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Executive summary

This deliverable presents specifications of thremmmonents responsible f
advanced manipulation with the knowledge storedhsn KP-Lab Semantic We
Knowledge Middleware (SWKM). It starts with motivrag scenarios defined withi
various Working Knots (WKSs), extracting relevaninétional requirements ar
mapping them on the high-level requirements, ofigaar driving objectives an
user tasks (described in deliverable [D2.4]).

The first component is Knowledge Matchmaker (V2wWhich utilizes various text

mining, information extraction, and heuristic metbdor advanced access to a

manipulation with shared knowledge artefacts adogrtb the explicit meaning aof
artefacts expressed by their textual content, dsasemetadata, including semant

tagging. This second version presents a set of @elp new services supportir
miscellaneous functionalities such as support &nantic tagging process, sear

for similar artefacts, information extraction capigies, as well as recommendation

services.

Next two components are completely new. The Knogde8ynthesizer (V1.0) cgn
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be used to combine information found in multiple®es; this feature is necessary

to allow automated merging of the conceptualizatiomodeled in independent
edited conceptualizations.

The Analytical and Knowledge Mining Services (V1@dvide means for analyzing

participation and activities within past or runnikigowledge creation processes,
well as for support of knowledge evolution analy&g. via identification of critical
patterns in selected knowledge creation processes).

y
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1 Introduction

Knowledge Matchmaker (V2.0), Knowledge Synthesiaét.0), and Analytical and
Knowledge Mining Services (V1.0) are the middlewaredules of KP-Lab system,
proposed to support advanced collaborative and rs&rr@ased manipulation of
shared knowledge artefacts that should enablertterging of knowledge practices.
These modules provide a set of services that extentdasic SWKM functionality for
accessing and manipulating the ontology data tosvird utilization within the end-
user KP-Lab tools.

Knowledge Matchmaker (V2.0) contains a set of sewithat support a collaborative
work within a group of participants involved in adwledge creation process. By
utilizing the text mining, information extractiomnd various heuristic methods, it
enables advanced access to and manipulation cdskaowledge artefacts according
to the explicit meaning of the artefacts expredsgdheir textual content, as well as
metadata, including semantic tags. The coordinatforollaborative work and social
awareness between the group members are suppgrtadvanced notification and
recommendation services, enabling automatic natiba on modifications of
artefacts and/or particular actions provided by plagticipants. Particular services
supporting these functions were identified for Kwledge Matchmaker (V2.0) as
follows:

- The Comprehension Servicprovides advanced classification, analysis, and
consistency check of semantically tagged knowleaigefacts. The heuristic
rules and frequency-based text analysis mechanssem&mployed to support
meaningful collaborative work with shared knowledagefacts as aiding to
acquire consistency in semantic tags, search atréeva facilities, and
collaborative maintenance of various source mdteaiad produced artefacts.

- The Information Extraction Serviceenables to support the user with
semantically tagged artefacts enabling her to kefancrelated ones based on
these semantic descriptions. It also identifiestiestand relations directly in
the content of the artefacts and allows reviewingygested annotations
produced by the service and improving the extractmmdels based on the user
feedback.

- The Recommendation Servicdfers a possibility for a user, as a member of a
group aiming at collaborative knowledge creatiam,stibscribe for updates
concerning a specific knowledge artefact and/ordapecific periodicity of
notification.

Knowledge Synthesizer (V1.0) provides capabiliteanalyze, integrate, and merge
the conceptualizations of knowledge artefacts esqm@ by the visual modeling
languages of different domains. The analysis dedght models and explanations that
are produced by users includes, for example, umgayesimilar (and dissimilar)
explanations or models, and identifying groupsp@ople) whose theories, models, or
explanations are very different (or very similar)eiach other.

Analytical and Knowledge Mining Services (AKMS) prde supporting services for
analysis of knowledge creation processes in twdemiht ways. First, AKMS
provides services for analyzing participation armtivéties within past or ongoing



processes. Secondly, AKMS supports also the knayele@volution analysis
providing e.g. means for manual identification aftical patterns in knowledge
creation processes. Once defined, the AKMS sensthe possibility of proactive
identification of known critical patterns in seledtongoing processes.

The specification of these middleware modules &il respective services is based
on the analysis of requirements formulated in [[PZdoperatively by pedagogical
and professional experts and researchers as wédichnrical developers of the KP-
Lab project. The motivating scenarios and iderdifiegh-level requirements are
presented in the following chapter. Based on tteyais of the required functionality,
a design of the inner architecture, functionalityd interface of particular services for
the middleware modules is proposed and specifietketail in the chapter 3. Finally,
conclusions and suggestions for future work, inicigd the proposals for
implementation and integration of the designed isesvinto the KP-Lab end-user
tools, is presented in the chapter 4.



2 Requirements

This chapter contains a description of the mothgtiscenarios and high-level
requirements that demonstrate the need and roteeofespective SWKM modules
and their services from an end-user perspectiveweabs as an employment and
functional integration of these services into tHele KP-Lab system.

The chapter starts with descriptions of motivasognarios presented in the following
section 2.1 that are based on the outcomes of thekidg Knots (WKSs), being
a platform for collaborative design and discusspace that elicits and integrates the
requirements of pedagogical users with the appesend solutions proposed by
technical partners of the KP-Lab project. Outline the identified motivating
scenarios and the relevant WKs where the spedditatof scenarios were formed,
are presented in Table 1.

Motivating scenario Working Knotsreferenced
1. Collaborative work with | WK1 Shared Space and Common Tools
artefacts WK2 Management and Analysis of Complex

Knowledge Structures
WK5 Document Centered Collaboration

2. Advanced notification and WK1 Shared Space and Common Tools
recommendation support | WK6 Change Laboratory

3. Merging of knowledge WK2 Management and Analysis of Complex
artefacts (conceptualizations)Xnowledge Structures

4. Analysis of processes in @ WK3 Process Management and Analysis
Knowledge practices
environment

WKG6 Change Laboratory

Table 1. Motivating scenarios and respective Working knustsd for the scenarios’
specification

As next, in section 2.2 particular functional reguoients, which resulted from
motivating scenarios, are extracted and categoiitedsmaller groups corresponding
to new SWKM modules. Moreover, there is also presea mapping of identified

required functionalities to particular user taskBr), driving objectives (DO), and

high-level requirements (HLR), as they were desdiland elaborated in the D2.4
deliverable [D2.4].

2.1 Motivating scenarios

The motivating scenarios identified as outcomethefrespective WKs and outlined
in Table 1 are presented and described in morélsl@tahis section. The support for
collaborative work with knowledge artefacts is pyepd by means of functions for
checking and maintenance of semantic tagging, secdaased retrieval, advanced
clustering and classification. The collaborativeowtedge creation is supported by
notification and recommendation functionality allog personal, punctual, and



scheduled notification. Merging of knowledge arté$aproposes methods to support
the model management, especially by means of phralliting of artefact’s
conceptualizations. Finally, the functions for aiséd of knowledge creation processes
identify several information resources for monmgriand analysis of collaborative
knowledge practices on a global level.

2.1.1 Collaborative work with knowledge artefacts

The scenarios for collaborative manipulation withowledge artefacts aiming at
creation of innovative knowledge practices werebetated within the WK
Management and Analysis of Complex Knowledge Stmest, namely in the
description of semantic taggihgActual implementation of these scenarios into the
KP-Lab user tools was discussed in the WK Sharet&pnd Common Tools. The
Semantic Tagging and Tag Vocabulary Editor tooésraferenced in [D6.6] as main
user-side tools dedicated to provide this functibpeor users. In addition, the
specification of usage scenarios for the Semantid teol [SW_SUS], provided
within the WK Document Centered Collaboration, irdmly contains explicit as well
as implicit references to the collaborative maiatee of shared knowledge artefacts
by means of semantic tagging and manipulating tegbularies.

Knowledge practices environment enables users t& oo shared knowledge objects
in one place. It shall allow the participants ofkaowledge creation process to
perceive and handle shared materials, knowledgeeseptations and respective
processes in an integrated way, supporting a psocgsnew and innovative
knowledge creation.

The semantic tagging [D5.3], [Bauters07] is a méttiat enables to organize shared
objects according to their explicitly expressed meg and allows accessing the
artefacts in mutual semantic relations. The meaafraytefacts is represented by a set
of links, associations, with the concepts of a camnand shared vocabulary — a
simple light-weight domain ontology (e.g. vocabwylasr taxonomy) stored and
managed in the SWKM. This representation enablesisiers to share and access the
artefacts semantically, via semantic search (pexvidh faceted form within the user
interface) and similarity search (clustering). Artmnation of semantic tags with
analysis of textual content of the artefacts allavgers to classify the knowledge
artefacts into pre-defined or ad-hoc created categjoidentifying “semantically
similar” artefacts, grouping of artefacts with thienilar meaning into clusters, and
extracting specific semantic relations betweenattefacts.

The process of semantic tagging, if performed miyuaquires additional efforts on
the side of participants of knowledge creation peses. To increase the usefulness of
tagging, the end-user KP-Lab tools (by invoking #ervices of the Knowledge
Matchmaker) will provide helpful suggestions and r@commendations based on
analysis of artefact's content and/or analysis i semantic tags of a given tag
vocabulary. The tagging support is designed in l@lsunmanner, not to irritate the

1 http://www.kp-lab.org/intranet/design-teams/wk-ragament-and-analysis-of-complex-knowledge-

structures/semantic-tagging/annotating-knowledgeais-with-semantic-tags/
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users during the tagging process. Users can intluk&nowledge Manager services
and decide if the provided recommendations areuliaefl acceptable or not.

