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Summary 
Organizations use the web to provide their services. The 
modeling process is a previous step in the systematization of a 
process. Due to the great number of modeling tools in existence, 
it is necessary to identify the information that tools allow to 
specify. We use a set of concepts to evaluate modeling tools 
using three levels of abstractions. The proposal compares the 
modeling capabilities supplied by the different techniques and 
allows determining what modeling tool is the most appropriate to 
model specific concepts of interest to a problem. 
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Introduction 

Models are used to represent complex systems and to 
observe the performance in the business process when a 
technology system is integrated. Technology systems 
should support business and they become an integral part 
of the business process [1,2,3,4,5]. Due to the great 
number of techniques to model and specify requirements, 
it is complex and laborious to compare them. Three 
modeling levels are used to integrate a set of concepts to 
build web application models: a) Organizational, its goal 
is to describe how the organization works and the business 
process that are going to be systematized with a web 
information system; b) Integration, its goal is to describe 
the role of the software system and its integration with a 
particular organizational environment; c) Web, its goal is 
to describe the semantics of a web application [5,6]. The 
basis of our contribution is in the detection and 
classification of a set of concepts which are used to 
analyze, to evaluate modeling tools and to recognize the 
capabilities that each tool has in order to model at the 
three levels of abstraction.  
 
There are some methods and methodologies to evaluate 
business process modeling, but they evaluate the 
functionality of an application or a modeling tool. 
Rosemman proposes an ontology to evaluate 
organizational modeling grammars identifying their 
strength and weaknesses [7]. Rolon [8] proposes a 
methodology to evaluate the products maintainability, this 

methodology uses metrics. Luis Olsina and Devanshu 
Dhyani [9, 10] propose a methodology to evaluate the 
characteristics of a web application in operational phases.  
 
The structure of this paper is as follows: in section 2 the 
modeling concepts that comprise our approach are 
presented, in section 3 the capacities evaluation is 
presented, in section 4 the capacities evaluation results are 
presented, in section 5 a product evaluation is presented, 
last the conclusions are discussed. 

2. Concepts in the three levels 

A business process model can be viewed at many levels of 
abstraction, and complementary model views can be 
combined to give a more intelligible, accurate view of a 
system to develop than a single model alone [3]. This 
approach establishes three levels of abstraction and each 
one includes certain modeling concepts of features (table 
1).  
 
Concepts are properties or characteristics that structurally 
describe types of requirements and define the key 
elements in a business process. The concepts facilitate 
integration of the levels of abstraction, such that, starting 
with an organizational model, the elements of the 
conceptual and the web model are easily identified. The 
selection of the concepts is a task that requires the analysis 
of different modeling tools. Through the correspondence 
of an concept in one level to its corresponding concept in 
the next level, the three levels are integrated in a complete 
view of the business process.  
 
For example, the task concept in the organizational level 
correspond to the functional concept at the conceptual 
level and later it will be correspond to an event concept at 
the Web level of abstraction. 

 
The organizational modeling concepts are as follows.  

- Goal. It describes a business process desired state that an 
organization imposes to itself, with a certain degree of 
priority; the goal must be quantified whenever possible.  
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- Actor. It describes an entity that has a specific goal, 
participates in the business process, or has relationships 
with other actors. An actor may have different roles.  
- Resource. It describes an informational or physical 
entity that is transferred between actors as a result of task 
executed by an actor. 
- Task. It describes a series of activities oriented to reach 
a goal; it may indicate how should be accomplished. 
- Activity. It describes a set of actions to carry out one task.  
- Quality. It describes the desired characteristics in the 
business process. 
- Business rule. It describes the actions and criteria that 
govern the execution of the business process. 

Table 1: Concepts  at each level of abstraction 
 
 
The conceptual modeling concepts are as follows. 
- Goal. It describes the information system purpose, 
limitations and responsibilities, from the business view 

point. 
- Actor. It describes an entity (human, hardware, software 
or process activity) that interacts with the information 
system and that might play different roles. 
- Artifact. It describes an abstract or physical entity that is 
transferred between an actor and the information system. 
- Function. It describes a service that must be provided by 
the system to the actors. 
- Event. It describes a change in the business process in 
one instant specific of time.  
- Non functional. It describes the desired quality features 
or constraints for the information system as for example, 
platform and interface requirements, etc. 
- Constraint. It describes a condition for a service 
execution provide by the system. 
 
