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Executive Summary

One of the man gods of the Knowledge Web Network of Excdlence is in the trander of
ontology-based  technologies  from academia inditutions to draegic indudries. As an
immediate gep towards achieving this god, the Work Package 1.1 of the Knowledge
Web project contains the following tasks

Forming an indudrid board of companies interested and active in the agpplication
of Semantic Web technologies,

Soecifying business needs scenarics;

Identifying problems in indudsry that can be successfully trested with the
Semantic Web technologies

Identifying the knowledge components and processng mechaniams that Semantic
Web gpplications will need

Showing vaue of ontalogy-based gpplicationsin key business aress.

This ddiverdble reports on the results of the task of “ldentifying the knowledge
components and processng mechaniams that Semantic Web gpplications will need”. This
task andyses typicd knowledge processng rneeds within the informaion sysems of
organizetions. It ams (i) a creaing a typology of knowledge processng tasks and (i)
corresponding high level components implementing those tasks.

The ddivaable shows a mehodology fa identifying knowledge processng tasks and
corresponding  components by examples of some busness use cases. In paticular, we
have andyzed in detal four use cases introduced in the ddiverable D1.1.2 and discussed
our vigon of knowledge processng tasks with companies providing those use cases. It is
dso worth noticing that due to the fact of the same ddivery dae for the ddiverdble
D113 and D112, not dl of the intended use cases of D1.1.2 have been andyzed in
D113

For each use case under congderation we identify knowledge processing tasks it requires.
We dructure them as primary and secondary tasks according to ther influence on the
architecture of a sysem. Based on the primary and secondary knowledge processng tasks
we firs buld a typology of knowledge processing tasks and corresponding high leve
components for each use case, and then for all the use cases together as a find (generd)
typology. Also, whenever possble, we indicate dae of the at solutions and relevant
adtiviies being hdd in the Knowledge Web research workpackages, thus showing
gpplicability of the knowledge-based technology.

The process of building a typology of knowledge processng tasks has shown that most of
the knowledge processng tasks identified repeat with some vaidions'specificity from
ue cae to use cae This obsarvation suggests that the condructed typology is stable,
i.e, it contans the core knowledge processng tasks dipulated by the current industry
needs.
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D 1.1.3: Knowledge Processing Requirements Analysis

1.Introduction

This document focuses on the andyss of the knowledge processng tasks and
coresponding  high levd components required by exiding or foreseen systems. In
paticular, as input to the andyss where taken four use cases presented in the ddiverable
D112

Use Case 1. Recruitment by FU Berlin,

Use Case 2. Multimediacontent andyssand annotation by CERTH,

Use Case 3. B2C nmerketplace for touriam by FT,

Use Case 4. E-Photo dbum automeation services on a portd by FT.

1.1. Standard soecification methodology

The dandard spedification methodology used for the identification of knowledge
processng tasks and corresponding high level components is based on Rationd Unified
Process (RUP) [3518. It requires an intendve use of Unified Modding Language
(UML) [2].

The dandard sysem specification methodology with respect to the Knowledge Web,
WHPL.1 ativitiesis presented in Figure 1. Let usdiscussit in some detall.

Business Service Analysis |=—  Design D1.1.3
Modeling Requirements

Out of scope

of Knowledge
Web Task Integration and

Validation

Fig.1. Development lifecycleinWP1.1

Business Moddling. This is the fird sep of the devdopment lifecycde. Usudly, busness
madding is peaformed dwing the face to face meetings with indudrid partners
(bdonging to indudrid board). This activity and its results are described in ddiverddle
D112

Service Requirements. These are a set of services avalable through a system in order to
implement a busness case. They ae deermined through andyds of functiond needs,
which in turn imply some technica condraints (eg., time response, scdability, number of
connected customers) of a sysem to be developed Service requirements are expressed in
tems of UML (technicd) use cases. Determining sarvice requirements involves some
additiond interactions with indudrid patnes This dep is gpedfied in ddiverdble
D113



Analysis This dep identifies classes, performs intid subsystem patitioning and looks a
uses cases in detal. In paticular, use cases are refined with the hdp of sequence
diagrams, which incorporate the modules for the architecture proposd and the
information flow between these modules to fulfill the use case functiondity. This step is
aso pecified in ddiverable D1.1.3.

Design. This dep atticipates implementation of a scenario. It refines and homogenizes
classes, and identifies the architecture design. This dep is partially specified in
deliverable D1.1.3. In the Knowledge Web context, the am of this sep is only to identify
knowledge processng tasks and components dong with pointing out the technology
loks they are dipulaed by. Thus the architecture proposd of the use cases under
consderation is out of scope, and hence, we are not reporting class diagrams, etc.

Implementation, Integration and Validation. The am of these three steps is to produce a
robust implementation of a busness use case respecting industrid needs. These Seps ae
out of scope of the Knowledge Web project.

Notice, that during the Design gep, we identify possble knowledge processng tasks. If
the industry partner providing the use case has dready decided on the technologies to be
used, we not only report knowledge processng tasks and corresponding components
implied by the technology locks but dso we provide a discusson on them and some
referencesto the literature.

We dructure knowledge processing tasks as primary and secondary tasks according to
their influence on the architecture of the system. Primary tasks are the common parts for
most of actions or pats of actions of the sysem. Secondary tasks are addtiond
requirements, i.e., extensons of the common parts.

Based on the primary and secondary knowledge processing tasks we huld a typology of
knowledge-based processing tasks and corresponding high level components for each use
case and for dl of them together asafinal (generd) typology.

The reaults, i.e, (i) a generd typology of knowledge-based processing tasks and (i) high
levdl components needed to fulfill prototypicd gpplication requirements will serve as a
further guide for the research activities, connecting (emerging) indudry problems with
research issues.

The remainder of the document is organized as follows. Section 2 discusses in ddalls the
use cases under condderations. In particular, each use case is presented in four steps. (i)
ue cae summay, (i) service requirements, (iii) andyds and (iv) desgn. Section 3
reports on a genera typology of knowledge processng tasks and a library of high leve
components summearizing the findings of Section 2. Section 4 provides some condusons



2. Knowledge processng tasks analyss
2.1 Use Case 1. Recruitment by FU Berlin

2.1.1 Use case summary

This use cae condders the needs of firms and jobseekers in the recruitment market,
where the ultimae am is the filling of job vacancies with the best suited candidates. An
IT sysem for recruitment acts as a broker between both actors (a firm and a jobseeker)
providing functiondities to:

Publishing both job vacancies and applicant data;

Searching for both suitable applicants and suitable vacancies

System

Publishing
\ recruitment data,

Y\ Searching
recruitment data

User

Fig.2.1.1 UML use case diagram for recruitment

Now, based on the functiond requirements it is possble to specify dso different
technicd use cases teking pat in the sysem Those use cases will next dlow for a
detalled andysis of the technica needs.

2.1.2 Service requirements

Technical use cases diagram is presented in Fgure 2.1.2. It dlows identifying technicad
use cases and associated actors. Let us describe actors of Figure 2.1.2:

Firm: An organization which employs people.
Jobseeker: Anindividud who is seeking employment & an organization.
Administrator: The operator of the recruitment system



System

\/ Pumlsz:& plicant Publish job vacancy V.
N Search for Search for 2\
vacancies applicants
«exwenas»

«extegrus»

Search for vacancies Search for
in external data applicants in external data
1> Ontology Management
Administrator

Fig.2.1.2UML technical use case diagram for recruitment

Jobseeker Firm

2.1.3 Analysis

Now we andyze each technicd use case of FHgure 212 in detal. In paticular, we
consder publishing the job vacancy or job applicant data, searching for either vacancies
or applicants searching for either vacancies or applicants in external data, and ontology
management technical use cases.

For each technicd use case we fird report the actors it involves then we provide its
summary, inputs and outputs, and findly we discuss with the hep of sequence diagrams
the flow of its events and possible technology locks.

Publishing the job vacancy / job application

Actors: Hrm or jobseeker.
Smmary:  Publishing the description of a job vacancy or a job gpplication to the
recruitment system.
Preconditions and inputs:
A firm has avacancy or ajobseeker is seeking ajob;
Job or gpplicant description.
Post-conditions and outputs:
The description of the vacancy or the gpplicant is stored within the system.

The flow of events for the publishing the job vacancy or application technica use case is
presented in Figure 2.1.3.



PC Semantic Portal DB

post (job or applicant description) |

annotated using

-
-
-— -
————
-—

|
controlled —t | RN
vocabularies | \
acknowledgment
and RDF data | response (acknowledgment) e

format

Fig.2.1.3 Flow of events. Publishing the job vacancy or application technical use case
Let us describe events of Figure 2.1.3 in more ddall, first from the point of view of a firm
publishing a vecancy and then a jobseeker publishing his or her gpplication data Itdics
indicate optiond eventsin the use case.

Actor Response

Firm indicates that it has a vacancy Request a vacancy description
Make available means to produce this
description

Firm sends a vacancy description Vdidate the vacancy description
Store the vacancy description within the
system
Makethe vacancy description publicly
ble

Actor Response

Applicant indicates thet (s)he is seeking a Reguest an applicant’ s persond

job description

Make available means to produce this
description

Applicant sends a persond description
Vdidate the persond description

Place the persond descriptionina
referencesble location

Make the persond description publicly
accessible




Technology locks identification: In the case of publishing data to a persgent store such
as a back-end daabase, we find no technology locks This is primaily due to the
homogeneous nature of the data — by controlling the means of user input of the data In
paticular, we make the annotation of that input data in terms of the recruitment RDF
vocabulary. The use of a shared ontology reduces complexity in storage and data
meanipulaion and helps to ensure a common view on the datafor dl users.

Search for vacancies or applicants

Actors. Hrm or jolbseeker.

Smmary. The actor peforms a search across the data in the recruitment system for a
goecific request. For example a firm is looking for a suiteble candidete for their job
vacancy, or ajobseeker islooking for a suitable job vacancy.

