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Abstract 

In ACTIVE we are trying to connect top-down with bottom-up approaches. Top-down means that we start 

from a descriptive level where the knowledge worker defines his tasks and activities. Those definitions are 
shared within the organization and will evolve over time. The bottom-up approach is about mining and 
learning from action patterns to predict follow-up actions and recommend alternatives to the knowledge 
worker. 

This document provides the final model for informal knowledge processes to support dynamic and 
probabilistic aspects, such as the prediction of follow-up actions by storing evolving processes over time. 
This deliverable is a follow-up deliverable of D1.2.1 [2] which presents the initial model of knowledge 
processes and presents motivations and basic concepts. 

 

[End of abstract] 
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Executive summary  

This document provides the final model for informal knowledge processes to support dynamic and 
probabilistic aspects, such as the prediction of follow-up actions by storing evolving processes over time. 
This deliverable is a follow-up deliverable of D1.2.1 [2] which presents the initial model of knowledge 
processes and presents motivations and basic concepts. Therefore, this deliverable provides a refined model 
for knowledge processes. 

 

In ACTIVE we are trying to connect top-down with bottom-up approaches. Top-down means that we start 
from a descriptive level where the knowledge worker defines his tasks and activities. Those definitions are 
shared within the organization and will evolve over time. The bottom-up approach is about mining and 
learning from action patterns to predict follow-up actions and recommend alternatives to the knowledge 
worker. 

Terms like tasks, actions, events, and context are key for this initial model. Events are generated by use of 

applications, and monitored in the bottom level, of the model. Patterns are derived from regularities within 
the logs; informal knowledge processes or chains of actions are executed by users when they are within a 
given context, for example, in the context of working on project X or project Y. Another context could be 
provided by following a particular business process: a series of informal knowledge processes may be 
required to support the formal. Context and the chain of actions are helping to predict follow-up actions. 

 
The model presented in this deliverable is the upper level descriptive theory for the ACTIVE project with 
focus on knowledge processes. As a fused model the KPM2.0 interlinks the PSI-ULO which is used as an 
ontology describing the domain of engineering design performance in microelectronics and the knowledge 
process model describing informal process and supporting the convergence between top-down and bottom-

up approaches. Driven by some mandatory requirements we had to fuse the concepts of both models. This 
was feasible because both models provide some similar concepts and ideas. While the PSI-ULO is designed 
for the domain of engineering design in microelectronics and the KPM is focusing on general purpose 
informal processes,. we belief that the fused model fit into general purpose processes as well. 
 
The fused model formalizes an abstract theory of stateful creative dynamic processes, actors, context and 
tasks situated in nested dynamic environments based on the formal representation of time, events, and 

actions. This model may be used as a higher-level framework for domain ontologies in application domains 
having requirements for describing informal processes.  
This model is mainly for bridging the common understanding of processes either tacit or formal and the 
implemented software of the AKWS. Furthermore, it should support the process on turning informal 
processes into more formal (or semi-formal) processes by supporting states, state transitions, the concept of 
admissible actions, the  flexibility to compose processes in various , dynamic, flexible ways.. The model 
does not require any concrete and explicit defined sequence of action. It puts the actor ï the knowledge 
worker ï into the center of driving his or her knowledge processes. This is basically one goal of ACTIVE to 

support the knowledge worker to convert his tacit knowledge into more formal knowledge. This model 
provides the grounding ïor the main classes ï in form of an analysis model to enable the knowledge worker 
to express his going on one side and to enable the system to mine the doing from bottom-up. 
 
Driven by requirements from use cases and scenarios we developed this fused model for informal knowledge 
processes, tasks, actions, and events. Furthermore, we defined environment, context, and states and how 
actors, knowledge worker, can carry out those processes selecting from admissible action their knowledge. 

