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Abstract 

This document first gives intuition behind talking about context in enterprise environment. The main 

dimensions along which we can observe characteristics of context are given together with illustrative 

examples. Different sources of data to be used in context representation within enterprise environment are 

described. The notion of context and its relation to the notion of task is described on illustrative examples of 

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

Context definition, representation and modelling are further described and an illustrative example showing 

application of the prototype context identification on real-world data sample of email communication. 

Approach to pipe-lined 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 representation within enterprise environments is considered here from several aspects 

including activity of the targeted knowledge workers, available data objects, and available background 

knowledge such as directories, ontologies, organizational structure or personnel profiles. In an enterprise 

scenario, we are faced with knowledge workers who are 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 enterprise and private life.  Our long-term objective is to provide knowledge workers with intelligent 

tools that can better understand and support the complex multi-tasking that they perform. 

 

The goal of modelling context as seen here is to offer support to knowledge workers (here also referred to as 

agents) having several clients/projects, each representing different context(s). In general the agent should be 

able to define some context manually (e.g., informing the system logging the agentôs activities of the start 

and end of working in some context), to check and correct automatically identified context, to name context, 

to quickly switch between contexts, to get suggestions of next actions based on prediction of tasks inside 

some context etc. This deliverable focuses 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 with context suggestions.  

 

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 background on context is provided by briefly  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. Different sources of data to be used in context 

representation within enterprise environments are described. Context definition, representation and 

modelling are further described discussing several possible approaches to context identification. We give an 

illustrative example of results provided by our prototype context identification component (implementing 

independent context identification) on real-world data sample of email communication. An approach to pipe-

lined context and action identification is described in detail and its evaluation is provided on synthetic data.  
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Definitions 

Context  - Context is used as a term for grouping/packaging information for a particular need.  

Context Model -  A criterion for selecting or prioritizing information from a broader pool of information can 

be called contextual model. We can say that a good contextual model is the one which selects the right 

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 first to formalize 

context and knowledge processes as analytic models and to tune/fit analytic models from the case studies. 

Moreover, we want to be able to deal with multimodal data describing the modelled processes including: 

structured data, text, social networks. Modeling context should enable providing human understandable 

explanations of inquiries about the modelled processes and also provide recommendations to improve the 

modelled process.  
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1 Introduction  

In an enterprise scenario, we are faced with knowledge workers who are during the same time frame usually 

involved in several projects or interacting with several clients in addition to performing other less structured 

activities for the enterprise and privately.  

Imagine a scenario where a busy agent gets a phone call from an important client and needs to get up to 

speed as soon as possible so that the client gets the correct impression of being valuable for the enterprise. 

As human beings, we expect others to respond to us as though we were the focus of their attention. In an 

enterprise scenario this would mean that the client, in order to feel like a valued client, expects that the agent 

is dealing with her or his case on a regular base knows immediately all the relevant details of the clientôs 

case and can provide timely new and interesting information to the client. 

In the agentôs world, having several clients and many other things on his or her mind, it is often difficult to 

have all the details of each case the agent is responsible for readily available at all times. Still, in an ideal 

situation, the agent would be able to access all the relevant information in a few seconds after receiving the 

phone call. In other words the agent needs to jump in the context of  business with the client quickly and 

be able to have high quality interaction giving the client impression that she is an important client and 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 the opportunity of talking to the client to progress in 

the work, not only by making notes and spending time after the conversation performing all the agreed 

actions, but also by performing some actions on the fly and possibly getting immediate feedback from the 

client. Finding information relevant to the phone discussion, performing additional analysis on a new data 

and discussing the results with the client may all speed up and ease the whole process/project.  

With the wide usage of computers in enterprises, one can expect that each agent has access to a computer, 

probably having a personal computer on his office desk.  Ideally, with a press on a button or by issuing a 

short query, the agentôs desktop should switch to the clientôs context and support the agent in 

communication, analysis and decisions. From the agentôs point of view, a good context switching application 

should minimize extra overhead the agent has with relevant clientôs information space, and minimize risks of 

making mistakes.  

The goal of this deliverable is to provide a generic definition of context and propose a context representation 

within enterprise environments that will support the described setting. Moreover the proposed context 

definition and representation should enable semi-automatic handling of context including context 

identification and, in later stages, also task identification. 

