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Abstract This article is a survey on the recent progress of some hot topics of software

engineering. The survey is based on the review on the papers of three premier conferences on

software engineering from 2012 to 2013. Through the quantitative analysis on these papers,

there are three hot topics identified, software testing, debugging, and analysis. Focusing on

these three topics, this article summarizes some new achievements in these fields, analyzes

the characteristics of these works, and points out some directions for future research.
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1 Introduction

Software engineering concerns with the development of software with high quality
and productivity, and is an important direction of computer science. Among various
topics in software engineering, this article presents a survey on the recent progress of
software testing, debugging, and analysis, which have been identified as three main
hot topics of software engineering.

In particular, this article presents a study on three premier conferences (i.e.,
International Conference on Software Engineering (abbreviated as ICSE), ACM
SIGSOFT Symposium on the Foundations of Software Engineering (abbreviated as
FSE), International Conference on Automated Software Engineering (abbreviated as
ASE)) on software engineering from 2012 to 2013. Borrowing the procedures of a
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systematic review, this study collected the research papers from these conferences,
and classified these papers based on their topics.

The statistics of these papers is summarized by Table 1, which shows the number
of papers within each topic accepted by each conference. The last three rows of Table
1 present the numbers of papers on these topics. From the last column, each of these
topics (i.e., software testing, software debugging, and software analysis) contains at
least 10% of the papers published in the recent two years, which is much higher than
the percentage of any other topics.

Table 1 Basic Statistics1

Conference ICSE 2013 FSE 2013 ASE 2013 ICSE 2012 FSE 2012 ASE 2012 Summary

Total Number 85 51 43 87 34 27 327

# Software Testing 13 10 7 8 5 3 46

# Software Debugging 11 2 3 11 1 5 33

# Software Analysis 7 10 5 14 7 1 44

Among the three hot topics, software testing aims to identify faults by executing
the target software, whereas software debugging aims to identify the location of faults
and correct the faults. These two activities are very important to assure the quality of
software, and thus have attracted many researchers in the past. Software-engineering
data collected during software development and runtime contain useful information.
Therefore, many researchers focus on analyzing these data (including documents, bug
repositories, version histories, runtime log and so on) to aid and optimize current and
future software projects. According to the definition of software, a software system
consists of programs, documents, and relevant data. In this article, software analysis
is used to cover program analysis and software-engineering data analysis. Software
analysis, especially program analysis, can be viewed as hammers to solve various
problems in software engineering, including software testing and debugging.

The remaining of this article is organized as follows. Sections 2, 3, and 4, survey
the recent works on software testing, debugging, and analysis. Section 5 concludes this
article and gives further discussion. Figure 1 presents the topics this article consists
of.

• test-case genera�on

• test adequacy metrics

• strategies on execu�ng test cases

so!ware 

tes�ng

• fault localiza�on

• fault fixing

• bug repository

so!ware

debugging

• program analysis

• so!ware-engineering data analysis

so!ware
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Figure 1. Organization of this article.

1 Following the procedures of a systematic review, we gave some keywords (e.g., test, bug, API) to

describe these papers, and then clustered the papers based on their words.

The actual number of papers within each topic may be larger than the number in this table, because

some papers of these topics may be ignored due to the authors’ carelessness.
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2 Software Testing

Software testing aims to guarantee the quality of software by running test cases
on the target software and observing whether any faults are revealed. Due to its
importance in ensuring software quality, software testing has been widely studied
in the literature of software engineering. Although software testing includes many
important research topics, such as test-case generation, test repairs, regression testing,
and so on, due to space limit, this article concerns with only the works in Table
1, which do not cover all the topics in software testing. For ease of presentation,
this article classifies most of these works into test-case generation, test adequacy
metrics, and strategies on executing test cases, which will be presented by the following
sections.

2.1 Test-case generation

As software testing is recognized as an expensive activity in software development,
many works in software engineering focus on automating software testing. Before
running test cases on the target software, it is necessary to prepare high-quality test
cases for the target software. As it is costly for developers to manually write test
cases, various approaches for automated test-case generation have been proposed in
the literature.

