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1. Executive Summary

Engineers facing the challenge of software evolution are confronted with systems
whose design no longer facilitates upcoming feature requests. Accordingly, the need
arises to quantify design quality, and to identify design weaknesses whose
improvement will speed up future extensions.

Through an overview of industrial case studies, this document illustrates how
maintainability can be managed proactively in practice. The case studies share the
goal of measuring and/or predicting maintainability through the application of a quality
model.

A first case study extends the 1SO 9126 quality standard with existing internal metrics.
This quality model is applied to evaluate whether a migration to a service-oriented
architecture improved maintainability.

Secondly, a tool is introduced that supports the detection of design patterns. The tool
is used to detect the affected sections of a reusable interface when making
modifications to a framework. This information can be used to plan tests for the
interface functionality.

The final case study on measuring maintainability demonstrates how visualizations
can support quality assurance. These visualizations present how the value of relevant
maintainability indicators evolves across multiple versions, either at the software
module level, or at the individual class level.

The second part of this deliverable elaborates how maintainability can be predicted.
The first case study addresses the intrinsic difficulty in estimations, namely variation. A
baseline model for predicting development effort is enriched with an additional factor,
resulting in increased prediction accuracy.

The last case study discusses the problem of calculating the size of a framework
reuse interface. The size can be used to estimate the effort of modifying or refactoring
the interface.
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2. Introduction

Software maintenance issues primarily dominate costs in software development. If in
the seventies, estimation studies claimed that maintenance consumed 67% of total
software costs [ZSG79], nowadays some authors are already talking about 90%
[Erl00]. Other studies have shown that approximately 50% of the time is spent
understanding the code [Sta84]. Solving bugs, improving performance, applying
security patches or adding new features are part of the everyday jobs of a software
developer. The I1ISO 9126 [ISO9126] standard defines maintainability as the capability
of the software product to be modified, including corrections, improvements or
adaptation of the software to changes in environment, and in requirements and
functional specifications.

In terms of software quality, we can distinguish internal and external quality [ISO9126]:

1 Internal quality is the totality of characteristics of the software product from an
internal view, that is, the code. Details of software product quality can be improved
during code implementation, reviewing and testing.

1 External quality is the totality of characteristics of the software product from an
external view. It is the quality when the software is executed, which is typically
measured and evaluated while testing in a simulated environment with simulated
data using external metrics.

This document illustrates several case studies concerning maintainability across
internal and external quality. These case studies are the following:

1 Maintainability across internal quality (section 3):

Ya Section 3.1 presents a method to estimate maintainability, using internal quality
indicators (metrics).

Ya Section 3.2 introduces Maisa (Metrics for Analysis and Improvement of Software
Architectures). It is a tool for architecture-based measurement and evaluation of
software quality.

Y Section 3.3 presents a method to predict changeability and testability using
Chidamber and Kemerer object-oriented metrics.

1 Maintainability across external quality (section 4).

Ya Section 4.1 presents a study about the estimation of development effort as a
productivity indicator.

Y Section 4.2 introduces how estimating the cost of future releases in software

product lines.

These case studies perform the body of the present document, which is summarized
Section 5.
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3. Assessing maintenance hotspots

This chapter presents three case studies on evaluating maintainability. To bridge the
gap between quality evaluations, and its improvement, the case studies focus on the
detection of so called hotspots.

Maintainability hotspots are parts of a software system that are suspected of
introducing an extraordinary burden to the maintainer. Evidently, this suspicion is not a
proof that maintainability is indeed a problem, yet it provides a starting point for
discussions with the maintainers.

In case these maintainers indeed recognize the software part as problematic with
regard to maintainability (e.g., it is undergoing frequent changes, and its design is not
up to date to these changes), management might decide to address this
maintainability issue.

3.1 Assessing maintainability using metrics

3.1.1 Introduction

ISO 9126 identified six main external quality attributes: functionality, reliability,
usability, maintainability, portability and efficiency [ISO9126]. Maintainability is the
level of effort required for modifying the software product. 1SO 9126 divides
maintainability in four main characteristics: analysability, changeability, stability and
testability [ISO9126].

External attributes are the most important indicators of final product quality, but they
can only be effectively measured after the product has been developed.

Other approach for measuring the quality of a software system is through internal
quality attributes. Some examples of these attributes are coupling, complexity,
cohesion and so on. Internal attributes allows the prediction of software quality early in
the development life-cycle [Fen94].

It has been empirically shown in previous studies that design level coupling and
cohesion in isolation can have a causal impact on external quality attributes such as
maintainability or fault-proneness in both procedural [HS90] and object oriented
software [AWO03].

In this study, we propose a method to predict the evolution of the maintainability of a
software system using internal quality indicators, that is, structural metrics. The
underlying assumption by the keeping good levels of internal quality, the external
guality will achieve good levels too. This way, developers can be responsible of the
expected external quality of the software system by improving internal quality in
development time.

