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Abstract

This documentfirst gives intuition behind talking about context émterprise environmentThe main
dimensions along wbh we can observe characteristics of context are given togetherillwitnative

examples. [ferent sources of data to be used in context representaiitbim enterprise environment are

describedThe notion of contextral its relation to the notion ¢ésk isdescribed on illustratey examples of

several events capturing activity of the user by mexdirtee associated time, graph and text (TNT events)

Context definition, representation and modelling are further descaibedin illustrative examplehowing
application ofthe prototype context identification orreatworld data sample of email commurtica.

Approach to pipdined context identification and task identification is described in details followed by the

evaluation of context identification and action identification of synthetic data.

[End of abstract]
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Executive summary

Context definition and representatiamithin enterprise environmesis considered here from several aspects
including activity of the targeted knowledge workers, available data obpeots available background
knowledge such as directories, ontologies, organizational structure or persasfites.pln an enterprise
scenarig we arefaced with knowledge workers whare during the same time frame usually involved in
several projects or interact with several clients in addition to performing other less structured activities for
the enterpriserad private life Our longterm objective is to provide knowledge workers with intelligent
tools that can better understand and support the complextasliing that they perform.

The goal of modelling context as seen here is to offer support to kn@wenigers (here also referred to as
agentshaving several clienfgrojects, each representing different context(s). In general the agent should be
able to define some context manually (edfthestarti nf o1
and end of working in some context), to check and correct automatically identified context, to name context,
to quickly switch between contexts, to geiggestions of next actions based on prediction of tasks inside
some context etc. This deliverable fees on context definition and representation to enable modelling of
context based on the available data objects, background knowledge, feedback from expert users in the phase
of context identification and observing regular users when being faced witkxicsunggestions.

This deliverable first sets the scene of context within enterprise environment discussing some of the general
goals of context modelling and influence of data objects, context definition and representation on the
modelling. Some backgrodnon context is provided bypriefly discussing different characteristics of
context. As context modelling is here based on data objects i.e., TNT events, examples of data exposing
different contexts and tasks is further provided and discussed. Diffexrgces of data to be used in context
representation within enterprise environnsersire described. Context definition, representation and
modelling are further describaliscussing severalossibleapproaches to context identificatidWe give a
illustrative example of results provided by gumototype context identificatiooomponent(implementing
independent context identificatiooh reatworld data sample of email communicatiém approach to pipe

lined context and action idefitiation is described idetailand its evaluation is provided on synthetic data.
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Abbreviations

TNT - Text, Network, Time
SVM 1 Support Vector Machines
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Definitions

Context - Context isused as a term fgroupingpackaging informatioffior a particular need

Context Model - A criterion forselecting or prioritizingnformation from a broader pool of information can
be calledcontextual modelWe can say that a good contextuabdel is the one which selects thight
information for a particular need in some cases that may be related to personalized information delivery.

Context Modelling - Objectives of context modelling as defined in this deliverable are firkirtoalize
context and knowledge processes analytic models and tune/fit analytic model$érom the case studies.
Moreover, we want to be able to deal wittultimodal datadescribing the modelled processes including:
structured data, text, social networkdodeling context should enablproviding human understandable
explanationsof inquiries about the modelled process@sl alsoprovide recommendatiorte improve the
modelled process.
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1 Introduction

In anenterprise scenariave are iced with knowledge workers whawe during the same time frame usually
involved in several projects anteracing with several clients in addition fgerformng other less structured
activitiesfor the enterprise and privately

Imagine a scenariwhere abusy agent gets a phogall from an important clienand needs to get up to

speed as soon as possible so thatclientget the correct impression of being valuable for émterprise

As human beings, we expect others to respond to us as though we were the focus of their &ttantion.
enterprise scenarithis would mean that the clienn order to feelike a valuedclient, expecs that the agent

is dealing with heor his case on a regular bdgeows immediately all the relevadte t ai | s of t he
caseandcan providdimely new and interesting informatido the client

