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UNIVERSITY OF MADEIRA
ABSTRACT

Organizational Modeling with a Semantic Wiki: Fotimation of Meanings and Automatic
Diagram Generation

by Antonio Ferreira

A key to maintain Enterprises competitiveness & dhility to describe, standardize, and
adapt the way it reacts to certain types of busirmgents, and how it interacts with

suppliers, partners, competitors, and customers.

In this context the field of organization modelihgs emerged with the aim to create

models that help to create a state of self-awasandbe organization.

This project's context is the use of Semantic Wethé Organizational modeling area. The
Semantic Web technology advantages can be usethgmve the way of modeling
organizations. This was accomplished using a Semaiii to model organizations. Our
research and implementation had two main purpdeesialization of textual content in
semantic wiki pages; and automatic generation iafrdms from organization data stored
in the semantic wiki pages.

Keywords: Organizational Modeling, Semantic wikipkifNet, Diagrams.
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CHAPTER 1 - INTRODUCTION

1.1 Motivation

Semantic wikis are tools easy to use by peopleowttmuch software knowledge. We

intend to be possible that all the collaboratora oértain organization can contribute to the
creation of an organizational awareness througliskeeof semantic wikis. This tool allows

an organic and coherent collection of organizati@nawledge in the form of elements and
relations in models that represent several fadeds @rganization, being possible to create
organizational models aligned with the organizatieatlity, which in turn allows capturing

it and following its evolution.

1.2 Objectives

Analysis and development of a prototype based odidiki and Semantic MediaWiki
that allows the modeling of organizations and theisiness processes. First objective was
integration of the semantic wiki with an externalise to increase formalization of content
from the organizational artifacts modeled. Othejectve was the generation of various

types of engineering diagrams to improve understgnof Organizational models.

1.3 Project description and context

The project context is semantic web and its usmadel organizations. All the project
work was related with a Semantic wiki. The firsttpsas the integration of some type of
dictionary for English language with Semantic M&Uiki, to give meanings to words in
wiki text. The main part was using Semantic wikvaadtages; from wiki stored semantic

data, generate several types of diagrams from phtte Organizational model.

1.4 Content
After Introduction follows Chapter 2 - Researchteaih and problems definition, where we

study the theoretical basis and the software usatiwas the point of departure of our
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research. In this chapter we also identify the l@mband define our research strategy. In
chapter 3 - Related work, based on objectives aplolgims identified, we analyze projects
partly addressing problems identified. Chapter Sotutions and Contributions, shows the
solutions found to address the problems we raigednore detailed and technical
explanation about the elaborated work follows irmg@kr 5 - Implementation. In Chapter 6
- Future work, we see some interesting resear@ctibns that can be followed next. To
finalize, in Chapter 7 - Conclusion, we draw theauasions derived from the project.



CHAPTER 2 — RESEARCH CONTEXT AND PROBLEMS
DEFINITION

With the general ideas of the project recognizde: present chapter is about the
fundamental theoretical concepts needed in ordemntterstand our project. To start, we
introduce you the Semantic Web, a growing exteneiotine World Wide Web; next we

take a detailed look at Semantic wikis and thewaatages. Following is a study of a
Framework for Organizational Engineering. Then aketa look at the applications used as
a starting point for our research. In the end ef ¢thapter we identify the problems we

intend to solve with this project and set the regdeatrategy.

2.1 Semantic Web

We begin with an introduction with a text from Sirm Berners-Lee. Next we study
Semantic web main concepts, its definition, purpdse limitations of hypertext web and
how semantic web gives solutions to them. Thenist¢he semantic web components and
take note of the importance of data modeling imentrOrganizational context. Ending this

section is some interesting examples of semanticapelications.

To date, the World Wide Web has developed mostigpis a medium of documents for
people rather than of information that can be maatpd automatically. By augmenting
Web pages with data targeted at computers anddiggadocuments solely for computers,

we will transform the Web into the Semantic Web.

Computers will find the meaning of semantic datddipwing hyperlinks to definitions of
key terms and rules for reasoning about them l@igicihe resulting infrastructure will

spur the development of automated Web servicesaaibighly functional agents.

Ordinary users will compose Semantic Web pagesaddchew definitions and rules using

off-the-shelf software that will assist with semamharkup. [1]

Next three sections include texts from Wikipedian@atic web page [2].
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2.1.1 Definition

The Semantic Web is an evolving extension of therl#vaVide Web in which the
semantics of information and services on the weleimed, making it possible for the web
to understand and satisfy the requests of peomleraachines to use the web content. It
derives from World Wide Web Consortium director $im Berners-Lee's vision of the

Web as a universal medium for data, informatiowl, lamowledge exchange.

At its core, the semantic web comprises a set sigdeprinciples, collaborative working
groups, and a variety of enabling technologies. &afements of the semantic web are
expressed as prospective future possibilities dnatyet to be implemented or realized.
Other elements of the semantic web are expresstdmal specifications. Some of these
include Resource Description Framework (RDF), detarof data interchange formats
(e.g. RDF/XML, N3, Turtle, N-Triples), and notat®such as RDF Schema (RDFS) and
the Web Ontology Language (OWL), all of which areended to provide a formal

description of concepts, terms, and relationshipisinva given knowledge domain.

2.1.2 Purpose

Humans are capable of using the Web to carry sltstauch as finding the Finnish word
for "'monkey", reserving a library book, and seanghfior a low price on a DVD. However,
a computer cannot accomplish the same tasks withouan direction because web pages
are designed to be read by people, not machines. semantic web is a vision of
information that is understandable by computersthsd they can perform more of the

tedious work involved in finding, sharing and conibg information on the web.

In 1999, Tim Berners-Lee originally expressed tison of the semantic web as follows:
“I have a dream for the Web [in which computersjdrae capable of analyzing all the data
on the Web — the content, links, and transactiogisvéen people and computers. A
‘Semantic Web’, which should make this possibles yxt to emerge, but when it does, the
day-to-day mechanisms of trade, bureaucracy anddaily lives will be handled by
machines talking to machines. The ‘intelligent dgepeople have touted for ages will

finally materialize.”



Semantic publishing will benefit greatly from thensantic web. In particular, the semantic
web is expected to revolutionize scientific pulihgf such as real-time publishing and
sharing of experimental data on the Internet (latethave a perfect example of this in the

Semantic Web applications section).

Tim Berners-Lee has described the semantic weltasiponent of Web 3.0.

2.1.3 Relationship to the hypertext web

Limitations of HTML

Currently, the World Wide Web is based mainly orcudoents written in Hypertext
Markup Language (HTML), a markup convention thatused for coding a body of text
interspersed with multimedia objects such as imagesinteractive forms. Metadata tags,
for example:

<meta name="keywords" content="computing, compsiigdies, computer">

<meta name="description" content="Cheap widgets&be">

<meta name="author" content="Billy Bob McThreetéeth

Provide a method by which computers can categtrzeontent of web pages.

With HTML and a tool to render it (web browser saite or another user agent), one can
create and present a page that lists items for BaeHTML of this catalog page can make
simple, document-level assertions such as "thisimeat's title is 'Widget Superstore™. But
there is no capability within the HTML itself to sest unambiguously that, for example,
item number X586172 is an Acme Gizmo with a refice of €199, or that it's a
consumer product. Rather, HTML can only say tha #pan of text "X586172" is
something that should be positioned near "Acme Gizand "€ 199", etc. There is no way
to say "this is a catalog" or even to establish ‘thame Gizmo" is a kind of title or that "€
199" is a price. There is also no way to expreasttiese pieces of information are bound

together in describing a discrete item, distinotrfrother items perhaps listed on the page.



Semantic Web solutions

The Semantic Web takes the solution further. Itolwes publishing in languages
specifically designed for data: RDF, OWL and Exileles Markup Language (XML).
HTML describes documents and the links between thRBIF, OWL, and XML, by
contrast, can describe arbitrary things such aplpeoneetings, or airplane parts. Tim
Berners-Lee calls the resulting network of Linkeat®dthe Giant Global Graph, in contrast
to the HTML-based World Wide Web.

These technologies are combined in order to prodescriptions that supplement or
replace the content of Web documents. Thus, comteyt manifest as descriptive data
stored in Web-accessible databases, or as marktipnwdocuments (particularly, in
Extensible HTML (XHTML) interspersed with XML, omore often, purely in XML, with
layout/rendering cues stored separately). The maai@adable descriptions enable content
managers to add meaning to the content, i.e. toridesthe structure of the knowledge we
have about that content. In this way, a machinepraness knowledge itself, instead of
text, using processes similar to human deducti@sar@ing and inference, thereby obtaining
more meaningful results and facilitating automatédrmation gathering and research by

computers.
An example of a tag that would be used in a nonasgéimweb page: <item>cat</item>

Encoding similar information in a semantic web pageht look like this: <item
rdf:about="http://dbpedia.org/resource/Cat">Caenit

2.1.4 Components
This and next section are made with excerpts fl8mThe semantic web is based on the
idea of a "layered architecture". Much like theOlSconcept of layers in data
communications, the semantic web architecturengposed of the following layers:

* URIs and Namespacesthe names of things

* XML and XMLS Data types - a means of communicating data

* RDF and RDF/XML - a basic language



* RDF Schemaand Individuals - an ontological primitive
» Ontology languages, such as OWLthe logical layer

» Applications - the implementation layer. [3Jw3schools

2.1.5 Semantic Web and Data Modeling

Everyone knows that we are drowning in informatiboth from the databases in our
companies as well as from the world-wide web, thedimy and life in general. The
information technology industry has been wrestliitl this problem for years, and one is
entitled to wonder if things will ever get better.

Well, there are a couple of new/old ideas on thezbo that might help: semantics and
ontology. Data modeling was invented three decays to assist in the design of
databases-in particular relational databases. tAsatured, the technique has become
recognized as a tool for analyzing the semanti@hajrganization - what is the structure of

the organization's information as it's used in giag out its mission?

Companies are beginning to recognize that semaistisaportant if their systems (and
their people, for that matter) are going to comroata with each other, and, based on this
recognition, they are also recognizing the impargarof collecting "ontologies”, or

glossaries that describe the language they ussy aut their activities.

In other words, a couple of 2500 year-old wordslaeoming the hot new buzzwords in
our industry. In simple words, ontology tells usawkexists. Semantics tells us how to

describe it.

About Data Models and Ontology Languages

Data models are to be understood by humans, witipaters only serving as gateways to
permit capture of "valid" data. In its latest intations, however, an ontology language
begins with instances of actual data. Its purpege classify them so that computers can

make inferences from them.

The data modeling mindset is based upon the cleseld assumption: Only that which is

asserted is known.



Ontology languages are based on the open worldngsgun. All assertions are assumed to

be true until proven otherwise.

2.1.6 Examples of Semantic V€b Applications

This section provides some semantic web examplgegiso These applications use
Semantic Web technologies to their advantage, rgatkiem better comparing to standard
similar applications.

Twine

Twine is an application that helps people orgarshaye and discover information around
their interests. Twine can be described as a "kedgé networking" application. It has

aspects of social networking, wikis, blogging, kiheslge management systems - but its
defining feature is that it's built with Semantice¥/technologies.

At first glance it's very much like Wikipedia, bthere is a whole lot more smarts to the
system. Described as "knowledge networking"- taims to connect people with each
other "for a purpose". It's not based around saaig, but to share and organize
information you're interested in. Using Twine, yoan add content via wiki functionality;
you can email content into the system, and "cdllsaiething (as an object, e.g. a book
object). [4]

And while users certainly don't need to understdhd Semantic Web in order to
appreciate Twine, several technologies are handet behind the scenes of its simple user
interface.

Let’s take a closer look at one of the most impurtahe Resource Description Framework
language or RDF.

Twine and RDF

Twine’s “smarts” are derived from the simplicity thfee-part RDF statements, often called

triples or tuples. In fact, all information in Tvan- whether about a particular object,



person, note, bookmark, tag, email message, or awadeo - is expressed in a set of

tuples.

. Jurassic Park

Description

Figure 1: Twine page

However, if the same URL is accessed by a systaah dkks for data in the form
“application/rdf+xml”, instead of returning a pagd HTML, an RDF document is

returned.

RDF documents are made up of simple three-parersttits in the form <subject,

predicate, object>.

For example, a system will see that Jurassic Park
* Has an author: Michael Crichton
* Was released on: 9/07/2006

* And has a comment, made by /user/lew.

Processing data in this clear 1, 2, 3 format ishrfaster and less error-prone than “screen
scraping” the web page in the hope of retrievirg ¢brrect fields. Twine’s knowledge of
Jurassic Park is simply the set of all tuples traate this book as the subject. When two

tuples refer to the same object, they become lirsketin this way start to build a semantic
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graph. In short, Twine uses tuples to access atrdous breadth and depth of information
about any given subject.

RDF and the Semantic Graph
Where Twine is differentiated from the likes of \ikdia is that its underlying data

structure is entirely Semantic Web. The Semantib ¥éehnologies used are: RDF, OWL,
SPARQL, XSL.

RDF statements form a graph of arcs and nodes.iD@asainto Twine connects to people,
places and other pieces of information. The gragbvib was made by RDF Gravity to
virtually display the RDF description of Jurassarie

L':'h Jurassic Park ﬁh Michael Crichtom ﬁ"_x, Sclence Fictlon
& k. =

() Book R T — T\',':__
1551125 g5
) \ . i'.'; One of my favorites
\ -, F
manuFacturer
pli
e

A\ Arvow Boaks Lid wasCreptedsy aﬁf?x

(E) Camment T

' _—Tslbszfg-2x9
I'n - -
! wasGreitedsy

* - -

52 hienpc ) Pwew_twine cornuser lew

Figure 2: RDF graph of a Twine’s page

The above graph shows that there is not only a bgdichael Crichton, but there is also
a comment linked to the book. Both the book andctirament were made by /usr/lew. As
more books are authored by Michael Crichton orighbt by Arrow Books, these objects

continue to link together. Twine uses the data pmagerties in the graph to link related
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information, allowing users to search along différdimensions. As more information is

added, the richer and more useful the graph becdbjes

Analyses
We consider Twine’s functionalities similar to arsmtic wiki (introduced in the next

section). It has some additional features liketéigs system, also the user interface is much
more attractive than the semantic wiki (SMW) weduge our project and that we will

introduce later on this chapter.

SIOC

Reading SIOC official site [6] we discover that Seatically-Interlinked Online
Communities or SIOC is a framework aimed at coringcbnline community sites and
internet-based discussions. Currently, online conii@s (boards, blogs, etc.) are like
islands - they contain valuable information but mao¢ well connected. SIOC allows us to
interlink these sites, and enables the extractibrriaher information from various

discussion services.