We defined the terminology and provided motivations for temporal aspects and context within informal 
knowledge processes. 
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Definitions 

Knowledge process A Knowledge Process (KP) is a loosely defined and structural ramified 
collection of actions. The structure of such a process and the order of action 

are not fully defined at the start of a KP. Many actions require a decision by an 
actor about the follow-up action. At such a decision point the actor uses his 
(tacit) knowledge and the current working context to decide for the successor 
action. To complicate matters, as circumstances change, the actor may decide 
to work in a different context, rather than follow the normally expected 
pattern.  
In this way the actor drives and carries out the KP. The context defines the 

boundaries and the environment the KP is carried out and influences the actor 
with his decisions. Those decisions have to been taken during execution time 
over the process development path and lead to emerging structural ramification 
constituted by admissible alternatives 
 

Knowledge worker The term knowledge worker is generally attributed to Peter Drucker, e.g.[1]. 
More recently, Thomas Davenport has defined knowledge workers as people 
who ñthink for a livingò and discusses who they are, what they do, and how 
their number is growing. For our purposes we accept as a given that, for an 
increasing proportion of people in the world economy, work is to a large extent 
mental rather than physical. To significantly increase economic productivity it 
is necessary, therefore, to increase the productivity of this knowledge-based 

and knowledge-driven work.  

In the context of ACTIVE a knowledge worker is a specialist or an expert 

dedicated to a specific knowledge intensive work domain within an enterprise. 
He principally uses his experience, skill, and current working context to 
understand summaries and create new knowledge from exiting pieces of work. 
Knowledge workers bring ingenuity and inventiveness along with intuitive 
dissension making in their daily work as well as for the team. Related tasks 
and workers benefit in terms of learning, modifying and enhancing their 
workflows. 

PSI project PSI project develops the methodology and the toolset for assessing, predicting, 

and optimizing the performance of engineering design systems in 
microelectronics 

 

http://wiki.active-project.eu/wiki/Context
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1 Introduction  

This document provides the final model for informal knowledge processes to support dynamic and 
probabilistic aspects, such as the prediction of follow-up actions by storing evolving processes over time. 
This deliverable is a follow-up deliverable of D1.2.1 [2] which presents the initial model of knowledge 
processes and presents motivations and basic concepts. As a result, this deliverable provides a refined model 
for knowledge processes. 

But, what is a model? 

To answer this question you could start using the Oxford Dictionary definition for this (taken from [3): 

 

A. A model is a three-dimensional representation of a person or thing, typically on a smaller scale. 

B. A model is a figure made in clay or wax which is then reproduced in a more durable material.  

C. A model is something used as an example.  

D. A model is a simplified mathematical description of a system or process, used to assist calculations 
and predictions.  

E. A model is an excellent example of a quality.  

F. A mode is a person employed to display clothes by wearing them.  

G. A model is a person employed to pose for an artist.  

H. A model is a particular design or version of a product. 

 

For our purposes it is definitely not A, B, C, E, F, or G. Basically, the dynamic model for knowledge 
processes could be seen as simplified mathematical description or as a design of a product. But, this does not 
seem to be an accurate description for the model presented in this deliverable. 
The dynamic model for knowledge processes is more like a vocabulary. If we take the Rational Unified 

Software Development Process into account we could also see it as an analysis model. As stated at [4] an 
analysis model describes the structure of the system or application that you are modeling. It consists of class 
diagrams and sequence diagrams that describe the logical implementation of the functional requirements that 
you identified in the use case model. 
The analysis model identifies the main classes in the system and contains a set of use case realizations that 
describe how the system will be built. Class diagrams describe the static structure of the system by using 
stereotypes to model the functional parts of the system. Sequence diagrams realize the use cases by 

describing the flow of events in the use cases when they are executed. These use case realizations model how 
the parts of the system interact within the context of a specific use case. 
An analysis model builds the foundation of the design model since it describes the logical structure of the 
system, but not how it will be implemented. 
To look at the dynamic model for knowledge processes as an analysis model is definitely a valid approach. 
The model presents the static and logical structure of the system without talking about implementation 
details. Although this model description does not present any sequence diagrams, it definitely identifies the 
main classes for knowledge processes, such as knowledge process, task, action, event, environment, context, 
actor, decision, goal, and knowledge. 

