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ABSTRACT

This paper presents the advancements of a knowledgeing (k-mapping) ongoing research being
conducted at Defence R&D Canada — Valcartier. s tesearch, the k-mapping concepts and technigtes
investigated through the development and demoimtraf a k-mapping alpha prototype application edll
“KMapper”. The prototype has been developed and alestrated for the benefit of the Canadian Forced an
it is based on k-mapping underlying concepts as aslon a new multidimensional approach conceived a
Defence R&D Canada. In this research k-mapping aimenable the discovery, identification, localinat
and access of essential pieces of knowledge cafledledge assets (KAs). These KAs, consideredtisicr

to the commanders to ensure mission success, afieusty not all held within their own organisation.
Instead KAs can be identified as originating frothes military or non-military organisations havirgystake

in the complex situation being faced. The paperagxp k-mapping concepts along with an innovative
approach and a k-mapping alpha prototype applicatialled “KMapper”. Next, it discusses the promisds
the approach and the application in response toesaifnthe challenges faced by the Canadian Forces as
collaborative organisation. In relation to this, ehpaper introduces the concept of ontology and how
ontologies are an intrinsic part of the KMapper fotype in order to carry its foreseen value. Subsedy,
still with a special focus on ontologies, the pagisicusses the rationales for it, the issues b&ngd and the
solutions envisioned. Finally, some future work egeskarch are proposed and conclusions are drawn.

1. INTRODUCTION

The Canadian Forces (CF) along with the coalitioniktary Forces “are now facing, to a greater akthan
ever, challenging operating environments” [4]. Admtoor in Canada, the Armed Forces have to openate i
more complex environments, which require “Forceat tare combat-effective, but also highly mobile,
adaptive, networked, sustainable and capable afatipg in a Joint, Interagency, Multinational andbkc
(JIMP) context.” [5] These intricate operating eowiments generate corollaries such as complexified
technological solutions and overloads of very défe pieces of knowledge/information coming froramye
variety of sources. These complex environments agaire from our Forces more sophisticated common
operating pictures where these different piecdamofvledge/information — called knowledge assets {Kifx

this paper — are being held by numerous distinotjgs and organisations. Therefore, Commanders| at al
levels have to compose with those different myitand non-military organisations which hold porsaf the
answer to attain mission success. As the compleXitiie situation and the number of involved orgations
increases, it becomes very difficult for the miiiés to understand the different domains relateal particular
situation but also to identify which organisatiooslds which critical KAs. These situational KAs nefedt to

be identified, located and made available to ongntbe exploited adequately by military personnel.

During the last few years, the Department of Natiddefence and the CF have started to investidetdield

of knowledge-mapping (k-mapping) as one of the tamhs to solve KAs discovery and localisation. The
value of k-mapping concepts and techniques werestiyated through the development of a k-mappiphaal
prototype application named “KMapper”. One of tloedl objectives of the research is to demonstiate t
value of a dynamic k-mapping capability in order to

+ Enhance sense-making of the situation by identifyire different KAs;
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Improve knowledge understanding by revealing thkslibetween KA

Supportdecision making process based on better undersiamdithe situation and the organisatir
involved; and

¢ Increasanternal and external collaboration as knowledge#&idividual and organisations are reve:

This paper first presents, at a high le the k-mappingalpha prototype application called “KMapper” alc
with its leading concepts, underlying multidimemsbapproach and technological features. Secordydpel
introduces the concept of ontology and how ont@sare an intrinsic part ohe KMapper prototype in ord
to carry its foreseen value. Finalwith a special focus on ontologig¢ke paper discussthe rationales for it,
the issues being facetthe solutions envision and the future researeind development related to the pct.

As mentioned, the raison d'étre of this researofept resides in the growing number of situatiomere the
CF have to collaborate witimany differen instances. While the kapping prototype application w
demonstrated during a military exercicconcerning national/public security situation within Joint,
Interagency, Multinational and Public (JIMcontext; the parallels are easydi@aw with coalition operatio..

