the class :

VirtualObject. This system achieves a simple and efficien - Ldetout Cass]
synchronization with the data store that is almost transparent -ﬂ -

the programmer. Spectiel e

In tfle CaS"e of the cinema tl_Cket that we are implementing tlfl”gjjure 5. Private graphical interface of the virtual suljenovie ticket.
value "used" would be a persistemalue
The graphical interface displayed may be accessed and

/I" Validate Ticket modified in the executable code using special methods

public  boolean wuselt () throws Exception {

// Data warehouse access . Key . used. implemented in class VirtualObjedtith this functionality,
_boolle_an isUsed = loadDataBoolean (‘“used" ); developers can implement changes ingragphic interfaces a
L '__s_used X resultof actions (eg pressing a button).
' In the case of the cinema ticket it has included a private
/I Modify data warehouse . Key - used, Value - true graphical interface, through which the owner of the ticket
saveDataBoolean ("used" , true ); . . .
could manage, and public graphical interface that allows
} other users to connect to the virtual objeatry and see an

Code 1.Java codeAccess to the data warehouse using specific methoctg.verview offilm.
contained in class VirtualObject

C.Graphical interfaces Interaction with people D.Service catalogsInteraction with thingsipplications

Graphic interfacearethe rmain form of interaction with the The y|rtual o.b]ect cgn be acgessed t_)y other devices,
virtual object its use is to provide a simple visual environmen?‘ppl'C""t'onS or virtual object3he object publishes its catalog

of services inWeb Services Description Lgnage[11] and in

to enable communication between user and virtual objbet. e ) i 3 .
a specific API for the integration of virtual objects.

user interfaces should belong to one of two types:

1 Private:used by the person owning thestdevice. E.Descriptor— Configuration.
T Public: can be added if you want other users to discoverThe descriptorfile is an XML document which contains
and connect to the virtual object remotely. information about the identity, configuration and

Each XML file refers EXC|USiV6|y to a screen that can bﬁnp|ementati0n of the virtual obje(f[he informaton
displayed during performance of the virtual objd@. cgontained is as follows:

describe the elements that appeartite screens and how they ¢ Identity Object: Name, Type, Unique Identifier (if it is
behave, we have started from a smaller version of thevsy unique) and icon.

used by the Android system [1@escribing user interfaces in ¢ Behavior of the object: If it is transferable, copyable or
a relative way, so they can be interpreted in the same editable,  you have an expiry date, etc.

way regardless of the resolution or screen siz¢hefdevice. T
The dements that compose the graphic interfadefine its
appearance and behavior using XML properfléese
properties can refer to methods in the executable ¢bdpire
5).

Interfaces: Name the main interfaces of the object.
Executable code: Name of the source files that may
exist, at least there must be oday also include the
name of the main class

1 Data: Name ofile data store

In the particular case of this movie ticket could be a valid
configuration file(Code 2).

<?xml version ="1.0" encoding ="UTF-8"?>
<virtualObject>
<name>Ticket: Robot Movie </name>
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</virtualObject>

Code2. Configuraion file of the virtual object DDTS cinema ticket.

<type> www.Ticket VirtualObject.com </type> important action of the object movie ticketvialidated against

<id> 47236271 </id> . .
<transferable> YES/transferable> the server of cinemgrigure 6)

<expiration>  12-10- 2009 </expiration>
<editable> NG</edi table>
<copy> NGx/copy>

__ wlil® t00am)

Ticket swap

. = - —
<interface *5  Title: Robot Movie 55 —
private ="privatelnterface.xml" i Date: 12/10/2009 18:00 ‘ -L Correct i
public ="publicinterface.xml" il /I Y
wsdl ="interface.wsdl" ></interface> U Used: false h
Device A 2
<code Cinema Server
; " . n M bjects:
android ="robotMovie9780.apk FERPSTISITIFIIIIT y Objects
j2me ="robotMovie9780.jar" ></code>

<data> info.obj </data> %)
<mainClass> com.r movie.Ticket </mainClass>

<icon> icon_tiket.png <l/icon>

Cinema ticket

public boolean uselt() throws Exception{
boolean isUsed = loadDataBoolean("used");
if(lisUsed){
// Connect to Cinema Server

V” USINGVIRTUAL OBJECTS BluetoothAdapter mBluetoothAdapter;

Virtual objects DDTS are interpreted by an alggation  Figure 6. Local execution. The evefitouch button causes the execution of
which we call DDTS Manager, which is responsible for the actionvalidatethe movie ticket.

managing the virtual objects within a devitemust be g Ramote exaution

designed to be installed and run on the given device, taking
into account their characteristics, operating system, or
programming languags it supports. Objectives of the manageE
are:

1

A.Local execution

Depending on the logic of the virtual object DDTS is
ossible that this has to be used remotely by other people
esides the owner. The device operates as a virtual object

. . . server, allowing other users to connect to it and run the virtual
Load, interpret and run any virtual object that has bee 9

. . . objectremotly.
built following a proposed structur&€he first step to Jectremotly . . .
) S ; . To initiate the remote execution on virtual objects must be
start using an object is to pick a manager, selecting the

. . ; . active" on the server device and be discovered by other client
object configuration file. Once loaddlde user can start y

. . , : ) devices using Bluetooth, \WAi or other protocols. The client
interacting with the object, the manager interpret thelr ~ . . : . . .
. . device receives and interprets the main public graphical
interfaces and execute the corresponding code.

. . . interface. Each time the client starts an event; the server
Storfa and_ manag(_a wrtugl objedtée will often use receives a message and run the Corresponding code. The
multiple v_|rtual ObJeCFS simultaneously; the Managelyecution on the server can lead to changes in current public
mqst provide mechanisms $pore and manqgvjrtual raphical interface as a result the server sends the new
O.bleCtS that were loaded on the device mus_t q terface for the client devic The operation is similar to a
Q|splayed !n an orderly manner to the user, so_that it CAbp application server.
interact with them ""T‘d manage them, that is: del_ete, In this case the virtual input object accepts the possibility of
copy _or transfer provided that the nature of the SubJeBEeing discovered and accessed by other users. Remote access
permlts. i i i is started discovering the virtual object on the device server,
Publsh virtual objects and service catalogscan be 5,4 therthe client interprets the main public graphic interface,

specified in the logic of the object that allows exeCUtiOWhich contains images and the synopsis of the m@igure
of remote or publish their services, the manager h

mechanisms to support such protocols relying on”

Bluetooth (Bluetooth, 2009), or other protte such as: C.Virtual object behavior

Internet, wireless etc. The movie ticket has been modelled with the properties:
Discovery and remote execution. The manager will benique and transferable therefore can beatomically
able to discover the virtual objects that other devicesansferredbetween deviced'he owner of the virtual object
publish.Once discovered the virtual objects may bean use DDSTmanagerto find adevicewhich transfers the
performed remotely virtual object.The movie ticket will continue to have the same
functionality and state after device migration.

After the file of the wtual object is loaded into the
manager, you can open Tthe outcome of the interpretation of
the virtual object is the main graphical interface through which
the user launches events involving invocations of the shares
included in the executable codetbé virtual objectThe most
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1.Cinema ticket: nextImage

@* ____________________
Al Public

Graphic
Interface

Objects discovered:
Cinema ticket 3.Response

Active

Cinema ticket

WiE ) ) ¢
=\ =“4  Owner: Device A

AT |
oNe 1|

=P -
Client: Device B 1‘[

nor mal i zed vi rt wmatter the bhjeett |,
logic or the device characteristics, (operative system,
resolution...).

Easy development, using languages of general purpose
and widely extended formats for the construction of
virtual objects. It offers automatic support to main
propertes which may define the object behavior.
Strengthens and makes it easier the Communications
between virtual objects, users and application, the same
with the transfer or interchange of virtual objects.

Virtual objects may have more ability to interact gsin
communication mechanisms and specific recognition of
mobile phones as camefd2], GPS, sensor&tc.
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The Cambria Explosion of Popular 3D Printin

Juan Luis Chulilla Cano
CEO OnLineOffline.net

3D printing roots, as we can se€lineory of SefReproducing
Abstract 8 The unexpected appearance of 3D printing has Automatg6]. Both share an interesting dity of being
caught many of technology analyst by surprise. In this paper we opaque to science fiction forecasting, and both were born from

aim to provide a social context to the feedback logpthat have thepretical seminal models down to actual operation and, after
generated this rapid evolution of technologies and skills involved that, reshaping reality

in 3D printing, as well as and online communities related with 3D Indeed, there is a temporary quick&dirty thought

printing and the impact of this evolution on media an popular . . .
i maginaryé and.our near futur e €xperiment that obtains good results: @y search fo

printing i n science fictiono
Keywordsd 3D Printing, Distributed Fabrication, Cambrian-  (€nce avoiding Google's search history), the first dozens of
like Explosion, Technological Social Enablers results are related with connections between 3D printing and

Science fiction. Most of these results shows 3D printing as a
technology which is still coming from science fiction to reality,

X_INTRODUCTION indeed asking to which realm 3D printing belongs. It is quite

] laughable that, actually, most of the Sciefogion writers
I” the last three years, The Internet of Things has been on¢jont cover topics such as personal fabrication and self
the ' hottest Internet topics. Every .Slgl’llfICant PIeCe  Creplicaton, much less as what done in (Ffistional) science.
equipment and a lot of meaningdesnes is supossed that areg s no journalist is asking how Von Neumann ideas about
going to receive an unique IPv6 address and means to conrypiversal constructors are becoming real.
to the Internet. It is a powgrful forecast and, from its very 3p printing outside of professional, industrial workshops
beginning, a credible one: There are going to be IP\3nq inside of classrooms, offices and evemés are a picture
directions for all the imaginable beings on ourngla and  of 5 fyture that it is supposed to never come. While we have
connection means are less and less expensive. Mea”Wh'le’,smartphones with gigabytes of storage capacity and multicore
printing started to attract attention and gain momentum as {cpy of more than 1 Ghz, fabrication is supposed to continue
printer devices low both their economical and knowledgys ysual, with hordes of bluecollars mounting consimpti
barriers. We are expecting the Internet of things, but alMGiems in a world far from our one, and not only because of
nobodyexpected building (actual) things from the Internet.  geqgraphical reasons but also because of cultural, motivational
'_rhere is an |ntere§tlng .connectlon with popular cultureypq experiencial reasons too. We are supposed to use
While the Internet of things is a pure Internet phenomena, rashionable touch interfaces, and powerful workstations, for
predicted by speculative fiction, 3D fabrication is a recurrelgigrarent kind d services. It doesn't matter if such services are
topic  of dl|ffere.nt scHi eras, with remarkables examplesy qfessional, bilpaying services or leisure ones. What really
asRossum's Universal Robaisf K a r €[1], THe &@cenl niters is that the huge majority of them are not related to
Variety of Philip K. Dick[2], The Invenmblmf S_tamslaw Lem physical reality. When we lecture, or program, or work with
[3]'and, of courseThe Age of Diamondf Neil Stephenson g 3jity measuremerind procedures, or evaluate, or manage,
[4]; In The Age of Diamondn fact, one of the most important g¢¢ e are work with people and with intangible beings, never

pieces of hardware is a universal comstor, a Uber3Dprinter \yith physical things. Things are related with lower status
which works on a molecular level. It doesn't matter 'fanturoccupations or with the weird and arcane activities of

world pictured on a Science Fiction work is an Utopia or jhqustrial engineers. Very few peopdevelop hobbies related
Dystopia. What actually matters for the purposes of this pagyith construction, making and building, and from the very
is that main traditional Science Fiction topi® disconected beginning of the acceptation of the term, bricolage was an
to 2012 technological panorama, and main actuqctivity chained to analogical means and knowledge.
technological tendences of 2012 were not foreseen bff SCI  \ye can make a double twist to the interesting social

authors. We don't travel anymore to deep space, there 'metaphorthat H. G. Wells develop ifthe Time Maching7].
Martian or Asteroidal colonies nor interestelar travels. Blo, the one hand. the raise in the awareness of working
Internetis ascending in its World adoption curve towards ha qngitions at FoxConn in the first months of 2012, after a serie
of human population, and in our pockets are computers Myt griicles in NYT[8] implies a shameful echo for all of us PC
powerful that the ones which sustained the Apollo progrargng gadget users: vae the eloi who dress and uses brilliant
Actually, it can be argued that as some of the bases of modinings that are built underground, or at the other side of the
computer were ellabated by Von Neumann in seminal works,yorig for that matter, by chinese morlocks. Those morlocks,
such ag-irst Draft of a Report on the EDVAG] (Von nstead of devour us, just want to survive and aspire to a
Neumann:1945), it happens the same with concepts in whichegnsumer way of life. On the @hhand, and connecting with
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Stephenson's use of morlocks and elois éihe beginning was mandatory. Good and quick steps are being made in that
the command linf9], most of us are elois who use computerdirection, but in this year 3D printing is mostly related with
for any kind of immaterial services, while the new morlocktechnology focused people. Second, eriof printers and
are using computers, new pieces of hardveene a branehew consumables needs to drop. Droppings have been quite
community knowledge for building things. impressive: a factor of ten in the last 3 years. Buprice
Building, in our new context, is a set of connectel500$ and expensive materials m&ke printers a matteonly
operations: acquire the knowledge of 3D software, cof all kind of enthusiastot of the general publi¢-inally, all
mounting a 3D printer if it came of a kit, of maintaining printethe operations need to be further smothered, especially 3D
operations; design the tlgjrwe want; print it and share all the designing. We have very capable 3D software since 20 years
different pieces of empirical knowledge that we have beeago, both for industrial design and for animation. Indeed, too
obtaining during the process in a neeading community capable, too powerful for ngprofessionals. Although there
feedback. Morever, these new communities are not onhare very pwerful pieces of FOSS 3D software, such as
sharing the knowledge needed for printing andntaining Blender, the learning curve is quite hard for most users. Most
operations, but actual 3D models that can be modified aof the 3D designing applications are not intended for 3D
adapted, raising the Free/Open Source model of softweprototyping and/or they are quite crufty: given its degree of
development to a new dimension, or distributing commercispecialization, a good numberf the components of their
fabrication in dozens of thousands of sellers that have interfaces are comfortable for the designers only because of
compete and movate. That is the case of these, well, 3Dthe prolonged use, but those interfaces are needlessly complex
printer morlocks. But oueloiss p e ¢ i ,awporld @isiol and and nonintuitive. Keeping in mind that a mouse/keyboard
values have no space for 3D printing. IT effects are immatericombination is not intended at all for 3D opevas, the only
for the vast majority of us: we cannot touch a tweet nor tastepractical solution for this dilemma would be preemptive,
blog post. Moreoveraspaperprinters are being exiled from calculating from heuristical models what the user want to do
our offices and homes at the last part of the biblical, 40 yeewith objects and camera.
old journey to the Paperless office, our computers produce Google make a good step in the correct direction when they
results that are reachable only watching a display. Most of coffered Sketchup. Although it has some uitks and
photos are not going to lpressed, and we are not going tcidiosyncrasies, actually it lowers the learning curve and a lot of
save our movies in individual, physical recipients anymorpeople are usin§ketchup for different purposes, included 3D
Let me insist: we elois don't touch what we do with computerprinting. Autodesk has recently offered 123D for free as a
We elois live our digital lives in a perfect, immaculatebasic version of their famed Inventor software. It is &mzlion
digital loop. The actual effect of this &stounding: more and 3D printing and, again, learning curve is even lower than the
more white collars develop professional activities ansketchup one; moreover, it's clearly intended for most of the
operations with no physical result. However, although most users who want to design 3Dintable models are not
us don't make things, we need, use and desire objects. Onengineers trying to design complex objects. Finally, a new
free time, we go to all kind of shops for spending treney Finnish stamp is offering a very interesting SaaS version of
we earn with our immaterial services buying all kind 03D design software, focused on 3D printing: Tinkercad. This
consumer objects. piece of software has very elegant solutions for the problems
Or maybe we should say that wentto shops. More and of primitives modifications and camera movement, and it is
more people are abandoning malls, supermarkets and shopsquite close to the levedf a 3D software accesible for the
buying online. This is not a novelty, sure, and actually thmassesDepending on motivation and personal approach to
adoption curve of online shopping is well advanced in the la3D Printing problem, there is an endless reservoir of resources
majority phase for most of the developed countries. Socifor flattening adoption curve. For instance, one of the most
awareness of online shopping is close to be completed. popular 3D application,Sketchup, has aot of tutorials
Think about online shopping operation: we use the saravailable at YouTube which make it almost easy and
device (PC) that we uder immaterial purposes, and with thecomfortable to use. Almost. The last horse in 3D modeling,
same web interface we complete the transaction. Days ail23D, has been launched with a clear community focus,
that, a new package is delivered to our homes or offices aalthough it is not very popular for now and therefore it is not
we have the new acquisitiam our hands guaranteedhat it is going to achieve a critical mass of users.
Obviously, this is a breach of the perfect digital loopThingiverse is a community of builders which is growing very,
Therefore, the cultural distance between online shopping avery quickly in users as well as in the number of models of its
3D printing is less important that it seems to be. Nowadays \library and the rest of the documentation, tutorial and general
all are 3D elois, but with the adequate motivation and with ttcommunicaibn intended to help with a very broad range of
unavoidable price dropping as the adoption curve of 3building means, software, techniques and materials. Indeed,
printing prayresses, it will be simpler and simpler to abandothe raise of awareness of 3D printing is provoking that more
the passive, consumerist attitude of only shopping online and more members of the DIY online scene are paying
order to build some of the products that we want or like. attention to 3D printing and openimspecial sections about it,
adoption curve is never a matter of months, and even less wsuch as happens instructables.com
such a complex seff @perations as the ones involved in 3D Bu't this approach 1is quite
printing. First of all, social awareness of 3D printing iscommunity software model. Although there are healthy and
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strong hardware development communities, the fact ththe sense of a speculative writing which departs from our
hardware is physicaimakes more difficult the continuous, world, but a possible future based on developed models and
quick paced feedback between community members. Howevcurrent trends and events. For interstellar travel there is needed
3D printing is so fertile for transforming ideas or softwardo discover totally new branchegmhysics; however, personal
models in actual objects that it offers a strong motivation fdfabrication of norcomplex items are a plausible extrapolation
developing together inside a comnyniOne of the early and of what we know nowlndeed, we have already experienced a
most impressive cases is RepRH®]. Replicating Rapid Digital Cambrian Explosion: what happened with computers.
Prototyper was in 2004 a clear departure from the previoBefore the PC was born, the computer ecosystas very
steps in 3D building. In fact, the authors affirm that one dimited, with a small number of computers (compared with
their inspirations was the sefproducing automatafd/on today's numbers) solving a comparable limited number of
Neumann[6], which indeed closes the first grand loop otasks. After all the conditions were in place (cost, operative
theoretical formulation / development / buildiagsembling. system, killer applications, social and business awareness, the
The first operational RepRap device was conceived with tlinternd), first the number of computers and after that the
objective of reproduct as many part of itself as possible, winumber of computers connected to the Internet literally
an ambitous double objective: a) lower the costs of 3Lexploded. Moore's law is a shallow symbol of what has
printing as possible, in order to make it available for more athappened beyond symbolic numbers such as CPU frequency,
more people and b) generate as much virical effect as possilRAM amount or HD size: computers arsed for a huge range