3.1.2 Relation between external and internal attributes

The first step in this study is the establishment of a relationship between
maintainability (external quality) and internal quality indicators. There are some
examples in the literature of this kind of relation.
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Ying Zou proposes a maintainability soft-goal dependency graph. This kind of graph is
used to make this association of features and software qualities explicit [ZKO02].

Marinescu and Ratiu proposed the Factor-Strategy Model (FSM) that quantifies a
systems design conformance to a set of design principles, rules and heuristics
[MRO4]. The FSM uses the detection strategies to identify design problems that can
be connected with quality attributes of a systems design [Mar02].

Following the ideas proposed by Zou and Marinescu, we present a new graph which
establishes the relation from maintainability to internal quality attributes. The first step
is divide maintainability according to ISO 9126, that is, analysability, changeability,
stability and testability. We have composed this graph by composition of features. For
example, maintainability is the result of adding analysability, changeability, stability
and testability. In the next level, analysability will be composed by the aggregation of
internal quality attributes. We have selected a group of internal quality attributes
[FdcO7]:

1 Complexity is the measure of how difficult a software system is. It is desirable to
achieve low complexity in software systems.

1 Coupling is the degree to which each program module depends on the others. It is
desirable to achieve low coupling in software systems.

1 Cohesion is d e f i n eal measare df the degree to which the elements of a
module belong togetherd [ SMY74] . It i s Highscohesiob ine t o achi

software systems.

1 Change Impact is the measure of the effect that supposes changing some part in
software systems. It is desirable to achieve low change impact.

1 Test Coverage is the amount of checks performed in a software system. It is
desirable to achieve high test coverage.

1 Code Quality is the measure of the code form. A good programmer must follow
code conventions (indentation, normalization). Besides of that, the code must be
well commented. Therefore, high code quality is desirable.

1 Encapsulation in object-oriented programming is the technique of keeping together
data structures and the methods which act on them. High encapsulation is
desirable.

1 Reuse is the amount of code developed for one application program that is used in

another application. High reuse is desirable.
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A Extemnal Quality

Analysability

¥ Internal Quality

Figure 1 - Relationship between maintainability and internal quality

3.1.3 Proposed Method

We have now reached the start point of this study. Figure 1 shows the relation
between maintainability and internal quality indicators. At this point, we continue with
the following steps:

1

Selecting metrics. It is important to select a set of metrics for each one of the
internal quality indicators (complexity, coupling, cohesion, and so on).

Selecting tools. For each metric, we should have the appropriate tool for taking the
value.

Calculating thresholds. This is a critical and difficult point. The world of metrics is
very heterogonous. In this step we try to estimate the optimum range of operation
for each metric selected.

Measurement. Taking the selected metrics with tools.

Visualization. We have to choose a visualization technique for helping us to better
understand the evaluation of the results.
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Figure 2 - Method to evaluate maintainability

In the next sections we inquire into those steps.

3.1.3.1 Metrics

The first step is selecting a group of metric for each one of the internal quality
attributes. These attributes correspond to green ellipses in Figure 2. complexity,
coupling, cohesion, change impact, test coverage, code quality, encapsulation and
reuse.

The choice and interpretation of metrics is full of problems [KB04]. There are a lot of
metrics in the literature. Since the perfect software metric does not exist, we have
selected a set of metrics, those with more impact:

1 Software Complexity Metrics by McCabe, 1976 [McC76].

1 Software Complexity Metrics by Halstead, 1977 [Hal97].

1 Object-Oriented Metrics by Chidamber and Kemerer, 1994 [CK94].

1 Object-Oriented Design Quality Metrics by Martin, 1994 [Mar94].

1 Object-Oriented Design by Abreu, 1994 [AC94].

1 Cohesion and Reuse in an Object-Oriented System, James M. Bieman and Byung-

Kyoo Kang, 1995 [BK95].
1 Object-Oriented Metrics by Henderson-Sellers, 1996 [Hen96].

1 A Unified Framework for Cohesion Measurement in Object-Oriented Systems, by
Briand, Daly, and Wust [BDW98].

Complexity

A Cyclomatic Complexity [McC76] directly measures the number of linearly
independent paths through a program's source code. Cyclomatic complexity is
computed using a graph that describes the control flow of the program. The nodes of
the graph correspond to the commands of a program. A directed edge connects two
nodes if the second command might be executed immediately after the first command.

MCC=E-N+2P

...where:

MCC = cyclomatic complexity

t

hi
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E = the number of edges of the graph
N = the number of nodes of the graph
P = the number of connected components.

The minimum value for VG is 1 (one path). When VG is high, this is an indicator of
high complexity, so VG must be low.

