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Basic Facts about Estonia 

•  North-East Europe 
•  Capital Tallinn 
•  Population 1,34 mio 

•  Area 45 000 km2, comparable to the Netherlands and Denmark 
•  Parliamentary republic, independence Feb 24 1918 
•  EU, May 1 2004 
•  Schengen treaty, Dec 21 2007 
•  Euro zone, Jan 1 2011 



People and 
society 

 

•  Nordic mindset 
•  Peaceful and hard-working people 
•  Safe and stable society 
•  70/30% of population native Estonian/Russian-speakers 
•  Foreign languages widely spoken: English, Russian, 

German, Finnish…. 
•  3 million tourists visit Estonia every year 



Nature and 
country 

•  4 seasons 
•  Well-preserved nature 
•  1520 islands 
•  1000 lakes… 



•  Advanced IT society - free Internet access in many public areas, 
on coaches, trains, etc. 

•  ID-card, e-Government, e-Taxation, e-Voting, e-School,          
e-Signing, e-Parking (no parking meters known!), e-Business 
Register, e-Land Register, e-Banking (no bank checks known!), 
etc. 

•  The development centre of Skype lies in Tallinn 

•  The headquarters of the EU IT Agency are located in Tallinn 

 

e-Estonia 



•  Higher (tertiary) education is offered at universities and 
professional higher education institutions  

•  Ca 2/3 of the age group study in higher education institutions - 
there are ca 68 000 students in Estonia 

•  There are 8 universities in Estonia 

•  All institutions have introduced a bachelor-master (3+2) 
structure for most study programmes 

•  Growing number of English taught programmes are offered, 
especially at Master level.  

Higher Education in Estonia 



Tallinn University of Technology 

q  Founded as an engineering college in 1918 
q  Acquired university status in 1936 
q  The second largest universityy in Estonia with 

about 14,200 students, 2,000 employees and with 
more than 54,000 graduates 

q  Courses taught in Estonian, English, and Russian 
q  International students ~7% 
q  134 Bachelor’s, Master’s, and Doctoral degree 

programs 
q  The biggest faculty of economics and business 

administration in Estonia  



Faculty of Information Technology 

n  The number of students: approximately 2500 
n  The number of research and teaching staff: 

approximately 150 
n  Departments: 

p  Thomas Johann Seebeck Department of Electronics  
p  Radio and Communication Engineering  
p  Computer Engineering 
p  Computer Control 
p  Computer Science 
p  Informatics 



Department of Informatics 

n  Research and teaching staff 41 people 
n  Number of students in our study 

programs: approx. 1500 
n  Qualifications 

p  PhD: 17 members 
p  M.Sc.: 24 members, among them 12 

PhD students 



Department of Informatics: Research 
Areas 

n  e-Government 
n  Information systems 
n  Socio-technical systems 
n  Data mining and big data 



Agent-oriented modelling 
(AOM) 
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Why “agent-oriented”? 



What is agent? 
n An active entity as opposed to a passive 

entity 
n An entity that can act in the environment, 

perceive events, and reason 
n An entity that acts on behalf of someone or 

somebody  



Agent 
n Agent is an entity that perceives and affects 

its environment and performs reasoning 
n Agent is: 

n  reactive; 
n  proactive; 
n  social. 

n Agent interacts in an asynchronous way  



The abstract agent architecture 



The execution loop of an abstract 
agent 

while the agent is unfulfilled do 
sense the environment; 

update the knowledge base; 
reason; 

choose actions; 
act; 

end while 



Anthropomorphic qualities 
n Beliefs 
n Responsibilities 
n Expectations 
n Capabilities 
n Goals 
n Desires 
n  Intentions 



Socio-technical system 
n A software intensive system that has defined 

operational processes followed by human 
operators and which operates within an 
organization 

n A system that contains both a social aspect, 
which may be a subsystem, and a technical 
aspect 



The conceptual space (metamodel) 



Three vertical perspectives 
required 
n Behaviour 
n  Interaction 
n Knowledge 



The Viewpoint Framework 

  Viewpoint aspect 

Abstract ion  
layer 

Interaction Information Behavior 

Analysis Role models  
and organization 
model 

Domain model Goal models and 
motivational 
scenarios 

Design Agent models, 
acquaintance 
model, and 
interaction 
models 

Knowledge 
model 

Scenarios and 
agent behavior  
models 
 

Prototyping Interaction  
prototyping 

 Information  
 prototyping 

 Behavior  
 prototyping 



Modelling process: 



The Viewpoint Framework 

  Viewpoint aspect 

Abstract ion  
layer 

Interaction Information Behavior 

Analysis Role models  
and organization 
model 

Domain model Goal models 

Design Agent models, 
acquaintance 
model, and 
interaction 
models 

Agent 
knowledge 
model 

Scenarios and 
agent behavior  
models 
 

Prototyping Interaction  
prototyping 

 Information  
 prototyping 

 Behavior  
 prototyping 



Concepts for goal models 

n Goal 
n  Functional goal 
n  Quality goal 

n Role 



What is goal? 

