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ABSTRACT

Knowledge Web is an EU FP6 Network of Excellence whose mis-
sion is to strengthen European industry and service providers in one
of the most important areas of current computer technology: Se-

industrial network for the stimulation of technological transfer to
concrete business cases. Likewise, Knowledge Web forms an in-
dustrial board of firms interested and active in the application of
Semantic Web technologies. By the end of the first year of the

mantic Web enabled e-work and e-commerce. This paper presentgroject as many as 50 companies from various different industry

the initial results from our activities in outreaching to industry,

sectors have joined. A Web portahas been set up to form a com-

which has involved collecting and analysing business use cases tomunication channel between the project and its industrial partners.

identify concrete needs in industry and their potential ontology-
based solutions, and developing a typology of knowledge process-
ing tasks and components. Our approach is based on providing
European Semantic Web researchers with industrial requirements
from concrete scenarios, in order to realise the needed task- and
component-based solutions and to migrate them to European indus-
try. We see much potential in the next years of the project to see a
successful transfer of ontology-based technologies from academia
to industry.

1. INTRODUCTION

The KnowledgeWeb Network of Excellence has as one of its key
goals the transference of knowledge-based technologies (often re-
ferred to when deployed over the Web infrastructure as the Seman-
tic Web) from the field of academia to industry. In order to achieve
this we are collecting industrial requirements and communicating
them to researchers so that Semantic Web research can better fo-
cus on producing the knowledge-based technological solutions that
industry needs.

The 'Outreach to Industry’ activities of KnowledgeWeb are the
continuation of the OntoWeb project’s SIG4which formed an

http://sig4.ago.fr

In order to carry out this approach, the Industry Area of Knowl-
edgeWeb has been tasked with, among other things:

Specifying business needs scenarios collected from the in-
dustry board

Identifying problems in industry that can be successfully treated
with the Semantic Web and technology locks blocking that
treatment

Identifying the knowledge components and processing mech-
anisms that Semantic Web applications will need

Using co-operation between researchers and industry to mi-
grate knowledge-based technologies to key business scenar-
ios

Showing the value of Semantic Web-based solutions to in-
dustrial partners

In the first year of the network, the 'Outreach to Industry’ activity
has published three deliverables, all of which are publicly available
from the project websit@:

D1.1.1v1 - The Industry Board members initial list, clustering and orgar

, In deliverable D1.1.1 we describe our establishment of an
industrial board composed of industrial organizations that
can clearly benefit from ontology technologies. The board is
considered representative of the current or prospective bene-
factors of Semantic Web technologies. We list the current

2http://knowledgeweb.semanticweb.org/02i
3http://knowledgeweb.semanticweb.org



Figure 1: Breakdown of use cases by industry sector

board members, give the Memorandum of Understanding With & request to provide illustrative examples of actual or hy-

specifying the working rules agreed by all the members of the POthetical deployment of Semantic Web technologies in concrete

industrial board, the invitation letter sent to potential partners PUsiness cases using a simple two page questionnaire. Provided use

and a statement of interest filled by interested companies to cases were followed up with face-to-face meetings between Knowl-

join the board; edge Web partners and Industry Board members to gain additional
information and following a consultative write-up process the use

D1.1.2 [?]- Prototypical business use casedn deliverable D1.1.2 ~ cases have been collected into a project deliverable.

we provide a set of business cases on how Semantic Web

technologies have solved or could hypothetically solve con- The deliverable contains 16 use cases. It can be seen in Figure 1

crete business issues which are relevant to some strategic in-Pelow that these use cases are spread across 9 industry sectors.

dustries. It also considers future developments in research

and industry which are of relevance to the deployment of Se- It is important to note that the use case collection is also an ongo-

mantic Web technologies in business cases. From this aning activity. The use cases already collected will be published on-

analysis of the potential of and the needs for deployment of line on the Knowledge Web Industry Area portal alongside the use

Semantic Web solutions in industry is carried out and a few cases that will continue to be collected in the subsequent phases

key use cases are identified; of the project. As a result, Knowledge Web will be continuing
the dialogue process between industry and academia which has the