in order to raise awareness, strong the base of a nof tasks and objective, both professional, communitarian,
community of builders andgven more important, extend thepublic and private. 20 years ago it wasn't foreseeable that it
effects of the initiative as far as possible. While the conceptwas going to be almost mandatory to use a PC for dealing with
nothing sort of astounding, it has certain limitations: a) 40ifferent public administration, that most of thengpanies
percent of a RepRap machine of any iteration cannot be bicannot run without PCs now, that entire cultures were going to
by another one (metal parts, mntcircuits) b) mountinga kit be born anew from the social w
is not a trivial task, especially for people without advanced We are in the glorious garage days, in which enthusiast toy
knowledge. Those limitations don't permit a Cambrianand tinker with hangnmade devices with an intense feeling of
explosion of 3D printing. It's very difficult to find a local, wonder selffulfilment and grasping of the future. We cannot
virical copy of the RepRap machine. Think abothe think about 3D printing as we think about totally mature
Cambrian Explosion for a moment: before it, there were computing. It's more fair to compare near future of 3D printing
limited number of animal phyla, but as the critical elemenwith the adventing of the first PC killer applications: What are
were finally present, Life exploded in a wave of complexitgoing to be tb equivalents of spreadsheet and word
and differentiation. Not in total biomass at the very beginninprocessing software in the 3D printing field?

but of shapes, adaptations and ecosystem interdependencies.

Precisely, Open Source License of RepRap lets other early REFERENCES

adopters and ent.repreneurs a.“ke re.mvent once and agam.ﬁ.r}]e K. L a p ®&ssum's Universal RobotRossumovi univerzalni robdti
basic concept in new designs intended for an easi®l g gish  tanslated by  David  Wylie.  Adelaide
management, for even lowercodr printing bigger or Australia:eBooks@Adelaide 1920. Available at
polymaterial pieces, etc. Although we are at the very beginning http://ebooks.adelaide.edu.au/c/capek/karel/rur/ , retrieved Feb 22, 2012

of a 3D printing Cambriafike explosion, the effects are [2] PKDi ck AThe SeSpace Scienta FididK]y\olume
1 No. 5. London: The Archer Prgs$953 Available at Gutenberg

unstoppgble: the O_Id' mature players in the sector of Projecthttp://www.gutenberg.org/files/32032/3208232032h.htm

prototyping are offering new, personal, cheaper and @&@meags] s Lem,The Invincible(Nieavy ¢ i &. fondorySidgwick and Jackson,

3D printers. Autodesk, one of the veterans of the software part (1962 1973 . _ .

of this sector, has reacted against the unforeseen succesElofN- StephensonThe diamond age, or, Young lady's illustrated primer
. N.Y.: Bantam Books1995

Sketchpp fOI‘. 3D mOde”mg and has offer for free a Ver}{S] J. Von NeumanrFirst Draft of a Report on the EDVA®a: University

interesting  piece of sqftware, 123D._ More and_ more” o Pennsylvania Press 1945 Available a

3Dprintingon-demandservices are competing for lowering the http://gss.stanford.edu/~godfrey/vonNeumann/vnedvac.pdf

costs as more and more people access to 3Dprinters. Whdglis J. Von Neumann,and A. W. Burks Theory of SeiReproducing

even more impressive, there are almost mature initiatives f[g{ A”g%ﬁf?ﬁ:@ﬁ;ﬂt:J;&V?;ig:ég':f‘&?”;ﬁsﬁgﬁiman 1895

gpi ng beyond_ Atr ad_i tional 0 g3DpuHIAddEEardbSa, SH.CHindThiha! i Hudng
acid, polivinyl and ABS in orderot build from metals, an iPado. New York Times, Januar
ceramics, etc. What was totally out of question until a couple httgrlkllwvgw.nytimes.iom/20¢2/Qll2?‘/_busri‘n678/i60_0ncﬂéovlesipad
f r now i m | ible: circuit printina. andthe-humancostsfor-workersin-china.html, retrieved Feb 24, 2012
ofyears ago, now it seems plaus ble: circuit printing [9] N. Stephensonin The Beginning Was The Command LiNew York :

As one of the fathers of RepRap conclydis our Avon Books 1999
industrial fabrication model based on assembly lines for mags] E. Sells,; z.Smith,; S.Bailard A. Bowyer; V. Olliver, i Re p Rap: The
production has been unavoidable until now. However, 3D Replicating Rapid Prototypermaximizing customizability by breeding
printing implies a truly revolutionary promise: besides having the means  of Hamibookd ofc Reseamhini Mass
the production means for making millions of items in a fe Customization and PersonalizatioBath: World Scientific2009.

P g , 1] A. Bowyer, AiWeal t h wit hc004 Availabiee ato .
hands, we can have the production means for making a few nitp://reprap.org/wiki/BackgroundPage
and needed things in mohs of hands. This is not fiction in
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might lie intheir predictive powerA pattern isa sort oftime
Abstract 8 This article presents a set of patterns that can be machine, it is like the Rosetta Stondhat allows the
found to perform best practices in software processes that are understanding of the way an appliction was created, initially
directly related to the problem of implementing te activities of employing a languagethat is difficult to follow i namely,
the process, the roles involved, the knowledge generated and theprogramming language, design language, the language of
inputs and outputs belonging fo the process. In this Work, a o pivecture, language pramesi and translates it into the

definition of the architecture is encouraged by using different g, . . . .
recurrent configurations that strengthen the proess and yield original idea behind such implementation through the

efficient results for the development of a software project. The Vocabulary of patterns.This meansyou can seghe past of
patterns presented constitute a catalog, which serves as aSOftwareapplicationsand the intentiorwith which they were

vocabulary for communication among project participants [1], developed similarly, you can see into the futurof the

[2], and also can be implemented through software toolshus  applications and attain one of the most desirable software
facilitating patterns implementation [3]. Additionally, a tool that  features, namely scalability. It is possible to structure future
can be obtained under GPL (General Public license) is provided gpplications to maintain a predictable behavior, and allow for
for this purpose. evolution. One can say that the patterns become more powerfu
because beyond being good practice, patterns become a
widely-accepted, spoken vocabularysed by a whole
community thathas founda simple and effectiveway of
communicatiorf10].

Keywordsd Software Process, patterns

|. INTRODUCTION

he goal of software development is to genemteucts, II. SOFTWAREDEVELOPMENTPATTERNS

with high levels of pr ivity and efficien h nsur

th high le €s ofp OdUCt. tya Qe_ cle ¢y, that ensure Software processes have produced a framewof
good levels of quality. To achieve this, it is necessary to use

diff ¢ strateai A h set of strateai th corpcepts that originate familiar, widespread recurrent
ierent strategies. Among such set of strategies, the USe Q1 res that are used over and over again when developing

patterns stahds out as one of thg most popular one. Eer%oftware projects. These patterns can be categorized as process
a!ready an important and recggmz_ed work about patterns\m)rkﬂow between the different activities that constitute the
different areas of software engineering, such as design pattéfascess whitecture. Such categories involve the participants
[4], [5], architectural pattern$], [7], [8], patterns analysi®]  and stakeholders within the software process according to the
and others. However, to our knowledge, there is no wofkputs and outputs that affect software development and also
addressing software process patterns. There is a wide rangeagéording to the knowledge involved. The forf][ of the
software processes and methodologies, and some conceptsphetess pattern is \ggn by its definition, consequences, its
can be compiled to promote recurrent usage have besavantages and disadvantages. The definition establishes the
adoptedwhich may represent a sort pfocess patternghis concept of pattern, the consequences define the effects that the
article proposes aetof patternswhich can be founsvhen we pattern causes; the advantagesstablish all positive
use differensoftwareprocesseand methodologies, whigkan ~ contributions of the pattern while the disadvantageset
be evidenceéh their conceptuatores unfavorablesituationscausedoy the patternlt is important to
note that, unlike other forms of patterns, these patterns indicate
their own potential problems and thus alert developers so as to

1. UNDERSTANDING PATTERNS be aware. This is because in the lmapion of software

process patterns, it is important to note the potential risks
A pattern has a recognizable structure that makes it specigkailed.

and general. Using a sefire pattern prevents developers

from fAreinventing t he -ofadate el 0O al so

reinventions that create more problems than what they reallyb" Workflow Patterns

solve (e.g. reinventing a square wheel). The pattern has

another key ingredient, namely the ease it jgles when With regard to the desired process architecture, there are

communicating an idea, because the pattern itself turns intéhgee possible configurations for the activities, namely parallel,

vocabulary, not only accepted but also widely recognizetinear a cyclic. Out of these configurations, combinations that

Nevertheless,the most important contributiomf patterns produce more complex processes can be obtained in turn.

preventing out
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developmenbf activities.In the case of/ model| activities
are confronted with tests during the process Parallel
The first andmost importantintecedenof linearity was in Workflow pattern suggestshatsoftware processes focus on
Royces proposal, about hisaterfall model [12]. Tie fact of  a parallel workflow. The particularityof this model isthe
the matter is that, despite much progress, the waterfall modekxecution ofparallel activities, at least twoactivities The

isndt quit elindae Warkfloyepatterfsubdesgts.  results of the activities that are performed in parallel add
that software processes should focus on a linear workflowtheir outputs to the next tlgof activities, and so on, until

[14], that is, a set of activities is clearly identified andkéid reaching a final result (Figure 2).

so that each link is used to configure a chain. Under these @
conditions there is a permanent pre and post activity for almost Q =
1). process

every activity, except for the initial and final activities (Figure
»
Q workflow

1. Linear Workflow Pattern

process O o— o @
start < activity :J If_ activity :J end
D lf_ activity :J 'f_ activity )
O — warkflow o @ L - - _

start end
activity e activity
D ~ (i)

Figure 2. Parallel workflow

(I J

Consequences:

Running parallel activities may produce effects such as
the need for activity synchronization and the addition of
results to configure ufied inputs.

Figure 1. Linear Workflow

Consequences:
The main #ect of this linear configuration is that the

activities are executed sequentially; therefore, an activity i ~ Advantages

occurs after the-1 activity and prior to aint1 activity only.

Advantages:

- There is order and control over the activities

- ltis possible to bugetresourcedor activities

- There is clarity in both roles and disciplines involved.

Disadvantages:
- Activity i is highly dependent on activityl and is also

the starting point for an activity i +1 in such a way that

a domino effect is created betweactivities whenever
there is a problem.

- Time is the mosdifficult resource to estimatelue to
the holistic effect resulting from the integration of
activities

- There are overloaded timés a the rolesssociated to
the activities inexecution; when sicactivities finish,

there is uderutilizationwasting a considerable amount

of human resources
- The fall of an activity produces a fall in activity i +1, i

+2, ..., i + n, which makes requirements engineering the

most critical activity.

2. Parallel Workfbw Pattern
Process modelssuch as the modeV [15] proposeto
mitigate theproblem oflinearity through thesimultaneous

-35

- Clear identification of activities.

- Optimization of resources by
execution of activities.

- Creation and integration of roles society.

the simultaneous

Disadvantages

- Proper activity synchronization is a difficult task.

- Collaboraion between roles requires prior training (as
its nurturing factor), which is something most teams
lack.

3. Cyclic Workflow Pattern

The cyclical natureof the software processs a
recurring concepin different software procesproposals
[16], [17], [18], [19]. Process modelsuch asthe spiral
model [20] offer feedback processeshich suggesthe
cyclical naturepresent not only inthis model. Cyclic
Workflow pattern suggestshat software development
processe$ocus on avorkflow with feedback that is,the
pattern clearly identifies a set of interlinked activities and
closes a loop with them. It is clear that there is an initial
activity that can recycle the product of a final activity
(Figure 3).
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J

process
O o— waorkflow o @
start end
1 L _ i
L. —— _

8 . QT B

DFEIdLIEEF process consumer

Figure 4. Doers

Consequences:
Defining who executes thsoftwaredevelopment process

is essentialto define roles and responsibilities andlear
roles Rolesalso isolate the posibility of noigbhat is caused
by ghost roles (nodoers), who appear ithe processdue

to poorscope estimatian

Figure. 3. Cyclic Workflow

Consequences:
This cyclic configuration identifies a loop in which the
output of an activity is the input of another previous activity;

such a feedback can even occur with respect to the same

activity.

Advantages:

- Settings of product refinement cycles are possible.

- Allows activity repair whenever mistakes are made.

- Enhances knowledge of the process as a result of
repetition.

Disadvantages:
- Developers may fall into indefinite cycles and therefore
lose control of the process.
- It is necessary to make a big efforts and large
investmats

B. Patterns according to Participants

Modeling of participants allows to reflect the most
important resourcén a software process [21]Individuals
and interactions over processes and tools [2&]cording to
the stakeholders of the process, devetep their
communication and role rotation can be modeled.

1. Doer Pattern

Stakeholder theory is an area of strategic management that
defines a stakeholder as someone who affects or is affected by the
actions of the organization [23], [24], [25], then threqesses of the
organization are reflected in the software process and these in turn,
by the individuals according to Conway's lddoer pattern allows
clear identification of the key parts present when in the
execution of the process, namahe doersof the software
processand also theconsumersalongthe processA doer of
the software process directly executesan activity of the
process ands responsible focarrying it out while a consumer
is the onewho benefits fromthe productsof the process
without directly affectingthe corresponding activities, except
for the activities perceptiorin other words, while a director is
an active performer, a consumer is passive. (Figure 4).

Advantages:

- It is clearly identified who will perform the process,
allowing agood estimatef resources.

- This pattern encourages the identification of roles,
functions and responsibilities.

- Ghost roles, which generate noise in the process, are
removed.

Disadvantages:

- The identifiation of roles should be consistent with
their own processpecific creation.

- Ensuring the existence of dodos a particulasoftware
processmeans aconsiderable investment iskilled
labor.

- Organizations do ndtave thewide range ofloersthat
may arsein the process.

2. Communication Pattern

Communication, or rather lack thereof, leads to
tremendous problems in the workplace and in software
[26], the quality of communication within the
development team and between the development team and
external enties impacts on the performance of the
software project [27]. Communicatiorundoubtedly
impactthe software development [28]; this development
may flow betterif the interaction®f the participantsllow
effective exchange that is regulated by good
commuication mechanisms Communication pattern
enhanceshe communication structureithin the process.
It identifiesthe communication transmitter and receiaex
well as the channadnd the messag€&€ommunicationis
the key to maintainingynergyin the proess; itis also the
bestmechanism to maintaimtegrity within a project See
Figure 5
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Figure 5. Communication
Consequences:
Keeping a communication scheme facilitates the

monitoring and the process control. It eliminates the noise
generated by infonation islands and promotes
strengthening knowledge management processes

Advantages:

- It facilitates the exchange of experiences and insights,

within the project.

- There is elimination of the noise generated b¥)u

information islands.

- It promotes role societs and the creation of to
collaborative communities.

Disadvantages:

- Difficulties arise when there are particular interests.

- It is difficult when developers do not speak within the

same knowledge domain and there is no attempt to use

interfaces in such cases
3. Role Rotation Pattern

Roles are very useful in modeling the authority,
responsibility, functions, and interactions associated with
managerial positions within organizations [29]. Roles in
software projectsshould be similarto a surgical team
where thee is clarity in the responsibilities with a
hierarchical collaboration [30] There have beestudies
that showthe importancef the dynamicghat should have
the roles withinthe organization andhe possibility of
changeas a wayof empoweringtheir acivities [31]. Role
Rotation patterrdefinesthe impact oneole may have on
the transformationof anotherrole, motivated by doers
engaging in a new activity that is different form their
previous activity. To takehis step,it must be takerinto
account that the role is competentto assume sucla
responsibility. This can be seem two ways.In the first
approacha role producesertain qualities thawill be used
by a role thatacceptshemas input.A role played bythe
same authowho assumeanother ole. (Figure 6).
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Consequences:

For anorganizationsteppingfrom one role tcanother
within the mind ofoneactoris essential so that treetor
has a broader viewof the processe is running. This
resultsin maintainingcortinuity and consistency ithe
development process

Advantages:

- The actor who rotates activities maintains a more
complete understanding of the process.

