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Abstract 

UML models are used diversely in practice and provide a designer  

much freedom and flexibility when designing his models. This freedom  

and flexibility lead to diverse styles and rigors in modeling.  

     Level of Detail (LoD), which represents the amount of information that 

is used to specify models, is applied in many studies. Yet there is no tool 

or application that is able to visualize the level of  detail software metrics  

on top of UML models. This paper describes our path to implementing a  

level of detail visualization and a small analysis using our implementation.  

    The contribution of this paper is that we explain how the LoD metrics  

can be visualized and show how this visualization can be helpful when  

analyzing the Level of Detail of UML models. 
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1.  Introduction  
This paper describes the contents of my bachelor project. During this project  we have been searching 

for a way to visualize the level of detail metrics on top of UML models. The level of detail metrics are 

design metrics that are used to analyze UML models. As there is currently no tool that is able to do such 

a visualization we want to extend MetricView Evolution, which is able to visualize other software 

metrics, in such a way that it is able to visualize the level of detail metrics. By doing so we want to do an 

analysis and answer some research questions regarding the level of detail metrics and try to find some 

interesting facts about the level of detail that is used to specify a UML model. 

2. Related Work  
There have been some related studies in the field of visualizing design metrics on top of UML models. 

The most closely related works that studied the visualization of design metrics are from Maurice 

Termeer (MetricView) [4] and Martijn Wijns (MetricView Evolution) [5]. Both provided a way of 

visualizing several design metrics on top UML models in an intuitive way. Different from the 

aforementioned studies on visualizing design metrics, in this paper we want to study the visualization of  

the level of detail design metric on top of UML models and in this way try to find interesting facts about 

the level of detail of UML models.  

3.  Level of detail  metrics     

Design metrics are used to analyze UML models and try to give feedback on this model. One of these 

design metrics is the ά[evel of detailέ [1]metric.  ¢ƘŜ ƭŜǾŜƭ ƻŦ ŘŜǘŀƛƭ ƳŜǘǊƛŎΣ ŦǳǊǘƘŜǊ ŀƴƴƻǘŀǘŜŘ ŀǎ ά[ƻ5έΣ 

focuses on UML modeling and tries to investigate the relation between the quality of software models 

and the quality of the final implementation. In UML modeling the level of detail can be measured by 

quantifying the amount of information that is used to represent a modeling element. For example in 

modeling sequence diagrams one could think of message names that can be just an informal label, a 

label that represents a class method or a label that represents a class method including parameters. In 

modeling class diagrams there are many syntactical features that can be used to increase the level of 

detail as for example attributes, operations, association names, multiplicity, roles and so forth. UML 

models that are modeled with a low level of detail are providing just a few features to represent 

modeling elements such as for example classes without any attributes or operations and nameless 

associations. UML models that are modeled with a high level of detail are providing a lot of features to 

represent modeling elements and provide thus more detail about elements.  

The level of detail metrics are defined at two types of UML diagrams: class diagrams and sequence 

diagrams. The following 4 metrics are defined for classes used in class diagrams: 

- Attribute Signature Ratio ( ). This metric measures the ratio of attributes that have 

a type definition compared to the total number of attributes. 

- Operations with Parameters Ratio (  ). This metric measures the ratio of 

operations that have parameters defined compared to the total number of operations. 
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- Association Label Ratio ( ). This metric measures the ratio of associations that 

have a label defined compared to the total number of associations for a class. 

- Association Role Ratio ( ). This metric measures the ratio of associations that 

have a role defined at either end of the association compared to the total number of 

associations for a class. 

These four metrics are ratio-based and therefore they can be normalized. By doing so we reduce the 

influence of class size. The above metrics can be categorized into two higher-level LoD measures: 

- Attribute and Operation detailedness ( ) which combines the Attribute Signature Ratio 

( ) and the Operations with Parameters Ratio ( ) to give a value 

for the level of detail used to model attributes and operations. 

 

 

 

- Associations detailedness ( ) which combines the Association Label Ratio 

( ) and the Association Role Ratio ( )to give a value for the level 

of detail used to model associations. 