D1.1.3 [?]- Knowledge processing tasks In deliverable D1.1.3 aim of successfully transferring ontology-based technologies from
we have demonstrated a methodology for identifying knowl- academia to industry.
edge processing tasks and corresponding high level compo-

nents within the information systems by analyzing in detail 3. ANALYSIS OF BUSINESS USE CASES

some of the use cases of D1.1.2. We have developed a ty- 5 simple analysis of the use cases according to the solutions that
pology of knowledge processing tasks with respect to each . peing sought and the problems encountered forms an initial ba-
use case and a general typology covering requirements of all i for jdentifying what concrete business problems semantic tech-
the use cases together. The process of building a typology 5|ngies are being applied to solve and what technological issues
of knowledge processing tasks has shown that most of the gyiq that are preventing semantic technologies from realizing their

knowledge processing tasks identified repeat with some vari- potential to solve these business problems.

ations/specificity from use case to use case. This observation

suggests that the constructed typology is stable, i.., it CON- \ye have extracted from the use case text the key areas where solu-
tains the core knowledge processing tasks stipulated by the j,ng are sought and the key technology locks to their realization,
current industry needs. categorizing them into sets of related issues.

In this paper we summarize the results from the latter two deliver-
ables. In Chapter 2 the collection of business use cases is described.
Chapter 3 summarizes the analysis of those use cases, providing an
informative overview of where European industry is seeking solu-
tions from knowledge-based technologies and what is needed fromgjgyre 2 above shows the areas in which industry is seeking ontology-
research to realise those solutions. Chapter 4 describes how we propased solutions. Nearly half of the collected use cases seek solu-
duced a typology of knowledge processing tasks and componentstions to data integrationand semantic search Other areas men-

as a baSiS fOI’ |dent|fy|ng key I’eseal’Ch areas fOI’ meeting industl’ial tioned in a quarter of use cases WdMa managemerandperson_
needs. Finally, in Chapter 5 we conclude with how this work forms  zjization However the issues of search and integration are clearly

a solid basis for the transfer of knowledge-based technology to Eu-yery significant application domains in industry for ontology-based
ropean industry. technologies.

Figure 2: Solutions sought in industry use cases

2. USECASE COLLECTIONFROM EURO-
PEAN INDUSTRY

Once the Industry Board had been set up with a group of initial
members, the next task of collecting use cases from those members
began. The use case collection is considered a key activity in the Figure 3 above shows the technology locks identified in the use
Industry Area as it is recognized that a major barrier between in- cases, with only those mentioned at least twice shown in the dia-
dustry and research is that the former speaks in terms of problemsgram for legibility. We can see that three technology locks stand
and solutions and the latter in terms of technologies and researchout, occurring in 4 to 6 of the collected use cases. Theskrenwl-
issues. A business use case is basically a story that relates a busiedge extractionontology mappin@ndontology authoring While
ness problem to a solution and a solution to a technology, which in the relatively even spread of locks indicates that issues to be re-
turn may lead to a research issue. Therefore we see business ussolved in using ontology-based technologies in an industrial setting
cases as effective tools for facilitating understanding between anare broad, we can understand this as indicating that particular needs
organisation and a research group. in industry are the extraction of knowledge from existing data, the
creation of ontologies - whether from scratch and through re-use
In the first phase of Knowledge Web we have collected a set of of existing ones - and the mapping between them as a result of un-
use cases from the Industry Board members to act as a representaavoidable heterogeneity in ontology usage. This latter issue ties in
tive collection of industrial requirements for which ontology-based well in the solution areas of search and integration, both of which
technologies are a potential solution. Each member was contactedrequiring ontological mapping to operate successfully.

Figure 3: Technology locks to industry use cases



This analysis is able to offer an informative overview of European The main two uses of the B2C marketplace system for tourism are
industry perspective of ontology-based technologies. This is valu- summarized in Figure 4. A detailed description of this business
able in terms of seeking to present these technologies to industry ascase can be found ir?[.

a whole. However to be able to answer specific industrial require- Figure 4: UML use case diagram for B2C marketplace for
ments we need to conduct further, case specific analyses. tourism

4. KNOWLEDGE PROCESSING TASKS The first use case, which is calléd plan a nice week-enaon-

In this section we discuss the knowledge processing tasks requiredstitutes the entry point inside the marketplace allowing customers
by the current industry needs. We first introduce a methodology 0 define their personal needs. The platform takes care of iden-
used for the identification of knowledge processing tasks, then we tifying potentially useful contents and services, accessing multi-
discuss how it can be applied in practice by an example of a busi- Ple providers and selecting only the relevant ones. The second
ness case. Finally, we report a (general) typology of knowledge USe case, which is calle package and purchase a nice week-
processing tasks and a library of corresponding high level compo- €nd requires (i) a dynamic aggregation of relevant contents and

nents which summarizes the requirements of all the use cases wes€rvices (e.g., transport, accommodation, leisure activities), (i) an
have analyzed in D1.1.3. automated packaging of week-end proposals, and (iii) facilities for

purchasing them on-line.