n Dream with a deadline J 
n A particular state of affairs intended by one or 

more agents  



Two kinds of goals 

n Functional goal: a goal that captures one or 
more desired scenarios. Example: attend the 
lecture 

n Quality goal: quality requirement of the 
achievement of the functional goal. Example: 
attend the lecture attentively 



What is role? 

n Some capacity or position that the system 
requires in order to achieve its goals 

n Examples 



Goal model 

n Hierarchy of goals 
n Roles associated with goals 
n Quality goals attached to goals 



Notation for goal models 
Symbol Meaning 

 

(Functional) Goal: 
To-Do goal 

 

Quality Goal: 
To-Be goal 

 

Quality Goal: 
To-Feel goal 

 

 
Role 

 Relationship between goals 

 Relationship between goals and quality 
goals 

 



An excerpt of the project 
motivation model 

4

to analyse the elicited information, producing agent-oriented
requirements models of the system. The questions naturally
lead the people answering them to think of the system in terms
of roles, goals, and interactions — helping the requirements
engineers to get into the “agent mindset”.

It is important to note that these questions are not neces-
sarily to be used as interview questions, although interviews
can form part of the input. The questions form a checklist, but
one in which items are posed as questions. These questions can
be answered using techniques such as domain analysis, intro-
spection, or group meetings. The questions and corresponding
rules offer a prescriptive approach to producing models, and
our experience is that most of the questions can be answered
without having to ask them directly to a stakeholder.

The process followed is a straightforward elicitation process
of identifying the problem and proposing a solution, involving
the following steps:

Step 1: identify the problem, root causes, and stakeholders;
Step 2: develop a shared understanding of the existing

system used to solve the problem, modelled using
roles, goals, and interactions;

Step 3: identify a solution that uses the metaphor of a new
staff position solving the problem; and

Step 4: specify the agent types that will play the roles in
the system, generally with the new staff position
being partially filled by the new software.

4.1 Engaging stakeholders in elicitation and mod-
elling
In the ATS project, we elicited requirements using a com-
bination of domain analysis, introspection, and round-table
discussions with the stakeholders These round-table discus-
sions allow the models, and as a result, our understanding,
to evolve over time. They are also one key to engaging the
stakeholders, and to not committing to a design too early.
We use the term “round-table” instead of “group meeting”
to differentiate the standard process of requirements engineers
asking questions and taking notes, to our process of the many
different stakeholders deriving models during the discussions.

While some modelling was performed outside of these
meetings, this was to produce models that could be used as
a starting point for subsequent discussions, which were then
modified in the round-table discussions.

4.2 Our approach to systematic elicitation, analysis,
and modelling

:::
Our

:::::::::
approach

:::::
uses

:::::::::::
hierarchical

:::::::::::
abstraction

::
to

:::::
help

::::
deal

:::::
with

::::::::::
complexity

::
in

:::::::::
systems.

:::
We

:::::
take

:
a
:::::::

typical
:::::::::
top-down

:::::::::
approach

::
of

:::::::::
focusing

::::
on

::::::::::
high-level

::::::::
details

::::::
early

:::
in

:::::::::::::
requirements

:::::::::::
engineering,

::::
and

::::::::::
exploring

:::
the

:::::::::::
lower-level

:::::::
details

:::::
once

::::
the

:::::::::
high-level

:::::::::::::
understanding

::
is
::::::::::
sufficient.

4.2.1 Identifying the problem, root causes, and stake-

holders: a business vision

The first step is to identify the problem, the root causes of the
problem, and the stakeholders. These properties of the project
are recorded in what our industry partner terms a business

vision document. The aim of this artifact is to reach a shared
agreement of the problem, and also a high-level agreement of
a solution space.

This step is standard in many projects, however, one dif-
ference to other approaches is that we use goal models to
represent the motivations of the project, as well as the socio-
technical system in which the software system will reside.

Fig. 2: An excerpt of the project motivation model for the ATS
system.

Figure 2 presents the project motivation model for the ATS
system. The goal of the two stakeholders is to develop an
aircraft turnaround simulator. Three quality goals were noted.
First, the product must be developed using the agent-oriented
paradigm. While this may seem as a unnecessary constraint
on the system design, it was an important project quality goal
because the purpose of the project was knowledge transfer
in the area of agent-oriented software engineering. Also, the
product must be testable and usable. These are two important
quality goals for all projects undertaken by our industry
partner. At this level, measurable definitions of testable and
usable are not important.

In addition to the project motivation, we also derive a high-
level model of the system motivation. This outlines the goals
of the entire system, not just of the software to be built.

Fig. 3: The high-level motivation model for the ATS system.

These artifacts, including the motivation models, are signed



High-level motivation model for 
the ATS 
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to analyse the elicited information, producing agent-oriented
requirements models of the system. The questions naturally
lead the people answering them to think of the system in terms
of roles, goals, and interactions — helping the requirements
engineers to get into the “agent mindset”.

It is important to note that these questions are not neces-
sarily to be used as interview questions, although interviews
can form part of the input. The questions form a checklist, but
one in which items are posed as questions. These questions can
be answered using techniques such as domain analysis, intro-
spection, or group meetings. The questions and corresponding
rules offer a prescriptive approach to producing models, and
our experience is that most of the questions can be answered
without having to ask them directly to a stakeholder.