I n t h e waldyhaving $everal clientand manyotherthings on hisor hermind, itis often difficult to
haveall the details of each case the agentesponsible foreadily availableat all times. Still, in an ideal
situation, the agent woulde able to accesdl the relevant information in a few seconds after receiving the
phone call. In other word$ie agent needs to junip the context of business with the tent quickly and

be able to have gh qualiy interactiongiving the clientimpressionthat she is an important clieahd thus

the agent works on her case all the time (even though we all know that the agent must be working on other
things as well) Moreover, the agent would like to use thpportnity of talking to the cliento progress in
the work, not only by makingnotesand spenithg time after the conversation performirajl the agreed
actions, but alsdy performing some actions on the fiynd possibly getting immediate feedback frim
client Finding informationrelevant tothe phone discussipperforming additionahnalysis on a new data
anddiscussing the results withe clientmay all speed up and ease tieole procesforoject

With the wide usage of computers in enterpriseise can expect that each agent has access to a cgmputer
probably having gersonal computer on hddfice desk. Ideally, with a press on a button or by issuing a

short query t h e agent 0s des kttohpe schloiuelndt 6 swictocnht enkim and
communicationanalysisand decisions. From the agérpoint of view, a god context switching application
shouldminimize extra overhead the agent has wélevantc | i ent 6 s i nf omimmazeiislksof s pac
makingmistakes.

The gpal of this deliverable is to providagenericdefinition of context and proposecontext representation
within enterprise environmesthat will support the described settingloreover the proposed context
definition and representation should enable smmdmatt handling of context including context
identification andin laterstagesalso task identification.

The rest of this deliverabis structured as follows. Section 2 contatestext definitionand representation

and gives anillustrative example of di#frent cotexs derived from the same set of evengection 3
proposes a model for context identification based on using knowledge discovery technologies. The first
version of the proposed model is evaluated on synthetic data in Section 4.

© ACTIVE consortium 2008 Page9 of (55)
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2 Context Definition

Context & usedin this reportis used as a term faroupingpackaging informatiofior a particular needA
criterion for selecting or prioritizing information from a boader pool of information cabe called
contextual model We cansay that a god ontextualmodel is the one which selects ttght information
for a particular need in some cases that mhg related to personalized information delivery

In the researclhiterature[11, 12 13, we can finddifferent views on context depending on thpeas that is
observedand purpose of using context, e.g., for trust modelirg. [Eor instance, in Wikipedigontext
analysis[15] is described as a method to analyze the environment in which a business opeydasing
on the aims of observing contextontext can belefined from a formal point of viewjn terms ofits
dynamics, scenarios of its usage, type of data it is modeled ftenusage/user base, importance of
efficiency when talking about context, acquisition of contextevaluation of comixt. Examples of context
characteristics along several dimensions are the following:

e Formalism: logic based vs. probabilistic descriptions
e Dynamics static vs. temporal/dynamic contexts
e Scenarios global model vs. multiple local models

e Cross modal modelirg contexts across different data modalities (text, multilinguality, social networks,
audio, images, video, sensors)

e User aspectscontext for single user vs. user communities vs. contexts for machine processing
e Efficiency: expressivity vs. scalability

e Acquisition: manual vs. semi automatic vs. automatic approaches

e Best practices economy of different application scenarios

e Evaluation: information compression (not really addressed yet)

2.1 Context within the enterprise environment

Representingabout context witin the enterprise environment has some specifics that should be considered
when defining context and proposing its representation. We atesaterpriseasa formationconsistingof

people communiting internally inside the enterprise and externtdlylients. One view on an enterprise
centers on the social relationship, both internal and external, among the actors and the clients.
Communications, collaborations, friendships, and shared interests are all important aspects of the social
environment of amnterprise.

Through this communicatiomll the involved people amptimizingseveral goals at the same tirreluding
professional, personatpompany businesgtc Typically each persoworks on several projects, for several
clients, on different agginments etdcachof theses understoodhereas a separate context

When defining context and its representatiare should consider data sourcagailable for enterprise
context modelingThroughinteraction with ACTIVE case studies astlidyingtheir requirementd3, 6, 7]
we have identified several potential sources of data as follows:

e Document server (documents, presentations, ¢é)
e Email (personal, enterprise level)
e Instance Messenger (MSN Messenger, Skype, &)

o Desktop(activated applications, actionstbe user, Windows events é )

e Internet (Browsing, Search, ¢&)
e Traditional channels (phonprintedd o c ument s, chat, &)
e Database (loggingathanges c¢cl i ent data, user expertise, é&)

Pagel0 of (55) © ACTIVE consortium 2008
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In ACTIVE, we operate with data objects (¢ GNT events, documents, emailghich need to be accessed
in different contexts (defined through workspasearch, sharing, collaboratjorContexts are sometimes
pre-specified(asis sometimesn the BT case studj8]) or should be discoverdds inother use cases in the
BT case stdy and inthe Accenture case stugi)).