The support for semantic tagging procedure, asag gesigned in previous version of
the Knowledge Matchmaker [D5.3], required an extenset of training data and that
is why it was difficult to maintain and adapt prdgeon the changes of the space of
shared knowledge artefacts. Current design is &mtws the easy, transparent, and
automatic support for semantic tagging (by advandedtering and classification
methods) as well as on the exploitation of the itagggn a Knowledge practices
environment for better accessing, retrieving, amaiging the shared artefacts.

Proposed supporting functionality for the procetseamantic tagging assumes the
prerequisites as existence of a common vocabulatggs and a full-text indexing of
the textual content of shared artefacts (whichlisady supported by the existing
search services [Search]). The following basic af@ns can then be identified to
support the collaborative semantic tagging and s#imanaintenance of shared
artefacts:

- Assistance in the process of semantic tagging. iRewndation of tags that
semantically match with the textual content of dhiefacts.

- Consistency check of the semantic tags. Evaluatedn homogeneity,
similarities, and differences between the sematatys inserted by different
users.

- Maintenance of the tag vocabulary. Proposal foriragdd modification /
removal of a semantic tag from/to vocabulary, whielm then be accepted or
cancelled by users’ choice.

The following partial scenarios can be considemdefach of the above mentioned
operations.

Assistance during the process of semantic taggimpe users can obtain
recommendations of tags suitable for semantic gesmom of a particular artefact
(despite the artefact is already tagged or not)ovidledge Matchmaker provides
services to analyze the textual content of thefanteidentify key terms in the text,
suggest corresponding tags, and analyze the sitieéapf already tagged artefacts.
Using information extraction capabilities, the seevautomatically recommends tag
synonyms used by other users thus making the tgggnsistent between different
users and supporting collaboration. As mentionetbrbe this recommendation
functionality is designed in a subtle way and isehuoptional. Users do not have to
accept any of the recommendations provided by ¢neice, even invocation of the
assistance service in the user-side tool duringtdfjging process is not obligatory.
However, accepting the (some of) recommendationshelp to keep the structure of
semantic tags consistent, minimizing deviationghefmeaning of particular semantic
tags, and consequently ease the manipulation withviedge artefacts as meaningful
semantically described pieces of information.

Recommendations can be based on several diffeomatularies / tag structures that
are provided, for example, in multiple commentingeids [Bauters07]. Finally, users
can be notified about new / modified / newly taggatefacts related to his/her
interests (specified by tags, similarity of tagsacsimilarity of content from specific

artefacts). This functionality can be useful tefehe consistency of tagging in a
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collaborative environment, and can also help ifgbeof tagged artefacts is large and
difficult to maintain manually.

Checking consistency of semantic taBy re-classifying the set of already tagged
knowledge artefacts, users can check whether thefaats are classified
homogeneously and consistently. Knowledge Matchme&e compare and quantify
a similarity of tags inserted by different usersa(iBersO7] and can provide
recommendations for changes in tags for particateafact, for example a suggestion
to add or remove some tags for given artefact. fimstionality can help to keep the
semantic tagging consistent in a single domaine@afly if several users perform the
tagging in a collaborative environment.

Proposal of changes for semantic tag vocabul&gsed on the analysis of structural
correlations between the tags of a given vocabukingilarities of existing tagging
and textual content of the artefacts, and the aliily of full-text indexes, the KP-
Lab system can propose keywords to be added ietodbabulary of semantic tags,
or possibly also removed from the vocabulary [Lag]. Users can immediately see
a temporary preview of the artefacts distributedoading to the updated semantic
tags. This feature can help to keep the consistefdggs; moreover, it provides a
quick overview of main topics covered by the tektoantent of the knowledge
artefacts. It can also be used as an initial stegréate the vocabulary of tags from
scratch [LocSca08].

Besides the semantic tagging, Knowledge Matchmaker provide a support for
extended searching and/or grouping of search sesgltording to the semantic and
textual properties of the knowledge artefacts. Ki-ISearch service [Search] already
provides support for combining of the semantic ceand free text search and user
can arbitrary combine various search strategiesdasa the faceted search interface
[D6.6, Search tool]. These search strategies véllelxtended with the following
mechanisms provided by the Knowledge Matchmaker:

"Search similar" functionalityUsers can select one or more knowledge objeats an
find similar knowledge objects. Similarity can baskd on a) textual content b)
metadata properties (i.e. author, creation date) et ¢) semantic annotations. This
service will return the list of knowledge objectgyéther with the similarity scores
used to sort the search result.

Extension of search results, query expansldsers can refine the search results by
selecting some of the semantic tags (e.g. as atsbof some of the retrieved
artefacts) and invoking a Knowledge Matchmaker iseryor re-classification and
search extension. This service will then provideseh of artefacts which are not
actually tagged by the selected tags, but whiclulshibelong to these tags according
to the textual content.

Both above-mentioned search functions can incrébeequality (recall) of the

retrieval procedure, since they combine principdéssemantic search and textual
analysis.
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Note that Search architecture is divided to useeriace integrated in the end-user
applications and back-up indexing and search sesvidhis deliverable describes
extensions to the search services only and thesmonding user interface changes
will be specified in the ongoing versions of thes[B Search Tool] deliverable.

2.1.2 Advanced notification and recommendation

When users work asynchronously on (often complexowkedge creation processes,
proper means for subscription and notification dab@levant events in the running
processes is one of the fundamental requirementsay become more and more
difficult to keep track of what is going on and decide which occurrences are
relevant to one’s own activities. Consequently,rsishould have the possibility to
decide on a personalized notification scheme, whildws them to specify the events
they want to be informed about, together with meamd timing of notification, by
user-defined subscription criteria.

Notification mechanism designed and implementedhiwit[D5.3] and [D5.4]
respectively, was based on topics only. Variousudisions and experiences of users
within the working knots (WK Shared Space and Comnimols, WK Process
Management and Analysis, and WK Change Laboratamnly) lead to additional
requirements, which have been described in formusé cases in the [D6.6]
deliverable published very recently (for details §86.6-SSpUMT]).

Based on these requirements user should be alsielé¢ot any type of content items
(knowledge artefacts) within her/his actual conteietv and ask for being notified
about changes relevant to them (so caledctual notificatioh Moreover, user will
be able to select also interval in which the ncdifions can be delivered to her/him in
digested form, i.e. daily, weekly or monthly (sdl@ad Scheduled notification

In both types of notifications the delivery channehy be either e-mail, RSS feed,

mobile phone or a combination of them, as userepsefAll these settings are

specified in the user’s preferences, which areest@nd can be changed whenever
user needs [D6.6-SSpUMT].

In DoW3.1 there was also envisaged Community Faomatervice, which was based
on the original topic-based notification idea. ®irtbe requirements and needs for
such a kind of service were not presented in anthefWorking Knots, this service
will not be designed and implemented in the upcgmuersion of Knowledge
Matchmaker. It can be reconsidered later on, ithsteguirement appears in some
Working Knot.

2.1.3 Merging of knowledge artefacts (conceptualizations)

Merging of knowledge artefacts (conceptualizatiass)ne of the operations that are
necessary fomodel managemeriBer03]. This is especially true in scenarios of
collaboration(like collaborative knowledge creation practiceghjch often involve a
parallel editing of conceptualizations created hg tollaborating parties. In the
context of the KP-Lab project [D6.6], two examptdsrecently developed tools for
supporting collaborative modelling activities cewkr around conceptualizations

13



expressed as RDF/S KBs [D5.3] are the Collabora&igmantic Tagging [SemTag],
in which learners collaboratively annotate vari@aesitent items with semantic tags
(i.e., vocabulary terms), and the Collaborative &etic Modelling [ColMol], in
which learners have additionally the possibility structure the terms of their
vocabularies using various semantic relationshigpsh sas “is_A” and “has_part”.
These tools are developed to cover different needisrequirements of the learners
[D2.4].

Collaborative modelling activities may take sevdoains. A comprehensive analysis
and classification of the various dimensions charaing collaborative modelling
activities was presented in [NCLMO6]; in this delrable, we are interested in one of
the possible dimensions, namely on scenarioasghchronous collaboratigrwhere
the users work on different local copies whichafterwards committed and merged.

Consider for example, the case where two (or masejs are independently engaged
in the development of a theory regarding the prmobler phenomenon under
investigation. This could be made, for examplengighe Visual Model Editor tool
[D6.6]. Following some period of independent wotlke users may want at some
point to combine their theories (models) in an &ffo explicate the similarities and
differences between the different conceptualizatiorhis is part of the process of
trialogical learning in which different (or evenrmpeting) theories and suggestions
are combined to produce an innovative outcome.

In this respect, support for merging different agptaalizations when the curator (if
any) or the users decide to do so is required.réteroto support this operation, it
would be useful to have a tool that would allow tisers to inspect the results of the
merging before actually executing it.