- It is possible to further extend the human resource.

Disadvantages
- Actors get overloaded
- There is pdial and collaborative invasion on actors

Patterns based on Inpututputs

In a process, some settings may appsach ashe input
tput setting the documertmanagementsetting and the

traceability settingeachemphasizesn some featurerelated

theinput-outputof the process

1. InputOutput Pattern

The classicaleontief model on the correlationof the
economyin different industriesvith respect to theiinputs
and outputs [32], iglsoa generalized modelf software
processesfor examplein testing [33], [34],requirements
engineering [35] programming [36], among other
activities of the development procesdnput-Output
patternallows clear identification of the process inputs
that are required for its execution and that will be
transforned to achieve the expected outputs (Figure 7).

@
[ P (D
process

Figure 7. Input Output

—_—

output
e 5

Consequences:

Defining inputs and outputsallows estimating the
resourcesthat will be transformed bythe processinto
products and or services to beonsumedlt is important to
understand what entetse procesand what exitsn order
to plan howthe process will behavand so determinéhe
needsand outcomes

Advantages:
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- It clearly identifies the resources used for the process and - Updating and maintenancevissteful.

the results to be obtained after completibthe process. - The documentation becomes another project that is
- It encourageshe planning of theoftwareprocesssince parallel to obtaining the code. Documents and code
the available resources as wel as the desired outcomes  should match and support each other 100%.
are known.
- It promotesthe structuring of th@rocess tdransform 3. Traceability Pattern
inputs into outputs,representedn products and’ or Traceability plays an important role in facilitating
services software evolution [40], insoftware maintenance and
) reengineering [41]in general,traceability iscritical to
Disadvantages: maintain consistencybetween business processeand
- Itis not always easy to identify inputs and outputs. systemsoftware[42]. Traceability patterrestablishes the
- Traceability of an input into a product is a wasteful and  \yay artifacts are linked in a process to illustrate how an
costly task. idea can be transformed into a product resulting from a
concept that starts from an abstraction until getting a
2. Document Management Pattern concrete product (Figure 9).
Documentation is #actorto considemwhen you want kN
to succeed ina software projec[37], people withina Q
development procegend to havea shared understanding
of the software documentation [38], creating ti@nnel process
through whichcommunication flowsndprovides support level 1 | level i | leveln

for the project; there are patternsdafcumentatiorwhich | |
detal problems relatedo intensive useand interaction ] e e
between the documents [3%he patterrproposed irthis L//—pT'_/fPT'_//J
paper is a general pattern present in thesoftware L | | N
development procedsom the perspectiveof its useand

generation. Document Management patterrclearly _ .

identifies the documentation required for the process and™'9ure 9 Traceability

the resulting documents after execution of the process
(Figure 8).

Consequences:
Traceability enableactors to etablisla road mapf the
different elemets that are developedithin the software

L]
dncumen% " dncumen% process.Each concepsetsa milestone thatan be woven
e — =

together with the others to ceate@nsistent tissu¢hat is
process visible and understandable

Figure 8. Document Management Advantages:
- It allows displaying the process.
Consequences: - It establishesa roalmap based orthe tissue which
formstraceabldtems

Defining the documentation used and also the resulting - There is spport to repairerrors due tothe easy
documentation inhte software process is critical to support identification oftheir causes
each of the activities carried out and to support the decisions
that are defined as the process unfolds. A document sets the Disadvantages:
source and history that deals with the project management. - There is difficulty in the necessary traceability that

When you lose role,that rde represented the miraf an must be carried out from the idea itself tcs it
expert. A documenthat buildsa good description othe realization.

tasks performed byhis role and also of hisdecisions and - There is a lack of inclusive language in the different
experiencedn a single record, is are key assefor the layers of abstraction.

rganization
organizatio D. Knowledge Patterns

Advantages: Software companies can decrease the time and cost for
- It supports decision miilg. development, increase quality, and make better decisions if they
- It storages requirements, contracts and agreements. Manage their knowledgbetter[43]There is airectimplication

- It allows retaking actions based on decisions previousf knowledge managemerds a theory support for many

recorded. aspects ofsoftware engineering one of thesdrendsis the
- Correctionsand defect tracking are recorded school of engineeringtowarq the process [44]. Software
process from the perspective of knowledgan produce
Disadvantages: knoyvl_edge, cha_nge their states, and reside in process
- The cost is too high for its realization. participants, this is reflected as patterns.
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1. Knowledge Production Pattern

Knowledge is producedby the interactions of
participantsthroughthe processes theyn [45]. If we see
software engineeringas a procesd is clear thattheir
resultsarealsoknowledge Knowledge Production pattern
providesthe knowledgeused withina process and the
knowledge that is produce®n one handthe knowledge
usedis the conceptual frameworkecessaryor carrying
out the processyhile theknowledge gaineds the result
of empirical experimentatiomesulting inthe executiorof
the processSee Figure 10.

%
knowledge Q - knowledge
-—

process

Figure 10. Knowledge Production Pattern

Consequences:

Defining theconceptuaframeworkto be enlargedn a
processs critical becausé establisheshe characteristics
that qualify the processand that will bethe inputto
obtaina wealth of experience, which ultimately forthe
generated knowledge

Advantages:

- This pattern promotes clear dentification of the
conceptdo substantiatand characterizthe process

- It encourages the establishment of the roles that contain
knowledge.

- It generates new knowledge from the experience gained
when implementing the process.

- Knowledge sets the diffenéials in the use and
performance of processes.

Disadvantages:

- Knowledge
organization

- Knowledge is volatile when those responsible for
assuming the roles are also volatile in the process.

- Knowledge and experience aretreasily transferable
to new scenarios and projects.

is difficult to appropriate by the

2. Knowledge States Pattern

With this patternthe possible states &howledge are
set and the processésat affect such stateseformed by
statesand transactiondn the softwareprocessthis is a
valuable resourcéor monitoring thedevelopment from
the perspective of thartifacts produced, asis typically
done but addinga description of th&nowledge involved
to obtain suchesults(Figure 11).
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Figure 11. Knowledge States

Consequences:

A definition from the perspective ofknowledge
managementproposed byNonaka [9]. Socialization
processesbetween aspects such as: tacit knowledge
processes oftombination betweerexplicit knowledge,
externalization processesfrom tacit to explicit
knowledge and internalizatiorirom the tacit to explicit
knowledge form animportant conceptugrameworkfor
managingorganizational knowledge

Advantages:

- Defining the states knowledge passes through allows
identifying not only the principles that affect [tut also
the conditions that surround such knowledge within the
software process.

- It is clear that distinguishing tacit knowledge from
explicit knowledge allows locating the origin of
knowledge, provided it is possible to encrypt it through
computer systms, or else, provided it resides in people.

Disadvantages:
- Managingknowledgeis not always cleaand requires
greater efforbnthe process
- An additional knowledgenanagement expert role is
necessary for the process.

3. Knowledge Bowl Pattern

The softvare crisis is due to a knowledge gap resulting
from the discrepancy between the knowledge integrated in
software systems and the knowledge owned by
organizational actors [47heople involvedplay a major
role, becauseipon thenreststhe knowledgeKnowledge
Bowl patternestablishes who the source of knowledge is.
Such a source may reside in an author or a role, and
knowledge can be soft or hard knowledge (Figure 12).

o R o

rol

Figure 12. Knowledge Bowl

Consequences:

Defining the source of knowledge presenaisoftware
process is critical because it allows identifying both the
actors and the important roles within the process, like for
example knowledge systems and networks that are being
developed during the management of the process.
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Advantages: present in the software development processes and

- Prioritizing therolesand actorsvho posess valuable methodologies. Additionally, these patterns clearly outline
knowledge allows managing the knowledgehat aspects such abke structurethe participants, thknowledge
resides in them and the inpubutput,which constitutea softwaredevelopment

- The process is guided in its implementation by usingrocessand through which it ispossibleto trace a path
the knowledge being generated. towards good practiceand implementation of eaoftware

- A knowledgebased process is more reliable angrocess
robust.
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become antpatterns when abusing their implementation. A

Abstract 8 This Article presents a set of software process definition of antipatterns allows creating a recognizable
antipatterns, which arise as a result of bad practices within vocaary that facilitates communication among the participants
application development processe Process AntiPatterns warn us i software projects regarding dangerous situations you need

about the harmful effects that may arise in projects, and also to be aware of and avoid, or at least reduce their possible
describe the features that identify them. The proposed anti '

patterns provide a catalog that serves as a vocabulary for Impact.

communication among project participants. Such Antipatterns

can be implemented through software tools in order to keep [ll.  ANTIPATTERNS OF THESOFTWARE DEVELOPMENT
better record of their implementation. Additionally, a tool that PROCESS

can operate under GPL (General Public license) is provided for

this purpose. The application of a process in a software project is

necessary to monitor and control it. There is a wide range of
Keywordsd Software Process, antpatterns. software processes of different kinds; each process holds out a

way to track and coordinate activities, resoarcand

knowledge in order to provide a support tool for the operation

|. INTRODUCTION of a software project. However, it is easy to incur in poor

) implementation of procedures and protocols as well as poor
he goal ofsoftware developmeris to generateproducts  yesource management, especially human resources, resulting in
with high levels of productivityand efficiency that ensure g pactices that might be called apttterns of software

good levels ofjuality. To achieve this, it isecessary to avoid processesBelow we propose et of harmful practiceshat
the risksintroduced bybad practices of softwardhese bad may occuiin softwaredevelopment processes

practices have beelabeled asantipatterns,and occur in
different areasThe catalog o&ntipatternss an importantoad
map, particularly ordark pathsthat might befollowed when
precautions are not takeand of coursethat cause probims
in projects This article presenta list of harmful practiceshat
representantipatterns inthe implementation ofsoftware
development processes.

A. Top Process

It is commonthat whenever @rocess is needed, the first
choice isto pick the in-fashion processwhich is generally
proposed by darge organizationa community,a research

centeror a person ogroup of peoplevho pool theirexpertise

II. UNDERSTANDING ANTIPATTERNS to propose arescuingformula Generally the top process is

Alongside patterns, the asgatterns trend is also a majorproposed as the only silver bulleB][with regard to the
subject of studythat should be taken into account. The -antiprocess. However, what worked for a particular project
patterns that constitute harmful practices must be avoided&ovironment does not necessarily work for every project
reduce the risk of failure in software projed®ie of themost environment. You must take into account the business
recognizedworks on anti-patternsis that proposed bgrown conditions of the organizatiorand ultimatelyyou mustbe
[1], where software deviepment AntiPatterns,software careful abat the inherent differencéhat exists betweethe
architectureanti-patternsand antipatternsof softwareproject application domainsof the different processes. The main
management are put forwardndther work is that of Dikel responsibilityfor achieving succedses in the processas an
[2], where a set of anpatterns for software architecturesessential toofor software projectsiegardless othe software
according to vision, rhythm, anticipatiomartnering and singularity @], sothe top processloes not guarantemiccess
simplification is proposed. Unfortunately, it is very easy to béigure 1).
engaged in ar{patterns since they are caused by poor
abstraction and poor implementation of the theoretical
approaches of software. Usually, "shortcuts" and poor analysis
approaches lead to malpracticEhe time factordevelopers
alwayshave to compete against does not altbimking more
carefully about good practices; even patterns themselves might

-42- DOI: 10.9781/ijimai.2011.147
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Figure 1. Top Process

B. Super Process

Explaining anyphenomenon fronall anglesis an approach
that can be adoptedSimilarly, usingcomplexityto explain a
softwareprocesss another wayin thewords of Morin: "let us
take a contemporarycloth, it usesflax, silk, cotton,andwool
of various colors.For that cloth it would beinteresting to
know thelaws and principlesoncerningeach of thesgypes of
fibers. However,the sumof knowledgeabou each ofthese
types offibers that form thecloth is insufficient to meetnot
only the new realitywhich is the tissuethat is,the qualities
and specific properties othe texture but alsoto help us
understandthe shape and configuratitf]. As sysems 6r
objects of study) become more complexthat is, not just
consist ofmore partsbut alsothe interaction betweethem
becomesncreasingly complext seems thahe explanatiomf
the phenomenagresented by thdehavior of such systems
tends to takinto account thécontext’, the environment, that
i s, t he p "totality'f6in eThea éomplexity theory

W
T

WLErnm

é].l

Figure 2. Super Process

C. Extreme Process

ifiTher e ar e

approach, and on the other hand, instrumentalisseems that
software processedluctuate between these dquencies
unfortunately for any projectt is inconvenient tdall in these
limits. On the one handheorizingaboutthe issue oprocesses
is atask not onlyaluablebut also necessarput the task itself
must take intcaccount that the processasaild be practical,
and it is at this point wherthe developmensteers intothe

other edge, namely instrumentalismt is common for a
software processto be successful in one projeand fail in

another so relative succesgs not universal guarantofor a

process,in this sense,pure instrumentalismruns out of
arguments Finding the right amount of theorynostly as a
result of the griori approachof reflection,along with a dose
of instrumentalisncan be agood combinationln this sense,

focuses on identifying that we already have enough to work @evelopersshould not relyentirely ona theorywithout proof,

only by making the activities of a process harmonibe,
proposedschemegnd up inncomprehensiblechemes, which
include size spirals, tables and othernotations often
overloaded unnecessarily, becoming a burden thata
development teammannot baréFigure 2).

nor shoud they rely jusbn a test (probablyguccessful but
without epistemological foundatigrwhen bearingn mind
that processe$ollow a technical applicatiothat does not
neglectthe theoretical eflection on their problematic core
(Figure 3).

p r sobetovaem tteorgl anfl mexer e n ¢
computer technological rules" [7], for Popper, it is clear that
there are two extremes: on the one hand, the theoretical



Figure 3. Extreme Process

D. Casual Process
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E. Slide Process

Adopting a process thaencouragesthe production of
outputs from a given input regardless of the way in which
workflow occurs is generally counterproductive Software
processeshould not beslides whichdo not payinterest to the
way results are obtaineadincein the workflow participatea
society ofrolesthat maybe sacrificingnot only the qualityin
the processbut most imprtantly, sacrificing performance
conditionsand quality of life In a slide process, it is typical to
start at a certain speed and finish with acceleration. In the
same way, a process without rhythm [2] starts with extended
times in its initial phases andhave tight schedules in
development and deployment phases. A slide process does not
control time, delaying projects; it also accelerates at critical
stages, sacrificing product qualityThese processesnd up
adjusting schedules paying fines,conductingrenegotiations
and making considerable lossfes the organizatior(Figure
5).

Conducting a software process often becomes an ad hoc
activity, resulting in improvisation of the tasksuch type of
work takes placewhen an organization is noaware of the
importance of processesd usuallyends updiverting all the
workload ontodevelopmengctivities Ad hoc processes arise
primarily because there is not a process manager who guides
the selection of at least one process to perform. Ad hoc
processes are not aware of the roles and end up creating
handyman roles, promoting amatterns that generally
resemble the project management-patiterns [1]. An ad hoc
process ends up extendimghedules repeating efforts and
consuming resources. Becau the process is not clearly
identified, it may end up taking different names from a list
given by the participants, which is usually inconsistet.

casualprocesstends to be confused/i t h an organi zi

customized process, therefpiare must be k&n when the

course of the proceslsas features likethose listed above

(Figure 4)

Figure 4. Casual Process

Figure 5. Slide Process

F. Immutable Process

Thinking that an immutable process represents a great
advantage is a problem if you consider Heraclitus paraphrased
words regading his theory of perpetual flow "do not use the
same process twiceProposals such aSMM [8], about the
repeatedprocessas one of thdevels of maturity,point at a
feature thatis apparentlyadvantageoyshowever, such a
setting is unfeasiblegiven that the conditions andspecific
processvariablesare impossible toepeat;even when in the
extreme caswhere conditions are very similldime becomes
an impediment A process, as opposed to be considered
immutable, should be treated with high doseadsdptation, as
proposed by methodologies like ASD [9]. Each time a
software process is conducted, it truly becomes a new process.
The factthat a proceshiasa generalguide should not be
confusedwith executingthe same process ovand over again
Constering a process as immutable eliminates the possibility
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of seeking new knowledge when developing the processH. Process without rhythm
losing the possibility of improving the process (Figure 6).

