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EXECUTIVE SUMMARY 

An architecture is a formal description that encompasses a set of design decisions that 
affects the system behaviour and performance. A validation of the quality of the OATA logical 
architectural structure is required to increase the confidence of the architecture being 
developed, and to ensure that it meets Stakeholders’ expectations and quality criteria. 

The validation of the structure of an architecture focuses on assessing different quality 
characteristics. The validation is guided by the definition of validation aims. A validation aim 
is a high-level expectation of the logical architecture and indicates the quality characteristics 
to be further investigated and assessed in a validation cycle.  

The selected Quality Model for the validation of the OATA architecture structure is ISO/IEC 
9126. This Quality Model represents an international effort to collect the ideas and 
experiences related to the quality of a software system over the last decades. 

The ISO/IEC 9126 categorises quality into six relevant quality characteristics to be used for 
the assessment of quality. One key aspect of the characteristics is that they are reasonably 
independent and cover a wide range of quality aspects. This validation methodology focuses 
on the quality characteristics, maintainability and understandability. These quality 
characteristics are further subdivided into subcharacteristics, which are influenced by 
different quality attributes. A quality attribute is a measurable property that can be quantified 
by one or several metrics. A metric is a definition of measurement method of a certain 
property in Architecture. Included in this methodology is a set of suitable metrics for the 
assessment of the OATA logical architecture. 

The analysis and conclusions of the validation results and the recommendations of the 
validation team (documented in a validation report) can be used for further refinement of the 
OATA logical architecture. 
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1 INTRODUCTION 

1.1 Document background 
The purpose of the validation in OATA is to increase confidence in the architecture being 
developed, and to ensure that it meets Stakeholders’ expectations and quality criteria.  

The validation will be performed around four areas: Architecture Compliance with User 
Needs, Quality of the Architecture Structure, Compliance with Non-Functional Requirements, 
and Architecture Tactics Assumptions.  

This document contains a methodology for the validation of the OATA logical architectural 
structure that is the second stage in the validation. 

Figure 1 shows the four areas of the OATA validation; the area that this document is 
concerned with is expanded. 

 

   

 

Figure 1: Summary of the Architecture Validation Process 

1.2 Document structure 
This document has the following main chapters: 

• Introduction 
The introduction contains description of the background of this document, 
definitions and terms, and a list of references. 

• Methodology Overview 
The methodology overview contains a high level description of the validation 
process and the proposed quality model to be used in the validation. 
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• Processes 
The processes chapter details each part of the validation process and describes 
the activities that must be undertaken during a validation cycle. 

There are also several appendices included in this document that give a more detailed 
description of elements of the validation methodology: 

• Quality Model 

• Metrics 

• Metric Cards 

• Scorecard Example 

• Available Tools List 

1.3 Reading guidelines 
The processes in this methodology are visualised as process diagrams using standard UML 
Business Modelling syntax, [Eriksson, Penker 00]. 

The process diagram contains information about: 

• Processes and Activities 

A process is a set of related activities and they are drawn in the centre/middle of 
the process diagrams with solid arrows linking processes/activities that follow one 
another. 

• Resources 

Resources are the objects within the business, such as people, material, 
information, and products, which are used or produced in the business. 
Resources are manipulated (used, consumed, refined, or produced) through 
processes.  

Controlling resources control or run a process. These resources are drawn above 
a process with a dashed line from the resource to the process. 

Supporting resources participate in a process and are not refined or consumed. 
These resources are drawn below a process with a dashed line from the resource 
to the process. 

Input information resources are placed to the left of the process and connected to 
the process with a dashed line. 

Output information resources are placed to the right of the process and connected 
to the process with a dashed line. 

• Activity synchronization 

Activities can be performed in parallel. A need for synchronization is shown in the 
process diagram by using a vertical synchronization bar. The activities after the 
synchronization bar must wait for all the activities, before the bar, to complete 
before they can start. 

A detailed process diagram contains activities and their relationships.  

For more detailed information see [Eriksson, Penker 00]. 
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1.4 Definitions and Terms 
External Quality 

The extent to which a product satisfies stated and implied needs when used under 
specified conditions. 
[ISO 9126] 

Implied Needs 
Needs that may not have been stated but are actual needs when the entity is used 
in particular conditions.  

Note: Implied needs are real needs, which may not have been documented. 
[ISO 9126] 

Internal Quality 
The totality of attributes of a product that determines its ability to satisfy stated and 
implied needs when used under specified conditions. 
[ISO 9126] 

Quality  
The totality of characteristics of an entity that bear on its ability to satisfy stated and 
implied needs. 
[ISO 9126] 

Note: An entity can be a product, service or process. 

Quality Attribute 
Quality Attribute is a measurable physical or abstract property of an entity (product or 
service). 
[ISO 9126] 

Quality Characteristic 
Inherent characteristic of a product, process or system related to a requirement. 
[ISO 9000:2000] 

Quality Subcharacteristic 
Quality Subcharacteristic is subdivided quality characteristics. 

Quality Model 
Set of characteristics and relationships between them, which provide the basis for 
specifying quality requirements and evaluating quality. 
[ISO 9126] 

Metric 
A defined measurement method and the measurement scale.  
[ISO 9126] 

Note:  A metric -- not to be confused with a measure -- is a quantitative property of 
software products or processes whose possible values are numbers. A measure is the 
value of a metric for a certain product or process. 

Threshold 
A defined value used as an acceptable level (of quality).  

UML 
Unified Modelling Language, an OMG standard for visual object-oriented modelling. 
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Validation Aim 
Is a sentence describing a high-level expectation that should be reflected in the 
OATA architecture. 

Repository 
A (structured) information storage area. 
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2 METHODOLOGY OVERVIEW 

2.1 Introduction 
This methodology is concerned with the validation of the OATA architecture structure. 
Architecture is a formal description that encompasses a set of design decisions that affects 
the system behaviour and performance.  

The validation of the structure of an architecture focuses on assessing different quality 
characteristics, such as maintainability and understandability. A quality characteristic is 
influenced by different quality attributes and a quality attribute may influence several quality 
characteristics.  

2.2 Validation of the OATA Architecture Structure 
The validation of the OATA architecture structure is guided by the definition of validation 
aims. A validation aim is a high-level expectation of the logical architecture and indicates the 
quality characteristics to be further investigated and assessed in a validation cycle. For 
example, a validation aim might be “The OATA architecture structure shall be easy to 
maintain”. 

The validation aim is decomposed into validation objective(s), which give more detailed 
information about which quality characteristics or attributes that will be assessed. An 
example of validation objective might be “The architecture shall be easy to change”. 

The validation objective is associated to one or more quality attributes that can be quantified 
and measured in the architecture. The results of the measurements are compared with 
thresholds, set by a validation team, in order to assess the validation objective. 

The assessment of each validation objective is the basis to conclude if the defined validation 
aim is fulfilled by the logical architecture. The results of the validation are documented in a 
validation report and can be used to refine the model, if necessary. 

This method uses a Quality Model that represents the quality of a product in terms of its 
relevant characteristics. A Quality Model is useful support during the process of identifying 
characteristics and metrics from the validation objectives. However, it is important to 
underline (and realise) that using a Quality Model to define and assess quality is a subjective 
and iterative process. 

An overview of the proposed Quality Model is given in the next section. 

2.3 Quality Model Overview 
Several different kinds of Quality Models were considered during the elaboration of this 
methodology but the ISO/IEC 9126 was selected to be used for the validation of the OATA 
architecture structure. This Quality Model represents an international effort to collect the 
ideas and experiences related to the quality of a software system over the last decades. 

The ISO/IEC 9126 categorises quality into six relevant quality characteristics to be used for 
the assessment of quality.  One key aspect of the characteristics is that they are reasonably 
independent and cover a wide range of quality aspects. 

The quality characteristics have been further subdivided into subcharacteristics. These 
different subcharacteristics are influenced by different quality attributes. A quality attribute, 
for example “coupling”, is a measurable property that can be quantified by one or several 
metrics. 

A metric is a definition of measurement method of a certain property in Architecture. For 
example, the metric “Coupling between classes” describes a way to count the number of 
couplings between classes, which provides one measure of the attribute “coupling”. 
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A Quality Meta Model and more details are described in Appendix A: “Quality Model”. 

2.3.1 Quality Characteristics 
ISO/IEC 9126 has defined the following six relevant characteristics to assess quality: 

• Functionality 
The capability of the software product to provide functions, which meet, stated 
and implied needs when the software is used under specified conditions. [ISO 
9126] 

The functionality quality characteristic is assessed in the WP 8.1.1:  Define 
Methodology for Validation within OATA - Architecture Compliance Assessment 
Process. 

• Reliability 

The capability of the software product to maintain a specified level of performance 
when used under specified conditions.[ISO 9126] 

The reliability quality characteristic is assessed in the WP 8.1.3:  Define 
Methodology for Validation within OATA - Non-Functional Requirements 
Assessment Process. 

• Usability 

The capability of the software product to be understood, learned, used and 
attractive to the user, when used under specified conditions. [ISO 9126] 

The usability characteristic of the architecture itself is assessed in the method 
presented here. 

• Efficiency 

The capability of the software product to provide appropriate performance, relative 
to the amount of resources used, under stated conditions. [ISO 9126] 

The efficiency quality characteristic is assessed in the WP 8.1.3:  Define 
Methodology for Validation within OATA - Non-Functional Requirements 
Assessment Process. 

• Maintainability1 

The capability of the software to be modified. Modifications may include 
corrections, improvements or adaptation of the software to changes in 
environment, and in requirements and functional specifications. [ISO 9126] 

The maintainability characteristic of the architecture is assessed in the method 
presented here. 

• Portability 

The capability of the software product to be transferred from one environment to 
another. [ISO 9126] 

The portability quality characteristic is assessed in the WP 8.1.4:  Define 
Methodology for Validation within OATA -  Architecture Tactics Assessment 
Process. 

                                                
1 ISO 9126 has a different definition of maintainability than ISO 13236. This methodology uses ISO 9126 definition. 
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2.3.2 Metrics 
Metrics quantify a variety of structural aspects of an architecture, which influence qualities of 
the architecture. 

This methodology proposes several metrics that can be used for assessing the structural 
quality characteristics of the OATA architecture. Most of these metrics have primarily been 
defined for software code but this methodology proposes that they can be used for assessing 
a logical system architecture as well. 

The relationships between quality (sub)characteristics, quality attributes and the metrics are 
described in Appendix A. Detailed descriptions of each selected metric can be found in 
Appendix B. 
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3 PROCESSES 

3.1 Introduction 
The methodology consists of three separate processes, which have to be executed in a 
certain order, since each process produces information that the following process requires. 

The first process, “Preparation”, is responsible for the planning of a validation cycle and that 
the Validation Team is well prepared and each team member is given assigned 
responsibilities. The purpose of the current validation and OATA architecture version that 
shall be validated must be identified. The results and other information about the validation 
cycle shall be documented and stored in a repository. Therefore a repository must be 
identified or created in the beginning of a validation cycle. 

The second process, “Execution”, handles the actual process of measuring metrics 
representing the chosen quality aspects in the OATA Logical architecture. The results of 
these measurements must be well documented and stored in the repository. 

And finally, the last process to be executed, “Analysis and Reporting”, assesses the quality of 
the OATA Logical architecture. The measurement results of each quality aspect are 
assessed and the Validation Team shall recommend necessary corrections. The validation 
result shall be published in one or several Validation Reports that can be distributed to the 
Stakeholders and the results can be used to refine the OATA architecture. 

An overview of the processes and their activities are shown in Figure 2. 

The processes are controlled and supported by roles, information and physical resources. An 
overview of these resources is shown in Figure 3. 

The required information for each process is described in the process diagrams, and these 
diagrams also include information that is refined or created by the processes. An overview of 
the information flow is shown in Figure 4. 
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Figure 2: Process Overview 
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Figure 3: Resource Overview  
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Figure 4: Information Flow Overview 
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3.1.1 Required roles  
The table shows the different roles and their responsibility and requirements for the validation 
methodology. 

 

Role Responsibilities Requirements 
Validation Team Leader Is responsible for the control of the 

validation process and team 
management. 

Is responsible for the information flow. 

Is responsible for the Validation Aims. 

Is responsible for the Activity Plan. 

Is responsible for the Validation 
Reports. 

Is responsible for the Repository and 
the guidelines. 

Good knowledge of the OATA 
project and organisation. 

Good knowledge of the 
validation methodology 
described in this document. 

 

OATA Architecture Expert Is responsible for the OATA 
architecture. 

 

Expert knowledge about the 
OATA architecture. 

Full access to the OATA 
architecture. 

Mandate to select version to 
validate. 

Validation Expert Is responsible for the metric selection. 

Is responsible for setting the 
thresholds. 

Good knowledge about 
metrics and their applicability. 

Good knowledge about the 
Quality Model. 

OO/UML Expert Is responsible for expert knowledge 
concerning object-orientation, system 
design and UML. 

Expert knowledge about 
architectures and UML. 

Expert knowledge about 
object-oriented analysis. 

Tool Expert Is responsible for the tools which are 
used for measurement of metrics. 

Good knowledge of tools for 
measuring metrics in an 
architecture 

Legacy Architecture Expert 
(Optional) 

Is responsible for the knowledge of 
legacy architecture structure. 

Good knowledge of legacy 
architecture. 

3.2 Preparation  

3.2.1 Introduction 
The objective of the “Preparation” process is to prepare the necessary information and tools 
required in the “Execution” and the “Analysis and Reporting” processes (see Figure 5 below). 

The Preparation process consists of the following activities: 

• Plan the validation cycle and prepare the validation team 
The Validation Team Leader plans the validation cycle and makes sure that the 
Validation Team members are available and assigns responsibilities. 
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• Select the OATA architecture version  
A released version of the OATA architecture is selected to be validated during a 
validation cycle. 