2.2 Context model

When defining context and its representation, our goal of modatingxtis to enable prioritizingontent

delivery based on thelentified context In ACTIVE, fi ontextual sp por t 6 s h o uwélieerthes sur e
appropriateinformation for correct context For thatwe need t o have capabldia@font e
identifying which data objectgpotentially) belong 6 the same context and which belong to different
contexs. We would like to achieve théily providing a ranking of contexts regarding relevance for an object

or by assigning a score to each contefiecting itsrelevance for the objectVe can imagine several ways

of obtaining thecontext model

As s umi ng therhieghet 0 sk infilable cagturing éhé r@levant irformation on contextie can
obtain the context model by bottemp approach via traininthe modelfrom data in automatic or semi
automatic way (e.gas a stistical model or rules). Context model can be &sprovidedexplicitly by the

user in a toglown way (e.g.in a form ofmanually writterrules) Onceobtained the context modeatan be
used eithefor deciding which data objects belong to a particular contexgrarioritization of information
(to what extent particular data object belongs tearticular context).

2.3 Context representation

Context representation is budlh the top othe TNT store[2] that enables capturing and storing the data for
further processing using context mining and task mining appesalhe context mining capabilities of the

TNT store aim at identifying the main context of the knowledge worker from a streamed log of events.
Contexts are represented as abstractions of the TNT events, where each event has three components: Text
Netwak, andTime as defined by TNT model [1\otice that several TNT events can overlap in content of

their componentsFor instancea person sendinfive e-mail messages appearsfive TNT eventsas a
sendeandthatcan be helpful in identifyingontext ad tasks

Travel to Airplane
Researcher L2k Secretary ticket Travel

(Dunja (Jolanda > agency
M'°d'°1 2.4.20_09. 10:00 Jakofcic) 2.4.2009,12:00 (Airpass)

\3 4 2009, 14: 00 \ m Business Trayel
— (Madrid)
reservation...

reglstratlon ..\,_________3.4.2009, 15:00
\r Researcher
Conference (Lise Getoor)
desk (WWW-

2009)

3.4.2009,14:10|

Hotel desk
(Novotel)

Figure 1 lllustration showing example eventdncluding events related to the task of organizing
business tavel to Madrid.

In theillustrative examplayivenin Figure 1,we have assumed that some data enrichmertakes place in
the preprocessing phase using some available background knowledge on people, toganéta. In all

© ACTIVE consortium 2008 Pagell of (55)




ACTIVE Deliverable D2.1.3

five events shown in Figur e ebentsisenrichedseeaSedtian8.2forn t h
details) by replacing email addresseswith (person/organization) names aadding information about
functional role (e.g., researcher, secretary, conference desk, hotel. ddek)five events shown in the
illustrative example in Figure 1 are the following

1. at 10:00 on 2.4.2009 (TimefiDunja Mladentd s e ndngilteam Je | an d a (Ndtaokp f ci ¢
asking forinternal institutionarrangement of a business tra¢ééxt)

2. at 12:00 on 2.4.2009 (Tmg) J ol anda Jakoniaciilc 0t os efnAli rapna ses C U ¢
(Network) asking for areservation of a return airplane ticket for Dunja Mladenic on a route
Ljubljana Madrid(Text)

3. at 1400 on 34.2009 (Time)iDunja Mladentd s e n dmil tathe i 8WW c on fdesbenc e
(Network) asking for details on registration to WW2009 conferencélext)

4. at14:10 on 34.2009 (TimeYiDunja Mladenid s endnai 4 n t ® holieNdesk (Network)
on availability of the hotel roorfText)

5. at 1500 on 34.2009 (Time)fiDunja Mladentd6 s endmsaidn te f (NesverkidBet oor
scheduling a meetingext)

The notion of event is taken from the definition of TNT model [1], where a TNT event captures an action or
a part of action at a particular timén this case events correspond to actions of sendingadls andone of

the possiblaasks in Figure lis organizing éushess tripwhich consists of twaactions(sending two €

mails).