A softwae development proceshouldtry to keep a sort of
rhythm in each ofts activitiesso that there are ngapsthat
hinder efforts and resource investment from efficiently
contributing to constitueaworkflow tasks It is common to
find elongateetime activties, while other activities are time
constraint,the proportions of time allocation must be fair
without causing traumarlhe time resourceshould be one of
the main variables to govern the procests workflowmust
balancethe periods of time employeith each activity,thus
avoidingbotchedexecutions A processwithout rhythmoccurs
when otherantipatterns are inserted, such as paralgdis
analysis or design by committee [1]. In these harmful

) practicesijt is evident that thémbalance ina specificactivity
u&‘\,,‘_ﬁ “ A\ 5 impedes thenormal execution of the remaining activities
A B A (Figure 8).
— L0 N
” N \/,\‘

< Yone

Figure 6. Immutable Process

G. Process without evidence

Usually, software develapent processes involve creating
documents related to the product being made, such as
developing manuals and user manuals, among others.
However, adocumentof the process itselfwhich at least
providesinformation about what wakearnt fromthe process
execution,is a taskthat is never performedVhen theprocess
lacks evidence ofits execution, it ishighly probable thathe
sameactionswill be re-executedwith the same fundamental
flaws. Theseside effectgesult inprocess delaysepeating and
perpetiating defects Processesvithout evidenceare a sign

that there is noprocess managewho leads the processnd Figure 8. Process without rhythm
records its past history for new process implementations
(Figure 7). I. Domino Process

A development procegsempered by high interdependence
between thectivities that constitute its workflowill result in
a domino procesdnitial activities are critical and cause
exponential effectson final activities to the point thatit
becomesmpossible to producan activityi +1 if you have not
fully completedactivity i. A domino process leads to stiffness
and redues the possibility of feedback at early stages in the
workflow. A problem is detected when the cost has increased
considerably, leading to elongation in the schedules, as well as
to inefficient use of resources. Unfortunately, when developing
software, it is very common to find problems in the
requirements phase, given the volatility and ambiguity typical
of gathering requirementsnder these conditions,a process
does not proposestrategiesto deal with the etivities
themselves as well as with the igity -coupling management
adominoprocesswill evolve easily(Figure 9).

Figure 7. Process without evidence
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K. Headless process

Poorly managed processes, and /or processes with
leadership problems in the various disciplines, are referred to
as hadless processes. This type of process does not define
clear functional objectives and responsibilities, there is a poor
identification and assessment of the roles and therefore there is
no adequate assessment of the disciplines; activities usually
focus m the production of code without ensuring appropriate
quality conditions; moreover, dibc delegations occur.
Headless processes exhibit exaggerated rotation of staff,
stalling the workflow and leading to an abrupt end with
unfavorable implications for thearties involved (Figure 11).

Figure 9. Domino Process

J. Perpetual Process

When a process becomes interminable is said topeepetual
process Generally speakig, the process falls into infinite
loops when the workflow is repeated without generating useful
products. This type of process is evidence of the immaturity
associated to the organization that runs the process as well as
of its lack of adequate estimation, its failure to meet the
requirements anddevelopment. Such immaturity is most
obvious when in the testing phase, where developers will need
to constantly repair things, with the aggravating circumstance
that these repairs might cause further inconvenienpethe
perpetuity of the processhere is no proper configuration Figure 11. Headless Process
managemengndquality controlis summarized intrying to fix
an accumulatiorof defectsthat causeoor reliability [10] of
the results obtained at a prticular point of developméfiten
a process becomes perpetual, it usualigs abruptly with
negative collateral implications for the participants (Figure Communication between the parts of a process is critical to
10). ensure the flow of information and of the knowledge

, management processes [11]. For a software pgsoge is
important to create role networks to integrate the different
functions and responsibilities. The lack of communication
makes processes slow, consequently, work flow stagnates and
redundancy of labor is produced; moreover, resources wear
out and divery times are easily exceeded. Communication
must flow in the organization in every possible way, not only
from the command roles to subordinates, but also from basic to
higher roles. Some agile methodologies, such as daily
meetings, propose good pra&eti regarding communication,
where projectoles interaction strengthens the processes. This
results in the generation of evidence and promotes continuous
improvement. Lack of communication promotes the loss of
resources and also slows work flow down (FegglR).

L. Processes without Communication

Figure 10. Perpetual Process



International Journal of Artificial Intelligence and Interactive Multimedia, Vol. 14N°

=
Y\.’l & g W o SV / C

Figure 12. Process without Communication

IV. ANTIPATTERNS SUPPORTTHROUGH SOFTWARE PROESS

One ofthe advantages of havirgcatalog ofintipatterngor
software processesis to implement the catalog using
automated tools, which allows timely idication of abad
practice withina process. Th purposetisgenerate éabelled
fault control record that helps developeavoid following

wrong pathsvhenever running process in &oftware project.
In this particular case,we have developed @rocess
antipatternscomponentfor the Coloso platform [10], (Figure

®::
i ' antipatterns o x
Metaprocess antipattern B (
choose antipattern \Q -
=
name description
4 |7 antipatterns
= Top Process the best existing process
= Super Process process with overload of activities
= Extrerne Process  process too theoretical or too pragmatic
= Casual Process improvisational process
= Toboggan Process process that is not relevant worldlow

= Immutable Proces Mo Evidence Process

= Process without Ev process without supporting decument...
# Rhythm without F process with time lags

= Domino Process  process whose activities |, trigger direc...
8
4

i

Perpetual Process  a proceso que no tiene un fin aparente
Headless Process  process without a leader

Communication w process with communication problem...

< Back Next = Finish Cancel

b

Figure 13. Coloso Softwaremw.colosoft.com.co

V.CONCLUSION

The antipatterns generate a vocabulary and a listisis
that can arise whensing a software process. This vocabulary
facilitates effective communication between the different roles
of the process and contributes to failure detection and quick
response whenever risks are encountered in a project.

Software processes have been pte@ as heroic formulas
but processes themselves are part of the problem of software
development and although such processes need not be
permanently reinvented, it is extremely necessary to see their
weaknesses and strengths in order to avoid trauma when
conducting projects.
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IN OPEN SOURCE LMS PLATFORMS WITH
Abstractd This article have the objective a createntology for CMAPSTOOLO [3], in this moment was tested five LMS
"common modules in a Learning Management Systems”, the (Moodle, Sakai, DotRLSn, Claroline artutor), for each of
steps for the build Ontology were: Determine the domain and them is constructs your knowledge map with CmapTools and

scope of the ontology, Consider reusing existing ontology, . . . .
Enumerate important terms in the ontology, Define the classes was obtained a comparative table between its moduies.

and the class hierarch, Define the properties of classésslot and ~ fesult is the information source for built the ontologgpr the
Define the facets of the slot, finally be explained how the ontology construction of the ontology, the methodology used was
is composed. fi O ndgy Development 101: A Guide to Creating Your First
Ont o I[4d ang this step is developed in thection 2 the
Keywordsd Ontology, Class, Learning Management Systems, gection 3 explained the ontology composition and finally in
common modules, Protége section 4 are located the conclusions.

. INTRODUCTION
Il. METHODOLOGY FOR CREATNG ONTOLOGY.

Avery big problem that found in the integration or For the creating ontology we used the guide official for the

migration of platforms 4earning or  Learing antology development that Stanford Universiscommend
Management Systems (LMS ) is the incompatibility betwee dy develop IVersrge '

. R N gtanford University is the creator of protgdé and the name
these, this incompatibility is due to lack of un|f|cat|onof the gui gyeDevelapmerit @it A Guade to

regarding the appointment and composition of modules and . : .
subrodules that integrate the different LMSs, for example th%‘r eatin g~ . Y 0 u r [5] Fere gefine thendom:épbog yo
eonologyhowiii s a f or mal explicit

module file management in the Atutor platform is named "Filfg?1 a domain of discourse (classes (sometimes called
Administrator" while that in others platforms how Claroline or . - .
goncepts)), properties of each concept describing various

Mooodle is named "Documents" and "Resources . .
respectively features and attributes of the concept (slots (sometimes called

Before to workig with the LMS platforms is necessaryroles or properties)), a&n restrictions on slots (facets

selecting LMS platforms. In this sense we divided the LM? _ometlmes cal_led_ _role r_estrlctlons)). An ontology tqgether
with a set of individual instances of classes constitutes a

platforms in two types; the private platforms how is the case Efn owl ed g[8 arsapmeosed a methodology for the

BlackBoard and the Open Source fdains how is the case of ) . - . )
Moodle construction of ontologies, comprising the following steps:

Due to huge amount of LM§8latforms that there in the in
the market, is necessary select the most commonly &sed.
the selection of LMSwe chose Moodle, Sakai, and DotLRN
because works such g show that Moodle ishie most used . Define the classes and the class hierarchy.
open source LMS in Spanish Universities with over 45%. . Define the properties of classeslots.

Furthermore, Sakai has 5%, and DotLRN has 4%. Claroline g pefine the facets of the slots.

and ATutor were selected because they are also used 7. Create instances.

worldwide. For instance, according f®] each of these

platforms are used by 3% of the Italian Universities The following chapters develop the proposed methodology

This article presents an ontology ofodules common in adapted to our speciakeds. respect to coding standards, uses
LMS platforms, in the first stage had been realized thehe same Java recommenfiid
AMODELING AND COMPARISON STUDY OF MOMILES

. Determine the domain and scope of the ontology.
. Consider reusing existing ontologies.
. Enumerate important terms in the ontology.

apbrwnNE
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A. Determine the domain and scope of the ontology. ontology of the LMS, so it is not feasible to use one of these

The problem domain this bounded, to the management of @atologies.
LMS Components andspecially of the LMS appointed in the The next step was to find an ontology is search in the
section one, with a focus at the creation of courses. TRéademic databases such as ISI Web of KnowleSigenge,
Ontology is employed for the get respect necessary knowledgesco, Dialet, Proquest, ACM, IEEE, Google Schoolar and
at the modules that make up a LMS and the create cour§&er similar, there are some jobs such as:

within him, Similar modules or homologsumodules between T A Learner Oriented Ontology of Metadata to Improve
LMS, the ontology may answer questions as ¢A forum is part Effectiveness of Learning Management Systdinis
of the tools of the LMS? Or ¢a tdwe is a type of user of a paper presents ontology for an -Learning

LMS?i t 6s very important cl arify Managemet oSysteq| ENS). jwhich . aranggse ¢
changing and evolution context, therefore it is nemgss metadata, and defines the rélationships of metadata,

maintain, upgrade and expand according to the context need which are a(l:j)out Iearmr:vglj c;_tgfacts; tb?Iong rt]o act?demlc
for the ontology. courses and user profileZhis ontology has been

incorporated as a critical part of the proposed
B. Consider reusing existing ontologies architecture. By tls ontology, effective retrieval of

To consider progress in the area of ontologies for LMS, we learning content, customizing LMS is expected.

made a search of available ontologies, in order to work and Metadata used in this paper are based on current
enrich more, the earch was conducted in the following metadata standards. This ontology specified in human

browsers ontological, Recommendeds5it and machingeadable formats. In implementing it,

. several APIs were defed to manage the ontology.
1 http://swoogle.umbc.edu/ Swoogle is a Ontology . . :
search engine for the Semantic Web on the Wb They were introduced into a typical open sourced

L o LMS. Proposed ontology maps user preferences with
1 http://protegewiki.stanford.edu/wiki/Protege_Orutgy learning content. to sgtisfy. learner requrements.

f_l]libra}ry: P ag j of Ontologyds, iﬁeseoléaﬂnﬁgp dbjéc?s are 'pljéstencfed fo he learner
ollowing groupingq4] based on ontological relatiships. Hence it increases

1 h'zt)p://le_/ww.ksI.stanfgrd.edu/s(g)_ftw%re/odntolinlglguga/ _ the usability and customizes the LNIEZ].
ntolingua provides a distributed ~ collaborative 1 Towards an ontology about LMSThis artick is a

en;nrlonmen_tr:]o browse, creati, edit, 1m500d|fy1[_and use review of the LMS concept and proposes ontology
ontologies. The Server Supports over active users, based on the latest definitions. This article is part of

some of whom have provided us with descrifgiaf an investigation in progress that aims to clarify the

their projectd8]. S . I . .
i . ystemic quality in the process of implementing an
1 http://www.daml.org/ontologies/The DARPA Agent LMS in an organizatiofil3].

Markup Language (DAML) Program officially began 9 Justification and description of the domain of

:jn AUIQUSt IZOOO' The gga;l OT t?efDA.l'.\{”‘t etfrﬁors to ¢ knowledge of an Ontology for the formalization and
fe\t/ﬁ og a an?ua:/g\]/e g’mM. ohosl g aC|I| a'leth egzgclfg automatizationof education scenariesThis article
of the semantic Web. Michael Fagels IS the justifies the need to build an ontologyith order to

Program Manager for DAML. The DAML program provide technical support for a specification of

Wi|.| end in early 20049] _ ) learning scenarios and a tool for development and
T http://www.unspsc.org/The United Nations Standard validation of new scenarios. Specifically, it justifies

Products and Services Code (UNSPSC) provides an the need for ontology and described in natural
open, global mulisector standard for efficient, language the first approach to domeimwledge of it
accurate classification of products and services. [14).
Search the code on this welsib locate commodity
codes that can be used by your company. The
UNSPSC offers a single global classification system
that can be used for: Compamwjde vidbility of
spend analysis, Costeffective  procurement
optimization, Full exploitation of electronic
commerce capabilities. You may browse and
download the current version of the code at no cost
[10.
1 http://www.dmoz.org/ The Open Directory Proge is
the largest, most comprehensive huredited
directory of the Web. It is constructed and maintained
by a vast, global community of volunteer editfit4].
The search was unsuccessful in these containers and
browsers ontological, since all ontology wesffered concept
of Learning Management System, but do not model the

1 Knowledge Representation of LMS using Ontalogy
Though there are no distinct classifications of the
approaches while implementing, the unioiall the
viewpoints is not dealt / applied completely by any of
the author. This paper focus on integrating the above
said principles on semantic educational serverthwi
the power ofeLearning standards. The knowledge
items (learning objects) arénked to commonly
agreed ontology15].

1 Towards an ontology of Ims a conceptual framework
This article preents a research in progress whose
final objective is to developp method to select,
implement and integrate an LMS into an organization
with a systemic quality approachAs a first step, in
this article is presented an ontology to conceptualize
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the termsassociated to LMS, unifyinthem through The end result of this step, we can see gufé 1.
theirrelations[16]. 'v-®Thing
All these papers raise the creation of an ontology in the| ¥ ©LMS |
respective contexts and approaches made to the ontology, Y T°°'5<:T0p Leve
not analyzedcommon modules between LMS platforms, All ! Ad'::n'hs;:‘at:;?;tion

these ontologies are used as input for the a ontology buildil Course_Authorization
common between some LMS platforms. File_Manager
. ) Hosting_Service
C. Enumerate important terms in the ontology Registry di |
For the enumeration important terms we used a list of terr Y C°:‘$“;’:za¢:;":m MediumLeve
available in[3], ip this list is presented a approxi.mation of Calendar
modules compatible between LMSs and a generic name f Chat
them to define the LMS ontologshis is shown in théablel. Foros
News
TABLE | Note Button Level
COMPARISON OF MODULES BETWEEN SOME LMS PLATFORMS AND A GENERIC NAME Wiki
Generic Atutor Claroline Moodle RN Sakai ¥ ©Course

Activity_Calendar

File manager File Documents Add resources  Documents  Resources

Administrator Ca|iﬁcat_ion_5ystem
Announcement  Announcement  Announcements Home [} Announcement | ﬁx;‘uauon—sy“em

> Glossary
Help Help Help Help Help Help Groups
Chat Chat (] Chat Chat (] v Curricula_Desing
Management Contents (] Add resource  Class Resources 00urse_TempIates
Curricula material Customize_Interface

Addactivty  Leaming 2 Educational_Design
contents Management_Curricula
Educational Administration  Learning path ~ Site Control panel  Portfolios Share_And_Reuse_Content
Design Administration “Preferences ¥ ©Productivity
Course Course Course claroline  Module Course Portfolios Help
Authentication  Directory Users Users Teachers Accounts v Stuf’e:nrtch
Survey Quiz (] Quiz ] (] Portfolio
Evaluation Tests and Quiz  Evaluation Questions Evaluations  Evaluation Work Gr oup
System System Questions System Users -
Forums Forums Forums Forums Forums Messages and Learning_Objects
Forum e - -

Glossary Glossary 7 Glossary 7 ; - Figurel. View of the class in Protege with classification levels
Groups Groups Groups 1] Groups 4]
Work Group Networking (] 1] Communities ~ Profile2 E. Define the properties Of C|aSS€S|0tS
FAQ FAQ [} [} FAQ 14
Activity G Calendar Actviies Wy calendar  Calendar The properties of the classes are defined basing on types of
calendar components that they have, this classification of the
News 2 2 2 News News components had alreadydsedone on the jofB](to appeay,
Wikd e Wikd Wik e 2 using the leaf nodes used knowledge maps for each class used
Rating system  Test and task Exercises Module Evaluates Event

in the ontology, is searched common compents in
knowledge maps for example, in the conceptual maps of

Advanced File ~ Test

Task Uploading Projects 3 .
Upoad Fle Task moodle and claroline for the Forum module, we can determine
Administralion _Preference  Yes Sie Control Panel  Wembersfip that the common elements for the forums are: forumName,
Administration (Site message, subject and attachment is optionally, this means that

administration) these are th properties of our classes and are of type: textBox,
textBox, textBox and file respectively why this is shown in the
leaf nodes, theigure 2show the membersf the Foro Class

D. Define the classes and the class hierarchy and Figure 3how the type of forumName.

For the definition of the classesye chose a combined
process mix between tagpwn process in which one begins by
defining the general concepts dagl the composition of these,
for example a course has tools, and process batfrvhich
begins with the definition of more specific classes and then
generalized, for example a forum is part of communications.
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v ®Thing
v Om

v
v
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>
>

‘Users

¥ @ Learning_Objects
v ©content

Figure2. M

ndvus; fonuiiam:

Ll

Dgidias ek By Oes

S T
Tools
Administration
Authentification
Course_Authorizatiof)
File_Manager
Hosting_Service
Registry
Communications z
Forum Communications

Announcement is ce some C

Calendar
Chat
News

Note ; isSubResource some Tools
Wiki use some Learning_Objects
use some Standars_E-Learning

Course
Activity_Calendar

Calification_System IsResource only LM$S

» @ Evaluation_System
FAQ

Glossary 4 attachment
Groups

Curricula_Desing 4 forumName
Productivity ¢ message

Student 4 subject

Animation *r-w-

Applet |

SDacumant

embers of the Forum &4s

 activitDate

4 activityDescription
# activityhame

# announcementext
 assignetRol

4 attzchment

4 buttonsearch

# calficationhethod
# commentsCalfication
 delete

# edtail

# evaluationDate

§ falseResponse

4 file

§ fileList

# forumNiame

# mafchingQuestiont
4 matchingQuestion?
# matchingQuestons
 matchingQuestiond
# matchingQuestionn
# matchingResponset
# mafchingResponse?
# mafchingResponsed
# matchingResponsed
# matchingResponsen
# message

# move

# newFolder

# announcementText =
4 assignetRol

# attachment

# butionSearch

# caifficztioniethod

# commentsCalification

# delete

# e-Mail

# evaluation

# falseResponse
4 iile

# filedist nt#w-wsamn:«ehvls gType CBETSTTS A nwiaefesgorse
# forumbame — < oy
# matchingQuestion! Matehing endarsay heviy Caendar”

# matchingQuestion2 Multple_Choice
# matchingQuestion3 = | @ True_Or False
# matchingQuestiond Thing N
# matchingQuestionn -
# matchingResponset tame Al
# matchingResponse2 @v

# matchingResponsed e . Q
§ matchingResponsed L
# matchingResponsen | evabuationDste

L]

# message
# move

# newFolder
# newsBoay
# newsDate Wbuion B
# newslLead ety

Figure4. Elemen evaluationDate, that is of the type calendarDate and their
values are Activity Calendar

G. Create instances

This last step is not proved, because not is provided in the
scope of the this article and our case will be the responsibility
of the domain specifilanguage for the generation of learning
management systems modu]&g], this project was developed
in the Informatics department of the University of Oviedo.

