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DOCUMENT 2

KEY CONCEPTS - SMARTYCHECK

This document is an integral part of the training and presents a theoretical synthesis of the
main information for understanding the SMartyCheck: Software Product Line, SMarty
approach and software inspection.

1. Software Product Line (SPL)

An SPL is defined by Northrop (2002) LPS as set of software systems that share
common and variable characteristics, which satisfy the needs of a particular market segment
developed from common artifacts.

SPL Engineering establishes the steps, processes and methodologies for using SPL in
software development. It has two essential activities: (i) Domain Engineering, a process in
which there is the development and evolution of the core of artifacts, (ii) Application
Engineering, in which the configuration of a specific product takes place.

Variable features define the variable software, that is the capacity or ability of a
system or device be efficiently extended, changed, or custom configured for use in a
particular context (Van Gurp et al., 2001).

Variability is described by variation points and variants:

e Variation Point A specific location in an artifact where a design decision has not
yet been made, that is, it has been postponed;

e Variant: Corresponds to a design alternative to solve a given variability.

e Constraints between Variants: Defines the relationships between two or more
variants so that you can resolve a point of variation or variability.

Variability management is one of the most important activities in controlling an SPL.
It includes activities to identify variability, explicitly represent it in software artifacts
throughout the lifecycle, and trace dependencies between variability (Pohl et al., 2005).
Therefore, the success of an SPL is related to the organization's ability to manage variability
and produce customized systems that stand out in the market.

a. Features Diagram

The feature diagram allows you to hierarchically model the common and variable
characteristics of all products that can be derived from an SPL, and can thus be understood by
all stakeholders in the development process, including the customer.
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A feature can be (Benbassat, 2017):
e Mandatory: the feature must be present in any SPL configuration (filled circle);
e Optional: it may or may not be present in an SPL application (empty circle);

e Alternative: only one of the features must be chosen for the SPL configuration
(empty arc); and

e OR: it is possible to select all the variant features for the product configuration
(filled arc).

In Figure 1, the SPL Mobile Media feature diagram is presented, which is composed
of applications that manipulate music, videos and photos for mobile devices. (Geraldi and
Oliveiralr, 2017).

Figure 1: SPL Mobile Media feature diagram
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b. SMarty Approach

The SMarty (Stereotype-based Management of Variability) approach was proposed for
the management of SPL variability based on UML models (Oliveiralr et al., 2010). It is in
version 5.2 with support for diagrams of: use case, class, activity, component and sequence.

SMarty allows the management of the variability of an SPL in a systematic way
through the profile (SMartyProfile), which graphically and visually represents the variability
through the UML and a process (SMartyProcess), which defines guidelines to guide the user
in identification , representation and tracing variability (OliveiraJr et al., 2010).

The SMartyProfile is a set of stereotypes and meta-attributes (Table 1) that represent the main
concepts of variability management: variability, point of variation, variant and variant
constraints in UML models for SPL.

Table 1: Stereotypes of the SMarty Approach
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Stereotype Summary

Represents the place where variability occurs. A variation point is always

<<variationPoint>> . . .
associated with one or more variants.

<<mandatory>> The variant must be present in the configuration of any SPL model.

The variant may or may not be present in the SPL configuration. Optional

<<optional>> . . . . )
P variants may or may not be associated with a variation point as well.

They are always associated with the variation points. At least one of the

<<alternative or>> . . .
- variants must be chosen to resolve the variation point.

<<alternative_xor> | They are always associated with the variation points. Only one of the variants
> must be chosen to solve the variation point.