SIOC in brief
 The core of SIOC is the ontology. It's a vocabuldahat contains concepts

necessary to express information contained in erdommunity sites

* Online community sites then provide information aibtheir structure and contents
to the outside world. This information is machieadable and structured using the
SIOC ontology

« Since the information is already present insidese¢hgites, all that is needed is to

install a SIOC export plugin or extension

» This information can be used by tools that undes®IOC data to suggest related

information from other community sites

Figure 3 shows various information islands and IS#@C connects them.
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One Person = L]
Many User Accounts w

Blogosphere

Distributed Conversation "*s., - L |
& >N\
S} O Unified Community - _.-‘+

/‘\' w0 -
e N

Kealing Ligt

Listspace

Figure 3: Creating connections between discussioocids with
SIoC

Current and Future Uses of SIOC

» Create distributed conversations across blogsnferand mailing lists

* Use as an enhanced export/import format, with acteesither the entire content or

summaries

» Enable publishing and subscribing to decentralizBscussion channels and

communities

Next Figure shows the main concepts (and theitioals) of the SIOC ontology.
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has_creator />
Usergroup Post has_reply

has_member has_container
L 4 Y
User [« > Forub
has_parent
has_function has_host
Y A 4
Role Site
has_scope

Figure 4: The main concepts in the SIOC ontology

Analyses
SIOC is a very good example of the power of seroagtations. | think it can be viewed as

similar to RSS but for online communities and mposverful. It uses semantics to find
relations between different and isolated sourdés.ehsily installed in websites, and the

information can be accessed installing a Firefdemsion.

Nextbio

NextBio is a privately owned interactive life-sabensearch engine company. The search
engine searches through and correlates highly eotg{periments, literature and clinical
data to aid researchers in making new discovetieprovides a unified interface for
researchers (biologists, clinicians and biomedits)easily formulate and test new

hypotheses across vast collections of experimeatal

All imported data within an enterprise is crossrelated to previously uploaded internal
data and to the public data. Scientists are usggBio to improve our ability to mine and
identify relevant prognostic (survival) and pretliet(drug efficacy) molecular signatures

which are significant in their research. [7]

At NextBio, search is all about the science. NextBscientific foundation consists of a
robust framework that connects highly heterogenetaia and textual information. Our

semantic framework is based on gene, tissue, @saad compound ontologies that are
13



leveraged for both the data and literature seawcdistibnalities. Within this framework,
information from diverse organisms, platforms, dgttges and research areas is seamlessly
integrated into and correlated within a single cleable environment using our proprietary
algorithms. NextBio correlates gene ontology, patyhand other functional information

within the context of the world's experimental d@83Official site

NEXTBIO). [

gene > ZMYND10 (flu) see other resuits @

ZMYTIDT 0 wiety (MOFe s

sources of data and associations for experiments @

organisms data types
B hurnan Hene expressian
mouze
rat
1y
normal tissues diseases treatments SeE mare associations
W Testis M Endometrial Cancer M ARIDMB gene
W Setof seminiferous tubul.. M Endometrioid carcinoma ov... | @ Nchembio 79-comp?2
M Diploid germ cell W Infertility due to azoosp. . Acetylleucine
M Placenta M Liposarcoma Sparteine
Prefrantal cortex W Azoospermia Fullerenal
Literine tuhe M Seminoma of testis STAT3 gene

individual study results for; ZMYMND10 @
experiments (277)  literature (586)  clinical trials (0) show filter

T/ I Microarray Analysis of BAF250b-- ES Cells

We used BAF250b-/- ES cells, two independently derived clones, at 18 and 72 hrin culture and compared
them with parental cell line {wild-type) atthe. .

MHextBio LibrargdStem Cells, Differentiation & Development  view study details »

mus rmusculus

Figure 5: Example of a Nextbio search

Analyses
Nextbio is a good example of how semantics imprdata search and navigation, also

provides an always interesting graphical view.

2.2 Semantic wikis
This section contains excerpts from Wikipedia &tif9] about a semantic wiki. A
semantic wiki is a wiki that has an underlying mookthe knowledge described in its
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pages. Regular wikis have structured text and watygyperlinks. Semantic wikis allow the
ability to capture or identify further informatiombout the pages' (metadata) and their
relations.

2.2.1 Key characteristics

Reliance on Formal Notation
The knowledge model found in a semantic wiki iSdgjly available in a formal language,

so that machines can process it into an entityioalship or relational database.

The formal notation may be included in the pagesdelves by the users, as in Semantic
MediaWiki. Or, it may be derived from the pagestloe page names or the means of
linking. For instance, using a specific alternagpage name might indicate a specific type

of link was intended. This is especially commomvikis devoted to code projects.

In either case, providing information through anfai notation allows machines to
calculate new facts (e.g. relations between pafresh the facts represented in the

knowledge model.

Enables Semantic Web
The technologies developed by the Semantic Web eontynprovide one basis for formal

reasoning about the knowledge model that is deeelop

2.2.2 Example

Imagine a semantic wiki devoted solely to foodse Plage for an apple would contain, in
addition to standard text information, some macheazlable semantic data. The most
basic kind of data would be that an apple is a lofdruit — what is known as an
inheritance relationship. The wiki would thus bdeato automatically generate a list of
fruits, simply by listing all pages that are taggesdbeing of type "fruit." Further semantic
tags in the "apple” page could indicate other @daut apples, including their possible

colors and sizes, nutritional information and ssgvsuggestions, and any other data that
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was considered notable. These tags could be ddrwedthe text but with some chance of

error - accordingly they should be presented aloleghat data to be easily corrected.

If the wiki exports all this data in RDF or a siarifformat, it can then be queried in ways a
database might - so that an external user or gitkel cfor instance, submit a query to get a

list of all fruits that are red and can be baked pie.

2.2.3 Use in knowledge management

Where wikis replace older CMS or knowledge managenols, semantic wikis try to
serve similar functions: to allow users to makertimgernal knowledge more explicit and
more formal, so that the information in a wiki dasearched in better ways than just with

keywords, offering queries similar to structuratadeses.

Some systems are aimed at personal knowledge nrapagesome more at knowledge
management for communities. The amount of formidinaand the way the semantic
information is made explicit vary. Existing systeragge from primarily content-oriented
(like Semantic MediaWiki) where semantics are eutdyy creating annotated hyperlinks,
via approaches mixing content and semantics innplaxt (like WikSAR or living

ontology), via content-oriented with a strong fotiackground (like IkeWiki), to systems
where the formal knowledge is the primary intefgké Platypus Wiki), where semantics

are entered into explicit fields for that purpose.

Also, semantic wiki systems differ in the levelaftology support they offer. While most

systems export their data as RDF, some even swgnaosus levels of ontology reasoning.

To conclude, we can make a comparison: semantis @eiend and improve regular wikis

like semantic web extends World Wide Web.

2.3 Enterprise Architecture Modeling
This section contains excerpts frdamterprise Architecture Modeling with the Unified

Modeling Languagd10], an article that defines a conceptual framméwaeveloped for
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organizational engineering. The concepts and rekpéained next were the basis used to

model organizations with a semantic wiki.

2.3.1 Enterprise Architecture Views

The enterprise architecture model comprises fivechitactural components:
Organizational Architecture, Business Architecturdnformation Architecture,
Application Architecture, and Technological Arclitere. Each of these sub-
architectures is individually represented and ogthas a UML package as depicted in
Figure 6. Each package owns its model elementsitarelements cannot be owned by
more than one package. The relationships, depiatediotted arrows, represent the

dependencies of each package.

Enterprise Architectura |

Crganizational Architecture Business Architecture: |
T
| |

Innforrrsation ArchHecture Apglication Architeeture |

Technologlcal Archluciue | J

Figure 6: The five enterprise architecture componets.

2.3.2 The Enterprise Architecture Model

The architectural views describe and relate theldorental concepts that, as a whole,
describe the enterprise architecture. Each is septed as a class within a specific
package, as depicted in Figure 7. This sectionilddétee fundamental concepts and their
relationships that are required to represent thergmse architecture according to the five

views that were defined in the previous section.
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Figure 7: The fundamental concepts within each ofte

enterprise architecture views.

Fundamental Concepts

An organization can be modeled as a collectionusfriess nouns that interact as described
by a number of verbs. The nouns represent thingisinrvthe organization that are of
interest regarding the purpose of the model. Thiesvstand for the enterprise activities that
define how work is done and how value is added; thescribing its business processes and
activities. Here we define the fundamental concépntity and activity and that of role.
These three concepts allow complex interactionsewfities to be abstracted. The

relationships between these three elements aretedépn the next Figure.

Activity Role o= ey - Entity

Figure 8: Relationships between Activity, Role andEntity.
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Entity
An organization is composed of entities. Entities mouns that have a distinct, separate

existence, though it need not be of material emegeThere is also no presumption that an
entity is animate. An animate entity is able to ibihactive behavior. In enterprise

modeling, an entity can be a person, place, machoreept or event that has meaning in
the context of the business, and about which sofoenation may be stored because it's

relevant for the purpose of the model.

Entities can be classified according to its atteélsuand methods. Entities may relate
structurally to other entities, as in the case mtityeis composed by other entities (e.g. an
inventory is composed of products). An entity madsoabe specialized to restrict the

features of a more general entity.

An entity is characterized by its attributes andthods. These features can be either
intrinsic or extrinsic. Intrinsic features descriltlee entity in isolation, while extrinsic

features arise from the relationships with otheities. For example, the entity Person has
intrinsic features such as Age and Sex, and eidrileatures such as Job Position and
Salary, which derive from a transitory relationshgetween the Person and the
Organization. The state of the intrinsic featuresynchange over time (e.g. Age) but
always characterize the object. Extrinsic featuoeéy manifest themselves while a

relationship is valid and may become unsuitablenithe relationship is no longer valid.

Role

A role is the observable behavioral of an entitythe scope of a specific collaboration
context. Hence, a role represents the externableideatures of that entity when it
collaborates with a set of other entities in thetert of some activity. An entity relates to

zero or more role classes through the stereotyplegyxrelationship.

Roles aim at separating the different concerns dhiae from the collaborations between
the entities fulfilling an activity. A role may bdgound to multiple entities via the «play»

relationship.
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Activity

An activity is an abstraction representing how anber of entities collaborate through
roles in order to produce a specific outcome. Sirlyilto an algorithm, an activity aims

accomplishing some task which, given an initiatestavill always end in finite time and in

a recognizable end-state. An activity may alsoumetionally decomposed into a finite set

of further activities, thus add detail to the speation.

An activity specifies what entities are requireddalize a task. As seen, roles are used to
separate the description of the actual entity featdrom the features required by the
collaboration in context of the activity. In thisaw activities and entities are described

separately, and roles may be reused in differdivitzes.

Business Processes and Activity Coordination

Coordination means integrating or linking togethdifferent parts of a system to
accomplish a collective set of tasks. In the cdsetvity coordination, it means describing
how activities are linked together so that theyirdefa business process. An example
definition of business process is: A collectionacfivities that takes one or more kinds of
inputs and creates an output that is of valuedatistomer.

Analyses
This framework had inconsistencies that needee tadolressed. One of them is stating that

entities only relate through roles in the contektaotivities, while at the same time
referring that “Information Architecture (...) prides a high level logical representation of
all key entities as well as the relationships amttregn”. One key issue, while specifying
an information architecture, is the ability to eotgl different levels of abstraction
(specialization) or composition (aggregation) oftai@ entities. This cannot be done by
using roles as, per its definition; it connectsitexst collaborating in an activity and not
entities directly, as in an aggregation relatiosct®n 2.4.3 covers previous research work

that shows how these inconsistencies were addressed

2.4 Review of used applications
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This section introduces the software used as lasisur project; they served as starting
point for what we developed. We start with MedialWWikthe wiki-system powering
Wikipedia, then the study of Semantic MediaWikiMediaWiki extension to make it
semantic. Following is a description of the Orgahonal Modeling extension for
Semantic MediaWiki. Concluding this section is d&ayg drawing software Graphviz and
our project’s starting architecture or applicati@mshitecture, showing how the reviewed
applications interact.

2.4.1 MediaWiki

MediaWiki is free server-based software which e¢etised under the GNU General Public
License (GPL). It's designed to be run on a laegees farm for a website that gets millions
of hits per day. MediaWiki is an extremely powerfstalable software and a feature-rich
wiki implementation, that uses PHP to process asglal data stored in its MySQL

database.

Pages use MediaWiki's wikitext format, so that siseithout knowledge of XHTML or

CSS can edit them easily.

When a user submits an edit to a page, MediaWikesvit to the database, but without
deleting the previous versions of the page, thigsvalg easy reverts in case of vandalism
or spamming. MediaWiki can manage image and mudtimméles, too, which are stored in

the file system. For large wikis with lots of usavéediaWiki supports caching and can be
easily coupled with Squid proxy server software.

Originally developed to serve the needs of the é@m®ent Wikipedia encyclopedia, today
it has also been deployed by companies for inteknalvledge management, and as a
content management system. Notably, Novell uses aiperate several of its high traffic

websites. [11]

2.4.2 Semantic MediaWiki
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The Semantic wiki software our project uses isSbemantic MediaWiki, in the end of this
section we explain why the choice of SMW. The follog text was from Semantic
MediaWiki official documentation [12].

Semantic MediaWiki (SMW) is a free extension of Néatliki. While traditional wikis
contain only texts which computers can neither tstdad nor evaluate, SMW adds

semantic annotations that bring the power of thm&ic Web to the wiki.

Introduction

Wikis have become a great tool for collecting anari;ig knowledge in communities. This
knowledge is mostly contained within texts and mmedia files, and is thus easily
accessible for human readers. But wikis get bigger bigger, and it can be very time-
consuming to look for an answer inside a wiki. Assimple example, consider the
following question a user might have: «What are lthadred world-largest cities with a

female mayor? »

Wikipedia should be able to provide the answecoittains all large cities, their mayors,
and articles about the mayor that tell us about tpender. Yet the question is almost
impossible to answer for a human, since one woalet Ito read all articles about all large
cities first! Even if the answer is found, it migiat remain valid for very long. Computers
can deal with large datasets much easier, yet dneynot able to support us very much
when seeking answers from a wiki: Even sophistitaieograms cannot yet read and
«understand» human-language texts unless the #omiclanguage of the text is very
restricted. The wiki's keyword search does not heiher in discovering complex

relationships.

Semantic MediaWiki enables wiki communities to mak@me of their knowledge
computer-processable, e.g. to answer the abovetique3he hard problem for the
computer is to find out what the words in a wikgpa(e.g. about cities) mean. Articles
contain many names, but which one is the currentonr?aHumans can easily grasp the
problem by looking into a language edition of Wiila that they do not understand

(Korean is a good start unless you are fluent jh&hile single tokens (names, numbers,
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...) might be readable, it's impossible to understémail relevance in the article. Similarly,
computers need some help for making sense of exks t

In Semantic MediaWiki, editors therefore add «hirttsthe information in wiki pages. For
example, someone can mark a name as being the ofahe current mayor. This is done
by editors who modify a page and put some speeidnharkup around the mayor's name.
After this, computers can access this informatmfncOurse they still do not «understand»

it, but they can search for it if we ask them &) support users in many different ways.