Most existing test-case generation techniques generate test cases by analyzing
(e.g., using symbolic execution) the software under test. Besides these test-case
generation techniques, random test-case generation attracts much attention due to
its low cost. Although test-case generation has been studied for long, some
challenges still exist in this domain. For example, most existing test-case generation
techniques cannot well deal with arrays and pointers, loops within a program.
Random test-case generation is less effective in terms of fault detection when
comparing with other test-case generation techniques due to the possible biased
coverage on the input space.

In the past two years, some researchers focused on addressing the problems in
existing test-case generation techniques and have achieved some improvement. In
particular, as coverage is the main problem in random test-case generation,
Randoop[1] was proposed to alleviate the problem in 2007, which is generally very
effective in the early stage of testing. However, as it has other practical issues, e.g.,
hard to cover deep object interactions or branches, hard to be applied to C/C++
programs, Garg et al.[2] proposed to use concolic execution with feedback-directed
random search in a testing framework in 2013.

Some works focused on test-case generation for some specific applications or
software, e.g., multithreaded software, web applications, and mobile applications. In
particular, although test-case generation for multithread software has been studied
before, it is time-consuming to generate multithreaded test cases. To reduce time
cost in generating multithreaded test cases, Nistor et al.[3] proposed an automated
random generation technique BALLERINA, in which each thread executes a single
randomly selected method. For software with complex inputs, e.g., browsers or
compilers, constraint-based generation is widely used to generate test cases, whose
major challenge lies in the scalability. To alleviate this problem, Zaeem and
Khurshid[4] proposed to use recursive predicates to represent constraints and then
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solve the constraints by using dynamic programming. That is, the complex inputs
are divided into several smaller inputs with the same structure. To perform
functional testing on enterprise applications efficiently, Thummalapenta et al.[5]

proposed an automated technique to generate test cases driving a web-based
application on only interesting behaviors, not the large number of behaviors.
Different from existing test-case generation works, the challenge of this work lies in
covering the interesting behaviors by creating test cases. As mobile apps become
increasingly prevalent, researchers like Machiry et al.[6] proposed to generate
relevant test inputs to unmodified Android apps.

Besides these technical works on test-case generation, some researchers
investigated other issues by using test-case generation as a sample domain. For
example, Fraser and Arcuri[7] questioned the choice of employed artifacts in case
studies of software engineering and thus conducted an empirical study on the choice
of artifacts in test-case generation. Similarly, Xiao et al.[8] focused on loop problems
and thus investigated the presence and influence of loop problems in some specific
domains, e.g., test-case generation.

In summary, test-case generation for traditional software has slight
improvement. Most of these test-case generation works aim to generate test cases
for some specific applications or software. Moreover, most of its improvement is
resulting from the improvement of other techniques, e.g., symbolic execution. As it
becomes more and more difficult to solve some long-history challenges in test-case
generation, it is meaningful to switch to specific applications or software in order to
ease the challenges in test-case generation.

2.2 Test adequacy metrics

Due to limited resources (e.g., developers’ efforts and time), it is impossible to
run all enumerable test cases on the target software. Therefore, in the practice of
software testing, testers usually generate a limited number of test cases and test the
software by the test suite consisting of these test cases. To learn whether a test suite
is sufficient, it is necessary to measure the efficacy of test cases within a test suite.
However, in practice it is impossible to measure the efficacy of test cases based on
the number of faults they reveal due to the following reasons. First, as the number
of faults actually in the software under test is unknown in practice, testers have no
idea whether existing test cases have revealed all the faults. Second, in some testing
scenarios (e.g., test-case generation and regression testing), it is even impossible to
know whether existing test cases may reveal faults within the software under test.
Therefore, many approaches have been proposed on defining test adequacy metrics,
which are widely used in test-case generation, selection and so on. In particular, to
generate effective test cases, test-case generation techniques usually specify some test
adequacy metrics to achieve when generating test cases, whereas test-case selection,
reduction, and minimization techniques usually use some test adequacy metrics as
criteria to select test cases.