Another feature of the merging process is thatoiifput provides useful insights
regarding the similarities between the informationnd in the various sources. This
feature, combined with the information that carek&acted by comparing the various
conceptualizations (using the Comparison Serviee, [©5.3], [D5.4]), can prove
valuable in the analysis of the different produocsadels or theories and the eventual
understanding of their differences and similaritisote here that the Comparison
Service is focused on identifying the differencebgereas the merging (provided by
Knowledge Synthesizer) focuses on explicating timalarities.

The need to support merging in the context of baoltative activities has arisen in the
working knot “Managing and Analysing Complex Knoddge Structures” (MACKS)
and has led to the decision that some advancediduscrelated to the merging of
models should be added in the next version of tisedl Model Editor (VME) and
Visual Modelling Language Editor (VMLE) [D6.6], [DZ].

2.1.4 Analysis of knowledge creation processes

Knowledge creation type of processes, both in dtuta as well as professional
settings, frequently contain some predefined geald are based on collaboration
between all included participants, using relevasources and useful tools. Whole
process is monitored and all the performed act@md$ modifications (events) are
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stored into various repositories to provide addaioand important information about
completed and/or still ongoing processes. The suimeth information is a very
useful tool for maintaining the knowledge creatjmmcesses and analyzing them.
Under summarized information we mean here varigggegyations of available data,
e.g. number of participants involved and numbeactions performed by each of
them; number of content items used / changes madesions produced; number of
annotations defined / assigned / changed; numbeomiments added; number of to-
do items created / fulfilled or not fulfilled; nurabof chats, meetings, links, etc.

Requirements for such kind of functionality havemeliscussed in relevant Working
Knots, in particular in WK Shared Space and Commiwols, WK Process
Management and Analysis but also in WK Change Latiboy. Discussions in these
WK’s brought list of user requirements and expeatest that were used for creation of
this technical specification. Analytical featuréat will be described in details below
will be integrated as part of KP-environment, addiionally can also be utilised in
M2T and ASDT.

Such kind of various aggregated information, whaeh be provided and by end user
tools presented e.g. in a form of different graas be useful for different purposes,
e.g. for identification of division of work, idefitation of most active persons,
identification of well collaborating group of peeplSimilarly, other types of objects
may be put in the center of the analysis, e.gedbfiit types of objects of activity, or
a combination of objects and subjects leading tmesadvanced social network
analysis facilities. For these purposes there laeady specified some services within
the data export tool for analysis [D6.6-DEAT], whiserves as a separate channel of
information gained from various KP-Lab repositorie®rder to produce selected data
for its analysis within specialized third party bai@al and/or network visualization
tools.

Another approach to the analysis of knowledge megirocesses is to consider the
processes as a series of different actions in andhwgical order, possibly with
different levels of granularity, where some subsetsthem may have crucial
importance. Such carefully (manually) selected sts®f actions will be called
critical patterns These patterns usually lead to some critical nmisni® a knowledge
creation process, which can mean, for examplegmifgant progress, discovery of
new knowledge/approach, or in opposite they maicatd non-success of a particular
process or its immature finish. Such kind of pattemay also conceptually represent
interesting knowledge practices emerged withinipalar knowledge process — either
being positive (something like best practice), egative (worst practices).

In such a way particular critical pattern from qurecess (i.e. particular sequence of
selected events) can be manually selected (intaldeiuser interface) by the user and
stored as a new type of the knowledge object. Qikers then can visualize patterns
and use pattern-matching service to find similatgpas in the historical or actual
data. Notification service can be integrated with pattern-matching service to check
current processes and to notify the users aboutelegant patterns identified in the
running process.
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2.2 Relation of high-level requirements, driving objectives and
user tasks to the needs of the services provided by SWKM

Identification of motivating scenarios for the adead semantic-based support of
collaborative knowledge creation processes, asd pvesented in section 2.1, enables
addressing the functional requirements, as andtegr towards the specification of
particular modules and components providing thaiired functionality of the KP-
Lab system middleware. In particular, the relevaser tasks, driving objects, and
high-level requirements, as proposed and elaboratélde D2.4 deliverable [D2.4],
are identified and further described in this secttio scaffold the functionalities
identified in the above-presented motivating scesar

2.2.1 Collaborative maintenance of semantically tagged artefacts

The above-mentioned scenarios for collaborative kwaith shared knowledge
artefacts (see section 2.1.1) imply a set of heytel functional requirements, defined
in [D2.4] to perform by comprehension, classifioati and partly also by clustering
services. Particular activities for supporting tbellaborative manipulation with
artefacts can be divided into three groups, whexehegroup addresses a set of
specific high-level functional requirements.

1. Grouping and advanced classification of artefacts

 HLR1.1: “Users can create structure and share waraotefacts in one place”,
which is part of DO1: “Users are provided with dlaoorative environment
where they can work on shared artefacts” and UTQrganizing shared
artefacts and collaborative tools”.

« HLR4.1: “Users can categorize, classify and clustgefacts in different
manners”, which is part of DO4: “Users can desctitesemantics of artefacts
and their relations” and UT2: “Modifying the contesf the shared artefacts
individually and collaboratively”.

Outlined high-level requirements cover the actgtior advanced classification and
clustering of artefacts, based on a combinatiorteatual analysis and semantic
tagging. The tag vocabularies can be extended Ibyieon of synonyms, rule based
word transformations, stemming mechanisms and dithguistic resources. After the
analysis of the textual content, the knowledge facte can be structured by
classification and clustering procedures that migitch the words and statements from
analyzed texts with the linguistic resources (estof the lexicon of synonyms, etc.).
A structure of artefacts related to the semantis &nd/or a structure of semantically
similar “chunks” of artefacts can be provided asoanput of this procedure. The
advantage of this approach is no requirement failawlity of prior training set and a
possibility to update the synonym lexicon in theecaf need (especially if a standard
solution as, for example, WordNet will be used).

2. Support for semantic tagging

* HLR4.2: “Users can use semantic descriptions ttabolatively work on the
structure and meaning of artefacts as well as tledations”, which is part of
DO4 and UT2.

16



 HLR4.7: “Users are provided with functionality fsuggestions of semantic
descriptions for artefacts and suggestions for @memts to the vocabularies
based on text-mining analysis”, which is part ofO&hd UT2.

« HLR7.6: “Users are able to semantically describe analyze text-based
artefacts (or document sections) according to thetsire and content of the
document”, which is part of DO7: “Users have theatality to create, use,
edit and revise various kinds of text-based artefaollaboratively and in a
sustained manner” and UT2.

These high-level requirements include assistandwitées during the process of
semantic tagging as suggesting and recommendataingotentially suitable
(semantic) tags based on content of the artefaatysis of artefact’s textual content
and identification of key terms, checking of senmamdg consistency, and various
heuristic methods aiming at analysis and improveraetag distribution.

The HLR4.2 requires the ability to describe relasidoetween artefacts. The suitable
representation for a semantic tag would thus bl (tagged artefact, relation, other
resource representing other artefact or a mearitigedag).

Moreover, as required by the HLR4.2, the desigredice will propose changes and
improvements of the semantic tag vocabulary, bpesong keywords (extracted from
the texts of analyzed artefacts or obtained by tiadine analysis of existing tagging
structure) to be added into or possibly also rerddi@m the vocabulary.

3. Search and semantic-based retrieval

* HLR1.4: *“Users can search artefacts within and idatsthe shared
environment using full text, metadata or domairotgies”, which is part of
DO1 and UT1.

« HLR1.5: “Users can create and work with selectdassts of artefacts (e.g. a
user might select all content items relevant feaedain task at hand)”, which
is part of DO1 and UTL1.

« HLR8.6: “Users can search the content and metadsitey full text and/or
semantic metadata search for planning and refigam activities”, which is
part of DOS8: “Users can plan, organize and managjestcollaboratively” and
UT3: “Management and organization of collaboratiek processes”.

Users will be able to select one or more knowledbgcts of activities and find
similar objects. Similarity can be based on a) tstitent b) metadata properties (i.e.
author, creation date, etc.) or ¢) semantic aniootsit Moreover, users can refine the
search results by selecting some of the semarmgsc(gag. as attributes of some of the
retrieved artefacts) and invoking a Knowledge Mataker service for re-
classification and search extension.

2.2.2 Notifications and recommendations during the collaborative
knowledge creation processes

In order to allow smooth collaboration within th&H.ab environment, users must be
able to follow and react on events and changes/asteto their own tasks and
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obligations. Especially when cooperation takes glasynchronously, over longer
periods of time and tasks are complex, it becomesrand more difficult to keep

track of what is going on and to decide which opences are relevant to one’s own
activities. These activities are relevant to thdofwing high-level requirements

[D2.4]:

* HLR8.4: “Users are provided with advanced awarerdtsdances and can
request notifications of users’ interactions (eugers can manage various
awareness levels and collaboration rules)”, whécpart of DO8 and UTS3.

* HLRS5.5: “User are able to tailor and select whatfioations to receive and in
what frequency to their mobile device”, which isrtpaf DO5 “Users can
contribute to shared work from situated but disfdates” and UT1.

l.e. users will have the possibility to decide ompersonalized notification scheme,
which allows them to specify the events they wartig¢ informed about and when, via
user defined subscription criteria. Users’ subsioms are not only based on
traditional criteria such as type or initiator af avent, or ID of a knowledge object,
but also based on semantics of the event (e.grdiegaannotation of the knowledge
artefact in question, or change in the conceptualehused). User will also be able to
select also interval in which the notifications daa delivered to her/him, i.e. daily,
weekly or monthly and select suitable delivery cten(e-mail, RSS feed, mobile
phone or a combination of them), as user prefers.