2. KNOWLEDGE MAPPING FO UNDATIONS

From the literature, as well as from the field ohgice,the specific term of “knowledgmapping” is
commonly used to refer to completely different apts originating, in some cases, from disconne
scientific fields. Despite suchdissett, k-mappng can be articulated along one of three main oaiesg) of
approaches namely the conceptual approactprocedural approach, and thecialapproach. As depicted in
figure 1, the category named “conceptual approach” consittersvalue of differentiatg and structuring
concepts and terms. It usuatblates t concept mapping [12faxonomies, thesaurus or else ontologies a
of particular interest to ease learning or undedstzomplex environments. From a high level stanapaoe
category of procedural approach gnvisions kmapping as the mapping of processes where knowledgit
either bethe input, the output or else the sole objectivesdcific processes. The third category, na
“social approach” [Rreflects on -mapping from a social perspectjie considers the relationships existi
between individuals as performed in social netvanklysisor link analysis, the localisation of key experts
else the flow of knowledge within organisatioAs a consequence of suckliacrepanc, when times come to
undertake a knapping project, practitioners tend to respondhi requirements in the light of only one
those kmapping approaches. Consequently the results df pugjects tend to be disappointing as ¢
limited values of k-mappig are considered or even worst the perspectivedapb embraced is inappropri
to the pursued project objectives.

Social Approach
Social Network Analysis
Link Analysis
Expert Locator Systems

Conceptual Approach
Concepts Mapping
Cognitive Mapping
Ontologies
Knowledge Modelling

Procedural Approach
« Process Mapping

* Knowledge Audit
+ Causal modelling

Figure 1: Three main k-mapping categories of a  pproaches.
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2.1. What is "knowledge-mapping” in this context?

In this research project, in order to respond &Gl context described previously, k-mapping iscedred as

a process to discover, locate, and map specific ¢dhsidered essential by individuals to perfornirttasks.
This research and its resulting k-mapping applbeatialled the KMapper, draw on a previous resegrofect

[8] converging towards a novel multidimensional kgping approach. The novelty of Defence R&D
Canada’s k-mapping approach resides in the fatittbambines the value of each one of the threéegraies

of approaches previously described into a singlee. oMoreover, to this approach entitled the
“Multidimensional K-mapping Balanced Approach"” (MKRB a fourth category named “Knowledge
Artefacts” is added in order to support some infation management requirements. Figure 2 repretieats
MKBA embedded in the k-mapping alpha prototype wagion. In it, the four different categories are
presented as dimensions: tf8ocial Dimension the Knowledge-Artefact Dimensipnthe Conceptual
Dimension and theProcess DimensiorEmbracing such a multidimensional approach haesrakimpacts on
the work to be performed. Indeed, the multiple dpnints taken necessitate considering many donains
practice and expertise as for instance data, irdtam and knowledge discovery; knowledge orgarosatis
well as knowledge sharing as well as potentialydbbmains of ontologies and taxonomies and to swoial
aspects at the individual, group and organisatitaval.

2.1.1. Types of Knowledge Assets

This research project attempts to identify andtietao types of KAs (top portion of figure 2) hddg distinct
groups and organisations. The first type of KAhgk to theSocial Dimensiorand concerns tacit pieces of
knowledge. This requires therefore identifying induals, groups or organisations with specific epe or
experience. The second type of KAs belongs tokhewledge Artefacts Dimensiand relates to explicit
knowledge such as incidents logs, documents, daabavebsites, lessons learned, etc. From a tedcell
stance, for these two dimensions, the k-mappingpatpototype application uses the information getheervices
(explained in section 3.3.3) to automatically ectt#@As and store information about them.

2.1.2. Organising and presenting the Knowledge Assets

Once the two first types of KAs discovered underShcialand theKnowledge-Artefactlimensions, relevant
links are created and stored between the KAs agmierits from the two other dimensions: @enceptual
and theProcessdimensions (bottom portion of figure 2). Visuaflyesenting the KAs along those two latest
dimensions permits the users to comprehend the Wi#tsin a meaningful context. It also provides new
knowledge to the users by making apparent unexgduoiks between KAs and new concepts or specific
process stages. Indeed, tbenceptual Dimensionf the KMapper enables to present visually torttiitary
user a domain-specific ontology with its relateche@pts and relations. By doing so, the end-usens ca
immediately ascertain to which concepts a KA isted. Similarly, thdProcess Dimensiogovers the key
processes being worked with by the targeted gréwsers. Whenever a specific stage of the proseksing
worked with, the KAs that should be prioritizedthre context of that specific process stage areepted.
Here again, th@rocess Dimensioacts as a contextual element permitting the mositg of the KAs.