The rest of this deliverable is structured as follows. Section 2 contains context definition and representation 

and gives an illustrative example of different contexts derived from the same set of events. Section 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.  
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2 Context Definition 

Context as used in this report is used as a term for grouping/packaging information for a particular need. A 

criterion for selecting or prioritizing information from a broader pool of information can be called 

contextual model. We can say that a good contextual model is the one which selects the right information 

for a particular need in some cases that may be related to personalized information delivery. 

In the research literature [11, 12, 13], we can find different views on context depending on the aspect that is 

observed and purpose of using context, e.g., for trust modeling [14]. For instance, in Wikipedia context 

analysis [15] is described as a method to analyze the environment in which a business operates. Depending 

on the aims of observing context, context can be defined from a formal point of view, in terms of its 

dynamics, scenarios of its usage, type of data it is modeled from, its usage/user base, importance of 

efficiency when talking about context, acquisition of context or, evaluation of context. Examples of context 

characteristics along several dimensions are the following: 

 Formalism: logic based vs. probabilistic descriptions 

 Dynamics: static vs. temporal/dynamic contexts 

 Scenarios: global model vs. multiple local models 

 Cross modal: modeling contexts across different data modalities (text, multilinguality, social networks, 

audio, images, video, sensors) 

 User aspects: context for single user vs. user communities vs. contexts for machine processing 

 Efficiency: expressivity vs. scalability 

 Acquisition: manual vs. semi automatic vs. automatic approaches 

 Best practices: economy of different application scenarios 

 Evaluation: information compression (not really addressed yet)  

 

2.1 Context within the enterprise environment 

Representing about context within the enterprise environment has some specifics that should be considered 

when defining context and proposing its representation. We view an enterprise as a formation consisting of 

people communicating internally inside the enterprise and externally to clients. 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 an enterprise. 

Through this communication, all the involved people are optimizing several goals at the same time, including 

professional, personal, company business, etc. Typically each person works on several projects, for several 

clients, on different assignments etc. Each of these is understood here as a separate context. 

When defining context and its representation, we should consider data sources available for enterprise 

context modeling. Through interaction with ACTIVE case studies and studying their requirements [3, 6, 7], 

we have identified several potential sources of data as follows: 

 Document server (documents, presentations, é) 

 Email (personal, enterprise level) 

 Instance Messenger (MSN Messenger, Skype, é) 

 Desktop (activated applications, actions of the user, Windows events, é) 

 Internet (Browsing, Search, é) 

 Traditional channels (phone, printed documents, chat, é) 

 Database (logging of changes, client data, user expertise,é)  
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In ACTIVE, we operate with data objects (e.g., TNT events, documents, emails) which need to be accessed 

in different contexts (defined through workspace, search, sharing, collaboration). Contexts are sometimes 

pre-specified (as is sometimes in the BT case study [3]) or should be discovered (as in other use cases in the 

BT case study and in the Accenture case study [7]). 

 

2.2 Context model 

When defining context and its representation, our goal of modeling context is to enable prioritizing content 

delivery based on the identified context.  In ACTIVE, ñcontextual supportò should assure we deliver the 

appropriate information for correct context. For that, we need to have a ñcontext modelò capable of 

identifying which data objects (potentially) belong to the same context and which belong to different 

contexts. We would like to achieve that by providing a ranking of contexts regarding relevance for an object 

or by assigning a score to each context reflecting its relevance for the object. We can imagine several ways 

of obtaining the context model.  

Assuming there is ñthe rightò kind of data available capturing the relevant information on context, one can 

obtain the context model by bottom-up approach via training the model from data in automatic or semi-

automatic way (e.g., as a statistical model or rules). Context model can be also be provided explicitly by the 

user in a top-down way (e.g., in a form of manually written rules). Once obtained, the context model can be 

used either for deciding which data objects belong to a particular context, or for prioritization of information 

(to what extent a particular data object belongs to a particular context). 

 

2.3 Context representation 

Context representation is built on the top of the TNT store [2] that enables capturing and storing the data for 

further processing using context mining and task mining approaches. The 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, 

Network, and Time as defined by TNT model [1]. Notice that several TNT events can overlap in content of 

their components. For instance, a person sending five e-mail messages appears in five TNT events as a 

sender and that can be helpful in identifying context and tasks.   

 

 
 

Figure 1 Illustration showing example events including events related to the task of organizing 

business travel to Madrid.  