The process followed is a straightforward elicitation process
of identifying the problem and proposing a solution, involving
the following steps:

Step 1: identify the problem, root causes, and stakeholders;
Step 2: develop a shared understanding of the existing

system used to solve the problem, modelled using
roles, goals, and interactions;

Step 3: identify a solution that uses the metaphor of a new
staff position solving the problem; and

Step 4: specify the agent types that will play the roles in
the system, generally with the new staff position
being partially filled by the new software.

4.1 Engaging stakeholders in elicitation and mod-
elling
In the ATS project, we elicited requirements using a com-
bination of domain analysis, introspection, and round-table
discussions with the stakeholders These round-table discus-
sions allow the models, and as a result, our understanding,
to evolve over time. They are also one key to engaging the
stakeholders, and to not committing to a design too early.
We use the term “round-table” instead of “group meeting”
to differentiate the standard process of requirements engineers
asking questions and taking notes, to our process of the many
different stakeholders deriving models during the discussions.

While some modelling was performed outside of these
meetings, this was to produce models that could be used as
a starting point for subsequent discussions, which were then
modified in the round-table discussions.

4.2 Our approach to systematic elicitation, analysis,
and modelling

:::
Our

:::::::::
approach

:::::
uses

:::::::::::
hierarchical

:::::::::::
abstraction

::
to

:::::
help

::::
deal

:::::
with

::::::::::
complexity

::
in

:::::::::
systems.

:::
We

:::::
take

:
a
:::::::

typical
:::::::::
top-down

:::::::::
approach

::
of

:::::::::
focusing

::::
on

::::::::::
high-level

::::::::
details

::::::
early

:::
in

:::::::::::::
requirements

:::::::::::
engineering,

::::
and

::::::::::
exploring

:::
the

:::::::::::
lower-level

:::::::
details

:::::
once

::::
the

:::::::::
high-level

:::::::::::::
understanding

::
is
::::::::::
sufficient.

4.2.1 Identifying the problem, root causes, and stake-

holders: a business vision

The first step is to identify the problem, the root causes of the
problem, and the stakeholders. These properties of the project
are recorded in what our industry partner terms a business

vision document. The aim of this artifact is to reach a shared
agreement of the problem, and also a high-level agreement of
a solution space.

This step is standard in many projects, however, one dif-
ference to other approaches is that we use goal models to
represent the motivations of the project, as well as the socio-
technical system in which the software system will reside.

Fig. 2: An excerpt of the project motivation model for the ATS
system.

Figure 2 presents the project motivation model for the ATS
system. The goal of the two stakeholders is to develop an
aircraft turnaround simulator. Three quality goals were noted.
First, the product must be developed using the agent-oriented
paradigm. While this may seem as a unnecessary constraint
on the system design, it was an important project quality goal
because the purpose of the project was knowledge transfer
in the area of agent-oriented software engineering. Also, the
product must be testable and usable. These are two important
quality goals for all projects undertaken by our industry
partner. At this level, measurable definitions of testable and
usable are not important.

In addition to the project motivation, we also derive a high-
level model of the system motivation. This outlines the goals
of the entire system, not just of the software to be built.

Fig. 3: The high-level motivation model for the ATS system.

These artifacts, including the motivation models, are signed

Decision-maker 
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Fig. 6:
::::
The

::::::::::
high-level

:::::::::::
motivation

:::::::
model

:::
of

::::
the

::::::::
aircraft

::::::::::
turnaround

:::::::
process.

Fig. 7:
::::
The

::::::::
sub-goal

:::
of

::::::::::::
maintaining

:::
an

:::::::
aircraft

:::::::
during

::::
the

::::::::::
turnaround

:::::::
process.

routine and non-routine. Routine maintenance is performed
by engineers after every flight. Non-routine maintenance is
performed by engineers only if requested; for example, by the
pilot, to investigate a potential problem. Only the engineers
take part in the maintenance of the aircraft, so we add an
Engineer role to the goal model. In a round-table discussion,
we learnt that aircrafts

::::::
aircraft

:
are not re-fueled by engineers,

but by refuelers
::::::::
Refuelers.

::::
The

::::
goal

:::
at

::::
top

:::
of

::::
the

:::::::::
hierarchy

:::
in

:
Figure 7 shows the

excerpt from the motivation model regarding the aircraft
maintenance

:
is
::

a
:::::

leaf
::::
goal

:::
in

::::
the

:::::::::
hierarchy

:::
of

::::::
Figure

:::
6,

::::
and

:::
was

:::::::::
expanded

:::::
later

::
in

:::
the

::::::::::::
requirements

:::::::::
elicitation

::::::::
process.