The representation of TNT events captures informa#iboutdata objects involved in the TNT event and it

is used as a basis for context representaBasing context regisentatioron data objects, wexamine the
characteristics of the data objects that are available vdthémterprise environment. In the proposed context
definition, each data object (e.documents, emad,) i s r e pr e s e pdteatidlly @ge nuanbev e c t o
of features These featuresncodeseveral properties of the data, fblowing are the most important

meta dataabout application taking part in the evesrhail metadatagdocument metadata;
social graphof people, organgtions, roles, sodiaelations, entities in the documents;

terms from documentssuch as bag of worchamed atities, concepts, annotations;

A
A
A
A temporal information such as absolute and relative time, day of the week, part of the day, seasons;

A relational information from ontolajies or extracted relationships.

The underlying data structufer the input datas definedin a general wayo capturethe diversity of input
datasourcesto capture temporal dynamics of damenable automatibuilding of models to be guided ¥

user® suggestions if avai |l ab Ibe scaahlelhe ddtahstuctureavee tuse lou t n
supportthe above objectives ia dynamic network with extra information on nodes and lin&s detailed in
description of TNT stor§?]

The features flodescribing TNT events in-@ail communication logs (Figure 1) include any metadata on
email content (egnumber of recipients, subject lengtbpic categoryof the subject/conteptlist of entities
occurring in the email content, metadata ofreail addresses (eg., the sender is researcher, the sender works
for company x, the receiver is in country y), temporal information (eg., Thursday, morning), relational
information between the actors behindmail addresses (ontology of functional roles in a aede
organizatiori secretary having a supportive role for researchers/professors).
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Airplane
ticket...

Travel to
Researcher o Secretary

(Dunja : > (Jolanda
Mlenic} N

Travel

g4 agency
10.4.2009, 9:00 (Airpass)

9&.2009, 11:00 Jakofcic)

<
AN

Business Travel

Research \_
paper... ll .4.2009,15:00

/' 10.4.2009,14:00
Secretary
Researcher
(Marko

Grobelnik

Figure 2 lllustration showing example eventdncluding events related to the task of organizing
business tavel to Aachen.

2.4 Context formulation

In order to understanthe definition of contexin our enterprise environmenwe take a brief detour and
describe intuition behinthe notion of context and task

The same task of organizing a business travel is illustrated in Figure 1 and Fidwe dgcurring in

different context. Namely, the illustrations in Figure 1 and Figure 2 show events pointing out two situations
involving the same task (organizing business travel), but the travel in Figure 1 is to Madrid and we say that
Madrid is the conte of that task, while the travel shown in Figure 2 is to Aachen (Aachen is context).
Organization of business travel in both cases involves two actions each corresponding to an event. The first
actionisat t iDomga Mladeitd sendsai an tteanadafndakofcicd asking f
arrangement of a business travehe second action is at time xAtJ ol anda Jsakemattoc 0 s e
AAirpass customer serviceo asking for a reevarvat.
in task identification we woultike to generalize not onlgver time and content of thenaail but also over

t he fANO pramdly thesbcialmelvbrk. One can imagine that in some other setting, there may be a
different travel agency involvear other person may be travelling, or the exact time of sendingileis not

important but the secretary always sartle email during the working hours. Moreover, from the example

it is obvious that some of themail content is related to context (&mon of the travel), while the other is
characteristic for the task (airplane ticket reservation, or maybe just ticket reservation in case of other
travelling means)Finding the right level of abstractiaa challenging and it ipart of taskmodelling ad
contextmodelling (see Section .3)

The idea is that in context mining omeould identify information related to Madrid as context for the
example task in Figure 1 and information related to Aachen as context fearte¢ask ofthe example in

Figure 2 This implies that the context identification algorithm should be capable of distinguishing between
the parts of TNT event representation relevant to task and the parts relevant to context. Notice that some
parts of the TNT event representation can beveait to both context identification and task identification.