 

 

 As we can see in (1) and (2) the LoD measures of a class are determined based on the information that is 

related to that particular class (measured at class level), rather than on the LoD of the diagram in which a 

class appears. (1) and (2) lead us to the following definition for the class LoD: 

 

Five metrics are defined to measure LoD from sequence diagrams: 

- Non Anonymous Object Ratio ( ). This metric measures the ratio of object 

that have a name defined compared to the total number of objects in a diagram. 

- Non Dummy Object Ratio ( ). This metric measures the ratio of objects that 

correspond to a modeled class compared to the total number of objects in a diagram. 

- Non Dummy Message Ratio ( ). This metric measures the ratio of messages 

that correspond to a modeled class method compared to the total number of messages in a 

diagram. 

- Return Message With Label Ratio ( ). This metric measures the ratio of 

return messages that do have a label defined compared to the total number of return messages 

in a diagram. 

- Message With Parameter Ratio ( ). This metric measures the ratio of 

messages that have parameters defined compared to the total number of messages in a 

diagram. 
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 Just like the class diagram metrics, these metrics are based ƻƴ ǊŀǘƛƻΩǎ and can therefore be normalized. 

The sequence diagram metrics can be categorized into the following two higher-level LoD measures:  

- Sequence Diagram Object Detailedness ( ) which covers the Non Anonymous Object Ratio 

( ) and the Non Dummy Object Ratio ( ) to give a value 

for the object detailedness for a sequence diagram. 

 

 

 

- Sequence Diagram Message Detailedness ( ) which covers Non Dummy Message Ratio 

( ), Return Message with Label Ratio ( ) and 

Message with Parameter Ratio ( )to give a value for message detailedness in 

a sequence diagram. 

 

 

As we can see in (4) and (5) the LoD measures for a sequence diagram are based on the information that 

is related to the diagram. (4) and (5) lead us to definition for the sequence diagram LoD measure: 

 

Another nice level of detail metric is the detailedness in which a class is modeled in all the sequence 

diagrams it appears in. As a class can be modeled in several sequence diagrams we can take the average 

sequence diagram level of detail to give an indication for this measure: 

      

3.  MetricView Evolution  
Lƴ нллп ŀ ǘƻƻƭ Ƙŀǎ ōŜŜƴ ŘŜǾŜƭƻǇŜŘ ōȅ aŀǊǘƛƧƴ ²ƛƧƴǎ ŎŀƭƭŜŘ άaŜǘǊƛŎ±ƛŜǿ 9Ǿƻƭǳǘƛƻƴέ1. This tool is able to 

load a UML model, load software metrics and show a visualization of these software metrics on top of 

the loaded UML model. MetricView Evolution is able to load UML models created by Rational Rose and 

Rational XDE which are both modeling tools created by IBM. MetricView Evolution uses xsl translation to 

parse models from these tools and inserts the needed elements into an embedded MySQL database. 

After loading the model the metrics are calculated by extracting data from the database and calculate 

the metric values for all elements in the model using python scripts.  

The metrics that have to be calculated can be configured by adding them to an xml-file which serves as 

metrics definition. Each definition should contain a reference to a python function, a name, a threshold 

that can be either upper or lower limit and a value for this threshold. When MetricView is done parsing  