Social | | Knowledge Artefact

Conceptual | | Process

Figure 2: Multidimensional K-mapping Balanced Appro ach (MKBA).
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3. THE KMAPPER — AN ONTOLOGY-BASED PROTOTYPE APPLICATI ON

Once this newly approach proposed, the researghgpraimed at demonstrating the value of k-maparg
the benefits of the CF through the instantiatiora d-mapping alpha prototype application named Kéap
(figure 3). The KMapper prototype application migdahe MKBA with its four key dimensions. Also, thie
offset of the project, it was identified that usajentologies was of great value for the foregaetotype.

For instance, the k-mapping alpha prototype apfitinais dynamic and almost fully automated in its
identification, localization and mapping of KAs.@ua characteristic is enabled by the informatiathgrer
services which are based on a domain ontology@esrthe application’s backbone. The informatiotheser
services are further exposed in section 3.3.3.nasheer example, whereas trying to map the worldldibe a
useless activity, the domain-specific ontology suppthe search engines in order to retrieve inftion
about KAs relevant to the end-user in the contéxhe situation being faced only. This situatiodsed
activity provides military end-users — accomplighidifferent tasks — with a shared context for commo
actions. Furthermore, the ontology structure anuterd also feed the “Knowledge Inference” servitlis
service with its set of rules is essential to digraand gain new relevant pieces of knowledge basetihe
ones already accumulated. These examples are meglai more details in the next sections and sofme o
them particularly apply to coalition context.

File Tools User  Export Help

Seart = o e "% Chemicals
- P Crists } Hostile
Keyword | contains |+ | Radia _D Threat i

Scope (s) I-Base [ ) K-Map Advanced search

__‘ _® Secret
D Policy
_ # Search and...
) Remp

Submit | Reset | ¥ HMC Ships

B Terrorist
Results = 3
¥ Victoria

Results Drag Status ) Disaster

£ CONSUMER AND CLINICAL RADIATIOM .} Imminent T...

& Directarate of Environmental and Radiat - D Wat
6 ater
» Electromagnetic Radiation Related Quan ©earos 1 I

= - # Transport ..
¥ lonizing radiation Already On Map
;
£ lonizing Radiation Standards NATO
& “jonizing radiation.doc I T nt ¥ Environir
60 low level radiation source.doc Not Draggable
[} LOW LEVEL RADIATION. doc T

P Nuclear Substance and Radiation Device ¢ ===

8 OCCUPATIONAL RADIATION HAZARDS o x
i‘ Radiation....

: Radiation Biology P4 RADIATION ...
" Radiation Detection e T oh i‘h“ RADIATION ..,/' p

Eo
o Jz]| SONPLANLDC. » Emerge

;g’g’p:;wm/n ST Week

—=

» Radiation Already On Map

I

¥ Canad:

L]

Radiation Dosimetry and Spectrometry
» Radiation Medium Interaction Related Q \ew Graph B Emergency ... .' ST
RADIATICIN PROTECTION BUREAU I = Gary Wilfl... ¥ National

]

. Radiation Protection Division Already On Map _* Nuclear

- 7
John Goope. .
RADIATION PROTECTION LIBRARY Already On Map ¥ Telephone
» lonizing r... o s
. James Hagi...

. Radiation Protection Services - BC 1§ 1
. RADIATION SURVEILLANCE AND HEALT Already On Map

g2 22 g2 2

) Bomb .7 Response T...

¥ Satellite
¥ emergency ...

¥ Containers

¥ Esquimalt
¥ EMERGENCY ...
} & JSAT
2o 4
: Ha'lh}) Onitario Al
% Ferr & TRANSPORFETOC

Current Workspace name = SearchCap Success : Metadata has been retrieved.

Figure 3: KMapper screen shot.
3.1. What are ontologies?