A Program Difficulty (HD) [Hal97] estimates the level of difficulty in a piece of
software.

HD = 1/L

...where:

HD = program difficulty

L = program level. L=(N1/n1) * (n2/N2).
N = Program length. N = N1 + N2

n = program vocabulary. n = n;+n,

N1 = total number of operators

N2 = total number of operands

nl = count of unique operators

n2 = count of unique operands

This value is better to be kept to a minimum.
A Response for a Class [CK94] is the set of methods that can potentially be executed

in response to a message received by an object of that class. RFC is simply the
number of methods in the set.

RFC=M+R

...where:

RFC = response for a class
M = number of methods in the class
R = number of remote methods directly called by methods of the class

In general terms, a low value of RFC indicates greater polymorphism [MDPOQ7].

Coupling

A Efferent Coupling (ECC) [Mar94] is the total number of external classes coupled to
classes of a package due to outgoing coupling (coupling to classes external classes of
the package).

A Afferent Coupling (ACC) [Mar94] the total number of external classes coupled to
classes of a package due to incoming coupling (coupling from classes external
classes of the package).

A Coupling between Object Classes (CBO) [CK94] is the number of classes to which
a class is coupled. High CBO is undesirable.

Cohesion
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A Lack of Cohesion in Methods (LCOM) is a measure for the number of not
connected method pairs in a class representing independent parts having no
cohesion. It represents the difference between the number of method pairs not having
instance variables in common, and the number of method pairs having common

instance variables[ CK9 4] . Given n methods M1, M2, é, Mn
which also contains a set of instance variables {li} . Then for any method Mi we can
define the partitioned set of P = {(0Li, 1j)y | I

LCOM = |P| - |Q], if |P] > |Q]
LCOM = 0 otherwise

A Lack of Cohesion in Method 5 (LCOM5) [Hen96]. LCOM has been shown to have a
number of drawbacks, so it should be used with caution. LCOM5 overcomes these
drawbacks. LCOMS5 is normalized therefore it can be compared among classes.
LCOMS is defined as follow:

Ca Yy u(Aj)-m

LCOM5= =iz
1-m
...where:
LCOMS = lack of cohesion in method 5
{Mi} (I = 1, € , m) = methods accessing {Aj
{A]} (] = 1, é, a) = set of instance variahb

K(A]j) = number of methods that reference Aj
A COH [BDW98] is a variation of LCOMS5:

D H(A)

COH ===
m-a

Change Impact

A Weighted Methods per Class (WMC) [CK94] directly measures the method count
for a class.

WMC = number of methods defined in class

According to change impact studies [CKK+02], the higher is the WMC value, the
higher is the change impact.

Test Coverage

A Code Accessed by Tests (COV) is the test code coverage provided by automated
tests (e.g. JUnit tests, not manual QA).
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I COV = (code accessed by tests LOC)*100/(Total LOC)

The ideal situation is coverage of 100%.

Code Quality

A Comments Ratio (CR) is the density of comments in the code.

CR = (Comments LOC)*100/(Total LOC)

A Naming Conventions (CON). Whit this metric we measure the number of errors in
code conventions. Ideally this number should be zero, but too it is acceptable a low
value.

CON = number of errors in naming conventions

The ideal situation is no errors in naming conventions (CON = 0).

Encapsulation
A Distance from the Main Sequence (DMS) [Mar94] measures the balance between
the abstraction and instability rates in a package.

DMS = |Abstraction + Instability i 100| I

Reuse
A DIT Depth of Inheritance Tree (DIT)

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

A Number of Children (NOC) is counted via the Inherits statement. It equals the
number of immediate child classes derived from a class via the Inherits statement.

NOC = number of immediate sub-classes of a class I

Chidamber et al. suggested that low values of DIT and NOC indicate that the reuse
opportunities (via inheritance) were perhaps compromised in favour of
comprehensibility of the overall architecture of the applications [CK98].
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3.1.3.2 Tools

Our study focuses on object-oriented software systems. Concretely, the language we
consider is Java. Therefore, the tools we have looked for are Java tools for taking
metrics. In the next table we summarize those tools:

Tool ' License Website

Lachesis LGPL http:/lachesis.sourceforge.net/

Eclipse Metrics CPL http://eclipse-metrics.sourceforge.net/
Metrics CPL http://metrics.sourceforge.net/

CodePro AnalytiX Shareware http://www.instantiations.com/codepro/analytix/about.html
Refactorlt Freeware http://www.agris.com/display/ap/Refactorlt/
Checkstyle LGPL http://checkstyle.sourceforge.net
Cobertura Apache http://cobertura.sourceforge.net/
JDepend4Eclipse BSD http://andrei.gmxhome.de/jdepend4eclipse/
JFamix EPL http://ifamix.sourceforge.net/eclipse/index.html
CAP GPL http://cap.xore.de