                                                             
1
 MetricView Evolution ƛǎ ǇŀǊǘ ƻŦ aŀǊǘƛƧƴ ²ƛƧƴǎΩ ƳŀǎǘŜǊΩǎ ǘƘŜǎƛǎΣ ōŀǎŜŘ ƻƴ ǘƘŜ ŜŀǊƭƛŜǊ ŘŜǾŜƭƻǇŜŘ ǘƻƻƭ άaŜǘǊƛŎ±ƛŜǿέ 

by Maurice Termeer. 
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Figure 1: Screenshot MetricView Evolution as created by Martijn Wijns in 2004. The active window here is the Model Window 
ǿƘƛŎƘ ǎƘƻǿǎ ŀ ά[ŀƴƎŜ5ƛŀƎǊŀƳέ ŎƻƴǘŀƛƴƛƴƎ ŀƭƭ ¦ǎŜ /ŀǎŜǎΣ {ŜǉǳŜƴŎŜ 5ƛŀƎǊŀƳǎΣ /ƭŀǎǎ 5ƛŀƎǊŀƳǎ ŀƴŘ {ǘŀǘŜƳŀŎƘƛƴŜǎΦ ¢ƘŜǊŜ ŀǊŜ 
ƴƻ ƳŜǘǊƛŎǎ ǎŜƭŜŎǘŜŘ ŀǎ ȅƻǳ Ŏŀƴ ǎŜŜ ƛƴ ǘƘŜ ά!ǾŀƛƭŀōƭŜ ƳŜǘǊƛŎǎέ ǎŜŎǘƛƻƴΦ 

and calculating the main view is presented. The user gets to choose between three windows:  Model, 

Quality and Context. These three windows serve different purposes: 

- Model Window. This window presents the entire UML model in one view. All use-case diagrams, 

class diagrams, sequence diagrams and statechart diagrams are combined into a so-called 

ά[ŀƴƎŜ5ƛŀƎǊŀƳέΦ ¢Ƙƛǎ ά[ŀƴƎŜ5ƛŀƎǊŀƳέ ŘƻŜǎ ƴƻǘ ƻƴƭȅ Ŏƻƴǘŀƛƴ ŀƭƭ ǘƘŜǎŜ ŘƛŀƎǊŀƳǎΣ ōǳǘ ƛǘ ƛǎ ŀƭǎƻ 

able to show the relations between different elements (for example the relations between 

classes and corresponding objects in sequence diagrams). By doing so it is very easy to see which 

class is used in which diagrams and thus provides an intuitive way of browsing. [See Figure 1]. 

Next to being able of visualizing all diagrams one can also use zooming functionality to browse 

ǘƘŜ ƳƻŘŜƭΦ [ŀǎǘ ōǳǘ ƴƻǘ ƭŜŀǎǘ ǘƘŜ ά[ŀƴƎŜ5ƛŀƎǊŀƳέ ǇǊƻǾƛŘŜǎ ŀ ǿŀȅ ƻŦ ǇǊŜǎŜƴǘƛƴƎ ǎƻŦǘǿŀǊŜ ƳŜǘǊƛŎǎ 

on top of the loaded UML model. By creating an extra layer on top of the model one can very 

easily see the values of all kind of software metrics ( manually deciding which one a user would 

like to see ). 

- Quality Window. The quality window presents a  so-ŎŀƭƭŜŘ άvǳŀƭƛǘȅ ¢ǊŜŜέΦ ¢Ƙƛǎ ǘǊŜŜ Ŏƻƴǎƛǎǘǎ ƻŦ 

three different categories as children: maintainability, understandability and design smells. Each 

category has related design metrics as its children. As every design metric has a particular value 

(average value of the model) the categories can be rated and at the end there will remain one 

rating for the quality of a model. 

MetricView Evolution provides an interactive 3D browsing ability to explore the model. Next to browsing 

a user is able to select different software metrics that have to be shown on top of the UML model. This is 

done by adding an extra layer on top of the model and representing each class with colors indicating 

good or bad performance for a certain metric. By doing so it is very intuitive to see which diagrams and 

elements are modeled and what the results for different software metrics for different elements are. The 

goal of visualizing the metrics in such a way is to see whether there is a way to improve the design of the 

model by improving classes and/or diagrams with low performance for certain metrics. 
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Next to being able to visualize the values of design metrics, MetricView Evolution is also able to visualize 

the evolution of a software model. By using a timeline which serves as a sort of revision history a user 

can see the differences between both the UML models themselves as well as the differences between 

the performance of the software metrics on the UML models. This provides a simple but clear overview 

when trying to see how software design models evolve during time.  

4.  Problem statement  
The LoD metrics can be very interesting metrics to investigate when modeling software because they can 

give us information about the information that is used to represent a model. To do so we need to have 

an application or tool that can visualize the LoD metrics. MetricView Evolution is a tool that is capable of 

visualizing design metrics on top a UML model. However MetricView Evolution has limited software 

metrics that it can visualize which do not include the LoD metrics. 