• Define validation aims 

The Validation Team identifies a high-level expectation of the OATA architecture 
quality. 

• Select metrics  

The metrics that can be used to quantify the expected quality are selected for 
measuring. 

• Set thresholds  

For each selected metric an acceptable range is set. 

• Obtain values from legacy architectures (Optional) 
This activity is optional and its purpose is to collect values to be used as basis for 
setting thresholds. 

• Select OATA architecture subsets (Optional) 
The validation team can select subsets of the OATA architecture, if necessary, to 
be validated. 

• Prepare tools 

The tools used for measuring are selected and prepared. 

During the preparation the basis for a validation cycle is set. The basis is mainly the 
validation aims, selected metrics and the defined thresholds. The validation aim is the basis 
on which the conclusions are made and presented in a validation report. The selected 
metrics represents the attributes that are quantified in order to conclude the validation aims. 
The thresholds are important because the confidence in the assessment result depends on 
the confidence in the thresholds. The setting of thresholds is one of the most difficult 
activities. 
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Figure 5: Preparation 
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3.2.2 Required resources 
The table shows the planned participant resources for the activities in “Preparation”. 

The highlighted markings are the role responsible for the activity. 
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Plan the validation cycle and prepare the 
validation team 

X      

Select the OATA architecture version  X     

Define validation aims X X X    

Select metrics  X X X   

Select OATA architecture subsets (Optional)  X     

Obtain thresholds from legacy architecture 
(Optional) 

  X   X 

Set thresholds  X X X   

Prepare tools  X   X  

3.2.3 Activity: Plan the validation cycle and prepare the validation team and 
repository 

3.2.3.1 Objective 
The objective of this activity is to ensure that required resources are available and a properly 
trained validation team for the assignment. 

3.2.3.2 Rationale and Context 
Before the validation can be initiated it is important that the Validation Team Leader ensures 
that the Validation Team Members are available and well prepared for the validation. To 
have effective use of the Validation Team Members, the Validation Team Leader should 
prepare a relatively detailed activity plan.  

A repository should also be selected/created to be used for documentation of the validation 
cycle. Guidelines for its usages should also be prepared and made available for the 
Validation Team Members. 

3.2.3.3 Description 
The Validation Team leader is responsible for the planning of the validation cycle and that 
each team member is well prepared. The validation results must be documented and stored 
in a repository and the Validation Team leader is responsible for the repository.  

The Validation Team Leader shall perform the following tasks: 

• Plan the activities in the validation process and document in the Activity Plan. 
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• Introduce the validation methodology to the team members. Each Validation 
Team Member shall understand the processes and their activities.  

• Assign roles and responsibilities to each Validation Team Member. 

• Prepare a repository for validation results and create guidelines to how it shall be 
used.  

3.2.3.4 Examples and Recommendations 
A repository should be a well-structured place to store the metric measurements and other 
important information produced during a validation cycle. It can be for example an Excel-
sheet, database or a folder in a file system (or a combination).  

Following criteria’s should be considered: 

• The selected tools ability to store measurements in a repository. 

• The results must be easy to identify. 

• The measurements should be stored in the repository in order to facilitate 
analysis. 

If a repository is already available (for example from previous validation iterations) for storing 
validation data, then this should be used. It is essential that the validation data is fully 
identifiable and traceable.  

3.2.3.5 Product 
The expected result of this activity is: 

• Well prepared Validation Team Members with assigned responsibilities. 

• An activity plan for the current validation cycle. 

• A prepared repository for storage of the validation data results. 

• Repository guidelines. 

3.2.3.6 Resources 
The required resources for this activity are shown in the table below. 

 

Role 

R
es

po
ns

ib
le

 

Ex
ec

ut
or

 

Input 
Information 

Output 
Information Physical 

Validation Team Leader X X Validation Plan Activity Plan Repository 

Validation Team Members    Repository 
guidelines 

 

3.2.4 Activity: Select the OATA architecture version  

3.2.4.1 Objective 
The objective of this activity is to select the OATA architecture version for the current 
validation cycle. 
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3.2.4.2 Rationale and Context 
The development of the OATA architecture is an iterative work process with regular version 
releases. To ensure that the OATA architecture is not changed during the validation cycle 
one specific release version must be selected. This is also necessary for maintaining the 
traceability to the validated version for future analysis and comparisons. 

3.2.4.3 Description 
The OATA Architecture Expert shall select and document the OATA architecture version 
which shall be validated. The selected version must be clearly identified and accessible for 
the Validation Team.  

3.2.4.4 Examples and Recommendations 
The selected architecture version will refer to a specific OATA baseline, for example:  OATA-
2003-09-19B. 

3.2.4.5 Product 
The result of this activity is a selected version of the OATA architecture for the current 
validation cycle. 

3.2.4.6 Resources 
The required resources for this activity are shown in the table below. 

 

Role 

R
es

po
ns

ib
le

 

Ex
ec

ut
or

 

Input Information Output Information 

OATA Architecture Expert X X OATA architecture The selected OATA 
architecture version 

3.2.5 Activity: Define validation aims and objectives 

3.2.5.1 Objective 
The objective of this activity is to define validation aims and objectives for the current 
validation cycle. 

3.2.5.2 Rationale and Context 
This activity decides the purpose of the current validation cycle. All validation aims decided 
here will be analysed and the conclusion will be documented in the validation report.  

First the validation aim has to be defined and then decomposed into more detailed 
objectives. These validation objectives are used to identify the metrics that needs to be 
measured via the quality attributes or characteristics.  

3.2.5.3 Description 
A validation aim shall focus on a specific high-level objective that is essential for increasing 
the knowledge about the OATA architecture structure quality. To understand and 
comprehend the Validation Aims these are decomposed into validation objectives. These 
objectives should address terms of quality characteristics, quality subcharacteristics or 
quality attributes. 
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The first task is to define the validation aims. The validation aims can be defined more or 
less detailed. They can focus on the whole architecture or a specific subset of the 
architecture. The validation aim is the high-level objective, which later will be decomposed 
into validation objectives. 

The validation aims can be defined in terms like: 

• “The OATA architecture shall be easy to maintain” 

• “The OATA architecture shall be understandable” 

•  “The OATA architecture shall be able to adapt to operational changes” 

The second task is to decompose the validation aims into smaller objectives. The purpose 
of validation objectives is to increase the understanding of the validation aim and the details 
that have to be assessed in order to make a conclusion. 

The objectives should be phrased in terms like: 

• “The OATA architecture shall not be too difficult to test” 

• “The OATA architecture shall be easy to analyse” 

• “The OATA architecture shall be reasonably easy to change” 

The validation aims and objectives shall be documented in the repository. 

3.2.5.4 Examples and Recommendations 
The validation objectives should address quality characteristics, subcharacteristics or 
attributes defined in the Quality Model in Appendix A: “Quality Model”, but this is not 
mandatory. However it will make it easier to select the appropriate metrics.  

The validation objectives shall cover as much as possible of the validation aim in order to 
increase the possibility to make a good conclusion of the validation aim.  

It is recommended that a validation objective address one quality attribute. 

3.2.5.5 Product 
The result of this activity is a set of validation aims and objectives for the current validation 
cycle. 
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3.2.5.6 Resources 
The required resources for this activity are shown in the table below. 

Role 

R
es

po
ns

ib
le

 

Ex
ec

ut
or

 

Input Information Output Information 

Validation Team Leader X X Appendix A: Quality 
Model 

Validation Aims and 
objectives 

OATA Architecture Expert     

Validation Expert     

3.2.6 Activity: Select metrics 

3.2.6.1 Objective 
The objective of this activity is to choose metrics that quantifies the detailed validation 
objectives originated from the Validation Aims. 

3.2.6.2 Rationale and Context 
This activity is required to identify metrics that are required for assessing the validation 
objectives. 

3.2.6.3 Description 
The Appendix A: “Quality Model”, based on ISO 9126, is used as a tool to identify which 
metrics are suitable for assessing the validation objectives.   

The first task is to identify the appropriate quality characteristics, subcharacteristics or 
attributes in the validation objectives.  

If the validation objective addresses quality issues that cannot be identified in the Quality 
Model then this should be documented for future analysis how to incorporate in the quality 
model.  

The second task is to select and describe the metrics that shall be measured in the OATA 
architecture.  

Identify the metric categories that are associated with the identified quality attributes. For 
each metric group, use Appendix B “Metrics” to select the appropriate metrics. A metric 
group can include several metrics which are applicable to different levels or aspects of the 
OATA architecture.  

A selected metric can be an original metric (like MPC) or an original metric adjusted 
especially for the OATA architecture. 

The selected metric shall be documented together with a description of the metric calculation 
method in the OATA architecture. This description will be used as guidance to the tool 
selection/creation activity. 

3.2.6.4 Examples and Recommendations 
The definition of the selected metrics should not be changed from iteration to iteration in 
order to make it possible to make a trend analysis. 
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3.2.6.5 Product 
The product of this activity is a set of selected metrics with a description/guidance to the tool 
selection activity. 

3.2.6.6 Resources 
The required resources for this activity are shown in the table below. 

Role 

R
es

po
ns

ib
le

 

Ex
ec

ut
or

 

Input Information Output Information 

Validation Expert X X Appendix B: Metrics Selected metrics 

OATA Architecture Expert  X Appendix A: Quality 
Model 

 

OO/UML Expert  X   

3.2.7 Optional Activity: Select OATA architecture subsets 

3.2.7.1 Objective 
The objective of this activity is to select relevant subsets from the OATA architecture, which 
shall be validated. 

If the decision is to validate the complete architecture, this activity does not need to be 
performed. 

3.2.7.2 Rationale and Context 
Metrics are applicable to one or more levels in the OATA architecture and the validation aims 
may consider only a subset of the OATA architecture. 

Optionally subsets of the OATA architecture that shall be validated shall be selected since 
this can make the activity “Prepare tools” more efficient.  

The selection of subsets may be restricted by the validation aims/objectives. The metrics 
may also restrict the selection since metrics are applicable to different levels in the 
architecture. 

3.2.7.3 Description 
The OATA Architecture Expert shall for each metric select relevant subset in the OATA 
architecture. The selected subset must be documented. 

The result shall be combined and used as guidance to the tool selection activity. 

3.2.7.4 Examples and Recommendations 
For example, it may be decided to validate a particular cluster, such as “Avionics”, or a single 
module, such as “Flight Guidance”. 

3.2.7.5 Product 
The product of the activity is relevant subsets of the OATA architecture for each metric. 
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3.2.7.6 Resources 
The required resources for this activity are shown in the table below. 

Role 

R
es

po
ns

ib
le

 

Ex
ec

ut
or

 

Input Information Output Information 

OATA Architecture Expert X X Selected OATA 
Architecture version 

Selected subsets of 
OATA Architecture 
version 

  X Selected Metrics  

3.2.8 Optional Activity: Obtain values from legacy architectures 

3.2.8.1 Objective 
The objective of this activity is to obtain metric measurement values from legacy architecture 
in order to improve the thresholds for the metrics. 

This is a difficult task and when considered not possible, this activity does not need to be 
performed. 

3.2.8.2 Rationale and Context 
By obtaining values from legacy architecture the credibility of thresholds will be increased.  

3.2.8.3 Description 
The task in this activity is to investigate if values from legacy architecture are accessible. If 
these kinds of values are available then they can be a good basis for setting threshold 
values. Using values from legacy architecture makes it possible to compare the OATA 
architecture with an existing architecture. 

If values are available, then these shall be documented in the repository and used as input to 
the set threshold activity. 

When the OATA architecture has been validated then these values can be used as basis for 
setting thresholds for the current validation cycle and therefore be considered as legacy 
architecture.  

3.2.8.4 Examples and Recommendations 
If values from legacy architecture are available it is recommended to analyse if these values 
have been obtained from a similar architectural level as the OATA architecture level. 
Otherwise the values can be difficult to use. 

3.2.8.5 Product 
The product of this activity is set of metric measurement values obtained from legacy 
architecture. 
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3.2.8.6 Resources 
The required resources for this activity are shown in the table below. 

Role 

R
es

po
ns

ib
le

 

Ex
ec

ut
or

 

Input Information Output Information 

Validation Expert X X Appendix B: Metrics Legacy architecture 
values 

Legacy Architecture Expert  X Selected Metrics  

   Results from previous 
validation cycles 

 

3.2.9 Activity: Set thresholds 

3.2.9.1 Objective 
The objective of this activity is to set threshold for each selected metric. 

3.2.9.2 Rationale and Context 
This activity is one of the most important to gain confidence in the validation result. The 
thresholds that are decided in this activity will form the base for the analysis process. During 
the analysis the measured metric values will be compared with the thresholds in order to 
assess the quality. 

The reason why this activity is performed during “Preparation” is to avoid influence and 
discussion during measuring and analysis of the metric measurements results. 

3.2.9.3 Description 
In order to gain an assessment result of a metric, a threshold has to be set. The threshold 
defines the range (or ranges) within the measured value is considered to be acceptable. The 
metric measurement value will be compared with the set threshold and the resulting value 
will finally be used for the assessment of validation objectives.   

The task is to set one threshold for each metric. Basic data that can be used to set a 
threshold is found in Appendix B: “Metrics”, chapter “Desired value”, for most of the metrics. 
A better choice is to use values obtained from legacy architectures if available. As legacy 
architecture the OATA architecture can be used in future iterations. If such values are not 
available they can be obtained from: 

• Basic data for a threshold (guidelines will be included in Appendix B: “Detailed 
metric description”). 

• Reasonable values (expert knowledge and experience). 