The Web modeling concepts are as follows.  

- Objective. The purpose of the Web application, from a 
simple information pages displayer to a complex and 
sophisticated corporate portal.  
- Slice. It describes a presentation entity; it describes a 
group of information with a same meaning. A navigational 
page is integrated at least for one slice. 
- Navigation relationship. It describes a global vision of 
the Web application according to a user profile with 
relation to the information to be presented. 
- User profile. It describes the user unique use of the Web 
application. A user can have many profiles for the same 
Web application. 
- Class. It describes an object type to model the entities 
that integrate the application, and the information handling 
for the users to navigate.  
- Artifact. It describes an abstract object to be transferred 
between the Web application and a user or vice versa as a 
result of an event execution. 
- Service. It describes an activity or an action that the web 
application has.  
- Event. It describes the trigger of an activity or action 
that might be carried out to obtain a result or artifact. 
- Non functional. It describes the quality features or 
constrains for the web application.  
- Pre and pos condition. It describes the performance of 
an event execution where a precondition is a required 
object state before the event can be executed and a post 
condition is the required object state after the event 
execution. 

3. Capacities evaluation 

The concepts are enhanced with aspects that make them 
more powerful to model a particular view. These concepts 
are also used as scales to evaluate modeling tools. The 
definition of an evaluation scale for each concept is a task 
that requires the analysis of different modeling tools. The 
scale is defined for each concept using the capabilities 
related to the concept. Also, a desired capability 
mentioned in the literature may be used in the definition of 
a scale. Following a well-known approach from the 
economics and management disciplines [11], to each 
concept a scale between 0 and 5 is assigned which is going 
to be used to evaluate one of the modeling capabilities. 
 
The order assigned to the scales is the result the analysis 
models tools. The concepts evaluation scales facilitate the 
comparison of different modeling tools capabilities (see 
table 2, 3 and 4). The evaluation scale is obtained by first 
taking a list of the capabilities of one tool, and then a list 
of capabilities from a second tool, from a third, until all 
selected tools are analyzed. 
 

Web level Org. level Integration 
level Bus. Proc.  Pure nav. 

Nav. Page --- 

Slice 
User profile 

(Rol) User profile

Actor Actor 

Class Class 
Resource Artifact 

Artifact Artiffact 
Goal Object --- Object 
Task Function Service Service 

Activity 
 

Event 
 Event --- 

Business 
Rule 

Constraint Pre and 
post 

condition 

--- 

Quality 

 

Non fuct. 
req.  

 

Non funct. 
req. 

--- 
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The evaluators have to evaluate the three levels of 
abstraction for all concepts. For each modeling tool and 
for each aspect ai, a corresponding evaluation ei is 
obtained. The results are displayed in a table for easy of 
comparison and a total score is obtained for each tool and 
for each level of abstraction as Σei. A tool that scores 
better than other it possibly has more capabilities to model 
requirements at the corresponding level of abstraction than 
the other. 

Table 2: Concepts and scales for the organizational level 
Scale 

Conc. 
1 2 3 4 5 

Actor Actor --- Role Type Responsibilit
y 

Resourc
e 

Resourc
e 

Type Actor 
using it 

--- Actor 
supplying it 

Goal Goal Priority Problem Opport. Verification 
Task Task Who 

requests 
Who 
executes 
 

Hierarchy Associated 
Goal. 

Activity Activity Tasks 
supported 

Hierarchy How is 
activated

When is 
concluded 

Business 
rule 

Business 
rule 

Associate
d concept 

Origin Type Hierarchy 

Quality Quality Associate
d concept 

--- Origin Measure 

Table 3: Concepts and scales for the integration level 

The methodology assigns a value to each concept of the 
method. For example, the precondition and post condition 
concept at the web level of abstraction; if the method has 
the post condition aspect, it will have 1 point. If the 
method has also the precondition aspect, it will have 2 
points. If the method has the post condition, precondition 
and the associated event aspect, it will have 5 points. 