Preconditions and inputs:
A firm has avacancy / an gpplicant is seeking a job.

Post-conditions and outputs:

Thefirm hasalig of suitable gpplicants for the vacancy / The gpplicant has alist
of rlevant vacancies suitable for his (her) requests.

The flow of events for the search for vacancies/applicants technica use case is presented
inFgure2.1.4

Semantic Portal Semantic Matching Engine

request(desired job vacancy or applicant )

requesi(desired job vacancy or applicant- RDF)

1

1

1

1

request(ob vacancies or applicants-RDF) J
(]

-—— g T ———

~N,
,‘ job vacancies or applicants-RDF
Id

| response (job vacancies or applicants-RDF)

- — - —

response (ranked list of job vacancies or applicants-RDF) |

response ( matched job vacancies or applicants) Iﬁ- :
=== =TT
) |

Fig.2.1.4 Flow of events: Search for vacancies/applicantstechnical use case

Let us describe events of Figure 2.1.4 in more ddall, firg from the point of view of a firm
searching for an ided goplicant description and then a jobseeker searching for an ided
vacancy description Italicsindicate optiona eventsin the use case.

Actor Response
Frm identifies a vacancy description or an The description is converted into aform
ided gpplicant description auitable for the search mechanism

A search mechanism is used to find
goplicants published on the system which
“match” the input description

Search results are organized according to




agmilarity ranking

Include information about on what basis
the result was matched and ranked
against the original query

Search results are passed back to the firm
in a suitable format

The firm may wish to examine further on
what basis the result was matched and
ranked against the original query

Actor

Response

Applicant identifies a persond description
or an ided vacancy description

The description is converted into aform
auitable for the search mechanism

A search mechanism is used to find
vacancies published on the system which
“match” the input description

Search results are organized according to
amilarity ranking

I nclude information about on what basis
the result was matched and ranked
against the original query

Search results are passed back to the
goplicant in asuitable format

The jobseeker may wish to exami ne
further on what basis the result was
matched and ranked against the original

query

Technology locks identification: Technology locks ae marked in red in Figure 214 We
condder as a potentid technology lock the similarity ranking caried out in the Semantic
Maching Engine and the response of the ranked results lig which indudes explanations
of the basis for the ranking. The use of a sngle common vocabulary for recruitment
avoids issues of heterogenaity. Therefore, matching itsdf is not a lock here as long as
(job vacancy/ job gpplication) expressveness needs are low, i.e, stisfied by the common
vocabulary. However, it is dill important to be able to determine weighs on conceptud
matches and express factors of smilarity between different, but related concepts. For
exanple, when an gpplicant dates that (9he has a profidency in C++, how would this
rank differently agangt vacancies requiring persons with skills in Java, Microsoft .NET

or ‘object oriented programming’ ?




Search for vacanciesor applicantsin external data

This use case is the same (i.e, actors, inputs and outputs) as the one above except that
extend, heterogeneous content is additiondly included in the search. Hence it is
modeled as an extenson of the previous use case. The flow of events for the search for
vacancies or applicants in external data technica use caseis presented in Figure 2. 1.5.

RDFRepository or Non-RDF
RDFannotated HR Systems
websites
/ 7
/
/

| RDEF - Information Provider

| B

Semantic Portal

| Wrapper

| Crawler

Semantic Matching Engine

T request (desired job data) T | | I
requestdesired job dataRDF) | | |
| |

| |

|

request (job data-RDF) |

| requestjob data-RDF)

{AND} reques(iobﬁua\- RDF)
1

A Y
1 } iob dataRDF

|

|

|

|

|

| response (job data-RDF)l ¢ reques{(job dataNON- RDF)
| e m———— K Lo
| ] -
I

|

|

|

|

~
} job dataNON-RDF
-
-

I

|
esponse (job data-NON-RDF)

response (job data-RDF)

response (job data-RDF)

r'esponse (ranked list of job data -RDF

response (matched job data)

Fig.2.1.5 Flow of events: search for vacancies/applicantsin external datatechnical use case

Technology locks identification: Technology locks are marked in red in Hgure 2.1.5. In
addition to the locks mentioned in the previous use case, we identify here Semantic
Matching Engine and Wrapper as technology locks Semantic Maiching Engine gppears
hear as a lock, Snce there is no more assumption of the use of a common ontology. Thus,
matching engine should determine correspondences between destriptions of  goplicant’s
qudifications and vacancies coming from heterogeneous sources. Wrapper endbles the
system for a trandation/exchange of datainstances with the heterogeneous data sources.

Ontology management

Actors. Adminigtretor.
Summary: The actor wants to modify the recruitment ontology being used by the sysem

Preconditions and inputs:
Thereisamodification to be introducedin the recruitment ontology.

Post-conditions and outputs:
Either the recruitment ontology has been changed or an error message has been
generated indicating thet the change can not be dlowed.

The flow of events for the ontology management technical use case is presented in Fgure
216



| OR} update system
L

| response (acknowledgmen)

Fig.2.1.6 Flow of events: ontology management technical use case

Let us describe events of Figure 2.1.6 in more detal. Itaics indicate optiond events in
the use case.

Actor Response

Adminigrator identifies a change that The change is made with the help of
needs to be made to the recruitment ontology management tool

ontology

Thetool guides the administrator in
carrying out the change

EITHER an error message is generated if
the change can not be permitted (e.g. it
mekesthe ontology logicaly

inconggent)

Adminidrator tries a different change in
the ontology to avoid alogicd error OR the updated ontology is loaded into
the system for use with the next system
activity and an acknowledgement is sent
to the adminigtrator

Technology locks identification: Technology locks are marked in red in Fgure 2.1.5 We
identify here the Ontology Manager and updating the system with the chenges to be
introduced in the ontology as a technology lock. An Ontology Management tool must be
ale to support the adminigrator in mantaning the ontology without requiring a
ecidized knowledge of ontology modding and its representation in a given knowledge
representation (KR) formdism. Raher, if ontology-based systems are to be adminidrated
and mantaned over the long term, tools should smplify the process by being adle to
guide ther users to modd the doman knowledge correctly and conggently. The tool
must dso identify incondstencies and prevent them from being insarted into the system.
Updates of the sysem by changing the ontology must be able to take place with as little
manuad overhead as posshble (i.e, avoiding recoding of the gpplicaion), while taking
into account how changes will affect tasks such as querying, matching, and ranking.



2.1.4 Design
2.1.4.1 The use case knowledge processing tasks

Having identified mgor technology locks of the Recruitment sysem, now we are able to
state knowledge processng tasks required in order to devdop plausble Semantic Web
solutions to those technology locks. These tasks are liged bdow and are described with
the hdp of examples. Also for each task we refer to the sysem use where it has to be
executed.

Data trandation is a task of trandating data from different information sources into RDF
exploiting methods which are ale to preserve semantics of an information source. For
example, there is a large body of recruitment data being produced currently usng he HR-
BA-XML (human resources) vocabulary. While this data uses a commonly agreed set of
terms in describing jobs and job applicants, it is expressed in XML, and hence it can not
be suitably manipulated, with enough detals describing semantics of the data, as required
in the use cae. Therefore, a data trandation task ams a taking this data as input and
producing RDF conforming to the recruitment ontology (usng a mix of drect term
equivdence and naurd language padng) [1633] as output, such that the added
knowledge-basad functiondities would be mede available.

We see this data trandation occurring in the Wrapper component in the sequence
diagrams.

Ontology management [31,38,7,§ is a task of maintaining the base ontology used in the
recruitment sysem. As the job maket or agpects of the recruitment doman such as
qudifications dter, the ontology might evolve and has to be redigned with the other
ontologies For example, with a globdization of the job market, recruitment goplications
might be submitted from new countries which have different educationa systems. Higher
levd qudifications mugt be identified within the sydem and rdaed to exising
qudifications such that the gpplications from new countries could be mached to
vacancies.

We see this ontology management occurring in an Ontology Manager component in the
sequence diagrams, ble only to the Administrator actor in the use case.

Matching. There are two maching tasks in this use case; however it can be argued that
both of them can be viewed as the same graph maiching problem [15. The firgt task is of
discovering reaionships (eg., equivdence, less generd and 0 on) between the entities
(eg, dases propeties) of the sydem ontodlogy and extend  rdevat
schemas/ontologies  Good surveys on  schemaontology meatching are provided in 19,
34,37]. This matching task can be consgdered as an ontology management subtask.

The second and the most important matching task in this use case is of finding amilarities
between the description of an goplicants qudifications work experience and the
destription of a vacandes requirements (Aso in terms of qudifications and work
experience). Additiona factors may dso be taken into account (eg., requirement of a
driving licenss). Matching might be peformed with the hdp of a common ontology
(therefore, there is no more semantic heterogeneity problem) or without it. For example, a



requirement for Java programming skills may be mached agang C++ programming
kills (as “gmilar”), or the requirement for hedth care experience with previous work in a
hospitd (as*possbly relevant”).

We see ontology matching occurring in the Semantic Matching Engine component in the
sequence diagrams.

Ranking matching results is a tak of ordering matching results according to a desred
criterion. The complexity of qudifications and work experience meaen that exact matches
between job requirements and applicants are unlikdy to happen; rather a ranking
mechaniam is used to express the extent to which the eguivaence might be assumed. This
differentiating mechanism of matching results was indicated in the previous paragrgph
refaring terms as “dmila” and “possbly rdevant’. The ranking is used to determine
which search reaults are ddivered firg to the actor (eg., the most redevant matches to the

query).
We see this maching result andyss occurring in the Semantic Matching Engine

component in the sequence diagrams, and is indicated by dating that the response from a
search activity isa*“ranked list” of results.