2.2.3 Merging of multiple knowledge artefacts (conceptualizations)

As already mentioned, it is helpful, in the contextttrialogical learning, to allow
users or knowledge workers to combine informatioomf two or more different
information sources. These sources often havedime bf conceptualizations of the
same phenomenon under investigation, which aretezteby different people (or
groups), in which case their merging would retura tombined knowledge of the
group. Unlike the Comparison Service [D5.3], thimgess is used to uncover the
similarities (rather than the differences) betw#envarious conceptualizations.

The merging process should return a conceptualizdtiat consists of the common
information found in the sources. The user shoel@dltle to select the sources that he
will use for the merging and should have enougkilfiéty in order to be able to see
the information found in at least one of the comgalizations, or the information
shared by all conceptualizations. This activityetated to the following high-level
requirements, driving objectives and user tasks f{02.4]:

e HLR4.5:"Users are able to compare and integratiéerént knowledge
representations/visual models”, which is part ofdDQJsers can describe the
semantics of artefacts and their relations” and UWdifying the content of
the shared artefacts individually and collabordyizeNote that, as already
mentioned, the comparison of knowledge represemstrisual models is
supported through the Comparison Service, wheréas imtegration of
knowledge representations/visual models is supgdheugh the Knowledge
Synthesizer Service.

 HLR6.3: “Users can share and integrate differesti@i modeling languages,
ontologies and vocabularies”, which is part of DO®&ovide users with
possibilities to develop and use their own concaptmodels” and
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UT2: “Modifying the content of the shared artefadrsdividually and

collaboratively”. In this respect, the Knowledge n8yesizer supports the
integration of different visual modeling languagesntologies and
vocabularies .

Furthermore, the ability to merge conceptualizatiaould allow the user to perform
a more thorough analysis on how the different gsovilew the phenomenon under
investigation, e.g., by uncovering commonalities dalifferences in the
conceptualizations, or by identifying groups (oopke) whose perception is very
different (or very close) to the average percepéind so on.

2.2.4 Analyzing the knowledge creation processes

Analytical and Knowledge Mining Services aim to yade users (incl. researchers,
teachers, students, tutors, mentors, experts, amallkdge workers) with(1)
summarized information about the activities goimgio a particular workspace, as
well as (2) support discovery of interesting working / critigaatterns indicating
interesting knowledge practices.

For the first type of supporting functioi$), the following high-level requirements
are relevant [D2.4]:

e HLR9.2: *“Users are provided with customized sumemriabout the
knowledge objects available within the shared emrrent (e.g. users might
request an overview of the tasks completed withim last 2 weeks or the
interactions of people within a shared workspac@jch is part of DO9
“Users are provided with history on content develept and work process
advancement” and UT3.

 HLR13.6: “Users are provided with summative infotima on performed
actions (e.g. added comments, created tasks, roatiiins in metadata,
background materials for decisions, etc.)”, whishpart of DO13 and UT5
“Investigation and development of knowledge pragic

Users will be able to retrieve summarized informatabout their own (or others’)
behaviour in order to monitor and reflect on treim (or others’) working practices.
Content and format might vary depending on useeds. These will be various
aggregations of available data with respect toippants involved, type of actions
performed, content items used, etc.

For the second type of supporting functi¢®s the following high-level requirements
are relevant [D2.4]:
* HLR1.2: “Users are able to view the artefacts dradrtrelations from different
perspectives”, which is part of DO1 and UT1.
 HLR8.7 - Users are provided with a customized asialpf groups’ working
processes (e.g. identification of typical sequengkesctions or interesting
rules), which is part of DO8 and UT3.
 HLR9.1 - Users can track the evolution and chamjésowledge objects and
find out their authors and contributors (sequerafgserformed steps in time,
incl. versioning), which is part of DO9 and UT3.

Information about the evolution of contents and kvprocesses provides another,
completely different means to monitor ongoing aedrth from past knowledge

19



creation processes. This is also a way how toatefle the community’s practices and
developing them. Towards that end, it is importantentify relevant actions that led
to the advancement or evolution of a particular vikedge object (discussion
contributions, comments, linked artefacts, or cleahgonceptual models etc.) or to an
identified critical moment in the process. In thegeations, semantic context of the
relevant actions will be taken into account as dmeension of analysis. Analytical
and Knowledge Mining Services will provide meansidentify, describe and store
such kind of critical patterns on one hand side ot for them (resulting e.g. in

notifications) e.g. in running or other past preess

2.2.5 Summary of the Requirements

Required
functionality

Description

Service that
functionality

provides the

Checking of semantic
tags’ consistency

Users can check the consistency of semg
tags and obtain recommendations for
possible/potential changes of tags of an
artefact and/or of enhancements /
modifications in the tag vocabulary.

Himwledge Matchmaker,
Comprehension service

Checking of semantic
tag vocabulary,
proposal of changes

Users can check a structural consistency
a vocabulary of semantic tags, and obtair
proposal of changes for a given set of
artefacts.

gihowledge Matchmaker,
n@mprehension service

Search / semantic-
based retrieval

Users can select one or more knowledge
objects and find similar objects based on
text content metadata properties or sema
annotations. Users can refine the search
results by selecting some of the semantic
tags and invoking a service for re-

classification and search extension.

Knowledge Matchmaker,
Comprehension service,
r8iearch service [Search]

descriptions

Suggestion of semantiit/sers can identify entities and relations

directly in the content of the artefacts and
let the service produce these annotationg
a standard representation (RDFa).

Knowledge Matchmaker,
Information extraction service
n

Improve information
extraction models

Users can review suggested annotations
produced by the information extraction
service and improve in such a way the
extraction models based on the users’
feedback.

Knowledge Matchmaker,
Information extraction service

Merging of
Conceptualizations

Users performing an automated merging

the information found in at least one, or all,

of some pool of conceptualizations

dfnowledge Synthesizer

Analysis of Different
Conceptualizations

Users can identify the commonalties

between conceptualizations created by
different users, as an aid to the analysis ¢
the users’ understanding of the phenome
under investigation.

Knowledge Synthesizer

nf
non

Customized analyses
of knowledge creation
processes

Users can retrieve summarized informati
about the activities going on in a particuld
workspace from various perspectives.

bAnalytical and Knowledge
1Mining Services — event
aggregation service

Identification,
description and
discovery of critical

patterns

Users are provided with support for
discovering of interesting working / critica
patterns indicating interesting knowledge

Analytical and Knowledge
IMining Services — define
pattern and matching service

practices.

[

Table 2. Summary of the high-level functional requirements
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3 Functional and Architectural Design

3.1 Knowledge Matchmaker (V.2.0)

The second prototype of the Knowledge Matchmaketains further enhancements
of the clustering, categorisation, and notificasioservices as they were specified
according to the motivating scenarios and high{lesquirements for supporting the
collaborative knowledge processes and work on seoadly annotated (tagged)

artefacts. In particular, it provides the servieesl methods for semantic tagging
recommendations and consistency check, extendedantierbased retrieval

capabilities, information extraction services, a®llwas the notification and

recommendation services built on the History/Pguoditon Awareness [HPAO1] that

support personalised punctual and scheduled ratidic during the collaborative

knowledge creation.

3.1.1 Comprehension Service

The Comprehension service provides middleware fonality for collaborative work
with knowledge artefacts, especially focusing om shipport of semantic tagging and
retrieval. Two main functional streams can be idieat for the service, namely 1)
consistency checking and support of the semangjging process, and 2) semantic
search and retrieval. Text analysis capabilityguistic extensions of the vocabulary
of semantic tags, and analysis of structural catiahs in the semantic tagging are the
common attributes of both functional streams.

The support for semantic tagging adapts methodsnathine learning and text
analysis, namely heuristics based on linguistic lyasma and investigation of
similarities and structural correlations of the satic tags of artefacts (content items).
The analysis of the tag structure for a given $etrefacts includes heuristic rules for
assigning leaf tag nodes preferably to the inngs t the taxonomy, suggestions for
tag updates based on frequency analysis of co-mmes of semantic tags on
annotated artefacts, and investigation of the aiityl of tag structures.

The Comprehension service encapsulates also thetidoality for advanced
categorization based on analysis of texts and semantic tagshefknowledge
artefacts. Linguistic analysis includes identifioatof key terms in the textual content
of the artefacts and further matching with the iestiof the lexicon of synonyms,
linguistic rules, etc., to obtain suggestions diegptially suitable semantic tags. These
proposed tags are logically merged with the exgstags (both semantic and free tags,
while free tags are transformed to the semantis)tdtat may already exist for the
input artefacts. The tags in the resulting set raggked by a flag describing a
recommended action in the semantic tag vocabulaey {0 add a new tag or to
modify an existing tag — with a possibility for useo discard or modify the provided
suggestions). The linguistic analysis is combinetih the heuristic rules to provide
the methods for consistency check of the tags andmmmendation of the potentially
suitable semantic tags for a given knowledge artefa
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The retrieval of artefacts, as shared knowledgeeatb)j is also supported by the
Comprehension service (seearch similarfunctionality described below). It is based
on the same principles and uses the same inneramisas as the tag consistency
check. It analyses the textual content and prageer(e.g. a textual description),
metadata properties, and semantic tagging of angaviefact (or a set of artefacts) to
retrieve the knowledge artefacts that are mostlarmby means of all the analyzed
information, to the given input artefact(s).