::::
The

::::::::::
hierarchical

:::::::
nature

:::
of

:::
the

::::::::
Sterling

:::::
and

:::::::::
Taveter’s

::::::::::
motivation

::::::
models

::::::::
support

:::
this

::::::::::::::::::
divide-and-conquer

:::::::::
approach

:::
by

::::::::
allowing

:::
the

:::::::::
inclusion

:::
of

::
a
::::::

goal
:::
in

::
a
::::::::::

high-level
:::::::

model,
:::::

and
:::::

then
:::::::::
expanding

::::
that

:::::
goal

::
in

::::
new

:::::
goal

::::::
model

:::::
later.

The sub-goal of maintaining an aircraft during the
turnaround process.

::::
Note

::::
that

::::
the

::::::
roles

:::::::::::
responsible

:::
for

::::
the

:::::::::::::::
Maintain aircraft

:::::
goal

:::
are

::::::::::
annotated

::
at

:::
the

:::::::::::
lower-level.

:

Q4 For each role identified in Question 3:
Q4.1 If playing this role, which other roles would I rely

on, and what are my relationships with these roles?
This question aims to elicit the organisational and
interaction relationships of the system. Information
elicited with this question is recorded in the organ-
isation model. This question also helps to identify

other roles in the system. For additional roles, add
them to the queue of roles to be analysed.

Q4.2 What responsibilities would I have with respect to
achieving the goal of this interaction?
This question aims to elicit the responsibilities of
the role. Information elicited with this question is
recorded in the responsibilities attribute of the role
model.

Q4.3 What knowledge would I require to successfully
complete this interaction?
This question aims to elicit the knowledge required
for an agent playing the role to successfully com-
plete the interaction. Information elicited with this
question is recorded in the domain model.

Q4.4 What resources would I require to successfully com-
plete this interaction?
This question aims to elicit the relevant aspects of
the domain. Information elicited with this question
is recorded in the domain model.

Q4.5 To which social policies (rules, regulations, or codes
of behaviour) am I required to adhere to successfully
complete this interaction?
This question aims to elicit the constraints under
which the role must operate. Information elicited
with this question is recorded under the constraints
attribute of the role model.

Q5 Are there additional social policies to which participants
in the scenario must adhere?
This question further aims to elicit the constraints under
which roles must operate. Information elicited with this
question is recorded under the constraints attribute of the
role model.

Example: The Engineer role relies on the Pilot role to
inform it that non-routine maintenance should be performed,
and on the Manager role to be instructed to allocate the staff
schedule. The Engineer is a peer of the Pilot role, and is
controlled by the Manager role.

The Engineer role is responsible for undertaking aircraft
maintenance, and for this, is required to know the aircraft
ID, the gate number at which the aircraft is parked, and that
the air-bridge has been positioned. The resources required are
the flight plan, staff schedule, and aircraft information. The
physical resources are the aircraft itself and the maintenance
equipment. Figure 8 shows the role model for this role.

4.2.3 Eliciting a solution: hiring new staff

To elicit a solution for the problem, we build on the HOMER
elicitation technique proposed by Wilmann and Sterling [38],
which uses the metaphor of hiring staff in an organisation.
The stakeholders are prompted to consider how their problem
could be solved by hiring new staff members, perhaps by
dropping some of the quality goals, such as “efficiency”.
For non-technical stakeholders, this metaphor is an intuitive
way to conceptualise a solution, and for technically-minded
stakeholders, this metaphor forces them to think more about
the “how?” and “who?” aspects of the system, rather than
just the “what” aspect.



Goal model 



The Viewpoint Framework 

  Viewpoint aspect 

Abstract ion  
layer 

Interaction Information Behavior 

Analysis Role models  
and organization 
model 

Domain model Goal models and 
motivational 
scenarios 

Design Agent models, 
acquaintance 
model, and 
interaction 
models 

Agent 
knowledge 
model 

Scenarios and 
agent behavior  
models 
 

Prototyping Interaction  
prototyping 

 Information  
 prototyping 

 Behavior  
 prototyping 



High-level motivational scenario 
5

off by the client (or major stakeholders). Our business vision
documents have the structure outlined in Figure 4.✏

�

�

�

Title information

Revision History
1 Introduction
2 Project Brief

2.1 Problem: description of the problem.
2.2 Root causes: root causes of the problem.
2.3 Project stakeholders: project stakeholders.
2.4 Project motivation model: project motivations.

3 Product Brief
3.1 System overview: overview of proposed solution.
3.2 High-level product motivation model: product mo-

tivations.
3.3 High-level role models: high-level system roles.
3.4 Assumptions: product brief assumptions.
3.5 Constraints: constraints on the solution.

4 High-level plan
4.1 Project timeline: high-level project timeline.
4.2 Project deliverables: list of artifacts to be delivered

to the client.
5 Endorsement

5.1 Sign-off: between the client and the developers.

Fig. 4: A template for the business vision artifact.

4.2.2 Understanding the current system

The second step is to understand the current system being
employed to solve the problem; perhaps a manual system, or
other software.

Zave and Jackson [43] argue the importance of understand-
ing an entire system, including the environment in which a
piece of software will operate. We agree that it is important to
first understand the motivations of the existing socio-technical
system, as any potential solution is likely to have the same
motivations. This understanding includes all roles that are
part of the system, and the goals achieved, whether these are
achieved manually or otherwise.