3.2.9.4 Examples and Recommendation 
The threshold value can be set as a range within the metric value will be considered as 
acceptable. Otherwise the metric value will be considered as not accepted.  For example a 
threshold can be set to the range 3-15 and if the metric value is within this range it is 
considered as “accepted/pass”, otherwise it is considered as “not accepted/fail”. 
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The threshold values can also be set to several ranges. One range that is considered as 
“Good”, another range considered as “Moderate”, otherwise it is considered as “Poor”. For 
example the following ranges can be set: 

• Range: 5-10   Good or 3 

• Range: 3-15   Moderate  or 2 

• Otherwise    Poor or 1 

If statistics are elaborated and these statistical values shall be assessed then thresholds 
must also be set for these kinds of values. For example following ranges can be set: 

• Range for average per module: 5-10  

• Range for average per cluster: 0-5 

The thresholds can be adjusted when one or several validation cycles have been performed. 

3.2.9.5 Product 
The product of this activity is one threshold for each selected metric. 

An optional product is thresholds for statistical values. 

3.2.9.6 Resources 
The required resources for this activity are shown in the table below. 

 

Role 

R
es

po
ns

ib
le

 

Ex
ec

ut
or

 

Input Information Output Information 

OATA Architecture Expert  X Appendix B: Metrics Set threshold for each 
selected metric 

Validation Expert X X Selected metrics Optional: Thresholds for 
statistical values 

OO/UML Expert  X Optional: Values from 
legacy architecture 

 

3.2.10 Activity: Prepare tools 

3.2.10.1 Objective 
The objective is to select and configure appropriate tools to be used for measuring metrics. 

3.2.10.2 Rationale and Context 
Depending on the type of metric a tool has to be either created or purchased. The problem is 
that there isn’t one tool that is suitable to measure all kinds of metrics therefore there 
probably will be a combination of several tools or scripts.  

3.2.10.3 Description 
It is recommended to make a list of requirements for the tool. These requirements shall 
consider type of metric to measure and the selected OATA architecture version. The OATA 
architecture is modelled in Rose and therefore the Rose model shall either work as input to 
the tool or the model will have to be exported to a suitable format. 
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The first task for the Validation Team is to select a suitable tool for each metric. A tool can 
be: 

• An application for measuring metrics in UML 

A list of suggested tools are found in Appendix E: “Available Tools List” 

• A script 

• Manually measuring 

In order to select the most effective tool the Validation Team must estimate the time required 
for learning, installing, testing and executing each suitable tool for the selected metrics. The 
number of different tools should also be minimised as far as possible. It is also important to 
consider that the tool and its configuration should be repeatable in future iterations. 

The second task is to acquire or create the selected tool(s) using the tool requirements list. 

The third and optional task is to prepare the OATA architecture for usage by the selected 
tool. This task is dependent on the input requirements for the tool/script. 

Each tool with a specific configuration shall be uniquely identifiable and documented.  

3.2.10.4 Examples and Recommendations 
The tool should support the measurement of absolute values of metrics. If the selected tool 
also supports the elaboration of statistics it will be useful during the analysis.   

Another important requirement of tools that should be considered is the possibility to make 
automatic comparisons between the metric measurements values and the set thresholds. 

The OATA Architecture expert is responsible for the preparation of the OATA architecture.  

UML 2.0 specifies a scripting language, OCL, to be used on UML. Examples are given in ref 
[MOOSE 03] for some metrics. 

3.2.10.5 Product 
The product of this activity is installed and tested tools suitable to measure the selected 
metrics and the prepared OATA architecture. The selected or created tools and the prepared 
OATA architecture shall be documented. 

3.2.10.6 Resources 
The required resources for this activity are shown in the table below. 

 

Role 

R
es

po
ns

ib
le

 

Ex
ec

ut
or

 

Input Information Output 
Information Physical 

Tool Expert X X Appendix E: 
Available Tools List 

List of tools Tools 

OATA Architecture Expert  X Selected OATA 
Architecture version

 Prepared OATA 
architecture 
(Optional) 
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3.3 Execution 

3.3.1 Introduction 
The objective of the Execution process is to measure the selected metrics. The Execution 
process consists of the activity “Perform measurement” which includes the following tasks 
(see Figure 6 below): 

• Perform measurement 
When the tools and the OATA architecture have been prepared the tools are run 
to collect the metric measurement values. 

• Save the result in repository  
The results of the measurements are stored in the repository. 
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Figure 6: Execution 
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3.3.2 Required resources 
The table shows the planned participating resources for the activity in “Execution”. 

The highlighted marking is the role responsible for the activity. 
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3.3.3 Activity: Perform Measurement 

3.3.3.1 Objective  
The objective of this activity is to collect the metric values from the selected OATA 
architecture version. 

3.3.3.2 Rationale and Context 
This activity is required to collect the metric values for later analysis. 

3.3.3.3 Description  
The task is to perform measurement of the selected metrics. 

For each metric; 

• Execute the tool to collect measurements for the metric. See manual/help for the 
selected tool. 

• Save the results in the repository and follow the guidelines for the repository use 
created in “Preparation”. All measured values, both from a tool/script and from 
manually measurements, shall be stored in the repository. 

3.3.3.4 Examples and Recommendations 
No information. 

3.3.3.5 Product 
The product from this activity is measured metric values uniquely identified and stored in 
repository. 
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3.3.3.6 Resources 
The required resources for this activity are shown in the table below. 

Role 

R
es

po
ns

ib
le

 

Ex
ec

ut
or

 

Input Information Output Information Physical 

Tool Expert X X Selected Metrics Metric Measurements 
Values 

Tools 

   Repository Guidelines  Repository 

3.4 Analysis and Reporting 

3.4.1 Introduction 
The objective of the “Analysis and Reporting” process is to analyse the measurements in 
order to assess the quality of OATA architecture. The process consists of the following 
activities (see Figure 7 below): 

• Analyse metric measurement results 
The measurements results are analysed by the Validation Team Members. 

• Assess Validation Aims 

The conclusions of the validation results are made. 

• Write the Validation Reports 

The results and conclusions of the validation cycle are documented in a Validation 
Report(s). 

The analysis begins with the comparison between measured metrics and the thresholds. 
Next step is to assess the quality referred by the validation objectives, to assess the 
validation aims and to make the conclusions.  
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Figure 7: Analysis and Reporting 
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3.4.2 Required resources 
The table shows the planned participating resources for the activities in “Analysis and 
Reporting”. 

The highlighted markings are the role responsible for the activity. 

Roles 

Activities 

Va
lid

at
io

n 
Te

am
 L

ea
de

r 

O
O

/U
M

L 
Ex

pe
rt 

O
AT

A 
Ar

ch
ite

ct
ur

e 
Ex

pe
rt 

Va
lid

at
io

n 
Ex

pe
rt 

To
ol

 E
xp

er
t 

Le
ga

cy
 A

rc
hi

te
ct

ur
e 

Ex
pe

rt 

Analyse the metric measurement results    X X  

Assess the Validation Aims X   X   

Write the validation report(s) X   X   

3.4.3 Activity: Analyse the metric measurement results 

3.4.3.1 Objective 
The objective of this activity is to compare each measured metric to the thresholds. 

3.4.3.2 Rationale and Context 
This activity is required to decide if the measured value of the metric is within the threshold or 
not. This is the first analysis step in order to assess the validation objectives.  

3.4.3.3 Description 
The task is to analyse each measured value of a metric by comparing the value with the 
decided threshold.  

This can be done manually, but for increased efficiency, a tool should be used for this task. 
The tool can be the same tool used for the measuring or a separate analysis tool. 

3.4.3.4 Examples and Recommendations 
If the tool can support thresholds and compare them with the measurements results, this 
activity could very well be combined with the measuring of metrics. 

The credibility of the result from this activity is completely depending on the credibility of the 
thresholds. This credibility should be considered when the conclusion of the validation aim is 
made. 

3.4.3.5 Product 
The product of this activity is the result from comparison between measurement and 
threshold for each metric. 
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3.4.3.6 Resources 
The required resources for this activity are shown in the table below. 

Role 

R
es

po
ns

ib
le

 

Ex
ec

ut
or

 

Input 
Information Output Information Physical 

Tool Expert or 

Validation Expert 

X X Metric 
measurements 

Comparison 
between 
measurements and 
thresholds 

Repository 

   List of thresholds 
per metric 

  

3.4.4 Activity: Assess the Validation Aims 

3.4.4.1 Objective 
The objective of this activity is to assess and conclude the Validation Aims. 

3.4.4.2 Rationale and Context 
When the metric measuring and analysis are done, it is possible to assess the validation 
aims. 

This activity is where the actual validation of the OATA architecture is performed. 

3.4.4.3 Description 
The first task is to assess the quality referred by each validation objective. Assessing the 
metric assessment results for those metrics that influences the referred quality does this 
task.  For each validation objective there will be one assessment result. To assist this task, 
use the documentation from activity “Select metrics” in preparation. 

The defined subcharacteristics have different impact on characteristics and ISO 9126 
includes a suggested weight for each quality subcharacteristics, see Appendix A. This can be 
used as guidance during the assessment of the quality.  

The second task is to make conclusion for each validation aim. Using the assessment 
results of each validation objective that are related to the validation aim does these 
conclusions. 

Recommendations and comments should be documented together with the conclusions. 
When the conclusion is that the validation aim is not fulfilled then validation team should 
recommend actions to be done.  

3.4.4.4 Examples and Recommendations 
The recommendation is to have the same weight for all metrics for the first iteration, but this 
could be refined for future iterations. In reality, different metric categories have different 
impact on quality attributes. Weighting of metric categories for each attribute might be 
considered in the future as knowledge increases. For the first iteration it’s recommended that 
weigh the metric categories equal. 

The validation team can use the results of previous validation cycle in order to make a trend 
analysis whether the architecture has improved or not. 
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3.4.4.5 Product 
The product of this activity is the assessments and conclusions of the validation aims 
documented with recommendations and comments. 

3.4.4.6 Resources 
The required resources for this activity are shown in the table below. 

Role 

R
es

po
ns

ib
le

 

Ex
ec

ut
or

 

Input Information Output Information 

Validation Team Leader X    

Validation Expert  X Comparison between 
measurements and 
thresholds 

Conclusion of Validation 
Aims 

3.4.5 Activity: Write the validation report(s) 

3.4.5.1 Objective 
The objective of this activity is to finalize the validation process of the OATA architecture by 
writing a validation report (or several). 

3.4.5.2 Rationale and Context  
The Validation Reports can be at different levels for different readers and they can cover 
different parts of the quality model. 

3.4.5.3 Description 
The validation team members shall decide to whom the validation report is aimed to and the 
context of each report.  

The Validation Team Members shall report about the performed validation, the validation 
results and the made conclusions. The reports should also include information about 
“lessons-learned” during the validation in order to improve the future validation activities.  

The final task in the validation iteration is to create and distribute the reports. 

3.4.5.4 Examples and Recommendations 
A Validation Report should include; 

• Information about the Validation Team 

• Validation Aims and their objectives 

• Selected OATA architecture version and tool(s) 

• Selected metrics and the defined thresholds for each metric 

• The assessment of the metric measurements results 

• Conclusion of validation objectives and validation aims 

• Recommendation of corrective actions 

• A lessons-learned section 
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3.4.5.5 Product 
The product of this activity is one or more Validation Reports. 

3.4.5.6 Resources 
The required resources for this activity are shown in the table below. 

 

Role 

R
es

po
ns

ib
le

 

Ex
ec

ut
er

 

Input Information Output Information 

Validation Team Leader X X Conclusions on the 
Validation Aims 

Validation Reports 

Validation Expert  X   
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4 APPENDIX A: QUALITY MODEL 

4.1 Introduction 
It is necessary to clearly state the context of quality and metrics before the selection and 
definition of metrics. This context is usually known as the Quality Model. A Quality Model is a 
model that considers a set of quality characteristics that can be assessed through a set of 
quality attributes. These quality attributes are quantified through a set of metrics. Not all the 
available metrics are suitable for all quality attributes and related characteristics and it is 
therefore necessary to make a decision on the appropriate quality characteristics and 
metrics, according to the state-of-the-art or previous experience in the field.  

4.2 Overview of Quality Models and Proposed Quality Model 
A Quality Model is a model that represents different kinds of quality characteristics and 
attributes of a product. 

Several Quality Models were initially taken into account but only one of them has finally been 
proposed for use in the assessment of OATA architecture structure. The considered Quality 
Models are listed below: 

• Factor-Criteria-Metrics Model [MacCall 77], [Boehm 78] 

• REBOOT [Karlsson 95] 

• Dromey’s Quality Model Framework [Dromey 95] 

• QMOOD (Quality Model for Object-Oriented Design) [Bansiva,Davis 97] 

• ISO/IEC 9126 Quality Model [ISO 9126] 

The ISO/IEC 9126 Quality Model represents an international effort to collect the ideas and 
experiences related to the quality of a software system over the last decades. This is the 
main reason why it was finally proposed as basis for the validation of the quality of OATA 
architecture structure. All the other Quality Models that were initially taken into account are 
included directly or indirectly within the ISO/IEC 9126 standard. 

The ISO/EIC 9126 Quality Model is defined as a two-part model for software product quality:  

1. internal and external quality, and  

2. quality in use.  

The first part of the quality model describes quality characteristics, which can be used for 
assessing internal and external quality of a software product. These quality characteristics 
are subdivided into quality subcharacteristics that are influenced by one or more internal and 
external quality attributes. The quality attributes can be quantified by internal or external 
metrics. 

• Internal metrics can be applied to a non-executable software product (such as a 
specification or source code) during designing and coding. Internal metrics have 
the benefit that they are able to evaluate software product quality and address 
quality issues early in the lifecycle, before the software product becomes 
executable. 

• External metrics use measures of a software product derived from measures of 
the behaviour of the system of which it is a part, by testing, operating and 
observing the executable software or system. 