Indicates existing variability in a UML model and is only applied to UML
grades. Associated with this stereotype has the meta-attributes: name (name of
variability), maxSelection and minSelection (maximum and minimum number
of variants to be selected to resolve a variation point), bindingTime (defines
<<variability>> the moment at which a variability will be resolved) , allowsAddingVar
(displays whether there is the possibility of adding new variants after a
variability is resolved), variants (set of instances associated with the
variability); realize- and realize+ (set of lower and higher-level model
variability, respectively, which performs the variability)

it is a relationship between variants, where the chosen variant requires another

<<requires>> .
g related variant;

represents the concept of restriction between variants. If a variant is selected,

<<mutex>> . . . .
then the dependent variant must not be in the SPL configuration;

Font: adapted de Geraldi and Oliveiralr (2017)

An example of the use of stereotypes of the SMarty approach can be seen in Figure 2.
In Figure 3, a part of the SPL Mobile Media use case diagram in Figure 2 is presented.
stereotype of the SMarty <<mandatory>> approach. This means that Manage Albums is a
mandatory feature in any valid configuration for this SPL.

The Send Media use case is an optional feature (<<optional>>) for any SPL
configuration, so it is up to the user to define whether or not it will be part of the
configuration of their specific application. In addition to being an optional feature, Send
Media is also a variation point (<<variationPoint>>). To solve it, two inclusive variants
were defined: Send Media via SMS and Send Media via Email.
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Figure 2: SPLMobile Media use case diagram based on SMarty approach
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These variants were defined with the <<alternative_ OR>> stereotype, so at least one
of the variants must be chosen to resolve this variation point. Both variants can even be
chosen for a specific application. If, instead of <<alternative_ OR>>, the stereotype was
<<alternative_XOR>>, only one of the variants could be chosen: sending media by SMS or
by email, but not both.

Figure 3: Example of using SMarty approach stereotypes
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Still in Figure 3, it is possible to observe the UML note contains the variability
information in the SMarty approach with the stereotype <<variability>>, which represents a
variability, and its meta-attributes associated with the Send Media variation point. From the
meta-attributes it is possible to extract the following information:

e The name of the variability is sending media. The name is important for tracing
variability, therefore, it is how we identify traceabilities that are traceable among the
artifacts.

e The minimum selection number of variants is zero, because although variants are of
type <<alternative_OR>>, which require selection of at least one of the variants, the
Send Media element is optional. If this functionality is not present in the product
configuration, its variants are also not present. Therefore, minSelection must be 0, not
1. MaxSelection, on the other hand, has a value of 2, because, if the function is in the
configuration, the user can choose one or two variants for a specific application.

e In the meta-attribute variants, the variants related to the use case Send Media, Send
Media via SMS and Send Media via Email were defined. This information must be
consistent with the number of variants shown in the diagram.

e The realizes- set, for this example, contains the variability realization for the SPL MM
class diagram, as the class diagram is less abstract than the use case one. Therefore,
the sending media variability must be named in the class diagram in this way to have
traceability between the variability.

In Figure 4, the relationship between Manage Video and Play Video is of type
<<requires>>, which means that, if the configuration has Manage Video functionality, then
it must also have Play Video. The same goes for Manage Music and Play Music, View
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Photo and Manage Photo. If the relationship were of type <<mutex>>, then a product that
has Manage Video, could not also have Play Video.

Figure 4: Example of using the stereotype <<requires>>
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2. Software Inspection

Software quality assurance is a structured approach that involves defect containment,
prevention, detection, and removal activities. To this end, verification and validation (V&V)
activities help to quantify the quality assurance process by considering that the process was
not conducted correctly and that there is a possibility that the product contains defects that
must be corrected (Koscianski and Soares, 2007 ).

Verification is a technique that checks that the software is being developed according to the
user's specifications. To this end, software review can be applied to verify the quality of a
product, acting as a “filter” to purify the artifacts generated in the software process by
discovering errors that can be removed. Its need is allied to two facts: (i) artifacts are
generated by people and so, there can be errors; and (ii) errors are hardly detected by those
who create the artifact, thus requiring reading by someone else, the reviewer (Pressman and
Maxim, 2016).

Software inspection is considered a type of review, which guides the reviewer in
reading the artifact through a set of instructions. It is essential “to understand a given
representation of the software artifact and compare it to a set of expectations regarding
structure, content and quality” (Biffl and Halling, 2003).

It can be applied at the end of all software development steps as soon as an artifact is
created, which reduces rework costs, as defects are usually found close to the point where
they were inserted (H6hn, 2003) and if they pass. for the next activity they can cost up to ten
times more (Zhu ,2016).