Schema/ontology merging [26] is a task of integrating other ontologies into an existing
ontology. The use case supposes exploiing of a dngle ontology. However, in a
decentralized didributed environment such as Semantic Web it is reasonable to expect
exigence of multiple ontologies, even on the same topic. Some of these ontologies might
be useful for extending the recruitment ontology (eg, the ontology for computer
programming languages integrated with the other ontologies on the same topic would be
a usful extenson for matching among programming skills). In this case, the user (the
adminigrator) would need to (semi-automaticdly) identify how the concepts in the
imported ontology relae to the conceptsin the exigting ontology .

We s=e ontology merging occurring in the Ontology Manager component in the sequence
diagrams. Thistask can be consdered as an ontology management subtask.

Producing explanations. When web gpplications return answers, many usars do not
know what information sources were used, when they were updated, how rdiable the
source was, or wha information was looked up versus derived. Let us condder the
example of matching sysems. Sate of the at matching sysems (e.g., QOM [10], OLA
[12, COMA [9], Cupd [24], SMach [1514]) peform wdl for many red world
goplications. However, maiching sysems may produce mappings that may not be
intuitively obvious to human users. In order for users to trugt the mappings (and thus use
them), they need information about them. They need access to the sources that were used
to determine semantic correspondences between terms and potentidly they need to
underdand how deductions are performed. The issue here is to present explanations in a
gample and clear way to the user. One possble solution for producing explandions is to
use the Inference Web [27] framework. An example of how a matching sysem can be
explained is provided in [23].

Explanations help actors to make informed decisons m how a result was obtained, eg., a
job vacancy or a job applicant, fulfils the necessary requirements determined relevant by

the system in respect to the actor’ s request.



This could be induded within the query reponse of the Semantic Matching Engine in the
sequence diagrams.

2.1.4.2 The use case typology of knowledge processing tasks

We huild a typology of knowledge processng tasks by gpliting dl the knowledge
processing tasks in to primarily and secondary tasks according to the business logic of the
system. Let us congder them in turn.

Primary Tasks

. Data trandation. This task is necessxy to ensure syntax and (partidly) semantic
homogeneity.
Ontology manegement. This task is necessaay to keep the ontology-based
recruitment process functiondity up-to-date.
Matching. This tak is necesssty to deemine “correspondences’  between
vacancies and jobseekers (with possibly heterogeneous descriptions).
Ranking matching resuits. This task is necessary to highlight the best matches in
order to facilitate efficient recruitment.

Secondary Tasks
Merging. This task may be required when other ontologies which are (patidly)
relevant to the recruitment domain are to be re-used.
Producing explandions. This task may be required when users desire to see how a
search result was determined to be rdevant.

2.1.4.3 The use case library of high level components

Table 2.1 briefly summarizes the use case typology of knowledge processing tesks and
their corresponding high level components.

Let us discuss in detall eech of the components presented in Table 2.1 in terms of ther
inputs and outputs, leaving the dgorithms they have indde as a black box, because these
issues ae irrdevant for the gods of the report. We refer an interested reader to the
reseerch work packages for the dgorithmic pat, for example a survey of matching
(dignment) dgorithms can be found in WP2.2, D2.2.3.

Wrapper trandaes the input deta such that it appears within the sysem as RDF files
produced with the help of the recruitment ontology. It acts as an interface to the input
data such that both requests from and responses to the system may be expressed in the
RDF vocabulary while the underlying data continues to be sored in its origind formd,
e [323).

Ontology manager is a too that dlows an ontology expet to modify the recruitment
ontology (adding and removing concepts and properties or changing their vaues). It
provides functiondities to identify incondgencies, cdassfy new concepts and to
impor/merge other ontologies. To fadlitate ontology maintenance, the ontology manager
should be as essy to use as possble It should provide a grephicd interface for intuitive
ontology visudization and modification.



The querying and matching functiondity of the Semantic Matching Engine may be tied to
the recruitment ontology. Hence, it is important to take into condderation how ontology

levdl changes made in the ontology manager may affect the component functiondity and
how this may be resolved with aminima amount of manud effort.

Table 2.1 Use case 1. Knowledge processing tasks & components

K nowledge processing tasks Components
. Wrapper
S— ==
Ontology
% Ontology Management Manager
]
1= ) Match
= wicing % aich
. , Match
Ranking Matching Results Manager
9 . Ontol
-@ SchemaOntology Merging % M ana(g)gr/
)
2
§ Producing Explangtions I:I_—'_I:Il MMa? :g or

Match manager coordinates the matching process usng in the gppropriate manner
avalable matching dgorithms, sources of auxiliay informaion, etc. Mach manager
supports  two  primaily  functiondities (i) mach the input daa or conceptud
modds/descriptions of vacancies or applicant’'s qudifications (Match operator), and (i)
rank the maiching results according to a given criteria (Rank operator). The third
(secondary) functiondity concerns producing explanations of matching results.

Match is an opeaor which takes two grgphHike dructures (eg., atologies or
descriptions of vacancies or goplicant’s qudifications) as input and returns a similarity
relation between the nodes of the graphs that “correspond” semanticaly to each other as
output. A dmilarity relaion can be dther in the foom of coefficient in the [0,1] range
raing match qudity (i.e, the higher the coefficient, the higher the amilarity between the
nodes, see [11,103029 for some paticua implementations) or in the form of a



semantic relation (eg., set theoretic reations, equivalence, more general, less general,
overlapping. See [15,143)).

Rank is an operator which takes as input a st of mappings, i.e, pars of nodes and
amilarity reations holding between them, and citeria according to which the mappings
are to be filtered; and returns a lig of mappings as output. A typicd criteria used in the
NLP community is tha of the closeness of two concepts in an ‘is-d taxonomy [34],
which has been extended into new approaches for the Semantic Web [25].

The explanation module takes as input a mgoping and produces as output Smple naturd
language statements which describe the mapping to a user.



2.2 Use Case 2. Multimedia content analysis and annotation by CERTH

2.2.1 Use case summary

The UML wse case diagram in Figure 221 shows how the aceMedia® sysem exploits
knowledge inherent to multimedia content in order to enable new services. The example
is of a usr (a school gtudent) who ams a creding a retrogpective in the form of a
multimedia presentetion. In order to achieve this god, the user needs the functiondities
of (i) multimedia search and retrievd, and (ii) astomated information organization.
Additiondly, if some content involves digitd rights, then it must be paid for.

>

To organize personal

®
o multimedia content C T
.;,-F \ \ Semantic To automatically Administrator
' Multimedia
Customer Q annotate content

Descriptions
To access, search and retrieve
multimedia content available
from content providers

Fig.2.2.1 UML use case diagram for multimedia analysis and annotation

Now, based on the functiond requirements it is possble to specfy dso different
technicd use cases taking pat in the sysem Those use cases will next dlow for a
detailed andysis of the technica needs.

2.2.2 Service requirements
Technical use cases diagram is presented in Figure 2.2.2. It dlows identifying technicd

use cases and associated actors.

Let us discuss actors of Figure 22.2. The aceMedia sysem congds of two man parts,
namdy, the online system where the man actor involved is the user; and the offline
systemwhere the two actors involved are the content providers and the adminigrator.

Offline system: Administrator, Content Providers. The aceMedia administrator is
respongible for the automeatic annotation of the content provided by the content providers.

Online aceMedia system: User. The user with the hep of its access interface (eg., PC,
mobile device) can access the sarvices offered by the online aceMedia system.

! FP6-001765 aceMedia: Integrating knowledge, semantics and content for user centred intelligent media
services (URL: http://www.acemedia.org)
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Fig.2.2.2 UML technical use case diagram for multimedia analysis and annotation
2.23 Analyss

Now we andyze technica use cases of Figure 222 in ddal. In paticular, we identify
two mgor technicd use cases We fird condder the offline process through which the
semantic descriptions of the avallable content are produced (Multimedia Content Analysis
and Semantic Annotation technicd use case). Then we discuss the online process that
enadbles the aceMedia user to access the available content based on the intdligent search

and retrievd mechaniams as wel as the persondization and media adaptetion services
provided by the sysem (Content Search and Retrieval technicd use case).

For each technicd use case we fird report the actors it involves, then we provide its

summay, inputs and outputs, and findly we discuss with the help of sequence diagrams
the flow of its events and possible technology locks

M ultimedia content analyss and semanticannotation

Actors. System adminigtrator, content providers

mmary:  Knowledge-asssed multimedia andyds is initidly performed to produce the
annotation of the content provided by the content providers. Then, a reasoning process
takes as input the automaticdly annotated content, usage-based annotaions provided by
the user and other information sources (eg., spaio-tempord rdations) and produces
semantic multimedia descriptions.



Preconditions and inputs:
Destriptions of specific gpplication domains (beach holiday, racing, etc.) should
be avalable
Existence of content providersis assumed.

Pogt-conditions and outputs:
A database congsting of the semantic descriptions of the available content.

The flow of events for the multimedia content analysis and semantic annotation technica
use caseis presented in Figure 2.2.3.

QO . . Semantic
M ultimedia Knowledge Usage based Annotated buttim edia
j Content Base annotations LCoptent D escriptions
I I

I
Adminiztrator | |
| I
Knowledge Assizted Multimedia Analesis ()

| | M |

content preprocessing () =
|-

Lol |

User interaction Reasoning (1
ontolegy management i
[wisual descriptors e>drac‘tion)h_

=

Spatio-temporal
relations

Fig.2.2.3 Flow of events: Multimedia content analysis and semantic annotation technical use case

Let us describe events of Figure 2.2.3 in more detail and in turn as they appear:
The sygem is peforming the initid content preprocessng (eg., Segmentation)
and integrates the multimedia and doman ontologies (ontology management).
The sysem knowledge base is populated by the descriptors of the visud objects
indluded in the domain knowledge with the use of a visual descriptors edraction,
VDE, tool (seefor details Section 2.2.4.1 Ontology management task).
Knowledge-assisted multimedia analysis is peformed with the hdp of the
knowledge base built in the previous sage.
Reasoning has as input the annotated content, the spatio-tempord reaions and/or
user input. The reasoning process ams a checking the consgtency of the objects
detected in the content annotation process depending on their gpatio-tempord
relations The output of the reasoning process provides high-levd semantic
multimediadescriptions.