VizzAnalyzer Evaluation http://www.arisa.se/VA.html

Table 1 - Tools

Now, we have to choose the tools to measure the selected metrics. Our set of metric
is the following:

1 Complexity: MCC, HD, RFC.

1 Coupling: ECC, ACC, CBO.

1 Cohesion: LCOM, LCOM5, COH.
1 Change Impact: WMV.

1 Test Coverage: COV.

1 Code Quality: CR, CON.

1 Encapsulation: DMS.

1 Reuse: DIT, NOC.

Seeking metrics in Java tools, the result is the following:

Feature ' Metric  Author Tool Scope
Complexity MCC McCabe Metrics Package
HD Halstead Lachesis Any
RFC Chidamber & Kemerer | Lachesis Class
Coupling ECC Martin Metrics Package
ACC Martin Metrics Package
CBO Chidamber & Kemerer | Metrics Class
Cohesion LCOM | Chidamber & Kemerer | Metrics Class
LCOMS | Henderson-Sellers Eclipse Class
Metrics
COH Briand, Daly, and Wist | Lachesis Class
Change Impact | WMV Chidamber & Kemerer | Metrics Class
Test Coverage Ccov - Cobertura Package
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Feature ' Metric  Author Tool Scope
Code Quality CR - CodePro Any
AnalytiX
CON - Checkstyle | Package
Encapsulation DMS Martin Metrics Package
Reuse DIT Chidamber & Kemerer | Metrics Class
NOC Chidamber & Kemerer | Metrics Class

Table 2 - Metrics vs Tools

3.1.3.3 Thresholds

Although some accepted standard measures exist, you need to decide what works for
you and the acceptable thresholds. Due to that, for every single metric it is mandatory
to fix the operational range. We have to find the threshold for every metric. It is
summarized as follows:

Feature Metric Ideal Operational Threshold
Value Range
Complexity MCC 1..D |1 1..25 25
HD 0..DH |0 0..38 38
RFC 0..H |0 0..72 72
Coupling ECC 0. .b |1 1..10 10
ACC 0..bH |1 1..15 15
CBO 0..bH |1 1..14 4
Cohesion LCOM [0. . DB |0 0..1 1
LCOM5 | 0..100% | 0% 0..40% 40%
COH 0..100% | 0% 0..40% 40%
Change Impact | WMV 0. . D |0.40 0..40 40
Test Coverage | COV 0..100% | 100% 50..100% 50%
Code Quality CR 0..100% | 20% 20..50% 50%
CON 0..H |0 0..500 500
Encapsulation DMS 0..100% | 100% 50..100% 50%
Reuse DIT 0..D |0 0..7 I
NOC 0..H |0 0..10 10

Table 3 - Metrics vs Thresholds

3.1.3.4 Measurement

The scope for every metric will be the class. We take all the selected metrics in every
class.

3.1.3.5 Visualization

Visualization plays a major role in the use of computers to support human reasoning.
In this point of the study, we need a way to show our results.

Metrics differ not only in what they measure, but also in the scales against which
measurement is performed. As we see in Table 3, there are different scales and
ranges for every single metric.

For that reason, we have chosen the radial diagram approach for visualizing
maintainability trough selected metrics. Radial diagram is used to represent the
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relationships of elements (metrics) to a core element (maintainability). This kind of
diagram if often named Kiviat Diagrams.

Applying radial diagram to this study, an axe will represent the range of values of a
single metric. The centre of every axe will mean the worst value for that metric, and
the radio will be the ideal value for this metric. We need the thresholds in Table 3 to
this representation. The area of the diagram will be the maintainability: the larger is the
area, the better maintainability has the system.

Normalization of input data for this kind of diagram is mandatory. We have selected a
set of metric and every one has a scale. We have selected an operational range too
(optimal value and threshold). With these data, we can normalize the measurement in
the range 0 to 100, where 0 means the worst value and 100 means the best. The
formulas for normalization are the following:

If Vth > Vi:

Vi-— m)
Vth

N(m) =100 (1+—

é wher e:

N(m) = normalizes metric between 0 and 100
Vi = ideal value for metric m

Vth = Threshold for metric m

m = metric

And if Vth < Vi:

N(m) =1oo-(m_Vthj

Consider the following diagrams as examples. The first diagram is a system with very
good maintainability in coupling, cohesion and complexity, but it fails in the other
guality attributes. In this second diagram, all of the metrics are average. That means
that the system under study is quite well implemented because all the internal quality
parameters are in the operational range.
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ACC CON

COH COoH

Figure 3 - Radial Diagram Example #1 Figure 4 - Radial Diagram Example #2

3.1.3.6 Validation

Finally, we have a visual result for maintainability: the area of a radial diagram. To
validate this result, we are going to perform one more measurement on our system.
This metric is the Maintainability Index [WO95].