Where SMW can help

Semantic MediaWiki introduces some additional mprkuto the wiki-text which allows
users to add "semantic annotations" to the wiki.il&Vthis first appears to make things
more complex, it can also greatly simplify the stane of the wiki, help users to find more
information in less time, and improve the overalhlity and consistency of the wiki. To

illustrate this, we provide some examples fromdaiy business of Wikipedia:

1. Manually generated lists. Wikipedia is full of manually edited listings sues this

one. Those lists are prone to errors, since theg lmbe updated manually. Furthermore,
the number of potentially interesting lists is huaied it's impossible to provide all of them
in acceptable quality. In SMW, lists are generatetbmatically like this. They are always

up-to-date and can easily be customized to obtaihdr information.

2. Searching information. Much of Wikipedia's knowledge is hopelessly buneithin
millions of pages of text, and can hardly be reg@at all. For example, at the time of this
writing, there is no list of female physicists inkigedia. When trying to find all women of
this profession that are featured in Wikipedia, dres to resort to textual search.
Obviously, this attempt is doomed to fail miseratpte that among the 20 first results,
only 5 are about people at all, and that Marie €iginot contained in the whole result set
(since "female” does not appear on her page). Agaierying in SMW easily solves this
problem (in this case even without further annotgtsince existing categories suffice to
find the results).
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3. Inflationary use of categories.The need for better structuring becomes appargnt b
the enormous use of categories in Wikipedia. Whhils is generally helpful, it has also
led to a number of categories that would be mereryquesults in SMW. For some
examples consider the categories Rivers in Buclinghire, Asteroids named for
people, and 1620s deaths, all of which could edslyeplaced by simple queries that use
just a handful of annotations. Indeed, in this eplenCategory:Rivers, Property:located
in, Category:Asteroids, Category:People, Propeaiyred after, and Property:date of
death would suffice to create thousands of sinliitings on the fly, and to remove

hundreds of Wikipedia categories.

4. Inter-language consistencyMost articles in Wikipedia are linked to accordipages

in different languages, and this can be done foN&vsemantic annotation as well. With
this knowledge, you can ask for the population @fjiBg that is given in Chinese
Wikipedia without reading a single word of this daage. This can be exploited to detect
possible inconsistencies that can then be resdlyestlitors. For example, the population
of Edinburgh at the time of this writing is diffetein English, German, and French
Wikipedia.

5. External reuse. Some desktop tools today make use of Wikipediargent, e.g. the
media player Amarok displays articles about arttising playback. However, such
reuse is limited to fetching some article for imnagel reading. The program cannot
exploit the information (e.g. to find songs of sisi that have worked for the same label),
but can only show the text in some other conteMW\Sleverages a wiki's knowledge to

be useable outside the context of its textuallartic

User manual introduction
This section is just to introduce SMW syntax anglaix the basic way of making a

semantic annotation with SMW.

Properties and types
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Properties are the basic way of entering semaati it Semantic MediaWiki. Properties
can be viewed as «categories for values in wikepagThey are used by a simple mark-

up, similar to the syntax of links in MediaWikipjloperty name::value]]

Existing links can be directly augmented with symbperty information, while other

types of data (such as numbers or calendar datesl)an additional editing step.

Turning Links into Properties

Consider the Wikipedia article on Berlin. This eli contains many links to other
articles, such as «Germany», «European Union»«aimited States». However, the link
to «Germany» has a special meaning: it was puketlerce Berlin is the capital of
Germany. To make this knowledge available to coempptograms, one would like to
«tag» the link [[Germany]] in the article text, ddying it as a link that describes a
«capital property». With Semantic MediaWiki, thssdone by putting a property name

and :: in front of the link inside the bracketsjsh[[capital of::Germany]]

In the article, this text still is displayed as ingle hyperlink to «Germany». The

additional text capital of is the name of the prtypéhat classifies the link to Germany.

Why Semantic MediaWiki to support modeling in Orgaational Engineering?
For a project introduced in next section, with tgective of choosing the best semantic
wiki to work with, various semantic wikis were coarpd. In this section we report the

conclusions.

SMW was the semantic wiki that better supportedaoizational modeling in

Organizational Engineering. With the SMW was pdssib create business objects and
relations between them in an easy and collaboratiag. The hierarchy between the
concepts as all types of relations between orgaaizantities could be created using

semantic annotations. Next we see some other aatyest

Templates
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The SMW provided the possibility of configure sens (templates) that appear in all
pages, it was possible to specify in the SMW, ttganizational views. This way, it was
only necessary to define them in one place (a @@plthis way any change to the views

would be automatically updated in all organizagotities.

Definition of new functions

Another feature that revealed essential was thsilpltity to create new functions that
could be used the same way of templates. The amgcttould be programmed in PHP
(Semantic MediaWiki programming language), and dddethe functions list. Whenever
SMW found a call to one of those functions, invoités present its result in the page were
it was specified. The big advantage of define fiamst is that we could create functions

much more complex than the ones we could only teithplates.

2.4.3 Organizational Modeling with a Semantic wiki
Joao Mendes developed a project called “OrganizaitidModeling with a Semantic Wiki”
for Instituto Superior TécnicoThis section includes excerpts from [13], ancktiabout

semantic bootstrap for organizational modelingldvet a summary of the project:

The project presented a basic set of modeling pviesi and rules with the purpose of
enabling the construction of semantically rich awherently integrated organizational
models, in the context of enterprise engineerirdyachitecture. This set, called “semantic
bootstrap for organizational modeling”, is openadéibthrough the use of a semantic wiki.
This tool's paradigm has a number of key advantaigas allow it to function as an
information repository of which we can extract gavealifferent blue prints (views) that

one can elicit from an organization.

Our project is the combination of the semantic biwap defined in SMW and an extension

for SMW that provides graphical models (diagranighe organization.

Semantic bootstrap for organizational modeling
The modeling of organizations with SMW was madeulgh the definition (in SMW) of a

semantic bootstrap for organizational modelingti@user model organizations and their
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business processes, needs to respect and follswahof rules. The referred rules suffered
changes during our project's development work. aglensome corrections to obtain a

better representation of organizations, their lsSrprocesses and entities relationships.

I I I
F Achvity Role Agent
| Meaning
» Relation ? Symbal
¥ r
I I I
Subject | Fredicata | DOhjad
I I I

— instantiation IO— Predicate = s ar =

Figure 9: Semantic bootstrap

Organizational Modeling extension for SMW
This extension generates diagrams and views afripnization modeled in SMW. It was

a starting point for our work, and our intentionsta improve it.

We won’t make an extended description of the tomhcentrating only in the main features
that can be called sub components of the extenSiemantic searches and organizational

views, detection of invalid relations, and actiudiggrams generation.

Semantic search engine
An organization isn’t a simple system. Its représ#on involves many business objects,

even to little dimension organizations. The viewsilitate the user navigation through
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organization information. However don't substitatgowerful search engine. A semantic
search engine, besides having the capabilities wxtal search engine, also has the
possibility of searching semantic or structuredteots. This search engine can find
relations between various organization entitieser&fore searches are much more

accurate.

Semantic searches and organizational views

A very important advantage of using a semantic ¥akiorganizational modeling, adapted
to support their semantic bootstrap, lies in theacay of showing rich information in an
automatic way, thanks to semantic searches. Tsirdite this we now use an example from
the prototype, a page used to model the activitgk@m omelette. The content of this page
is: “Cook an omelette is an [[Is_a::Activity]] that cdre decomposed into three activities:
[[Has_activity::Beat  eggs]], [[Has_activity::Heat &t in cookware]] and

[[Has_activity::Fry eggs]]. It starts with the adtity [[Begins::Beat eggs]]

They created a template that is showed automaticalevery page of the wiki, which
presented three organizational views: Structurakifss and Functional. Figure 3 is a
screenshot of the section of the wiki page whicbwshthese views. Each view and/or
perspective utilizes one or more calls to a sernasgarch function, that, based on the
current page (entity) being viewed returns, inracttired way, a set of pages (entities)
directly or indirectly related to the current. Thieyplemented a nested search mechanism
that allows to search for a list of entities dihecelated to the current entity with a certain
predicate (e.g. all entities that are inputs of-aativities of current activity) and for each
element of this list to do a simple search (e.g¢iviie that has as input that element) or

another nested search.
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Structural View

Specialization Perspective

Super-types:
Thing = Business object = Activity >

Instantiation Perspective

Aggregation Perspective

Parts

Beat egys from Cook an omelette

Fry egys frorm Cook an omelette

Heat fat in cookware from Cook an omelette

Functional View

Operation Perspective
Monitoring Perspective
Resilience Perspective

Microgenesis Perspective

Business View

Inputs at sub activities:

Eqg (details) at Beat egys

Beaten egy (detzils) at Fry eggs
Fat (details) at Heat fat in cookware
Heated fat (details) at Fry eggs

Cutputs at sub activities:

Beaten egy (details) at Beat egas
Cmelette (details) at Fry eggs

Heated fat (details) at Heat fat in cookware

Resources used
Beater (detailz) at Beat egys

Frying pan (details) at Fry eggs

Frying pan (details) at Heat fat in cookware
Bowl (details) at Beat egys

Stove (details) at Heat fat in cookware

Attribute Perspective

Roles

Beater operator (details) at Beat egys
Cooker (details) at Fry eggs

Cooker (details) at Heat fat in cookware

Figure 10: Organizational views template

It's easy to create relations and entities to mamghnizational features and also it's
possible to change and/or create additional viewghanging or adding new semantic

searches to the template that is showed on evénpage.

Invalid relations detection

The extension template also calls a special fundtiat validates all semantic links present
in a page being viewed. Basically the function &ksedor all links present, which are the

allowed types for subject and object of the respeatlations and checks if the existing
links respect such restrictions. For example if woeld create the semantic link, in page
Cooker[[plays::egg]] an error would be shown, indicatihgt by using predicate plays in

entity Cooker the object must be an Activity (like Fry) and aot entity (in this case, egg).

Other kinds of restrictions can be defined at Ratatlasses and be enforced by similar

validation functions.

Model as a graph and view as a sub graph
The organization model in a wiki can be considexed graph where the nodes are pages
and edges are instances of semantic relationgédrednenever a semantic link is created).

By using semantic searches (simple or nested) weeasily render any organizational
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view (or architectural view) of an enterprise aretiure, by specifying a number of
parameters such as (1) type of entity that actvtite search (2) and relevant predicate or
predicates for rendering the desired view. A viewmothing but a sub-graph or semantic
cut of the full graph that constitutes the orgatiira in other words, it's a projection
(simpler sub-graph) of the full graph, defined bset of predicates. By integrating software
Graphviz with Semantic MediaWiki we are able tooaundtically generate organizational
diagrams that illustrate the result of the semasgarch or view that one wants to see. The
diagram in Figure 15 was automatically generatedhenfly, in the page containing the
activity Cook an omoletteThe diagram is built by parsing the graph thaults of a
semantic search that in its turn parsed throughasgmlinks present in active page and
semantic links present on other pages referredhéyabove mentioned links. The diagram
is an SVG file and each element is clickable, dairtg a link to its respective wiki page,

which greatly enhances ease of navigation and eta of the models.

Figure 11: Activity diagram automatically generatedon the

fly in a wiki page

In terms of diagrams, this extension only drew\dtgtidiagrams, so as we will see more
exhaustively in chapter 5 — Implementation, paafwork was to improve this extension

with the creation of new types of diagrams.

2.4.4 Graphviz - Graph Visualization Software
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Graph visualization is a way of representing stnattinformation as diagrams of abstract
graphs and networks. Automatic graph drawing hasiymanportant applications in
software engineering, database and web designoriehy, and in visual interfaces for

many other domains.

Graphviz is open source graph visualization sofwdr has several main graph layout
programs. It also has web and interactive graplmteifaces, and auxiliary tools, libraries,

and language bindings.

The Graphviz layout programs take descriptionsraplgs in a simple text language, and
make diagrams in several useful formats such agamand SVG for web pages, Postscript
for inclusion in PDF or other documents; or displayan interactive graph browser.
(Graphviz also supports GXL, an XML dialect.)

Graphviz has many useful features for concreterdiag, such as options for colors, fonts,

tabular node layouts, line styles, hyperlinks, emstom shapes.

In practice, graphs are usually generated fromreatelata sources, but they can also be
created and edited manually, either as raw tess fir within a graphical editor. (Graphviz
was not intended to be a Visio replacement, s@itdbably frustrating to try to use it that

way.)

Programs
Graphviz is a set of programs, dot is the most [apuainly because draws many different
shapes permitting the generation of several typdsagrams.
» dot - makes “hierarchical” or layered drawings dfedted graphs. The layout
algorithm aims edges in the same direction (topatbom, or left to right) and then

attempts to avoid edge crossings and reduce edgthle

e neato and fdp - make “spring model” layouts. neases the Kamada-Kawai
algorithm, which is equivalent to statistical mdtmensional scaling. fdp
implements the Fruchterman-Reingold heuristic idiclg a multi-grid solver that
handles larger graphs and clustered undirectechgrap
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 twopi - radial layout, after Graham Wills 97. Thedes are placed on concentric

circles depending their distance from a given ramte.

e circo - circular layout, after Six and Tollis 99 aiffman and Wiese 02. This is
suitable for certain diagrams of multiple cyclicrustures such as certain

telecommunications networks.

During our project development we used neato fdity=Relationship models and dot for

the other diagrams. [14]

2.4.5 [Initial Architecture

Figure 12 shows the used applications and how ititeyact to each other, this was the
initial architecture of the project. MediaWiki sefire with SMW extension installed
creates a Semantic Wiki. The Organizational Modglextension (at this point only
generated activity diagrams) provided businessrdiag generation using Graphviz to

draw them.

Organizational Semantic Wiki

Semantic Wiki Organizational
et Modeling extension
Edpytendss syt
MediaWiki &=———— i

B extension [ * Samantic szarch
-1 1 *Verify relations
* Activity dizgrams

i':'-LEES}}l

Figure 12: Used applications architecture

2.5 Problems definition

If we look only at MediaWiki it's very good tool tkkeep knowledge. SMW extension adds
semantic relations to wiki entities improving sée€ and navigation. The specification of

relations between wiki entities provides a bettedarstanding of the entities themselves
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and their context. Although it also has problenspeeially if we use it for specific area
like we did for Organizational modeling, Next wesdebe the problems we identified in

the beginning of the project and that we workesidive.

Possible misinterpretation due to limited formalizdion of meanings

There is no way to add or specify meaning to wandsoncepts, that are in wiki text but
don’t have an associated wiki page describindnérefore without relations to other pages.
This lack of relations or any type of data aboa Words increases the necessity to add
information to them. A limited formalization of ctamt could lead to misunderstanding of

some words, or at least make the user doubtfultamone words meaning.

Limited model visualization

Another MediaWiki strong limitation is that informan is displayed only with text. SMW
helps implementing a fact box with a summary ofhepage relations, but this is also
textual. An essential component in modeling is fresentation of information in a
graphical way, in the form of diagrams. OrganizaioModeling extension already has a
prototype of activity diagrams automatic generafimm wiki's pages, but only one type
of diagrams isn't enough. Many facets of an orgation need specific engineering

diagram types.