Technology locks identification: Technology locks are marked in red in Figure 2.2.3. The

main technology locks here are the knowledge-assisted multimedia content analyss,

ontology management (including the extraction of low-levd visud descriptors and ther

integration within the ontology structure), and reasoning.



Notice that the problem of integraing information from heterogeneous sources is not
addressed in the aceMedia framework. This is because al information sources (i.e., the

content providers) are subscribed to one global ontology.

An example mativating technology locks eg., reasoning, is as follows. Let us discuss the
Formula One doman, where the automatic multimedia annotation process has produced
for a particular image or video frame the detection of the objects “ca” and “road’, which
are ddfined in the correponding doman ontology. If these two objects do not satisfy the
defined spatid relationship that the car is “above’ the road, then this could lead to the
gengation of the semantic event “the car geting out of the road’. Such semantic
descriptions endble more  sophidicated semantic querying of the multimedia  content
(images and video) in terms, which are more intuitive to the user.

Content search and retrieval

Actors: AceMediauser.

Smmary: Based on the semantic multimedia annotations produced by the offline system,
the online sysem supports matching of textud, ontology-based and audiovisud metadata,
thus enabling the aceMedia user to perform a hybrid search. The hybrid query consgts of
the semantic query (i.e, the ontologica representation of the user’s textud query) and the
query by visud example (where the user uses an externd image and looks for visudly
amilar images). The find result of the query (i.e, images and videos) returned to the user
a0 takes into account persondization and media adaptation issues.

Preconditions and inputs:
Avalability of the semantic multimedia descriptions produced by the offline part
of the system.

Pogt-conditions and outputs:
A st of images and videos that will be returned to the user in response to his
hybrid search.

The flow of events for the content search and retrieval technicd use case is presented in
Fgure224.

L et us describe events of Figure 2.2.4 in more detail and in turn as they appear:

- The user can peform ether a query by visual example (eg., by providing a
sanple image and asking the sysem to return Smilar ones) or a textud query
gpedified in natural language (eg., “give me the players wearing red’) that needs
to be semanticaly interpreted.

In the case of a query in naturd language, textud query andyss techniques are
aoplied in order to produce the ontological representation of the textud query.

The hybrid query condgs of two pats the semantic query and the query by
visud example.

Intelligent search and retrieval is then peformed combining both ontology-based
and audiovisud (eg., low-levd festures) metadeta in order to produce an initid
st of results (eg., images and videos).
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Fig.2.2.4 Flow of events: Contentsearch andretrieval technical use case

The final result (eg., images and videcs) is ds0 a subject of media adaptation and
persondization conditions before being delivered to the user’ stermindl.

Technology locks identification: Technology locks are marked n red in Fgure 2.2.4. The
man locks here are the textual query analysis that trandaes the user’ requests into
language independent ontologicd representations and  processing the hybrid query with
intelligent search and retrieval mechanians Findly, the las (minor in the business
context of the system) lock is personalization and media adaptation process which acts
as afilter that prunes out the irrdlevant results from the perspective of the user.

Some examples mativating the locks are as follows. As long as the user can submit the
query as a ratura language sentence, then there is a need of interpreting terms used in the
query meaningfully (eg., with the hep of the doman ontology), see [2017,27. Also the
use case shows that users may want to pose queries ather by specifying abstract notions
such as the name of an event or an activity (eg., give me the player who won this game)
or by specifying visud peterns (eg., indicaing one or more sample images and then
looking for amilar images), see [4,513. Therefore, the sysem must be able to ded with
both types of queries.

2.2.4 Design
2.2.4.1 The use case knowledge processing tasks

Having identified mgor technology locks of the aceMedia sysem, now we are able to
state knowledge processng tasks required in order to devdop plaugble Semantic Web
lutions to those technology locks. These tasks are listed below and are described with
the hdp of examples. Also for each task we refer to the syssem use where it has to be
executed.



Content annotation. Udng the multimedia ontology infrestructure and  doman
knowledge captured in ontologies, the knowledge-asssted andyss of audiovisud content
will result in the generation of semantic metadata Thus, for example, a user may search
for multimedia contet usng hightleve concepts like “holiday”, “beech”, “racing cas’
or events by asking for a“player scoring agod”.

In addition to the automatic production of content metadata, interaction with the user and
prompt mechanisms will dso be deveoped to enable the user to enrich the knowledge
base with additiond metadaia that cannot be automaticaly detected. For example, the
user will be prompted to annotate the visud content with metadata such as title, date
(When shot), name of a location, title of an event, names of people names of pets,
comments, subject fidds. Besdes for commercid usage scenaios the usr will be
prompted to give additiond information relaed to date of credtion, date of production,
location, cameraman name, director name, perspective, camera parameters, lighting.

This task appears in Figure 2.2.3. Interaction with the user gppears in the same diagram
as usage-based annotations componert.

Ontology management. Ontology management in aceMedia project is manly rdaed to
the task of mantaning doman ontologies with multimedia features. A visud descriptor
extraction module of the sysem endbles experts to extract the audiovisud features of
visud objects and to assgn them to the semanticaly equivdent concepts defined in the
doman ontologies The Multimedia Ontologies modd the doman of multimedia daa
especidly the visudizations in dill images and videos in terms of low-level features and
media dructure descriptions. The gructure and semantics are carefully modded to be
largdly conggtent with existing multimedia description sandards, such as MPEG7.

aceMedia has dready desgned an agppropriate knowledge representation gpproach for
multimedia and is building the tools dlowing extraction of visud descriptors and linking
themn to the domain ontologies.

The ontology management task gppearsin Fgure 2.2.3.

Reasoning with annotations. The objective of this task is the development of reasoning
tools that will hande the meadaa generated by the knowledge-asssed multimedia
andyss and will use the doman ontologies to geneae hightlevd, semantic
representations of aceMedia content. The reasoning process will check the consstency of
the content annotation process agang a st of spaid (eg., left, right, above, adjacent,
overlgps) and tempord (eg., before, after, during, co-start, coend) reations that will be
defined in order to ensure that the objects detected in the multimedia content correspond
smantticdly to the objects defined in the doman ontologies, [1,8,21]. For example, in the
racing domain it should be checked whether the car is “dbove’ the road or whether the
grass and sand are “adjacent” to the road. The use of spatio-tempord rdations dso dlows
for the definition of semanticdly important events that might be interesting to the user in
the correponding domains. For example, the reasoning process could be used for the
detection of events like “one car overtaking another” and “the car getting out of the road”
in the racing doman or “the player scoring a god” or “the player fdling down” in the
sportsdomain.

Thistask appearsin Figure 2.2.3.



Inteligent search and retrieval. In aceMedia, sserch of multimedia content should be
based on the devdopment of tools that support maching of both semantic (ontology-

and audiovisud (low-level) metadata Semantic query processing supports textud
queries that need to be semanticdly interpreted. For example in the tennis domain, the
sysem should be able to process queries such as “give me dl games played on grass’ or
“give me dl games of double players’.

In addition to the semantic query processng, there should be a user-friendly interface that
will dlow usars to provide an example imege and then the system will be able to perform
search by gmilaity usng various criteria induding: same objects contained; same event
or type of activity; same persons occur; same location; Smilar visud agppearance
same/'smilar color scheme or same background.

This task gppears in Figure 224 and refers to the hybrid (semantic and visua-based) user
query processing.

Personalization and media adaptation. The aceMedia sysem should adgpt its behavior
to user preferences and profiles. For example, users may want to set restrictions on access
to dl their contents, query hisory, or to use sandard or professond profile. Therefore, a
modd of user preferences and profiles auitable for aceMedia adaptivity is to be devised.
As an additiond means of persondization, the interface of aceMedia shdl offer erd users
the option to annotate content by metadata of their own, and to share annotations and
bookmarks within trused user networks (persond metadata management and contact
recommender). Media adaptation incdudes a ddivery of contents to the user’ termind
(eg., pam) suitably manipulated by exploiting semantic techniques.

Thistask gppearsin Figure 2.2.4.
2.2.4.2 The use case typology of knowledge processing tasks

We build a typology of knowledge processng tasks by goliting dl the knowledge
processng tasks in to primarily and secondary tasks according to the business logic of the
system. Let us congder them in turn.

Primary Tasks
- Ontology management. This task is necessay to indantiate the doman and

multimedia ontologies in order to use them in the knowledge-asssed andyss
process.
Content annotation. This task is necessary to produce the semantic metadata for
the user.
Reasoning. This task is necessay for the extraction of high-levd consgtent
annotation for the content.
Intdlligent search and retrievd. This task is necessary for the semantic and visud
based (hybrid) search.

Secondary Tasks
Parsondization and media adgptation. This tak may be required for the
adaptation of the system to the user preferences, network resources and device

cgpabilities.



2.2.4.3 The use case library of high level components

Table 22 briefly summarizes the use case typology of knowledge processng tasks and
their corresponding high level components.
Let us discuss in detal esch of the components in terms of ther inputs and outputs,

leaving the dgorithms they have indde as a black box, because these issues are irrdevant
for the gods of the report.

Table 2.2 Use case 2. Knowledge processing tasks & components

K nowledge processing tasks Components
_ Content Annotation
Content Annotation M anager
Ontology
% Ontology Management %l Manager
£ Annotation
o Reasoning with Annotations
Reasoner
. . Hybrid Query
Intelligent Search and Retrievd %l Pr ocessor
i
%\ o _ _ Per sonalization and
g Persondization and Media Adaptation Media Adaptation

Ontology manager. The ontology manager is the offline component responsble for the
extraction of a set of low-levd visud descriptors for different doman concepts and their
integration into the ontology dructure. This component is responsble for building up the
knowledge base, which will be used as input to the content annotation maneger. The
inputs of this component are the doman ontologies and the multimedia content (images
and videos). The output of this component is a st of low-level visud fegtures, which are
extracted for the different objects defined in the doman ontologies with the hep of the
visud extraction tool and the domain experts.