I1l.  ONTOLOGY GENERATION

Descrpion. fourhame:

Foros
Thing

taxtBox ™

4 fonumMane E
Viake
E - pam | p— §
- o e By ]
] [ ][ oo |

Figure3. Type of the furumName

F. Define the facets of the slots

Here we define the facets that describe the type of valu
valid values, the number of values (cardinality) and othe
characteristics that the slots can taker example the item
evaluationDate is a type calendarDate and the values
receives only Activity_Calendar, are as showtrigure 4and

The generated ontology is composed of 50 classes including
the Thing Class, 4 Object Properties, 16 Data Properties, 69
Individuals, each of these components with their respective
descriptions the more general classes are LMS,
Learning_Objects and StandarsL&arning this classes show
in the Figureb, their classes visualization is done in Asserted
class hierarchy of Protege ametview offered by OWLViz
Plugin.

7 0 Tring .
»OLearning_Objects N A.ﬂ o

1 Standars E-eating ':fThi“!Jl:":l—m—' :Illl:earning_Ubjeci.;B‘

g

':'.:.Standars_E-Learning.ll;-

the same types of securities may be as common as string§i@‘t‘r95- View of more general class in Protege Asserted class hierarchy and

numbers.

OWL Viz Plugin

The LMS Classhas Users and Tools the Users has
assignetRol, -Mail, password and UserNarhew members of
him, and the Tools class has the subclasss: Tools
Administrations, Communications, Course, CurriculasiDg,
Productivity, and Student, FiguresBows these classes.
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b 4 Thing
v OLmMms
v @ Tools
Administration
Communications
sodrse Slubclassof the tools Class
Curricula_Desing
Productivity
Student LMS
Users
v Learning_Objects isResource only LMS
Y Content

Y V-YYV-VV

Animation
Applet = -
Dechrmen use some Learning_Objects
Image use some Standars_E-Learning
Simulation
Video

MetaData

i . # assignetRol
Standars_E-Learning A Members of
¢ password The User Class

# userName

Figure6. Subclass of Tools and Members of the Users
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a showCalendar of calendar type. The Chat class, have a
roomName of textBox type, send of button type, sendText of
textBox type, textWrittenByUsers f ononEditableTextArea
type and userList of list typelhe Foum class, have an
attachment of file type, forumName of textBox type, message
of textBox type and subject of textBox type. The News class,
have a newsBody of textArea type, newsDate of textpg,
newslLead of textBox type and newsTitle of textBox type. The
Note class, have a message of textBox type, send of button
type and userName of textBox type. And the Wiki class, have
a wikiEdit of textArea type and wikiView of view tgp All

This is showin figure 8

€ announcementText

# showcCalendar

€ roomName

> # send
The Administration class is son of Tools class ancelfae  JtMS # sendText
subclasses; Authentication, Course_Authorizatior = » ®Administration 2 SxtwiisniCeets
. . ) i - i i v ' Communications, & userList
File_Manager, Hosting_Service, Registry. The Authenticatio Annduncement
Calendar
class, have a password of textBox type and userName Chat Y
textBox type too. The Course_Authorization class, have :‘:{;’: # forumName
assigneRol of comboBox g and userList of list type. The ® Note $message
Wiki # subject

File_Manager class, have a delete of event type, fileList of lis
type, move of event type, newFolder of button type, rename of
event type and uploadfile of explorator type. The Registry

class, have a registerOfUsers dihk type. And the
Hosting_Servicelass All this is show in figured'.

4 password
# userName

- 4 assignetRol
v oLmMms A 4 userList
v Tools
Y Administration
Authentification
Course_Authorization
File_Manager
Hosting_Service
Registry 4 delete
4 fileList

4 move

4 newFolder
# rename

4 uploadfile

# registerOfUsers

Figure7a. Sons of the Administration class and your members

® newsBody
# newsDate
® newsLead
€ newsTitle

.

® message
®send
® userName

{ ® wikiEdit
@ wikiview

Figure7h. Sons of the Communications class and your members

The Course class is son of Tools class and have six
subclasses; Activity _Calendar, Calification_System,
Evaluation_System, FAQ, Glossary and Groups. The
Activity_Calendar classhave a activityDay of calendarDate
type, activityDescription of textaArea type, activityName of
textBox type and attachment of file type. The
calification_System class, have a activityName of textBox
type, commentsCalification of textArea type and
valueCalification of textBox type. The Evaluations_System
class, have a calificationMethod of textBox type,
evaluationDate of calendarDate type, statementQuestion of
textArea type, and has three subclasses, Matching class that
additionally has, matchingQuestibn2, 3, 4 to n of textBox
type and matchingResponsel, 2,43to0 n of textBox type.
Multiple_Choise class that additionally has,
MultipleResponsel, 2, 3, 4 to n of textBox type and

The Communications class is son of Tools class and hayercentageHitResponsel, 2, 3 ,4 to n of textBox type and

seven subclasses; Announcements, Calendar, Chaims;or
News, Note and Wiki. The Announcements class, have

True_Or_False elss that additionally has, falseResponse of
@xtArea type and trueResponse of textArea type. Other sons

announcementText of textArea type. The Calendar class, have
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of Course class, are FAQ class, have a viewFAQ of textArda.
type, Glossary class, have a viglussaryof textArea type and v oLms

Groups class, have a userLdtlist type. All This is show in v ©@Tools
figure 8 » @ Administration embers
» @ Communications & viewHel
#activioate » ®Course P
# activityDescription » 1’?'Curricula_Desing
S v Productivity o
Sactiviname  gamm—m ©Help : ¢ buttonSearch
fm G ] o S%sarch # textSearch
# machingQuestion? Fig. 10. Sons of the Productivityass and your members
4 calificationMethog : ::::::::::::
4 evaluation
4 matehi n .
Simmenciely (s The Student class is son of Tools class and has two
“OLMS matchis nss . .
v ®Tools fE— subclasses; Portfolio and Work_Group. The Portfolio class,
» © Administration S matchingResponsed i i i
- oemrsriel o msnngrespersen have a \{|ewPorfoI|o of view type and thfa Work_G.rou.p class,
v W course — have a viewworkGroup of view tgp All This is show in figure
@ Activity_Calendar #cauncationttetnoa
© calification_System :.'""‘::‘:‘%’:lﬂ 11
v ©®Evaluation_Systém AL a2
@ Matching ::m:uxu: JLMS
© Multiple_Choice PR 2 MeusupieResponsed ve
© True_Or_False S . TQOIS st Z
:t’ FAQ e e > ".."Admlnlstr‘atlo‘n
4 e s ¢ viewPortfolio
SN RO o | s fmimben
. = » @ Curricula_Desing
$ rasonce > © Productivity
Ry BT Srnenessn v { student ¢ viewworkGroup
C g  Portfolio
$tewdlotary ®Work_Group
_C $userList Figurell. Sons of the Student class and your members

Figure8. Sons of the Course class and your subclass and members
And finally, Standars_# earning class and
The Curricula_Design class is son of Tools class and havearning_Objects class, whose subclass are Metadata and
five subclasses; Course_Templates, Customize_Interfag®ntent. The Content class has Animation class, Applet class,

Educational_Design, Manageme@urricula, Document class, Image class, Slation class and Video
Share_and_Reuse_Content. The Course_Templates class, la@s. Thigs show in the figure 12

a viewCourseTemplate of view type. The Customize_Interface
class, have a viewcustomizelnterface of view type. Th
Educational_Design class, have a viewEducationalDesign
view type. The Management Curricula, have a
viewmanagementCurricula of view type and
Share_And_Reuse_Content class, have a fileList «

> OLms
v Learning_Objects
¥ @ cContent N

@ Animation Standars_E-Learning
@ Applet .

Document and its subclass

Image

Simulation

checkButton typ. All This is show in figure 9 ®video
. SMetabata Learning
@ standars_E-Learning .
{ # viewCourseTemplate Objects class.
oLms
v @Tools 4 Figurel2. Standars_{earning and its subclass. and Learning_Objects
: égm:: L;tlg::z:.l s 4 viewcustomizelnterface
» @ Course )
¥ © Curricula_Desing
Course_Templates # viewEducationalDesign IV. CONCLUSIONS
Customize_Interface
Educational_Design . The complete Model of the Ontology is show in the figure
Y Management_Curricula-—— .
) Share_And_Reuse_Content ¢ viewManagementcurricula 13, and shows similar elements between the LMS aedly
" and the modules common among LMS, these are
# fileList File_Manager, Registry, Announcements, Calendar, Chat,
Figure9. Sons of the Curricula_Design class and members Foros, News, Note, Wiki, Activity_Calendar,

Calification_System, Evaluation_System, FAQ, Glossary,
The Productivity class isos of Tools class and has twoGroups, Help, Search, portfolio, Work_Group, Useasd
subclasses; Help and Search. The Help class, have a viewHeggrning_Objects
of view type. The Search cladsave a buttonSearch of button
type and have textSearch of textB@\ll This is show in figure
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Design of a Sytem for Monitoring Technology
Multiple Application in Order to Measure the Gi
In Technology Companies "MiPymes"

Alvaro Espinel Ortega, Victor Martin Garcia and Adriana Marcela Vega Escobar
Computer Science Department, Pontifical University of Salamdvadrid, Spain

Abstract 8 This is one of several articles that aims to
disseminate the research results in developing advanced doctoral Il. PROBLEM
paper entitled: Model of System for Technological Surveillance
for multiple application to measure the technological ga in This raises the second question. How much is the difference
Colombian companies. or gap between Colombian companies and their counterparts

This paper is related to the design of Technological in developed countries?. It is possible to measure the gap? and
Surveillance, following the Rational Unified Process for software similarly raises other questions such as: The gap in technology
?g;ﬂ%%?feng' V\‘fict’r:nm‘;”groglgm:niﬁz E\ergg;]é g!;/l L[é@] [ﬁgtgggs is just as it has always wanted to see? Or it may be related to
engine SQL Server, set to an architectural model of three (3) met(ho?r?logles’? Or,)WIIE?].th? knowledlge thatblpeoptlr(]a ?ave :hgt
layers (3Tier). This document takes into account especially make the company - . SIS a (_:omp e_x problém that must be
related to requirements, architecture and modeling and @addressed comprehsively and in a first phase that would
subsequent articles are related to testing, evaluation and results of allow making diagnosis of the current situation of Colombian
the prototype was implemented and results in the field of companies to establish or at least propose state policies which

technologically surveillance exercises, all in accordance with the address those areas that laggards are to become competitive.
objectives of the DoctoralPaper.

A. Formulationof the Problem

It is possible to design and implement a surveillance system of

Keywords 8 Bibliometrics, Competitive intelligence Data  multiple applications, to measure the technology gap, based on

mining, ~ Metasearch  engines patents, Scientometrics, indicators of different types, configurable and manageable, so

Technological Surveillance, Technology roadmaps that as a result of this process is to propose strategies or

policies for improving processes in Colombian businesses and

/ or discover new areas that make the country more
competitive?

|. INTRODUCTION

Colombian companies are oriented either to the production
of goods or services, especially those classified as micro, I1l. OBJECTIVES

small and medium enterprises, usually called by the
acronym "MPymes" do not have friendly computational tools A. General Objective
for monitoring processes to different aspects related toshow the processes used for designing a model surveillance
technological advances, which have to do with its productiasystem technology to measure the technology getve®n
facilities, which is why many of these companies currentigolombian companies and similar businesses elsewhere. This
have obsolete technologies oo dahot use any of them. A isto show some of the results of a doctgraperand for the

question arises?. If the technology is and has been the keyfighefit of entrepreneurs who want to improve their
countries to position themselves at the head of economigmpetitiveness.

development, because they also observed by the use of i o

technological advances in different fields that makeaupse ~ B- Specific Objectives

the knowledge gained to benefit those who need, ie companieBerform modeling and design a system foanage
and especially those that make up the vast majority who hawormation for "MiPymes" to process the basic data related to
no resources for undertaking this type of research, such as their sector or workplace.

AMi Py meMd &.y me s*Micro) Pegjuefiay Medianas Perform design and modeling of a document management
E mp r e im &maflish. In English micro, small and médiunsystem, which allows searches of documents related to
enterprise. innovation like patents and scientific articles amder to

classify and catalog, to get them relevant information
associated with technological surveillance.

Perform design and modeling of a system of indicators,
associated with human resources, technological indicators,
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indicators on innovation and eammic and financial
indicators.

Implement a prototype system to measure the digital dividgources of Information: We have formal and informal. In the
so that comparisons can be made at the company level,case of formal sources are: scientific databdeg, Scopus ®,
terms of chains, links, sectors and economic activities. Compendex ®, Chemical Abstracts ®, SCI ®, SSCI ®), patent

databases (Eg WIPO ®, WPI ®, EPAT ®, CIBEPAT ®),

scientific journals. In the case of informal information sources:

opportunities for investment and marketing.

V. SURVEILLANCE TECHNOLOGY CONCEPTS public Internet, trade magazines, fairs, Invisible Web.

"Technology Watchs an organized process, selective and A. Competitieness

permanent, to capture information from abroad and thghe best indicator of the competitiveness of a country's per
organization of science and technology to select, analyzgpita income of its inhabitants. "The competitiveness of a
disseminate and communicate it to turn it into knowledge {§stion is its ability to produce goods and services in
make decisions with less risk and be ableamticipate the international markets, maintaining or increasing real incomes
changes. "Definition according to UNE 166006:2006. [4]ef its citizens. Competitiveness is the basis of standard of

Spain. living of a country. "OECD. (Organization for Economic
All this in an atmosphere of Iega“ty, that the difference %Ooperation and Deve'opment)_ [5]
espionage.
B. What Issues Should Watch

(€D}
PLANNING

Q2

SEARCH AND
FEEDBACK

®
COMMUNICATE
Communicate and

disseminate to all involved
in the Company.

®
POLICIES AND STRATEGIES
<«<—— | Based on the knowledge
gained to formulate
policies and strategies
to improve

F

e

Organize, classify,
analyze, systematize,

INTELLIGENCE

How to process the
information to gain
knowledge and identify

* | opportunities and / or

threats.

According to Michael Porter of Harvard University. [6],
among others should monitor technatad, competitive and
commercial environment.

Look, Find, Collect, i
M 1t |5 |G | T | ™
Technology. 1) Technological aspects

e g T It should monitor progress of science and technology, the
BTN ool N result of basic and applied research, products and services,
T (" commercil socil, environmental. ) l manufacturing processes, materials, their processing chain,

\. ifferent sources: physical, = /

('\ electronic, Print, People, and so on., -

technol@y and information systems. [7]

2) Competitive aspects
Analysis and monitoring of current and potential competitors.

3) Commercial aspects

competitiveness.

Markets, customers, the evolution of their needs, their
solvency, suppliers, its strategy of launching new products, the
labor force in the industry and value chain

Figurel. The cycle otechnological surveillance

The purpose of surveillance technology can besittered the

following: .
wing 4) Aspects of environment

The laws and regulations, culture, people,-taiff barriers,

Anticipate: To detect the changes: new technology, machineﬁJee trade. environment. etc

markets, competitors, internal, external.
C. Technology Watch and Competitive Intelligence
Reducing Risk: Detect threats: Patents, products, regulations, The word competitive intelligence tends to reglahe term
alliances, new investments. technological surveillance at establishing a more active
character, presents a more elaborate and better prepared for
decisionmaking. Between the two disciplines is a slight
difference, while surveillance technology puts the emphasis on
Innovate: Improve the quality, performance, new ideas, neWeekigy and obtaining relevant information for decision
solutions. making, competitive intelligence refers to the same process but
with the emphasis on the development of this information
often involves the obtaining of new information to really
understand. [7].

