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Background 

Software systems are becoming more and more sophisticated, complex, and 
ubiquitous. It is highly critical to increase development productivity, ensure high-
quality software, and reduce development and maintenance cost. Past studies in 
US have estimated that software maintenance and license fees accounted for 
$86 billion or 41% of the $210 billion in revenue collected by software vendors in 
2005, and that software errors annually cost $59.5 billion, and that debugging 
costs a typical large organization between 5.2 to 22 million US dollars in 2008. 

With the growth and evolution of software systems in the past decades, it is be-
coming clear that much valuable knowledge must have been embedded in vari-
ous parts of various software systems, and should be analyzed and reused for 
software maintenance and new development. With the accumulation of large 
amount software data, not only the source code itself, but also much contextual 
information, such as code change histories, test suites, execution profiles, bug 
databases, email exchanges among developers, and code design documents, 
analyzing such contextual software data has become a promising way to learn 
programming patterns, API usages, design experiences, bug signatures, reusa-
ble programming knowledge, etc. that can help to improve software quality and 
reduce development and maintenance costs.  

Research Areas  

My main research goal is to develop techniques, tools, and methodologies that 
can help to speed up development, reduce bugs, facilitate maintenance tasks, 
and thus save developer time and cost. 

A general theme of my work is software mining and analysis, especially context-
aware code search and analysis, where rich contextual information beyond 
source code itself is utilized to analyze the properties of software and extract re-
usable programming knowledge. My work aims to design and implement new 
software data analysis techniques, and extract prior knowledge expressed in var-
ious forms, such as directly reusable code fragments, programming patterns, API 
specifications, and bug signatures, and automate certain development and 
maintenance tasks with the reusable knowledge, such as code refactoring, bug 
detection, fault localization, and program synthesis. 
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Figure 1. Contextual Software Data 

 

Figure 2. Software Mining & Analysis Techniques 

To enable efficient analysis of various data sources (Figure 1) and the extraction 
of reusable knowledge, my work designs and implements efficient search and 
analysis techniques that combine techniques from multi-areas, including static & 
dynamic program analysis, software engineering methodologies, data mining, 
information retrieval, natural language processing, and distributed computing 
techniques (Figure 2). 

Scalable Context-Aware Code Search 

During development and maintenance processes, programmers need to either 
write new code or modify existing code. How often do they stop and look for 
some code written before, trying to understand and reuse that code? Could we 
provide automated ways to facilitate code search and reuse for programmers 
without major interruptions to their development and maintenance activities? 

One aspect of my research in code search is to detect and analyze similar code 
fragments (a.k.a. code clones) in large programs. Our studies and others' have 
noticed that large programs often contain more than 20% cloned code, which of-
ten leads to unnecessarily redundant maintenance cost and more subtle software 
defects that should be avoided. Detecting code clones, tracking their migration 
and evolution among large programs, and managing them properly have many 
important applications, such as code refactoring, optimization, and bug detection. 
My research proposes new, general detection techniques, based on both pro-
gram syntax and semantics (e.g., parse trees, dependency graphs, and function-
al behaviors), that can scalably and accurately detect code clones and enable 
the mentioned applications on million-line programs. 
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Another aspect of my research in code search is to efficiently retrieve code in-
tended by developers (a.k.a. code queries) so as to help developers locate useful 
code quickly. How can developers easily express their code query intentions? 
How can high level intentions which may be described in natural languages be 
linked to source code? How can complex code structures and even functionality 
be searched quickly to match the intentions? My research combines techniques 
from program analysis, information retrieval, data mining, and natural language 
processing to tackle the problems. 

Scalable and Accurate Tree-based Clone Detection. We have developed Deck-
ard, a tree-based clone detection technique and tool [1,14], based on the insight 
that complex code structure similarity problems can be reduced to easier vector 
similarity problems. Our experiments have shown that Deckard scales to millions 
of lines of code in various programming languages with few false positives. 

Graph-based Scalable Detection of Clones. The same key insight proposed in 
Deckard is also applicable to other structures than trees, such as program de-
pendency graphs. Since program dependency graphs capture code semantics to 
some extent, we are thus able to detect semantic-aware code clones by reducing 
NP-hard graph matching problems to near linear vector similarity problems [11]. 

Functionally Equivalent Code Mining. Our work also pushes semantic clone de-
tection to a different level by developing EqMiner, a practical approach for mining 
functionally equivalent code fragments [9]. It adapts automated random testing 
and eagerly partitions arbitrary code fragments into functionally equivalent clus-
ters. Evaluated on the Linux kernel, it discovered many functionally equivalent, 
but syntactically different code fragments, and motivates future research on func-
tionality-aware code refactoring and reuse. 

Context-Based Inconsistencies for Detecting Clone-related Bugs. We also ob-
served that inconsistent code changes among code clones often lead to bugs. 
Thus, we introduced a general notion of context-based inconsistencies to detect 
clone-related bugs [13]. Many previously unknown bugs of diverse characteristics 
in large projects, such as the Linux kernel, Eclipse, and a well-known product 
from a well-known software company, were discovered this way. Further, we uti-
lize active user feedbacks and a nearest neighbor classification technique to iter-
atively refine the bug reports and make them significantly more accurate [2]. 