1. Consistency checking of the semantic tags

a) Checking the consistency of semantic tags fgivan input artefact (or a set of
artefacts). The method provides suggestions/prdgpobased on investigating
structural relationships of semantic tags and atadtknowledge artefacts, using
various heuristics and statistical algorithms. Ehakjorithms, however, cannot give
any relevant value judgments of the provided taggestions. Of course, it will be the
user who finally decides if something is approgriadr not. Based on the
implementation of the consistency checking in args#e tool [D6.6] the user can
accept, modify, or decline the suggested tags geavby the method as an output.

The proposed method for semantic tag checking esdbl select a proper algorithm
for evaluation of the tag structure. The algoritiendefined by the input mode as
follows:

- Heuristic rulesthat are based on examining the structure of @yré¢agged
knowledge artefacts and comparing it with the stmec of underlying tag
vocabulary. Tag nodes are weighted according toptb&tion and mutual
relationships in the vocabulary hierarchy. The geéned heuristic rules then
prioritize the leaf tag notes for tagging, recomaheroportional distribution of
tags and balanced tag-artefact structure. This noadebe useful if the tag
vocabulary is complex and hierarchically organiged example, from general
to specific concepts).

- Frequency of co-occurrencesf semantic tags on annotated knowledge
artefacts. Algorithm employed in this mode is based similarity of tag
structures, which is combined with the similaritytexts. The method in this
mode examines the vector of tags and terms (keyyaegtracted from the
textual content of an input artefact and compatewith the term and tag
vectors of other artefacts in the shared space sirhigarity of the vectors then
enables to find the tags that should be added termnoved from the initial tag
set of the input artefact, according to the stmadtgorrelations given by the
statistical similarity of the vectors.

- Combination of the above algorithms. This mode is suitable tlie
implementation of the method in a user-side toasdoot allow to enter the
checking mode (e.g. in order not to disturb useith & selection of proper
checking algorithm during the tagging process) anttie structure of tags can
not be examined to insert a specific checking naadematically.

The signature of the method for semantic tag cimgcldan be specified in the
following form:
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SemanticTag[] checkTagging(URI artefactURI, String mode)

input artefactURI: URI of the artefact whose sematags will be checked,
mode: identifier of the algorithm used for cornmigty check of tagging:
{* heuristic rules, “frequency, or “combinatiori}.

output a set of semantic tags recommended for the iapigfact as an update,
according to the specified algorithm. Based on ithplementation of the
method on a user-side tool, the user can acceptlifyncor decline the
recommended tags.

Variant of thecheckTagging method for checking a group of artefacts:

SemanticTags[][] checkTagging(String]] artefactURIs :
String mode)

The proposed method for checking the consistencgeofantic tags is primarily
focused to support the collaborative work with kihexlge artefacts, enabling to keep
the structure of semantic tags consistent in aabolative knowledge evolution
environment. Since the method does not require teaiging datd, it can also be
considered as an effective technique for classifineof already tagged artefacts into
the space of concepts (tags, terms) of a givenvtabulary. Using automated
heuristic and statistical algorithms, it helps tgamize the knowledge artefacts in the
shared space in a systematic way. In additionstiggested tags returned by the tag
consistency checking method to the user enableasmoder “hidden” relationships
between an artefact and the concepts of tag voaghwand this way the method helps
to build qualitatively new knowledge structuresveews. The method is proposed to
be implemented as an inherent module of the Semaatjging tool [D6.6] and can
also be employed in the tools that enable a colbh@ manipulation with shared
knowledge artefacts of various types, e.g. Sharpdc& Semantic Multimedia
Annotation [D6.6], or Semantic wiki [SW_SUS].

b) Checking the vocabulary of semantic tags anggsal of changes. The method
recommends actions as adding new tags, modificaifotag names and/or of tag
hierarchy, removal of particular tags, in a givewy tvocabulary according to the
analysis of textual content and tag structure ptiirknowledge artefacts. Algorithms
employed in this method are similar as these useta above-described method for
tag consistency check. They include extraction eéetor of tags and key terms from
the input artefacts and evaluation of their sintjato the tags from the vocabulary.
Based on this comparison, the tags in the vocapues labeled by recommended
action (i.e. add / modify / delete) and are retdras an output of the method. It is,
however, necessary to emphasize that the methwahislestructive, since it provides
only suggestions for changes. User can then dedidéor which of) the
recommendations will be accepted and which willdigcarded. Actual persistent
modification of the tag vocabulary is not providagthis method; however, it can be
performed by simple rewriting of the “old” tag vdmdary by the tag structure
returned by this method.

2 Here we are referring to the classification se¥sidesigned for the first prototype of the Knowledg
Matchmaker [D5.3], which was based on the text ngralgorithms requiring quite extensive training
data set.
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The signature of the method for checking the tagabalary is proposed in the
following form:

TagVocabulary[] checkTagVocabulary(String URI
TagVocabularyURI, String[] artefactURIs)

input tagVocabularyURI: URI of the tag vocabulary te bhecked and used for
semantic tags of input artefacts, referenced bgéotend input parameter;
artefactURIs: URIs of semantically tagged artefactthe semantic tags of
these artefacts will be used as a reference farkohg the tag vocabulary and
proposal of changes.

output the resulting tag vocabulary with the changesppsed according to the
analysis of tagging of the input artefacts.

The described method for checking the tag vocapukainverse to the previously
presented method of tags consistency checking. Henvéhe purpose of this method
is the same, i.e. to help users maintain the ctamgyg of semantic tag structure and in
such a way to support the collaborative work witlowledge artefacts. It is proposed
to employ this method in a tool for design and ng@maent of semantic tag
vocabulary, namely in the Tag Vocabulary Editor J&]6 As a support of the
semantic tagging process, the method may also dx wghin the Semantic Tagging
tool [D6.6] and/or in the user-side tools for cbbaative work with semantically
enriched artefacts, e.g. the Semantic wiki [SW_SUS]

2. Search similar

This functionality returns the list of knowledgejetts (artefacts, content items, etc.)
similar to the given knowledge object. Similarity based on the vector document
model and can be computed according to the texiuglerties, metadata properties
(i.e. creator, creation date, etc.), or semanticotations like tags from controlled
vocabularies or comments. It is required that edipprties included in the similarity
measure will be indexed using the Search indeximgvie (see [Search]
specification).

ObjectHit[] findSimilar(String URI artefactURI, Str ing(]
fields)

input artefactURI: URI of the artefact used for “siarilike” query;
fields: the list of indexed fields that will beagsto compute similarity. Each
field corresponds to the semantic or textual prigpef the object of activity
indexed in the search index (see [Search] spatidic).

output the list of results of the “similar like” queryoded by similarity scores.

ObjectHit contains reference to the similar objettactivity and similarity
score.
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3.1.2 Information Extraction Service

The purpose of the Information Extraction Servisetd support the user with
semantically tagging artefacts and thus enablingetrch for related ones based on
these semantic descriptions. Machine learning igdes are utilized to allow
semantic annotation of textual artefacts. The serulentifies entities and relations
directly in the content of the artefacts and preduthese annotations in a standard
representation (RDFa).

The important property for the service is the #&pito adapt to new content. The
envisioned functionality of the information extriact service will allow reviewing
suggested annotations produced by the service raptbve the extraction models
based on the user feedback.

String initModel (String[] annotatedArtefactURIs, S tring
ontologyURI, String[] settings)

Initialize the extraction model from a training sétannotated artefacts.

Input:
annotatedArtefactURIs: references to XML documents manually annotated
artefact textual contents (in RDFa format);
ontologyURI: an optional link to the relevant dieigy. If provided, it allows the
service to build better models by utilizing theraiehy of concepts;
settings: implementation-specific settings.

Output:
URI of the new extraction model

String ie (String modelURI, String contentXML, Stri ng(]
settings)

Input:
modelURI: a trained extraction model used for &stion;
contentXML: text content, optionally with embeddezimantic annotations
created manually, or by means of the previousafahis method with
additional user feedback;
settings: additional flags, such as input/outpuaifat selection, mode (train-
only, extraction-only).

Output:
Same format as input contentXML string with emletidew annotations in the
specified format.

XML format specification

The XML format used in the information extractioendce needs to represent
semantic annotations embedded in the content atdnstnts about these semantic
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tags for training purposes. The format takes adgmntof the RDFa annotations
extended with additional attributes:

feedback
Stores the "decision” of the user for the statemgmrtesented by this tag, thus
providing the service with the user feedback fariéng
“positive”
the user acknowledged the statement as being €orrec
“negative”
the user acknowledged the statement as being ewtprr
“none” (default)
the user did not provide a feedback for this artrmta

confidence
value between 0.0 and 1.0 which denotes the cardelgalue of the extracted
triple represented by the tag.

extract

Presence of this attribute tells the informatiotraotion service explicitly to

extract information about the content of this elame

“classify”
classify the content of this element, optionallyn dze used with the
“typeof” RDFa tag to specify which particular set of classe
possible (based on the ontology);

“relations”
Extract relations among the entity and other releeatities;

“all”  (default)
classify the content of this element and extralettians.