The second part of the quality model addresses quality in use, which is the user’s view of the 
quality of a system.  It is measured in terms of the result of using the software, rather than 
properties of the software itself. 
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Since OATA WP 8.1.2 assesses the quality of an architecture structure (i.e. non-executable) 
the proposed Quality Model considers the quality characteristics and subcharacteristics 
appropriate for assessing the internal quality of an architecture structure. 

4.3 Description of ISO/IEC 9126 Quality Characteristics 
ISO/IEC 9126 specifies six quality characteristics for internal and external quality, which are 
further divided into subcharacteristics. The six relevant characteristics to define and assess 
the internal and external quality of a software product are: 

• Functionality 

• Reliability 

• Usability 

• Efficiency 

• Maintainability 

• Portability 

One key aspect of these characteristics is that they are reasonably independent. For this 
reason they cover a wide range of the quality aspects of the productive process of a software 
product. The standard also identifies subcharacteristics to be taken into account while 
assessing each characteristic.  

External 
and 

Internal Quality

Functionality Usability Efficiency Maintainability PortabilityReliability

Characteristics

Suitability
Accuracy

Interoperability
Security

Maturity
Fault tolerance
Recoverability

Understandability
Learnability
Operability

Attractiveness

Time behaviour
Resourse 
utilisation

Analysability
Changeability

Stability
Testability

Adaptability
Installability

Co-existence
Replaceability

Subcharacteristics

 
Figure 8: ISO/IEC 9126 Quality Model for External and Internal Quality 
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4.3.1 Definitions of characteristics 
 

Quality Characteristics and Subcharacteristics 

[ISO/IEC 9126-1] 

1. FUNCTIONALITY 

Characteristics relating to achievement of the basic purpose for which the software is being 
engineered. 

Definition:  

The capability of the software product to provide functions which meet stated and implied needs 
when the software is used under specified conditions. 

Note 1: This characteristic is concerned with what the software does to fulfil it needs, whereas the 
other characteristics are mainly concerned with when and how it fulfils needs. 

Subcharacteristics and their definitions: 

• Suitability: The capability of the software to provide an appropriate set of functions for 
specified tasks and user objectives. 

• Accuracy: The capability of the software product to provide the right or agreed results or 
effects with the needed degree of precision. 

• Interoperability: The capability of the software product to interact with one or more 
specified systems. 

• Security: The capability of the software to protect information and data so that 
unauthorised persons or systems cannot read or modify them and authorised persons or 
systems are not denied access to them. 

2. RELIABILITY 

Characteristics relating to capability of software to maintain its level of performance under stated 
conditions for a stated period of time. 

Definition: 

The capability of the software product to maintain a specified level of performance when used 
under specified conditions. 

Subcharacteristics and their definitions: 

• Maturity: The capability of the software product to avoid failures as a result of faults in the 
software. 

• Fault tolerance: The capability of the software product to maintain a specified level of 
performance in cases of software faults or of infringement of its specified interface. 

• Recoverability: The capability of the software product to re-establish a specified level of 
performance and recover the data directly affected in the case of a failure. 
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Quality Characteristics and Subcharacteristics 

[ISO/IEC 9126-1] 

3. USABILITY 

Characteristics relating to the effort needed for use, and on the individual assessment of such 
use, by a stated or implied set of users. 

Definition:  
The capability of the software product to adhere to standards, conventions or regulations relating 
to reliability. 

Subcharacteristics and their definitions: 

• Understandability: The capability of the software product to enable the user to 
understand whether the software is suitable, and how it can be used for particular tasks 
and conditions of use. 

• Learnability: The capability of the software product to enable the user to learn its 
application. 

• Operability: The capability of the software product to enable the user to operate it and 
control it. 

• Attractiveness: The capability of the software to be attractive to the user. 

4. EFFICIENCY 

Characteristic related to the relationship between the level of performance of the software and the 
amount of resources used, under stated conditions. 

Definition:  
The capability of the software product to provide appropriate performance, relative to the amount 
of resources used, under stated conditions. 

Subcharacteristics and their definitions: 

• Time Behaviour: The capability of the software product to provide appropriate response 
and processing times and throughput rates when performing its function, under stated 
conditions. 

• Resource Utilization: The capability of the software product to use appropriate amounts 
and types of resources when the software performs its function under stated conditions. 
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Quality Characteristics and Subcharacteristics 

[ISO/IEC 9126-1] 

5. MAINTAINABILITY 

Characteristics related effort needed to make modifications, including corrections, improvements 
or adaptation of software to changes in environment, requirements and functional specifications. 

Definition:  
The capability of the software product to be modified. Modifications may include corrections, 
improvements or adaptation of the software to changes in environment, and in requirements and 
functional specifications. 

Subcharacteristics and their definitions: 

• Analysability: The capability of the software product to be diagnosed for deficiencies or 
causes of failures in the software, or for the parts to be modified to be identified. 

• Changeability: The capability of the software product to enable a specified modification to 
be implemented. 

• Stability: The capability of the software product to avoid unexpected effects from 
modifications of the software. 

• Testability: The capability of the software product to enable modified software to be 
validated. 

6. PORTABILITY 

Characteristics related to the ability to transfer the software from one organisation or hardware or 
software environment to another. 

Definition:  
The capability of the software product to be transferred from one environment to another. 

Subcharacteristics and their definitions: 

• Adaptability: The capability of the software product to be adapted for different specified 
environments without applying actions or means other than those provided for this 
purpose for the software considered. 

• Installability: The capability of the software product to be installed in a specified 
environment. 

• Co-existence: The capability of a software product to co-exist with other independent 
software in common environment sharing common resources. 

• Replaceability: The capability of the software product to be used in place of another 
specified software product for the same purpose in the same environment. 

Table 1: ISO/IEC 9126 Quality Concepts Definitions 
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4.4 The OATA Architecture Structure Internal Quality Characteristics 
Depending on the nature of the OATA architecture and the purpose of WP 8.1.2 not all 
characteristics are considered to be relevant to assess. The following table describes the 
ISO/IEC 9126 quality characteristics relevancy to WP 8.1.2. 

 

Quality characteristic Quality 
subcharacteristic Relevancy 

Suitability 

Accuracy 

Interoperability Functionality 

Security 

The functionality quality characteristic is included 
in the WP 8.1.1:  Define Methodology for 
Validation within OATA - Architecture Compliance 
Assessment Process. 

WP 8.1.2 will not include this quality 
characteristic. 

Maturity 

Fault tolerance Reliability 

Recoverability 

The reliability quality characteristic is included in 
the WP 8.1.3:  Define Methodology for Validation 
within OATA - Non-Functional Requirements 
Assessment Process. 

WP 8.1.2 will not include this quality 
characteristic. 

Understandability 

Learnability 

Operability Usability2 

Attractiveness 

WP 8.1.2 will assess the subcharacteristic 
understandability with the definition that it is the 
architecture’s understandability that will be 
assessed. 

WP 8.1.2 will not assess Learnability, Operability, 

Attractiveness since these characteristics are 
user-oriented and no suitable metrics have been 
found. 

Analysability 

Changeability 

Stability 
Maintainability 

Testability 

WP 8.1.2 shall assess maintainability and its 
entire set of subcharacteristics. 

Time Behaviour 

Efficiency 
Resource Utilization 

The efficiency characteristic will be included in 
WP 8.1.3:  Define Methodology for Validation 
within OATA - Non-Functional Requirements 
Assessment Process. 

WP 8.1.2 will not include this quality 
characteristic. 

Adaptability 

Installability 

Co-existence Portability 

Replaceability 

The portability characteristic will be included in 
WP 8.1.4:  Define Methodology for Validation 
within OATA - Architecture Tactics Assessment 
Process. 

WP 8.1.2 will not include this quality 
characteristic. 

Table 2:  Internal Quality characteristics 

                                                
2 Assumes that the OATA architecture is the product 
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4.5 Weight table for subcharacteristics 
ISO/IEC 9126 proposes relative weights to be assigned to the subcharacteristics (see Table 
2 below). This allows the evaluators to focus their efforts on the most important 
subcharacteristics. 

 
Table 3:  Subcharacteristics weight table 

4.6 Proposed OATA Quality Model 
ISO/IEC 9126 defines that, for each characteristic and subcharacteristic, the capability of the 
software is determined by a set of attributes that can be measured by metrics. See Figure 9: 
Quality Meta Model. 

In WP 8.1.2 the product is the OATA architecture itself and WP 8.1.2 addresses the structure 
of that architecture. Therefore the selected metrics will measure the internal quality attributes 
relating to the structure of an architecture only. 
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Figure 9: Quality Meta Model 

4.6.1 Proposed Quality Model 
The quality characteristics and subcharacteristics defined in the ISO 9126 shall be used for 
assessing the quality in the OATA Logical architecture.  

Quality attributes are used to help identify which metrics can quantify the quality 
(sub)characteristics.  However, the quality attributes, and associated metrics to be used, are 
not detailed in the ISO 9126 standard.  WP 8.1.2 has examined best practices in this area 
and developed a proposal of the association between the characteristics, attributes and the 
different metrics, shown in Figure 10 below.  

Note that a quality subcharacteristic has an impact on several quality attributes; a quality 
attribute may in turn be impacted by several quality subcharacteristics – i.e. there is many to 
many relationship.  This is also true of the relationship between quality attributes and metrics. 
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Analysability

Changeability

Stability

Testability

Understandability

Class Size

Coupling

Inheritance

Dependence

Cohesion

Readable

Operations per Class

Coupling Metrics

Inheritance Metrics

Stability Metrics

Readability

Response for a Class

Encapsulation

Quality 
Subcharacteristic

Quality Attribute Metric (Group)

 

Figure 10: Quality Attribute Relationships  

Table 4: Proposed Quality Model uses these relationships to identify for each quality 
characteristic and subcharacteristic the most relevant metric group(s). This table can be used 
as guidance during the activity of selecting metrics.   

Quality 
characteristic Quality subcharacteristic Quality 

attribute Metric group 

Class size Operations per class 
Coupling Coupling metrics Analysability 

Inheritance Inheritance metrics 
Class size Operations per class 
Coupling Coupling metrics 

Inheritance Inheritance metrics 
Changeability 

Dependence Stability metrics 
Coupling Coupling metrics 

Inheritance Inheritance metrics Stability 

Dependence Stability metrics 
Class size Operations per class 
Coupling Coupling metrics 

Inheritance Inheritance metrics 
Dependence Stability metrics 

Response for a class 
Inheritance metrics 

Maintainability 

Testability 

Cohesion 

Encapsulation 
Readable Readability metrics 
Coupling Coupling metrics Usability Understandability3 

Inheritance Inheritance metrics 

Table 4: Proposed Quality Model 

                                                
3 Understandability of the OATA architecture itself 
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Note that the above figure and table are only a proposal.  During validation iterations the 
validation team may discover other significant quality attributes that are not included. These 
quality attributes should be added and associated with appropriate metric groups (Activity – 
Preparation: Select Metrics).   

In order to get an overall validation assessment for each quality characteristic, the validation 
team should also investigate the appropriate weighting to be applied to: 

• the quality subcharacteristics that are to be assessed (using Table 3 for initial 
guidance),  

• the different quality attributes that they impact, and  

• the different metrics within a metric group that will be used to quantify them.  

4.7 Impact Matrix of Metrics on Quality (for Maintainability) 
Analysis of existing metrics work related to the Maintainability quality characteristic identified 
the following sets of metrics (not all of which are applicable to OATA). The table below shows 
how each of these metrics may impact the quality of the Maintainability subcharacteristics 
and desirable values of the metrics in this context.  

Note that the metric column contains original metrics from various sources.  Some of these 
have been selected for assessment of the OATA Logical Architecture, but have in some 
cases been adapted to suit the specific nature of OATA. 
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M etric Analyza
bilit

y

Changeabilit
y

Sta
bilit

y

Testa
bilit

y

Desira
ble V

alu
es

M
or

ris
 M

et
ric

s 
Se

t 

M ethods pe r C lass N ega tive N egative N ega tive N ega tive Low

Inhe ritance  
D ependenc ies N ega tive N egative N ega tive N ega tive Low

D eg ree  o f C oup ling  
be tw een  C lasses N ega tive N egative N ega tive N ega tive Low

D eg ree  o f C ohes ion  o f 
C lasses - P os itive - - H igh

C lass L ib ra ry 
E ffec tiveness - - - - H igh

F acto ring  
E ffec tiveness P os itive P os itive P os itive P ositive H igh

D eg ree  o f R euse  o f  
Inhe ritance  M e thods - - - - H igh

A ve rage  M e thod  
C om p lex ity  N ega tive N egative N ega tive N ega tive Low

A pp lica tion  G ranu la rity  P os itive P os itive P os itive P ositive H igh

W e igh ted  M e thods 
pe r C lass  (W M C ) N ega tive N egative N ega tive N ega tive 20  o r 50  

(1 )
D ep th  o f  Inhe ritance  
T ree  (D IT ) N ega tive N egative N ega tive N ega tive <=5

N um ber o f  C h ild ren  
(N O C ) N ega tive N egative N ega tive N ega tive Low  

(TB C )
C oup ling  be tw een  
c lasses (C B O ) N ega tive N egative N ega tive N ega tive Low  

(TB C )
R esponse  fo r a  C lass  
(R FC ) N ega tive N egative N ega tive N ega tive Low  

(TB C )
Lack o f  C ohes ion  in  
M e thods (LC O M ) N ega tive N egative N ega tive N ega tive Low  

(TB C )
M e thod  H id ing  Fac to r 
(M H F ) P os itive P os itive P os itive P ositive > 8 %   

< 2 5 %  (2 )
A ttribu te  H id ing  F acto r 
(A H F) P os itive P os itive P os itive P ositive 100%  ID  

> 9 0 %
M ethod  Inhe ritance  
F ac to r (M IF ) N ega tive N egative N ega tive N ega tive > 2 0 %  

< 8 0 %
A ttribu te  Inhe ritance  
F ac to r (A IF ) N ega tive N egative N ega tive N ega tive 0%    

< 5 0 %  (3 )
P o lym orph ism  Facto r 
(P F ) - - - - > 5 %  

< 2 0 %  (4 )

C oup ling  F acto r (C F) N ega tive N egative N ega tive N ega tive > 0 %  
< 1 2 %  

M
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(1) As maximum 10% of classes can have more than 24 methods (reference value). 
(2) Found in literature but not contrasted. 
(3) Contradictory ranges found, but low values are recommended. 
(4) Not justified. 

