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that for StoryBook and TV-Browser, the month of their
internationalization is the same as their starting month
(when they are registered to sourceforge). However, their
sizes show that they were being developed for some time
before their registration. So our approach is still applicable
to them. Column 6 shows the number of the need-to-
externalize constant strings, which serve as the golden
solution in our empirical evaluation. We obtained our
golden solution as follows: First, we deemed constant
strings in the version before internationalization as need-to-
externalize constant strings if the developers externalized
them in the subsequent internationalized version. Second,
since our approach did find a number of need-to-externa-
lize constant strings that were not externalized in the
subsequent internationalized version for each subject, we
also deemed as need-to-externalize constant strings the
constant strings that were located by TranStrL and
manually verified by us to be need-to-externalize.

In particular, when TranStrL located a constant string not
externalized in the subsequent internationalized version,
we further checked versions later than the subsequent
internationalized version. If the constant string was
externalized in a later version, we also deemed it as need-
to-externalize. If not, we carefully analyzed the source code
to determine whether the constant string is visible the GUI
and whether the untranslated version of this constant string
hinders users’ comprehension of using the application. In
principle, we adopted a conservative policy to avoid
misclassifying constant strings that do not need translation
as need-to-externalize. That is to say, we tried to avoid
biasing our evaluation favorably to our approach.

4.3 Empirical Results

In our empirical evaluation, we are interested in answering
the following four research questions:

. How effective is our approach when applied on real-
world applications for locating need-to-externalize
constant strings?

. What are the reasons for the false positives and false
negatives?

. What is the performance of our approach?

. What is the impact of the different techniques on the
result of our approach?

To answer these four research questions, we collect the
results of applying our approach on the seven real-world
open source applications and analyze the results. Specifi-
cally, we present and analyze our evaluation results to
answer the first and second research questions in Sec-
tion 4.3.1. We present and analyze our evaluation results to
answer the third research question in Section 4.3.2, and we
present and analyze our evaluation results to answer the
fourth research question in Section 4.3.3.

4.3.1 Overall Results and Analysis

Overall results. We present the overall results of applying
TranStrL to the seven subjects in Table 3. In this table, we
refer to constant strings that need translation but are not
located by TranStrL as false negatives, and constant strings
that are located by TranStrL but actually do not need
translation as false positives. From the table, we have the
following observations.

First, our approach (using all the tracing techniques) is
able to locate most of the need-to-externalize strings. In
RText, our approach locates all the need-to-externalize
strings, while in ArtOfIllusion, JFreeChart, Megamek, Risk,
StoryBook, and TV-Browser, our approach locates 1,215 of
1,221, 129 of 130, 1,724 of 1,734, 491 of 509, 201 of 202, and
177 of 187 need-to-externalize constant strings, respectively.

Second, for each subject, our approach does produce a
few false positives. In ArtOfIllusion, JFreeChart, Megamek,
Risk, StoryBook, and TV-Browser, the numbers of strings
that are located by our approach but do not need translation
is 65, 1, 41, 7, 37, 22, and 39, respectively. Compared to the
numbers of need-to-externalize strings in the seven subjects,
the numbers of false positives are quite small.
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TABLE 2
Basic Information of the Software Versions to Which We Apply Our Approach

TABLE 3
Overall Results of Applying Our Tool on the Seven Applications
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