Content annotation manager. This is an offline component responsble for performing
the knowledge-asssed multimedia andyds. The input of this componert is the processed



audiovisud content and the doman knowledge. The output is the database of content
annotations.

Annotation reasoner. This is an offline component. It has as input annotated content
andlor usr input, and additiond informatiion such as spatio-tempord reaions Then, it
checks the condstency of the output of the content annotation manager, i.e, whether the
objects detected during the automatic content annotation process correspond to the
smanttic objects defined in the doman ontologies. In addition, the reasoner detects
semanticaly important events represented in the multimedia content (eg., the event of
“sooring a god”). The output of this component is the conggtent database of the semantic
multimedia descriptions.

Hybrid query processor. This is the online component. It takes as input the semantic
query and the query by visud example and uses the semantic multimedia descriptions
database to peaform the hybrid (semantic and visud) search in order to output the initid
result set (images and videos) in response to the user’ query.

Per sonalization and media adaptation module. This is the online component. It has as
input the initid st of results returned from the hybrid (semantic and visud) query by the
user. The output of this component is the find set of results (images and video) returned
to the user and talloredto its profile.



2.3Use Case 3. B2C marketplacefor tourisnby FT

2.3.1 Use case summary

The main two uses of the B2C maket place sysem for tourism are summarized in Fgure
231

The fird use case which is cdled "to plan a nice wegkend’, conditutes the entry point
indde the maket place dlowing cusomers to define thar persond needs. The platform
tekes care of identifying potentidly useful contents and services, accessng mutiple
providers and selecting the only relevant ones.

The second use case, which is cadled "to package and purchase a nice week-end”, requires
(i) a dynamic aggregation of relevant contents and services (transport, accommodation,
leisure activities, etc), (i) an automaed packaging of week-end proposds, and (i)
fadlitiesof purchasng them on-line.

~ / To plan a nice week- end
& F
Customer © Contents and Services providers (C/S Ps)

To package and purchase a nice
week-end

Fig.2.3.1 UML use case diagram for B2C market placefor tourism

Now, based on the functiond reguirements it is possble to specify dso different
technical use cases taking pat in the platform. Those use cases will next dlow for a
detailed andysis of the technica needs.

2.3.2 Servicerequirements

Technical use cases diagram is presented in Fgure 23.2. It dlows identifying technicd
use cases and associated actors. Let us discuss actors of Figure 2.3.2

Customer and Access Interface. A customer with the help of its access interface (eg.,
mobile phone) accesses sarvices avalable within the system through the authentication
mechaniam, persondization, and session management.

Contents and Services providers (C/S Ps). Contents and services providers manage their
offers autonomoudy, i.e, the sysem does not impose any condrants. Each contents and
sarvices provider has its own rules for dructuring information a the protocol, syntacticd,
and semantic levels
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Fig.2.3.2 UML technical use case diagram for B2C market place for tourism

Adminigrator is in chage of the adminigration of the plaform It peforms (i)
referencing of new contents and services providers, (i) internd knowledge representation
and management, and (i) orchedration between different contents and services
providers

2.3.3 Analysis

Now we andyze each technicd use case of Fgure 232 in ddal. In paticular, we
condder contents and services access, contents aggregation, contents association,
knowledge and services management, content and services provider’s integration,
heterogeneity of contents and services provider’s management, and knowledge and
services management technical use cases. The technical use case navigation services is
not andyzed, dnce it does not contan any technology locks and it does not obscure
further discussions.

For each technicd use case we fird report the actors it involves, then we provide its
summary, inputs and outputs, and findly we discuss with the hdp of sequence diagrams
the flow of its events and possible technology locks.

Contents and ser vices access

Actors. Customer and access sarvices, C/S P Savice.

Smmary: A customer request "next weekend I'm going to Brittany" is submitted to the
sydem that checks possble (correct) interpretation within the tourism doman and
accesses the requested services or contents.



Preconditions and inputs:

A domain description is available

The contents and services providers are registered in a catalogue or directory.
Post-conditions and outputs:

The contents and services are located Only the relevant ones are sdected in a
limited (mastered) processing time.

The flow of events for the contents and services access technical use case is presented in
Fgure2.3.3.

©—| =[] [l 9)

:CISPs

IoadRequest

requestAnalysis requestSchema []

[ Identify C/S Provider ’LJ

requestWrapper

[ Request C/S P

resultRequel

Fig.2.3.3 Flow of events: Contents and services access technical use case

Let us describe events of Figure 2.3.3 in more detail and in turn as they appear:
The request is reformulated (requestAnalysis) to conform to the internd knowledge
representation format and is further processed (requestSchema) with the hdp of
knowledge-based techniques against the doman knowledge (eg., touriam) avalable
in the sysem;
A lig of C/S Psisidentified (identify C/SProvider);
A quey plan geneation is processed (requestWrapper) and executed on the
appropriate C/S P (requestC/S P);
The contacted C/S P returns instance data to the system (resultRequest).

Technology locks identification: Technology locks are marked in red in Figure 23.3. The
key lock here is in the deection of rdevant contents provider(s) from the customer
request before accessng the C/S Ps directory. The problem is to determine whether a
directory would be adle to first centralize dl C/S Ps of a paticular domain and second to
match semanticaly a user’ request againg some of the C/S Ps For example, if a user is
looking for a gastronomic resaurant in Berlin, the directory should be adle to identify
C/S Ps deding with restaurants in Berlin, and more accurately with only gastronomic
restaurants, thus, excluding McDondds, etc.



Contentsaggregation

Actors; Customer and access sarvices, C/S P Savice.

Smmary: The use case contents aggregetion is inherited from the use case combine
contents. The contents aggregation must cary out the fuson of the same information
issued by different C/S Ps. The am is to propose to the user as riches as posshble
information with the following characteristics:

No duplication and redundant informatiort

A homogenous information structure;

Avoid the user having to aggregeate the contents issued from different C/S Ps.
The globd scheme, which is the modd for common data for dl the C/S Ps, captures the
knowledge of the domain.

Preconditions and inputs:
The use case contents and services access has been executed;
The contents are expressed in the globa scheme.

Post-conditions and outputs:
The restructured contents are transferred to the access interface.

The flow of events for the contents aggregation technicad use case is presented in Figure
2.34.
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requestSchemas !
LAccess Service
ﬁ manageContent transformContent []
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loadXmIS{ream

returnResult

Fig.2.3.4 Flow of events: Contents aggregation technical use case

Let us decribe events of Figure 234 in more ddal. Before operating the contents
aggregation, the sysem (ManageContentAggregation component) needs to compare the
data (expressed in different data modes) of each C/S P involved in the processng of the
user request. This step is essentid in order to evauate the contents of each C/S P, ad
hence, detect redundancies, complementary informetion, etc. The flow of events is as
follows
- ldentification of the mappings between different data models (requestSchemas);

Content  aggregation (manageContent): check for duplicated information, fuson of

complementary information operated by the component Control Content;

Trandformation of the result of content aggregation ingde a XML formdism

XML dataflow transfers to the access service (|oadXm Sream).



Technology locks identification: Technology locks are marked in red in Figure 2.34. Itis
crucid to be aile to dynamically discover mappings between the contents of different C/S
Ps. This step is essentid before the contents aggregetion. The aurrent solution follows the
data integration gpproach which is to create datic corregpondences between data models
[23. However, this solution it is not scdable Thus, the quedion is how to determine
those correspondences dynamicdly. For example, given two XML schemas, suppose in
the firg schema the address dement congds of the name, town, and podtcode  atributes,
in the second schema the address dement is it down into three sub dements Street
name, post code and town. Then, a solution should be deveoped in order to determine
correspondences between the semanticdly related entities, eg., the address dement in the
fird schema should be mapped to the address dement in the second schema A more
complex solution is required to determine that atributes of the fird schema are to be

mapped (notice!) to the eements of the second schema
Contentsassociation

Actors; Customer and access sarvices, C/S Ps.

Smmary: The use case contents associdion inherits the use case contents enrichment.
The association between contents affects reaions which can be established naturally (for
example, an exhibition of pictures teking place in a museum) or context-senstively (for
example, a museum near where | am daying). The firg type of combination is defined at
aglobd schema leve. The second type assumes management at a spatio-tempord leve.

Preconditions and inputs:
The use case contents and sarvices access has been executed;

The contents are related with the globd schema.

Pogt-conditions and outputs:
The contents and the associations crested are transmitted to access services.

The flow of events for the contents association technical use case is presented in Figure
2.35.

o ationC 5 Relation ” TS B'”': omi ‘||'I[§s |©_
I

seekRelation createRelation
returnRelation l !

accessContentorServices

transformData

L

returnResult

loadXmiStream L|

Fig.2.3.5 Flow of events: Contents association technical use case



Let us describe events of Figure 2.3.5in more detail and in turn as they appear:
Dynamic discovery of relationship between contents criteria (seekRel ation);
Generation of rdaionships (createRelation) in the context-sensitively case;
Contents or sarvices aggregation (accessContentor Services) from the rdaionships
established
XML flow istransferred to the access service (loadXml Sream).

Technology locks identification: Technology locks are marked in red in Figure 2.35. The
contents association is rdativdy obvious when it is defined a a globd schema levd. It

differs subdantidly when contents association depends on the interpretation of the
requested context. In the latter case the sysem must be able first to deduce information

about users from ther requests, second to infer contextual relations between concepts
(essentidly from  godio-tempord  criteria and  information about users). For example,
from previous user requedts, the system deduced that the user was attracted by a museum
and more gpecficdly by pantings Thus when vidting a cty and looking for the
presence of a museum, the sysem should inform the usr of locd exhibitions of
pantings

K nowledge and services management

Actors: Adminidrator.
Summary: There are two tasks of this use case. Let us consder them in turn.