Our approach uses high-level motivational scenarios of
the current system to identify the roles and goals of this
system by systematically stepping through the scenarios and
answering a series of questions. Motivational scenarios are
different to models such as use cases, in that they model
interactions between the user and the software system as well
as activities that do not cross the boundary of the software
system. Scenarios can be derived by the stakeholders, or taken
from existing artifacts. Unlike scenario-based requirements
techniques [34], our scenarios can be highly unstructured. As
a minimum, we require a set of high-level activities that occur
in the system, and dependencies between these.

Figure 5 shows a high-level motivational scenario for the
ATS system. Motivational scenarios were provided by the
client, and are of a passive nature; that is, there is no discussion
of agents/actors themselves.

Fig. 5: High-level scenario used to elicit understanding of the
aircraft turnaround domain.

The approach for eliciting information about the current
system is to systematically step through every activity in the
scenarios, one by one, and answer a series of questions about
the activity, recording relevant information in models.

We identify the following questions for eliciting a complete
set of models.
Q1 What is the purpose of this activity?

This question aims to elicit the goals and sub-goals of
the scenario. Information elicited with this question is
recorded in the goal model.

Q2 Can this activity be broken into a set/series of smaller
activity?
This question aims to identify additional goals. If the
answer is “yes”, add this activity to the “stack” of activity
to be analysed.

Q3 Which roles take part in this activity?
This question aims to elicit the roles in the system. These
roles are recorded on the goal model.

Example: The
::::::
aircraft

:::::::::::
turnaround

:::::::
process

::::
has

::
a
::::::

series
:::

of
:::::
goals

:::
to

::::::::
achieve,

:::::::
which

::::
are

:::::::::
achieved

:::
by

:::::::
roles.

:::::::
Figure

::
6

:::::
shows

::::
the

:::::::::::
highest-level

:::::
view

::
of

::::
the

::::::
aircraft

::::::::::
turnaround

::::::::
process,

::::::::
including

::::
the

::::::
major

:::::
goals

:::
of

:::
the

::::::::
process.

:::
In

::::
our

::::::::
models,

:::
we

::::::::
typically

::::::::
annotate

:::::
roles

:::
to

::::::
either

:::::
goals

::::
that

::::
are

:::::
“leaf

:::::::
goals”;

::::
(that

:::
is,

::::
are

::::
not

:::::::
broken

::::::
down

:::::::
further)

:::
or

:::::::::
non-leaf

:::::
goals

:::
in

:::::
which

::::
the

::::
role

:::
is

::::::
solely

:::::::::::
responsible

:::
for

::::
that

::::::
goal.

::::
For

:::::
other

:::::::
non-leaf

::::::
goals,

:::::::::::
responsible

::::::
roles

:::
are

::::::::::
annotated

::
at
::::

the
::::::

lower
:::::
level.

:::::
Once

:::
we

:::::
have

:
a
:::::::::
sufficient

:::::::::::::
understanding

:::
of

:::
the

:::::::
domain

::
at
::

a
:::::
level,

:::
we

::::::::::
investigate

:::
the

:::::
lower

::::::
levels

::
in

:::::
more

::::::
detail,

::
if

::::::::
required.

::::::
Figure

:
7
:::::::

shows
:::
the

:::::::
excerpt

:::::
from

:::
the

::::::::::
motivation

::::::
model

::::
for

:::
the

:::::::::::::::
Maintain aircraft

:::::
goal.

:

::::
The maintenance of the aircraft is performed to ensure that

the aircraft is safe to fly. There are two types of maintenance:



ROLE AND ORGANIZATION 
MODELLING 

Part IV 



The Viewpoint Framework 

  Viewpoint aspect 

Abstract ion  
layer 

Interaction Information Behavior 

Analysis Role models 
and organization 
model 

Domain model Goal models and 
motivational 
scenarios 

Design Agent models, 
acquaintance 
model, and 
interaction 
models 

Agent 
knowledge 
model 

Scenarios and 
agent behavior  
models 
 

Prototyping Interaction  
prototyping 

 Information  
 prototyping 

 Behavior  
 prototyping 



Role model 
n Role models are orthogonal to goal models 
n  A role model consists of the following four 

elements to describe the role: 
n  Role name: A name identifying the role 
n  Description: A textual description of the role 
n  Responsibilities: A list of responsibilities that the agent 

playing the role must perform in order for a set of goals 
and their associated quality goals to be achieved 

n  Constraints: A list of conditions that the agent playing 
the role must take into consideration when exercising 
its responsibilities 