In the illustrative example given in Figure 1, we have assumed that some data enrichment has taken place in 

the pre-processing phase using some available background knowledge on people, organizations, etc.  In all 
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five events shown in Figure 1, information on the ñNò part of TNT events is enriched (see Section 3.2 for 

details) by replacing e-mail addresses with (person/organization) names and adding information about 

functional role (e.g., researcher, secretary, conference desk, hotel desk). The five events shown in the 

illustrative example in Figure 1 are the following: 

1. at 10:00 on 2.4.2009 (Time)  ñDunja Mladenicò sends an e-mail to a ñJolanda Jakofcicò (Network) 

asking for internal institution arrangement of a business travel (Text) 

2. at 12:00 on 2.4.2009 (Time) ñJolanda Jakofcicò send an e-mail to ñAirpass customer serviceò 

(Network) asking for a reservation of a return airplane ticket for Dunja Mladenic on a route 

Ljubljana Madrid (Text) 

3. at 14:00 on 3.4.2009 (Time) ñDunja Mladenicò sends an e-mail to the ñWWW conference deskò 

(Network)  asking for details on registration to WWW-2009 conference (Text) 

4. at 14:10 on 3.4.2009 (Time) ñDunja Mladenicò sends an e-mail to ñNovotel hotel deskò (Network) 

on availability of the hotel room (Text) 

5. at 15:00 on 3.4.2009 (Time) ñDunja Mladenicò sends an e-mail to ñLise Getoorò (Network) on 

scheduling a meeting (text) 

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 time.  In this case, events correspond to actions of sending e-mails and one of 

the possible tasks in Figure 1 is organizing a business trip which consists of two actions (sending two e-

mails).  

 

The representation of TNT events captures information about data objects involved in the TNT event and it 

is used as a basis for context representation. Basing context representation on data objects, we examine the 

characteristics of the data objects that are available within an enterprise environment. In the proposed context 

definition, each data object (e.g. documents, email,é) is represented as a vector of potentially large number 

of features. These features encode several properties of the data, the following are the most important:  

Å meta data about application taking part in the event, email metadata, document metadata; 

Å social graph of people, organizations, roles, social relations, entities in the documents; 

Å terms from documents such as bag of word, named entities, concepts, annotations; 

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

Å relational information from ontologies or extracted relationships. 

The underlying data structure for the input data is defined in a general way to capture the diversity of input 

data-sources, to capture temporal dynamics of data, to enable automatic building of models, to be guided by 

usersô suggestions if available and, the last but not the least, to be scalable. The data structure we use to 

support the above objectives is a dynamic network with extra information on nodes and links as detailed in 

description of TNT store [2] 

The features for describing TNT events in e-mail communication logs (Figure 1) include any metadata on 

email content (eg., number of recipients, subject length, topic category of the subject/content), list of entities 

occurring in the e-mail content, metadata of e-mail 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 behind e-mail addresses (ontology of functional roles in a research 

organization ï secretary having a supportive role for researchers/professors).  
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Figure 2 Illustration showing example events including events related to the task of organizing 

business travel to Aachen.  

 

2.4 Context formulati on 

In order to understand the definition of context in our enterprise environment, we take a brief detour and 

describe intuition behind the notion of context and task.  

The same task of organizing a business travel is illustrated in Figure 1 and Figure 2, but occurring 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 context 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 

action is at time x ñDunja Mladenicò sends an e-mail to a ñJolanda Jakofcicò asking for internal institution 

arrangement of a business travel. The second action is at time x+t ñJolanda Jakofcicò sends an e-mail to 

ñAirpass customer serviceò asking for a reservation of a return airplane ticket for Dunja Mladenic. However, 

in task identification we would like to generalize not only over time and content of the e-mail but also over 

the ñNò part of TNT, namely the social network. One can imagine that in some other setting, there may be a 

different travel agency involved or other person may be travelling, or the exact time of sending e-mail is not 

important, but the secretary always sends the e-mail during the working hours. Moreover, from the example 

it is obvious that some of the e-mail content is related to context (location 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 abstraction is challenging and it is part of task modelling and 

context modelling (see Section 3).  

The idea is that in context mining one would identify information related to Madrid as context for the 

example task in Figure 1 and information related to Aachen as context for the same task of the 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 be relevant to both context identification and task identification.  