A Maintainability Index (MI) [WO95] is a polynomial metric developed at the University
of Idaho, using Halstead's module and McCabe's cyclomatic complexity, plus some
other factors. It is used to determine if code has a high, medium or low degree of
difficulty to maintain. It ranges from 0 to 100 with larger numbers being better:

1 MI < 65: poor maintainability

1 65 =< MI < 85: fair maintainability

1 Ml >= 85: excellent maintainability

MI=171-5.2-In(ave\}-0,23: In(aveMg')) —16,2- In(aveLOQ) + 50- sin(,/ 2,4 - perCM)

é wher e:

MI = Maintainability Index

aveV = average Halstead Volume V per module

aveV(g') = average extended cyclomatic complexity per module
aveLOC = the average count of lines of code (LOC) per module
perCM = average percent of lines of comments per module

3.1.4 Case Study

In this case study, an existing product has been evolved to accomplish several goals.
The analysed product is a Java-based medical imaging system, of small size (about
10k lines of code). The product is being currently used in several Spanish hospitals. It
allows users to visualize multiple medical images at the same time and apply
transformations to them. The main objectives to be achieved with this case study are:
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1 Improving the usability and performance of the product. Most complaints from the
end users come from the user interface. The overall look & feel of the application
should be improved and it should allow some degree of customization. Application
responsiveness is another important factor aff
be addressed by improving system performance.

1 Improve the maintainability and interoperability of the system. The original design of
the product did not take into account the future needs of the product. It should be
refactored to ease future evolution steps and ease its integration with other
healthcare systems.

The first step in this case study was the architecture recovery. The recovery process
executed was based on QAR (QUE-es Architecture Recovery) [Arc06]. QAR is a
generic architecture recovery workflow that follows the extract-abstract-present
paradigm, and divides the extraction process in three activities (documentation
analysis, static analysis and dynamic analysis). QAR offers a process framework for
architecture recovery that can be tailored to the specifics of the application.

After that we are looking for a new architecture that supports an increased degree of
maintainability and interoperability for the system. These are general good design
principles, which are explicitly supported by Service-Oriented Architectures [Erl05]. In
the Java context, the OSGi [OSGO05] specification provides a functional framework
based on these principles.

When we finished the refactoring to SOA, we had two different versions of the same
system: one pure Java and other OSGi-based (SOA). We are going to compare the
maintainability expected in both systems by applying our prediction model.

In next tables we summarize the metrics results (mean values). The first table

represents the original application. After that, we have collected the metrics in the
application, that is, SOA-based application.

Metrics ' Value Metrics Value

VG 10 VG 1,563
HD 12 HD 8,97
RFC 22,28 RFC 19,48
EC 3,944 EC 2,917
AC 10,389 AC 4,875
CBO 2,3 CBO 15
LCOM 0,419 LCOM 0,345
LCOMS 59,2 LCOMS 65,98
COH 49,01 COH 4231
WMV 16,486 WMV 13,75
cov 0 cov 0
CR 20,4 CR 15,5
CON 8961 CON 0
DMS 0,416 DMS 0,573
DIT 2,76 DIT 2,029
NOC 0,212 NOC 0,212

Table 4 - Metrics in pure-Java application Table 5 - Metrics in SOA-Java application
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At this point, we can normalize these results and this way we can obtain the radial
diagrams:

COH COH

Figure 5 - Maintainability in pure-Java Figure 6 - Maintainability in SOA-Java
application application

Comparing both diagrams we can make some conclusions. The first is the SOA-Java
application is better (in terms of maintainability) than the original one. The area than
represents maintainability is bigger in the SOA-Java.

The new system has improved in almost all quality features: complexity, coupling,
change impact, test coverage, code quality, encapsulation and reuse. There are not
any changes in test coverage since there is zero test coverage in both applications
(pure-Java nor SOA-Java). The cohesion continues being poor in new system. This
point should be review in a feature version of the application.

To validate these results, we use the MI metric. This metrics have the following values:

Ml(pure-Java) = 82,728
MI(SOA-Java) = 89,385

According to thresholds, the first application is the range of fair maintainability (65 =<
MI < 85). SOA-Java application have improved its maintainability, and now is the
range of excellent maintainability (Ml >= 85).

3.2 Test planning - detecting problematic architecture
sections

As software systems grow larger and more complex, their design and implementation
becomes more difficult. The use of simple, well defined, and predictable structures
such as design patterns can help develop and maintain a software system architecture
that fulfils the requirements set to it. Traditionally, software measurement has been
applied to code rather than design. However, quality should be incorporated into
software as it is being built.