Progressing:Improve cost benefit.

Cooperate: Contribute to improving the environment.
Compete:Have permanence and excel in the market.

Fields of application: Develop strategies to establish R & D
programs, to estalsh cooperation agreements to facilitate the
implementation of new technological developments, identify
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V.DESIGNPROCESSSTEPS E. Phase V: Testing, Prototype Evaluation And Publication
Of Results.
A. Phase 1 Conceptual Review. The final results of the testing and evaluation of the

We conducted a conceptual review process on the theoretipabtotype are scheduled for publication in later articles, as
foundation for technological monitoring systems, takingndicated in the summary of this document.
national and international benchmarks in Europe and the
United States and the international se¢tking as reference
points include the Organization for Economic Cooperation and  VI. SURVEILLANCE SYSTEM DESIGN TECHNOLOGY
Development (OECD) [5] World Trade Organization, World
Economic Forum, the European Community and later otherA. Requirements
regions such as Asia and emerging countries of Latin AmericaFunctional requirements are the needs of users viewed from
Were taken into account also the Oslo Manual [8] and Frasehie perspective of software and generallate below:
Manual [9]. Requirements for Business Management "MiPymes"
We performed a process review of experiences in the field dbcumentary requirements, requirements for indicators,
technological surveillance nationally and internationally tenonitoring requirements on technological requirements on
learn about the sources of information valid for informatiotechnology gap measure, requirements for system users
extraction processes at the level of scientific articles, patentsB
and documents related to innovation technology, such as
databases indexed and the mechanisms used by those whp the final design document requirements are specified
have completed this process. Among others was using the following guidelines: Specified in writing, with

comprehensive review of the stamds UNE 166000, OPPortunities to test or verify, based on the needs of current
166001.166002, 166003, 166004. [10]. and potential users of the information system and described

with a feature of theystem develop as clearly and concisely as
B. Phase II: Selection and classification of indicators and hossiple in order to avoid misinterpretation. The same analysis
sources of information valid as the basis for the technology,y55 performed based on individual formats based on
gap. scenarios.
It should set up a different kind, which are necessary to , ,
classify, catalog ah rank in the social, economic, technical C: Requirementas Expressionf Use Cases
and scientific in accordance with international benchmarksAfter analyzing the requirements are documenss case
The indicators provide the basis for setting the gap based Ri¢ceeded to use the software in a format that considers: Use
the proposed monitoring system. You must also choose vafidse nhame, Actors, entry conditions, processes, output and
sources of information, based selected indicators and taking flow conditions alternate.
into account international references in order to establish tHesummary use cases to observe a general view seen below:
requirements for the automated search systems, using
"metasearch”, which receive information parameterized by the 1) Use Cases user management subsystem
systems plans to design and implement. Fordage we used  System users are four types: Entrepreneur, Expert in the
a metasearch engine called Copernic Agent ®, with €@ Technology Watch, Coordinator of Surveillance
accessories COPERNIC TRACKER ® and Copemia'echnology and System Administrator, who are defined by

. Requirements Specification

Summarizer ® [11]. these profiles and user roles.
C. Phase lll: Development of Model for Technological
Surveillance System proposed. ENTREPRENEUR BXPERT COORDINATOR ol
Based on the requirements established irvipus phases, o3 7 !
will proceed with the construction of UML ® models [2], i{ m
following the RUP ® [1] known as the Unified Process o

Figure2. System Users and Roles
Software Development. 9 y

D. Phase IV: Implementatioof a Functional Prototype.

Working prototype was implemented with a database ih SQ
Server ®, Visual Studio development tool NET ®. The
prototype includes some exercises with Colombian companies
properly classified according to the international codification
of economic activities ISIC ®, in order to validate the model. 2) Use cases document management subsystem

This prototype 8 being tested in collaboration with the \janage processes with scientific papers (Scientometrics,
Economic Development Secretariat of Bogota and soMghjiometrics for scientific d@mbases), manage patent

businessmen from different sectors. documents processes (search for information on patent

Manage user roles:user CGeate Role, Change user
role, user role See, Delete user role.

Manage Users:Create User, Edit User, Delete User,
Browse User.
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databases), document management tools for technologicall) Use case diagram overview of the surveillance system

maps (RoadMap).

3) Subsystem use case management indicators

technology

Manage types of indicators Qualitative indicators, manag
domah of qualitative, quantitative, quantitative indicators tg
manage scale, manage categories of indicators, indicators
human resources management, management train
indicators, management indicators employment, mana
Research and Innovation indicatomsanage patent indicators,
management indicators on R & D, Innovation indicator
managing companies, managing technological indicator

output indicators, indicators, production processes, proce

indicators, service level indicators, process innovatior
innovation indicators for customer relations, indicators ¢
organizational innovation, global innovation indicators
indicators on new concepts, new product manageme
indicators, management indicators redefinition of productio
processes, manage indicatoeslefining marketing processes
indicators to business model innovation, manage economic g
financial indicators.

=3

TECHNOLOGICAL SURVEILLANCE SYSTEM
GENERAL OVERVIEW

7 vt N

Document
Management
Subsystem

/ N
4 /ﬂ\
P / " MiPymes " \ \

Management
Subsystem

SURVEILLANCE
SYSTEM Expert
Management User

Subsystem /

74
//
/ Bechca /

Measurement

Subsvstem
\_(Gap measurement) /

Figure3. General Diagram view Use Case TS System

4) Measurement subsystem use case gap

Determine or manage technological gap, seek information
creating
technological surveillance study, upload information manually

are automatically  respective  subsystems,

2) General diagram view detailed system use cases
overview of the surveillance system technology

assign responsible for the study, surveillance stug
technological change, seekingechnological surveillance
study, see technological surveillance study to determine gq
generate technologit surveillance study report, graphical
reporting on technological surveillance study.

5) Subsystem information on "MiPymes"

Managing Information "MiPymes", create, modify, consul
codes, refer to by name,
economic activity, masge supply chains, manage location
manage link in the chain.

6) Chaos overview of the system use
According the above analysis and after performing a proce
of cohesion, Technology Surveillance System consists of t
following subsystems: management "MiPyhe User
Management Subsystem (the main plot is omittec
management subsystem documentary Subsystem Indicat
Measurement Subsystem Technology Gap.

D. Use Case Diagrams

Diagrams are shown modeled Geneafivate (TopDown),
ie the general view showing firand then the detail.

TECHNOLOGICAL SURVEILLANCE SYSTEM
OVERVIEW

Automatically manage
patent documents
Vi
A S ( Managing Patent )
.

Information

A " Automatically Manage \ ~”
R _enepk  scientificpapers
y N \ ~
Document Management g o
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\/7_/{ nage
/ \
/ \ Y
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/ " MiPymes " 3 sl CIIU-CODE)
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N
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S a3 M Sa :
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. sw.lauwcss-mm>\ / | \ Management
/ /
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N / N
- 3 / \
Administrator \ 1/ Categ M® ¥
ory Man n - 5
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Figure4. General diagram view detailed system use cases.
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TECHNOLOGICAL SURVEILLANCE SYSTEM
SUBSYSTEM BUSINESS PROCESS MANAGEMENT “MiPymes”

Create
"MiPyme",

Manage
Economic
Activities

Entrepre:

Manage
Supply
Chains

manage
Information
"MiPyme'

Manage
=S "MiPyme"

A Consult
%
N

TECHNOLOGICAL SURVEILLANCE SYSTEM
GAP MEASUREMENT SUBSYSTEM

Perform
Automatic
Data Search

Indicators
Management
’

Information
Management
“MiPymes”

Gap
Measurement
Subsystem

Indicators
Measurement
Management

Documentary
Management
Subsystem

Statistical
Reports

Advanced
User
Reports
Figure5 . Use case diagrams. Managi ng Figuwi7.PUsercase diagrams. Measuring technology gap

4) Use case diagrams Managing indicators.

E. Class Diagram

Managing
Information
indicators

TECHNOLOGICAL SURVEILLANCE SYSTEM
USE CASE CATEGORY INDICATORS

Managing
Employment
Indicators

Managing Human
Resources
Indicators

Managing
Patent
Indicators

Managing g7
Managing Researchand | -”
Category Innovation .

Indicators Indicators

Managing
Indicators
about R & D

Managing \ -
ADMINISTRATOR \ Managing
-I;::!'i::naotlc?rgy Innovation

Indicators on

Business

Managing
Economic and
Finantial
Indicators

It shows a class diagram of the surveillance system
technology by way of illustration we have chosen the related
Management "MiPymes"

1) Cl ass Diagranyndariagi ng “ Mi

Figure6. Use case diagrams Managing indicators.

5) Use case diagrarileasuing technology gap
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F. Packages diagram Technological Surveillance System |
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Figure 9. Packages diagram Technological Surveillance System

G. Deployment diagram showing the components of the

Technological Surveillance.

ServidorAplicaciones

DEPLOYMENT DIAGRAM TECHNOLOGICAL SURVEILLANCE SYSTEM

_______ Must be installed Framework NET.
3.5 and Windows Operating
System

Servidor Base
Datos

! 1
VigiPYMES.mdf §, ) |
Must be installed database
engine SQL Server

ogica.dil

ogica.dil

ogica.dil

|
PymesLogica.dil |
|
)

Cliente Web

3 VigilanciaL ogica.di

{The client must have web
browser of any class }

Figure11. Report with results of Technological Innovation Indicators

Both entrepreneurs and experts and coordinator (s)
Technological Surveillance System have the ability to vhev
indicators, special forms have been configured to make
comparisons between different areas of the indicators.

The system has a configuration to store historical data and
therefore generate display options indicators.

The system administrator has th@tion to export the
historical data of the scenario indicators formats that allow the
system to do data processing.

VIIl. CONCLUSIONS

Figure 10. Deployment diagram showitige components of the TS System

VII. SYSTEM COMMISSIONING AND FIRST TESTSRESULTS

The system has been installed and put into service orl
server of the Ministry of Economic Development, Bogota D

These findings relate to the design process and
implementation of the system and the possibilities it can have
the system in néonal and international context. The analysis
of results on measurement exercises will the gap in subsequent
publications, for which to date has fifty surveys Entrepreneurs
Bogota D, C, in the Republic of Colombia.

Are known as the country's businessesmnpanies face a
similar character in the international context, by selecting a set
of indicators based on international benchmarks, to measure
the technology gap, allows decisions to establish policies on
the part of employers and state policies to redbisegap and
increase business competitiveness through better use of human
and financial resources.

With an observation of this kind, performed computational
tools based on the Colombian state and the businessmen may
have some references, to propose paticio support those
sectors that are in crisis, discover new areas potentially
important to support and discard those who lost their validity.

This tool can be potentially useful for multiple applications,
it can be configured so that it applies to anydkaf company,
whether of goods or services, regardless of the economic
activity performed and production chains to which they
belong.

This tool not only to measure technological gap, but
conforms to the observation and measurement of different
aspects give the ability to configure and establish hierarchies
nythe indicators. These indicators can be set as qualitative or

cJuantitative case in which you can set the range and scale of

and the exercises have beeanducted demonstration, of POSSible valuethat can take
which you can see the following screen shot.

There are no state policies in Colombia,gasling
technological surveillance exercise or at least observation in
the fields of science, technology and innovation that will
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improve their production processes, which is why this tool can http://www.sourceocde.org/9264013113 N

be a good reference upon making the process of testing afd OCDE: MANUAL DE FRASCATI. "Medicion de las Actividades
. . .. h Cientificas y Tecnoldgicas" .

evalation in the Ministry of Economic Development of http:/Amww.edutecneitn.edu.ar/ocde/frascedil. htm

Bogotéa D, C, where there are already several surveys about to Consultado: Octubre de 2009
process the results will be subjected to analysis. [10] AENOR. UNE 166000, 166001,166002, 166003, 166004. Normas

hnological il di in th .. relacionadas con I+D. Consultado: OctuBfg0.
Technological surveillance studies in the vast majority focus  pisyoniple en:

on purely technological aspectlat ignore methodological http:/Avww.aenor.es/aenor/normas/buscadornormas/buscadornormas.asp

aspects and human resources that the system here designed ij§modob=S
able to cover [11] COPERNIC SOFTWARE INC. COPERNIC AGENT®, con sus

. . . . . complementos COPERNIC TRACKER® Y COPERNIC
Micro, small and medium enterprises in most Latin  SUMMARIZER®.

American countries regardless of their economic activity, do Consultado: Enero 2010.
not use or have tools for monitoring pesses to different E'SPO”'b'e en- .
i . . ttp://www.copernic.com/index.html
aspects of technological advances and innovation, they have to
do with the improving their knowledge, processes, procedures
and equipment, which is why they are at a competitive
disadvantage compared to similar companies in developed
countries.
This research was a first step to promote small and medium
entrepreneurs in Colombia, the importance of observation on
various technological aspects involved in the production
processes of their companies, in order to improve
competitiveness.
Have been generated as a result of this investigation a
number of documents and an application that can be very
useful for entrepreneurs so they can be used from their
companies.
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SocialVoting Techniques: AComparison of the
MethodsUsed forExplicit Feedback in
Recommendatio®ystems

Edward Rolando Nufie¥aldeZ, Juan Manuel Cueviovelle', Oscar SanjudnCarlos E. Monteneggblarin?,
Guillermo Infante Hernandéz
YInformatic Department, Oviedo University, Oviedo, Spain
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Abstract 8 Web recommendation systems usually brings a 1. RECOMMENDATIONS SYSTBIS

content list to uses based on previous ratings made by them to ) ; )
other similar contents through some social voting mean. This ~ The use ofrecommendationssystem as an information

paper aims to present a comparison of the main explicit rating retrieval technique attempts to solve the problem of data
methods used by web recommendation systems. The goal of thisoverload. They filtethe information available on the web and

user preferences when they rate a content on the web; based on[2_4]

the obtained results, a recommendation system can be | dati is defined "
implemented using an explicit feedback method to achieve this In general, aecommen gtlosystem 1S .e ine b_BS] as_ A
goal. system that has as its main task, choosing certain objects that

meet the requirements of users, where each of these objects
Keywords 3 Recommendation syste, explicit feedback are stored in a computer system athracterized by a set of
explicitrating, met hod fA®meshadsdLi ked. attributes.”
Recommendation systeroensist of a series of mechanisms
and techniques applied tmformation retrieval with the

. INTRODUCTION purposeto solve the problem of data overload on the Internet.

Due to the large amount of information available on th&hese help users to choose the objéuds can be useful and
Internet, sometimes it is difficult for users to find thelnterestingfor them these objects can be any type, such as
content that they really need in a quick and easy Wag user b0oks, movies, songs, websites, blffgs

tends to: seek for recommendations from others who haveRecommendationsystems are based on personalized
previously had the same needs; or select those items that igfermation filtering, used to predict whether a particular user
closest to what they were looking fdi. likes a particular item (prediction problem), or identify a set of

The use of recommender system as an information retrieV¥l items that may be of interest to certaisers (topN
technique attempts to solve the problem of data overload. TH&Eommendation problerf].
filter the information available on the web and help users to
find more interesting and valuable informati@].

For recommendationsystems to be more effective we
believe that is necessaty determine which method isiore
suitable forthe feedbackrocess Themost common solutions
andwider spreadnethods argéhosebased on explicit ratings
which two main methodsare" 5 st ar s "

A.Feedback techniques

The information feedbacks afundamentalprocess of the
recommendatiosystemsand the rason is that it provides the
information these systems need to make recommendations

thauEe.rs In this sense the feﬁdback techniques are classified
and. ALi"keo. N II:_|s.f )
. ) . . into two types: Implicit and Explicit feedba¢k-9], being the
sense our goal isto determinewhich method igreferred by . . .
last onethe most used in the recommendation systems in force,

the users. o ) )
. . . this is caused because is the user himself whoever value the
In this paper is presented a comparative study between two

methods of explicit feedback proces8§ 5 st ar s " g]ROcritanCﬁ Effnﬁ?rgs(t)quects.
The paper is structured as follows: in section 2 we explain t
feedback techniques, section 3 desaibee problems into
explicit feedback, section 4 shows our case study and
prototype, section Horesers the analysis ofthe obtained
results,andfinally in section 6 we explain our conclusions.

Pr%plicit feedback

This process consisbn evaluate the objects without users
interventions.This evaluation is performed without the user
being aware,capturing the information obtained from the
actions made by the users in the application. For example,
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when the user accesses to news or read ticleapnline, 9 One star: The content is not interesting.
according to the time it takes for reading, the system could 1 Two stars: The content is a bit interesting.
automatically infer whether the content isitsinterest. { Three stars: The content is interesting.

Implicit feedback techniques have been used to retrieve,  Four stars: The content is very interesting.
filter and recommend a variety of items: movies, journal 1 Five stars: The content is essential.

articles, Web documents, online news articles, books,
television programs, and others. These techniques take
advantage of user behavior to understand user interests and
preference§lq].
Types of implicit feedback includereb purchase history, Figure2 Explicit rating A5 starsbd
browsing history, search patterns, or even mouse movements.
For example, muser that purchased many books by the sameg y plicit "rating “Like
author probablyikes that authof11].

o As shown in figure 3, through
Explicit feedback users give a positive or negative rating to contents. If this

method of ratingis comparel wi t h t h e meth&dit st ar !
Through a survey process, the user evaluates the SyStenEBMId be saidthatit uniquely assign values of 1 or 5 stars.

assigning a score to an individual object or a set of objects. Whente user push tihmeanb that tsern  f L
Explicit feedback provides users with a mechanism Qs the content, but if the users push the button "Unlike"

unequivocally express their interests in objefd®]. Figure \o4ns that content does not like to user. The Figure 3 shows
1iError! No se encuentra el origen de laeferencia. shows the buttons used in this type of rating

the most common explicit feedback system used by users on
the web to express their interest by objects.

lilb Like QT!l Unlike

/ b A I\
f/\\‘?i\(i(\'\( Figure3:Expl i cit rating ALi keo
E& Like 9@ Unlike [ll. PROBLEMS OF THE EXPLCIT FEEDBACK
7 In the recommendation systems test effective wayto
( A; OQ) le know the users interesd determineobjects is across of the
g explicit rating,due tothe userexpressts liking for an object.