As exposed by Gomez-Pérez et al. [6] many defimitiof what is an ontology exist. Some of them aoeem
focused on the earliest philosophical aspect white others consider the newly technological chiastics
specified under the auspices of the knowledge ewrging community. One of these definitions pertains
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particularly to the context of this research angii@n by Uschold and Jasper [13]:

“An ontology may take a variety of forms, but iflwiecessarily include a vocabulary of terms and
some specification of their meaning. This includeBnitions and an indication of how concepts are
inter-related which collectively impose a structuom the domain and constrain the possible
interpretations of terms.”

Due to the technological aspects of the KMappedt#faition from Schreiber [11] would also apply:

“ An ontologyprovides the means for describing explicitly tbaaeptualization behind the knowledge
represented in a knowledge base.”

3.2. How are ontologies instantiated in the KMapper?

The KMapper is composed of two types of ontologiégure 4 depicts the first ontology that consétuthe
prototype, the “KMapper core ontology”, and suppottie application itself. This ontology permits the
definition and description of concepts and thelatienships related to the KMapper applicationwedl as

the application’s own structure, dimensions, dtis & permanent part of the application and isiireg by the
system to organise the KAs under the appropriateedsions and with adequate properties. The Protégé
ontology editor was used in the prototype in otdenanage the ontological aspects of the applicatio
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Figure 4: KMapper core ontology.

In addition to the core ontology, the system akmguires a domain ontology (lower portion of figée The
domain ontology relates to th@onceptual Dimensioand can potentially be replaced or augmented with
another ontology of interest. The domain ontologyconsidered as the backbone of the KMapper as it
supports the search engines in retrieving inforomagibout KAs of significance to the end-user. Finsing

the information gather services, the applicatioarcges data sources to extract KAs, subsequerityaiso
around the concepts of the domain ontology thaketlieacted KAs are organised and linked to onelaarot
The current version of the KMapper is supportedabylomain ontology largely based on a chemical,
biological, radiological, nuclear, and explosivlB®NE): the AKTiveSA ontology.

! The AKTiveSA Ontology was built by the School déEronics and Computer Science, University of 8aatpton, UK.
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concerne

KMapper core ontology

concern

eeeee

Figure 5: KMapper ontologies.
3.3. Why an ontology-based application?

During the last two to three decades, the domaiontdlogies has been more accurately investigated &
computer science perspective under the auspicédsedfnowledge engineering community. This papel wil
not attempt to dissect the domain of ontologiesrhather share the rationales to, as well as lessamsed
from, generating such an ontology-based application

3.3.1. Reason 1: To have a prototype corresponding toshkected approach

As described previously, the MKBA is based on fdimensions, amongst which one is fGenceptual
Dimension The Conceptual Dimensioris particularly well represented with ontologidhe Conceptual
Dimensiondraws from the domain of concept maps and in th&pper, the concept dimension is based on
ontologies. Concept maps have commonalities wittologies; they equally relate to concepts and the
relationships between them and in both cases, tietsgonships go beyond the parent/child relatiips of
taxonomies. On the other hand, initially, in theo®pt maps, concepts were organised in a hieralohiry
[10], which is not a requirement for ontologies.nCept maps are of great usage in the educatiomhl an
learning domain [10]; it eases the understandingt®freader and helps in retaining more easily the
information as it corresponds to some stages of engrbuilding. In the same vein, thiConceptual
Dimension”aims partly at enabling the understanding of theason by the end-users of the KMapper.

Ontologies also provide a possibility towards maehieadable representation of knowledge, whicheiy v
important as we built a prototype application. Ba purpose of building the prototype, amongstdifferent
available formats, OWL-DL was retained. OWL is arighe most frequently used web ontology language a
therefore hopefully creates some stability for phetotype in the future. Also, generating an orgglcs a very
cumbersome task and it is usually of good pradticstart from existing ontologies, which are in maases
expressed in OWL. Finally, as the research pragestisions integrating some reasoning capabilitythie
prototype, the OWL-DL variant of OWL was selectedthat motive.