Even more challenges emerge with the maintenance of these systems. Proposed
solutions to these problems include refining the software process itself, and increasing
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reusability for example through frameworks, design patterns, and product families.
Many of these solutions, however, create new problems, most notably by increasing
code scattering that may be difficult to overcome. Aspect-oriented programming (AOP)
is a technique developed to deal with those design situations, where an ordinary
object-oriented solution would result in tangled code. Aspects can encapsulate
features that cannot be easily encapsulated by objects or modules.

Design patterns and other complex constructs also make test planning more difficult.
We must make sure that additional features use the framework appropriately, and that
they do not cause any unwanted side effects (such as breaking any existing pattern).
It is vital to pinpoint the impact (in terms of classes or methods) of the modification.

3.21 Software maintenance with Maisa

Maisa (Metrics for Analysis and Improvement of Software Architectures) is a tool for
architecture-based measurement and evaluation of software quality [GPN+02]. The
core idea in Maisa is to provide means to analyze the quality of a software system
already in its design phase, by computing metrics from its architecture, given as a set
of UML diagrams. In addition, the Java-based Maisa tool detects instances of software
(design) patterns and anti-patterns. Results can be obtained either visually as
diagrams or textually.

To support long-term quality evaluation, Maisa collects historic data and offers a
simple facility for statistical analysis. Multiple measurements over the same
architecture can be archived, and later used to see how the system has evolved over
a given time period. Different architectures can be compared to one another. The
statistical facility offers a number of common statistics such as variance.

When planning tests with Maisa, the focus should be on the pattern collaboration with
respect to the required quality attribute. In a performance critical system, for example,
a constant, predictable throughput might be more desirable than a usually large, but
variable one. In such a system some patterns like Mediator could easily create
bottlenecks. Likewise, a predictable, well-known way of creating (Factory Method
pattern) or accessing (Visitor pattern) objects is valuable in itself.

3.2.2 Using multiple diagram types

Although class diagrams are the most common ones used in object-oriented designs,
any type of diagram or a combination of diagrams can be used to define a design
pattern. This is very useful, as different diagrams focus on different aspects of the
system. For example, sequence diagrams and state machines model behaviour while
class diagrams model structure. In many cases we can achieve more precision by
eliminating pattern candidates using multiple diagram types.

Many pattern structures are too general (and thus too numerous) to indicate the
presence of an actual instance by themselves. The result is either that we have a
large number of candidates only fractions of whom are real instances or we don't have
any candidates at all.

We can reduce the number of false positives by verifying potential instances using
another diagram type. Consider the class diagram in Figure 7. It shows the structure
for an instance of an Observer pattern [GHJ+95] while the sequence diagram in Figure
8 shows one possible sequence of events. The structure depicting two inheritance
hierarchies having interrelationships is very close to that of several other patterns like
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the Factory Method. The Factory Method implies the creation of objects, which may or
may not be depicted on the class diagram. The Observer, however, implies only
regular method calls.

<<interface>>
MyObservable obsetvers p-o| MyObserver
addObserver doUpdate()
(MyObserver) o1~~~ for all node in observers {
node->doUpdate() A
} |
|
1
Counter CounterPrinter
inc() doUpdate()

value()

Figure 7 - An instance of an Observer pattern

Counter Relation
Counter Printer Predicate
1
- inc() Ej
doNotify()
-
doUpdate()
-
ter
- counter()

Figure 8 - A sequence diagram for Observer pattern
If multiple diagrams are easily available, they should be used. One way to get dynamic
diagrams is to transform use cases or scenarios into collaboration or sequence
diagrams.
Our process can be summarized as follows:

1 Search those (meta) patterns that are prerequisites for the requested patterns.
Dynamically add facts for found instances. This can be done automatically, or the
user can choose to act as an oracle stating whether a possible candidate is an
actual instance.

1 Use these results to prune the search space.

1 Confirm the results using available dynamic diagrams.
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Less strict pattern definitions may be used in step 2 to increase the number of
candidates for step 3.

Dynamic diagrams are usually small compared to class diagrams, so the verification
will not be a costly operation. This is especially useful because of the two-phase
detection, where the verification only needs to be done for the potential instances
acquired as a result from the first detection phase.

3.2.3 Case study

I n this case study, we had a twofold objective
framework, we wanted to discover the mechanism of how the framework was

supposed to be used (i.e. how to add new features). Second, we wanted to ascertain

which parts (if any) of the original system were affected by the addition and design test

cases accordingly.

We used a graphics framework for the case study. The system provided the base
functionality for various types of drawings and diagrams. The variation points offered a
way to add new diagrams and other smaller applications to the existing framework. A
simple calculator application was added to the framework.

Figure 9 shows the relevant section of the combined system. Those classes that are

part of pattern instances across the application-framework interface are shown in

bl ack. Note that the term O0patweecanmdéfinef@ used i n
example a data access as a pattern. The four classes in the upper right-hand corner

belong to the framework, while the rest belongs to the calculator application. We

should pay particular attention to the highlighted sections when (re-) testing to ensure

the correct functionality over the interface.