Savices adminidration. This task ams a gpecifying the orchedtration process, i.e, a
permitted chaning flow of the sarvices and ther associaed prefpost conditions For
exanple, the sdection of a travd package can initite the payment procedure among
different partners (eg., hotd booking and leisure activities) through web services the
find vaidation starts when dl the transactions have been dreedy passed successfully.

Knowledge adminigration. This task ams a modding and mantaning the doman
knowledge of the portdl.

Preconditions and inputs:

The adminigrator knowsthe goplication doman;
Exigence of C/S Psis assumed.

Post-conditions and outputs:
The workflow is specified and verified.

The flow of events for the knowledge and services management technical use case is
presented in Figure 2.3.7.

Let us describe events of Figure 23.7 in more deal. The knowledge and services
management is essantidly made up o two tasks. Fire, the sysem adminigrator modds
and mantans the doman knowledge of the portad (updateModel). Second, the system is
able to dynamicdly specify the orchedration process (orchestrationWorkflow) between
the different C/S Psinvolved in the processing of the customer request.
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Fig.2.3.7 Flow of events: Knowledge and services management technical use case
Technology locks identification: Technology locks are marked in red in Figure 2.3.7. The
dynamic building of the cudomer sdection of dements composing its trave package
entalls the trandation in a corresponding workflow for the web services orchedtration.
The problems are of (i) generating dynamically a workflow and (ii) mediating possible
and verifiable orchestration. For example, booking a room in a hotd for holidays and
renting a car for the same period require coordination between two different web services
which have to undersand themselves about the time period, prices and location according
to the cusomer preferences. The other (minor in the business context of the system)
technology lock indudes management of the domain knowledge.

Contents and services providers integration

Actors; Adminigrator, C/S Ps.

Smmary: The adminidrator saves the new C/S Ps in the definition caidogue of the
platform. Specific wrappers are automaticaly generated for each new C/SP.

Preconditions and inputs:
C/S Ps have a structured or semi-structured dataflow for the contents;
C/S Ps have a structure of web services description thet is defined in a catdogue
(eg., WSDL filein UDDI);
Thereisacataogue, which lisgs C/S Ps

Pogt-conditions and outputs:
New C/S Ps are suitably entered into a catal ogue;
Wrappers are available for the new C/S Ps.

The flow of events for the contents and services providers integration technicd use case
is presented in Figure 2.3.8.
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Fig.2.3.8 Flow of events: content and service provider integration

Let us describe events of Figure 2.3.8in more detail and in turn as they appear:
The system adminigtrator have to integrate anew C/S P (identify C/SP);
The component in charge of the integration (integrate C/S P) defines mapping
rues between the globd schema and the data modd of the new C/S P
(defineMappingRules);
Once the mapping rules are defined, the sysem through the WkrapperFactory
component automédticdly generates a wrapper dedicated to this new C/S P
(generateWrapper).

Technology locks identification: Technology locks are marked in red in Figure 2.3.8. This
technicd use cae comprises two technology locks. The first is concerned with the
cgpability of producing mapping rules between the globd schema and the data modd of a
C/S P. Difficulties come from the fact that eech C/S P uses its own terminology, its own
data modd, etc. The second lock is basad on the difficulties of automatic generation of a
wrapper. For example, a new C/S P on touriam (tourist Stes with opening hours, prices,
touris descriptions, ec) is entered into the catdogue. It could be very ussful for
customers to be aware of tourism cgpabilities near their hotes. However, integrating this
new C/S P within the sysem requires aligning its terminology and data mode with other
C/IS Ps in order to cooperate (eg., trandatelexchange the ingdance data) with others
sarvicesand interpreting the input data uniformly (e.g., opening hours).

2.3.4 Design
2.3.4.1 The use case knowledge processing tasks

Having identified mgor technology locks of the B2C tourian marketplace system, now
we ae able to dtate knowledge processng tasks reguired in order to devdop plaushble
Semantic Web solutions to those technology locks These tasks are liged bdow and are
described with the help of examples. Also for each task we refer to the system use where
it has to be executed.



Planning of web services. Thistask ams a providing a flexible approach for connecting
(composng) web services in order to create higher-level business processes. In this use
cae, planning of web services is needed when organizing a travel journey. In fact, the
organization of a journey requires the "cooperdtion” of differet C/S Ps (eg., train, hotd
reservations). This task appears in the knowledge and services management technicd use
case.

Global schema management. This is a task of mantaining the globa schema expressng
the doman knowledge of the B2C tourism marketplace system It gppears in the
knowledge and services management technical use case.

Semantic query processing. This is a task of interpreting (rewriting) a query generated
by a cutomer in tems of the globd schema of the sysem. Fird, the sysem has to
vdidate the request of the customer with respect of the globd schema and then to rewrite
it into queries againg the C/S Providers locd schemas. A cusomer poses a query relaed
to a tourism scenario into the system by a sdection of terms from a predefined ligt that
beongs to the globd scheme. Then by means of concept's mapping, the user’ input is
reformulated fird as a semantic query in terms of the tourism globa schema and second
a queries understandable by C/S Providers. This task gppears in the contents and
services access technical use case.

Mapping rules definition. This task ams a determining semanttic rdations (eg.,
equivalence, less generd, and s0 on) between the contents of C/S Providers and the
global schema This task gopears in the contents aggregation, contents association, and
contents and service provider’s integration technica use cases.

Data trandation. This task ams a trandaing data from different information sources
exploiting (i) methods which are able to preserve semantics of an information source and
(i) mapping rules which state correspondences between loca and globa schemas. This
task gppears in the contents and service provider’s integration technical use case.

Results reconciliation. This task is based on the ability of the sysem to detect
redundancies and complementarities between data coming from different C/S Ps which
are involved in the processng of a request. In the use case under condderdion, this task
prevents customers to encounter severd responses about the same restaurants or to
encounter different opening times informaion for the same musaum. We didinguish
between two types of recondligion: aggregation as mettioned in the contents

aggregation technica use case and associdion as mentioned in the contents association
technical use case.

2.3.4.2 The use case typology of knowledge processing tasks

We build a typology of knowledge processng tasks by goliting dl the knowledge
processing tasks in to primarily and secondary tasks according to the busness logic of the
system. Let us congder them in turn.

Primary Tasks
Mapping rules definition. Thistask is necessary to ensure semantic homogeneity.



Daa trandation. This task is necessry to trandate/lexchange indance daa
between different C/S Ps.

Semantic query processng This task is necessary to endble customers to identify
intdlligently the pertinent C/S Ps.

Pamning of services This task is necessary in order to offer hightleve busness
processes involving severd C/SPs.

Results reconciligtion. This task is necessary in order to offer cusomers a way of
accessing data, which is more accurate (eg., avoiding duplications) than a badc
search engine, such as Google.

Secondary Tasks
Globd schema management. This task may be required in order to update the
knowledge of the domain.

2.3.4.3 The use case library of high level components

Table 2.3 brigflly summarizes the use case typology of knowledge processng tasks ad
their corresponding high level components.

Let us discuss in detal each of the components in terms of ther inputs and outputs,
leaving the dgorithms they have indde as a black box, because these issues are irrdevant
for the gods of the report. We refer an interested reader to the research work packages for
the dgorithmic pat, for example a survey of maiching (dignment) adgorithms can be
found in WP22, D223 while issues of compostion of web-sarvices is discussed in
WP2.4, D2.4.2

Match manager produces mapping rules. This module takes two data/conceptud models
as input and returns a dmilarity relation between the entities of those modds tha
“correspond” semanticaly to eech other. A amilarity relaion can be ether in the form of
coefficient in the [0,1] range rating match qudity (i.e, the higher the coefficient, the
higher the gmilaity between the nodes, see [11,1030] for some paticular
implementations) or in the foom of a semantic rdation (eg., st theoretic rdations,
equivalence, more general, less general, overlapping. See [15,143]).

Wrappe. Wrappers are software modules, each sarving for one component data
provider. The main tak of a wrgpper is to control and facilitate externd access to the
information providers through the loca schema of the provider. A wrapper is in charge of
reformulating the rewriting query of the customer in terms of the loca schema of the C/S
P and transforming responses returned by the C/S P into facts expressed in terms of the
globd schema

Results reconciler. Sometimes, the answers the mediator returns are not what the user
expects. This is the case when there are too many answers, no answers, or because some
information is missng. Semantic Web technologies permit ordering answers logicdly, to
removing irrdevant answers, ec.

Input of the results reconciler condtitutes:
The responses of each C/S Pinvolved in the processing of the request.



Output of the results reconciler condtitutes:

A reconciled response.
Table 2.3 Use case 3. Knowledge processing tasks & components
Knowledge processing tasks Components
: I Match
Mapping Rules Definition M anager
Data Trandation % Wrapper
7
1= Results Reconciliation Results
5\ Reconciler
£
oW
Semantic Query Processing :I__'_l:: Mediator
Composition of Web Services IE—,_I:: Panner
7
2 Mediator
g Globaschema Management
(=

Mediator is a module which provides a uniform quey inteface to a collection of
digributed and heterogeneous information sources. This interface enadbles users to focus
on specifying their demand by freeing them from having to find the rdevant provider and
possbly combine daia from multiple providers. A medator is based on the specification
of a globa schema describing a domain of interest, and on a s&t of mapping rules
expressng how the content of each source avalable is rdaed to the doman of interest.
Mediator is in charge of (patidly) the semantic query processing: it rewrites the user's
query in the most specific terms of the domain in order to map any term of the query with
a term usad in a sarvices provider. It is based on properties obtained with the use of rules
and dexription logics The mediagor is dso in chage of the doman knowledge
management.



Input of the mediator condtitutes:
A globd schema describing the domain of interest,

A st of mapping rules expressng how the content of each source avaladle is
related to the domain of interest.