2.6 Research strategy

Based on the problems identified we define thearebestrategy. A solution for the limited
formalization should easily add information to pevinconsistencies in the specification
and interpretation of used expressions, permittiggmost rigorous possible interpretation
of concepts present on wiki. A simple presentatiérthe saved information is also a

requirement.

In model visualization the challenge was to develdferent types of diagrams to help
assimilation of organizational knowledge by thersiselsing the semantic web as source,
these diagrams should be automatically generat#dowt any special intervention by the

user.
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Once introduced the project, its context explainedplications used, the problems
identified and a research strategy defined; negptEr reviews applications or projects
related to ours.
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CHAPTER 3 — RELATED WORK

In this chapter we study what already has been dotiee project area. We didn't find

many projects directly related with semantics talelamrganizations, therefore we had to
generalize the search. We start with a review oisteelated to search of meaning. Still in
same area but already related with semantics wiewesn application that not only

searches but also adds and presents specific ngemiknowledge elements. Next is a
study about the use of semantics to model busipessesses, and, in the end of this
chapter we review some automatic bottom-up diagceeation tools. For each of these

projects we present what we consider to be linoitetitaking in account our research aims.

3.1 Dictionary Tooltip extension for Firefox
Related to the formalization of content, this was first application found that had
similarities to what we intended, especially tharek for meanings and its presentation to

user.

The Dictionary Tooltip Firefox extension shows timeaning of the selected phrase in a
tooltip on the same webpage. Main idea is "notigen a new tab or window for looking

definitions when you are seriously reading an laxtit's a great multi-lingual learning tool.

This extension provides various sources to seaitthinvdictionaries, wikis, translators,

Google). The user also can save notes to his shptirases.
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Figure 13: Dictionary Tooltip in action

Limitations

The major limitation related to want we want to elep is that this tool don’t provide a

way to save the information found. It's a good #oluto find definitions or data related to

a word, but it can’t save the definition found dhd user think suits better to that specific

phrase. Other limitation is it only works in Firgfbrowser.

3.2 Inline Google Definitions extension for Firefox

Another Firefox extension, although similar to firevious one, Google inline definitions
is simpler and more objective. Only returns definis of a word or concept. The user
doesn’t need to choose from various sources, utnstall the definitions its search motor

finds.

With the previous extension studied the user cloassource to search within, this way
you may need to search in various sources (one taaef) before find what you want.
Google inline definitions don’t have sources to ad® from, it already provides results

from several sources, so it's easier to found #faition searched.

36



# EUA — UMa Self Evalustion Report
* Nowvos estatutos da Universidade da Madeira | Homologados s 17 de ©utubro de 2008 i

ey T (T T O full page _close
+ Protocolo U | ; x : )
. N::D :‘;;" i# the science of matter; the branch of the natural sciences dealing with the i
- 1 composition of substances and their properties and reactions ; -
+ Novo Sited | : S . ; s ) : o B
. le the chemical composition and properties of a substance or object; "the chemistry of | | |«
* Eleiciespar | _ L, : i
‘e the way two individuals relate to each other; "their chemistry was wrong from the | A

beginning -- they hated each other"; "a mystenous alchemy brought them together" | zoosfos
wordnet. princeton. edu/perl fwebwn :

CHEMISTRY y : _ .
re Chemistry (from Egyptian kéme {chem), meaning "earth") is the science concerned

24 4 26 DE Mo 3 e A
i with the composition, structure, and properties of matter, as well a5 the changas it

In the scope o o Undergoes during chemical reactions. ...

Research Cent @ en.wikipedia.arg/wiki/Chemistry

Activities are op |

Chemistry |4 3 2 » U = Kemisutarl is a Japanese pop/R&R duo, composed of
Yoshikuni Dachin| 2 32 ¥ %6 |extra= born November 17, 1978 and Kaname Kawabatal
JIERE |extra= born January 28, 1979, ...

en.wikipedia.org/wiki/Chemistry (band)

MADEIRA UN e Chemistry is the third album by British all-girl pop_groun. Girls aloud._ 1t was released V "

+ INFO AT www, |

PEREOD: | o e e o o e e o s R e S ST S S S P A S R e
L aaae =

Figure 14: Inline Google definitions

Limitations
Limitations are the same as the Dictionary Toolfibe user can’t save data returned from

searches and the tool it's only supported by Fréimwser.

3.3 OntolLing
Another tool related with the limited formalizatiari meanings problem, defined in the
previous chapter. This tool is much more compless tthe previous because it permits to

store searched information, therefore is an apicanuch similar to what we intend.

The OntoLing Tab is a Protégé plug-in that allovss Ltinguistic Enrichment of
Ontologies. It features functionalities for:

» Browsing linguistic resources (thesauri, dictiorariWordNets...)
« Linguistically enriching ontologies with elementsrh these linguistic resources

o0 Automatic Linguistic Enrichment of Ontologies (user prompted with

suggestions on how to perform enrichment)
 Building new ontologies, starting from existingdunstic resources
Access to any linguistic resource (LR) may be olg@ithrough implementation of a proper

wrapper, called Linguistic Interface.
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Currently, two Linguistic Interfaces, being relatedfreely available linguistic resources,
have been made available on this site.
* An interface for WordNet, based on JWNL (Java WatiNbrary).

* An interface for DICT dictionaries, based on Jav@DI[15]

Clesses | ™ Siots | = Forms | # Instances | M Queries | Ortoling |

Linguistic KB Explorer Terminology Slot: | B Terminology '" refresh
Classes | Slots |
String Search
Sense ID
=Vl R Class Hierarchy |
Description  4-wheeled motor vehicle; usually loaner Create Class
ropelled by an internal combustion minicar Create Subclass Using Metaclass...
["] Whale Word Search engine; "he needs a car to get to work' minivan Py —
Model_T
explore conceptual relation pace_car Change Metackss:
car -
= .
Hypernyms o racer
explore lexical relation aLtomobile foadiater Hice Class
poveory -] foorce o
-
Polysemy motorcar sports_c:
sport_util
Stanley
stock_cal B
Sense | Description subcomp Collapse
noun.28532.. dwheeled motor vehicle; usually propelled by an intemal combustion engine; "he ne i
nnnnn 28547... awheeled vehicle adapted to the rails of railioad; "thiee cars had jumped the rails" touring_c search Linguistic Resource using Class Nate
noun.28301... a conveyance for passengers of freight on a cable railway: "they took a cable earto th.. handeart
noun.28553.. carsuspended from an airship and carrying personnel and cargo and power plant horse-drawn Add Terms
noun28557... where passengers fide up and down; "the carwas on the top floor' motor_scoote netd Gloss
roling_stock Add selected sense as label for Class
scooter
self-propeller change Class Name to Selected Term
trailer creste SubClass using Selected Term as ID
tricycle generate SubClasses using subSenses of selected Linguistic Sense
unicycle
wagon |
coaster wanon

Figure 15: OntoLing

Limitations

OntoLing permits to enrich ontologies through auttimfind of descriptions for ontologies
elements. The big limitation for what we intendhst it only works as an extension for
Protégé software, and we need to enrich the ontaliedined in our platform (semantic
MediaWiki). We need a solution that can be integtain our semantic wiki. Another
feature we want and that OntoLing doesn’'t suppord iway to give meaning to words

present in ontology elements description, but edinéd in the ontology.

3.4 Semantic Reference - and Business Process Modelamgables an

Automatic Synthesis
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Related to the problem of Limited model visualiaatwe found very few projects that
used semantic web and automatically generatedadregyof the web. Although having a
different primary objective, the Semantic Referemmeject was the one with more
similarities to the work that we intended to deyeldhe following sections contain
excerpts from [16], the paper found about thisguDj

3.4.1 Introduction

To enterprises today, Business processes are weportant to maintain their
competiveness and they invest huge efforts to desand standardize them. Business
processes are either notated only on a textuas bbagiraphically with models. During the
last decades several graphical model standardsgethéike event-driven process chains
(EPC) or the Unified Modeling Language (UML2) whishmore established in computer
science. In particular, the UML 2.0 standard withextended activity diagrams supports

an elegant modeling of business processes.

Reference process models are the basis for manyasves to develop their own business
processes. Currently lots of reference processeavailable, but each one uses a different
language (EPC, UML, OMT, IDEFO, etc.). Additionallis very difficult to find a
reference process which is applicable for the schplee business area used in a company.
Therefore, these reference processes should bdatethavith semantic information to

increase their usability and re-use.

3.4.2 Semantic Modeling of Reference and Business Process
The semantic web service standards provide desergpof what a service does and how it
interacts with others. These descriptions can Ipdieapto business processes and used to

describe their choreography.

Each semantic web service standard has advantdgeslyeing used to annotate business
processes. We are interested in a general appfoattie automated synthesis of reference
processes, i.e. pre-defined business processes tmdbomized and combined to obtain

value-added business processes. In their apprbaghdecided to combine concepts and
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advantages of semantic web standards which desade services: OWL-S, WSMO,
SWSF and METEOR-S.

The ontology used to define all concepts of the mamy and corresponding business
processes will be called data semantics and predadsasis for the modeling of processes.
It defines all concepts and their relationshipg ttescribe the enterprise, the departments
and their tasks which are required to annotate Bid RPM. Additionally, (global)

variables can be defined to be used in precongitom effects for describing the change to

a global state, e.g. changes in a database, etc.

3.4.3 Synthesis of Semantic Process Models

The synthesis works incremental: first, the funwtio semantics of each process is
compared with the functional semantics of all othercesses. The results are stored in a
matrix that serves as source to compute bottomptinal composition of all processes
would look like. They developed two different syedis algorithms (Modified Prim and
RandoMediaWikialk).

3.4.4 Case Study

To test the semantic process modeling and to cantpardifferent synthesis operations, a
prototypical tool was developed. It offers the modgof a semantically-enriched UML2
activity diagram and testing the synthesis with tperations explained above. Let’s
assume a purchase process where a customer brgduatpvhich has to be adapted to his

needs.

A part of the semantics for this example would lie following: Figure 15 shows a part
of the data semantics for one of these procesgesdét product”). The functional
semantics for the same process would include (imddy:

» Precondition: ProductinStock hasValue FALSE,

» Output: Order,

* Effect: ProductOrdered setValue TRUE.
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Figure 15: Data semantics for the process “Order mduct”

Having modeled all processes, annotated them \eithastics and started the synthesis,
one gets the result of Figure 16. Both algorithitiseve the same result and the solution
the user might have probably expected. If one e$¢hprocesses changes or needs to be
deleted, one can simply start a new synthesis taéhgenew optimal combination and no

further action is required.
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Figure 16: Result of the synthesis of our businessp example

This prototype only offers the modeling of UML2 iaity diagrams; other diagrams are
currently not supported. They are aiming to develapethodology to annotate reference
processes, whereas they will consider current agpes to model business processes like

BPMN and approaches of business process ontologies.

3.4.5 Limitations
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Semantic reference project defines the businesegses using RDF which isn’t a trivial
language for every collaborator of an organizat@ne of our primary objectives is having
a tool easy to use by people without much softwamvledge, making possible to all the
collaborators of the organization can contributetlte creation of an organizational

awareness.

Other limitation is the diagram types, only acfiviiagrams are generated, we want to
provide various types of diagrams to increase thdetstanding of organizations, its
business processes, and entities relationships.

The diagrams generated in this project are notdotee, not allowing dynamic navigation,

the possibility to navigate between diagrams agdmeation entities.

3.5 Automatic diagram generation applications
To solve the limited model visualization, the cieatof automatic diagrams was required.
This section is a selection of the most interestouls from the many auto diagramming

applications found.

Visustin v5 Flow chart generator open up your code in this tool and it automalycal
creates flow charts and UML Activity Diagrams. Urmately it doesn’t work in the
reverse order, if you edit a diagram it can’t cegle correspondent code. Visustin supports

thirty one popular programming languages.
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Figure 17: Visustin v5 Flow chart generator

PostgreSQL Autodoc This is a utility which will run through Postgr@g system tables
and return HTML, Dot, Dia and DocBook XML which deibes the database.

store,.store

store_id: serial

store,inventory inventory_store_id_fkey
/ store_code: text
te:

store_id: integen store_description;

product_id: intdger inventory_product_id_fkey
quantity: integer
product ., product

product_id: serial

inventory_product_id_fkey product_code; text
uarehouse.inventor/ product_description:| t
warehouse_id: integ
product_id: integer inventory_warehouse_id_fkey
: : warehouse  .varehouse
quantity: integer
warehouse_id: serial
warehouse_code: text

inherit,tabb warehouse_nanager: text
A warehouse_supervisor:

cola: integer -
warehouse_description: (1

colb: integer

Figure 18: PostgreSQL Autodoc - Graphviz output

Linguine Maps: Linguine Maps is an open-source Java library tbatlucts programmatic
visualization of various text files, generatingniraghem easy-to-understand entity-relation
diagrams. With a diagram it will take you and ytesm minutes now, instead of perhaps
hours, to get familiar with new schema, objectiretal mappings, or DTDs. And you can

always go back to the source files when more detaé needed.
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All diagrams produced by the Linguine Maps are igeeceflection of the source code.
There is absolutely no manual work, it’s fully auiatic.

This tool supports programmatic visualization f&SDL, Apache ANT build files,
Document Type Definition (DTD) for XML documents,pAche ObJectRelationBridge
(OJB) mapping files and Hibernate mapping file3] [1

Ragel State Machine Compiler:Ragel compiles executable finite state machines fro
regular languages. Ragel targets C, C++, Obje@ivB; Java and Ruby.

The core language consists of standard regularesgjmn operators (such asion,
concatenationand Kleene stay and action embedding operators. The user's negula
expressions are compiled to a deterministic statehme and the embedded actions are
associated with the transitions of the machine. ddstdnding the formal relationship
between regular expressions and deterministicefiatitomata is key to using Ragel
effectively.

Ragel also provides operators that let you corgnyl non-determinism that you create,
construct scanners, and build state machines asstgtechart model. It's also possible to
influence the execution of a state machine frondaan embedded action by jumping or

calling to other parts of the machine, or reproicessput. [18]
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Figure 19: Ragel State Machine Compiler

OntoViz: a Protege extension, allows visualizing ontolsgigth AT&T's highly

sophisticated Graphviz visualization software.
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Figure 20: OntoViz

IsaViz: A Visual Authoring Tool for RDF
Is a visual environment for browsing and authofRigF models represented as graphs.
Some features:

» creation and editing of graphs by drawing ellipgexes and arcs

* RDF/XML, Notation 3 and N-Triple import

* RDF/XML, Notation 3 and N-Triple export, but als&S and PNG export
IsaViz can render RDF graphs using GSS (Graph $tgkts), a stylesheet language
derived from CSS and SVG for styling RDF modelsespnted as node-link diagrams.

3.5.1 Limitations
Each of the applications reviewed specialize in type of diagrams, we aim to provide
various types of diagram in our application. Alkede tools don’t provide specific support

to model organizations and provide views of thesibess processes and entities.

45



3.5.2 Conclusion

Our research revealed that the vast majority dbtémw automatic generation of diagrams
use Graphviz to design their output diagrams. Toigirms that Graphviz is really popular
and a powerful open-source software which justifteas a good choice for the same
function in our project.