In the last two years, researchers have proposed some novel criteria based on
existing ones. Modified condition/decision coverage (MC/DC) criterion is an
important adequacy metrics, which has been evaluated to be effective in some
NASA projects. However, as the effectiveness of MC/DC relies on the syntactic
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structure of the program under test, Whalen et al.[9] proposed an observable
MC/DC coverage criterion, which combines the coverage of decisions required by
MC/DC with a path condition so as to increase the likelihood of detecting a fault.
The observable MC/DC coverage criterion has been evaluated to be much more
effective than MC/DC both in fault-detection and in robustness to change structure.
Based on the widely used branch coverage criterion, Hassan and Andrews[10]

proposed a family of coverage criteria, Multi-Point Stride Coverage, which generalize
branch coverage by branch tuple coverage and have been evaluated to be more
effective than the definition-use coverage criterion. Besides these general test
adequacy criteria, Tasharofi et al.[11] proposed three schedule coverage for Actor
programs, which are concurrent programs.

In summary, most works on test adequacy metrics are improvement on existing
test adequacy metrics, rather than totally novel metrics. As most existing test
adequacy metrics are usually based on program structure and the structure of a
program has been fully studied, studies on test adequacy metrics are very mature.
Therefore, it may be more useful to study test adequacy metrics based on other
information rather than program structure since in many scenarios (e.g., web
application) the source code of a program under test is not available.

2.3 Strategies on executing test cases

To guarantee the quality of the software under test, it is ideal to prepare and
run all the test cases of a program. However, considering the input space of the
software and various settings of its configuration, the number of test cases for the
software usually is so large that it is impossible to run all the test cases. Therefore,
due to such practical concerns, it is important to determine the proper subset of test
cases and the execution order of these test cases, which are viewed as strategies on
executing test cases.

Test-case reduction and prioritization, firstly proposed in the literature of
regression testing, aims to reduce the number of test cases and schedule the
execution order of test cases. Before 2012, a large number of works on test-case
reduction and prioritization were proposed, most of which explored novel algorithms
(e.g., genetic algorithm) to improve effectiveness, combined with other factors (e.g.,
running time) in reducing or prioritization test cases, or empirically studied the
existing techniques.

In the last two years, more and more works on test-case reduction and
prioritization focus on configuration testing[12-14] or other domains (e.g., fault
localization[15]) rather than traditional testing or regression testing[16]. In particular,
Zhang et al.[17] proposed a spectrum of strategies between the total and additional
strategies, which are widely used in the evaluation of new test-case prioritization
approaches due to the effectiveness of the additional strategy. According to Zhang
et al.’s work[17], the works on test-case prioritization have become mature enough so
that little improvement exists in the current research direction. As most software
systems are highly configurable and have an increasing number of configuration
options, which will definitely increase testing difficulties, researchers began to
investigate the possibility on reducing the number of configuration option
combinations. To alleviate this problem, combinatorial interaction testing (CIT)
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selects an interaction strength t and computes a covering array containing all t-way
configuration options. As a complement to existing works, Blue et al.[12] proposed
greedy algorithms to minimize an interaction-based test suite, whose effectiveness
may be improved by applying existing test-suite reduction techniques. However, as
CIT may unlikely generate important high-strength interactions, Song et al.[13]

proposed an algorithm iTree to identify sets of configurations that include important
high-strength interactions missed by CIT. Petke et al.[14] identified the constrained
prioritized interaction testing problem for higher strengths. Generally speaking, the
preceding techniques on configuration testing are similar to traditional test-case
reduction and prioritization in regression testing to some extent.

In summary, comparing with the works before 2012, more and more researchers
began to focus on configuration testing, especially on presenting various strategies in
executing test cases in configuration testing. Furthermore, it is natural to borrow
existing techniques proposed in traditional test-case reduction and prioritization to
facilitate configuration testing due to the similarity between these two problems.