To support the reviewer when reading a document in practice, there are reading
techniques, which provide a series of instructions for the reader on how to read and what to
look for in the artifact (Basili et al., 1996). They provide a general understanding of the
inspection activity through the process characteristic of the chosen technique and the defect
classes covered by it for the verification of quality attributes. The main ones are: Ad hoc and
Checklist-Based Reading and Scenario-Based Reading.
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a. Defect Detection (Reading) Technique based on Checklist

The Checklist-Based Reading (CBR) technique is a technique for non-systematic
defect detection, which does not provide instructions or mechanisms on "how" to inspection is
to be carried out, it only presents inspectors with "what" is to be inspected by means of
guidelines using a document in the form of a checklist, called check list.

Inspectors receive a checklist with the respective items for verification described in in
the form of questions or statements, in order to look for a peculiar type of fault: defects.
Normally, the reviewer/inspector reads the checklist, answering each question in a list of
assertive questions (yes/no) through a check, in which each question must be clear enough to
be answered through a single check against prior knowledge of inspectors regarding the most
common types of defects found in the literature (Omission, Ambiguity, Extraneous
Information, Incorrect Fact, Inconsistency, etc.).

The CBR technique has numerous restrictions, advantages and disadvantages like any
technique in general. Therefore, one of the restrictions of the CBR technique is not to exceed
one page for each document inspected. A major advantage of CBR is that it provides succinct
guidance on "what" should be inspected. The checklist also helps to identify what information
is relevant about certain tasks and the problem being addressed.

Several benefits are found and proven in the literature, as well as the efficiency of the
CBR technique, when added to a planned software inspection:

e Reducing the level of software defects in a relevant and considerable way. The
simplicity and precision of well-designed and objective questions allow this benefit to
be sought;

e cost reduction related to the software life cycle and management. Costs are minimized
by detecting defects and, consequently, achieving a reduction in the level (quantity) of
various types of defects detected;

e reduction in software testing and delivery time. This occurs because the defects were
identified even before the software was executed and/or in the coding (development)
phase, in addition to reducing some type of adaptation or future maintenance in the
same software; and

e improved team productivity, reducing development time scale. Assuming that the
software has fewer defects, the team focuses on other phases, tasks or activities
regarding the software project.

However, the CBR technique has some limitations, which are listed below:

e the checklist is of a general nature in most cases. The simplicity and poor adaptation
of some type of checklist from other literature sources may make it not specific;

e the checklist is limited to specific types of defects. Thus, the inspector can focus on
finding non-existent types of defects and acquire a certain "addiction” to using the
same types of defects that you find more plausible for the same situations during the
inspection;
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e the checklist is repetitive. The inspector can trigger a certain effort by using the same
checklist for several inspections, causing some repetition, fatigue and, consequently,
reducing their productivity and the results obtained; and

e the checklist does not guarantee software quality by any principle. The inspector does
not know "how" the inspection should be conducted, only "what" should be inspected.

3. SMartyCheck 3.0

The SMartyCheck technique, currently in version 3.0 (Vieira, 2017), was designed
based on the Checklist-Based Reading (CBR) technique, in order to detect defects in UML
diagrams of use cases, classes and SMarty's class components of variability of LPSs through a
checklist, with each type of diagram having its specific checklist so that the inspection is
organized and directed (Geraldi, 2015; Geraldi and OliveiraJr, 2017).

Guidance is provided to the inspector, using a document in the form of a checklist,
which contains the pre-defined types of defects, their respective described items, the places to
answer the questions through and a check (yes/no), in addition to a space for observations to
be written by the inspectors according to the defect identified.

The technique can be used for two purposes: (i) inspecting LPS artifacts through UML
SMarty diagrams of use cases, classes and components; or (ii) inspect the various versions of
an LPS that can be modeled and compared based on an original LPS (oracle) from which it
was derived (Vieira, 2017).