Summarizing this chapter, we came to know of appbos related to the project we
developed: information enrichment, to semantic fe&s processes modeling, and
automatic diagram generation tools. Limitationgath of them, concerning our purposes

were stated. Next chapter presents the solutioreswigioned to solve the problems.
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CHAPTER 4 — SOLUTIONS AND CONTRIBUTIONS

With project context acknowledged, problems idedifand related applications studied,
we now explore the solutions for the problems vigtetl. The chapter starts with a review
of problems and objectives which the leads us ésihlutions. First is the solution for
formalization of meanings, which was achieved tgladvantage of other applications. The
second part of the project was developing a selutioimprove model visualization in a
semantic wiki; this was accomplished implementingotom-up tool that automatically

converts textual semantic data to engineering dragr

4.1 Problems and objectives review
Before the solutions, at this point it's essentiiatemind the problems defined earlier in

Chapter 2, and our project’s objectives.

Possible misinterpretation due to limited formalizdion of meanings

There was no way to add or specify meaning to wegpressions), that are in wiki text
but don't have an associated wiki page describingamd defining what that word
represents in the context. This limited formaliaati of content could lead to
misunderstanding of some words, or at least ma&eufer doubtful about some words
meaning. Naturally the referred words don’t haveastic relations with other elements;
this situation and the complete non information wbthese words, makes even more

important the need to add some meaning to them.

Limited model visualization

A MediaWiki big limitation is that information ishaays displayed in a textual manner.
Semantic MediaWiki extension implements a fact lwath a summary of each page
relations, but this is also textual. An essentmmhponent in modeling is the presentation of
information in a graphical way, in the form of diams. Organizational Modeling

extension already has a prototype of activity diagg automatic generation from wiki’s

a7



pages, but only one type of diagrams isn't enoldgmny facets of an organization need

specific engineering diagram types.

Objectives

We had as starting point the MediaWiki applicatiand its extensions: Semantic
MediaWiki and Organizational Modeling extensionoifr this base we had our main
objectives traced.

The objective for the formalization of content @ easily add information to prevent
inconsistencies in the specification and interpi@iaof used words, permitting the most
rigorous possible interpretation of concepts presenwiki. A good presentation of the

information added is essential.

In model visualization the objective was to develiiferent types of diagrams to help the
user’s knowledge assimilation. The important featig that the source data used to
generate the diagrams is a semantic web that medelsrganization. These diagrams

should be generated automatically and without gegial intervention by the user.

4.2 Formalization of meanings

Before the explanation of solution, a brief dedwip of the applications we used to
achieve it follows. They were important becauseas through the combination of them
that we produced the final result. Next on thigieeds the solution and how we reached it.

Finally we compare our solution with related wotlidsed earlier.

4.2.1 WordNet
We had the idea of linking the semantic wiki to sotype of dictionary, which should

provide words and correspondent possible defirstidordNet was our option.

WordNet is a large lexical database of English. Nowerbs, adjectives and adverbs are
grouped into sets of cognitive synonyms (synsetagh expressing a distinct concept.
Synsets are interlinked by means of conceptualsgmand lexical relations. The

resulting network of meaningfully related words awhcepts can be navigated with the
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browser. WordNet is also freely and publicly avalgafor download. WordNet's structure
makes it a useful tool for computational linguistand natural language processing. [19]

WordNet Search - 3.0 - Wordtet home page - Glossary - Help

“Word to search for: |car Search WordMNet

Display Options: {(Select option to change) i I Change I

Eey: "3" = Show Synset (semantic) relations, "W" = Show Word (lexical) relations

Noun

® 3 (n) car, auto, automobile, machine, motorcar (a motor vehicle with four wheels, usually propelled by an internal combustion engine) "he needs a car in get io work™
® 35 () car, railcar, railway car, railroad car (a wheeled vehicle adapted to the rails of rallroad) “ihres cars had jumped the rayis"

® 5 (n) car, gondola (the compartment that is suspended from an airship and that carries personnel and the cargo and the power plant)

® 5. (n) car, elevator car (where passengers ride up and down) "the car was on the top floor®

® 5 (n) cable car, car (a conveyance for passengers or freight on a cable railway) "thay fook a cabls car to the top of the mountain®

W ordMet home page

Figure 21 WordNet Web interface

4.2.2 Halo Extension

Our project's very first task was to implement afA auto-complete to assist the
annotation in Semantic MediaWiki. So we starteckiog for a solution, testing scripts

similar to Google Suggestion. We didn’t do morentlsample suggestions because we
found the Halo extension for SMW and our first ahijge was solved.

The SMW Project Halo Extension is an extensiom&Semantic MediaWiki and has been
developed as a part of Project Halo in order tdifaie the use of Semantic Wikis for a
large community of users. Main focus of the develepts was to create tools that increase
the ease of use of SMW features and advertisertihmediate benefits of semantic content.

The features of the Halo extensioran be divided into four main sections:

1. enhancing wiki navigation- features to ease and speed up navigation am$®cc
to articles, as well as semantic data, in the wiki

2. improving knowledge authoring - features to allow easy and expressive addition
of semantic data to the wiki

3. simplifying knowledge retrieval - features to query knowledge and access
information stored in the wiki
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4. gardening the knowledgebase - features that allow users to detect

inconsistencies and continuously improve the gualitthe authored knowledge

A demonstration video of the extension's main festu is available at

http://mww.ontoprise.de/SMWdemo/

A demowiki with the Halo extension installed is gafale at http://halowiki.ontoprise.de.
[20]

4.2.3 Tooltip MediaWiki extension

This extension provides the ability to add fanagitips to wiki text. This permits the user
to save annotations of words, expressions or phrpsesent in wiki text. Unlike other
extensions  which  provide similar functionality (i.e Extension:Glossary,
Extension:Linkedimage, Extension:LinkFloatie, ettiis extension allows for multi-line
wiki and/or HTML syntax text for the tooltip. Addnally, the tooltip itself is displayed in

a fancy semitransparent window.

4.2.4 Solution for Formalization of Meanings - WordNet integration with SMW
Although the limitations of the researched appiwea similar to what we aimed to
develop, we got some inspiration from them (DiclignTooltip, Google inline definitions

and OntoLing). This added with our ideas produbedsuccessful solution.

The solution to overcome the limitations found @& a richer formalization of content
objective, was to integrate some kind of dictionaith SMW. The user editing a semantic
wiki page should access dictionary words defingiand add them to the words he wanted
to give meaning. The add information action shdadceasy. An auto-complete returning a
word/concept definition was one of the purposeshef solution. Finally the definition

added should have a clean and easily accessildentation.

For the dictionary, we opted to use the lexicahbase of English — WordNet, introduced
above. WordNet also uses semantics to group relabeds and concepts but that wasn't
important for our objective. We just wanted to WerdNet's words definitions to add

meaning to words in wiki's pages.
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WordNet integration with SMW
First step was to access WordNet database, we fawnaly to store it locally. We didn’t
create a WordNet database, but added WordNet tabthe semantic wiki database.

To accomplish the integration we used the Haloresxom for SMW as an integration layer.
As Halo extended the SMW, we integrated WordNet \Malo extension and consequently
achieved integration of WordNet with SMW.

The integration of WordNet with Halo was made edirg Halo in order to search in
WordNet database. Halo also had to be configurédbiger WordNet search and return the
correspondent results, just for specific word dedin case (separate from auto-complete of
other SMW elements).

For the presentation of WordNet definitions featwe adapted the Tooltip MediaWiki
extension to do what we intended. It was necedsacpmbine this extension with Halo
and WordNet part. We adapted Halo, making the bridegtween previous work and the
presentation of definitions. Figure 22 shows thiateel applications for the WordNet

integration.

Organizational Semantic Wiki

Semantic Wiki

Media Wiki .
extension

: Halo
Database extension

[SW+Wordnet)

Tooltip j ______ S o
extension

Figure 22: WordNet integration with SMW
Functionality of the solution
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When the user triggers halo auto-complete for adwmr concept, halo searches for the
word in WordNet database, once found the matched vits definitions are searched and
returned to user, view Figure 24. The user chotheedefinition he wants and after saving
the page, that word appears with a different ptesien in wiki text and when the mouse is
over the word, the chosen definition automaticalbpears. In the next figure we can see
the final presentation. Other defined words havgla grey background and a dashed

underline.

Editing Entity
B| 7 |ab| @A |~ | vl —

an {{definition|entity| That which is perceiwved or known or inferred to have its own
distinct existence (living or nonlivihg that exists [or 1s concelved] as a

he existence of something considered apart
from its properties. It 1S an abstraction that aggregates a set of attributes [other
sub-entitiezs) and this abstraction exists or i1z conceilved by the obserwver as a
particular and discrete unit.

particular and discrete

Ln entity X's attributes (e.g., ¥, 2j| @@Anydivision of quantity accepted as a standard of measurement e

"trthgsttt RN, VUE YUthas'tt T'r . A1Y orexchange
of something (Sometimes on a sSmaller

a Meaning. @ Anindividual or group or structure or other entity regarded as a

structural or functional constituent of a whole

in entity may have az optional (extrd @pAanorganization regarded as partof a larger social group
reflect the kinds of entities [norma

specialization of, i.e., which prope
more [(mwultiple inheritance) entities
idea not associated with any specific 1nSTance);; |&] SUL-LYDES — ENLIC1ES LLOAL

T Asingle undivided whole

Figure 23: Auto-complete returning WordNet definitions

Entity

an entity that exists [or is conceived] as a patticular and discrete unit the eyvistence of something considered anart from its nroneries
attributes (other sub-ertities) and this abstraction exists o Agingle undivided natural thing occurring in the composition of something else

An entity X's attributes (e.g., ¥, Z) are specified with relations of type X has Z, X has ¥. All entities in a model have one essential (intrin:

An entity may have as optional (extrinsic) attributes: (1) super-types]] —which reflect the kinds of entities (hormally just one) that a certs
a certain entity will inherit frorn one or more {multiple inheritance] entities that are more abstract () sub-types — entities that specialize t

Figure 24: WordNet defined words and effect when tha cursor

is over a word

WordNet lexical database integrated in SMW gavethes possibility of choosing and
showing meanings for words in semantic wiki padéss functionality first objective was
to work with words not defined in wiki (not semanatily annotated) but present in wiki

pages text. But it can also be used for words ddfim wiki, giving them a WordNet
52



definition. In practice, its use is for most img@ort words of the model, key words (defined
or not in wiki) to understand the context and wotllan can have multiple meanings

(giving a definition to avoid confusion).

WordNet integration with SMW is independent of QOmgational Semantic wiki and
respective extension Organizational Modeling. Se #olution can be used in any wiki
with SMW installed.

Conclusion

The final result is a tool that enriches ontologjles OntoLing, but integrated in a semantic
wiki. The auto-complete feature was based in Haltersion and its data source the
WordNet. A simple and accessible presentation wh®aed using Tooltip extension idea,

making it better.

It's common to people add notes in a non structwrayg to models, our wiki with semantic
links between its pages (semantic relations betvedements), integrated with WordNet
it's a more systematic and coherent approach. €lect®n of WordNet definitions are
simple and people can, in an organized mannerjrddidnation to a certain word present
in a page. The result is increased formalizatioomefinings, an easier understanding of
words, their meaning in the surrounding context amtier knowledge storage and

presentation.

4.2.5 Comparison with related project OntoLing
Ontoling is similar to WordNet integration with SM¥Aart of our project; it permits to

enrich ontologies through automatic find of dedasipfor ontology’s elements.

Earlier when studying the OntoLing in the relatedrikvchapter, we saw that one of its
limitations was that it's developed to work for @esific application called Protege. Our
solution was WordNet integrated in Halo extensi&s. Halo is a SMW extension,

WordNet definitions were accessible from SMW.
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As our ontology is an organization and our workifptan a wiki, our solution to ontology
enrichment was through an auto-complete that ginitiens (from WordNet) for words

present in wiki pages text. This way we grantedetimechment of the ontology.

The other OntoLing limitation mentioned earlier wast providing the enrichment of
words present in ontology elements description,notitdefined in the ontology. With our
auto-complete solution we can also give meaningrtp word present in a wiki page,

enriching words not defined in the organizationabtogy.

Table 1 compares differences between the two fsojec

Features \ Applications OUR OntolLing
Enrich ontologies X X
Enrich words not X
defined in ontology

] SMW
Ontologies definition _ RDF

(simpler syntax)

Platform MediaWiki + SMW Protégé

Table 1: Comparison between our solution and Ontatig

4.3 Model visualization - Automatic diagram generation

Related to Limited model visualization problem, tkelution was improving the
Organizational Modeling extension. It only genedatactivity diagram with some
limitations, so our aim was to improve the actiulipgrams and implement new types of
diagrams using Graphviz to design them. New diagngres include Entity-Relationship
models, State diagrams and Use Case diagramsypis tof diagrams regularly used in

Organizational Engineering area.

4.3.1 Automatic diagram generation
The Semantic wiki user introduces the organizadiata in wiki in the textual form, using
SMW syntax studied earlier. Doing this, the orgatianal model takes form but the stored

data is all textual.
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What our bottom-up auto diagram generation toolsd@e convert the data (textual)
introduced in SMW, to much more user friendly daaygs, producing an easier and better
understanding of Organizations, their businessga®es, entities and how relations happen
between them. By relations, we mean between elanfemin the same type and from
different types. For example: hierarchy of empl@yeghat activities are related to each

other (same type); what activities are certain eyg®s related to (different types).

Diagram builder algorithm

Introduced data in SMW creates a semantic grapleleents (pages). So with an
Organization model defined in SMW, we already haskmantic web or graph but there
wasn't a graphical way to see parts (sub-graphghisfweb. What we needed to do was,

navigate through that semantic web and generateaties from it.

The solution was access the semantic graph byrsegrdata stored in SMW database. To
cover the SMW graph, the algorithms defined useymiames the semantic search function
from Organizational Modeling extension studied iearlThe principle for each diagram
construction is to cover all the nodes of a graépén for each node use the semantic search

to find what nodes are related to it, and add dmmections between them.

What we did was while covering the graph, as wenfoelements we defined them in
Graphviz language, building a diagram. When th@lgnaas complete we used Graphviz

to output the final diagram images

Diagram generation methods architecture

The methods to generate different types of diagistars by defining in what type of pages
the diagrams will appear, for example activity dgags appear in activities pages. From
this point starts building the diagram in GrapHaizguage and have to follow its rules. The
rules are the same for every type of diagram weembidst is definition of all the elements
used in the diagram, it's here that the shapeBeoElements are defined. Then it's the part
of relations between elements, the core of eacthaodetHere is defined the algorithm

(from previous section) that, covers all the graptes, and connects the related nodes. To
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finalize the built diagram is generated using Gvapland the images saved in wiki

database.

Unique diagram generation method

During development we implemented several generatiethods, one to each type of
diagram (activities, ER, state, use case). The odestlarchitecture we just saw is common
to every type of diagram. This means it should dssible to implement a uniqgue method
to generate all type of diagrams, using parametedeal with the particularities of each

diagram.