2.4 Summary and discussion

Works on software testing mainly focus on test-case generation, test adequacy
metrics, and strategies on executing test cases. These problems are important and
have been studied for long.

Besides these topics, in software testing there are many other important
problems that have rarely or seldom been touched. For example, test oracles are
widely recognized as one of the most important problems in software testing, which
provide mechanisms to tell whether the output of a test case is as expected. Unlike
other topics in software testing (e.g., test-case generation), test oracles are far from
being solved. Furthermore, in the last two years only two papers are related to test
oracles. In particular, Nguyen et al.[18] conducted an empirical study to compare the
cost and effectiveness of three types of automated oracles (i.e., data invariants,
temporal invariants, and finite state automata), Staats et al.[19] proposed a
mutation analysis based approach to selecting a set of variables from the program as
the oracle data. Although test oracles are important, a little improvement has been
achieved in the past two years due to its difficulty. To facilitate software testing,
before generating test oracles automatically, it is also important and helpful to
provide some aids to facilitate test oracle generation for developers in practice (e.g.,
selecting variables observed in software testing and determining expected values of
variables).

Besides these problems identified and discussed in the research communities,
there still exist many practical software testing problems that are rarely touched
by the academy. For example, integration testing is always an important phrase in
software testing, and there are many important issues in integration testing (e.g., fault
aggregation and fault localization) influencing the efficiency of integration testing. It
is important and necessary for the research communities to focus on these practical
problems so as to facilitate software testing in practice.

3 Software Debugging

Software debugging aims to identify the location of faults and then fix the
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faults by replacing the faulty statements by correct ones. According to the two
phases of software debugging, most works on debugging can be classified into fault
localization and fault fixing. Bug repositories, consisting of bug reports, which
describe bugs submitted by developers, testers or end-users, play an important role
in software development for both commercial projects and open-source projects.
However, due to the data privacy of commercial projects, researchers in software
debugging mainly started their research on analyzing and utilizing bug repositories
recently when open-source projects became popular and a large number of bug
repositories became available.

3.1 Fault localization

Fault localization aims to reduce the searching scope of statements that are
possible to contain faults or even identify the location of faulty statements. As the
first step of software debugging, fault localization has been studied for long. Based
on the type of faults to localize, the works on fault localization can be classified into
works on general faults (e.g., logical faults) and works on some specific faults (e.g.,
memory leaking problem and redundant code issue). In the past (especially before
2002), most of the researchers in this domain studied how to localize specific faults
rather than general faults. However, between 2002 and 2010 more researchers
focused on localizing general faults and most of their works utilized test information
to aid fault localization.

In the last two years, few published papers on debugging studied general faults as
such works have been fully studied before. In particular, before 2010, a large number
of papers on spectrum-based fault localization have been published, aiming to localize
suspicious statements by analyzing the difference between failed executions and passed
executions. That is, spectrum-based fault localization usually targets at general faults.
Following existing works on spectrum-based fault localization, in 2012, Gopinath et
al.[20] proposed to use specification-based analysis in spectrum-based fault localization
so as to improve the effectiveness of the latter. To facilitate the use of spectrum-based
fault localization, Gong et al.[15] proposed a test-case selection technique based on
diversity maximization speedup to reduce the number of test cases that are used to
maximize the effectiveness of spectrum-based fault localization. Besides spectrum-
based fault localization, there are a small number of works on locating general faults
based on bug reports, which will be introduced in Section 3.3.

Most of the published papers on fault localization are concerned with
identifying and finding some specific faults, e.g., performance faults[21,22],
concurrency faults[23,24], configuration faults[25], memory leaking problem in
Android applications[26], and so on.