Topic Modeling for Code Search. In addition to clone detection and analysis, we 
aim to use rich data beside code itself to make code search more accurate. One 
kind of rich data we are using is documents about the code design, feature de-
scriptions, and code comments for a project, which are written in natural lan-
guages. Our work employs topic modeling techniques on both such rich data and 
source code itself to establish linkage between them [4], and also enrich the tra-
ditional code representations (syntax trees, call graphs, dependence graphs, etc) 
with semantic topic labels, and enable more accurate code query based on top-
ics decide the topic labels [5]. 
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Future Research Directions. With the advances of code search and analysis 
techniques and the accumulation of large number of software projects, a whole 
new way of code refactoring and reuse is becoming possible: Given a large li-
brary of commonly used code fragments and related programming knowledge 
(such as API usage patterns) and efficient, accurate code search capability, de-
velopers may just need to know how to compose existing code so that it fits for a 
new context, instead of writing much new code. A number of research questions I 
am interested in and believe they will be helpful for facilitate software develop-
ment and maintenance: 

 What would be the organization of such a large code library so that search of 
and access to any code fragment and sample in the library in terms of syntac-
tic and semantic similarity is efficient? Curated database may not be a good 
choice due to its inflexibility; multi-indexing and tagging of code at various 
granularities could be a better choice. 

 What would be the interface to represent a reusable code fragment so that it 
is easy for developers to access, understand, and apply, and facilitate code 
reuse and composition? We may need a query interface that could accept 
various kinds of code queries, and a code adapter that could change code 
search results to fit the context used for the query. 

 For particular domains, such as mobile applications, web applications, and 
enterprise information systems, what may be the domain-specific characteris-
tics that could be exploited to facilitate adoption of code search and analysis 
techniques in the domains? Various programming frameworks may change 
the way developers write programs; additional patterns in a domain could be 
better analyzed by customized approaches, even though general code search 
and analysis can be applied directly. 

Context-Aware Automated Testing and Debugging 

I also believe that rich software data besides source code, such as history of 
code changes, execution profiles from users, and socio-technical information 
stored in software repositories that relates to the complex interactions between 
people and technology in software development processes, can be utilized to im-
prove software development and maintenance processes. In particular, I am in-
terested in how such data can be used to improve the effectiveness of testing 
and debugging, which are often labor-intensive and account for more than 50% 
of the cost in software development.  

Profile-Based Fault Localization. The idea is that we could accumulate large 
amount of information about a program from in-house test cases or many users 
in the field. Even if the information from each user is sparse, we could infer many 
properties about the program without compromising user privacy and perfor-
mance. We have developed an approach that uses machine learning algorithms 
on accumulated execution profiles to predict bug locations, and uses static pro-
gram analysis to construct control flow paths that may reveal the cause-failure 
transition paths [12]. We also realized that no single fault localization technique 
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outperforms all others, and have investigated the effectiveness of more than 20 
association measures on the fault localization problem [8], and employed multiple 
search algorithms to construct a composite fault localization technique that can 
perform better than all previous fault localization techniques [3]. 

Future Research Directions. With various software data in-hand (Figure 1), I feel 
the research would become more and more interdisciplinary (Figure 2): although 
program analysis may still be the major technique for analyzing code itself, solv-
ing many software engineering problems would draw techniques from different 
areas, such as data mining, natural language processing, information system 
management, intelligent systems, and even from areas beyond computer sci-
ence, such as social science and economics. I am very interested in making pro-
gresses in these directions: 

 Scalable context-aware analysis: No previous study has analyzed all of the 
rich data surrounding a software project together. Working with my col-
leagues, we will take a holistic view, aggregating all of the available data, in-
cluding source code, repository data, and socio-technical networks among 
developers, combining traditional program analysis with data mining, natural 
language processing, and information visualization techniques, and aim to 
provide rich contextual information for any single piece of data and facilitate 
developers to understand the code history and context when debugging. 

 Scalable testing and debugging for large systems: When a program becomes 
larger or when many software components are integrated together, it be-
comes challenging to just identify a failure-causing component, not to mention 
the need to identify the root cause within a component. It would be of high 
impact if we could scale up the automated testing and debugging techniques 
we have developed for single program for large systems. On one hand, we 
would need to design new mechanisms for analyzing large systems, and like-
ly to take domain knowledge specific to the systems for more scalable analy-
sis. On the other hand, we would also pursuit approaches that may abstract 
or simplify the systems themselves, as we tried before using profiles [10]. 

 Privacy-aware testing and debugging: When we take a holistic way to analyze 
software data, including test inputs, privacy concerns would become a serious 
issue. For example, if a health-care system contains a lot of patient records 
which should only be viewable by authorized medical staff, how could we still 
utilize such data for software mining and analysis without compromising pa-
tient privacy? We have started to investigate how program analysis and data-
base and data mining techniques can be combined to address the issue [7]. 

I will also remember that the ultimate success of these studies would rely on how 
well the developed techniques, tools, and methodologies can be actually incorpo-
rated into the many different phases of software engineering processes. Paying 
attention to the advances and needs of the software industry and keeping a 
strong connection with the real world would be a critical factor that decides the 
value and impact of my research. 
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