Figure 9 - Affected components after new features were added
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3.3 Characterizing maintainability across multiple versions

3.3.1 Problem at hand

Internal software quality evaluations are quite often subjective and are focused merely
on the current state of the system (snapshot evaluations). In contrast, we argue that
such evaluations should be objective and repeatable, therefore requiring automated
tool support. Additionally, quality evaluations should enable the comparison of the
current quality with other software systems or other parts of the same system and
previous versions.

0 When comparing quality among systems or system parts, one can customize
the evaluation (e.g., set acceptable boundaries) according to a larger
population of software modules developed using similar processes. In practice,
this enables the prioritization of software modules according to the need of
guality investments.

o Alternatively, when comparing quality across multiple versions, one can
express the current quality relative to previous versions. Such analyses enable
to verify whether quality is improving or decreasing, and in result, whether
additional investments in quality should be made or not.

In this case study, we have investigated how visualizations can support the evaluation
of quality across multiple versions. We refer to this work as quality trend analysis. Part
of this work can be reused for comparing the quality of multiple systems or multiple
system parts.

3.3.2 Quality trend analysis
At large, there is a need for analyzing trends in quality at different levels of granularity:
1 Software module level i Evaluation of the whole population of building blocks with
regard to a quality indicator. In Object-Oriented systems, these building blocks can
be classes. As an evaluation at this level, we choose descriptive statistics (median,
guartile boundaries), as typical when presenting a summary.

1 Building block level i Evaluation of a single building block, e.g., a class.

By applying trend analysis at both levels, one can respectively (i) observe trends; and
(ii) explain them in terms of specific changes.

In the remainder of this document, we will zoom in on the application of quality trend
analysis for a specific set of metrics.

3.3.3 Selected metrics

Maintainability is decomposed by [ISO9126] in the following characteristics:

1 Analysability i 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.

1 Changeability 7 the capability of the software product to enable a specified

modification to be implemented.
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Stability 7 the capability of the software product to avoid unexpected effects from
modifications of the software.

Testability i the capability of the software product to enable modified software to be
validated.

Maintainability compliance ithe capability of the software product to adhere to
standards or conventions relating to maintainability.

Within the scope of this case study, we limit ourselves to changeability (also known as
evolvability) and testability.

As metrics for changeability and testability, we select the Chidamber and Kemerer
metric suite for Object-Oriented systems [CK94]:

1

Weighted Methods per Class (WMC) i Measure of the total complexity
implemented by the methods in that class. The following forces can help determine
the ideal value of this metric:

Complexity: The larger the number of methods and their complexity, the more
time and effort is required for maintenance.

Reuse: The larger the number of methods and complexity, the less likely a class
will be reused.

Depth of Inheritance Tree (DIT) i Measure of how many ancestor classes can
potentially affect this class. A trade-off can be made among the following forces:

Complexity: 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.

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

Number of Children (NOC) i Measure of how many subclasses are going to
inherit the methods of the parent class. Forces:

Reuse: The greater the number of children, the greater the reuse.

Testability: A class with a large number of children may require more testing of
the methods in that class.

Coupling between Object Classes (CBO) i Measure of how many classes are
coupled via method or instance variable interaction. Forces:

Reuse: The more independent a class is, the easier it is to reuse it in another
application.

Coupling: The larger the number of couples, the higher the sensitivity to
changes in other parts of the design.

Testability: The higher the inter-object class coupling, the more rigorous testing
needs to be.

Response for a Class (RFC) i Measure of the set of potentially executed methods
in response to a message received by an object of that class. Forces:
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Testability: If a larger number of methods can be invoked, the testing and
debugging becomes more complicated.

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

1 Lack of Cohesion in Methods (LCOM) i Measure of the absence of similarity
among methods with regard to attribute usage. This metric is an inverse cohesion
metric: it measures the absence of cohesion. Forces:

Complexity: high lack of cohesion increases complexity.
Table 6 lllustrates the relationship between the selected metrics and maintainability

characteristics. These relationships are based on the definitions of changeability and
testability.

Metric Subcharacteristic  Characteristic

WMC complexity changeability
reuse
DIT complexity changeability
reuse
NOC reuse changeability
testability
CBO reuse changeability
coupling changeability
testability
RFC complexity changeability
testability
LCOM complexity changeability

Table 6 - Relation between selected metrics and maintainability characteristics.
All of these metrics have a negative influence effect on changeability and/or testability.

Accordingly, one would wish to minimize their values. With DIT and NOC, however, a
low value (e.g., < 7) is desirable.

3.34 Proposed visualizations

Figure 10 presents our proposed visualization for quality trend analysis at the software
module level.
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Figure 10 - Boxplots across three versions.