A few challenges emerged due to this technologihalce. First, as the concepts and their relatipssare
expected to be visually presented to the end-ueesprototype requires some visualisation capaslibut
more importantly, the visualized “name tags” neitatess to be expressed in natural language in dolbe
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understood by the end-users. To do so, eithernt@amy needs to be expressed directly in nataradliage
or else, the system necessitates correspondirgstdhl order to be machine readable, ontologiesally do
not require to be expressed in natural languagesanol constrains are somehow opposite to the essé#nc
ontologies. This issue is partly solved by prodgcaendomain ontology based on natural language Hisit t
solution imposes some intensive verifications @& tmtology and also precludes from using othertiexjs
ontologies of potential interest but expressed idifeerent format. Other alternatives will need be
considered in the future.

3.3.2. Reason 2: The prototype should be context driven

One of the main outputs of the k-mapping applicatie to provide end-users with a contextualized
visualisation of the discovered KAs as well aslthks existing between them. Without trying to bewan
expert of each type of issue being faced, the nmgppi KAs can at least start building the firstdde which
will enable the treatment of specific upcoming mfation within short delays. Whereas mapping theldvo
would be an impossible and useless task, usindamiés enables us to restrain the domain that regto be
mapped and therefore allows a more focused sear@otential events in specific situations. Foranse if
there is an indication of the potential presenc&eyf terrorist groups during an event, the indiaidoight
want to start consulting information about thoseugs as for instance their preferred types of lattad what

it requires. This avoids having to map the world Kabout all topics. Another benefit from the ongglo
resides in the fact that by identifying the contextrrounding the specific identified KA, additional
information are brought to the end-users. As degiat figure 6, being able to present the KAs i ¢bntext
of the concepts and how they relate to one anodaer,bring knowledge to the end-user first by idging
the existence of specific concepts then by undedstg how they relate to one another.
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Figure 6: Visualising KAs in relation to concepts.
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3.3.3.  Reason 3: The prototype should be as automatedassiple

As described by Ackerman [1] systems like expeartators usually lose their impact rapidly when hgwvio
update them manually; a certain level of automasaequired. In the KMapper in order to be aut@dabne
essential component of the KMapper is the inforamatiatherer services, which rely entirely on thendim
ontology. As depicted in figure 7, the informatigatherers use directly the concepts and instamoes the
ontology to parse different data sources in ordemutomatically locate potential KAs. For instanee,
information gatherer can identify one or more catsdrom the ontology in a web page. In that situathe
web page is tagged with metadata labels, whiclstared in the KMapper knowledge base to be substigue
presented to the end-user in relation to its KA.
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~ 4
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Web Source C!
Information
Gatherer
Specific Web Sites
= \ Information ] Knowledge
Gatherer Consolidating
Active Directory
Data Bases Information
-HR N Gatherer Knowledge
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Reposito
pository i \ Knowledge
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Information
p Fg{:ssy“ems Gatherer
m\
RSS Information
Food & Gatherer
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= g Ki ledge B
Information nowledge Base
Released R Gatherer
Access =
Mail ~

Figure 7: Information gatherer services using domai n ontology.

The information gatherer services works quite Wwelhe KMapper and it is actually one of its maadues.
Two challenges were however faced and solved. iFsiedne resided in the need to parse using not the!
concepts from the ontology but also the instancesding instances added manually by the end-udédrs
second issue relates to the one already exposad #im requirement to have an ontology using natura
language. Indeed, as the information gatherers warsing data sources including unstructured oikes |
texts, the concepts from the ontology required thmrbe expressed using natural language in order to
effectively find KAs.

3.3.4. Reason 4: The prototype should be dynamic

This type of k-mapping application aims at pointingtto-date information and knowledge to the enersidf
the prototype is not built in a dynamic way and stantly refreshed, as soon as the end-user wllkecthat
the information is obsolete, he/she will lose cdefice and stop using the application. This chafleisg
intimately related to the information gatherer §s as the automated identification of the KA® gdermits
to develop the dynamic aspect of the KMapper. bt, fan a recurrent basis a scheduler service enale
automated and incremental update of the KMappewlatdge base and therefore of the information predid
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to the end-user. The scheduler is set-up diffeyetpending on the data source being parsed ubimg t
ontology concepts. The data sources do not allimedo be parsed at the same time but rather aicgbydto
their refreshment pace. The KMapper, through anigidirative control panel, also provides the pagigjitio
refresh the information upon demand.