3.1.3 Recommendation Service

Notification and recommendation services will cagpe with History/Participation
Awareness (HPA) services designed within the WPRBABIL]. The events logged in
HPA will be processes by Notification and recomnaimh service, matched with
registered subscriptions and a respective user béll notified through various
channels, based on user preference.

The process of registering a subscription is hahbieregisterSubscription method:

String  registerSubscription  (String  userld,  String
subjectld, String subjectType, String objectld, Str ing
objectType, String actionType)

This method registers a new subscription and addsito the list of users’
subscriptions (user is identified by its URI). dnse parameter is null, it is not taken
into account in the matching phase. If the methedooms successfully, subscription
identifier is returned. Service also provides a hmodt for listing and removal of
registered subscriptions:
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String  removeSubscription  (String  userld,  String
subscriptionld)

If subscriptionld is null, all subscriptions forespfied users are removed.
Event[] getSubscriptions (String userld)
Returns all subscriptions registered for a paréicuker.

As a part ofPunctual Notificationuser can obtain URL of a RSS channel, where all
notifications are immediately present.

String getRssUrl(String userld, String subscription Id)

If subscriptionld is null, service returns URL toSR feed which integrates all
subscriptions for a given user. If subscription&dgmeter is present, the returned RSS
feed contains only notification that matches togheicular subscription

In order to support als&cheduled Notificatigni.e. the possibility for a user to
subscribe for a specific periodicity of notificati¢e.g., to be notified once a day, once
a week, or once a month), the following servicprsvided.

String registerEmail (String userld, String startTi me,
String endTime, String timelnterval, String emailAd dress)

With these methods, user can register for schedudéifications. In this method, the

user can specify the necessary time constraintsdioeduled notification. startTime

and endTime parameters define a period in whickethails are sent. A null value in

these parameters denotes an open interval. A tiereld parameter specifies how
often emails should be sent. With this service,uber can for example set a daily or
weekly digest of notifications, which will be setadhis email address.

3.2 Knowledge Synthesizer (V.1.0)

The Knowledge Synthesizer is responsible for combiulifferent conceptualizations
represented in the core Semantic Web language, InaRigF/S. We identify two
different basic modes of operation, which produiggeiknt results, but are based on
the same motivating idea and driving requiremerise two different modes
determine whether all or any of the sources willcbasidered during the merging
operation in order to identify the information haétoutput.

Let us consider a set of RDF KBs, say, K, ..., K,, each corresponding to a
different conceptualization of the same phenomeunater investigation. The role of
the service is to provide a new RDF KB, say K, whosntent (triples) is determined
by the mode of operation as follows:
e In the case of UNION, the new KB K should contdie triples found in any
of the n sources. Therefore, UNION should be uskdnmve are interested in
determining the information found in at least of¢éhe sources.
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* In the case of INTERSECTION, the new KB K shouldchtean the triples
found in all sources. Therefore, INTERSECTION skidog used when we are
interested in determining the information thattld sources agree upon.

In calculating the UNION (or INTERSECTION) of theBis, the user may choose to
consider the RDF KBs themselves (i.e., the expkoibwledge of the KB), or their
closure (which includes both the explicit and indéelr knowledge and is calculated by
taking into account the transitivity of subsumptiand instantiation relationships).
This choice essentially determines whether thernafe knowledge in each of the
sources will be considered in the computation efrésult or not.

The major challenge faced by the service is thatstt that occurs from the simple,
set-theoretic union (or intersection) of the trgpfeund in two or more RDF KBs (or
their closure), is not necessarily an RDF KB itskdfcause it may contain invalidities.
The resolution of such invalidities is the mainkgemm that must be addressed by the
service, as it is not a priori known what typesmalidities may be encountered, nor
Is it obvious how each such invalidity could, oosld, be resolved. Additionally, the
types of invalidities that we may encounter, aslwasl the methodologies that we
should use to resolve them, are different in eddihhe modes of operation (UNION,
INTERSECTION, and with or without taking into aceauhe inferred knowledge).
Despite the differences, this critical difficultp@ears in all modes of operation, and
our methodology to address it is common.

© (©)

P
(&
RDF KB 1 RDF KB 2

Figure 1. Invalid UNION and INTERSECTION

An example that illustrates this problem is showrFigure 1, where we have two,

almost identical RDF KBs; the only difference betwehese KBs is that the range of
property P is different. These two particular KBs ot be easily merged: UNION is
problematic because P would have two different @angvhereas INTERSECTION

would be invalid because P would have no explid#fined range. In both cases, we
must make a decision as to which one should beahge of the property P in the
resulting KB, so as to make the resulting KB valid.

The problem is similar to the one that has beerremdegd in the Change Impact
Service (see [D5.3]). In that case, the straightéwd deletion or addition of some
triple(s) could cause invalidities, which should fesolved by means of side-effects
(additional changes, which are in fact extra defetiand additions) that should be
applied upon the KB. The determination of the sffects was made using some kind
of preference ordering that allowed us to deterntin@emost plausible way to resolve
some invalidity out of the various possible ones.
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The same general method will be followed here d& g®en some invalid KB (say
K) that resulted as the union or intersection ob tar more (valid) KBs (or their
closure), we add or remove some knowledge (trigi@$jom K in order to render it
valid. Towards this end, we first identify the ways which K is invalid (by
determining which validity rules are invalidated)ien, we determine the various
possible ways in which K can be rendered validalyn we use some preference
ordering that determines the most plausible (best)of the different options for
resolving the invalidity. In the example of Figukethe service would select either B
or C as the range of the property, depending omelag¢ive position of B and C in the
subsumption hierarchy.

Thus, the general process followed by the KnowleSgathesizer is as follows: first,
we identify the triples that correspond to thetbeBretic union, or intersection, of the
triples in the input conceptualizations, or thdwstire, depending on the mode of
operation; then this temporary set of triples isl fi® the component (of the
Knowledge Synthesizer) that will identify and rest@ny possible invalidity that is
found in that, temporary, KB. After restoring tmalidities (if any), the resulting KB
is returned as the output of the service.

The use of the Knowledge Synthesizer guarantedsthibaresult (output) will be a

valid KB. In addition, the service will always retua KB that is “as close as
possible” to the result of the set-theoretic umonntersection of the input RDF KBs
(or their closure), where the notion of “proximitipetween the temporary (possibly
invalid) result and the final output is determinea the preference ordering.

At a more technical level, the signature of the Wilenlge Synthesizer will be as
follows:

String merge(String[][] nameGraphSpaceURI, String m ode,
String closure)

The Knowledge Synthesizer accepts in its input dection of RDF KBs
(nameGraphSpaceURI ). Each of those RDF KBs will be represented byetos
URIs (hameGraphSpaceURI[] ), each URI corresponding to a single namespace
or named graph. Thus, each source RDF KB actualyesponds to a set of
namespaces and/or named graphs (and determinedsby @ URIS). In order to
determine the triples belonging in said source R{B; we take the union of the
triples in the namespaces and/or named graphsspomding to the input URIs
(nameGraphSpaceURI[] ), as well as the triples in the namespaces/namagthg
that depend on those namespaces/named graphs.thdbtehis kind of union will
necessarily result to a valid KB, as it correspottdesamespaces/named graphs that
are already stored, so they cannot contain cosflict

In addition, the Knowledge Synthesizer takes initipait a number of parameters that
determine the mode of operation. These parame&tesdine whether the operation
of UNION or the operation of INTERSECTION will bexecuted £nhode), as well as
whether the inferred knowledge will be consideredat (closure ).
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The output of the service is a string containing TRIG serialization of the (valid)
RDF KB returned in the output of the service. TRBF KB can be imported in
memory and manipulated using the Main Memory Ma&lel (see [D5.4]), or stored
in the persistent memory (database) for queryirtgugpdating.

Further details on the implementation of the serwdll appear in the upcoming
deliverable D5.8: “Prototype of the Knowledge Mataker (V.2.0) and the
Knowledge Synthesizer (V.1.0)", which is due on M42

3.2.1 The Process of Merging in the Related Literature

The need for combining KBs and semantic informati@m general) has been
identified in several contexts. There are some rédteal works [Kon00], [Kon04],
[KLMO4], [KPO05], coming from the area dbelief merging that describe several
different operators for combining KBs. For instant@n00] studies the properties of
a number of different merging operators where ai&B set of first-order formulae.
Although very interesting theoretically, the praati exploitation of these results is
quite distant, given that first-order logic is andecidable language. Nonetheless,
such approaches uncover the prevailing intuiticgtsn the process of merging, and
describe an automatic, albeit non-practical, metiogoerform merging. Our approach
is more practical-oriented and aims to produce &iwg prototype addressing the
merging of RDF KBs.

There is also a rich literature amtology merging and integratiorthat is quite
relevant to our work. Ontology merging and inteigratdeal with the fusion of the
information found in two or more ontologies. Thé&sea subtle difference between the
two fields which is described in [FMK8]. The former (ontology merging) refers to
the combination of ontologies covering highly oapping or identical domains; this
process is used to fuse ontologies that contaornmdtion about the same subject into
one large (and hopefully more accurate) ontolodye Tatter (ontology integration)
refers to the composition (via reuse) of ontologosesering loosely related (i.e.,
similar) domains (subjects); this is mainly usedewlbuilding a new ontology that
covers all these subjects. Note that the terms imgergnd integration are often
misused in the literature [FMKS8].