Also we want to see what we can learn from studying the LoD of UML models. For example what are the 

differences between different models in the level of detail used to model them and why are there any 

differences. To see what we can learn by studying the level of detail of UML models we selected a set of 

models which we can import into MetricView Evolution and we set up some research questions we 

would like to get answered. By visualizing these models we will try to answer the following research 

questions: 

1. What are the differences and similarities in the use of level of detail for different models and 

what does this say about the type of UML model? 

2. Are there any similarities or differences  between  

a. class diagrams regarding the level of detail metrics? 

b. sequence diagrams regarding the level of detail metrics? 

3. What can we say about the positioning of classes in a class diagram in relation to their LoD? 

4. Do classes that have a high class LoD imply that the sequence diagrams in which they occur also 

have a high sequence diagram LoD? 

5. If a class occurs in sequence diagrams does that imply that the class LoD of that class is higher 

than the class LoD of classes that do not occur in sequence diagrams? 

5. Proposed solution  
We will try to extend the current state of MetricView Evolution in such a way that it will be able to 

visualize the LoD metrics. The reason why we chose to improve MetricView Evolution is because of its 

intuitiveness and already existing capability of visualizing (other) software metrics on top of UML models. 

This way we can use the existing functionality and extend it to visualize the LoD metrics.  To do a proper 

analysis to answer these research questions we need models that can be analyzed. We selected eight 

models which can be imported into our extended version of MetricView Evolution and analyze the LoD 

metrics for these models. 
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Figure 2: Visualization of a model for one metric. The figure on the left shows the old state of visualization. It shows a 
visualization of metric values that is based on color offsets. The figure on the right shows the new state of visualization in 
which the visualization of metric values is based on transparency. 

6.  Implementation  
As mentioned before the implementation is done by extending ǘƘŜ ŜȄƛǎǘƛƴƎ ǘƻƻƭ άaŜǘǊƛŎ±ƛŜǿ 9ǾƻƭǳǘƛƻƴέΦ 

When extending MetricView Evolution it is important to take in account the current architecture and try 

to extend the tool using this specific architecture for the sake of extensibility. The LoD metrics consist of 

several sub-metrics as stated in section 3. All of these metrics have to be implemented in a similar way as 

the current available metrics are implemented. Implementation is done using python functions and XML 

declarations which are read by MetricView Evolution when calculating metrics for a certain model.  

After implementing the level of detail metrics they have to be tested by using some example models 

with which we can verify that the implemented calculations are correct. Also the visualization of the 

metrics have to be studied to see whether the results are clear and we can get information out of the 

visualization.  

In the old state of MetricView Evolution a visualization of a software metric is done by using a color. [ŜǘΩǎ 

say for example that our visualized metric has the standard color blue. When a model element has a high 

value for this metric ƛǘΩǎ ŎƻƭƻǊ ǿƛƭƭ ōŜ ōƭǳŜΦ IƻǿŜǾŜǊ ǿƘŜƴ ŀ ƳƻŘŜƭ ŜƭŜƳŜƴǘ has a low value for this 

ƳŜǘǊƛŎ ƛǘΩǎ ŎƻƭƻǊ become a color offset and turn into another color like red or green. This way of 

representing an elemenǘΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ŦƻǊ ŀ ƳŜǘǊƛŎ ƛǎ ƻōǾƛƻǳǎ ǿƘŜƴ ƻƴŜ ǿŀƴǘǎ ǘƻ ǾƛǎǳŀƭƛȊŜ ǘƘŜ 

performance of a model for one metric (See Figure 2). However if one wants to see the performance of a 

model for more than one metric this view gets a little confusing. A user might not be able distinguish the 

different metrics and thus gets confused (See Figure 3). 

To improve the visualization of a design metric we changed the way a metric is visualized. Instead of 

working with a color offset which leads to different colors we chose to work with color transparency as 

an indicator for high or low values. High values get a high transparency rate and low values get a low 

transparency rate. By using transparency each metric has the same color representation for high and low 

values and thus reduces the confusion that was created by the old way of visualizing metrics. Also by 

using transparency we provide a way in which a user can see very fast what elements have a high or low 

value for a certain metric by spotting the transparency rate for elements (See Figure 2 and Figure 3). 






