We define  a context model as an analytical function being in the form for classification 

Contexti=ContextModel(DataObjectj), or in a form for membership queries 

Belonging=ContextModel(Contexti, DataObjectj), or in a form of a scoring function 

BelongingScore=ContextModel(Contexti, DataObjectj), where DataObjectj is in our case data on TNT event.  

As already described, we assume that ContextModel can be:  

 trained automatically from pre-labeled data  (supervised learning, e.g. classification algorithms like 

SVM) 
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 trained semi-automatically from partially labeled data in user interactive process  (semi-supervised 

learning, e.g. active learning algorithms like uncertainty sampling) 

 discovered from data from unlabeled data (unsupervised learning, e.g. clustering algorithms like 

Kmeans) 

 defined manually, for instance as a set of rules. 

Section 3 provides details on context modeling using methods for discovery of relevant information from 

data and semi-automatic 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 are first to formalize context and knowledge 

processes as analytic models and to tune/fit analytic models from the case studies. Moreover, we want to be 

able to deal with multimodal data describing the modelled processes including: structured data, text, social 

networks. Modeling context should enable providing human understandable explanations of inquiries 

about the modelled processes and also provide recommendations to improve the modelled process.  

Another envisioned usage of context model is for predicting future actions based on the identified trends 

within the modelled processes for efficient planning.  

In order to be applicable within enterprise environment, context modelling should be scalable to the degree 

that it can deal with real life scale of enterprise knowledge processes with near-to real-time response. The 

defined context modelling also enables us to develop working software module.  

 

 

 

a) 

 
b) 

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

 

3.1 Context, Action and Task Identification 

Figure 3 shows an abstract representation for the data mining process required for bottom up identification of 

contexts, actions and tasks.  In Figure 3a), we have a collection of TNT events.  The TNT events have time 

stamps, and include information about the text, the people and the low-level action details (a message was 

sent, a document was saved, etc.).  From this raw event data, we need to learn a multi-faceted representation, 

which describes specifics of the user context, the actions that the events correspond to and the mapping of 

actions to tasks.  The shading of the nodes in Figure 3b) indicates that the same low level TNT events are 

clustered in different ways to capture the context, action and tasks. 

 

An example is a collection of events from different users describing their communication, such as in Figure 1 

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

the person travelling, name of the project to which the travelling is related (using background knowledge it 

may be possible to assign the likely projects based 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 task and in an extreme case of having a very simple 

task, an action corresponds to a task. 

 

Another example is a collection of events from different users describing project communications.  The 

context give specifics about people and their roles in projects, topic of project, type of project, etc. While an 

action is more abstract, and captures a commonality across multiple instantiations of the tasks, e.g., the 



ACTIVE Deliverable D2.1.3 

Page 16 of (55)  © ACTIVE consortium 2008 

 

project coordinator requests a report, the scientific team sends a spreadsheet with results, an administrator 

sends an agenda.  The action focuses on the act, but the arguments are abstracted, and will be determined by 

the context.  Finally, we identify tasks, as common sequence of related actions.  We do not focus on task 

identification in this deliverable, however itôs important to understand how it will fit into the overall 

approach. 

 

 

3.2 Alternate Feature Representations and Enrichments 

An important component of the identification process is the appropriate representation for the low-level 

events.  The feature selection and weighting can (and should) be different for each identification problem.  

The feature representation (the level of abstraction) can be different.  In addition, features can be 

augmented/enriched with information from additional sources, ontologies, etc.  Long term, this enrichment 

process may be quite complex, requiring alignment, entity resolution, etc. 

 

3.3 Identification Approaches 

  

 

a) 

 

b) 

 

Figure 4 a) A naïve identification approach which clusters the events independently, and b) an 

integrated approach, in which the events are re-represented 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 context, actions and 

tasks.  The simplest, and most naïve, is to simply perform independent clustering of the events.  A variety of 

clustering algorithms are feasible.  The approach we are developing is an integrated, multi-relational 

clustering approach.   In order to test the utility of the approach, we will compare against an independent 

approach. 

 

The integrated approach can be done in several ways.  We can do it in a pipe-lined fashion, where clustering 

is performed sequentially, one after the other.   Alternatively, we may do a more fine-grained integration of 

the clustering.  Exploring the advantages and disadvantages of the different approaches is a part of ongoing 

research. Section 5 describes results of a pipe-lined approach. 

 