Our work on the Knowledge Synthesizer is closeontology merging, because the
envisioned application scenarios of the Knowledgatlsesizer within KP-Lab are
expected to require the merging of conceptualinaticovering identical phenomena.
Note however that ontology merging correspond$iéodperation of UNION; to our
knowledge there is no work in the literature degliwith the INTERSECTION
operation. A thorough literature review of the twoeas (ontology merging and
integration) and a lot of pointers to relevant papean be found in [FMKO8].
Furthermore, it should be emphasized that, to ouowkedge, all existing works in
ontology merging and integration use manual or smmtomatic approaches to resolve
the conflicts that may appear during merging [F\a§.

The most popular tools used for ontology mergingg RROMPT [NMO0O], [NMO3]
and Chimaera [MFRWO0OQ]. These tools use a semi-aationapproach focused on
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suggesting how elements from the source ontolafiesld be merged in the resulting
ontology. The final choice relies on the ontologyg@eer. An interesting theoretical
approach to ontology integration (also applicaldeohtology merging) appears in
[CGLOZ2], which focuses on the formal definition mfappings between the resulting
and the source ontologies and how these mappingsbeaexploited for query

answering; another theoretical approach to ontolaggrging can be found in

[BCM99].

Another frequent misuse of the terms ontology mmey@ind integration is to refer to
the fields that are related tweterogeneity resolutignsuch as ontology mapping,
ontology matching etc (see [FMB8]). It is true that, in the general case, esshinig

a proper mapping between the fused ontologiesitieairtowards their successful
fusion. However, this is not the only challengetloé merging process: even if a
perfect mapping is provided, the result of fusiemot at all clear, as was shown in
the example of Figure 1 above.

Despite the importance of mappings in the geneaak cof ontology merging, our
work does not deal with the problem of establismmgppings between the different
source ontologies. In the context of KP-Lab, weeetghat the terminology used by
the users will be common, so the need for a sapatel mapping is significantly
reduced. Instead, we assume a simple, default mgpmpihich is based on a string
comparison of the local names of the URIs of theous elements in the two RDF
KBs, as well as the versioning relationship betwden namespaces/named graphs
involved. This mapping is good enough for the exp@cisage scenarios, described in
the respective section of this deliverable, becausexpect the merged ontologies to
be parallel (“*fork”) versions of the same ontology.

The fields of ontology merging and integration (efhiare the most relevant to the
work on Knowledge Synthesizer), as well as the Kiedge Synthesizer itself, have
strong ties with another ontology-related field, medy ontology debugging
[FMK*08]. Ontology debugging is the field that dealsthwihe resolution of
invalidities in a given ontology [FMKI8]; therefore, it is the field that addresses the
most difficult subproblem faced by the Knowledgen®esizer service, namely, the
determination of the actions to be taken in orderesolve the invalidities caused by
the merging of the source RDF KBs. Details on agygl debugging and several
pointers to the related literature can be fourjé ik *08].

The ontology debugging field is characterized bg fact that many approaches
depend on manual input by the user to determineptbper way to resolve some
invalidity [FMK*08]. Many researchers believe that the best thimgaatomated
system can do is to propose alternative ways tairgm ontology, but it's up to a
human expert to select the appropriate one to vestile invalidity [SC03]. As a
result, most approaches deal with the problendiafjnosis i.e., determining the
invalidities as well as the source(s) of each iyl leaving the problem afepair,
i.e., the resolution of invalidities, to some hunexpert. In this respect, the tool’s role
Is to provide, in a concise and user-friendly manak the necessary information that
will help a human expert resolve the invalidity.
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Nonetheless, there are certain tools that perfartonaated ontology debugging (e.g.,
[Kal0o6], [LPSVO06], [MLBPO06], [QPO07]); such tools wo on expressive logical
models, such aBescription Logics(DLs) [BCMGNPS02] and use tableaux-based
methods to identify the invalidities, the sourceg$)invalidities and the necessary
actions for resolving the invalidities. Howeveresle methods are not applicable in the
RDF/S context, as they are based on a differemtdbgetting.

3.3 Analytical and Knowledge Mining Services (V.1.0)

Analytical and Knowledge Mining Services (AKMS) Wgrovide a set of analytical
services based on various data analysis and dategniasks performed on data
stored in several KP-Lab repositories, e.g. logagte for History and Participation
awareness (see T4.11).

AKMS will be implemented as integrated part of KBBHLsystem, because this
functionality requires interaction with end useoltothat are developed under WP6
responsibility and platform services that are pided by WP4. The main interactions
between are depicted on Figure 2.

..........

. Knowledge I’ gearch ! i . Awareness GUI '
' evolution i GU (HPA, RTA)
""" g g R AR

I S V... ...
; Analytical and knowledge
‘ mining services (AKMS)
§ '
Text mining Data export | Awareness
services for analysis services

A A A
v

Content Knowledge Awareness
repository repository repository

Figure 2. Integration of AKMS services in whole KP-Lab Syste

The main source of data for AKMS is Awareness rgpposthat provides log storage
for both types of awareness features that are mmgatéed within KP-Lab project, i.e.
Real time awareness (WP6) and History/Participafiorareness (WP4). Information
stored in this repository describes actions, detsj changes and modifications
performed by users in the KP-Lab environment. $® rfgquires communication with
all integrated parts of KP-environment, such as:dhpport tools e.g. preferences and
setting: the common tools e.g. M2T and additiooald, e.g. SMAT or ASDT (for
the functional view on KP-Lab tools see [D6.6]).idbommunication will be realized
through client library at the Flex side as was agre WP6. This library monitors all
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events in GUI and then sends them as a packageAméweness repository. List of
proposed events for monitoring is part of HPA tecAhspecification [HPAO1] and
actual list of supported actions can be found diciaf project wiki [HPAOZ2].

AKMS features are specified according to the ersl-application requirements for
knowledge-intensive cooperation and reflection sers’ knowledge practices in KP-
Lab tools. Two main analytical perspectives willibglemented in the first version
of AKMS:

» Services supporting participation and activity geel of knowledge creation

processes

e Services supporting knowledge evolution analysis
Each of these perspectives emerged from evolutodacussions with end-user
partners that will use relevant analytical featuaesl results of analyses for their
education or research purposes.

3.3.1 Services for support of participation and activity analysis of the
knowledge creation processes

Within this part two different mechanisms suppagtianalytical features will be

provided. The first one is aimed for any tool agkifor specialized aggregated
information that will further be processed by tluolt(e.g. visualized or used for
support of decisions etc.). The second mechaniga gsibsection 3.3.2) supports
envisaged stand-alone visualization tool with sglesiipport for analytical queries as
they are known in data warehouses. But in thiSqdar case the user will be guided
in the process of formulating the analytical quengl a suitable form of visualization
of its results.

The first mechanism will be supported by the folilogvweb service.

String eventAggregationService (Query query,
List<AggregationFunction> aggregationFunctions,
Set<GroupBy> groupBY)

query parameter describes constrains which will be uUsediltering of the events
included in  the aggregated view. Query object psalate the following constrains
already specified for HPA:
* actionType - type of performed activity,
» objectID - URI of the Object of activity,
» subjectID - URI of the Actor,
* timeRange - time interval,
 filter - set of key value pairs which will be conmpd with events
custom properties,
» excludeFilter - true of false, whether include ot avents which does
not have properties from filter present in them.

aggregationFunctionsspecify the list of aggregation functions incldde the view

computed from the set of selected events.
* NumOfEvents - the number of events,
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* NumOfSubijects - the number of unique subjects odlin the result,

* NumOfObjects - the number of unique objects inctlisiethe result,

* TimeSpan - the date of the first event and datbefast event
(starting and ending date).

groupBy specify clause for the grouping of the resultislipossible to specify the
following values:

* Subject - group results by subject,

* Object - group result by object,

* actionType - group result by type of the activity.

return value XML of the result (scheme to be specified, seaneple for proposal).

Based on this basic general service some typeslpefs will be implemented to
provide concrete analytical requirements, see Examp

Example. This example will present aggregated view, whicii select all users
working on the Taskl object and for each user lit @antains the number of updates
and time span when the user updated this object:

group by Subject (subjectiD), Query(objectiD = Task 1,
actionType = update), aggregationFunctions = NumOfE vents,
TimeSpan
Result:

<result>

<row>

<subject>Userl</subject>
<numOfEvents>10</numOfEvents>
<startingDate>10-11-2008</startingDate>
<endingDate>20-11-2008</endingDate>
</row>
<row>
<subject>User2</subject>
<numOfEvents>2</numOfEvents>
<startingDate>10-11-2008</startingDate>
<endingDate>12-11-2008</endingDate>
</row>
</result>

3.3.2 Tools for support of visual analysis of logs

The Visual Analysis of Logs Service (VALS) will prige functionalities supporting
the "participation and activity analysis" perspeetiof AKMS. VALS will be
designed to provide users with the following featur

= a user-friendly visual representation of the p#éton log, adapted to the
formulation of analysis requests;
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» the possibility for the user to easily formulatealysis requests for retrieving
summaries about users activities;

» the possibility for the user to choose an appro@nmaode for the presentation of
the results: “histogram”, “pie-chart” etc.

User interaction steps are summarized in the foligWwable 3.

Authentication The user connects to VALS by provggiogin and password
(thus proving that he is allowed to explore the)log
Log presentation The log from the HPA is presembetthe user, schematically,

in the form of a graph with clickable nodes (togettvith a
“submit” button).