But, why is it dynamic? 

As stated at [5] dynamic models are used to express and model the behaviour of the system over time. It 
includes support for activity diagrams, state diagrams, sequence diagrams and extensions including business 

process modelling. The model presented by this deliverable enables the modelling of knowledge processes. It 
can be use to express the behaviour of knowledge processes over time by introducing the concepts like 
admissible actions and follow up action, by supporting states and state transitions. 

The result is presented in annex I.3, called KPM 2.0. 
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In ACTIVE we are trying to connect top-down with bottom-up approaches. Top-down means that we start 

from a descriptive level where the knowledge worker defines his tasks and activities. Those definitions are 
shared within the organization and will evolve over time. The bottom-up approach is about mining and 
learning from action patterns to predict follow-up actions and recommend alternatives to the knowledge 
worker. 

Terms like tasks, actions, events, and context are key for this model. Events are monitored in the bottom 
level and patterns are derived from regularities within the logs. Informal knowledge processes or chains of 
actions are executed by users when they are within a given context (see Figure 1), for example project X or 
project Y. Another context could be provided by the activity of the overall business process the informal 
knowledge process is executed in. Context and the chain of actions are helping to predict follow-up actions. 

Thus, the dynamic model for knowledge process combines tasks, actions, and events in combines these 
concepts with context, environment, and states. 

 

 

Figure 1: Knowledge process in scope of ACTIVE 

1.1 Purpose and Scope 

This document represents the refined version of a knowledge process model which covers dynamic and 
temporal aspects. In the context of ACTIVE knowledge processes are highly dynamic and not static. 
Knowledge worker carry them out by selecting and executing different actions over time. We expect that 
those processes will adapt and evolve over time. 

This refined model focuses mainly on fusing the concepts of the initial version with concepts from PSI upper 
ontology, described in [5]. PSI upper level ontology defines an abstract descriptive theory for the domain of 
engineering design processes and environments and is used by one of the case study partners in ACTIVE.  

1.2 Document Overview 

This document starts with a motivation explaining the rationale behind refining the initial model.  

¶ Section 3 is comparing concepts within the initial version of the knowledge process model (KPM) with 
the PSI upper ontology (PSI-ULO) to provide ideas on how to fuse both models. Therefore, this section 
picks main concepts from both models, such as process, task, event, action, actor, etc. and compares its 
definitions. 

¶ Section 4 presents the KPM2.0 as a result of the fusion of the KPM and the PSI-ULO. 

¶ In section 5 we summarize the results and provide a short outlook toward a next version for knwoledege 
processes. 
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2 Motivation  

"Make your theory as simple as possible, but no simpler." 

Albert Einstein 

 

In deliverable D1.2.1 [2] we have defined knowledge processes as follows: 

ñA Knowledge Process (KP) is a loosely defined and structural ramified collection of actions. The 
structure of such a process and the order of action are not fully defined at the start of a KP. Many 
actions require a decision by an actor about the follow-up action. At such a decision point the actor 
uses his (tacit) knowledge and the current working context to decide for the successor action. To 
complicate matters, as circumstances change, the actor may decide to work in a different context, 
rather than follow the normally expected pattern.  

In this way the actor drives and carries out the KP. The context defines the boundaries and the 
environment the KP is carried out and influences the actor with his decisions. Those decisions have 
to been taken during execution time over the process development path and lead to emerging 
structural ramification constituted by admissible alternatives.ò 

 

In deliverable D1.2.1 [2] we did some requirement analysis in terms of basic definitions required for a 
knowledge process model. This deliverable is a result of iteration after a first evaluation of the KPM and 
deeper understanding of additional requirements. 