In summary, research on localizing general faults has achieved slight progress
as it is difficult to significantly improve the effectiveness of these techniques. At
the same time, more and more researchers began to investigate the works on specific
faults, since these works have more input information and may produce mature results
to be applied in practice. In practice, software debugging is still mainly manual
works depending on developers’ experience and understanding. Therefore, researchers
may consider improving the effectiveness of existing fault localization by combining
developers’ feedback.
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3.2 Fault fixing

Although fault fixing is a problem with a long history in software engineering,
research on fixing general faults actually became popular recently. Before 2009, most
works on fixing general faults are specification based approaches, which may produce
some repairs that break other functionalities and require the existence of specification.
However, in practice, formal specifications are rarely available, and thus specification
based approaches did not attract too much attention in the past.

In 2009 Weimer et al.[27] proposed a generic programming based approach
GenProg to automatically fixing faults, which used generic programming to
maintain a set of variants for the program and modified these variants using two
generic algorithm operations to find a variant that passed all the test cases. As
GenProg showed a possible automated way on fixing general faults, more and more
researchers focused on fixing general faults. In particular, as GenProg[27] repaired
only faults in off-the-shelf C programs, Goues et al.[28] in 2012 proposed a novel
algorithmic improvement to repair faults in large programs, which has been
confirmed to repair 105 faults from 8 open-source programs. Different from existing
specification-based fault fixing, these works aim to generate a fix that passes all the
test cases. Therefore, it is interesting and necessary to learn whether the program
with such a fix actually works as expected.

Besides the works on fixing general faults, some works still focused on specific
faults. In particular, Samimi et al.[29] proposed an approach to helping developers
find and fix HTML generation errors in PHP programs by using string constraint
solving, Coker and Hafiz[30] proposed three program transformations to fix C integer
problems.

In summary, although fault fixing is a long-term problem, many works on fault
fixing focused on specific faults rather than general faults. As in practice faults are
usually fixed by developers manually rather than by some automatic tool, it is worth
and interesting to learn how developers fix faults so as to facilitate the works on fixing
faults. Based on this motivation, Murphy-Hill et al.[31] conducted an empirical study
on how developers make design choices in fixing faults. Following this empirical study,
it may be also important to find a way to simulate developers’ decisions in fixing faults
so as to facilitate automated fault fixing.

3.3 Bug repository

During software development, many commercial projects and open-source
projects use bug repositories or issue tracking systems to record various problems
reported by users or developers. However, due to the access limit of commercial
projects and their various resources including bug repositories, few researchers focus
on bug repositories until the popularity of open-source projects. A large number of
bug reports exist in the repositories of open-source projects. For example, in the
open-source version of Eclipse, average 29 bug reports are submitted each day[32]. A
bug report is a document recording the identification and solving history of a bug.
With the availability of a large number of bug repositories provided by open-source
projects, more and more works focused on bug repositories, including bug report
quality, bug report duplication, bug report assignment, debugging based on bug
reports, and so on, to aid the software development based on bug reports.
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Works on bug report assignment aim to automatically assign bug reports to
appropriate developers. Most existing works on bug report assignment[32,33] use
various information of bug reports (e.g., summary and description[34], identities of
bug reports and those of developers[35,36], comments[37]) to predict the fixer of a bug
report based on some machine-learning techniques. In the last two years, bug report
assignment continued attracting researchers’ interest and most of its works focused
on improving the accuracy of bug report assignment. In particular, Servant and
Jones[38] combined fault localization, history mining, and expertise assignment to
automatically assign a fault (represented by a failing test case) to the most
appropriate developer. Xuan et al.[39] used a socio-technical approach to modeling
developers’ prioritization in bug repositories to facilitate three predicting tasks
around bug repositories. As it is inefficient for developers to read bug reports one by
one, Bortis and Hoek[40] proposed Porchlight, which grouped bug reports based on
tags so that developers can work on bugs in meaningful groups.

As bug reports tell the existence of faults, some researchers began to investigate
how to debug based on bug reports. Given a bug report, existing works usually
identified the positions of faults in the source code by their relevance to a bug
report[41], or recommended possible fixes by analyzing history information (e.g.,
similar bugs[42]). Works in the last two years focused on improving the effectiveness
of such a debugging process by combining new information or new techniques. In
particular, to locate relevant files for fixing a fault, Zhou et al.[43] proposed an
information retrieval based technique, which ranked the files based on the similarity
between the initial bug report and the source code using a revised Vector Space
Model by considering similar bugs fixed before. As natural language information
retrieval based techniques produce localization results with low accuracy, Saha et
al.[44] proposed a structural information retrieval based fault localization technique
instead.