This aspect of the application works quite well baim an ontological perspective one of the chaém
already exposed, is to enable the parsing withaittds. Another challenge is to facilitate justiinet
insertion of new concepts and instances by thetaridis. This is actually also facilitated througdte t
administrative panel. These newly inserted concagtghen taken into consideration for future upslalf the
knowledge base. Consequently, new requirementsgenierorder to ensure that the main ontology walt n
be contaminated with these new instances and ctsmidegdeed, an ontology is a consensus and whisn it
time to update it, it is important to follow a ctesnd strict process.

3.3.5. Reason 5: The knowledge should be easily shared mgnuartners

The KMapper prototype is built in order to find KAasiding within the CF but also outside the bosd#rthe
organisation; such an objective definitely benefies from the usage of ontologies. In fact, onielegre
supposed to enhance interoperalfilapd when having to parse data sources from otigam@sations, using
well defined ontologies should allow overcoming teeminology differences between organisations evhil
focusing on the exact meaning of the concept itself

3.3.6. Reason 6 — The prototype should be generic

From a technological standpoint now, the usageoafain ontologies increases the generic aspecteokth
mapping application. The different domain ontolag@n be placed or replaced in the KMapper, jkst i
cartridges and therefore permit to use the KMajpeery different context. The current KMapper mtgpe
only permit the management of one domain ontolagttie situation being faced by the militaries a@saally
manifolds and a k-mapping application should aksodficiate from the simultaneous combination ofedént
ontologies equally related to the situation.

4. NEXT STEP, FURTHER RESEARCH AND DEVELOPMENT

The current KMapper prototype, which has been ageal in the light of operational environments, énly
integrated and revisited to respond to intelligedomain activities. More specifically, it is beiimgegrated
into a “Multi-Intelligent Tool Suite” (MITS) basedn an Intelligence S&T Integrated Platform (ISTIP)
responding to Service Oriented Architecture (SOAhqples. To perform this, it requires revisingre of
the underlying concepts of operation as well as application functions as for instance, the autechat
reporting service, which was built in the systenoiider to respond to military operational requiraise

From a technological viewpoint several enhancemardgsplanned. At first there is a need to imprdwe t
inference and filtering service. These are key el@sin order to focus only on KAs pertinent to -e1isérs
and therefore helping the reduction of informatimerload. Secondly, there is a requirement to iflemore
sophisticated visualisation algorithms, specificalllgorithms that could enable a more appropriate
visualisation of the ontology per se. Thirdly conties necessity to integrate time and spatial corapts) this
will be of specific interest for the military commity. Also, the end-user should be more informeduathe
reliability of the KAs identified. The KMapper alptprototype was built with three of the four dimiens;

the Process Dimensiowas investigated in a parallel research in thdtimmaa domain. Therefore, therocess
Dimensionwill need to be coupled to the remaining parttaf system. In the domain of ontologies, some
improvements are also required; in the future KN@pper should be able to use different formatmbtogy
languages for instance. Finally, current reseanctocial network analysis and patterns of life gggtion are
also considering leveraging some concepts from ppimg domain as well as, under the ISTIP, servicas

the k-mapping alpha prototype application.

2 While ontologies were envisioned as such, someoasithave doubts about the attainment of such abd#dp. These doubts are
specifically based on the miss layering issue betwtbe different format of ontologies [3].
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5. CONCLUSION

The CF, like the allies, have to respond to vergnglex situations where mission success relies eir th
ability to take into consideration and collaboratith other instances. These instances can be other
governmental organisations, allies or local reprgéeres, each of which can hold critical KAs wilspect to

the situation being faced. Being able to identifigl docate those KAs is not a trivial task but ici#tical in
coalition operations. Based on the results of ¢higoing research project, leveraging the value-wigpping
concepts for this purpose seems to hold some pesrras do the usage of ontologies in the envisioned
technological solution. During the developmenth# prototype application, using ontologies imposedhy
constrains but in some specific context like the teing experienced here, it remains a valuablgtisol
Finally, in the computer science field, researclhim domain of ontologies is abundant but much nesni

be performed before being able to lever easily tiudipotential.
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