4.1 A methodology

The standard specification methodology used for the identification

of knowledge processing tasks and corresponding high level com-

ponents is based on Rational Unified Process (R@PJ][ Out of

its six standard steps (i.e., business modeling, service requirements,

analysis, design, implementation, and validation), D1.1.3 focuses

only on three of them, namely, service requirements, analysis, and 4.2.2  Service requirements

design. Let us discuss them in some detail. Technical use cases diagram is presented in Figure 5. Let us discuss
its actors.

Service Requirement¥hese are a set of services available through

a system in order to implement a business case. They are deter-

mined through analysis of functional needs, which in turn imply Figure 5. UML technical use case diagram forB2C market

some technical constraints (e.g., time response, scalability, num-place for tourism

ber of connected customers) of a system to be developed. Service

requirements are expressed in terms of UML (technical) use cases

[7].

Now, based on the functional requirements, it is possible to specify

also different technical use cases taking part in the platform. Those

use cases will next allow for a detailed analysis of the technical
eds.

Customer and Access Interfacé customer with the help of its
Analysis This step performs initial subsystem partitioning related access interface (e.g., mobile phone) accesses services available
to main processing tasks and then analyses in detail the use casewithin the system through the authentication mechanism, person-
In particular, use cases are refined with the help of sequence dia-alization, and session management.
grams P], which incorporate the modules for the architecture pro-
posal and the information flow between these modules to fulfill the Contents and Services providers (C/S PEpntents and services
use case functionality. providers manage their offers autonomously, i.e., the system does
not impose any constraints. Each contents and services provider
Design This step refines and homogenizes classes, and identifieshas its own rules for structuring information at the protocol, syn-
the architecture design. It is partially specified in D1.1.3. In the tactical, and semantic levels.
Knowledge Web context, the aim of this step is only to identify
knowledge processing tasks and components along with pointing Administrator performs (i) referencing of new contents and ser-
out the technology locks they are stipulated by. vices providers, and (ii) internal knowledge representation and man-
agement.
We structure 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 parts of 4'2j3 Analysis ) ) .
actions of the system. Secondary tasks are additional requirementsAt this step, we analyze each technical use case of Figure 5 in de-
i.e., extensions of the common parts. Based on the primary and sec@il- In particular, we considerontents and services acceesn-
ondary knowledge processing tasks we build a typology of knowl- {€Nnts aggregationcontents as;omatlork_nowle_dge an(_JI services
edge processing tasks and corresponding high level components foffanagementcontent and services provider's integratjdmetero-

each use case under consideration and for all of them together as &eneity of contents and services provider's managenaedknowl-
final (general) typology. edge and services managemtaghnical use cases.

For lack of space we discuss here only tuntents aggregation
4.2 The meth0d0|ogy by an example technical use case. First, we report the actors it involves, then we

Let us discuss with the help of tHB2C Marketplace for Tourism provide its summary, inputs and outputs, and finally we analyze

business case how the above introduced methodology is used injith the help of sequence diagrams the flow of its events and pos-
order to determine knowledge processing tasks. sible technology locks.

4.2.1 Use Case Summary Actors Customer and access services, C/S P Service.



Summary The use case contents aggregation is inherited from the address element in the first schema should be mapped to the ad-
use case combine contents. It performs the fusion of the informa- dress element in the second schema. A more complex solution is
tion issued by different C/S Ps. The use case aims at providing arequired to determine that attributes of the first schema are to be

user with the result which has the following characteristics: mapped (notice!) to the elements of the second schema.
e No duplication and redundant information; .
e A homogenous information structure; 4'2,'4_ Deslgn .
« Avoid the user having to aggregate the contents issued from Having identified technology locks of the B2C tourism marketplace
different C/S Ps. system, now we are able to state knowledge processing tasks re-

quired in order to develop plausible Semantic Web solutions to
Notice that a domain ontology, which is a model for the data of all those technology locks. In particular, our example requires the
the C/S Ps, captures the knowledge of the domain. matchingknowledge processing task, whose implementation pro-
vides thematch managecomponent:
Preconditions and inputs
e The use case contents and services access has been execute'éfl,atChing This task aims at determining similarity relations be- .
e The contents are represented in terms of the domain ontol- tween the contents of C/S P$ and the global schema. Th_|s t"."Sk IS
ogy. necessary to ensure semantic homogeneity, and hence, it will ap-

pear as a primary task in the typology.
Post-conditions and outputs

e The aggregated contents are transferred to the access inter-!vIatCh managerThis _mc_)du_le takes_ two data/conceptuz_il_ models as
f input and returns a similarity relation between the entities of those
ace. ; SO
models that correspond semantically to each other. A similarity re-
The flow of events for the contents aggregation technical use caselation can be either in the form of a coefficient in the [0,1] range,
is presented in Figure 6. rating match quality (i.e., the higher the coefficient, the higher the
similarity between the entities, se® ’] for some particular imple-