As bug reports play an important role in software development, especially
software debugging, it is interesting to study and improve the quality of bug reports.
For example, during bug report triaging, developers have to look through a large
number of bug reports to find similar problems and thus bug report summarization
is proposed to reduce the amount of data developers have to read. In 2012, Mani et
al.[45] proposed four unsupervised summarization techniques to summarize bug
reports. To improve the accuracy of duplicate bug detection, Nguyen et al.[46]

proposed a duplicate bug report detection technique based on the combination of
information-retrieval features and topic features.

In summary, many works focused on bug repositories (including bug reports)
since a large number of bug reports are available in practice and useful information
may be extracted from these bug reports to assist various software-engineering tasks.
As most existing works on bug repositories are based on some specific projects, it is
necessary to study whether the findings from these specific projects can be generalized
to others.

3.4 Summary and discussion

As fault localization has been fully studied, many researchers in software
debugging switched their interests to fault fixing instead. However, existing
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fault-localization approaches are far from practice because of the following reasons.
First, these approaches cannot locate the positions of faults correctly. Second, these
approaches can hardly be combined in developers’ manual debugging process so that
few of them have been applied in practice. Moreover, existing works on fault fixing
have a practical problem because we cannot tell whether a fix is correct or wrong
just based on the results of test cases, although such knowledge eases the difficulty
of research works on fault fixing. As open-source projects provide a large number of
available bug reports, works on bug repositories attract much attention and thus
become popular. This problem is new and interesting. However, considering the
diversity of projects, it may be interesting to study the commonality and difference
of bug repositories for different projects so that the findings from one project may
be generalized to others.

Although fault localization and fixing are old problems, researchers discover
many other related problems (e.g., test-case selection to facilitate fault localization)
by further studying these two old problems. Moreover, works on these related
problems might further facilitate the works on fault localization and fixing as well.
Since bug repositories have not been studied long, many problems exist and need
further studied. However, considering the existence of a large number of bug
repositories, it is important to study how to investigate the repositories of different
structures to support further development. Since there exist a large number of bug
repositories and future development may continue using various bug repositories, it
is also important to consider how to combine bug reports and bug repositories.

4 Software Analysis

Program analysis is a process that analyzes the behavior of a program and thus
is widely used for solving various software-engineering problems such as software
testing and debugging. Nowadays, besides the programs themselves, the other data
of projects produced during development and runtime become more and more
important. Such data are no less important than the programs themselves, and thus
it is necessary to provide some infrastructure to assist analysis on these data, which
are called software-engineering data in this article. According to the definition,
software consists of programs, documents, and the data collected during software
development and runtime. Therefore, this section studies software analysis, which is
divided into program analysis and software-engineering data analysis.

4.1 Program analysis

Program analysis, aims to analyze the behavior of a program, and its
techniques have been widely used to solve various software-engineering problems.
Therefore, many domains in software engineering, e.g., software testing and program
comprehension, can be facilitated by the improvement on program analysis.

In the last two years, some program analysis techniques were revisited and
researchers focused on addressing the existing problems in these techniques.
Symbolic execution, firstly proposed before 1980, is an important technique widely
used in test-case generation[47] since 2000. As it is difficult to determine symbolic
values for loops and library calls in traditional symbolic analysis, Le[48] in 2013
proposed a hybrid technique to address such a challenge by partitioning a program
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on demand and invoking concrete executions on selected code segment. To reduce
the invalid inputs and unidentified infeasible traces in symbolic analysis, Braione et
al.[49] proposed to use program invariants over the lazy initialization process to
characterize valid input states and add term rewriting mechanisms to symbolic
execution. To reduce the instrumentation overhead in dynamic analysis, Saha et
al.[50] proposed a distributed trace collection framework that collects traces
following the divide-and-conquer strategy. Similarly, to aid dynamic analysis on
multithread programs with low overhead, Ganai et al.[51] proposed a framework
based on dynamic taint analysis.