This feature would facilitate the addition of neypés of diagrams but has a probable
problematic part in the creation of relations. Tdigorithm that builds the connections
between related elements is complex and variesfeoln each type of diagram. It may be
possible to extract a certain pattern or set afgruhat all algorithms use, and then use
conditions to treat the particularities of eachgdsn. The problem is the number and
complexity of conditions to deal with the partiauti@s. It would be necessary many

conditions and the method would be too big and ¢exap

Perhaps the better solution is an intermediate oagpr A general method with the
architecture used in diagrams generation methodlparameters to treat minor differences
between diagrams (appearing pages, declare usettrdgke image size). Then separate

methods with algorithms to build the relations mdrtach type of diagram.

We didn’t implement this idea; it's only a contrttmn and an interesting feature to future

work.

4.3.2 Comparison with related work
In this section we remember the limitations of waekated with our project. The
applications were studied in chapter 3 and nowevepare them to our work, and how our

solutions overcome the limitations found.

Semantic Reference
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Comparing with our project, the limitation of thensplex RDF language to define business
processes is resolved just by the use of SMW tlagt & simple syntax. Modeling
organizations in SMW is fairly easy; of course yoeed to be aware of organization
architecture and its business processes. This iadaantage and one of the primary
objectives, a tool easy to use by people withouchmeoftware knowledge, all the
collaborators of the organization can contributetlte creation of an organizational

awareness.

Other big advantage is that our solution providexremtypes of diagrams; Semantic
reference project is limited to activity diagrafée developed automatic generated activity

diagrams but also Entity-Relationship models, Sl&grams and Use cases diagrams.

As for diagram navigation issue of semantic refeeeproject, the solution was already
developed by Jodo Mendes in Organizational Modedxtgnsion; we just had to re-use it.
It works through the generation of .svg imagess thipe of images is clickable and we
linked the graphs nodes to wiki pages through tgepJRL, for example, in a diagram
with activity “Check registration”, clicking at thactivity node you are redirected to

correspondent activity page. Table 2 shows theouaridifferences between the

applications.
Features \ Applications OUR Semantic Reference
Auto diagramming X X
Semantic annotation SMW RDF, OWL, OWL-S

(simpler syntax)

Types of diagrams 4 1
Algorithms operation
Navigable diagrams X

Table 2: Comparison of our project with Semantic réerence

Comparison with Auto diagram generation applicatien
The limitations were that each application onlyeyated one type of diagram, and the non

support to model organizations and provide viewtheir business processes, entities and
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relations. We improved the activity diagrams andplemented three new types of
diagrams: Entity-relationship models, State chaatsd use cases diagrams. The

organizational views were improved to return infation related to the new diagrams.

Next table compares the features of each applicaticoduce earlier in chapter 3.

o Ragel
_ | Linguine | PostgreSQL| )
OUR | Visustin State | OntoViz
Maps Autodoc )
Machine
Automatic
diagram X X X X X X
generation
Types of
.yp 4 1 1 1 1 1
diagrams
Use Semantics | X X
Organizational X
Modeling
Organizational X
views
Navigable
_ X
diagrams

Table 3: Comparison of automatic generation diagrantools

4.4 Applications Architecture

The basic application is MediaWiki, extended witi\8 to make a Semantic wiki. Then
we have two MediaWiki extensions but that work agV% extensions: Halo and
Organizational Modeling, these don’t work aloneitipurpose is to add functionalities to
SMW. WordNet connection to Semantic wiki happensough Halo. Organizational
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Modeling uses Graphviz to generate the diagramsalllfi the Tooltip MediaWiki

extension was installed and adapted to use in WetrdBfinitions presentation.

Organizational Semantic Wiki

COrganizational
Modeling
extension

SV

extension
Sasatendsss

Halo
extension

Tooltip
extension

Figure 25: Project’s Applications architecture

4.5 Organizational Semantic wiki concept hierarchy

We made some adjustments from the previous prejgcthierarchy. Thing it's the most
general class, it permits the addition of any nasscas it specialization. Relations happen
between entities. All other elements of wiki arditess that related to each other, the
Model entity has two specializations: Entity-Redaship Model and Use Case Diagram.
The activity and State diagrams aren’t defined aslels because these are drawn at the

respective class wiki pages.
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Thing

Relation
Entil
ty Subject= Entity
Predicate
T Object = Entity
Activity Attribute Condition Model Resource Role State
Entity-Relationship Model Use Case Diagram

Figure 26: Organizational Semantic wiki concept higarchy

4.6 Additional features
During our work with the semantic wiki we envisiohgome others functionalities useful

to improve it.

Rename for SMW

MediaWiki has a native feature to rename its palgescalledmovebecause what it really
does is move the page content to a new page wWitdrahit name but and same content
(text). The problem is that with SMW if you moveriame) a page you lose all its relations
with other pages because the references (in oggsptext) to the page stay with the old

page name.

What SMW needed was a rename that updates alh#tances of the renamed page in
order to maintain the semantic relations of thajepda his is a really useful feature that
should be part of default SMW extension, so wedkztto implement.
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The solution was to make a simple interface for ttweame, then scan the database
renaming the page and all of its semantic relatinoaances presents in wiki pages text,
whether it's a normal page, a Property or a Terapl@he rename is made in all pages
versions that contain the renamed page name, satBgg the case of an undo to an old

version.

Semantic Organizational Modeling wiki for Linux / Windows

Other must have feature was the Organizational WMuaglextension compatibility with
Windows and Linux operating systems. The solutias wo prepare the Organizational
Modeling extension to recognize the server systadhran the correspondent commands.

This permitted compatibility with both operatingsggms without any user configurations.

At this point, with the solutions explained andrified, the next chapter specifies how their

implementation was made and all the important dtepsach the final result.
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CHAPTER 5 — IMPLEMENTATION

This chapter is to explain in detail the implementork, the modifications made and
where the work was done. It's intended to explamjget’'s details, and especially to help
those who will work with the project in the futuidearing up what was done and reporting

the problems encountered.

Progressing to work done, first part was mostlyaesh and understanding of the project
context, and then we had two major topics to woduad: the WordNet integration with

Semantic MediaWiki, and the creation of new typediagrams to model Organizations.

We begin the chapter with an explanation abouttiaps to achieve WordNet integration
with SMW. Then a part not directly related with tblejectives but necessary: Semantic
Wiki upgrade, where the major problem was with @rpational Modeling extension

adaptation to new wiki. Next section is about thwomatic graph parser and diagram
builder, here we detail the work developed to eeaich type of diagram. The explanation
of each diagram also works as a user manual to diageams in wiki. The two additional

features we found valuable and decided to implerasnthe following theme. In the end,

some of the problems found are described.
Summary and activity diagram of the developed work
» WordNet integration with SMW
* Implementation of conditions in activity diagrams
* Semantic Wiki upgrade
* ER, State and use case diagrams for Organizafibo@éling extension
* Rename for SMW

» Organizational Modeling extension for Windows arialuix
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Sema_ntlc.web Ajax Auto complete Found Halao
Investigation

Conditions in Wiardhet integration
Activity diagrams with Shvy

ER maodels

)
—

inline queries
wiOrked?

Organizational Modeling extension State diagrams Organizational Modeling
far Linux and VWindows g far the new Semantic wiki

Jse case
diagrams Rename pages )@

Figure 27: Developed work Activity diagram

Wiki upgrade Inline queries

5.1 WordNet integration with Semantic MediaWiki
The work related to WordNet can be divided in tveot@ user interaction, and search for

definitions at WordNet database.

The initial thought was to connect WordNet with SMiVreal time connection but we
didn’t find way to do it because WordNet didn’t pide its database online, also we didn’t
find other way to do it. The solution came witheady-to-use WordNet MySQL database
(the same database type MediaWiki uses) projecpitednby Bernard Bou. This way we

could store the WordNet database locally.

Description of the project:
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* [MySQL, PostgreSQL] A ready-to-use SQL databasé timfies WordNet 3.0,
WordNet 2.0-2.1, 2.1-3.0, 2.0-3.0 sensemaps, VdrbRlié, XWordNet 1.1
compiled by Bernard Bou supports both MySQL andd?eSQL.

The project provided SQL scripts that we had to ifgjogtlemoved drop commands and
foreign keys) in order to populate the database=ctly. We didn’t create a new database
for WordNet, we added WordNet tables to our sernamiti database.

5.1.1 User interaction
This part can also be divided, in auto-completevithen editing a page text and final

presentation of the words definition in wiki pages.

Auto-complete

The first attempt of reading the WordNet databagke a/simple auto-complete made were
unsuccessful. We pondered search an alternatitierdicy but meanwhile we and had the
idea of taking advantage of Halo auto-completeufesto use with WordNet.

After a study and exploration of Halo extension eade knew where to extend halo to
return WordNet definitions. We needed to define dhéo-complete interface part before
extend halo and test the returned definitions. [Dlge&cal next action was how to provide
the user an auto-complete for WordNet word debinii It had to have a syntax different
from SMW ([[property::object]]), so the first ideaas: in wiki page editing, after the

introduction of a word followed by the “=" symbolhe user presses ctrl+alt+space
(Firefox) or crtl+space (IE) to trigger the autoagulete. For example [[word=definition]],

we used “=" because if we used “::” it would beeli& wiki property.

Presentation of WordNet definitions in wiki
The previous solution worked for the auto-compfeé but wasn'’t presentable because it

looked the same “[[word=definition]]” in the pagext.

The solution was the use of another extension:tipoMediaWiki extension that allowed

the use of Halo because it uses a template in tkie(lnalo also has auto-complete for
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templates).

» This offered the possibility to use a templatehwitis we could have the halo auto-
complete and a good presentation solution in theetext

» Creating the template:
o Create a page with the name: “template: definition”
o Paste the following text in it:

» <includeonly>{{#definition:

{13H{{2}}}}}</includeonly><noinclude>Usage: {{ definition |
word | word definition}}</noinclude>

We modified the tooltip extension to use the wodgfinition” instead of the default

“tooltip”. The normal tooltip extension works sinarheously with the one we defined, but
with different presentation.

Next step was extending halo to integrate it witbriet and display its definitions. This
way we integrated WordNet with SMW because halerek¢d SMW.

5.1.2 Search WordNet words definitions
For what we needed was necessary to use datalirem tables of the WordNet database,

the principal tables (word, sense, synset), ligiiby colored in next figure:
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tables J |
samp le
—synsetid:long
-sampleid:int
; wordpos ition -sample:5tring
cas edword
—wordid:long s‘mse.“d lon
7 -wordid:long
-lem ma:String ositionic:
B s has |
% synset category
has ix: -synsetid:long -categoryid:int
has -pos.char refersto | _mame:String
g -categoryid:int -pos:.char
MO - definition:5tring
—wordid:long sense refers to
= -Stri has
lem ma:String T o
| | - casedwordid:long
-synsetid:long
-rank:int
~laxidint semiinkref
% has :
-tagcount:int -synsetlid:long
| zsynsetlid:long
—linkid:int
has
refersta
Inkdef
has has has
-linkid:in
& r ¥ *, -riame: String
= ~-recurses:boolean
morphre f frameref sentenceref lexlinkref refars to
-wordid:long -synsetid:lang -synsetid:long £ nse.tlifd:lon
-pos.char -wordid:long —wordid:int -\r\rordldl_ld:lon
-morphid:int ~frameid:int -sentenceid int —synsetdidilan
—word2id:long
—linkid:int
refers to refersto refers to
morphdef framedef sentencedef
-morphid:int -frameid:int -sentenceidlong
-lem ma:string -frame:5tring -sentence; string
|

Figure 28: WordNet 3.0 Database schema [21]

Database table’s explanation:

» Word: This table has wordid and its respectiviemma wordid is the primary key,
and lemma are words or set of words defining concepts (pers@osts, dates,
objects). Some examples of these concepts: Abrdtinooin, I Lieutenant, 14
July, dining-room table.

» Sense Makes the mapping between tablgsrd and synset Responsible for the

relation between words and their definitions (wdrdisynsetid). Most words have
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various possible definitions, sonerdid has variousynsetidsThis table has primary
keys wordid and synsetig and the foreign keywordid (word table) andsynsetid
(synsetable)

» Synset Important of this table is the primary keynsetidand the respective textual

definition (what we search for and is returned to user in)wiki

In queries implementation we had to search covaihthree tables, the essential table is

sense because connect words to their definitions.

The implementation was made in file:
\extensions\SMWHalo\includes\SMW_ Autocomplete.php

We modified function SMWfAutoCompletionDispatcheighd created a new function

called getWordNetDefinitionProposals()

5.1.3 WordNet integration with SMW final version
To use it, the user must type: “{{definition|wordfien press ctrl+alt+space (Firefox) or
crtl+space (IE) to trigger the word correspondesiirgtions.

To article visualization, we created a modified [ipo extension (file
\extensions\WordNetTooltip.php) where we also ckdnthe CSS to differentiate the
WordNet defined words from the regular wiki textras.

5.2 Semantic Wiki upgrade

This section starts describing the changes of SMYfdllows the tasks we had to perform
in order to accomplish the Organizational Modelgension integration in the upgraded
wiki. One of these tasks was the attempt to usendie semantic searches or inline

gueries, that we concluded weren’t useful for dyjedtives.

For development of the WordNet integration with SMW used one of the latest versions
of MediaWiki (1.10.*), and version 1.0beta of SM\Wdahalo extension.
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The project developed by Jodo Mendes used Mediatvkii and SMW 0.6. Before
starting to work in diagram construction we optedipgrade the old semantic wiki to the
latest release of both applications at the time.

MediaWiki had some changes that we will see ldtat, SMW had big changes. These

changes included syntax, structure and consequawilifications in the SMW database.

5.2.1 SMW 1.0 changes
Joao’s project was built using SMW 0.6, in SMW1érsion had some changes, the
introduction of categories, the attributes andti@hs were replaced by properties, before it
was [[predicate:attribute]] and [[relation::relaticobject]], now the syntax its always the
symbol “::”, for example: [[capital of::Germany]fThe SMW1.0 conclusions list:

» Categoriesare used as universal "tags" for articles, desgyithat the article belongs

to a certain group of articles.

* To add an article to a category "Example categqugt, write [[Category:Example

category]] anywhere in the article.

» A category forms a collection of articles that eomsidered useful or interesting for
users, and categories are organized so users cavsebrnarrower or broader

groupings and find related concepts.
» How to define the predicate: David plays professor.
o Definition of properties is free.

o Example: in the page David we can type: David pkyfplays::professor]]
role in University of Madeira.

« Validation of relations: relations are valid sirtbat the properties used by them are
created (defined in the wiki). The user is freecteate the properties he want, the

same happens with the categories; even so it'sedvo use the already defined.

The MediaWiki and SMW upgrade is made by installihg new version or substituting

the old files for the new ones. The problem isdam@base (both applications use the same),
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and to maintain old data (Organizational relatiand concepts) we had to upgrade the old

database, making it compatible with the latestioass

The upgrade of old semantic wiki was done in calfabon with Jorge Cardoso. We
upgraded MediaWiki to version 1.11.0 and SMW tcsiar 1.0.