Table 5: Impact of high values on the Quality Subcharacteristics 



Architecture Structure Assessment Process 

Edition: 0.M Proposed Issue Page: 47 
Overall ATM/CNS Target Architecture 

5 APPENDIX B METRICS 

5.1 Introduction 
This appendix gives a structured overview of the metrics that have been identified as 
applicable to the OATA logical architecture and a suggestion of how to group the applicable 
metrics. 

A metric group contains the metrics that measure the same aspect of an architecture, for 
example inheritance or coupling.  The different metric groups can be used to provide 
guidance for the selection of which metrics shall be used for the measurement of the OATA 
Architecture.  

The description of each group contains the following information: 

• Description and calculation 
Contains a description of the metric group and an explanation of how to calculate 
the metric. 

• Quality and interpretation 

Contains a description of the quality characteristics that is associated with the 
metric and a description of how to interpret the metric measurement. 

• Desired value 

Contains example and recommendations regarding desired value of the metric. 

• OATA Applicability 

Identifies the levels in the OATA architecture at which the metrics in the group can 
be applied. 

• References/Sources 

Contains a reference to the original definition of the metric. For a summary, read 
about the metric in Appendix C “Metric Cards”. For details, see reference for the 
original metric. 

Some of the metric groups are also divided into more specific subgroups, for example 
“Coupling metrics” has been divided into “Coupling between classes” and “Coupling between 
packages”. 

Different common statistics, for example standard deviation, mean, average, maximum and 
minimum, can be calculated using the results from the basic metric measurements and are 
not described in this appendix. 

5.2 Operations per class 

5.2.1 Description and calculation 
Classes and operations are used to encapsulate data and responsibility in object-oriented 
development. 

For each selected class, count the number of operations in the class (see 5.2.4 below for 
details). 

5.2.2 Quality and interpretation 
This metric contributes to the assessment of class size, which provides feedback on the 
Analysability, Changeability and Testability of the Architecture.  
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A large number of operations per class are usually an indication that the class is complex 
and application-specific, thus difficult to reuse. However, a large total number of operations 
per class may be desirable because subclasses tend to inherit a larger number of operations 
and inheritance increases code reuse. 

The more operations a class has, the larger it will be and the more complicated the testing 
required.  

5.2.3 Desired value 
No exact value can be specified. 

A similar metric, WMC (Weighted Methods per Class), is indicated by Chidamber & Kemerer 
to be low, (0 to 10). [Chidamber, Kemerer 94] 

5.2.4 OATA Applicability 
Operations per class are calculated for classes found in the Application part of the 
Specification Model in the OATA Logical View. 

The table below describes operations to count in the OATA architecture. 

 
Operations OATA Architecture Operations Count 

Inherited Yes No 

Private Some Yes 

Friend Probably not Yes 

Public Yes Yes 

get/set 
operations 

Yes Decision has to be made before activity 
“Prepare Tools” 

5.2.5 References/Sources 
 
Metric name Description Source 

MPC Calculates an average of methods per 
class in a specified subset 

Morris Metrics Set [Morris 89] 

WMC Weighted Methods per Class 

Calculates an average of weighted 
methods per class in a specified subset. 
(Weighting set to same value for all 
methods counts number of methods per 
class.) 

[Chidamber, Kemerer 94] 
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5.3 Coupling metrics 

5.3.1 Description 
Coupling is a measure of the strength of association between different parts of the 
architecture.  It is normally counted between classes and result calculated for classes, 
packages and (in the OATA case) clusters.  

Three kinds of coupling between classes can be considered: 

a) Coupling between classes in the same package; 

b) Coupling between classes in different packages but same cluster; and 

c) Coupling between classes in different clusters. 

Cluster X
<<cluster>>

Module X1
<<module>>

NewClass8
(from Module X1)

NewClass7
(from Module X1) (a)

Cluster A
<<cluster>>

Module A1
<<module>>

Module A3
<<module>>

Module A2
<<module>>

NewClass
(from Module A1)

NewClass3
(from Module A1)

NewClass6
(from Module A3)

NewClass4
(from Module A2)

NewClass5
(from Module A2)

(a)

(b) (b)

(b)

(a)
(b)NewClass2

(from Module A1)

(a)

(c)

(a)

(c)

(c)

 

Figure 11: Aspects of Coupling between Classes 

To get a full view of the coupling of a class, all three aspects of coupling need to be 
considered.  Coupling between packages can be calculated using the last two aspects alone, 
while coupling between clusters considers just the third aspect.  Note, however, that coupling 
between packages and clusters can also be counted directly by considering their 
dependencies. 
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5.3.2 Quality 
This metric group contributes to the assessment of Coupling which provides feedback on the 
Understandability, Analysability, Changeability, Testability and Stability of the Architecture. 

 

 

The lower the degree of coupling between classes, the more they will be suitable for reuse. 
The more independent a class is, the easier it is to reuse. Excessive coupling between 
classes is detrimental to modular design and prevents reuse.  

Uncoupled classes are usually easier to augment than those with a high degree of coupling, 
due to the lower degree of interaction. 

A measure of coupling is useful to determine how complex the testing of various parts of a 
design is likely to be. The higher the inter-class or package coupling, the more rigorous the 
testing needs to be (low testability). 

Class interaction complexity associated with coupling can lead to increased error generation 
during development. 

In order to improve modularity and promote encapsulation, inter-class couples should be 
kept to a minimum. The larger the number of couples, the higher the sensitivity to changes in 
other parts of the design, and therefore maintenance is more difficult (low maintainability). 

5.3.3 Coupling between classes 

5.3.3.1 Description and calculation 
Coupling is a measure of the strength of association established by a connection from one 
class to another.  

Classes are coupled in three ways:  

• Message passing 
When a message is passed between objects, the corresponding classes are 
coupled.  

• Shared data 
Classes are coupled when there is an association between them or a class is 
used to define the type of a class’s attributes or parameters of its operations. 

• Inheritance 

Inheritance introduces a significant tight coupling between superclasses and their 
subclasses. 
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5.3.3.2 Desired value 
The recommendation is a low value. 

The exact range has to be decided in activity “Set thresholds” during validation preparation. 

5.3.3.3 OATA Applicability 
Coupling between classes are calculated between classes found in the Application part of 
the Model in the OATA Logical View. 

5.3.3.4 References/Sources 
 
Metric name Description Source 

CBC Coupling between Classes 

The average number of couplings per 
class in a subset 

Morris Metrics Set  

[Morris 89] 

CBO Coupling between Objects 

Total number of couplings of a class 

Chidamber & Kemerer object-oriented 
metrics  

[Chidamber, Kemerer 94] 

CF Coupling Factor: 

The number of couplings divided by the 
number of classes in the evaluated 
subset 

MOOD Set  

[Abreu 95] 

5.3.4 Coupling between packages 

5.3.4.1 Description and calculation 
Coupling between packages is not normally described in object-oriented metrics. Instead it 
arises for the calculation of statistics on the couplings between classes when the classes are 
in different packages. 

5.3.4.2 Desired value 
The recommendation is a low value. 

The exact range has to be decided in activity “Set thresholds” during validation preparation. 

5.3.4.3 OATA Applicability 
Coupling between packages shall be counted for each Module in the Application part of the 
Specification Model in the OATA Logical View.  It can also be calculated for the Clusters. 

5.3.4.4 References/Sources 
No standard metric exists. 

5.4 Stability metrics 

5.4.1 Description 
This metric group contains metrics that measure the level of stability in the architecture.  
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5.4.2 Quality 
This metric group contributes to the assessment of Dependence, which provides feedback 
on the Changeability, Testability and Stability of the Architecture. 

 

5.4.3 Efferent and afferent coupling 

5.4.3.1 Description and calculation 
Afferent coupling (incoming) counts the number of classes outside the analysed package that 
depend upon classes within the analysed package. 

Efferent coupling (outgoing) counts the number of classes inside the analysed package that 
depend upon classes outside the analysed package. 

5.4.3.2 Quality and interpretation 
The number of packages that depend upon the analysed package is an indication of its level 
of responsibility. If the package is relatively abstract then a large number of incoming 
(afferent) dependencies are acceptable.  

The larger the number of couples, the higher the sensitivity to changes in other parts of the 
design, and therefore the more difficult the maintenance with respect to changeability.  

A large outgoing (efferent) coupling indicates that a class is unfocused and may also indicate 
that it is unstable, since it depends on the stability of all the types to which it is coupled. 

5.4.3.3 Desired value 
The recommendation is a low value. 

The exact range has to be decided in activity “Set thresholds” during validation preparation. 

5.4.3.4 OATA Applicability  
Afferent and efferent coupling shall be counted for each Module in the Application part of the 
Specification Model in the OATA Logical View.  It can also be calculated for the Clusters. 
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5.4.3.5 References/Sources 
 
Metric name Description Source 

Ca Afferent Coupling: 

The number of incoming couplings to the 
analysed package 

Chidamber & Kemerer's Metrics Suite 
(derivative) - 1994. Some attributes to 
Robert C. Martin.  

[Chidamber, Kemerer 94] 

[R Martin 94] 

Ce Efferent Coupling: 

The number of outgoing couplings from 
the analysed package 

Chidamber & Kemerer's Metrics Suite 
(derivative) - 1994. Some attributes to 
Robert C. Martin.  

[Chidamber, Kemerer 94] 

[R.C. Martin 94] 

5.4.4 Instability 

5.4.4.1 Description and calculation 
This metric was proposed by Robert C. Martin and measures the instability of packages, 
related to the effort to change one package without impacting other packages. 

The instability of a package is its number of outgoing couplings divided by the sum of its 
incoming and outgoing couplings. 
Instability = Outgoing couplings (Ce) / (Incoming couplings (Ca) + Outgoing couplings (Ce)) 
If (Ca+Ce) = 0 then Instability=0 

See also metric description for Afferent Coupling, Ca and Efferent Coupling, Ce. 

5.4.4.2 Quality and interpretation 
The number of incoming and outgoing couplings is one indicator determining the 
changeability of a package, where:  

• Packages that contain many outgoing but few incoming couplings are less stable 
because they may be impacted by changes in these packages.  

• Packages containing many incoming couplings but few outgoing ones are more 
stable because they are more difficult to change without impacting other 
packages.  

A stable package is a package that has no couplings with other packages, i.e. it is completely 
independent. 

5.4.4.3 Desired value 
Zero (0) indicates a maximum stable package and 1 indicates a maximum unstable package.  

Designs of packages should intentionally be made as stable (range 0.0 to 0.3) or unstable 
(range 0.7 to1.0) as possible. 

The recommendation for OATA is a low value. 

The exact range has to be decided in activity “Set thresholds” during validation preparation. 

Robert C. Martin's Stable Dependencies Principle states that the dependencies between 
packages in a design should be in the direction of the stability of the packages; i.e. a 
package should depend only on packages that are more stable than itself. 
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5.4.4.4 OATA Applicability  
Instability should be calculated for each Module in the Application part of the Specification 
Model in the OATA Logical View. It can also be calculated for the Clusters. 

5.4.4.5 References/Sources 
 
Metric name Description Source 

I Instability: 

Measures the instability/changeability of 
architecture 

Robert C. Martin 

[R.C. Martin 94] 

5.4.5 Cyclic dependency 

5.4.5.1 Description and calculation 
Packages have relationships that are dictated by the classes contained within them, and the 
relationships that these classes possess with classes in other packages. While time is 
usually spent designing the relationships between classes, it’s unfortunate that little time is 
given to the relationships between packages.  

Client Package

Service Package

Client

Service

Client Package

Service Package

Client1 Client2

Service

Client1 Package
Client 2 Package

Client1

Client2

Service Package

Service

Direct Cyclic Dependency Indirect Cyclic Dependency

 

Figure 12: Package and Class Dependencies 

The diagram illustrates no cyclic dependency, direct and indirect cyclic dependency. At left, 
we see a client package that contains a Client class. This Client class has a relationship to a 
Service class in the service package. In this scenario, we can easily reuse the service 
package and it’s containing classes, because we know the classes in the service package 
have no other dependencies. At the centre and the right, however, we see a cycle in the 
dependency structure. In centre, the Client and Service packages have a bi-directional 
relationship, implying that the client package has a relation to the service package, and the 
service package has a relation to the client package. In the right, the Client1, Client2 and 
Service packages have circular relationship. In these scenarios, neither the client nor the 
service packages can be used without the other. 

The metric is calculated by counting the number of cyclic dependencies of a package (direct 
and indirect). 
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5.4.5.2 Quality and interpretation 
Cyclic dependencies are difficult to maintain since cyclically dependent packages are harder 
to comprehend individually. They cannot be packaged, versioned, and distributed 
independently. Consequently, this metric is useful to catch cyclic package dependencies 
before they make it into a software baseline. 

5.4.5.3 Desired value 
The exact range has to be decided in activity “Set thresholds” during validation preparation. 

5.4.5.4 OATA Applicability  
The metric is counted in a dependency graph generated from packages in the Application 
part of the Specification Model in the OATA Logical View. 