This definition is still valid and is still key for the refined model of this deliverable. But there are some 
requirements from case study partners which have to been taken into account: 

} Cadence requirement is to use PSI Suite of Ontologies v.2.3 

} BT requirements are to make the knowledge process model as simple and lightweight as possible 

} Accenture is also discussing if the PSI-ULO could fit their requirements 

 

Aligning those requirements is not an easy task. The existing PSI-ULO is a very formal, well grounded, and 
complex ontology which is quite too complex for the needs of informal knowledge processes. The 
requirement of a lightweight and easy to use model is not fulfilled by PSI-ULO. It seems to be quite over 

killi ng to use PSI-ULO to express simple and straight forward knowledge processes. Furthermore, the 
convergence of top-down and bottom-up is not well addressed in PSI-ULO. PSI-ULO is designed to describe 
design processes from top-down. PSI-ULO needs to be extended by bottom-up concepts. The initial model of 
the KPM tries to address both approaches, top-down and bottom-up. It also addresses very clearly the terms 
and relations of events, actions, tasks, and knowledge process. In contrast the KPM is quite unclear about 
environment, context, and states. Therefore, it is impossible to simply replace one model with the other. 
Thus, another approach is needed. The most promising approach is to fuse both the KPM with the PSI-ULO. 
Therefore, we need to understand the basic concepts of both models and see how we can fuse both. 

For the final model for KPM a fusion with the PSI-ULO looks the most promising approach which is 
described within this deliverable. The goal is to define a model which fulfils the above mentioned 

requirements and achieves the original goals to describe informal knowledge processes and to enable the 
knowledge worker by turning his or her informal processes into more formal processes. 

 

http://wiki.active-project.eu/wiki/Context
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3 ACTIVE K nowledge Process Model vs. PSI-ULO 

"All models are wrong but some are useful." 

George E.P. Box 

 

This section compares the initial Knowledge Process Model (KPM) with the PSI ï Upper Onotology 2.3 
(PSI-ULO). Each sub section is divided into three sections: 

¶ KPM : Describes the related elements of the KPM and their connections. 

¶ PSI-ULO: Describes related elements in the PSI ï Upper Ontology 

¶ Fused Model: Describes how both models can be merged. Generally the approach is to derive a 
lightweight KPM based on the PSI-ULO definitions. 

 

The goal of this comparison is to extract the formal definitions of the PSI-ULO and put them into relation to 
the KPM. Basically, the PSI-ULO is the more mature and advanced model providing very formal definitions 
and groundings. But in some cases it is far too complex to let knowledge worker express knowledge 
processes in terms of tasks and actions and to enable top-down and bottom-up convergence. 

Therefore, the fused model will benefit from formal definitions and groundings and on the other side provide 
a more lightweight model to express knowledge processes and to bring pieces together. 

In this section the following colour coding is used for the different UML models to make reading easier: 

PSI-ULO classesKPM abstract classes

KPM concrete classes

Effected classes in Fused Model

Subclass

Relation

KPM PSI-ULO Fused Model

 

 

3.1 Knowledge Process, Action, Task 

Knowledge process, action, and task are key elements in ACTIVE. The goal is to make knowledge processes 
describable from top-down and bottom-up. 

3.1.1 KPM  

For ACTIVE the model of KnowledgeProcess, Action, and Task is driven by the definition we have 
mentioned in the definitions section (see Figure 2). Therefore, a KnowledgeProcess is a collection of Actions 
that has its Context. An Action is performed by an Actor who selects from a list of AdmissibleActions the 
FollowupAction. A Task is a specialized Action which can contain other Action. An Action itself is atomic 
and cannot contain other Actions. We associate to an Action also a Resource which is used when the Action 
is performed. 
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Figure 2: KPM Knowledge Process, Action, and Task 

 

3.1.2 PSI-ULO 2.3 

In the PSI-Upper Ontology a Process is an Event that has its Environment and Context (see Figure 3). The 
Process is relevant to a Context and connects the States of the Environment. It is managed by an Agent and 
has a ProcessPattern. Finally, it is performed to pursue a Goal. 

A Task is specialized Process and cannot be primitive but can contain other tasks. A Task is managed by 
Actors. An AtomicAction is an Endurant that is wrapped by a Process, executed by an Agent, admissible at a 
State, causes change of an Object, and has an ActionPattern. 