Role models: Pilot 



Role models: Crew 



Goal Model: Manager 



Role model: Ground staff 



Role model: Passenger 



The Viewpoint Framework 

  Viewpoint aspect 

Abstract ion  
layer 

Interaction Information Behavior 

Analysis Role models  
and 
organization 
model 

Domain model Goal models and 
motivational 
scenarios 

Design Agent models, 
acquaintance 
model, and 
interaction 
models 

Agent 
knowledge 
model 

Scenarios and 
agent behavior  
models 
 

Prototyping Interaction  
prototyping 

 Information  
 prototyping 

 Behavior  
 prototyping 



The organization model 
n  The model that represents relationships between 

the roles of the socio-technical system 
n  There can be different types of organizational 

relationships: 
n  Is controlled by 

n  Between a „boss“ and his subordinates 
n  Is benevolent to 

n  Between self interested roles 
n  Is peer to 

n  Between equal roles 
n  Is dependent for resource 
n … 



Organisation 
model: 
Aggregation 



Organi-
sation 
model 



The Viewpoint Framework 

  Viewpoint aspect 

Abstract ion  
layer 

Interaction Information Behavior 

Analysis Role models  
and organization 
model 

Domain model Goal models and 
motivational 
scenarios 

Design Agent models, 
acquaintance 
model, and 
interaction 
models 

Agent 
knowledge 
model 

Scenarios and 
agent behavior  
models 
 

Prototyping Interaction  
prototyping 

 Information  
 prototyping 

 Behavior  
 prototyping 



Concept for domain models 

n Domain entity 



What is domain entity? 

n A modular unit of knowledge handled by a 
sociotechnical system 

n Examples 



Domain model 

n Domain model represents the knowledge 
within the system that the system is supposed 
to handle 

n A domain model consists of domain entities 
and relationships between them. A domain 
entity is ? A domain model relates domain 
entities to roles 



Domain model 



DECIDING SOFTWARE 
AGENTS 

Part VI 



The Viewpoint Framework 

  Viewpoint aspect 

Abstract ion  
layer 

Interaction Information Behavior 

Analysis Role models and 
organization 
model 

Domain model Goal models 

Design Agent models, 
acquaintance 
model, and 
interaction 
models 

Agent 
knowledge 
model 

Scenarios and 
agent behavior  
models 
 

Prototyping Interaction  
prototyping 

 Information  
 prototyping 

 Behavior  
 prototyping 



Agents 

n We now need to decide the types of 
components – agents – of the sociotechnical 
system 

n Why agents? 
n  Proactivity 
n  Reactivity 
n  Social nature 



What is agent? 
n An active entity as opposed to a passive 

entity 
n An entity that can act in the environment, 

perceive events, and reason 
n An entity that acts on behalf of someone or 

somebody  



Agent 
n Agent is an entity that perceives and affects 

its environment and performs reasoning 
n Agent is: 

n  reactive; 
n  proactive; 
n  social. 

n Agent interacts in an asynchronous way  



The abstract agent architecture 



The execution loop of an abstract 
agent 

while the agent is unfulfilled do 
sense the environment; 

update the knowledge base; 
reason; 

choose actions; 
act; 

end while 



Agent model 

n The purpose of an agent model is to map 
roles to agents of specific types 



Agent model 



MODELLING „WHO GOES 
WITH WHOM?“ 

Part III 



The Viewpoint Framework 

  Viewpoint aspect 

Abstract ion  
layer 

Interaction Information Behavior 

Analysis Role models and 
organization 
model 

Domain model Goal models 

Design Agent models, 
acquaintance 
model, and 
interaction 
models 

Agent 
knowledge 
model 

Scenarios and 
agent behavior  
models 
 

Prototyping Interaction  
prototyping 

 Information  
 prototyping 

 Behavior  
 prototyping 



Acquaintance model 

n The acquaintance model complements the 
agent model by outlining interaction pathways 
between the agents of the system 



Acquaintance model 



MODELLING AGENT 
INTERACTIONS 

Part III 



The Viewpoint Framework 

  Viewpoint aspect 

Abstract ion  
layer 

Interaction Information Behavior 

Analysis Role models  
and organization 
model 

Domain model Goal models 

Design Agent models, 
acquaintance 
model, and 
interaction 
models 

Agent 
knowledge 
model 

Scenarios and 
agent behavior  
models 
 

Prototyping Interaction  
prototyping 

 Information  
 prototyping 

 Behavior  
 prototyping 



Interaction model 

n Represents an interaction pattern between 
agents 

n  Is based on responsibilities defined for the 
corresponding roles 



Two kinds of interaction models 

n Pure interaction models 
n Protocol models 



Interaction diagram: Prepare 
arrival 



Interaction diagram: Handle 
baggage 



Interaction diagram: Deboard 



Interaction diagram: Board 



Interaction diagram: Prepare 
departure 



Interaction sequence diagram: 
Maintain aircraft 



Interaction sequence diagram: 
Service aircraft 



Interaction protocol: Board 



Interaction protocol: Maintain 
aircraft 



MODELLING THE 
KNOWLEDGE BY AGENTS 

Part III 



The Viewpoint Framework 

  Viewpoint aspect 

Abstract ion  
layer 

Interaction Information Behavior 

Analysis Role models  
and organization 
model 

Domain model Goal models 

Design Agent models, 
acquaintance 
model, and 
interaction 
models 

Agent 
knowledge 
model 

Scenarios and 
agent behavior  
models 

Prototyping Interaction  
prototyping 

 Information  
 prototyping 

 Behavior  
 prototyping 



Agent knowledge model 

n Elaborates the domain model 
n Represents the knowledge that the agents of 

the system have about their environment and 
themselves 

n Can be viewed as an ontology providing a 
common framework of knowledge for the 
agents 





