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Abstract

Bug assignment is an important step in bug life-cycle
management. In large projects, this task would consume
a substantial amount of human effort. To compare with
the previous studies on automatic bug assignment in FOSS
(Free/Open Source Software) projects, we conduct a case
study on a proprietary software project in China. Our study
consists of two experiments of automatic bug assignment,
using Chinese text and the other non-text information of bug
data respectively. Based on text data of the bug repository,
the first experiment uses SVM to predict bug assignments
and achieve accuracy close to that by human triagers. The
second one explores the usefulness of non-text data in mak-
ing such prediction. The main results from our study in-
cludes that text data are most useful data in the bug tracking
system to triage bugs, and automation based on text data
could effectively reduce the manual effort.

1 Introduction

Bugs, if not fixed in time, may cause delayed release or
reduced user experience of the whole software system. Typ-
ically, the time taken to fix a bug depends on whether it is
timely assigned to a developer who is capable and avail-
able to fix that bug. The person assigning bugs is frequently
known as the bug triager [8] [1] [2].

The availability of a developer is easier to decide, com-
paring to the need to determine who is more capable and
thus likely to fix the bug efficiently and effectively, espe-
cially in large projects. Although bug tracking systems have
been widely used to manage the life-cycle of reported soft-
ware bugs, the bug assignment task is largely subject to the
bug triager’s experience and subjectivity. There is a lack of
automatic decision support. It has been studied that large
FOSS (Free/Open Source Software) projects are faced with
managing incoming deluge of new bug reports and the triag-
ing task becomes a burden for developers. In order to mini-
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mize such effort, many researchers applied the sophisticated
data mining and text processing techniques to English text
of open source bug repositories, to build models so that they
could recommend bug resolvers (a.k.a. automatic bug as-
signment/bug triaging) [8] [2] [4].

Most tasks (fixing a bug, implementing a new feature,
etc.) in FOSS projects are taken by volunteers [7], while
in proprietary software projects, bug fixing tasks are basi-
cally assigned by bug triagers to developers. In addition,
bug fixing in proprietary software projects are likely to be
more time-critical, as there may be pressure from market-
ing people, customers, etc. Consequently, automatic bug
assignment would be more helpful in proprietary software
projects. Meanwhile, as the effectiveness of a bug assign-
ment is measured by comparing it with the actual resolver,
and the resolver is affected by different factors in FOSS and
proprietary software projects, the resulting situations would
be different.

To the best of our knowledge, no previous work has
been done on the automatic bug assignment in proprietary
projects. In addition, existing automatic bug assignment ap-
proaches are mainly based on English text of bug reposito-
ries. With the growth of software industry in China, a large
number of bug repositories with Chinese bug descriptions
have emerged, to which the existing work cannot be applied
directly. Moreover, previous approaches are mostly based
on text data of bug records, whether other non-text data are
helpful in bug assignment requires further study.

In this paper, we leverage existing Chinese language pro-
cessing and data mining techniques to conduct a case study
of automatic bug assignment in the bug repository of a Chi-
nese proprietary software project. The main contributions
are:

1. Applying classification method to recommend bug re-
solver based on Chinese text information of bugs in a
proprietary project.

2. An exploratory use of the non-text fields of bug records
to make bug assignments.
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We begin the rest of this paper with an overview of re-
lated work, followed by presenting the experiments we de-
signed to make bug assignments based on Chinese text and
non-text data of bugs. After that, we give a discussion on
our experiments and conclude this paper.

2 Related Work

With the increasing awareness of the issues related to the
management of bugs, many researchers apply the existing
data mining and text processing techniques to bug reposi-
tories in recent years. Cubranic et al. first introduced text
classification technique to bug assignment in 2004 and suc-
cessfully predict 30% bug resolver in Eclipse bug reposi-
tory using Naive Bayes [8]. Anvik et al. expanded the work
and did a comparison among the results of using decision
tree, Naive Bayes, and Support Vector Machine (SVM) in
Eclipse, Firefox and GCC bug repositories [2]. Canfora [4]
proposed a probabilistic text similarity approach to support
change request (including bug fix request) assignment and
did a case study on Mozilla and KDE.

3 Experiments and Results
3.1 Data collection

Our case study makes use of the bug data from develop-
ment of SoftPM [14] [13]. To date, it has been released over
ten versions and the data we use are from one major release.

We extract all bug records of the major release. There
are totally 2576 bug records. Each bug has 31 fields: some
are in plain text, e.g. TITLE, DESCRIPTION; some are
nominal data, e.g. RESOLVER, RESPONSER; others are
dates, e.g. SUBMIT_DATE, CLOSE_DATE.