5.4.5.5 References/Sources 
 

Metric name Description Source 

CYC Cyclic Dependency 

The number of mutual package 
couplings for one package 

Robert C. Martin 

 [R.C. Martin 94] 

DCYC Direct Cyclic Dependency 

The number of mutual package 
couplings between two packages 

Robert C. Martin 

 [R.C. Martin 94] 

5.5 Inheritance 

5.5.1 Description 
One design abstraction in object-oriented design is the use of inheritance. Inheritance is a 
relationship between classes that enables designers to reuse previously defined elements, 
including attributes, operations and associations.  

Inheritance metrics primarily evaluate the amount of reuse in the architecture. 
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5.5.2 Quality 
This metric group contributes to the assessment of Cohesion, and Inheritance, which provide 
feedback on the Understandability, Analysability, Changeability, Stability and Testability of 
the Architecture.  

 

Inheritance decreases complexity by reducing the number of operations, but this abstraction 
of objects can make maintenance and design difficult.  

5.5.3 Depth of inheritance 

5.5.3.1 Description and calculation 
Depth of inheritance measures the depth of a class within the inheritance hierarchy. It is the 
maximum length from the class node to the root of the tree, measured by the number of 
ancestor classes. 

5.5.3.2 Quality and interpretation 
The deeper a class is in the hierarchy, the greater the number of methods it is likely to 
inherit, making it more complex to predict its behaviour. 

Deeper trees constitute greater design complexity. 

A correlation between inheritance depth and the number of faults found in the final 
implementation has been discovered both in research and real-life implementations. 

5.5.3.3 Desired value 
The exact range has to be decided in activity “Set thresholds” during validation preparation. 

[RefactorIT] suggests that the desired value of depth of inheritance should not be more than 
5.  

5.5.3.4 OATA Applicability 
Depth of inheritance is calculated for classes found in the Application part of the Specification 
Model in the OATA Logical View. 
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5.5.3.5 References/Sources 
 
Metric name Description Source 

DIT Depth of inheritance Tree: 

The depth of a class within the 
inheritance hierarchy is the maximum 
length from the class node to the root of 
the tree, measured by the number of 
ancestor classes. 

Chidamber & Kemerer object-oriented 
metrics  

[Chidamber,Kemerer 94] 

5.5.4 Width of inheritance 

5.5.4.1 Description and calculation 
Width of inheritance is the measure of inheritance via the number of direct subclasses of a 
class. It is also known as “Number of Children” or “Number of Direct Subclasses of a Class'”.  

To calculate, count the direct subclasses of a class. 

5.5.4.2 Quality and interpretation 
The number of children approximately indicates how an application reuses code and is an 
indicator of the potential influence a class can have on the testability and design of the 
system. It is assumed that the more children a class has, the more responsibility there is on 
the maintainer of the class not to break the children's behaviour. As a result, it is harder to 
modify the class and it requires more testing.  

Hence:  

• The greater the number of children, the greater the reuse of code, since 
inheritance is a form of reuse.  

• The greater the number of children, the greater the likelihood of improper 
abstraction of the parent class. If a class has a large number of children, it may be 
a case of misuse of sub-classing.  

• The number of children gives an idea of the potential influence a class has on the 
design. If a class has a large number of children, it may require more testing of 
the methods in that class, thus increase the testing time.  

5.5.4.3 Desired value 
The exact range has to be decided in activity “Set thresholds” during validation preparation.  

However, the initial recommendation is that width of inheritance should be between 0 and 10. 
If width of inheritance exceeds 10 children for a class, this may indicate a misuse of sub-
classing because more reuse implies poor design and increased testing requirements. 

5.5.4.4 OATA Applicability 
Width of inheritance is calculated for classes found in the Application part of the Specification 
Model in the OATA Logical View. 
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5.5.4.5 References/Sources 
 
Metric name Description Source 

NOC Number of children: 

Count number of direct child classes 
derived from a class via the Inherits 
statement. 

Chidamber & Kemerer object-oriented 
metrics  

[Chidamber, Kemerer 94] 

5.6 Encapsulation 

5.6.1 Description and calculation 
Encapsulation refers to the concept of making an object a "black box”. An object should 
expose only the absolutely necessary information needed to interface with it. Encapsulation 
also means that an object includes everything it needs: both the data and the operations on it 
(methods). In a good modular design, each of the modules encapsulates implementation 
details that are not visible to the user of the module. 

To measure this correctly for a class, it is necessary to have both public and private 
declarations of operations and attributes of classes. However, by measuring the number of 
classes used outside a package, it’s possible to have an indication on encapsulation of a 
package. 

Count the number of classes from outside the package that the package has an efferent 
coupling to, and divide with the number of classes in the package. 

EP = Number of used classes outside this package / Total number of classes in this package 

5.6.2 Quality and interpretation 
This metric contributes to the assessment of Cohesion, which provides feedback on the 
Testability of the Architecture. 

 

5.6.3 Desired value 
The recommendation is a low value. A low value indicates "good" encapsulation of 
data/algorithms within a package. 

The exact range has to be decided in activity “Set thresholds” during validation preparation. 

5.6.4 OATA Applicability 
EP should be calculated for each Module in the Application part of the Specification Model in 
the OATA Logical View. It can also be calculated for the Clusters. 

5.6.5 References/Sources 
 
Metric name Description Source 

EP Encapsulation Principle: 

Number of used classes outside this 
package divided by total number of 
classes in this package 
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5.7 Response for a class 

5.7.1 Description and calculation 
Response for a class is the number of distinct methods and constructors invoked by a class. 
This is the cardinality of the set of all operations and constructors that can be invoked (i.e. 
operations in the class, inheritance hierarchy, and operations located in other objects) as a 
result of any message that could be sent to an object of the class. 

The response set for the class can be expressed as: 

RS = { M }∪ all i { Ri } 

where { Ri } = set of methods called by method i and { M } = set of all methods in the class 

For each remote operation, (each operation that can receive a message from another class) 
count the number of distinct operations that can be invoked through the entire call tree. 

A given operation is counted only once. 

5.7.2 Quality and interpretation 
This metric contributes to the assessment of Cohesion, which provides feedback on the 
Testability of the Architecture. 

 

If a large number of methods can be invoked in response to a message, the testing and 
debugging of the class becomes more complicated since it requires a greater level of 
understanding on the part of the tester. If the “response for a class” is large, it can be difficult 
to comprehend the behaviour and detect problems.  

5.7.2.1 Desired value 
The recommendation is a low value. 

The exact range has to be decided in activity “Set thresholds” during validation preparation. 

5.7.3  OATA Applicability 
The metric shall be counted for classes found in the Application part of the Specification 
Model in the OATA Logical View considering sequence diagrams in the Application part of 
the Specification Model and (where necessary) the Use Case Realisation of the OATA 
Logical View. 

5.7.4 References/Sources 
 
Metric name Description Source 

RFC Response for class: 

The set of all operations and 
constructors that can be invoked as a 
result of a message sent to an object of 
the class. 

Chidamber & Kemerer object-oriented 
metrics  

[Chidamber, Kemerer 94] 
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5.8 Readability 

5.8.1 Description and calculation 
There are 3 metrics in this group that help assess the readability of architecture, addressing: 

• the length of the names of the architecture elements; 

• the uniqueness of the names (count number of times each name is used); and 

• the density of documentation (e.g. number of words) 

5.8.2 Quality and interpretation 
This metric contributes to the assessment of Readability, which provides feedback on the 
Understandability of the Architecture. 

 

The longer the names of actors, use-cases, modules/packages, functions, attributes etc, the 
more descriptive they probably are, therefore increasing understandability. 

It is acceptable within UML to use the same name at many locations. However, 
understandability is increased if the name always refers to the same logical thing. For 
example, an attribute Username could be expected always to contain the same type of 
username with the same data type (string). If Username can mean one thing in one class 
and another thing somewhere else, the likelihood of confusion increases. 

The more description contained in the model, generally the easier the architecture is to read 
and understand - as long as the information is relevant. 

5.8.3 Desired value 
The exact range has to be decided in activity “Set thresholds” during validation preparation. 

5.8.4 OATA Applicability 
All elements in the parts of the model that is included in the validation cycle for assessment. 

5.8.5 References/Sources 
 
Metric name Description Source 

LEN Length of names: 

The average length of element names in 
a subset 

 

UNIQ Name Uniqueness Ratio: 

The average number of unique names in 
a subset 

 

DC Density of Comments: 

The average length of descriptions in a 
subset 
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6 APPENDIX C METRIC CARDS 

6.1 Methods per object class 
 

Metric Name Methods per object class MPC 

Original metric information 

Description 

Mr Morris describes three different metrics related to methods per object 
class. 

“Average number of methods per class” is the average number of methods 
per class in a subset and measures both size and complexity. 

“Max number of methods per class” is the maximum number of methods per 
class in the subset. 

“Min number of methods per class” is the minimum number of methods per 
class in the subset. 

Method of 
Calculation 

Average number of methods per class = Total number of methods / Total 
number of classes 

Max number of methods per class = Max number of methods of any class in 
the subset 

Min number of methods per class = Minimum number of methods of any class 
in the subset  

Source [Morris 89] 
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6.2 Weighted methods per class 
 

Metric Name Weighted methods per class WMC 

Original metric information 

Description 

The number of methods and the complexity of methods involved are indicators 
of how much time and effort is required to develop and maintain the object. 

The larger the number of methods in an object, the greater the potential 
impact on the children, since, children will inherit all the methods in the object. 
A large number of methods can result in a too application specific object, thus 
limiting the possibility of reuse.  

Since WMC can be described as an extension of the Cyclomatic Complexity4 
(CC) [McCabe 96] metric (if CC is used to calculate WMC) that applies to 
objects, its recommended threshold value can be compared with the upper 
limit of the CC metric. Take the calculated WMC value and divide it with the 
number of methods, this value can then be compared with the upper limit of 
CC. One disadvantage of using CC in order to measure an objects complexity 
is that the WMC value cannot be collected in early design stages, e.g. when 
the methods in a class have been defined but not implemented. 

To be able to measure WMC as early as possible one could use the number 
of methods in a class as a complexity value, but then the WMC metric is no 
longer a complexity measure but a size measure, also known as the methods 
per class metric (MPC). 

Method of 
Calculation 

Consider a class C1, with methods M1, M2, …Mn. Let c1, c2, …cn be the 
complexity5 of each method. Then: 

 
If all complexities are considered to be unity, WMC = n, the number of 
methods. 

Source [Chidamber, Kemerer 94] 

                                                
4 Cyclomatic Complexity [McCabe 96] provides a measure of the number of loops and complexity of the code implementing a 
method. 

5 Complexity is deliberately not defined more specifically here in order to allow for the most general application of this metric. It 
can be argued that developers approach the task of writing a method as they would a traditional program, and therefore some 
traditional complexity metric may be appropriate. This is left as an implementation decision, as the general applicability of any 
existing complexity metric has not been generally agreed upon. Any complexity metric used in this manner should have the 
properties of an interval scale to allow for summation. [Chidamber, Kemerer 94] One possible complexity metric is Cyclomatic 
Complexity, CC [McCabe 96]. 
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6.3 Depth of inheritance, DIT 
 

Metric Name Depth of inheritance DIT 

General metric information 

Description 

The purpose is to measure the inheritance structure complexity. 

Depth of inheritance of the class is the DIT metric for the class. In cases 
involving multiple inheritances, the DIT will be the maximum length from the 
node to the root of the tree. 

• The deeper a class is in the hierarchy, the greater the number of 
methods it is likely to inherit, making it more complex to predict its 
behaviour. 

• Deeper trees constitute greater design complexity, since more 
methods and classes are involved. 

• The deeper a particular class is in the hierarchy, the greater the 
potential reuse of inherited methods. 

Method of 
Calculation 

The depth of a class within the inheritance hierarchy is the maximum length 
from the class node to the root of the tree, measured by the number of 
ancestor classes. 

DIT = maximum inheritance path from the class to the root class 

Source [Chidamber, Kemerer 94] 

 

6.4 Number of children, NOC 
 

Metric Name Number of children NOC 

General metric information 

Description 

The number of children (NOC) is the number of immediate sub-classes 
subordinated to a class in the class hierarchy. 

• The greater the number of children, the greater the reuse, since 
inheritance is a form of reuse. 

• The greater the number of children, the greater the likelihood of 
improper abstraction of the parent class. If a class has a large number 
of children, it may be a case of misuse of sub-classing. 

• The number of children gives an idea of the potential influence a class 
has on the design. If a class has a large number of children, it may 
require more testing of the methods in that class. 

Method of 
Calculation 

Count number of direct child classes derived from a class via the Inherits 
statement. 

NOC = number of direct sub-classes of a class 

Source [Chidamber, Kemerer 94] 
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6.5 Coupling between classes, CBC 
 

Metric Name Coupling between classes CBC 

General metric information 

Description 

CBC is a measure of the control interconnections between objects. Two 
possible object coupling metrics might be the average number of “uses” 
dependencies per object and the maximum number of “uses” dependencies 
per object.  

The greater the number of use interactions between objects, the greater the 
amount of coupling between those objects. 

Ideally, to maximize objects’ encapsulation, coupling between objects should 
be minimized. 

• A higher degree of coupling between objects is likely to complicate 
application maintenance because the objects’ interconnections and 
interactions are more complex. 

• The higher the degree of object independence (i.e. the more 
“uncoupled” objects are from each other) the more likely it is that the 
objects will suitable for reuse within the same applications and within 
other applications. 

• Uncoupled objects should be easier to augment than those with high 
degree of “uses” dependencies, due to the lower degree of 
interaction. 

• Testability is likely to degrade with a more highly coupled system of 
objects. Coupling is likely to lead to testing complexity. 