We define a context model asan analytical functio being in the form for -classification
Context=ContextModel(DataObjegt or in a form for membership queries
Belonging=ContextModel(Context DataObjecf), or in a form of a scoring function
Belongingcore=ContextModel(ContexDataObjec{), whereDataObjectis in our case data on TNT event.
As already describeave assume th&ontextModetan be

e trained automatically from prelabeled d&éa (supervised learning, e.g. classification algorithms like
SVM)
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e trained semiautomatically from partially labeled data in user interactive procgsemisupervised
learning, e.g. active learning algorithms like uncertainty sampling)

e discovered from dak from unlabeled datqunsupervised learning, e.g. clustering algorithms like
Kmeans)

o defined manually, for instanceas a set of rules

Section 3provides details on context modelinging methods for discovery of relevant information from
data and serrauomatic methods for training a model from partially labeled.data
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3 Modelling Context

Objectives of context modelling as defined in this deliverable aredifstinalize context and knowledge
processess analytic modelandto tune/fit analytic modelsfrom the case studie®loreover, we want to be
able todeal withmultimodal data describing the modelled processes including: structured data, text, social
networks Modeling context should enableroviding human understandable explanationsof inquiries

abou the modelled processaad alsgrovide recommendationsto improve the modelled process

Another envisioned usage of context model isfadictingfuture actions based orthe identified trends
within the modelled processes for efficient planning

In order to be applicable within enterprise environment, context modelling shosthladbleto the degree
that it candeal with real life scale of enterprise knowledge processes withoneaattime responseThe
defined context modelling alsmables uso developworking software module

c::C:c:: C:)c::» QDQ] Action ..c:> © e
= =2 o = Identification | ®* < << <)
4 ™
Task PR C“DC’
Identification @ o oo o

Figure 3 a) A collection of TNT events b) Cluster to find contexts, @tions and tasks

3.1 Context, Action and Task ldentification

Figure 3shows an abstract representation for thi& anining process required for bottom up identification of
contextsactions and tasks. In Figura)3we have a collection of TNT events. The TNT events have time
stamps, and include information about the text, the people and tHevelhaction detds (a message was

sent, a document was saved, etc.). From this raw event data, we need to learfaaetedtrepresentation,
which describes specifics of the user context, the actions that the events correspond to and the mapping of
actions to tasksThe shading of the nodes in Figurb)3dndicates that theameow level TNT events are
clustered in different ways to capture the context, action and tasks.

An example isa collection of events from different users describing their communication, sirclrigsire 1

and 2, wheréor the task of organizing a business tratel context is given by the travel location, name of

the person travellingyame of therojectto which the travelling is relatgdsing background knowledge it

may be possible to agsi the likely projectbased on the person name), while an action is more abstract
capturing commonality across multiple instantiations of the tasks (e.g., a researcher asking for arrangements
of transportation)One can say that an action is a part of &a=d in an extreme case of having a very simple

task, an action corresponds to a task.

Anotherexample is a collection of events from different users describing project communications. The
context give specificaboutpeople and their roles in projectspic of project, type of projecetc. While an
actionis more abstract, and capturesoamonalityacross multiple instantiations of the tas&g., the
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project coordinator requests a report, the scientific team sends a spreadsheet with resulisisarattm
sends an agendd he action focuses on the act, but the arguments are abstracted, and will be determined by
the context. Finally, we identify tasks, as commeguence of related actian®Ve do not focus on task

identification in this delivea b | e , however itdéds i mportant to unders
approach.
3.2 Alternate Feature Representations and Enrichments

An important component of the identification process is the appropriate representation forléneslow
events. Théeature selectioandweighting car(and shouldpe differentfor each identification problem.
The feature representation (the level of abstractian)be different In addition, éatures can be
augmented/enriched with information from additional sasjroatologies, etclLongterm,this enrichment
processnaybe quite complex, requiringignment, entity resolution, etc.

3.3 Identification Approaches

a) b)

Figure 4 a) A naive identification approach which clusters the evds independently, and b) an
integrated approach, in which the events are reepresented at each stage, and information from one
stage flows into the next.

There are a number of different approaches that can be taken for the identification of contestaacti

tasks. The simplest, and most naive, is to simply perform independent clustering of the events. A variety of
clustering algorithms are feasible. The approach we are developing is an integratem| aioktial

clustering approach. In ordertst the utility of the approach, we will compare against an independent
approach.

The integrated approach can be done in several ways. We can d@ip#&lined fashion, wherelustering
is performed sequentially, one after the other. Alternatived may do a more fingrained integration of
the clustering.Exploringthe advantages and disadvantages of the different approaehgsrt of ongoing
researchSection 5 describes resultsagbipe-lined approach.
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