An Environment has States. The transition from one State of the Environment (not Context) to another State 
is caused by the change in the Environment (see PSI E2H ontology). The change in the Object belonging to 
the Environment arises because an Agent executes an AtomicAction in the course of this execution. 
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Figure 3: PSI-ULO Process and AtomicAction 

 

3.1.3 Fused Model 

The fused model is very straight forward in terms of KnowledgeProcess, Task, and Actor. It just grounds 
these elements on the PSI-ULO terminology. 

A KnowledgeProcess becomes a specialized Task. A Task (subclass of PSI-ULO:Process) is managed by an 
Actor (subclass of PSI-ULO:Agent) containing subtasks. The Actor remains executing a FollowAction which 
is a specialized AdmissibleAction (subclass of PSI-ULO:AtomicAction). The Task itself wraps these 
FollowupActions (see Figure 4). 

A bigger change for the fused model is related to the definition of context. Here, we reuse the view of PSI-
ULO that a context is a collection of related things, such as Tasks, Actor, Recources, and Events. 
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Figure 4: Fused Model for KnowledgeProcess, Task, Event, and Resource 

3.2 Event 

Events are another important building block in ACTIVE. The AKWS is sending and collecting events. Those 
events are called primitive events and are used for mining. 

3.2.1 KPM  

In KPM an Event is an evidence of Action, e.g.. something which the AKWS is aware of, and which forms 
an input to the event mining service. Typical (observable) Events would be óFile openedô or óFile closedô. 
There can be other (non-observable) Events which AKWS is not aware of, e.g. talk to a colleague. We 
distinguish between SystemEvents (observable) and Non-SystemEvents (non observable) (see Figure 5). 

An Environment has States. The transition from one State of the Environment to another State is caused by 
an Event. The state change is caused by an Event which is triggered by an Action which an Actor performed. 
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Figure 5: KPM Event  

 

3.2.2 PSI-ULO 2.3 

In PSI-ULO an Event is the manifestation of a change. The phase of a Phenomenon in which the change in 
the characteristic of the Object in the Environment could be sensed (measured). Therefore, an Event could be 
the evidence of the change in the Environment caused by the execution of an AtomicAction (see Figure 6) 

In PSI-ULO an Event is not the evidence of an Action. An Event could have States or be stateless. Processes 
are Events that have States. 
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Figure 6: PSI-ULO Event 

3.2.3 Fused Model 

In the fused model an event is derived from PSI-ULO:Event but it is called PrimitiveEvent to be aligned with 
the AKWS. We keep the separation into SystemEvents and Non-SystemEvents. We also need to keep the 
relation between Action and Event to enable bottom-up event mining (see ACTIVE deliverable D3.22 [7]). 

3.3 Environment 

The environment was introduced in the first version of the KPM to define boundaries also for the context and 
to provide the framework and motivations to describe context switches (see [ACTIVE D1.2.1]). 

3.3.1 KPM  

In KPM an Environment is a medium which allows numerous kinds of Contexts. A Context describes the 
situations dynamically arising on the course of a Process. Therefore, an Environment defines the universe for 
the execution of KnowledgeProcesses, Actions, Tasks, and Events. It contains all the Contexts for an Actor 
and States are associated to an Environment. As already mentioned it can be transformed over time trough 
States (see Figure 5). 

3.3.2 PSI-ULO 2.3 

In PSI-ULO an Environment is a temporal aggregation of Objects that surround the Process or the Object in 

focus. A Process or an Object surrounded by its Environment (see Figure 7). A Surrounding is an Object 
situated in an Environment may be changed by the Objects constituting this Environment. A Process is 
always situated in one or more Environments because it connects the States of its Environments. An 
Environment may be changed in Events by the Objects belonging to this Environment or by the Objects 
external to this Environment. An Environment influences an Object or a Process situated in it, e.g. the same 
Agent (the subclass of an Object) situated in different E-s may have different properties, such as play 
different Roles, have different Beliefs, have different Availabilities, execute different AtomicActions, etc.  
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An Environment is (subjectively) reflected in the Beliefs (of Agents) and is a DOLCE: Perdurant ï i.e. is a 

temporal aggregation of its proper parts. An Environment has no relationship to Contexts (in PSI-ULO) (see 
PSI-ULO: Context é and PSI-E2H for the refinement). 