• A highly coupled “uses” network is more complex and, therefore, likely 
to be less comprehensible. 

• Object interaction complexity associated with coupling can lead to 
increased error generation during development. 

• Uncoupled objects should be easier to replace with customized 
objects than those with a high degree of “uses” dependencies, due to 
the lower degree of interaction. 

For more details see [Morris 89]. 

Method of 
Calculation 

Count the number of relationships within the selected area. Then calculate the 
number of classes and calculate the division. 

The types of relationships that will be considered (separately) are: 

• Association 

• Dependencies (recommended)  

CBC = Total number of couplings / Total number of classes 

Source [Morris 89] 
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6.6 Coupling between Object Classes, CBO 
 

Metric Name Coupling between Object CBO 

General metric information 

Description 

CBO for a class is a count of the number of other classes to which it is 
coupled. 

CBO relates to the notion that an object is coupled to another object if one of 
them acts on the other, i.e., methods of one use methods or instance 
variables of another. Since objects of the same class have the same 
properties, two classes are coupled when methods declared in one class use 
methods or instance variables defined by the other class. 

• Excessive coupling between object classes is detrimental to modular 
design and prevents reuse. The more independent a class is, the easier 
it is to reuse it in another application. 

• In order to improve modularity and promote encapsulation, inter-object 
class couples should be kept to a minimum. The larger the number of 
couples, the higher the sensitivity to changes in other parts of the 
design, and therefore maintenance is more difficult. 

• A measure of coupling is useful to determine how complex the testing of 
various parts of a design is likely to be. The higher the inter-object class 
coupling, the more rigorous the testing needs to be. 

Method of 
Calculation CBO = Number of classes to which the class is coupled 

Source [Chidamber, Kemerer 94] 

6.7 Coupling Factor, CF, COF 
 

Metric Name Coupling Factor CF, COF 

General metric information 

Description 
The Coupling Factor (CF) metric was proposed as a measure of coupling 
between classes excluding coupling due to inheritance. 

[Harrison, Counsell, Nithi 98] 

Method of 
Calculation 

CF is calculated by considering all possible pair wise sets of classes, and 
asking whether the classes in the pair are related, either by message passing 
or by semantic association links (references by one class to an attribute or 
method of another class).  

CF = Actual couplings / Number of classes in the evaluated subset 

[Harrison, Counsell, Nithi 98] 

Source 
[Fernando Brito e Abreu, 95]  

[Harrison, Counsell, Nithi 98] 
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6.8 Afferent Coupling, Ca 
 

Metric Name Afferent Coupling Ca 

General metric information 

Description 

Afferent Coupling (also known as Incoming Dependencies and Number of 
Types outside a Package that Depend on Types of the Package) indicates the 
number of classes and interfaces from other packages that depend on classes 
in the analysed package. 

The number of packages that depend upon the analysed package is an 
indication of the analysed package's level of responsibility. In order to improve 
modularity and promote encapsulation, inter-object class couples should be 
kept to a minimum. If the package is relatively abstract then a large number of 
incoming dependencies is acceptable but the larger the number of couples, 
the higher the sensitivity to changes in other parts of the design, and therefore 
maintenance is difficult. Excessive coupling between concrete object classes 
is detrimental to modular design and prevents reuse. 

Summary by RefactorIT [RefactorIT] 

Method of 
Calculation 

Ca = cardinality ( {classes from other packages that depend on classes in the 
analysed package} ) 

Preferred values range between [0,500]  

[RefactorIT] 

Source 

[RefactorIT] 

[Chidamber, Kemerer 94]  

[R.C. Martin, 94] 
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6.9 Efferent Coupling, Ce 
 

Metric Name Efferent Coupling Ce 

General metric information 

Description 

Ce (also known as Outgoing Dependencies or the Number of Types outside a 
Package those Types of the Package Depend on) indicates the number of 
classes and interfaces in other packages that classes and interfaces in the 
analysed package depend upon. In short, this measure includes all the types 
referred to anywhere within the source of the measured package.  

RefactorIT recommends an upper limit of 20 since excessive coupling is 
detrimental to modular design since classes are not independent. A large 
efferent coupling indicates that a package is unfocussed and may also 
indicate that it is unstable, since it depends on the stability of all the types to 
which it is coupled. This prevents reuse since a high coupling possibly 
indicates a package is poorly designed and difficult to understand/maintain.  

Summary by RefactorIT [RefactorIT] 

Method of 
Calculation 

Ce = cardinality( {classes from other packages that the current package 
depends upon} ) 

Preferred values range between [0,20]  

[RefactorIT] 

Source 

[RefactorIT] 

[Chidamber, Kemerer 94] 

[R.C. Martin ,94] 
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6.10 Instability, I 
 

Metric Name Instability I 

General metric information 

Description 

This metric was proposed by Robert C. Martin and measures the instability of 
packages, where stability is measured by calculating the effort to change a 
package without impacting other packages within the application. The number 
of incoming and outgoing dependencies is one indicator determining the 
stability and instability of a package, where:  

• Packages that contain multiple outgoing but few incoming dependencies 
are less stable because of the consequences of changes in these 
packages. 

• Packages containing more incoming dependencies are more stable 
because they are more difficult to change.  

• 0.0 indicates a maximally stable package and 1.0 indicates a maximally 
unstable package.  

• Designs of packages should intentionally be made as stable [0.0,0.3] or 
unstable [0.7,1.0] as possible.  

Robert C. Martin's Stable Dependencies Principle states that the 
dependencies between packages in a design should be in the direction of the 
stability of the packages; i.e. a package should depend only on packages that 
are more stable than itself. 

Summary by RefactorIT [RefactorIT] 

Method of 
Calculation 

I = Ce / ( Ca+ Ce ) 

Preferred values for I range between [0.0, 0.3] or [0.7, 1.0]. 

[RefactorIT] 

Source [R.C. Martin, 94] 
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6.11 Cyclic Dependencies, CYC 
 

Metric Name Cyclic Dependencies CYC 

General metric information 

Description 

CYC is an estimate of how many cycles a package is involved with by 
determining the number of mutual coupling dependencies between packages. 
That is, the number of other packages the package depends upon and which 
in turn depends on that package.  

Cyclic dependencies are difficult to maintain and indicate potential code to 
apply refactoring changes, since cyclically dependent packages are not only 
harder to comprehend/compile individually, but they cannot be packaged, 
versioned, and distributed independently. Thus, they violate the idea that a 
Java package is the unit of release. Consequently, this metric is useful to 
catch cyclic package dependencies before they make it into a software 
baseline. 

Summary by [RefactorIT] 

Method of 
Calculation 

The metric is calculated by counting the number of cyclic dependencies of a 
package (direct and indirect). 6 

Source Robert C Martin [R.C. Martin, 94] 

                                                
6 The calculation of this metric is not described in detail by R C Martin. 
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6.12 Response for a class, RFC 
 

Metric Name Response for a class RFC 

General metric information 

Description 

The response set of a class is a set of methods that can potentially be 
executed in response to a message received by an object of that class. The 
cardinality of this set is a measure of the attributes of objects in the class. 
Since it specifically includes methods called from outside the class, it is also a 
measure of the potential communication between the class and other classes. 

 RFC = | RS | where RS is the response set for the class. 

The response set for the class can be expressed as: 

 RS = { M } ∪ all i { Ri } 

where { Ri } = set of methods called by method i and { M } = set of all methods 
in the class 

• If a large number of methods can be invoked in response to a message, 
the testing and debugging of the class becomes more complicated since 
it requires a greater level of understanding required on the part of the 
tester. 

• The larger the number of methods that can be invoked from a class, the 
greater the complexity of the class. 

• A worst-case value for possible responses will assist in appropriate 
allocation of testing time. 

Method of 
Calculation 

RFC = number of methods that are directly invoked in response to a message 

RFC’ = number of methods that are invoked recursively in response to a 
message (extension of [Chidamber, Kemerer 94]) 

Source [Chidamber, Kemerer 94] 

6.13 Encapsulation Principle, EP 
 

Metric Name Encapsulation Principle EP 

General metric information 

Description 
The Encapsulation Principle can be paraphrased by ’A substantial part of a 
package should not be used outside of the package.'  The EP metric is the 
ratio of objects that are used outside of the package, thus a low value 
indicates "good" encapsulation of data / algorithms within a package. 

Method of 
Calculation 

Count the number of classes outside the package that the package uses and 
divide with the total number of classes in the package. 

EP = Number of used classes outside this package / Total number of classes 
in this package 

Source  
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6.14 Length of names, LEN 
 

Metric Name Length of names LEN 

General metric information 

Description The purpose is to measure the average length of names. 

Method of 
Calculation 

Count total length of element names in a subset and divide with number of 
elements. 

LEN = Average length of names 

Source  

6.15 Name Uniqueness Ratio, UNIQ 
 

Metric Name Name Uniqueness Ratio UNIQ 

General metric information 

Description The purpose is to measure the uniqueness of all names. 

Method of 
Calculation 

Calculate number of unique names and divide with total number of names. 

UNIQ = Number of unique names / Total number of names 

Source  

6.16 Comment density, DC 
 

Metric Name Comment density DC 

General metric information 

Description The purpose is to measure the density of comments or descriptions. 

Method of 
Calculation 

Count the length of descriptions and divide with number of elements. 

DC = Length of description / Number of elements 

Source  
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7 APPENDIX D: SCORECARD EXAMPLE 

7.1 Introduction 
A scorecard is a layered and categorised instrument that helps to identify important statistics, 
whilst ensuring a proper balance. A scorecard is typically used to organise multiple statistics 
into an intelligible framework. The first columns are filled in as the corresponding activities 
are performed. Once the metrics have been calculated, they are entered into the final column 
(Assessment result). The other Assessment result columns can then be derived, from right to 
left, aggregating the results and taking into account weightings as required - eventually 
leading to the overall result per quality characteristic.  
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7.2 Scorecard 
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8 APPENDIX E: AVAILABLE TOOLS LIST 

8.1 Introduction 
This appendix presents some information needed to identify and select a metrics tool.  The 
information includes a list of tool features recommended for an OATA metrics tool, a market 
survey of available metrics tools (sections 8.3 and 8.4), and a recommendation for a specific 
metrics tool (section 8.5). 

8.2 OATA Suitable Tool Features 
Even though it is recommended to create a detailed check-list with all the features 
considered relevant for an OATA metrics tool, this appendix presents a minimum tool 
requirements set. 

The main proposed requirements for the OATA metrics tool are summarized as follows: 

• UML-based automatic OO metrics counter. 

• Report generation capabilities. 

• Input format: As compatible as possible with the OATA toolset. 

• Output format: Standard output (tool’s own HMI), XML, CSV, MS-Excel, MS-
Word, etc. 

• Interface with other CASE tools (ad-hoc synchronization mechanisms, static 
communication through XMI, CSV, interface with the Microsoft Office toolset, 
etc.). 

• Capabilities for statistical analysis (regression, cluster, Kiviat graphs, six-sigma 
analysis, etc.). 

• Multi-level metrics organisation (application/system, component/subsystem, 
class/unit). 

• Support for the MS-Windows environment. 

• Customization capabilities: adaptable formulas for metrics, Quality Criteria, 
Factors and Attributes. 

In general, an OO metrics tool should show a structure like the one in the diagram below: 

 

Figure 13: Tool Metamodel 

One of the essential requirements is that the tool be able to capture and handle UML 
(including models and diagrams). This also includes the capability to parse the files to 
identify relevant elements (classes, attributes, methods, associations, etc.) 
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It is also required that the tool be able to calculate the values for the metrics identified as 
applicable to OATA. And finally, the tool should be able to generate reports and outputs in 
order to easily interpret the results or even to exploit the raw data provided through further 
treatment or analysis (i.e. statistical or time-evolution analysis). 

8.3 Architecture and Code Metrics Tools 
 

Name  TAU/Logiscope 
Vendor  Telelogic 
Website  http://www.telelogic.com/products/tau/logiscope/ 
  
Name  McCabe QA 
Vendor  McCabe & Associates 
Website  http://www.mccabe.com/ 
  
Name  SDMetrics 
Vendor  SDMetrics 
Website  http://www.sdmetrics.com/ 
  
Name  ObjectQuest Advisor 
Vendor  Hallogram 
Website  http://www.hallogram.com/objectquest/ 
  
Name  MAISA 
Vendor  Non-commercial tool 
Website  http://www.cs.helsinki.fi/group/maisa/ 
  
Name  OSMAT 
Vendor  Non-commercial tool 
Website  http://faculty.cs.tamu.edu/hohin/ 

8.4 Code Metrics Tools 
 

Name  Insure++ 
Vendor  CERN Software Development Tools Department 
Website  http://sdt.cern.ch/Insure/ 
  
Name  CodeWizard 
Vendor  ParaSoft 
Website  http://www.parasoft.com/ 
  
Name  Imagix 4D 
Vendor  Imagix Power Software 
Website  http://www.imagix.com 
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Name  Jmetric 
Vendor  Jmetric Inc. 
Website  http://www.it.swin.edu.au/projects/jmetric/products/jmetric/ 
  
Name  QSM-SLIM-Metrics 
Vendor  QSM Inc. 
Website  http://www.qsm.com/slim_metrics.html 
  
Name  Metamata Metrics 
Vendor  MetaMata 
Website  http://www.metamata.com 
  
Name  Scientific Toolworks 
Vendor  Scientific Toolworks, Inc. 
Website  http://www.scitools.com/ 

8.5 OATA Tool Recommendations 
According to the requirements specified previously, an overview of tool market in the field 
has been performed. The first conclusion of this preliminary study is that no existing tool 
satisfies the whole set of requirements. Nevertheless, the SDMetrics toolset is the one that 
comes closest to it. 