Output of the mediator condtitutes:
The queries of customers reformulated as semantic queries in terms of the tourism

globa schema

Planner is in charge of a compogtion of web sarvices. Savice providers express ther
contents  through the terminology of the domain used by the mediator. The planner uses
this terminology and the domain ontology in order to define a sequence of queries to ask
providers. Schemdticdly, from a user request, the planner firgt identifies (usng a C/S Ps
cadogue) a lig of pertinent C/S Ps and second splits the origina request in a sequence of
queriesto be executed.

Input of the planner conditutes:
A cataogue with dl entered C/S Ps,
Theorigina user requedt.

Output of theplanner condtitutes:
A saquence of queriesto be executed.



2.4 Use Case 4. E-Photo album automation serviceson a portal by FT.
2.4.1 Use case summary

The diagran of Fgure 241 summaizes the busness context of E-photo dbum
automation services on aporta use case. Itskey functiondities are as follows:
- Automatic cregtion of photo dbums
Dynamic discovery of contents and services providers (C/S Ps);
Semi-automatic  aggregation/associaion of the dbums with contents exterior to

the portal.
D

Autamate transfer PC/AFaortal and
album generation

SRy
V Dynarnically associate photos

Customer and PC falburn with contents

from actors
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I &

/5 Providers

(from actors)

Fig. 2.4.1UML use case diagram for E-photo al bum automation services on a portal

Now, based on the functiond requirements it is possble to specfy dso different
technical use cases taking part in the platform. Those use cases will next dlow for a
detalled andysis of the technica needs.

2.4.2 Servicerequirements
Technicd use cases diagram is presented in Figure 2.4.2. It dlows identifying technicd

use cases and associated actors. Let us discuss actors of Figure 2.4.2 in detall.

Customer and PC. The cusomer is regigered on the portad and aranges its persond
contents. The customer usesits PC to access the portal.

Personal space on the portal. The prtd gives access to the services avaladle within the
systemn through authenti cation mechaniam, persondisation, and session management.

Contents and Services providers. The contents and sarvices providers manage their
contents autonomoudy, i.e. the system does not impose any condraints. Each C/S P has
its own rules for Sructuring information et the protocol, syntactica, and semantic levels.

Adminigrator is in charge of the adminidraion of the plaform. It peforms (i)
referencing of new contents and sarvices providers, (i) internd knowledge representation



and management, and (iii) orchedtraion between different contents and  services
providers

Customer and PC O
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Content and services access " ||| || o

Associate and Aggregate coments
Contents and services providers

(from Actors
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Discover contents and services providers

<<in$ude>>

Contents and services providers
integration

Fig.2.4.2 UML technical use case diagram for E-photo albums
2.4.3 Analyss

Now we andyze each technicd use case of Fgure 242 in detal. In paticular, we
consder transfer photos and metadata, recognize and process the antents and metadata,
automated annotation, sam-automatic album generation, discover the C/S P technicd
use cases. Noticg thet in Fgure 24.2 the following technicd use ceses associate and
aggregate contents, contents and services access, knowledge and services management,
contents and services providers integration gpopear without any modifications with
respect to the use case of Figure 2.3.2 (B2C marketplace for tourism use case), and hence
we do not discuss them here.

For each technica use case we fird report the actors it involves, then we provide its
summary, inputs and outputs, and findly we discuss with the hdp of sequence diagrams
the flow of its events and possible technology locks



Trander photos and metadata

Actors: Customer and PC, Persond space on the portd.

Smmary: The photos and metadata ae tranderred from the cusomer PC's to the
customer's persond gpace on the portal.
Preconditions and inputs:
The customer is registered on the portd;
The customer arranges its persond or age space
Post-conditions and outputs:
The contents are stored on the portd,;

The use cases recognize and process the contents and automated annotation are
activated.

The flow of events for the transfer photos and metadata technica use case is presented in

Fgure24.3.
SE Portal

Customer and PC
loadFileAndMetadata

H g

Fig.2.4.3 Flow of events: Transfer photos and metadata technical use case
Let us describe events of Figure 2.4.3in more detail and in turn as they appear:
The customer connectsto its persond soace on the portd;
The customer loads its content with metadata on the portd.

Technology locks identification: There are no technology locks in this use case, however
we have presented it here for darity of the further discussons.

Recognize and process the contentsand metadata

Actors. Persond space on the portd.

Smmary: The contents and associated metadata are recognized and if necessay are
converted asfollows:

Recognition of file format (e.g., jpeg, tiff );
Identification of the metadata (date'time, location) attached to files,
Converson of voiceto text, if there are such filesattached to the photos;



Low leved fedtures andyss (eg., person identification and face recognition) of
photos provides prompts to the user for assodiding, for example, people on the
photos with gppropriate entries in its address book.

Preconditions and inputs:
The photos are transferred to the customer's persond space on the portd,;
The forméats of files are sandard (e.g., jpeg, tiff );
There are points of reference for interpreting dateltime, location parameters within
the portd.

Post-conditions and outputs:
Use case automated annotation is activated.

The flow of events for the recognize and process the contents and metadata technical use
caeis presented in Figure 2.4.4.
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Fig.2.4.4 Flow of events: Recognize and process the contents and metadatatechnical use case

Let us describe events of Figure 2.4.4in more detail and in turn as they appear:

Identify the metadata associated to the contents (identifyFileAndMetadata);

Process the metadata (processMetadata):
Typicd metadata parameters (eg., daetime geolocdization, file formet)
ae asociaed with the exiging points of reference on the porta
(integrateTypicalMetadata);
The voiceftext converson (transformVoiceText) and form  recognition
(identifyPerson) require particular processes to be exploited.

Technology locks identification: There are no technology locks in this use case, however
we have presented it here for darity of the further discussons.



Automated annotation

Actors. Persond space on the portd.

Summary. The textud contents extracted from the speech/text converson are indexed in
order to enrich metadata with some meaning.

Preconditions and inputs:
The photos are transferred to the customer's persond space on the portd,
The format of the files are standard,;
There are points of reference for interpreting metadata within the portal.

Pogt-conditions and outputs:
Use case sami-automatic generation of the albums is activated The portd
uggests possible topics for phato dbums depending on the generated metadata.

The flow of events for the automated annotation technica use case is presented in Figure
245,
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Fig.2.4.5 Flow of events: A utomation annotation technical use case

Let us describe events of Figure 2.4.5in more detail and in turn as they appear:
Identify the keywords (identifyKeywords) extracted of the text files associated to
photos
Index the keywords attached to the photos (index);
Identify the context in which keywords are used for descriptions of photos. Extend
the context of the photo by adding new metadata (convertKeywordsToMetadata).

Technology locks identification: Technology locks are marked in red in Fgure 245 The
main idea of this technicd use case is basad on the cgpability of extending the context of
metadata atached to photos from the text produced as a result of the speechitext
converson. However, indexing the keywords does not provide the structure of
infamation. The context should be determined in order to choose the correct senses
(meanings) of keywords such that they become a pat of metadata For example, if the
text associaed to a photo contains the sentence: "this is a photo of the Eiffd tower taken



a an evening of December 2004, when it is showing' the system has to convert only
Eiffd tower into metadata attached to the photo.

Sami -automatic album generation

Actors. Persond space on the portd, Customer and PC.

Smmary: The portd offers to the customer possble solutions for organising its photo
adbums with the hep of an interactive interface.

Preconditions and inputs:
The metadata associated with each photo is updated.

Post-conditions and outputs:
The photo dbums are organized

The flow of events for the semi-automatic album generation technicd use case is
presented in Figure 2.4.6.

i : PersonalPortalSpace : Referential : AlbumGeneration

: Customer and PC
requestReferentialPhotos

[] L

generateAlbumPresentation

proposeAlbumPresentation /l_J

LI

chooseAlbumOrganization

Fig.2.4.6 Flow of events: Semi-automatic album generation technical use case

Let us describe events of Figure 2.4.6in more detail and in turn as they appear:
L oad the metadata associated to the photos (requestRefer ential Photos);
Generate the thematic or hierarchicd organisstion of the dbums from metadata
(generateAlbumPresentation) and proposeit to the customer;
The cusomer chooses the dements tha (he waits to use
(chooseAlbumOrganization) to organize the dbums (for example, a category of
photosin their dbums by location and/or dete).

Technology locks identification: There are no technology locks in this use case, however
we have presented it here for clarity of the use case essence.



Discover the C/SPs

Actors; C/SPs.

Smmary: Portd  searches ontthe-fly for the rdevant C/S Ps within directories (eg.,
UDDI) in order to propose to the costumer additionad information related to the context

of its photos.

Preconditions and inputs:
The context associated with photosis given.

Post-conditions and outputs:
The C/S Psare identified

The flow of eventsfor the discover C/S Ptechnica use caseis presented in Figure 2.4.6.

DiscoverC/SP | | _WebDirectoryC/SP

requestWebDirectory

list C/S P

Fig.2.4.7 Flow of events: Discover C/S P technical use case

Let us describe events of Figure 2.4.7 in more detal. In paticular, C/S P is determined by
andyzing its description files (eg., WSDL) in adirectory (eg., UDDI).

Technology locks identification: Technology locks are marked in red in Figure 24.7.
They are the directory of C/S Psand the search through the directory of C/S Ps in order
to determine a lig of only relevant ones with respect to the query. The keywardbased
search on the Web (eg., Google) does nat dlow exact identification of rdevat C/S Ps.
The main idea of this technicd use case is based on the capability of identifying severd
pertinent C/S Ps by udng the st of metadata atached to photos. The current solutions,
for example UDDI directory, do not dlow semantic interpretation of contents distributed
by C/ISPs.

2.4.4 Design

2.4.4.1 The use case knowledge processing tasks

Having identified mgor technology locks of the E-Photo dbum system, now we are able
to state knowledge processng tasks required in order to deveop plausble Semantic Web



solutions to those technology locks. These tasks are liged bdow and are described with
the hdp of examples. Also for each task we refer to the system use where it has to be
executed.