But normally he users do not likeo rate the objectsnainly
becausdahey are nointerested owill not receive any benefit
e a 1 in return. In this sense thmain problem of the explicit rating
is the low interest from users to rate the content.
Other of the problems ohé explicit rating asiccording to
For example, Amazon online store, Film affinity, Mesi Claypool[13], is the alteration inhie reading sequence and the
and other, use the @5 st ar s"Ma payigalpy of the ysary, BerAUBERY AIYSt SiPP they ws
indicate which products are of their interest. interaction withthe system to rate the objects.
On the other hand, social networks as Facebook, YouTube!n order to find asolution to these problems, this work
and others use the fLikeo MPrgsentsyudydhptdetermyines ap apgroximgtignadelele s e
rate the contents. way of rating the objects explicitly.

Finally, Google+1lis a new feature that Google added to its
search engine so users can evaluate explicitly the wetisites

Figurel: Most common explicit feedback systems.

like. So, they recommend webgte their contacts. IV.  CASE OF STUDY AND PROOTYPE
Althoughthere ardifferent ways of explicit rating, the@ost The goal of thissectionof the study igo measure thenost
used in themajority of applications are: comfortable and easy way the users use to @atontent
explicitly in order todeterminewhich of the two methods of
Explicit rmating “5 stars (angis more effective and most used by users.

With the results obtainefiom the analysis of this data, we

As shown in Figure 2, thr qsmdkhow! Bhfth & XtRehdstdffdctivd Hdy iton &lledt 5 S t

the users giweeach content a value between 1 and 5 stafigformation of explicit feedback in a user interface.
These values are defined as follows:
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To achieve an approach to the solution of thelicit Each category shows the contents that belong to it,dimgju

feedback, we developed an application baseelokPlusPlus the content cover image, title and author of contents. Clicking
project; it contairs a series of photo books sorted byon the title or on the cover the users access the selected

categories. Each category and photo book is composed by toatent.

same amount of objects. Specifically, each category contains

10 photo boks and each photo book contains 10 pictures, tH{EILGIVEITE
is so that each object has the same assessment probability.#
choose photo books because we think that the interaction w e
them is more comfortable, fast and efficient than the comple‘“°
e-books readingThis enables the users to navigate throug

several photo books in the shortest time possible, allowing » A m . N
to extend the tests to a greater number of users. Troo=
application is designed like a library books that consists in:

EUROPE

i Categories: Categories represd¢ine classifications
of books (e.g., comics, computer and interne!.
novels, biographies, science, etc.).

1 Photo books: Each photo book represents a readifi§ure# Graphical User Interface.
object (e.g., a book, a magazine, a scientific paper,
etc.). From now on we will call it "content". B. Catching explicit parameters

1 Photos: Each photo is a page of a content, which T perform the analysiae nd compari son
users can view and interact with it, allowing the; 4 fLi kedo System, we need

bet w
S 0om

user togo forward or back one page to anotherqf the useregardingo the content (epr|C|t evaluation). When

From now on we will call it "items". the user is registedin the recommendation systeinhas the
option to rate the different contémin an explicit way. This

The users that interactith the application can browse theway the user can give a rating between 1 or 5 stars to content
different categories, contents and items. Each user can Vigy nysh the button "Like" or "Unlike". Each user can rate the

individual items of the contents, comment the contents, seggntentonly usingoneof the givenways. In other words, rate

these to his friends and explicitly asstream indicating which  camot be assigrdto the same contefiby same user) with the

are of his interest. method fi5 stars" and the metho
On the other hand, transparently to users, we recdféed rigyre 5 shows the graphic interface that implements the

user's interaction with each object (category, content and iteffore condition.
of the application, to capture the implicit parameters and
determine the number of times a user visits a category, content
or item, the time taken per session reading it, etc. S & U photos

This appliation has been distributed to 58 users with
different skill levels, different ages, without prior knowledge
of the contents and selected at random, which provided the
data necessary to carry out the study said.

Later we will describe how the data were dam¢a and the :
relations established between them. Subsequently, an analysis Madrid, Spain

by Eadward

of the same and will present final conclusions. _ Me gusta No me gusta

2 Edit album

A. Graphic User Interface

The Graphical User Interface is a ubiquitous web
application developed iRubyOnRailsand can be run on any
device with a Web browser (e.g., Mozilla Firefox, Microsoft
Internet Explorer, Google Chrome, etc.). In this Web
application we can register as a user, create contents, add items
to the contents, comment the contents, browse the dlﬁer%reg}:e"s’;;a“on
options of the agfcation, etc.

As Figure 4shows, when a registered userltgged inthe
application shows the homepage with different categori€s, V. ANALYSIS OF DATA

through which the user can navigate and access different
content. In this section the results of the experimarg shown in a

Piara Espana

e photo album for epr|C|t ratlng
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series ofcharts these willrepresentvhich arethe mostused Figure7: Method "5 stars” classified by punctuation.
feedback techniquelsy the uses at the moment ofating an

object C. Method "Like" classified by assigned punctuation.
A. Comparison between explicit rating methods "5 star The nextscenarioshows the informaton from the users that
and "Like". used the rating method "Like". In this method the user have

The first scenario to study is the amount of users that hakged the contents with two unique cases "Like" or "Unlike",
used some ofhe two rating methods, the figure 6 shote The figure 8 shows the results of the uggegformancen the
percentage of the contents that have been rated by some of Bigcess of assignment value to contents.

methods ("5 stars" or “Like") and the method more usé@ is  This is a similar case to the method "5 stars”, the vast
stars". majority of contents have liked to users, in this sense the 17%

of the users considered that does not like the contents and the
83% of the users has assigned "Like" to the contents. Precisely
this value matches with the percentage of the contents that
users been assigned a rate between 4 and 5 stars, in others
words users likes.it

W 55tars

Hlike

H Like

H Unlike

Figure6: Met hod "5 stars" V.S. method 0

B. Method "5 stars" classified by assigned punctuation.

The nextscenarioshows the informationfrom the users that
used the rating method "5 stars". In this method the heee Figure8: Method "Like" classified by assigned punctuation.
to rate the contents with values between 1,taltere 1 means
that does not liké and 5 that likeit alot. The figure 7 shows ] . . . -
the results of the userperformancein the process of D- Method of rating with "5 stars” and fke" classified by

assignment value to contents. gender

The Figure 7 alsandicatesthat he vast majority ofthe Figure 9showsthe amount of ratings by gender, as shown,
contentswere liked byusers, in this sense the 3% of the usef§€ number of men that has used the method "5 stars” is
did not like the contentsThe 83% of the users has assigned &lightly major than women. But in the method "Like"
rate between 4 and 5 staitsmeansthat the likes thecontent.  differences are more significant, the number of men than has
The 48% of the rates is 5 stars, tinidicates thatthe user like ~ usel this method is three times greater than the number of
the contentit trend isto assign a rate with 5 stars. women, the men prefieed to use the method "Like" with a
smallgap on women and the women preéel to use the
method "5 stars" with a difference of three times more over the
method "Like".

W 5stars
W 4stars
3stars

W 2 stars

N 1star
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140 ~

120 A

100

80 W5 5tars B Male

60 W Like B Female

Number of ratings
Number of ratings

40

20

Male Female Like Unlike

Figure9: Method of rating with "5 stars” and "Like" classifiby gender. ~ Figurell "Like" rating method classified by gender.

G. Method of rating with "5 strs" classified by category
Figure 10showsthe amount of ratings by gender with the Figure 12 showsthe amount of ratings by category with the
method "5 stars”, as shown, women préfeassigna rate of 5 method "5 stars", as shown, in all categories, the distribution is

stars when thelike the content. In this method, the number ofSiMilar, the"most "used is "5 stars”, then follows "4 stars” and
ratings of women is twickigger tharmen. The men prefgp SO On until "1 star”.
assign a rate of 4 stars whiseylike the content.

E. Method of rating with "5 stars" classified by gender.

In conclusion, wherthe women registered in the system i -
likes the @ntent , they assign the maximum rating, but 20 1
generally the men in this case assign a rating of 4 stars. g 35
'% 30 A W 5stars
E 25 4 W 4stars
707 E 20 1 W 3stars
60 -+ g 151 H 2stars
& 50 - g 107 u 1star
£ 5 1
[ 40 0
] H Male
5 Around of the Sports Animals
_g 30 1 B Female waorld
2 20 A
Figure12: Method of rating with "5 stars" classified by category.
10 4
0 H. Method of rating with "Like" classified by category
5stars 4 stars 3stars 2 stars 1star . . . . .
Figure 13indicatesthe amount of ratings by category with
Figure10: Method of rating with "5 stars" classified by gender. the method "Like", the users used this method for qualify
conterts positively, in others words, when user likdge
F. Method of rating with "Like" classified by gender content,it assign a positive qualification, this alsoshown in
figure 8.

Figure 11 illustrate the amount of ratings by gendeated
with the "Like" and "Unlike" method. As shown, "Like"
method is more usdaly men that women
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Figure13: Method of rating with "Like" classified by category.
VI. CONCLUSIONS 5]

According to users ratgs in the recommendation system,
they preferredto use the method "5 stars" with 57% of the[6
total, respect to method "Like" thegpresents thd3% of the
total, however this is not a significant difference to assert that

method "5 stars" is more usbg the users. [71
The 83% of the contents, have been positivelydaith the
two methods, this means that the users ltkectontents. 8]

The 48% of the contents, have beerdatith 5 stars, this
means that almost the half of the contents of the
recommendatin system ar@ery much likedby users or that [9]
theirratesareusually 5 starsvhen they likes the content.

Each user in the recommendation system assigned a rating
with average 1.84 times with the method "5 stars" and 1.8%!
times with the method "Like".

The male users have used more the method "Litkefithe
method "5 stars", on the contrary, the female users have used
more the method "5 starfianthe method "Like". This means
that the men do like the method "Like" and the women do Iil%z]
the method "5 sta".

In the recommendation system when a men use the method
"5 stars"he prefer to assigna qualification of 4 stars to the [13]
contents they likewhile women prefeto assign a qualification
of 5 stars. The method "Like" is more udeglthe menthan
women, n total men have qualified 122 contents and the
women 40 contents through the method "Like".

Despitethe similarity of the evaluation results retrieved
from bothmethods, we believe that the "like" method could be
more accurate than the five star methodcWhends to be like
the first. The gathered data shows that the user that likes a
content assigns the maximum score, in this case (between 4
and 5 star) and if do not like it then assigns the lowest score (1
star), which is equivalent to "Like" or "Un EK.

Finally, the single button mechanism, in this case the "Like"
button would be a good alternative since users do not rate the
content if they do not like it.

[11]
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Clasification Of Arrhythmic ECG [Oa Using
Machine Learning Techniques
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. o monitoring task [f5]. These include Wavelétansformation,
Abstractd In this paper we proposed a automated Artificial  RBF NeuralNetworks,self-organizingmap [14] and fuzzy <
Neural Network (ANN) based clasification system for cardiac means clusteringechniquesMultil ayer neural networks have

arrhythmia using multi -channel ECG recordings. In this study, . .
we are mainly interested in producing high confident arrhythmia also been used to classify arrhythmia QRS complexes, and for

classification results to be applicable in diagnostic decision iSchaemia detection. Dayong et.al. developed an arrhythmia
support systems. Neural network modewith back propagation detection system with ECG signals based on a Bayesian ANN
algorithm is used to classify arrhythmia cases into normal and Classifier and its performance is compared with tifavther
abnormal classes. .Networks.models are trained and tested for classifiers, specifically Naive Bayes, Decision Trees, Logistic
MIT -BIH arrhythmia. The different - structures of ANN have Regression and RBF Networks. A review of classification

been trained by mixture of arrhythmic and non arrhythmic data . . .
patient. The classification performance is evaluated using Methods suitable for ECG signals can be found jiv]6

measures; sensitivity, specificity, classification accuracy, mean
squared error (MSE), receiver operating characteristics (ROC) I1l. METHODOLOGY
and area under curve (AUC).

Our experimental results gives 96.77% accuracy on MITBIH
database and 96.21% on database prepared by including NSR

In this study, the backropagation learning algorithris

database also. used since it is the most popular supervised learning
algorithm[1].
Keywords & ECG arrhythmia, Sensitivity, ecificity,
accuracy, Arrhythmia classification, artificial neural networks. A. Data preprocessing
|. INTRODUCTION In this research, we use MIBIH arrhythmia databadeom

physionet [2]. Thisdatabase contair$8 recordings from 47

One of the waysto diagnose heart diseases is to us8ubjects studied by the BIH Arrhythmia Laktory between
Electrocardiogram (ECG) signals. ECG signals aré975 and 1979. Each record contains twen80 ECG lead
formed of P wave, QRS Comp|e)(, and T wave. They aﬁ:;lgnah mostly MLII lead and lead V1/V2/V4/V5. The
designated by capital letters P, Q. R, S, and T. In the norniggquency of the ECG data was 360Hz. For this research, we
beat phase of a heart, the main parameters, |nspemnﬂe only use 2channelsas our source data. The first step of ECG
the shape, the duration, and the relationship with each otherdgtaprepraessings baseline noise reduction.

P wave, QRS complex, and T wave components a#il R Original ECG contains irregular distance between peaks,
interval. The changes in these parameters indicate an illnesdreggular peak form, presence of ldrequency component in
the heart that mapccur by any reason. All of the irregularECG due to patient breathing etc. To solve the task the
beat plases are generally called arrhythmia and sonfocessing pipeline should contain particidgages to reduce
arrhythmias are very dangerous for patient. Some automafifluence of those factors.

ECG interpreting systems is available. Moreover, the
computerbased interpreter systems are currently beir &
developed to diagnose arrhythmia in timepdavarious
methods are applied to these systems with one of them be 1

J

Artificial Neural Networks (ANN [1]. ‘/UJ ‘ ‘ ‘ | |J ‘
In this study, using architecture of multilayered neure?: \JJ !J"J‘I"JM"*F»’M“|‘AJW- QL-"*F ‘K'Jt‘l.'_f‘ i'4
network, we performed ECG waveform detection. ! ’ i

W

)

0 g 10 1f 20 2§ 095 40 45t
Il. RELATED RESEARCH WORK

Figure 1: Raw ECG data

Several methods foautomated arrhythmia detectidrave

. ; . This Figure contains raw ECG data, which is unfiltered and contains
been developed in the past few decades to atteimptify the (This Figu ! W wen s I

noise which is required to be removed before further operations

-68- DOI: 10.9781/ijimai.2011.1411
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We removed lowfrequency component. we applielettt Fast 149 samples on the right side of the 151st sample value, which
Fourier Transformation remove low frequencies and restore in turn is the detected R peak.

ECG with the help of inverse FFT. Now, Similar was done for other lead, and generated
samples were added to create an input of 300 samples.
A Thus the input becomes a nmatof 300x<no of samples>

and ready to be used in MATLAB. The same process was
repeated to make all the inputs of all the kinds of beats that are
normal, fusion and ventricular premature.
The second condition was achieved by allowing the 150st
sample to b¢he best valuef bothchannels obtained from the
database for particular conditions. E.g. If a number (2250
L T B L U A 150=) 2100 to sample number (2251+150=) 2400 will be the

Figure 2.FFT filtered ECG. input data.

(Data which was obtained after applying fast fourier transfor, Traning And Testing

which removes low frequencies components of data, then |

frequency components were removed and inverse FFT was A part of researches in this work is devoted to abersition

applied to get back straightened ECG data) of different neural networks in order to determine their
accuracy in identification and separation of categories or

After baseline noise reduction, segmentation of ECG bedatsses.

was done. In this step, the continuous ECG signals wereAmong all neural networks Feed Forward back propagation

transformed into individual ECG beats. Theidth of has been chosen based on the belentioned reasons,

individual beat was approximated to 300 sample data and the

extracted beat is centered aroundp®ak B][13]. For this 1.1t has2 hidden layers including input layer and output layer

purpose we utilize the annotation provided by the database to shown in fig 3.

do the transformation. We use the R peak annotation as théis result of this fact that the numbers of existed neurons in

pivot point for each beat. For each.[jéak, we cutoff the hidden Iayer is an effective parameter for improvement of
continuous signal for each beat start at3® pos until R+149 learning results, neuron numbers was chosen in order to
pos, therefore we will get a beat with 300 sample data in achieve e optimum number based on output results. So 1
width. hidden layer has 3 neurons and 5 neurons in second layer.

3.Tansig and Purelin function and also their combination
function have been compared as transfer function of
network neurons and finally, the effectiome has been
choser13].

For training utilized of BP algorithm and traingd function.