Knowledge 
model 2 



The Viewpoint Framework 

  Viewpoint aspect 

Abstract ion  
layer 

Interaction Information Behavior 

Analysis Role models  
and organization 
model 

Environment 
model and 
domain 
knowledge 
model 

Goal models 

Design Agent models, 
acquaintance 
model, and 
interaction 
models 

Knowledge 
model 

Scenarios and 
agent behavior  
models 

Prototyping Interaction  
prototyping 

 Information  
 prototyping 

 Behavior  
 prototyping 



Agent behaviour model 

n Agent behaviour model addresses what an 
individual agent does 



The abstract agent architecture 
revisited  

	
  



The execution loop of an abstract 
agent 

while the agent is unfulfilled do 
sense the environment; 

update the knowledge base; 
reason; 

choose actions; 
act; 

end while 

















Prototyping 
n  A prototype by a third-year undergraduate 

software engineering student at the University of 
Melbourne, Australia, with no previous experience 
in agent-oriented software engineering  

n  A Master’s thesis by a M.Sc. student from Tallinn 
University of Technology, Estonia, who is an air-
traffic controller studying software engineering, 
and had undertaken one subject on agent-oriented 
modelling  

n  A visiting scholar to the University of Melbourne, 
Australia, who is a software engineer with a 
master’s degree and over ten years experience 
specialising in software for air-traffic control, but 
with no previous experience with agent-oriented 
software engineering.  



Simulation environment 

Environment 
simulator

Historical 
event 
data

ATC
Agent

Airline / 
GH

Agent

Airport 
Agent

ATC 
simulation 

GUI

Airport 
simulation 

GUI

Airline / GH
simulation 

GUI

control flow

data flow
messages



Simulation 



Results 

n Systematic method for agent-oriented 
requirements elicitation and modelling 

n Three implementations proving the usability 
of the method: two in Australia and one by a 
M.Sc. student in Estonia 



Two M.Sc. projects with Jeppesen 
(subsidiary of Boeing) 
n Agent-oriented modelling and simulation of 

airlines: 
n  Model an airline 
n  Simulate an airline 
n  Demonstrate bottlenecks and possible savings 

by simulation 
n Business processes management of airlines 

n  Model business processes of an airline 
n  Simulate business processes of an airline 
n  Demonstrate bottlenecks and possible savings 

by simulation 



Project 1: Overall goal model for an 
airline 

Provide air 
transportation 

services

Airline Customer

Safe On-time

Cost-effective

Maintain fleetPlan  flight

Max. revenue

Optimize cost

Manage flight
Manage 

passengers & 
cargo

Manage crew Manage finance



Project 1: Interaction model of filing a 
flight plan 

ATC

File	
  flight	
  plan

Accept	
  flight	
  plan

Reject	
  flight	
  plan

Dispatcher	
   ATC	
  Coordinator

Please	
  coordinate
Request	
  details

Provide	
  details

Provide	
  ATC	
  details

File	
  flight	
  plan

Accept	
  flight	
  plan

Change	
  flight	
  plan
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©  Crismaproject 

EU project “Modelling crisis management for 
improved action and preparedness” (CRISMA) 

EU-FP7 
Theme 10: Security 
Call 
 

FP7- SEC-2011.4.1-1 Crisis management modelling 
tool 
Type of funding scheme: Collaborative Project  
Type of project: Integration Project 
Work programme topics addressed: SEC-2011.4.1-1  

Duration 42 months 
Start date: 1st March 2012, End date: 30th August 2015 

Effort 1097,85 person months 

Cost/EU-Funding appr. 14.4 m Euro /  appr. 10.1 m Euro 
 

WWW www.crismaproject.eu 

Contacts Anna-Mari Heikkilä, VTT 
Crisma.Coordinator@vtt.fi 
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©  Crismaproject 

VTT
Insta
FMI
* ESC

TTU

AD
AI

FhG
EADS
CIS
* DRK

AMRA

* MDA, Israel
NICE, Israel

AITSGH

SpB
PSCE

CRISMA Participants 
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©  Crismaproject 

Purpose of CRISMA: Enhancing tabletop 
exercises by computer-based simulations  
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©  Crismaproject 
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©  Crismaproject 
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Modelling crisis management for improved action 
and preparedness 

 (CRISMA, EU FP7 project): Cooling of houses 1 
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Modelling crisis management for improved action 
and preparedness 

 (CRISMA, EU FP7 project): Cooling of houses 2 
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Modelling crisis management for improved action 
and preparedness 

 (CRISMA, EU FP7 project): Resource management 



DESIGN	
  OF	
  PUBLIC	
  SERVICES	
  



Public	
  services	
  in	
  Estonia	
  

•  Around	
  2500	
  public	
  services	
  available	
  
•  e-­‐Banking,  e-­‐Tax  Board,  e-­‐Police,  e-­‐Vo4ng,  e-­‐
School,  e-­‐Health,  e-­‐Road  Administra4on,  e-­‐
Social  Insurance  Board,  e-­‐Prescrip4on,  e-­‐
Business  Registry,  e-­‐Land  Registry,  e-­‐Building  
Registry....  e-­‐Residency