Notice we omit in our further discussons the knowledge processng tasks identica to the
previous use case, i.e, B2C maketplace for tourism. These tasks are mapping rules
definition, data trandation, semantic query processing, and results reconciliation. Thus,
knowledge processng tasks provided bedow ae only extensons of the tasks of the
previous use case.

Metadata generation. This is a task of (i) detecting the rdevant keywords within the
Speech/text attached to phaos and (i) interpreting them in function of the context. This
task gppears in theautomated annotation technica use case.

Searching for content providers. This is a task of searching for additiond information
related to the context of photos. This search relies on metadata attached to photos, and its
meaningful interpretetion in order to identify relevant C/S Ps. All C/S Ps are entered in a
directory (eg., UDDI). This directory can be requested usng a set of metadata attached
to photos. The result of such a query is a lig of rdevant C/S Ps that the system must
thereefter integrate by respecting the knowledge processng tasks described in the “B2C
marketplace for tourisnT use case (eg., Samatic quey processng, results
reconciligtion). Essatidly, this task represents a combination of the above mentioned
tasks of the “B2C maketplace for tourisy? use case, dthough in the context of E-photo
scenario; therefore we mention it here for the darity of the use case under consideration.
This task gppearsin the discover the C/S Ps technical use case,

Content provider's directory management. This is a task of managing a st of content
providers which respect dandard protocols of content description and invocatiion. The
directory mus dlow for a discovery of content providers and mus authorize addition
and retrievd of content providers. The discovery of content providers must be performed
a the semantic leve. Thistask gppearsin the discover the C/S Ps technicad use case.

2.4.4.2 The use case typology of knowledge processing tasks

We build a typology of knowledge processing tasks by goliting dl the knowledge
processng tasks in to primarily and secondary tasks according to the business logic of the
sysem. L&t us condder them in turn. Notice that here we discuss knowledge processng
tasks as extensions of the tasks of the “B2C marketplace for tourism” use case.

Primary Tasks
Metachta generation. Thistask is crucid because: the richer metadatais the more

possibilities of dbum presentationis available.
Secondary Tasks:
- Content provider' s directory management. Thistask is secondary asthe directory
of C/S Psisan externd information resource with repect to the portd.



2.4.4.3 The use case library of high level components

Table 24 briefly summeizes primaily knowledge processng tasks and  ther
corresponding high level components Notice that here we discuss knowledge processing
tasks and corresponding components as extensons of the tasks and components of the
“B2C makeplace for tourism” use case. Also searching for content providers task
mentioned above requires components which were dready mentioned in the “B2C
maketplace for tourisn? use case (eg, Semantic query processng, results
reconciligtion). Therefore, we are not reporting it here.

Let us discuss in detal each of the components in terms of ther inputs and outputs,

leaving the dgorithms they have insde as a black box, because these issues are irrdevant
for the gods of the report.

Table 2.4 Use case 4. Knowledge processingtasks & components.

Knowledge processing tasks Components

_ Metadata
Metadata Generation Generator

Primary tasks

Content Provider’s Directory Directory
Management M anager

Metadata generator. This is a module which is in charge of text andyss in order to
detect keywords and produce relevant metadata The input of this component is free text;
the output is a set of metadata.

Secondary Tasks

Directory manager. This is a savice dlowing for a semantic B2B C/S P integration. It
defines a gandard interface for accessng a "database’ of C/S Ps. All classcd operations
on the database are dlowed. We can add, retrieve, modify, and search for C/S Ps.



3. Typology of knowledge processing tasksand alibrary of
high level components

Generd typology of knowledge processng tasks is dructured in terms of primarily and
secondary tasks. It is composed of knowledge processng tasks which have been
identified for each use case discussed in the ddliverable. In particular:

In the “Recruitment” use case we have idettified the following primarily tasks
data trandation, ontology management, matching, ranking matching results, and
the folowing seconday tasks: schema/ontology merging, and producing
explanations.

In the “Multimedia content analyss and annotation” use case we have identified
the fdlowing primaily tasks content annotation, ontology management,
reasoning with annotations, intelligent search and retrieval; and personalization

and redia adaptation as a secondary task.

In the “B2C market place for tourism” use case we have identified the following
primarily tasks mapping rules definition, data trandation, semantic query
processing, composition of web services, results reconciliation; and global
schema management as a secondary task.

In the “Ephoto dbum automdion sarvices on a portd” use case we have
identified knowledge processng tasks as extensons of the “B2C market place for
tourism” use case In paticular, the primary task is metadata generation. The
secondary task is directory management.

A generd typology of knowledge processng tasks identified in the use cases under
condderation is briefly summarized in Table 3.1.

If the same knowledge processng task occurs in more than one use case (for example,
ontology management task gppears in dl the use cases) we report it only once Also in
Table 31 we give more gengrd names to some tasks and components, rather than they
gopear in the andyds and desgn pats of Section 2 Therefore, at this stage we hide
specificity of each use case, and emphadze only high levd (typicd) requirements of the
information sysems to be developed. For example, persondization and media adaptation
task from the second use case gppearsin Table 3.1 as the persondization task.

Generd typology of knowledge processing tasks indudes 9 primay tasks and 4
secondary tasks. It is dso worth noticing that some tasks are to be implemented within a
sngle component. For example, the following tasks schemaontology metching, ranking
matching results and producing explanations of mgppings are the functiondities of a
maich manager component. Thus, the library of high levd components contans less
components than the number of knowledge processng tasks identified. In paticular, it
conggtsof 10 components.



Table 3.1 General typology of knowledge processing tasks & components

Knowledge processing tasks

Components

Primarily tasks

Wr e
Data Trandation |E—'_|::| P
Ontology
Ontology Management M anager
_ Match
Matching |E—'_|::l Manager
_ _ Match
Matching ResultsAnalysis M anager
_ Annotation
Content Annotetion M anager
_ % Reasoner
Reasoning
' _ Query
Semantic Query Processing Pr ocessor
Compodition of Web Services % Planner
Results Reconciliation R&GUH'S
Reconciler




_ Ontology
SchemaOntology Merging M anager
Match
% Producing Explangtions %l M ana?ger
>
@
°©
8 Profil
- [ — % rofile
. Direct
Directory Management Iv:;n aggr/

Bdow we provide short high levd descriptions of knowledge processing tasks and
corresponding components of Table 3.1, while their detalled descriptions can be found in
Section 2

Data Trandation & Wrappe. This tak and component are in charge of
trandaing/exchanging indances between heterogeneous information sources goring ther
data in different formats (e.g., RDF, SQL DDL). These were required by the three use
cases under congderation.

Ontology Management, Schema/Ontology Matching, Merging & Ontology
Manager. These tasks and componet are in charge of ontology mantenance with
respect to (evolving) business case requirements. These were required by dl the use cases
under congderation.

Matching, Matching Results Analyss, Producing Explanations & Match Manager.
These tasks and component are in charge of determining mappings between the entities of
multiple schemas/ontologies. The mgppings might be ordered according to some criteria
In addition, explanations of the mappings might be aso produced. The fird functiondity
was required by the three use cases under congdeaion. The later two functiondities
were required by one use cases under congderation.

Content Annotation & Annotation Manager. This task and component are in charge of
automatic production of content metadata. These were required by the two use cases
under congderation.

Reasoning & Reasoner. This task and component are in charge of logicd reasoning.
This task and component were required by one use case under consderation.

Semantic Query Processng & Query Processor. This task and component are in
charge of interpreting (rewriting) a query by usng terms which are explicitly specified in
amodd of the domain. These were required by the three use cases under consderation.



Composition of Web Services & Planner. This task and component are in charge of
automated compostion of web services into executable processes. Thee were required
by one use case under congderation.

Results Reconciliation & Results Reconciler. This task and component are in charge of
determining an optimd solution, in terms of contents (no information duplication, €tc.),
for returning results from the queried information sources These were required by one
use case under consderation.

Personalization & Profiler. This task and component are in charge of taloring services
avalable form the sysem to the specificity of each user (eg., standard vs. professond
profiles). These were required by one use case under consderation.

Directory Management & Directory Manager. This task and component are in charge
of mantenance and semantic interpretation of ingtance data digributed by content and
sarvice providers. These were required by one use case under congderation.

4. Conclusons

In this deiverable we have demondrated a methodology for identifying knowledge
processng tasks and corresponding high level  components within  the  information
sysems by andyzing in detal the four use cases of D1.1.2. We have devdoped a
typology of knowledge processng tasks with respect to each use case and a generd
typology covering requirements of all the use cases together. Also, whenever possble
we have indicated date of the at solutions and rdevant activities beng hed in the
Knowledge Web ressarch workpackages, thus, showing applicability of the knowleoge-
based technology.

The fact that a present we have conddered only some use cases provided in D1.1.2 was
taken into account. In particular, a quick andyds of the other use cases has shown that
knowledge processng tasks are repedting, therefore we can conclude that materid of this
deliverable presents the core knowledge processing tasks, i.e, tasks occurring in most of
the systems.

However, with emergence of new busness cases it is likdy that new knowledge
processng tasks will gppear. For example, web sarvice's discovery, orchedration, and so
on. Therefore, future work includes technicd andysis of the new use cases of D1.1.2till
the saturation is reached. Notice, that not al the use cases of D1.1.2 will be andyzed in
D1.1.3. In paticdar, we will concentrate only on the most important indusry areas and
thelr busness cases
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Appendix 1. Dependencies with other ddiverables

A number of Knowledge Web ddliverables are related to this one:

Project Deliverable Title Reationship
Industry  board | Suggestions from D111 on
members lig, | the key industry sectors and

KW D111 clugtering and | the mog important use cases
o organizationa to beandyzed in D1.1.3.
and opediond
charter (MoU)
Prototypica Use casss andyzed in this
business deiverable ae teken as
KW D112 use cases input from business cases of
D112
Semantic Web High level components
framework described in thisreport dso
KW D122 requirements serve asapartid input to
andyss D122