) ] ] mentations) or in the form of a semantic relation (e.g., equivalence,
Figure 6: Flow of events: Contents aggregation technical use  more general, less general), s@e7, 7).

case

4.3 A typology of knowledge processing tasks

and a library of high level components
Let us discuss it in detail. Before operating the contents aggrega-n the above described manner we determine knowledge processing
tion, the system\anageContentAggregation component) needs to tasks and components for all the use cases under consideration in
map the data (potentially expressed in different data models) amongp1.1.3.
the C/S Ps involved in the processing of the request of a user. This
step is essential in order to evaluate the contents of each C/S P, and4
hence, detect redundancies, complementary information, etc. Th
flow of events is as follows:

o .3.1 The typology
A general typology of knowledge processing tasks which summa-
rizes the requirements of the use cases considered in D1.1.3 is pre-
o Identification of the mappings between different data models sented in Tables 1 and 2. It includes 9 primary tasks and 4 sec-
(requestSchemas); ondary tasks. Itis also worth noticing that some tasks are to be im-
e Contents aggregatiomanageContent): check for duplicated plemented within a sing!e compqnent. For.example, such tasks as
information, fusion of complementary information are oper- schema/ontology matching, ranking matching results, and produc-
ated by thecontrolContent component; ing explanations of mappings are the functionalities of the match

« Transformation of the result of contents aggregation into XML Manager component. Thus, the library of high level components
contains less components than the number of knowledge process-

formalism; ) ) L . . .
e The results encoded in XML formalism are transferred to the 'Y tasks identified. In particular, it consists of 10 components.
access servicédadxmiStream). Table 1: Typology of knowledge processing tasks & compo-

Technology locks identificatiorTechnology locks are highlighted nents. Part 1 - Primary tasks

in Figure 6. For lack of space we discuss here only rifep-

. . . . . # | Knowledge processing tasks Components
pings (_Jllscoveryechno_logy Iocl_<. Itis crucial to be able to dynaml- 1 Data Transiation Wrapper
cally discover semantic mappings between the contents of different 2 [ Ontology Management Ontology Manager
C/S Ps. The current solution follows the data integration approach 3 [ Matching Match Manager
which is to create static correspondences between data m@jlels | 4 | Matching Results Analysis Match Manager
However, this solution does not satisfy the requirements of the cur- 5 | Content Annotation Annotation Manager|
rent World Wide Web. In fact, C/S Ps may appear and disappear 6 | Reasoning Reasoner
over the network, change their contents, schemas, and so on. Thus, 7 | Semantic Query Processing|  Query Processor
the question is how to determine those correspondences dynami- 8 | Composition of Web Services Planner
cally. For example, given two XML schemas, suppose in the first 9 | Results Reconciliation Results Reconciler

schema the address element consists of the name, town, and post-

code attributes, in the second schema the address element is split4.3.2 Task and component descriptions

down into three sub elements: street name, post code and townBelow we provide short high level descriptions of knowledge pro-
Then, a solution should be developed in order to determine cor- cessing tasks and components of Tables 1 and 2, while their details
respondences between the semantically related entities, e.g., thean be found in7].



Table 2: Typology of knowledge processing tasks & compo-
nents. Part 2 - Secondary tasks

# | Knowledge processing tasksy ~ Components

1 | Schema/Ontology Merging | Ontology Manager|
2 | Producing Explanations Match Manager
3 | Personalization Profiler

4 | Directory Management Directory Manager

Data Translation and WrapperThis task is in charge of translat-

lock and solve the business problem. Where the state of the art
of knowledge processing components does not meet industrial re-
quirements, we can identify what those requirements are, focus re-
searchers on developing components that meet them, and can point
to concrete scenarios where the developed components could be
tested and evaluated in an industry-strength setting.

Thus, for example in a Human Resources scenario, the sought-for
solution is thesemantianatching between job offers and job appli-
cations. By a technical use case analysis we located where in the

ing/exchanging instances between heterogeneous information sour@esiness process the lock occurs and defined the requirements with

storing their data in different formats (e.g., RDF, SQL DDL).