In SoftPM team, when a bug is first assigned a devel-
oper, the RESPONSER field is filled with that developer
and never changed. When the RESPONSER is unable to
fix that bug, the bug will be forwarded to another person.
After the bug is fixed, the developer actually fixes the bug
is filled in the RESOLVER field. As the reassignment will
introduce extra effort and delay, bug reports should be as-
signed to the ones most likely to fix. With the historical RE-
SOLVER of bug reports, bug assignment can be treated as
a multi-class, single-label classification problem, in which
every bug record is an instance, with the RESOLVER being
the class label.

In addition, the co-existence of RESPONSER and RE-
SOLVER enables us to evaluate the effectiveness of cur-
rent manual approach in assigning bugs. As a baseline, we
find that 67% of bug records we extract have the same RE-
SPONSER and RESOLVER.
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Table 1. Fields Used in Experiment |

Field Name Field Description Type  Threshold
(characters)
TITLE Brief bug description Text 3
DESCRIPTION  Detailed bug description Text 5
STEP Steps to reproduce the  Text 10

bug

3.2 Experiment I: Text-based Assignment

3.2.1 Data selection

There are five fields in a bug record that are in Chinese
text: TITLE, DESCRIPTION, STEP, ENVIRONMENT,
EXTRA_INFO. Because we find that ENVIRONMENT and
EXTRA_INFO does not have useful information, we only
make use of TITLE, DESCRIPTION and STEP in this ex-
periment (Table 1).

We also find that a field with text shorter than a spe-
cific length is too short to hold relevant information. We
call such length the threshold for a field. Table 1 shows
the threshold length values of the three fields. Those data
with text shorter than the threshold of the corresponding
field were filtered out in our study.

Some records may have a long title describing the prob-
lem and do not have any information in the DESCRIPTION
field. By contrast, some DESCRIPTION fields have both
the description of the bug and the steps to reproduce. Since
there is no strict distinction among these fields, we admin-
ister these fields the same importance and concatenate them
into a long Chinese text.

3.2.2 Preprocessing

Chinese text data are not structural data like the ones in re-
lational databases based on which most classification tech-
niques have been developed. As a result, some steps should
be taken to transform such unstructured data into structural
ones.

e Tokenization. Chinese text is a stream of Chinese char-
acters, without any delimiters between words. Proper
tokenization or segmentation is needed before apply-
ing text processing techniques, because most text pro-
cessing techniques need to calculate the occurrences
of words. In our experiment, this is done by Stanford
Chinese Segmenter [6].

e Stop words removal. This step aims at removing words
with little information, known as stop words most of
which are prepositions, conjunctions, pronouns and
auxiliary words. We use a Chinese stop word list
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(about 500 words) from Chinese Information Process-
ing Group', ISCAS, to filter the stop words in the Chi-
nese text.

e Vector space representation. In this step, each bug re-
port (or document in Information Retrieval term) is
represented as a vector, with each word occurring in
the bug report being a dimension. The value of each
dimension is the TF-IDF [11] of the word.

After these stages, Chinese bug data is stored in the
form of vectors similar to the structural data in relational
databases. In this way, we can apply classification tech-
niques to these data.

3.2.3 Incorporating SVM-based Classification Algo-
rithm

The next step is to classify text vectors resulted from pre-
vious preprocessing. Although many classification ap-
proaches are available, we choose to use SVM in respect
that it is effective in dealing with high dimension data such
as text vectors, and has been shown to outperform other
classification approach in both text categorization [10] and
English text based automatic bug assignment [2]. Since text
vectors are language neutral, we adapt SVM in our Chinese
text based automatic bug assignment. In our study, Lib-
SVM [5], an open source SVM implementation, is used to
perform the text classification.

We use linear kernel as the kernel function. Since we do
not have prior knowledge, we need to search for the optimal
value of parameter C. C is tried with all the powers of 2
from 271 to 215, For each value of C, we build an SVM
model to perform a 10-fold cross validation, and calculate
the accuracy of the classification, which is the percent of
times that the RESPONSER and RESOLVER are the same.

When C is at 278, the accuracy reaches its peak at 63%.

3.3 Experiment II: Exploration of Non-text Fields

Besides the three Chinese text fields, the SoftPM bug
repository has many non-text fields. After excluding the
dates, and fields filled or likely to be changed after the
bug is assigned, the remaining fields are: BUG_TYPE,
BUG_CLASS, PHASE_ID, SUBMITTER, MODULE._ID,
BUG_PRIORITY. We use J48 classifier, the implementa-
tion of C4.5 decision tree [12] in Weka [15], to do the ex-
periment. C4.5 decision tree is chosen because it is more
suitable for exploratory knowledge discovery [9].

After 10-fold cross validation, the decision trees cor-
rectly classify 77.64% bug records on average.