•  For  example,  it  takes  only  15  minutes  to  
establish  a  company  online




Levels	
  of	
  e-­‐government	
  services	
  
1.  Informa?on	
  (website)	
  
2.  One-­‐way	
  interac?on	
  (applica?on	
  form	
  can	
  be	
  

downloaded)	
  
3.  Two-­‐way	
  interac?on	
  (applica?on	
  form	
  can	
  be	
  

submiGed)	
  
4.  Transac?on	
  (pre-­‐filled	
  forms	
  can	
  be	
  completed	
  

and	
  submiGed,	
  payments	
  can	
  be	
  made,	
  status	
  
can	
  be	
  followed)	
  

5.  Proac?ve	
  and	
  integrated	
  (service	
  is	
  proac?ve	
  
and	
  as	
  much	
  as	
  possible	
  automated,	
  e.g.	
  
submiLng	
  tax	
  file	
  declara?ons	
  in	
  Estonia)	
  



Proac?veness	
  in	
  e-­‐governance	
  

•  Flipping	
  the	
  service	
  delivery	
  from	
  “pull”	
  to	
  
“push”	
  

•  Seamless	
  delivery	
  of	
  ?mely	
  informa?on	
  and	
  
services	
  

•  Rooted	
  in	
  needs,	
  preferences,	
  circumstances,	
  
life	
  events,	
  and	
  loca?on	
  

•  Personalised,	
  adap?ve,	
  discreet,	
  unobtrusive	
  



E-­‐government	
  service	
  or	
  public	
  service	
  as	
  a	
  
sociotechnical	
  (human	
  ac?vity)	
  system	
  

•  A	
  soSware	
  intensive	
  system	
  that	
  has	
  defined	
  
opera?onal	
  processes	
  followed	
  by	
  human	
  
operators	
  and	
  which	
  operates	
  within	
  an	
  
organiza?on	
  	
  

•  A	
  system	
  that	
  contains	
  both	
  a	
  social	
  aspect,	
  
which	
  may	
  be	
  a	
  subsystem,	
  and	
  a	
  technical	
  
aspect	
  



Service	
  design	
  

•  Creates	
  ecosystems	
  of	
  connected	
  services	
  
•  Considers	
  all	
  the	
  links	
  in	
  the	
  customer-­‐
provider	
  chain	
  across:	
  
– Channels;	
  
– Organiza?onal	
  silos;	
  
–  Informa?on	
  Systems.	
  

•  Requires	
  holis?c	
  thinking	
  about	
  customer	
  
experience	
  



Notation for goal models 
Symbol Meaning 

 

(Functional) Goal: 
To-Do goal 

 

Quality Goal: 
To-Be goal 

 

Quality Goal: 
To-Feel goal 

 

 
Role 

 Relationship between goals 

 Relationship between goals and quality 
goals 

 



Good	
  public	
  service	
  



Registering	
  a	
  vehicle	
  



Public	
  service	
  for	
  registering	
  a	
  vehicle	
  



Room	
  for	
  improvement?	
  



Proac?veness	
  introduced	
  



Goal model “Support decisions” 



Goal model “Stay healthy” 



GOAL MODEL FOR ADVISING 
ON MEDICAL TESTS 

Confidential

Provide	
  
advice	
  
service

Profiler
Private
consumer

Personalized

Record
test
results

Send
advice

Order
tests

packages

Recommender

Interpret	
  
results

Consumer

Correct

In-­‐time

Health

	
  Generate
profile

ProviderInterpreter

Safe

Cared	
  
for

Involved

Relief



GOAL MODEL FOR 
GENERATING PROFILE 

Unambiguous

Profiler

Respond	
  
to

questions
Ask

questions

	
  Generate
profile

	
  	
  Identify	
  
risky

lifestyles

Consumer

In-­‐time

Private
customer



GOAL MODEL FOR 
ORDERING TEST PACKAGES 

Order
tests

package

Suggest
basic
tests

Suggest
additional
tests Personalized

By	
  
gender

By	
  
age

Available

Available

Consumer

Provider



GOAL MODEL FOR 
RECORDING TEST RESULTS 

Record	
  
test	
  
results

Give
blood
sample

Analyse	
  
given	
  
sample

Correct

In-­‐time

Provider

Consumer



DOMAIN MODEL 

Questions

Responses

Risky	
  
Lifestyles

Profile

Basic	
  
Tests

Additional	
  
Tests

Blood	
  
Sample

Results

Interpretation

Advice

ProfilerConsumerProvider

Recommender

Interpreter

give

receive

analyse

send

Package

send

receive

receive

order

suggest

personalize

give receive

receive ask

generate

identify

generate personalize



MAPPING ROLES TO AGENTS 

Profiler	
  
AgentPatient

Laboratory
Assistant

Advisor	
  
Agent

Patient
Assistant

ProfilerConsumer

Provider RecommenderInterpreter

Laboratory
Staff



Thank you! J Any questions? 