Ontology Management, Schema/Ontology Matching, Merging and
Ontology Manager These tasks are in charge of ontology mainte-
nance with respect to (evolving) business case requirements.

Matching, Matching Results Analysis, Producing Explanations and
Match Manager These tasks are in charge of determining map-

respect to thenatchingtask and thenmatch managecomponent.
Hence, we have already provided (i) a client industry with a clear
identification of the place where the system requires knowledge-
based solutions and (ii) researchers with a clear definition of the re-
quirements that must be met by their prototypical implementations
of knowledge processing components. In particular, in this sce-
nario, some existing implementations of a match manager &.9.,[
?]) have been plugged into the business process at the identified

pings between the entities of multiple schemas, classifications, andlocation. A prototype has been tested by the client industrial part-

ontologies. The mappings might be ordered according to some cri-

teria. In addition, explanations of the mappings might be also pro-
duced.

Content Annotation and Annotation Manag&his task is in charge
of automatic production of metadata for the contents.

Reasoning and Reasonérhis task is in charge of providing stan-

ner, and it had demonstrated a better characteristics (e.g., precision,
recall) with respect to the legacy solution. Thus, experience of this
use case and some others (e.g., the MCAA scenario) gives us a pre-
liminary vision that the proposed approach is able to facilitate the
transfer of Semantic Web technology to industry. This will also
prove to be a great benefit to European industry in that it will solve
identified business problems.

dard logical reasoning services (e.g., subsumption, concept satisfi-We acknowledge too that with the emergence of new business cases

ability, instance checking tests).

Semantic Query Processing and Query Procesddnis task is in
charge of rewriting a query by using terms which are explicitly
specified in the knowledge of the domain.

Composition of Web Services and Plann&his task and compo-
nent is in charge of automated composition of web services into
executable processes.

Results Reconciliation and Results Reconciléris task is in charge
of determining an optimal solution, in terms of contents (no infor-
mation duplication, etc.), for returning results from the queried in-
formation sources.

Personalization and Profiler This task is in charge of tailoring

services available from the system to the specificity of each user

(e.g., standard vs. professional profiles).

Directory Management and Directory ManageiThis task is in

charge of maintenance and interpretation of instance data distribute

by contents and services providers.

4.3.3 Use of the typology

itis likely that new knowledge processing tasks will appear. For ex-
ample, web service discovery, orchestration, and so on. Therefore,
the typology we have described here constitutes only a first step.
Future work includes ongoing technical analysis of collected use
cases till the saturation is reached.

5. CONCLUSIONS AND FUTURE WORK

In the first phase of Knowledge Web, the 'Outreach to Industry’
activity has formed an Industry Board and collected business use
cases from them. We have used this use case collection to make
a general analysis of European industrial needs and the technology
locks that exist in meeting those needs. Furthermore we have begun
to carry out use case specific analyses and determined a typology
of knowledge processing tasks and components that can meet in-
dustrial requirements.

As a Network of Excellence, Knowledge Web is made up of leading
Semantic Web research institutions across Europe. This gives us
the opportunity to feed the discovered industrial requirements into

&he European Semantic Web research effort as facilitated and co-

ordinated by Knowledge Web.

Hence, the next document from the 'Outreach to Industry’ activ-
ity, due June 2005, will be a collection of executive summaries of

The case specific analysis of the business use cases allows us tkey use cases from our collection. These summaries will present
move from the industrial perspective of the use case descriptionsthe business problem described by each use case in terms of the
(looking at problems and solutions) to a more technical analysis knowledge processing tasks and components that are relevant to
from which we can derive key research challenges. We have mod- each technology lock and the requirements that implementations
elled the use cases as business processes and identified where in tta# those components need to meet. Ongoing work in Knowledge
process we encounter technology locks. We have also linked thoseWeb will be to co-ordinate research work in developing solutions
technology locks to knowledge processing tasks and componentsto these challenges, evaluating them in the industrial context and
which should overcome those locks. A successful transfer of tech- promoting success stories to industry as a whole.

nology to industry can take place when components exist which,

when implemented in the business process, remove the technologyin particular, by concentrating initially on a number of key use



cases that exemplify the application of Semantic Web technologies

in the more mature application fields, we can realistically achieve
within the next year of the project evidence of the benefits of knowledge-
based technological solutions for industry and have an ideal sum-
mary of the application of this technology for further publication

and dissemination.
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