Query formulation The user formulates an analysieryg, visually, by clicking
on nodes of the graph.

Selection of a resultVALS shows a menu of available presentation maqdes
presentation (histogram, bar-chart etc.) for the user to sedeet

Result exploration VALS shows to the user the testithe query evaluation i
the selected mode of presentation.

=)

Table 3. User interaction steps identified for visual ars$yof logs

Example. Suppose a user would like to visualize in a megfninway for him the
result of the following query:

Activeness (i.e. count of actions) by participant f or
Task-1.4 during the month of September 2008

The interaction steps between the user and VALEbeibs follows:

1. The user connects hdtp://VALS.Iri.fr.

2. If required by the user, the screen showing ¢itan look like Table 4.) the log
with all events stored in HPA will be presentedqtep is not necessary):

ID Time Subject ID Subject | Object ID Object | Action
(group ID) Type Type
1(1) 2008-07- | http://mwww.kp | user http://www.kp- task modification
31 lab.org/system lab.org/system-
18:30:07.0 | model/TLO#S model/TLO#Task _
tudent_Mary 4.3
2(2) 2008-07- | http://www.kp | user http://www.kp- task modification
31 lab.org/system lab.org/system-
18:56:30.0 | model/TLO#S model/TLO#Task
tudent_Paul 1.4
33 2008-08- | http://mww.kp | user http://www.kp- Content| cration
01 lab.org/system lab.org/ontologies/s| Iltem
00:52:54.0 | model/TLO#T s#Note: 081114-
eacher_Frank 1642-f2511634-
a914-4dfe-8088-
4070f8b4f53b

Table 4. Example of preview of the selected part of the(sbgrtened).
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3. VALS transforms the log with all events storacdHPA into a schema (i.e. a graph)
and shows it to the user (see Figure 3).

Subject Type Object Type
> A

A
P

Year SubjectIlD ObjectID

Figure 3. Example of a schema automatically derived fromagedata

The user formulates his query, by clicking on tloeles (guided by VALS so that he
chooses valid arguments for his query). In our gdamthe user will perform the
following actions:

click on SubjectID (thus indicating that he wants the Events groupgd
participant)

click onObjectI D (specifying “ObjectID = Task-1.4" so that only paipants for
that particular task be considered)

click on Month (specifying “Month= September 2008” so that ongrtipants
for that particular month be considered)

click on Event (since he wants every Event ID to be considerdmn click on
“COUNT” from the menu of operations proposed by \G\L

click on a presentation mode in a menu presentedAlS (line chart, pie chart
etc.)

click on the “Submit” button and VALS then returtie result in the presentation
mode selected by the user (e.g. in form of a bartas shows Figure 4).
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Figure 4. Example of possible log data visualization in farha bar chart

Description of services

Log transformation:

TO DO: add signature & a short description

input Relational table containing the log data

output A schema presenting the log schematically, irfoinen of a graph

Query formation assistance:

TO DO: add signature & a short description

input A set of clicks on a schema graph

output An analytic SQL query ready for the evaluation

Result presentation:

TO DO: add signature & a short description

input A query and a choice of presentation mode

output The query result presented in the selected ptatsem mode

3.3.3 Services for support of knowledge evolution analysis

Let us start with an illustrative example of a siengnowledge creation process of
this deliverable D5.6 (see Figure 5).
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Title:

Description:

Title:

D5.6 v0.1

A

A 4

Event ID 1

Changes:

Title:

D5.6 v0.3

A

A 4

Event ID 2

A 4

Actorl URI

A 4

Event ID 3

Changes:

Title:
Changes:

This particular process can be visualized as &se@fi actions in time (see Figure 5),
e.g. based on particular versions of the documétht ielevant properties or linked to

Actor2 URI

A 4

Event ID 4

Actor3 URI

Figure5. Evolution process of D5.6 creation

other types of knowledge object — chats, meetirgs, In order to acquire all

necessary data for such kind of visualization, dowth access to all the repositories,
l.e. to the Knowledge repository, to the Contenposstory, as well as to the
Awareness repository, is needed. Information relevi@ the performed events
through timeline can be extracted from the Awarenespository and semantic
information based on properties of relevant objeca®m be retrieved from the

Knowledge repository.

One possibility to create this flow is:

1. User defines his/her interests — D5.6, from daykt(traft) to day30 (final

version)— evolution.

. Each change relevant to this object (D5.6) reptsseme event in HPA
(Awareness) repository — so list of events willdx¢racted.

. Each event represents relevant version of the dentim based on the URI,
a relevant version can be found in the Contentsiémy — so important aspect
of this step is to save the ID of the content (e#isg of the Content
repository) as custom property in the log of evehts relevant only for the
objects with the content stored in the Content s&poy.

. Based on the URI we can provide some informatiooutiteach document
version — properties such as title, descriptiom, rxaybe, if it is possible, also
a description of performed changes. This last mdion is possible in the
situation when user makes a change in the docuamehtvrites a short notice
describing this change, e.g. as some type of oginTiaen we can provide this
type of own tag as the description of changes éteviant version (property
Changes).
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5. Based on the URI we can provide some supportingrimition for each
version, e.g. assigned actors, chats, meetings, etc

For these purposes we can use advanced versiongresious service with
combination of relevant queries to the Knowledgeository based on user
requirements — what users want to have in commaarigion of relevant object
version (in Figure 5 you can see property Titles@gtion and Changes)

Critical Patterns
The AKMS will provide for user’s possibility to dek critical patterns and based on
proposed description the system will be able taalisr similar types of patterns in

historical or actual data. In the simplest formit¢xa is a sequence of actions that lead
to/caused a critical moment, as you can see ond-igju

Critical Pattern (CP) Critical moment

EventID 1 Event ID 2 Event ID 3 Event ID 4

A 4

A 4

A 4

Figure 6. Identification of critical moment and relevanttaeal pattern that caused it

The critical pattern is defined as the sequencevehts (i.e. events which preceded
the critical moment and which have been identifisdcrucial on this path) and their
relevant semantic properties that sufficiently tifgfdescribe this particular type of

critical pattern.

Particular critical pattern from one process canmamually selected by the user and
can be stored as a new type of the knowledge oldber users then can visualize
patterns and use pattern-matching service to fimilas patterns in the historical or
actual data. Notification service can be integratét the pattern-matching service to
check current processes and to notify users abeuttevant patterns identified in the
ongoing processes (see Figure 7).

Internally, critical pattern can be represented asquence of tuples (events):

CP = <actionType, objectID, subjectlD, TimeRange> 1y ey
< actionType, objectID, subjectID, TimeRange> n
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Event ID 10

\ Event ID 1
Event ID 11 \

Similarity
\ Event ID 2
Event ID 12 l I \
\ EventID 3
Event ID 13
Event ID 14

Figure 7. Discovering defined pattern in historical data

We can decompose the matching of such a sequemties tomparison of two tuples
<>, <>, where we need to compare type of the action,coimpstance and (possibly)
subject instance. Object instance can be arbitadnjgct of activity and pattern-
matching service will reuse the Knowledge Matchmagervices to compute the
similarity of two objects of activity. The subjestan agent (i.e. user) responsible for
the action. Similarity of subjects can also be coteg (if required) for example
according to the groups to which the users belong t

Possibility for future discussion is to have hietar of types of activities to be able to
generalize the concept of critical patterns.

Patterns can be saved into the Knowledge reposisarythey will be available for
further usage (they will have its own URI; user tamthe critical pattern, etc.).

CriticalPattern events[] —is a sequence of events (user actions) idedtdiethe
critical path leading to critical moment in a knewgie creation process.

URI definePatternService (CriticalPattern pattern)

This service returns URI of newly defined critigattern stored in the Knowledge
repository.

MatchingResult[] matchingService(URI pattern)
- score — similarity between the patterns
- CriticalPattern — new matched pattern from thednjstlata

The result from the matching is a score that meastire level of similarity between
defined and newly discovered critical patterns.
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4 Conclusions and Future Work

This deliverable presented functional specificabbhree different SWKM modules.
The first one is Knowledge Matchmaker (V2.0) andiags various text mining,
information extraction, and heuristic methods fodvanced access to and
manipulation with shared knowledge artefacts adogrdo the explicit meaning of
artefacts expressed by their textual content, dsasemetadata, including semantic
tags. This second version presents a set of coehpletew services supporting
miscellaneous functionalities derived from the mating scenarios and mapped on
the high-level requirements providing users ingeltit tools for tag consistency
checking, information extraction. Better supports@arch and notification will also
be achieved.

Next two presented SWKM modules are completely néivine Knowledge
Synthesizer (V1.0) can be used to combine informndibund in multiple sources; this
feature is necessary to allow automated mergirthetonceptualizations modeled in
independently edited conceptualizations.

The Analytical and Knowledge Mining Services (V1@pvide means for analyzing
participation and activities within past or ongoikigowledge creation processes, as
well as for support of knowledge evolution analygisy means of manual
identification of critical patterns and their latproactive identification in selected
running processes).

Based on these specifications, proposed servidebanvimplemented and delivered in
form of stand-alone deliverables — software prgiesy In particular, Analytical and
Knowledge Mining Services (V1.0) are due in M40 l{gable D5.7); the
Knowledge Matchmaker (V2.0) and the Knowledge Sgsiter (V1.0) are due in
M42 (deliverable D5.8).
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