Due to the wide usage of JavaScript applications, researchers began to focus on
analyzing the behavior of programs in JavaScript. As the dynamic nature of
JavaScript, some existing analysis techniques (including static and dynamic
techniques) for C++/Java cannot be applied to programs in JavaScript. Therefore,
in the last two years, Feldthaus et al.[52] proposed a scalable field-based flow analysis
to construct approximate call graphs for JavaScript, Sen et al.[53] presented a
heavy-weight dynamic analysis framework JALANGI, Madsen et al.[54] proposed a
technique combining traditional pointer analysis with novel use analysis to deal with
library code in JavaScript application.

In summary, researchers mainly focused on improving existing program analysis
techniques. Program analysis techniques have important influence in software
engineering, and their slight improvement may also facilitate other software
engineering tasks[55-57]. Although program analysis has been widely used to solve
various software engineering problems, few program analysis tools are available with
friendly interface and scalability. To facilitate the use of program analysis
techniques, researchers may consider improve the scalability of their program
analysis techniques, and provide program analysis tools as well.

4.2 Software-engineering data analysis

During software development and execution, a large amount of development
and runtime data are collected for both commercial projects and open-source
projects. However, due to the access limit, researchers can hardly acquire the data
of commercial projects and use these data in their works. Recently as open-source
projects became popular, there emerge a large number of projects whose various
artifacts (e.g., source code, documents, bug repositories, and runtime log) are
available. These data are the products generated during software development and
runtime. Software-engineering data analysis is the process of analyzing various data
of projects, including documents, and other relevant data of projects.

Software-engineering data analysis is different from program analysis on their
major subjects and the analysis techniques. In particular, program analysis takes
only programs as subjects under analysis, whereas software-engineering data analysis
takes various data as subjects under analysis. Although these data include programs,
programs are neither the major subjects nor the only subjects in software-engineering
data analysis. Furthermore, program analysis usually focuses on the syntax and
semantics of programs and analyzes programs based on its syntax (in essence, it
follows the rule-based approach), whereas software-engineering data analysis usually
deals with various data uniformly (i.e., ignores the syntax of programs) by mostly
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using data mining techniques.
Some works on software-engineering data analysis aim to acquire some

information explicitly by using some data-mining technique. To facilitate various
software engineering tasks, researchers proposed to mine different information (e.g.,
specification[58,59], API usage[60], and requirements[61]). In particular, Schur et
al.[62] proposed to mine behavior models from web applications to automate testing
of web application, Sun and Khoo[63] proposed to mine signatures for a buggy
program based on two sets of execution profiles of the program so as to identify the
cause or effect of a bug, Fahland et al.[59] proposed to mine branching-time scenario
based specification from a set of execution traces. Nowadays, more and more
open-source projects emerge and thus a large number of project data are available.
From these “big” data, researchers can mine useful information for the current
project and future projects.

Some works on software-engineering data analysis aim to support some specific
tasks in software engineering by analyzing project data, including fault
detection[21,64,65], fault fixing[43,66], duplicate bug report detection[46], and so on. In
particular, Palomba et al.[64] proposed an approach to detecting five types of bad
smells by analyzing the history information from versioning system, Nguyen et al.[66]

proposed a multi-layered approach to recovering the bug reports and fixes by
learning the association relations between bug reports and changed source code,
Zhou et al.[43] proposed an approach to finding relevant files for fixing a fault by
mining the bug reports, Han et al.[21] proposed an approach to detecting
performance faults by mining callstack traces, Pradel and Gross[65] proposed an
approach to revealing API protocol violation by combining protocol mining,
test-case generation, and protocol checking.