 

Figure 7: PSI-ULO Environment 

3.3.3 Fused Model 

For the fused model the Environment is a subclass of PSI-ULO:Environment and contains the context. We 
removed the specialized contexts, such as TaskContext, EnvironmentContext which we introduced in the first 
version. An Event still triggers a State change of the Environment which is not possible in the PSI-ULO 
model (see Figure 8). 
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Figure 8: Fused Model Environment, Context, States 

 

3.4 Actor and Agent 

Actor and agents can be seen as the driver for carrying out a knowledge process. While we introduced an 
actor in KPM, PSI-ULO uses an Agent. Both concepts are similar but needs to be aligned. 

3.4.1 KPM  

In KPM an Actor is a knowledge worker performing an Action using his knowledge to pursue a Goal. A 
Goal is the State of the Environment which the Actor wants to reach. An Actor uses his tacit and explicit 
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Knowledge to achieve his Goals, e.g. while performing a KnowledgeProcess an Actor uses his Knowledge to 
decide about the choice of the FollowupAction out of the list of AdmissibleActions (see Figure 9). 

A Driver is a happening in the Environment which triggers the Actor to react. A Driver triggers the Actor to 

make a decision about the FollowupAction. The Driver is triggered by a State change of the Context and/or 
Environment. A Goal is not captured from bottom-up but it could be defined by an Actor (top-down 
approach). 

An Action triggers an Event which changes the State of an Environment. An Actor continually executes 
Actions to drive the transformation of the Environment until it reaches the State in which the Actor reaches 
his Goal. 

 

Figure 9: KPM Actor 

3.4.2 PSI-ULO 2.3 

For PSI-ULO an Agent is a MaterialObject that possesses pro-activity. Pro-activity of an Agent (see Figure 
10) is revealed in pursuing Goals of changing the Environment to a desired State. He is able to execute 
AtomicActions and to manage Processes. An Agent is a generic model for an individual person (e.g. a 
manager, a designer), a group of persons (e.g. a development team), artificial agents acting on behalf of 
physical persons (a team or an organizational unit) or an external pro-active entity influencing the 
Environment(s) of an observed Process in a definite way. An Agent is the only entity that can change an 
Environment by executing AtomicActions applied to the Objects belonging to the Environment. 

An Agent has Beliefs about Environment(s). A Belief is the hypotheses believed to be true by an Agent 

Beliefs may further become Facts if confirmed by the happenings perceived by the Agents (refinement - in 
PSI E2H). Beliefs (desires and intentions ï not in the PSI Onto) are important basic elements forming the 
behavior of an Agent. This behavior is regulated by BehaviorPatterns specified as Rules. 
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Figure 10: PSI-ULO Agent 

3.4.3 Fused Model 

In the fused model we keep the Actor as a sub class of an Agent (see Figure 11). He or she uses Knowledge, 
either tacit or explicit knowledge, to decide about FollowupActions and to drive the knowledge process. The 
Decision about the FollowupAction is driven by the Goal (subclass of PSI-ULO:Goal). 
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Figure 11: Fused Model Actor 

3.5 Pattern 

Patterns are regularities. In KPM we do not define patterns in detail in the first version. It was left open for 
the final version. Therefore, it makes sense to reuse the PSI-ULO definition and extend where needed. 

3.5.1 KPM  

In KPM the definition of pattern was left open for the final model since this is about the convergence of top-
down and bottom-up approaches. So far, there is an ActionPattern (see Figure 12) which s a particular kind 
of an AdmissibleAction, e.g. the ActionPatten is óhammeringô and the AdmissibleAction is ónail this timber to 
the floorô. 

To align the top-down which would define the ActionPattern with the bottom-up the KPM also introduced 
EventPattern. An EventPattern is a regulatory on the event log which could be connected to a defined 
ActionPattern. 




