The most common feature found in such these tools is the support of metrics at code source 
level. Very few tools were found supporting architectural level metrics. 

An additional problem is that, even for those tools supporting architectural level metrics (i.e. 
Telelogic's TAU/Logiscope), the input data are very often the source code files (generated 
from UML models). 

The most suitable tools found can be classified into two categories: 

• Well-known commercial tools, with international support, but featuring poor 
support to architectural metrics (i.e. Telelogic's TAU/Logiscope). 

• Academic or research tools, with a reasonable architectural metrics coverage, but 
little or no commercial/technical support (i.e. OSMAT or MAISA). 

According to these conclusions and prior to a more detailed tool market analysis, we 
recommend:  

1. to create an OATA specific metrics tool, or  

2. to adapt an existing commercial tool, through its extensibility mechanism, to fulfil the 
OATA requirements. 

Some CASE tools, such as IBM/Rational Rose or Telelogic TAU, provide API's and script 
languages to facilitate the creation of add-ons to the default tool. 

 

NB:  No economical or maintenance issues have been considered in 
this evaluation. No systematic trade-off analysis has been performed, 
only a quick overview of the existing commercial and 
academic/research tools in the field of OO metrics. 
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8.6 Detailed description of tools 

8.6.1 Logiscope 
Vendor:  Telelogic 

Web-site:  http://www.telelogic.com/products/tau/logiscope/ 

Logiscope supports the following programming languages: Ada, C, C++ and Java. It 
addresses two kind of problems:  

1. Static Analysis: for metrics of the source code, 

2. Dynamic Analysis: for test coverage on instrumented program. 

The analysis can be performed both from the command line and from graphical user 
interfaces. 

Logiscope organises the available metrics according to the following information structure: 

• Programming Language. 

o Factor. 

 List of factors (ISO 9126 Quality Attributes). 

o Criteria. 

 List of criteria (ISO 9126 Quality Factors). 

o Metric. 

 List of metrics. 

Each programming language has a specific set of the available factors, criteria and metrics.  

The implementation of numeric calculations for high-level quality characteristics is as follows: 

• Factor = Linear combination of (Subset of Criteria). 

• Criterion = Linear combination of (Subset of Metrics). 

The usual linear combination formula is just a simple addition of lower level quality 
characteristics. 

The tool help does not provide any rationale about the selection of the subsets of metrics 
associated to the criteria. They are treated just as definitions in this documentation. 

8.6.2 McCabe QA 
Vendor:  McCabe & Associates 

Website:  http://www.mccabe.com/ 

The vendor provides a toolset to cover different aspects of the quality and complexity of SW 
systems. 

• Objective Quality Assessment 
McCabe QA mitigates software risk by calculating insightful metrics and thereby 
identifying complex and error-prone code. 

These metrics include:  

o McCabe Cyclomatic Complexity. 

o McCabe Essential Complexity. 

o Module Design Complexity. 
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o Integration Complexity. 

o Lines of Code. 

o Halstead. 

• Visualized Quality Improvement 
McCabe QA's Metric Trend reports track a system's metric values over time to 
document the progress made in improving the overall stability and quality of the 
project.  

8.6.3 Insure 
Vendor:  CERN Software Development Tools Department 

Website: http://sdt.cern.ch/Insure/ 

Insure is a Source level run-time debugger for C and C++. It produce more robust, better 
optimised, higher quality software. 

Insure++ includes three distinct tools that work together to improve the development process. 
All the results are graphics. 

• Insure automatically detects large classes of programming and run-time errors. It 
quickly pinpoints algorithmic anomalies, bugs, and deficiencies.  

• Inuse visualises in real-time the memory manipulation of the program, helping 
developers spot bugs and inefficiencies in memory handling.  

• TCA also performs coverage analysis of programs, providing necessary feedback 
to programmers about which parts of the code were actually tested.  

8.6.4 CodeWizard 
Vendor: ParaSoft 

Website:  http://www.parasoft.com/ 

CodeWizard can be customized to a particular project or user; the analyst can suppress 
coding standards that do not pertain to a specific exceptional case. The analyst can create 
rules using CodeWizard's RuleWizard feature. CodeWizard implements RuleWizard coding 
standards along with existing ParaSoft coding standards. 

Benefits of CodeWizard: 

• Reduces bugs by 25%. 

• Enforces over 70 coding standards automatically. 

• Provides a full, detailed explanation for each error found. 

8.6.5 Imagix 4D 
Vendor:  Imagix Power Software. 

Website:  http://www.imagix.com 

Imagix 4D generates a series of quality metrics about the source code to help the analyst to 
identify potential problems in the development and maintenance of the software. You can 
use source checks to find exceptions to generally agreed upon design and coding standards. 
You can compare the software metrics to specific norms for the organisation to insure that 
the software meets the development criteria. 

Initially, the analyst can use the software metrics to identify potential problem areas in the 
code, such as where the size, design or complexity of the code makes understanding, 
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enhancement or testing difficult. The use of source checks complements the use of software 
metrics to improve the overall quality of the software. 

And having this functionality integrated with the reverse engineering aspects of Imagix 4D 
leverages the efficiency in both the quality analysis and program understanding tasks. 

Software Metrics -- The Metrics Tool is the primary display window for analysing the 
extensive set of quantitative measurements that Imagix 4D makes about the software. Within 
the Metrics Tool, the analyst can list, sort, compare and rank all the symbols of a specific 
type, by whichever set of software metrics the analyst are interested in analysing. 

The software metrics are also integrated in other Imagix 4D displays. For example, the 
analyst can choose to have symbols in the Graph window coloured to indicate their value for 
software metric, so that the analyst is able to view the metric information within the context of 
the software's structure. 

By tracking the metrics over time, during a development effort, the analyst is able to measure 
the progress of the development effort and to identify potential quality problems early, when 
they more easily corrected. 

8.6.6 JMetric 
Vendor: JMetric Inc. 

Website:  http://www.it.swin.edu.au/projects/jmetric/products/jmetric/ 

JMetric is a fully functional metrics collection and analysis tool. JMetric collects information 
from java source files and compiles a metrics model. This model is then populated with 
metrics information such as Lines of Code, Statement Count, LCOM, and Cyclomatic 
Complexity. From the model other metrics can then be calculated including number of 
classes, packages, methods etc. JMetric also provides statistical information in the form of 
drill down and cross section tables, charts, and raw metrics text. 

• 100% Java Application. 

• Metrics View in Tables and Charts. 

• Capable of batch operation. 

• Text file exports. 

• Automatic Java Code Metrics Analyser. 

• Cross Platform Support. 

• Detailed Metrics at Project, Package, Class, Method and Variable Level. 

• Provides quick metrics analysis via the Chart View. 

• In depth analysis with the Project Tree Viewer. 

• Easy to use tool and menu bars, or a faster Command Line. 

• Supports Inner Classes and Abstract Classes. 

• Coloured Highlighting in Tables and Tree View for better data visualisation. 

• Java 1.1 support. 

8.6.7 QSM - SLIM-Metrics 
Vendor: QSM Inc. 

Website: http://www.qsm.com/slim_metrics.html 
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SLIM-Metrics: Powerful Query Builder and Unlimited 
Customizable Analysis Views 
QSM ships SLIM-Metrics with a generous selection of predefined queries and analysis views, 
but the easy-to-use query builder also lets the programmer construct the own custom data 
sets without having to master complicated SQL statements. The flexible analysis views are 
designed to allow the analyst to modify the chart/report outline or swap chart metrics with a 
few simple mouse clicks. 

SLIM-Metrics and SLIM-DataManager: Serious Tools for Serious Work  
Some organisations are just getting measurement programs started. Others have plenty of 
data, but no easy way to organise and analyse it. SLIM-Metrics and SLIM-DataManager work 
together to support both types of organisations. SLIM-DataManager helps the analyst create 
a corporate database, then teams up with SLIM-Metrics to analyse the data and uncover key 
relationships and trends.  

SLIM-Metrics helps answer the questions software professionals ask every day: 

• How does our organisation stack up against the competition? 

• Have our investments in process improvement improved our productivity? 

• How is the quality of our delivered software changing over time?  

• What impact are requirements churn and staff turnover having on our 
productivity? 

• What kind of cost and schedule performance can we expect from different 
divisions? 

SLIM-Metrics Features 

• Powerful query capability 
Create very specific subsets of the data and compare them to one another. 
Example: What is the average productivity for Client Server, C++ projects using 5 
to 10 person teams compared to Web-based, Java applications? 

• Supports multiple views 

Analyse any measure or metric against any other(s). SLIM-Metrics lets the analyst 
create unlimited of charting/report views within a single workbook. The graph and 
report functions are highly customizable. 

• Industry benchmarks 

SLIM-Metrics includes recent industry trend lines for each of the standard 
measures and metrics. It allows to benchmark the project against QSM's 
database of over 6000 projects, or create own trend lines from the completed 
project data. 

• Statistical analysis tools 

Uncover the relationships hidden in the data. SLIM-Metrics contains a host of 
statistical and regression analysis features, including four different curve-fitting 
algorithms. 

Compare and contrast data from up to five different data sets on a single chart. 
This is especially useful for internal benchmarking and competitive positioning. 

Track a single project through multiple graphs. This is useful for visualizing trade-
offs and cause/effect relationships.  
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• SLIM-DataManager: Flexible, Expandable Data Collection 

SLIM-DataManager builds on a set of essential core measures. A larger set of 
predefined and user-defined metrics helps the analyst achieve increasing levels of 
process maturity. With SLIM-DataManager, the analysts have the freedom to 
collect the metrics that are most meaningful to the organisation. 

SLIM-DataManager Features 

• Historical data capture 

Store all of the organisation's historical data (including the SEI Core Metrics, plus 
custom measures and metrics the analyst defines) in a single, open, relational 
database. Customizable database 

Quickly extend the collected data to include any measures and/or metrics defined 
by the user, then use the powerful graphing and statistical tools in SLIM-Metrics to 
analyse the data. 

SLIM-DataManager lets the analyst set up default values to describe the environment. The 
tabbed dialog interface makes data entry fast, consistent, and reduces time spent on error-
checking. ODBC compliant file format. 

The SLIM-DataManager database is OPEN. You can create seamless interfaces to other 
ODBC-compliant tools.  

8.6.8 SDMetrics 
Vendor: SDMetrics 

Website: http://www.sdmetrics.com/ 

SDMetrics analyses the structural properties of the UML designs. Use object-oriented 
measures of design size, coupling, and complexity to  

• establish quality benchmarks to identify potential design problems early on, 

• predict relevant system qualities such fault-proneness or maintainability to better 
focus the review and testing efforts, 

• increase system quality and quality assurance effectiveness, find more faults 
earlier and save development cost, 

• refine the LOC or effort estimates for implementation and testing. 

8.6.9 Metamata Metrics 
Vendor: MetaMata 

Website: http://www.metamata.com 

Metamata Metrics provides an easy interface for developers to calculate meaningful object-
oriented metrics for Java on partially written applications or portions of Java source code. 
Examples of such global complexity and quality metrics include: 

• cyclomatic complexity, 

• lines of code, 

• weighted methods per class, 

• coupling between classes, and  

• depth of inheritance trees. 
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Metamata Metrics performs static analysis and does not require the developer to compile 
and run the source code. Metrics are displayed in an organised table, as well as in intuitive 
graphs. Reports can be generated in text format for easy import into spreadsheets or in 
HTML format for viewing through a web browser. Metamata Metrics is geared toward 
enhancing the software development process and quality of team development, optimising 
testing and maintenance resources and improving project planning activities. Metamata 
Metrics works with Java source code generated through any other tool or IDE. Metamata 
Browse, Metamata Debug, Metamata Audit and Metamata Metrics are part of an integrated 
set of tools for significantly improving the quality and productivity of advanced Java 
development. All of the suite components are written in Java 1.1, and are available for any 
Java compliant platform.   
http://www.metamata.com  

8.6.10 Scientific Toolworks, Inc. 
Vendor: Scientific Toolworks, Inc. 

Website: http://www.scitools.com/ 

Understand for Ada is an interactive development environment (IDE) tool offering reverse 
engineering, automatic documentation, code navigation and understanding, metrics, 
maintenance and cross reference tool for Ada 83 and Ada 95 source code. It is designed to 
help engineers who have inherited large amounts of Ada legacy code, or those whose Ada 
projects have grown to immense size or complexity. 

The tool offers incremental analysis (parsing) of only source code that has changed, detailed 
graphical reverse engineering, highly interactive cross referencing, and detailed automatic 
documentation via HTML output. All parsing is compiler independent - Understand for Ada 
uses it's own Ada parser designed especially for its kind of analysis. 

Views include call (invocation) trees, callby trees, generic instantiation trees, with trees, with-
by trees, Ada Structure Graphs (ASG), colourised source browsing/editing, quick and smart 
project wide string searching and detailed HTML/text documentation of analysis information.  

8.6.11 ObjectQuest Advisor 
Vendor: Hallogram 

Website: http://www.hallogram.com/objectquest/ 

ObjectQuest Advisor is an object-oriented metrics tool, which reverse engineers C++ source 
code into an architectural model and generates metrics for the application. 

The architectural model, or blueprint, will help the analyst assess the structural integrity of an 
application. Eliminate "spaghetti" code forever! 

The metrics will help the analyst assess the robustness of a design and measure progress 
toward achieving organisation’s standards. 

The interactive Object Relationship Diagram is aware of class relationships and allows the 
analyst to arrange the classes, set colours, relationship links, and layout of the diagram. You 
can select an individual class and the tool will highlight all other classes which use or are 
used by that class. 

The Encapsulation Chart measures how well each class is encapsulated and highlights 
classes that exceed object-oriented standards. You will know immediately where the weak 
links in the application's architecture are and be able to monitor progress toward truly robust 
software. 