A boxplot is drawn for each version. Such a boxplot is a representation of multiple
descriptive statistics:

1 Median: The bold line in the middle of each box plot represents the median value.

1 Quartile boundaries: The rectangle surrounding the bold line sets bounds to the
first and third quartile. Each quartile represents 25% of the population.

1 Outliers: Outliers are values that are exceptional (e.g., fall outside the range of +/-
1.5 times the Inter Quartile Range or IQR. IQR is calculated as the difference
between the third and first quartile.)

Our proposed visualization for quality trend analysis at the building block level is
presented in Figure 11. This visualization consists of two charts: an upper and a lower
chart.

The upper plot is a barplot titled <Metric name> difference between versions
<firstVersion> and <lastVersion>.

1 X-axis: each point on the X-axis represents a class. Classes are sorted descending
according to the metric value of the class in the first version.

1 Y-axis: difference between the metric value of a class in the last version compared
to its value at the first version (+ => increase, - => decrease)

1 Interpretation:
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cbo delta

cbo
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Position of the bars: in case most of the bars have a positive value, this
indicates that the metric value has increased relatively compared to the first
version. Notice that for this global image, you might wish to use the boxplots
from the visualization at the software module level.

Location of the bars: the location enables you to derive whether the
increases/decreases occurred mostly at classes with high/low values at the
initial version. In the ideal case, you would wish that the metric values evolved to
an average value (not too high, not too low). Visually, this would be represented
by negative bars at the left of the X-axis (decrease of high values), and positive
bars at the right of the X-axis (increase of low values).

cbo difference between versions v30.025 and v35.033

Classes sorted by baseline value

cbo deltas across all versions

v30.025 v35.033 ||

| — I I I

0 100 200 300 400
Classes sorted by baseline value

Figure 11 - Trend analysis bar and lines plot.

The bottom plot is a "lines plot" titled <Metric name> deltas across all versions.

1

X-axis: Same as the upper plot. The plot of the first version will decrease
monotonously across the X-axis, since classes are sorted descending on their
metric values of the first version. In case new classes are added in subsequent
versions, these are appended to the X-axis in a similar (sorted descending) fashion.
Accordingly, for each version, you will find a monotonously decreasing line at the
right of the X-axis.

Y-axis: Metric value of a class. Each line represents a single version. The versions
are assigned colours from red (first version) to blue (last version). This plot provides
a more fine-grained visualization than the upper plot, since it also enables to
compare among intermediate versions.

Interpretation:
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Trend-analysis: Do the changes to metric values persist across versions, and do
they do so in the same direction (e.g., always increasing), or are there shifts
among versions (e.g., first increasing, then decreasing)?

Addition of new classes: To the right of the X-axis, you can notice whether a
version adds a lot of new classes. E.g., in v33.028 there was an addition of
relatively few new classes. From v33.028 to v35.033 there were even less
classes added.

3.3.5 Application on an industrial case

In October 2007, the authors were asked by Alcatel-Lucent to support monitoring the
quality of their modules across their evolution. The main goal was to provide objective
data to verify the following assumptions:

1 Code quality deteriorates when many people are working in the same code.
1 Some modules are in more need of refactoring than others.

Since the developers had an indication that quality was indeed degrading for module
Foo (name encoded for confidentiality), we illustrate the application of the
visualizations on module Foo.

Three versions were selected: (i) v30.025; (ii) v33.028; (iii) v35.033, corresponding to
snapshots from the repository across three different releases (3.0, 3.3 and 3.5). Table
7 presents boxplots for each of the selected metrics (excluding WMC). These
visualizations present the following observations:

1 Inheritance

DIT: There is barely any use of inheritance (median DIT of 0). A maximum
outlier of inheritance depth of 3 has been introduced between v30.025 and
v33.028.

NOC: Similar to DIT, we find that inheritance is used rarely (median NOC of 0).
Nonetheless, some classes appear to have over 15 subclasses. Between
v30.025 and v33.028, changes with regard to inheritance have been performed.
From the multi-version boxplot, we might assume that a class with 13
subclasses has been extended with two more subclasses.

1 Coupling
CBO: Coupling seems to be quite low (median CBO of 1, outliers starting above
2 coupled classes). Once again, we find that between versions v30.025 and
v33.028 some changes have been applied which affect coupling.

1 Complexity
RFC: Complexity has increased slightly after version v30.025 (median increased
from 5 to 6). However, the third quartile has reduced slightly across the three
versions, possibly indicating that some effort has been spend on reducing
complexity.

1 Cohesion

LCOM: The median cohesion value has increased, and more extreme outliers
have been introduced.
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Metric Including outliers Excluding outliers
DIT _
dit Normal range of dit

8 g

g g ’
NOC

g

|

g

e
CBO
RFC
LCOM

Table 7 - Trend analysis of module Foo at the software module level.