After upgrading, the WordNet definitions auto-costpl were integrated without problem,

but the Organizational Modeling extension andetpective template didn’t work.

5.2.2 Adaptation of the Organizational Modeling extension

After an unsuccessful attempt to adapt the Orgtiaira Modeling extension to the SMW
1.0, we decided to remove the inverse relation filoendatabase and started to redefine the
semantic searches of the Organizational Modelingnsion. The idea was to use the inline
gueries of the new SMW 1.0 and try to make usésaidvantages instead of our semantic
search.

Inline queries
Supports subqueries, for example:
[[Category:Actor]] [[born in::<g>[[Category:City][[located in::ltaly]]</g>]]

The inline queries were explored and tested, trymgnake nested searches (like our
Organizational Modeling extension) but using orijine queries we only could make

searches with one level of deepness

Possible alternatives:

» Using both, inline queries and the inverse relaiiorthe database, this way it's
possible to do semantic searches on more thaneweé df deepness but they stay
limited by a maximum deepness, the maximum deepness be previously defined
by the programmer. With the SQL semantic searchgugie inverse properties

crated, the search is executed until the last lefivdeepness

o The principal limitation comparing with SQL was rimging able to make a

search using a result of another search, for examm@earch returned an
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activity and | want to search what that activitypus.
» Continue the redefinition of the old searches withgsing the inverse relation

o Would have been difficult and had the disadvant#gioing many accesses
to the database and a lot more queries. This wntilatluce complexity and
make the application slower.

Conclusion

We tried to use the inline queries to make alldbmantic searches needed, with them we
didn’t need to create all the inverse relationthm wiki Database (table SMW_relations).
But inline queries don't have the capacity of manggdata as SQL and due to the
limitations we decided to stand with the inversiatiens in the database, using SQL
(mySQL) to make the semantic searches. Inline gsare good to make a question and
obtain a set of nodes (insufficient to navigatesemantic graph) as with SQL we had
freedom to make nested searches and navigate thtbegraph. With the inverse relation
we also gain performance because their creati@imgple and the searches need fewer

gueries, improving performance.

Another strong reason to maintain inverse relatisndhat SMW 1.0 doesn’t implement
hierarchies, it uses categories, and these orgdatzeand serves for searches inside one or

more categories. Following text belongs to SMWaidli documentation:

“Hierarchies are in the SMW TODO list and will beplemented:
» Hierarchies of relations and attributes are ob\woneeded. The main challenge is to

support them in inline queries, but also a wellkfed RDF-export is a requirement.”

The Organizational Modeling template implementsdrghies with the creation of some
special properties (relations) and its correspondererse, for example property “Is_a”

(generalization) and its inverse “inv_Is_a” (spézaion).

As we decided to maintain the inverse relations hael to make the Organizational

Modeling extension work in the upgraded semantia toi
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We discovered that to solve the Organizational Modgeextension problems we had to
make the adaptations, made on the old wiki by Jodbmake them in the new semantic
wiki. These adaptations were code changes or neetifuns distributed by various files of

MediaWiki and SMW.

Because latest MediaWiki and SMW had many changegaring to older versions, we
had a lot of work to discover what features (lik&kihg images directly to an image and
not an image page) implicated changes and seadiidb and respective portions of code
to change. This was caused for lack of documemtagibout this part, from previous work.

Creation of the inverse relations

Inverse relations are important because they inggraph navigation and permit inverse
semantic searches. This was an important requaiteake the relations between pages
appear in the Organizational Modeling template.

The main problem wasn’t the creation but the updétie triples (subject-relation-object),
S0 to do the updates the solution was deletinglthériples (but not all because the subject

may have relations with other pages) and savedieomes.

File changed: extensions/SemantiMediaWiki/inclustesage/SQL_Storage.php

* Functions changed: updateData (),deleteSemanti¢pata

* Implementation of a new function: updateSemantiaDatonly to do the update
separately, resolved the problem of the deletiothefsubject when we saved a page
that happened due to the use of the function dedetanticData() called by function
updateData().

Additional changes
The relations part of the Organizational Modelingeasion was solve but we continued
having problems.

Follows the features that needed changes and tiiespondent files were code was
changed.
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Organizational Modeling template embedded in akiwages

This feature was very simple in the old wiki. Irethew one was necessary some more

modifications. The file used was includes\EditPglgp.

Images presentation

The image functions on the new MediaWiki changéat.dn order to the images generated
from the Organizational Modeling extension workreotly we had to copy some image
functions from the old MediaWiki version. The fite copy functions from old wiki is

includes\imageFunctions.php.

At the includes\Defaultsettings.php file, add svdgihte permitted file extensions to the array

$wgFileExtensions.

If the images still don’t appear in your wiki yoweed to install a software called
ImageMagick.

Direct link to .svg images

When uploading a image to the wiki, that imagetdsesl in a proper image page. But we
wanted that when clicking in a diagram .png imagea wiki diagram page, the user was
directly send to the .svg correspondent image. Thanges wre made in file
includes\OutputPage.php.

Old relations pages changed to property type pages

We had to change all old relation pages to propestyes because in the new upgraded
wiki the links in the fact box were to property ¢ypages (because of the change to
property to all predicates). Before the relatioasld have a predicate name different from
the relation name, in the new wiki the relation @sdpredicate name must be the same.
These changes were made in the wiki but we needadapt the Organizational Modeling
extension to them. We had to update the code torganizational views, when appearing

relations, their links follow to the new properigges.

Creation of the relations pages in the wiki and daase
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Once again we had problems to adapt this funciiyrtal the new semantic wiki 1.0, more
about them in section of problems found. The autmn@eation of relation pages was
made but later we decided to remove these pagestifre wiki because SMW 1.0 provided

a functionality (Pages using the property) thaivedld a similar result.

The old relation pages were accessed through fnaks relations in the Organizational
Views template and provided the subject, prediaatd object of a certain relation; it also
provided a way to see what pages were using thatdf relation. In SMW 1.0, a property
(correspondent for old wiki relation) page alreddhs a list of pages using that property

(relation).

5.3 Automatic diagrams generation

This section begins with a clarification of how Ned/iki and the Organizational
Modeling extension interact. Next is this modulestfigoal, the implementation of
conditions in the current Organizational Modelingeasion activity diagrams. The auto
graph parser and builder for various types of @iagrs section’s main part, ending with

instructions to create a new type of diagram.

Interaction between MediaWiki and Organizational Meling extension

The connection happens through the use of a wikipkate. The template (called

Organizational views) calls the diagrams builded aamantic searches functions defined
in the Organizational Modeling extension. The teatglvas integrated in all wiki pages, so
every page calls the functions with the respectpege name as attribute. The
Organizational Modeling extension receives the ,dakats it and returns the images

generated and the semantic searches results.
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Organizational Semantic Wiki
Semantic Wiki
Wiki page
L PReturns dizgram - . 1
T —— Organizational Modeling
Organizational Functions
views template calls functions; . semanticsearch
(in all pages) sENds pagename * Diggrams generation }J

Figure 29: Interaction between MediaWiki and
Organizational Modeling extension

We had the Organizational Modeling extension exgldiin chapter 2, section 2.4.3, so we
already had a function to do the semantic seardradist prototype of Activity diagrams,

the generation of the diagrams was made with Giapl&raph Visualization Software.

Diagram builder process

Before we describe the each diagram, it's importantinderstand how process used to
build them. While covering the graphs and extractits information (elements and
relations), we add to a buffer the Graphviz elesem=tcessary to build the correspondent
diagram. To render the diagram we execute Graptorizmands using the buffer code as

source to output png and svg image files.

5.3.1 Implementing conditions in the activity diagrams

Our task was to implement conditions in a way thatdiagrams were possible to convert
to and from Petri nets if needed in the future. @iki has two types of activity diagrams:

simple (only 1 activity) and with sub-activitiesh@vs how various activities interact

forming another activity or business process). @ark was redefining the diagrams of

activities with sub-activities, adding conditions.
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Our redefinition resulted in a completely new aitjon to design the activity diagrams
because the conditions were related to all theioakabetween activities. Figure 30 shows

our first attempt.

Person_MName [s In List

—

Class Person List -
e_Is_Not_In_List _:

Chfek [€ Fist Modle Done FirslMotble Donep fo b or 1o Clags List
________________ I
Person Arrived At Class [ __ o mmmmmm— =T

Figure 30: First version of Conditions in activitydiagrams

make I Monthly Payment

. Lheck Person Name

Later we decided to improve it, adding diamonddhwitquestion before conditions; next

figure shows part of Graphviz output:

Person Mame Is In List

- Inform about First Module

Reegister Person In Class List

Check IF First Module Done

Figure 31: Final version of condition in activity dagrams

To model an activity with sub-activities (Busingsscess) in wiki text, the user just needs
to specify what sub-activities make part of theivagt For example: [[Has
activity::Check if first module done]], [[Has actty::Inform about first module]]”and so
on. It's also need to specify the beginning and rwactivities: [[Begins::Check Person

Name]], [[Ends::Inform about First Module]]”

Implementation
The function that implements this type of model dsawActivityModel() from
Organizational Modeling extension.

Sub-Activities
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Using a semantic search with predicdtas_activity”, we start adding to our buffer the

sub-activities, i.e. the activity we are modelirag various sub-activities.

PreviousSub-Activity -> Sub-Activity

This part isn't related to the conditions, it'sdonnect sub-activities directly connected to
other without questions (conditions). For each acipsity found above, we search for
PreviousSub-Activities (executed before the curremé and connected to it) through
predicate“After_Activity” present in current sub-activity. With Previous3udtivities

found we add (to buffer) the connection betweenailvities. Note that making this step

for each sub-activity covers the all graph, coningctll the activities.

Adding Conditions
Before explaining implementation we present a #gof a part of a SMW graph to

understand the relations between elements andriespesed to create them:

- ¢ . T
Condition Sub-activity
First module done o Inform about first module
[[Result of::Check if ] [[after condition::First
first module done]) module done])
.. ., -
Input Sub-act ity
Check if first module done
. ' L R
Condition Sub-activity
First module mot done Register person in class list
[[Result of::Check i [[Aafter condition::First
first module done]] L module not done]] J

Figure 32: Activities-conditions relations graph

For the conditions implementation the connectiomeed to make is InputSub-Activity ->
condition -> Sub-Activity. This must be made backig starting in the Sub-Activity. So

we start with:

Condition -> Sub-Activity connection

The same way as the previous PreviousSub-Activitgub-Activity connection, we search
for conditions executed before the current subvitigti Note that the search (graph
navigation) is always made backwards. Here we hseptedicate‘After Condition”

(present in current sub-activity) to get the cands before the sub-activity and connect
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them to the current activity. For example, folloginext figure diagram, supposing our
algorithm was afinform about first module”sub-activity, we make a semantic search for
“After Condition” and the result isFirst Module Not done”Note that the sub-activity has

“[[After Condition::First module done]]”in its wiki text.

Infarm abaut First Madule ]’_/’@

Register Parson In Class List

First Madule Mat Dons

itst Madule Done

( Chieck: IF First Module Dans

T Registration List

Figure 33: Conditions in our generated diagram

InputSub-Activity -> Condition connection

Then for each condition found above we search Her hputSub-Activities through
predicate “Result Of” (Condition is a result of InputSubActivity). Theound

InputSubActivities are connected to the Condition.

This way we complete the InputSubActivity -> Coratit-> SubActivity connections, this

process is made for every sub-activity until cavgll the elements of the semantic graph.

Notes

We added the possibility to take notes at actwjtemnditions and resources. These can be
just a simple note“[[Note::noteDescription]]” or page with long description
“[[Note::NotePageName]]”. All notes automatically appear in activity diags using

searches with predicatislote” .

5.3.2 Entity-Relationship Model
From this point, we could start developing new typé diagrams; the first was the ER

model.

Wiki hierarchy structure for ER models:
 Entity -> Model -> ER Model -> ER Model instance
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The previous diagrams (activity) were made at agtpages. For ER model we opted for
the generalization of entitfModel” , this way, in the future can be added other tygfes
models. Also activity diagrams had activities andditions as elements, the ER model is

composed by entities, relations and attributes.

In ER models pages the user just need to definerttiges he wants to be part of the
model. For examplef[Has ER entity::Department]], [[Has ER entity::Séient]]. The

diagram builder fetches and adds the relationsdmtventities and attributes.

Implementation

The simplest possible explanation is that the #lgorcovers each entity at the ER model
page, and then searches and connects to all redafat entity has. For ER relations is
done the same, connecting them to entities. We tligeskmantic search, modified by us to
find all the relations that entity uses. To complite algorithm we introduced verifications

(avoid multiple arrows between same elements) ardir@lity of relations.

The function that implements this type of modedriawEntityRelationshipModel() present
in Organizational Modeling extension.
First we search and add to our buffer all the msta of elements that will be part of the
graph:

* ER Entities (we decided to distinguish from regeatities)

* ER Attributes

* Relations

Connections
The general principle is the same of the previaagrdm developed. But for the ER we
have to connect two entities using a relation, deample:University has department

University is thesubject departmenthe object antiasthe relation.

To help understanding an image of a semantic graghused as source:

78



Relation
Belong . .
. Object Entity
[[Relates M::Student]] e T
Relates 1::Department
Subject Entity I = I
Student
[[mefine::Type of student]] -

[[Belong::Department]) object Entity .lfl.t‘trl!:lu‘!:E
Relation Type of student ’_,_,-”f Description

k.

Define [[Has ER

attribute::Description])

Figure 34: Entities-relationship graph

For each entity found we search just for its propgfirelations (for this we modified the
semantic search-instead of searching for a preditatt returned objects, we wanted just

an entity’s relations). The modifications were matdeepFirstSemanticSearch() function.

Subject Entity to Relation connections

Then for each relation found is made a verificatiorconfirm that correspondent object
entity is an ER entity (avoid connections to non &ffities) and a connection from subject
entity to each relation added. The cardinality leé tonnection is discovered making
semantic searches at relations (where cardinaityefined) with predicateRelates 1”
and“Relates N”, adding the correspondent cardinality symbol (¥)an the connection

arrow.

Relation to Object Entity connections

Again for each of the relations of an entity isrshad the object entity, verified if the
object is an ER entity and the connection betwedgtion and object entity added. The

cardinality is the same as mentioned above.

Attributes
A semantic search with predicatelds ER_attribute”is made to find all attributes from

each entity and then, the connection between tlielaca

SMW N-ary properties
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SMW latest release provided a new experimentalifeatalled N-ary property. So the first
time we wanted to introduce cardinality in the ERd®ls we thought of taking advantage
these n-ary relations provided by SMW.

To introduce cardinality in a relation likS€tudent - Belong — Department (Student
[[Belong::Department]]) we used extra properties in the relation pBgong [[Relates
N::Student]] and Belong [[Relates 1::Departmenti)ith N-ary relations the idea is using
a unique property (in an entity) with both relatiand cardinality, for examplétudent
[[Belong::Department; cardinalityValue; cardinalivyalue?2]]

We tried to use it to implement cardinality but &ase of the way these properties are
defined in the SMW database (use various tables)couldn’'t use the semantic search
properly. We made some adaptations to the semsedich function in order to use the n-
ary properties, but without success. This featarexperimental and we think isn't still
implemented the best way possible, specially thabdae architecture part of it. We tried
the N-ary some months ago, at the present thepdirehanged name to Many-valued

properties so maybe they are redefined and casdzkin future.