4. Evaluation results 

To evaluate the scale the following tools were evaluated 
(tables 5, 6, 7a and 7b): i*, Tropos, EKD, BPM-UML, 
NDT, OO-Method/OOWS, and OOWS [5, 7, 4, 9, 10, 11, 
12, 13, 17].  
 

Table 4: Concepts and scales for the web level 

 
At organizational level, BPM-UML obtains good scores 
for this level of abstraction, and i* has the lowest score. 
The tools were evaluated with respect to the parameters 
defined for the approach presented here.  
 
During the evaluation of tools, their own characteristics 
are shown, for example, the quality aspects of a business 
process are modeled as qualitative goals using BPM-UML. 

       Scale 
Concept 

1 2 3 4 5 

Actor Actor --- Role Type Respon
sibility 

Artifact Artifact Actor or 
function 
supplying  

--- Actor or 
function 
requirin
g 

Artifact 
state 

Goal Goal Who 
establish it, 
Assoc. to a 
function 

Assigned 
priority 

Measur
e, 
Failure 
cause 

Opport
unity to 
solve a 
proble
m 

Function Funct. Who starts 
it 

Who uses 
it 

Hierarc
hy 

The 
product

Event Event Who fires it, 
What is the 
start state, 

What is 
produced, 
Hierarchy 

Who 
receive
s the 
prod. 
Owner 
function

Final 
state 

Constraint Constr. Type Who 
defines it 

To who 
or what 
applies

Who or 
what 
enforce
s it 

Non funct. 
Req. 

Constr. Who 
propos. It. 
To what is 
applied. 

Type of 
requireme
nt. 

Measur
e to 
verify 
complia
nce. 

What 
happen
s if not 
fulfilled.

Scale
Concept 

1 2 3 4 5 

Navigation page 
-   

Navigati
on page

Nav. 
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Relat. 

User 
Profile 

Navigat
ion help

Access 
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nts 

User profile 
(Role) 

User 
profile 

Role Role 
change
s 
allowed 

Service
s per 
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ss 
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Class (object) Class 
(objct) 
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es 
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s 
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relation
ships 
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r 

User 

Goal Who 
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it 
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e 
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Service Related 
events 
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hy, 
Reques
ting 
User 

Executi
ng 
agent, 
Result. 

Result 
final 
user 

Owner 
page 

Event Event Service 
owner, 
Hierarc
hy, 

Implem
enting 
class 
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request
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Shared 
or not 

Pre and  post 
condition 

Post 
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n 

Pre 
conditio
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IJCSNS International Journal of Computer Science and Network Security, VOL.7 No.2, February 2007 
 
 

 

40 

 

At integration level, the result shows the capacities of each 
tool, for example, EKD obtains good scores for this level, 
but OO-Method has the lowest score. At web level, the 
result shows the capacities of each tool, for example, OO-
Method/OOWS obtains good scores for this level, but 
Tropos has the lowest score. The maximum value in each 
concept is five.  

Table 5: Organizational level 
Organizational 
level 

I* Tropo
s 

EKD BPM-UML

Actor 5 5 5 5 
Resource 5 5 2 5 
Goal 1 3 4 3 
Task 2 4 3 2 
Activity 0 2 0 4 
Business rule 2 0 5 4 
Quality 3 4 4 4 

Table 6: Integration level 

 

Table 7a: Web level  

  

 

 

 

Table 7b: Web level 

Web level Tropos OOMetho
d  OOWS 

NDT OOWS

Navegation
al page – 
relationship 

1 5 5 5 

User profile 3 4 3 4 
Goal 3 0 2 0 
Artifact 4 4 1 4 
Service 3 3 4 3 

5. Product evaluation 

Concepts allow to evaluate the products of different tools 
when they are applied to a specific problem. To show the 
use of this evaluation, a case study was applied to the i*, 
Tropos, EKD and BPM-UML tools (some models are 
showed in figures 1, 2a, 2b, 3 and 4).  
Process of certification. The institutional goal of CFE is 
“all its workers certified in competition”. Workers of CFE 
had been certificated in the evaluation centers indicated. 
However, workers had been certificated in norms which 
are not important for CFE. For this reason, the evaluation 
process should support the institutional goal. The 
evaluation process is integrated for: 

- The norms will be sent to CFE by the evaluation 
center. 