B. Feature Extraction

To handle theMulti channel data, summation of datarfr
both channelsvas done to prepare an input vector as the in gt
brep P PR Lr parameter 1 has been chosen.

to Artificial Neural Network. Thus, in effect reducing the : i
chancesof False Positive cases, when exertion ma createGa For teaching of mentioned neural network, mean squared
’ y error (MSE) or goal parameter criterion was utilized in

abnormal ECG signal in particularchannel ¥]. Thus, adding which error of 0.000as the stopping point of teaching
data fromboth channels minimizes the chancesirmrrect and maximum repetitions was 1000 times[8].
identification of Arrhythmia.

In this paper one ECG beat corresponds to one sample of 1)Training of ANN
300 inputs, which covers the whole ECG beat. The inputs for

the networks were selected considering two important pointsstryctures of ANN were trained using abnormal and normal
[13]: patients. If the value of node output of output layer was {ogic

) ) 1, we interpreted this as arrhythmlithe value was logi®,
a) The inputs must be of a standard size such that itis, i s was considered as not mal

neither too small to cover up one ECG cycle and nor Wa,q \ve ysed h(i)=lg(i)| in the error calculation. If y(i)<0.5, it

high to increase the number of beats required to analyse < .onsidered as logizand we used h(® | 0-y(i)|. Trained
the signal, thus increasing the hardware requirements. ANN architectures is given ifig 3

b) The input must be so arrazgthat the R peak in the QRS Normal sinus arrhythmia and abnormal were mixed in

complex must be at the centre of the signal cycle under o
considerations. sequence. The length of the training pattern was 21200

samples (106 sets). The test pattern was done similarly. Both
I—zatterns, used in training of ANN, and used in testing trained

The first condition was achieved by setting up an arbitra
value of 300 samples of MLII lead data obtained from theNN wereoccurredrom MIT-BIH ECG database and normal

database in which the 150 samplearevon the left side and SiNUS rhythm datalse obtained from MHBIT NSRDB

database Learning rate (U0U) was
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Special Issue on Computer Science and Software Engineering

( 0) was 0. téining eridthveas found 0.1%fter Negative TN), False PositivgFP) and False NegativgFN).
1000 iteration, test error became 3.79%. TP decision occurs when an arrhythmia detection of the
classifier coincided with a decision of the physiciamN
decision occurs when both the classifier and the physician

INPUT LAYER HIDDEN HIDDEN OUTPUT
LAYER 1 LAYER 2 suggested the absence of arrhythnk®. occurs when the
systemlabels a healthy case as an arrhythmia one. Firf@lly,
FEATURE 1 occurs when the system labels an arrhythmia case as healthy.
Fig. 5 and Fig. 6.
FEATURE 2
1) Classification Accuracy Classification accuracy is
defined as the ratio of the number of correctly classified
RESRERES cases and is equal to the sunTéfand TN divided by the
total number of casés.
p Accuracy = (TP + TN)/N4]

------------- : 2) Classification Sensitivity Sensitivity refers to the rate of
correctly classified positive and is equalli® divided by
FEATURE .. the sum offP andFN. Sensitivity may be referreds a
True Positive Rate.
Sensitivity = TP/(TP + FNJ5]

P 3) Classification Specificity Specificity refers to the rate of
correctly classified negative and is equal to the ratio of
e TN to the sum off N andFP. False Positive Rate egjs

(10071 Specificity).

Figure 3Architecture of théartificial Neural Network Specificity = TN/(FP + TN]6]
(Visual representation of 300:5:3:1 neural network architecture)

RO

Input =
0z
[
EU.E

s
=04
Figure 4 Model of Neural Network using NNtool Box Matlab 0
i nz

2)Testing
a1
For testing purpose we use mixturef MIT TBIT

Arrhythmia, QT database and N$Rtabase. ' © N
They are randomlymixed. On simulating the resultant
network with the test dataset, the results are summarized in

Table 1. A detection accuracy of 96.21% whasained. Figure 5 ROC Plot after Training stage ( MBIH datg)
(Reverse operating characteristic plot which is graphical relationship diagram

between true positive rate vs. False positive rate, showing restigsning

IV. EXPERIMENTSAND RESULTS phase)

A. PerformanceMeasures

We have evaluated the performance of the classification
algorithms 8ing six measures; sensitivity, specificity,
classification accuracy, mean squared error (MSE), receiver
operating characteristics (ROC)[9,10]and Youden Index.
These measures are defined using True Pogfi®), True
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B oo ETETTETTE

the estimated feed forward ANN with error back propagati

algorithm operate as an excellent classifier for given cardiac

arrhythmia data set. Therefore our future scope will be further
fine tuningdesign of MLP and prprocessing of ECG signal
data so that classification results for other classes will be
A improved and design of MLP model to classify all 16
W arrhythmia classes in one MLP design only. We hope that this
system can be further developed and-fimeed for practical

i application.
3 03
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Abstract 8 One of the central issues in wirless sensor detection, localization, data gathegj and prediction. If we
networks is track the location, d moving object which consider the above problem in localization we have main
have overhead of saving data, an accurate estimation of problem when we have to focus on only some object and we
the target location of object with energy constraint .We do are using whole network and suppose condition can arise we
not have any mechanism which control and maintain data need to monitor object to long so sensor will always have
.The wireless communication bandwidth is also very wake up to detect a mobile target. It is one of the wastes of
limited. Some field which is using this technique are flood ¢qstly resource. As energy is main requirement of sensor once
and typhoon detection, forest fire detection, temperature i js geployed in field it is not possible to us change batter,
and humidity and ones we have these information use thesetherefore each sensor must minimize its battery power usage

Lngg:ﬂ?ig%n back to a central air conditioning and for desired longevity of network operation, which can be
Inthisrésearch aper, wepropose protocol based on the accomplished by properly manag
baper, weprop P We have many protocols to monitor moving target [11,

prediction and adaptive based algorithm which is using -
less sensor node reduced by an accurate estimation of thelZ].Some prediction based protocol [8] we cannot perform

target location. We had shownthat our tracking method ~ Well once prediction wrongThis is baed on liner target
performs well in terms of energy saving regardless of tra].ectory.The f_o_cus of this paper is to (.jevelo.p"a solution
mobility pattern of the mobile target. We extends the life Which can efficient track the path with minize the
time of network with less sensor node. Once a new object is Participating nodes; we use protocol which are based on
detected, a mobile agent will be initiated to track the prediction of moving object in-8imension wireless sensor
roaming path of the object with linear estimation.

Keyword s3 Localization and Prediction Piggybacking,
Voronoi Graph WSN (Wireless Sensor Network). IX. LITERATURE SURVEY

2.1Currently Existing Technolaogs

VIII. INTRODUCTION As we all knows that wireless sensor network is either

It is always difficult to track a exact position of movingpartially or fully developed and lot of research is still going
object by sensor network. In this | used protocol to find thé\s lot of research is going for good MAC layer protocol [2].
exact position based on data aggregation algorithm aRRysical Layeri Which is_ basically used_ to tran_sfer of data
voronoi graph[13] Each Wireless Sensor node has ability oftnd all the physical media come under it. In this layer really
collecting information, processing then, and storin%lalta transfer happened.

information, and commuoating with its nearest nodeslake ac Layer- In this layer we send the data as the f_or_m of
more sensor node in group is used to collect information Iizgame. It controls the frame and guarantee tiroe Slo it is
waste of resource and we have energystraint always once guarantee for secure service.

we deploy sensor in hostile environment .We can use th'E2Pr0blem definition and scope

Fechniqqe for detection of many disaster and by collectingAS we know sensor node are using battery power and they
information N _ o ~_communicating with other mote .All the sensor node finally
we can take decision accordingly. If object is moving it igeng the data to base node which finally collect on sink .Th

always costly to collect or maintain data order to maintain position of sensor node are unknown. Some application are

data on particular node it might possible node can fail in this - ) ) ) )
case we can lose data 1. Finding the position of moving entity to monitor the animal

The sensors are used to collect information about mobi To control the traffic by monitoring the speedy vehicle.

target position and to monitor thdiehaviorpattern in sensor ~* In Building. to find the any fracture and crack.
fleld-. Intrqder su.rvelhnce. in mllltarx regions. Wlld-ammal 2 3Formulation ofte present problem

habit monitoring is emerging as applications of moving targets
are. We have following problem to track the moving object. It When the moving entity is moving and reached in area where
is a challenging task with below mention poitasget Sensing range of particular sensor is less that time we need

-72- DOI: 10.9781/ijimai.2011.1412
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some other sensor node which can take position of that irregular network .Here we are assuming the each sensor
particular sensor but during this many other sensor em ahode i s aware of itds own phy
sense the that particular entity to overcome we send a speiahtion and each node also using piggy backing concept also
message which indicate no need to you take place by messegeend own data to neighbor node sd thany node fails due
passing. But we have to consider some fact like as sensor ntmlesome disaster we can recover data from neighbor node
ahs energy or sensing restriction so w need to do some tradeaise node is sending data to neighbors as a piggybacking. We
betveen both. also only need the 3 sensor node to detect the location of
moving entity .by three sensor node we can get thetexac
position of particular entity and once sensor node has detect
the position sensor node is sending to server by time to time
depending based on priority either it is real time or not. We are
dividing all the sensing range into 2 area interested area and
supportive area which is used during handover.

3.1.1Work done in researgeriod

So S8

Figure 1. Multiple Sensing OBjects The previousworks motivateto carry this work on more

o _ _ elegant way and expandup tofour sensor nodén this paper
The already existing protocol for location tracking are basege collect the data from variowourcesand simulate it on
on master slave commur_wication in which Iocati_on tracking  trimsim which shows the proper result and indicating the
By each sensor node isking part and working together gccess opaper This paper taking 3 sensor nodes to detect
When and entity detect in pamtilar range of sensor it start hisi,q position of entity and drawing in 2 D plane. We have
own SELECTION PHASE[6] process start by one sensor nodgsymed the some of agent which will work one by one. One
to find on which simulation engine can be install to track thgode vill come another will wait if entity will come in the
position. As the entity will visit on another region, the slavgange of that particular range then that particular sensor node
point will be called and assign thegaan responsibility. And  j| take responsibility. Once one node had took responsibility
here we will take one more point in consideration signgl \ijl do whole work with collection of data, passing that data
strength thresholds which is used for the purpose when (9 neighior and in case of node failure it is taking appropriate
called and assign back again the responsibility to slave poiggtion ke in case of disaster flying of data from one node to
any slave point node who did slave job is markeblagk.  5nother managing memory and in case of flooding of data
We are using two slave point node but for more accurafgmoying old data. New cloud computing tool window Azure
location we can use moitean2 sensor node as a slave. Tyt microsoft is used focollecting data and store so it is also
reduce the volume of position data to be propagate on,najning to reduce the overhead of memory requirement and
master point forward some tracking information to positiofsg, of data loss .Even we do not have much capacity we can

server. direct store on Azure as a sink nodés | collect data on the
_ three sensor node and simulateTRMSIM and | also placed
2.4 Protocol Details. the four sensorand collect the data and deploy on the

In already existing approach sensor node is able to makRiMmsIM .1t is obviously good to have exact position four
difference in one entity to another .This is possible by whegnsor id better in compare to 3 sensors. | also observe it there
sensor node will send unique ID code periodically. Eveg very less data loose in node failure becauseave using
taking multiple entities in con_si_dera@ion but doing processinlgggy backing concept and one more point to notice here in 4
separately. Here a start transition diagram of sensor #dlde. sensor nodes due to less collision of data we are getting good
sensor node stays in IDLE state in starting and performing,q more close look @ntity which is moving. And for future
protocol. In this state sensor always monitor the entity and ofgerence my suggestion to have such protocol which eaa tr
any entity come in the area of sensor it start ELECTION phaggs path of highly fast object. One of the important drawback
for seving as master .The sensor which is nearest one win the 3" sensor node is if object is ithe sensing range of two
process and become the master point and select the two Slg¥gsor node .1t is difficult to sensor who will take the control.
point on other two sensor node . Once we have master poinkf{g one more improvement is how to distinguish between
will become master and start working on protocol and Samoving entity. All the experiment | did and analysis it wah
slave will go in fave state and start slave protocol .One thgansor node or 4 sensor node .And | tried to keep balance
entity enter in the backup area new process start to selggtween both dif. | have performed simulation on trimsim
master and slave point. regular release which provides a simulation framework for 3 d
sensor network. We dve implemented our approach and
chord selection approach mentioned in and the comparative

X.PROPOSBNORK results are presented in the subsequent subsections.
3.1 Network Model with 2D plane 3.2 Active Update Algorithm
Here we are deploying sensor node in 2D plane ie. ouAct i ve Update entails a broad

network structure is 2[plane .We can place sensor in regulato all sensors withi its transmission range. This process is
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recursively continued and enables the sensors to progressively XI. SIMULATION
and collaboratively share and piggyback measurementsU ther A developi twork del
amongst themselves. Resulting in the aggregation of global se eiiner AS we are developing our network model on
knowledge at every sensor. Thus, wheseasor floats within randomly deploy sensmode .My algorithm is simulating on a

transmission range of a Picip station, it not only reports its chunk of randomly generated network. And result is the

measurement but also the measurements of other senddfg29¢: The most attracting fe_ature of my simulation_ is that.,
(piggybacked onto itself) with which it participated inWe are assuming sensor node is usually assumed to isotropic.
following step of Active Update Algorithm Due to this the range of sensors e&fpct circle. Under such

an assumption, the Localization results provide the-daess
3.2.1 Assumptio performance for an algorithm.

Consider the case where a set of k targets need to
trackedwith 3 sensors per target from the resourc
requirement viewpointThey show that the probability that all
targets cambe assigned 3 unique sensors shows pha
transition properties

3.22 Protocol for Update

Here each sensor network is broadcasting measuremen
the entire sensor network within transmission range. We (
this process recursively which allow sensor to share data w "
agreement .Here we are using the concept of piggyigcle.
every one sensor node storing its own information and takifgyyre 2. Simulation Result
information from other. In our assumption each sensor node is
storing the following details-1Sensor ID, 2 Value, 3 Data

Table, and 4Flag of Change in table DB | TB(t=12) TB(t:)‘lO'OOO NAB
Here In this describinthe step of my Algorithm 1 5 5 7 38
Step % In this step quick wake up sensor node will try to sense 2 5.67 7 8 15
value and will collect 3 6 8.6 7.8 20
Collect Value (); 4 6.1 9 8.2 30
Step 2 After sensing value sensor node will send sensing data g ) 10 8.4 35
and id
Distribute to all Table of Data); 6 10 12 11 40
Step 3 If sensor is sensing first time then flag should be false 7 11 13 12 55
Changed in Data Table value=False;
Step 40n receiving a Distributed value containing a Table XIl. RESULT
For every data in table i.e. sensor Id and collect value
Step 5 If there is no previous sensing value As In this performing in 2D plane with 3 sensor node and |
Then add Sensor Id and Collect Value in table collect the data and | found it in 4 sensor node we are getting
Step 6 If any change will happen i.e. more accuracy but in 3 sensor node we are getting higher
Changed in Data Table value==true performance cause we are consuming lesing less sensor
Step # Distribute node and finding the position. We deployed whole data gather
Distribute (table); _ o by me on trimsim which is working on 2 d plane it is basically
Step 8/ At point if a signal is received from the pointing java applet called in c#.net. We have some more API using
station, and need some jar file to support our application. IAs

Transmit (Value of Table) to pointing station and exit. implemented it in 4 layer Business layer, User interface layer,
For irregular network in which we do not have idea how t§,i1 Base layer. As In this using 5 parameter taking
choose master and two slaves point for given entity. So her?nbut parametef

am applying Voronoi gigh problem in geometry. We have set

of point P in a 2D plane, by vornoi graph we ill divided inPata In binary Array

sector. The total no of sector are |p| and each segment hBvée [] b=getDatalnBinary ();

point which are close of it. And point in particular sector will-ocation calculate

serve as master. We can slave 3@bem by divided and String strLocation x , strLocation y

conquer approach..And the other point in region will server &1d we have two output parameter Out Graph, param

slave point. We will do it repeatedly and each time one nodémulation result
will consume by Fk. By using above protocol | find the following desired result.

As we have deployed the thousand of sensor mode randomly and a
object is moving these sensors is tracing the path. These grapt

74



International Journal of Artificial Intelligence and Interactive Multimedia, Vol. 14N°

showing the dotted path of tracing location. We are gestingation of location help us to reduce sensor node. We show

accurate position of object.

Figulue a. By 4 sensor node
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Figure b By 3 sensor node

Figure 3. Tracking Result

5.1 Data Set Uag for Simulation result

that our tracking method performs well in terms esfergy
saving regardless of mobility pattern of the mobile target. Our
simulation result shows we are to extend the life time of
network with less sensor node and find the exact position of
tracking object. It is all regardless of mobility pattern defined
by Random Waypoint model and Gauss Markov model [8,9].
Here in this paper | proposed a positfording protocol for
regular or irregular networks. A simulatidtoint approach is
adopted, which enables point to move around to follow the
moving agent, so is greatly reducing the communication and
sensing overhead. My protocol is using the approach to send
data to next node (near node) so we can save data without
losing it. In this using 3 sensor nodes to find the location of
moving entity. As we are awaveth the cost or other factor of
sensor node so in this not using 4 sensor node which is
reducing the overheadAs piggybacking is the important
concept which | add here by which | not only saved the data of
failed node but also reduce the overhead of ngavdata
because we are forwarding the data¢ighbornode. So great
reduction of overhead of data storage and no overhead of node
failure. Once we have successfully started data gathering we
can simulate it on simulator then we can find all the desire
result.

This simulation result using the following Data Set in which
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