80



Professor
Belors
Type of Departiterd
I
— 1
Defne TR
HH-\"""--.
LDrepartrrerd
B 3
/ Conmrse
BelinziD \
./ Belongs

Type of Stadert

Dresaiption

Figure 35: Example ER model of a University

5.3.3 State diagrams
The next type of diagram we found interesting vibeestate diagrams or state charts. They
were designed for entities, to check their statesvehat activities lead them from a state to

another.

This type of diagrams has a particularity compdcedthers. The pages where they are

designed (entities in this case) don’'t have diretations to other elements. The user
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doesn’t need to specify any relations in the enfitye relations are defined in other pages

and we get them through semantic searches witimtleese predicate.

Implementation

The initial step is adding the states of the curesnity; at the state pages we hé8ate
[[Is State Of:current Entity]]”. So, at the entity page, trough a semantic sefmch
predicate inv_Is_State_Ofwe get the entity’s states.

Explaining with triplets (subject - predicate - etf):
» State - Is_State Of - Entity

« Entity - inv_Is_State Of — State

A part of semantic graph image to help following #xplanation:

Entity
Perzon Registration
/ ["Wrere{ﬁagramapl:earﬂ \

State ) Artity State
Registered Werify registration confirmed
Egisters n i O £

[[1s state of::Person 3| [input-Registered]] | [[1s state of::Person
resgistration]] [[Out put:-Confir 1 resgistration]]

Figure 36: States relations graph
The core of the building function:
* For each of the entity’s states:

0 It searches the activities that output that staseng predicaténv_ Outpuy;
at the activity is[[Output::State]]. Following Figure 37 example and
supposing we’re at Confirmed” state, the activity found isVerify
Registration”.

o Then for each returned activity, we search its ingiates. In example is

“Registeretistate
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» Finally, each input state returned is connectethécurrent state,
with the connection having the name of the actithigt outputs that
state.

( Registration (Registered) ]

Weitify Registration rify Registration

[ Reqgistration (Cancelled) ) [ Registration (Canfirrmed) )

Warify Attendace

[ Registration (withdrew:) j

Figure 37: Example of a generated state diagram

5.3.4 Use case diagrams
This was the last type of diagrams implementeduinpoject; this popular diagram type
defined by UML is simple but very useful to undars&t which actors perform the

functionalities provided by a system, and the ddpanies between functionalities.

In our case, what we defined as roles are the algmt/to actors, the objective was define
which activities are performed by a certain rolscAimportant was a better understanding

of the roles hierarchies, and the relations betveeeme activities.

Wiki hierarchy structure:

Thing -> Entity -> Model -> Use case diagram

These diagrams are, like the ER model, not spdcfie an organizational element. To
construct a Use case, the user just needs to gpkeifoles he wants to see the respective

activities, examplég[Role::Employee]]” will return the activities the employee performs.
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Before implementation we take a look at an exarapthe source graph:

Role

Employee
Activity
Role .
Cooker Cook an omaolette » Artivity
[['531iEmF'-lD?EE|| [[operated by:: Cooke]] Beateggs
[[Has_activity::Beat egzs]]

Figure 38: Roles-Activities relations graph

Implementation

First thing was drawing the users, a semantic bdayredicatéRole” to get them. The
particularity of this type of diagrams is that &ach actor (role) it's designed a sub-graph.

Then we drew the activities making a semantic $efoc each user activities
through predicatéinv_Operated_by".

o Each activity found was connected to the correspondser. At this point
we also checked for includes and extends betwetarntias, and each one
found was connected properly. We used the predittds activity” for
the“<<includes>>" and“extends” for the“<<extends>>" . Actually, the
“extends” aren’t used in the wiki but are an ingtirey predicate to use in

the future so we implemented the use cases to Huppm.

Also for each user we searched for generalizatiwtaeen actors and connected
them. Because we also used the preditatea” to do actors generalizations we
had to add some changes in the semantic searchotd eonflictions with the

normal“ls_a” , otherwise it will appear undesired elements endlagram.
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Beat eggs
<<111clude>_>,- -"‘

\ Heat fat in cookware

Cooker

/ Employee
ransport Sunflower seeds

Truck driver

Figure 39: Example of a generated use case diagram

5.3.5 How to create a new type of diagram
Here we list the steps necessary to create a nagrashh type. What files need to be
modified, what functions created and where, whataalify in wiki.

Changes in OrganizationalModeling.php file of Onigational Modeling extension:
» Add a hook with the your new function name in metho
wfSetupOrganizationalModeling(). Follow the pattefrthe other functions defined.

» Add your new function name in function: wfOrganiaaalModelingGetMagic().

Again it's just follow the pattern of the other fitions defined.
* Implement you new diagram method

At the template Organizational views page in thie wmntroduce where you want to call the
function defined in Organizational Modeling extemsi The other diagram construction
functions are all called at the beginning of thepkte.

5.4 Additional features implemented
Other smaller improvements were made to the wii@ preparation of the Organizational
Modeling extension to work both in Linux and Windowperating systems, also the

introduction of semantics in the wiki made us innpéat a new rename for the wiki pages.

Rename for SMW
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We saw in previous chapter that the MediaWiki reeamasn’t usable to SMW. Therefore

we implemented functionality for renaming pageSMW; maybe we can call it semantic

rename. The file with implemented code is renardefitphp and includes all the queries
performed. The used tables were: page — to chdmegpages’ title, pagelinks — to update
the links, relations — to update the semantic icelaf and text — to rename all instances
present in wiki text. Note that we had to update thlations and the text, if we just

modified the relations, wiki semantic links would Wwrong. If we just updated the wiki text

it would be necessary to resave all changed pddesrename Ul is accessible through
URL http://host/wiki/rename/.

Semantic Organizational Modeling wiki for Linux / Windows

The Organizational Modeling extension was only pred to run in linux operating
systems, to run in windows we created a new versimanges made were removing all “\”
characters that were before a “, for example \SoAthe Graphviz commands to generate

the output files (.png and .svg) had to be altered.

Then we had to prepare the semantic wiki to re@agthie operating system and perform
different actions depending on the system. As diresaid the changes were the \ character

necessary before the “ character in linux, but fgdhre Graphviz commands.

The implementation of this feature is located atdl8ettings.php and also in functions
windows() and linux() of file OrganizationalModetjiphp of the Organizational Modeling

extension.

5.5 Problems found

Wiki upgrade

A lot of problems were found in this period of wofkhe problem was to integrate the
Organizational Modeling extension in the latestask of MediaWiki and SMW. We had
to make the old changes made in old wiki, in the meki. The big problem was that the
new releases had many changes (especially SMW)wandidn’'t have documentation

about the changes made in the old wiki, from previdodo Mendes work. So we had to
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identify where the changes were in the old wiki,die this searching for commented code
(the changed parts were commented). Because afidhg changes in the new MediaWiki
and SMW releases, to make the adaptations need@rganizational Modeling work
properly in the new wiki, we spent lots of time redéng for what files and where to
modify the code.

The MediaWiki+SMW are composed by more than thneegand files and these searches

were nothing motivational.

Creation of the relations pages in the wiki and datbase

Once again we had problems to adapt this funciigntd the new semantic wiki 1.0,
mainly because of inexistent relations on the detepafter the update of the SMW the
database lost all the inverse relations, was netuledsave many pages to update/insert
triples and inverse relations in the wiki databadable SMW relations and
SMW_attributes).

This problem was related to the wiki upgrade. T&s the most difficult adaptation to
make because the functions and architecture op#riswvere completely different from old

wiki, so we had to understand the new code impléeaein order to reach solution.

Beside successful end, this feature ended to bevearfrom our wiki.
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CHAPTER 6 — FUTURE WORK

There are still some things that can be made taawepthe Semantic Wiki to model
organizations. First we see the ideas related WithhdNet part, then the ones related with

modeling and finally other general suggestions.

6.1 Related with WordNet

6.1.1 WordNet integration in Halo toolbox

Halo toolbox offers an easier way of making sengaatinotations. So integrating the
WordNet there would facilitate its use. The toollpsgvides faster annotation of categories
and properties, it would be necessary to implentieatannotation of templates to use

WordNet. We started exploring this features buhdiddvance much.

6.1.2 Include category of word in the auto-complete

This would improve the WordNet auto-complete. Whanuser chooses the definition for
a word, include the category of the word would @&ae the information about that word
and its definition. The categories are: noun, vadjective, and adverb. The inclusion of

these could help the user deciding his definitionice.

6.1.3 Include related words in the auto-complete

This would take advantage of WordNet semantic vgebyiding easy access to words
related to the current. As a word can have vamigitions, some definitions can be used
in a set of words. For example: in a search for’“dee first definition set of words are:

auto, automobile, machine, and motorcar.

6.2 Related with Models

6.2.1 Use of Many-valued properties in the Entity-Relatimship models
We tried to use the N-ary properties (old name ahpvalued properties) new but still
experimental in SMW 1.0. We didn’t find a way toeutiem properly. This feature was
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new and it seemed to need some corrections, syimgithe database architecture of it. As
the name already changed maybe they are improvedaambe used in future, providing an
easier way to use cardinality.

6.2.2 Unique and universal method to construct diagrams

Regarding the Organizational modeling part of orgjget, the logical improvement is
adding new types of diagrams. But more interesinthe challenge to make a general
method to construct a diagram, independent of/jie.tWe gave a contribution about it in
chapter 4, proposing a general method for all diagr common rules and then separate

methods for each type of diagrams building algargh

6.2.3 Entity-Relationship models — entities connection tfough foreign key

ER entities can use a predicate “References ERw#f, this means an entity references
another entity attribute, or in other words implesea foreign key. The idea is, in ER
model construction algorithm automatically connéhet entities with a foreign key, with

the foreign key respective entity.

6.2.4 Interaction of wiki data and diagrams with external modeling tools

Still in the diagrams area, the export of diagréms an external modeling tool to the wiki

is a good idea. The user could model easier irtternal tool and then store them in wiki
where he could add more detail. The addition of itheerse method, export data and
diagrams from wiki to an external tool would be itheal. The user could make his models
in an external tool faster than in the wiki, expthiem to the wiki and make necessary
arrangements. Later, if it were necessary manygg®m diagram structure, was possible
to export to the external tool and update themeealsan in the wiki. Jorge Cardoso from
University of Madeira is already developing a taath these features in a project parallel

to ours.

6.2.5 External workflow applications integration with SMW
Imagining a workflow tool that during a workflow esution could fetch data in SMW is

an interesting idea. At some workflow point it abalccess SMW to get organized data, for
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example: a certain activity will be triggered jugten a determined number of people were
registered in it. The tool would have to check &W periodically asking for the number
of registered persons.

6.3 General

6.3.1 Integration of the Rename Ul in MediaWiki template
Reminding one of the additional features made, vaelema simple Ul to the rename of
pages, and this is separate from MediaWiki template the integration of the rename

interface in the MediaWiki template is a task tteat be done in the future.

90



CHAPTER 7 — CONCLUSION

Final chapter is to summarize and remind the ingmbrtonclusions of the project. We
review the project context, problems found, applices used, related work, solutions

found and draw the correspondent conclusions.

After the work is done we can take conclusions aldat was done. Basic conclusion is
that semantic web is evolving pretty fast and tpriovements comparing to the World
Wide Web are remarkable. Some of these improveniecitsde more accurate search for
information, better navigation through data, andation of relations between entities

forming a semantic web.

We took advantages of semantic web technology tetmrganizations. This achievement
was made with the use of a semantic wiki. We maagalar wiki (MediaWiki) semantic

using the semantic MediaWiki extension. Then westiatted from a prototype application
(Organizational Modeling extension) developed todetcorganizations with a semantic

wiki. This project just generated activity diagraamsl with some limitations.

Two major problems were identified: Limited fornzation of wiki content and, lack of
graphical view for models specified in semanticiwike researched for tools similar to
what we intended, identified their limitations kalso got some inspiration of their good

features.

First part of our work was the integration our satitawiki with a lexical dictionary to
provide a better formalization of meanings. Theosdcpart was the improvement of
Organizational Modeling extension, we introducedditions is the activity diagrams and
created three new types of diagrams popular innizgdonal modeling area: Entity-
relationship models, State diagrams and Use ci¥¢esleveloped some other features to

make our semantic wiki better.

We can conclude the WordNet integration with SMWswaeful because offers a way to

enrich content, at the same time it can eliminatgbts about some concepts. Also SMW
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provides features to create models but its interiacall textual and lacks the graphical
views of them. With Organizational modeling extensand our automatically generated

bottom-up diagrams, we offer a graphical view more pleasant and understandable.
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ANNEX

A.1 Installation manual
1.1f you're using Windows, install xampp software atapy the wiki folder present in project

CD for the htdocs folder of xampp.

2.Next step is in phpMyadmin or other sql managetwsok; create a database named
“wikidb2” or other of your choice (in this casesitheeded to update the database settings in
the wiki settings, LocalSettings.php). To use Wetdextension for SMW you must also
execute WordnetDB.sql script to create WordNetesbt your wiki database.

3.Still in sgl manager software, create a user (@eewikiuser; password:123) with all
privileges for wiki database.

4.Import our database sql script (wikidb2.sql file)sopulate your database.

5.Install Graphviz and ImageMagick present in CD. Yaay need to restart to Graphviz work
properly.
6.Access the wiki through your browser: http://locatiwiki

7.To more details and linux installation consult Readme Wiki installation file present in
project CD.

A.2 User manual

MediaWiki, SMW, Halo, Tooltip extension manuals aexessible online, so we will concentrate
in principal concepts necessary to understand adkehOrganizations. Starting with our semantic
wiki architecture and then explaining the most imigat relations and concepts and how use each
diagram.

Used application manual:

» MediaWiki: http://mww.MediaWiki.org/wiki/Manual:Caents

* SMW: http://semantic-MediaWiki.org/wiki/Help:User amual
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» Graphviz: http://www.Graphviz.org/Documentation.php

Relations
As we already got acknowledge how to work with efiéint types of diagrams in chapter 5 -
Implementation. Here we just look at most used iamgbrtant relations of the Organizational

Ontology.

General use

Is a: implements generalization / hierarchies, gdantntity is a Thing.

After:

» After Activity: used at activities, to connect witlther activities in activity diagrams

» After Condition: used at activities, to connectditions in activity diagrams

Has:

» Has Activity: used in activities with sub-activieforming a business process
* Has ER Entity: used in ER models to specify whitiea are included

Input and Output: used in activities, related fauinand output resources or states

Operated by: used at activities, to say what rpkrates it

Is state of: used in states, to relate them tdiesnti

Plays: used in entities, to give them a role

Result of: used in conditions, to specify from whactivity they result

References ER attribute: used in ER entities, ézi§pa foreign key

96