- CFE define the norms to certify by the workers.  
- CFE sends the norms to the workers.  
- If the worker is interested in the certification, the 

worker should request the evaluation.  
- The evaluation request will be register by CFE 
- CFE sends the evaluation request to the 

evaluation center.  
- The evaluation center sends the information 

about the evaluation to CFE.  
- The evaluation center sends the evaluation results 

to CFE. 
- If the worker has approved the evaluation, the 

evaluation center sends the certificate to the 
worker. 

 
 

 
 

Fig. 1  i* model. 
 
 

Integration 
level 

I* Trop
os 

NDT EKD BPM
UML 

OOMe
thod 

Actor 5 5 5 5 5 1 
Artifact 5 5 1 4 5 4 
Goal 1 3 2 4 3 1 
Function 2 2 4 5 5 2 
Event 0 1 2 0 4 3 
Constrain 2 0 4 5 4 5 
No 
functional 

3 4 3 4 4 0 

Web level Tropo
s 

OO-
Method / 
OOWS 

NDT OOWS

User profile 3 4 3 4 
Class 0 5 5 5 
Artifact 4 4 1 4 
Service 3 3 4 3 
Event 1 3 2 2 
Pre and post 
condition 

2 5 4 3 

No functional 3 0 3 0 
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Fig. 2a  Tropos model. 
 
 
 

 
Fig. 2b Tropos model. 

 
 

 
Fig. 3 EKD model. 

 
The products of these tools were evaluated with the 
methodology of products. The evaluation capability can be 
completed with the product evaluation. A brief example of 
the product methodology is presented.  The variables 

defined for the analysis and evaluation of the products are 
the following:  
a) Workflow (W.F.),  
b) Order execution in the function (O.E.), 
c) Tree of decomposition (T.D.),  
d) Cardinality (C.), and 
e) Clear identification of the elements (I.E.).  
 
To each variable a value 0 or 1 is assigned, 1 if the tool 
has the variable or 0 if it has not the variable. The values 
assigned to the variables are relatively arbitrary; however, 
it can be changed. The results in the product evaluation of 
the tools are presented in the table 8. This evaluation 
shows that BPM-UML has good score, but in the product 
evaluation EKD has the best score. The product is an 
additional reference to select a modeling tool (capability – 
product). 
 

 
 

Fig. 4 EKD model. 
 

Table 8: Products evaluation 

 W. F. O. E T. D.  C. I. E Total
I* 1 0 1 0 0 2 
Tropos 1 0 1 0 1 3 
EKD 1 1 1 1 1 5 
BPM 1 0 1 1 1 4 

Conclusion 

There are many proposals to model requirements, each one 
has its own elements. Some use the same concepts but the 
names are different, which makes it complex and laborious 
to compare the tools. The approach presented here unifies 
the various terminologies, increases the knowledge about 
modeling concepts, and proposes an evaluation approach 
for the tools modeling capabilities and techniques. This 
helps to select the tool that is more appropriate to the 
needs of a problem domain.  
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Additionally, the approach evaluates the products when 
different tools are applied to a definition problem. The use 
of a set of variables is proposed to evaluate the complexity 
of each model. This helps to know how many capacities 
the tools has, and also how complex the models are when 
a specific tool is used. A future work is use metrics on the 
products or models when different tools are applied. The 
approach has been used to evaluate e-learning systems 
[16]. Additionally, it has been applied in the development 
of various study cases to evaluate virtual reality tools and 
to clearly appreciate the concepts that the tools allow to 
model.  
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