IChinese Information ISCAS:

http://www.icip.org.cn

Processing Group,
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Figure 1. Comparison of Automatic Ap-
proaches with Manual One

The accuracy of two experiments in comparison with
manual approach is illustrated in Figure 1.

4 Discussion

4.1 Comparison of Two Approaches with Manual
One

We can see from Figure 1 that there is no much differ-
ence in accuracy between the text-based approach (63%)
and the manual approach (67%), yet the human effort is
spared in the former approach. In addition, while the avail-
ability of developers is known by human triagers, the cur-
rent implementation of the text-based approach does not
consider such factor. There is a potential that the approach
would outperform the manual one when it also considers
the availability of developers.

What gets beyond our expectation was the fact that the
non-text-based approach (Experiment II) outperforms the
manual approach and the text-based one. We are curious
about the reason why the performance of second approach
is so good.

4.2 Further Investigation on Experiment II

There are a series of questions about the result of Exper-
iment II:

1. Why is the accuracy so high? We find that the first
splitting attribute of the decision tree built in Exper-
iment II is MODULE_ID. We then set up another
experiment by excluding MODULE_ID and get only
26.59%. It is obvious that MODULE_ID has over-
whelming contribution to the high accuracy (77.64%)
of the Experiment II, but

2. Why is MODULE_ID so important? Because devel-
opers may have their own module of responsibilities,
and thus likely to be more capable to fix the bug in
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their own module. [2] also found similar phenomena in
Eclipse. The bug reports we used come from 69 mod-
ules and only one developer working on each mod-
ule. After comparing the BUG table’s RESOLVER
with the developer of the corresponding module, we
find that these two person are the same in 76% of the
records.

3. Can we just use MODULE_ID? No. In fact, that was
what the triagers of SoftPM did, but they only got 67%.
In SoftPM, the decomposition of the system is done by
the developers. Since there are tens of modules, such
decomposition does not always make sense to testers
who submit the bug reports and assign MODULE_ID
to each report. As a result, even if the MODULE_ID
is available when a bug is in the hand of the triager,
that MODULE_ID is not necessarily correct; it may
be changed after bug is assigned when the problem is
further understood.

4.3 Summarization

There is a trade-off in terms of the granularity in which
a project is divided into modules (or components in other
projects like Eclipse [2]). If a project is divided in very high
level, with many people working on each module, deciding
which module a bug belongs to would be relatively easy, as
long as modules are properly divided. However, since there
are several developers working on each module, deciding
who should fix the bug would need some effort and possibly
be inaccurate. In such case, a component-based classifier, as
is suggested in [2] would be effective in limiting the search
space of possible resolvers.

On the contrary, if a project is divided into very small
modules like SoftPM, although choosing one to work on
a bug with MODULE_ID looks straightforward and conse-
quently does not need any decision support, deciding which
module out of 69 candidates the bug belongs to would be
time-consuming and error-prone. The effort of bug assign-
ment is not eliminated but only migrated to locating the bug.
To minimize overall effort, both in locating and triaging
the bugs, the text-based automatic bug assignment approach
would be helpful.

4.4 Threats to Validity

As far as we are aware of, there are several threats to the
validity of our work:

1. The quality of the data we used. Aranda et al. have
shown that, in Microsoft, people appearing a bug
record may have nothing to do with the bug at all, and
the primary people who works on the bug may not ap-
pear the bug record [3]. Whether this also happens in
SoftPM deserves further investigation.
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2. The possible inaccuracy of the validation approach.
The method we use to evaluate our approach is cross
validation. Though it is the standard method in eval-
uating classification techniques, the accuracy it gives
is only an approximation to the accuracy in practice.
To know the actual accuracy of our approach, another
case study is needed to put it in practical use.

3. Applicability of our approach to other Chinese
projects. Since our approach is based on classification
techniques, and it is known that classifications accu-
racy is very sensitive to the data they run on. How our
approach would perform in other Chinese projects is
not known.

Conclusions and Future Work

Since all previous works on automatic bug assignment
are based on FOSS projects, we conducted an empirical
study on a proprietary software project in a Chinese soft-
ware company, and apply SVM and decision tree to make
automatic bug assignment. It can be seen from the experi-
ment results that:

1. With proper preprocessing, similar approach previous
used in English bug data can be applied to Chinese data
in SoftPM’s bug repository, resulting in accuracy as
high as previous done on Eclipse and Firefox [2], and
close to the human triager.

2. Information on which module a bug comes from, does
not eliminate the overall effort in effect, but only trans-
fer bug assignment effort to locating the bug. Text-
based automation approach, which does not require
any prior module information, can be used to reduce
the overall effort.

On the basis of our discovery, future work can be per-
formed in following ways:

1. Incorporate more information related to bug reports,
such as the availability of the capable developer.

2. More case studies on Chinese bug repositories.
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