Its first versions only allowed the inspection of diagrams (class and use case
diagrams), its extension 3.0 Vieira, 2017), encompassed component diagrams. The checklist
for SMarty diagrams of components was elaborated with the analysis and adaptation of
defects from the studies presented by Geraldi (2015, 2017) adapting them to components.
Such defects are listed below:

b. SMartyPerspective Defect Taxonomy

The SMartyCheck defect types were adapted from several studies in the literature. The
rewritten and adapted definition from the IEEE Standard 1012-2012 - System and Software
Verification and Validation (IEEE 2012) for the SmartCheck technique:

e Ambiguity: When any of the elements contained in the UML SMarty models of Use
Cases or Classes of an SPL inspected must have only one interpretation, that is, they
cannot implicitly or explicitly present multiple interpretations. This requires that each
element be described in a unique and peculiar way in relation to its real objective.

e Incomplete: Contemplates the presence of all significant and mandatory elements
contained in the UML SMarty models of inspected Use Cases or Classes of an SPL,
that is, any external requirements imposed through the UML SMarty model
specification of an SPL must be recognized and addressed.
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Inconsistency: Refers to internal consistency, in which no subset of individual
elements described should have conflicts in the inspected UML SMarty Use Cases or
Classes models of an SPL. Furthermore, if an element of the UML SMarty models
does not agree with some other specification of the other model of a SMarty-based
SPL against which it was compared, then it is not correct, that is, consistent.
Incorrect: Each of the elements contained in the SMarty UML models of Inspected
Use Cases or SPL Classes must meet the relationships predicted in the SMarty-based
SPL model.

Defect types rewritten and adapted from the IEEE Standard 830-1998 - Recommended

Practice for Software Requirements Specifications (IEEE 1998) for the SMartyCheck
technique:

Unstable: When each of the elements contained in the UML SMarty Models of Use
Cases or Classes of an inspected SPL have a unique identifier to indicate the
importance or stability of these particular elements. Each element must be identified to
make these differences clear and explicit.

Unmodifiable: When the structure and style of one or more elements contained in the
UML SMarty models of Inspected Use Cases or Classes of an SPL can be maintained
through and any changes to the elements made easily, alternatively, completely and
consistently. In this way, the elements must be expressed separately, in order to be
coherent and not redundant.

Defect types rewritten and adapted from the study by Travassos et al. (1999):

Incorrect Fact: When the descriptions of any of the elements contained in the UML
SMarty models of Use Cases or Classes of an inspected SPL contradicts the
information of elements in the UML model of a SMarty-based SPL. Furthermore, it is
not possible to map these elements, as they are not generally known in UML SMarty
models of an SPL.

Extraneous Information: When any of the elements contained in the UML SMarty
models of Use Cases or Classes of an SPL inspected have information provided that is
not necessary. Additionally, there may be elements specified in addition to the model
or duplicates in UML SMarty Models of Use Cases or Classes of an SPL inspected.

Defect types rewritten and adapted from the studies by Miller et al. (1995) apud Hayes

et al. (2006):

Intentional Deviation: When any element contained in the UML SMarty models of
Use Cases or Classes of an inspected SPL requires or modifies its relationship with
other elements according to the UML model of an SPL based on SMarty.

Infeasible: When an element contained in the UML SMarty models of Use Cases or
Classes of an inspected SPL is unattainable and unfeasible considering other system
factors, such as the addition of new elements in the UML SMarty models of an SPL.
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Types of defects rewritten and adapted from studies by Lamsweerde (2009) apud
Souza et al. (2013):

e Omission: When there is an absence or lack of any element contained in the UML
SMarty models of Use Cases or Classes of an SPL inspected. Thus, the absence of an
element makes it problematic to specify the mandatory functionalities of a domain
according to the UML SMarty model of an SPL.

e Business Rules: Situation in which the definition of business rules of a specific
domain of an SPL may be incorrectly described and specified according to the UML
SMarty models of Use Cases or Classes of an SPL inspected.

Defect types rewritten and adapted from the study by Cunha et al. (2012):

e Anomaly: When an inspected element is associated with another element in an
unusual way in UML SMarty models of Use Cases or Classes of an SPL.

10
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