Some works on software-engineering data analysis give some basic
infrastructures to support the analysis process. Nowadays, researchers tend to mine
useful information from existing large open-source projects, which are collected by
some software repositories, e.g., Sourceforge, GitHub, and Google Code. Due to the
ultra-large-scale of these software repositories, it is hard for every researcher to
systematically extract data from these repositories. To aid analysis on such
ultra-large-scale software repositories, Dyer et al.[67] proposed a domain-specific
language and infrastructure (i.e., Boa) to support works on software-repository
mining. Furthermore, to aid developers on big data analytics applications, which are
a new category of applications, Shang et al.[68] proposed an approach to verifying
the runtime execution of such applications after deployment. Although
software-engineering data analysis targets at different software-engineering tasks,
the subjects of such analysis are all the large number of data stored in various
repositories. To aid such analysis by avoiding repeated works, it is useful to
construct some infrastructures for such analysis.

In summary, due to the emerging of big data analytics applications and
existence of ultra-large-scale software repositories, software-engineering data analysis
has become a very hot topic. However, the data under analysis are usually from
different projects and of different structures, researchers should consider how to deal
with the diversity of data and generalize the findings from some specific projects.
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4.3 Summary and discussion

This section presents the recent progress of software analysis, which is the process
of analyzing the behavior and data of projects. Data of various formats for a project
are important artifacts of a project. Moreover, these data (e.g., documents and bug
repositories) are no less important than the programs of a project due to the following
main reasons. First, some data (e.g., pictures in the webpage) are as necessary as
programs. Second, some data of a project may help developers or maintainers to
understand the programs of the project. Third, some data of projects may provide
useful information or knowledge (e.g., API usage, debugging aid) for future projects.

In program analysis, besides works on improving existing program analysis
techniques, many researchers investigated the analysis techniques for programs in
JavaScript since existing analysis techniques for C++/Java programs can hardly be
applied to JavaScript programs. On the other hand, program analysis techniques
have been widely used to solve various software engineering tasks e.g., test-case
generation. However, it is costly to apply these techniques because these techniques
are lack of robust and friendly tool support. That is, tools are important in
facilitating the practical usage of existing program analysis techniques.

Software-engineering data analysis is a new topic, which attracts much
attention immediately as it emerges. Similar to works on bug repositories, it is also
important to study software-engineering data analysis via different projects
considering the diversity of data of different projects.

5 Conclusion and Discussion

Based on the quantitative analysis on the papers of software engineering in the
last two years, this article identified three hot topics, software testing, debugging,
and analysis. For each topic, this article briefly reviewed its works in the last two
years and discussed its characteristics compared with its prior works. The
characteristics of these hot topics are summarized as follows. Most works in software
testing are still concentrating on the kernel problems of this domain. Most works in
software debugging focus on bug repositories and fault fixing. Software-engineering
data analysis becomes very hot in the area of software analysis.

Although various techniques have been proposed in software testing, debugging,
and analysis, many of these techniques use or borrow some common techniques, e.g.,
machine learning, data mining, and statistical analysis. For example, in software
testing, Zhang et al.[17] defined the basic and extended models of test-case
prioritization using the probability theory; in software debugging, most
spectrum-based fault-localization techniques calculated the suspicions of statements
using the statistical theory; software analysis usually discovered the secret behind
the large number of project data using data-mining techniques. Besides the widely
used program analysis techniques, many problems in software testing, debugging,
and analysis tend to borrow some data analysis techniques. That is,
software-engineering data analysis plays an important role in software engineering.

Furthermore, existing works on software testing, debugging, and analysis usually
used some benchmarks from research communities to demonstrate their effectiveness.
However, even if a technique has been evaluated to be effective on some benchmark, it
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may not be applied to industry due to possible implementation complexity. Moreover,
benchmarks may be not representative of industrial projects, and thus the conclusion
based on benchmarks may be not generalized to industry projects as well. Therefore,
considering practical issues, researchers are suggested to evaluate their techniques on
industrial projects rather than simplified benchmarks.

Note: It is necessary to point out that, due to the limit of authors’ knowledge,
the comments or points may not be totally correct. It is only for readers’ information.
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