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Abstract—The development organization often changes dur-
ing software development. Derivative developments, forks, and
change of developers due to acquisition or open-sourcing are
some conceivable situations. However, the impact of this change
on software quality has yet to be elucidated. Herein we introduce
the concept of origins to study the effects of organizational
changes on software quality. A file’s origin is defined as its
creation and modification history. Using the concept of origins,
we analyze two open source projects, OpenOffice and VirtualBox,
which were each developed by a total of three organizations. We
conduct statistical analysis to investigate the relationship between
the origins, product metrics, the number of modifications, and
defects. Results show that files that are modified by multiple
organizations or developed by later organizations tend to be
faultier due to the increase in complexity and modification
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which is defined as the creation and modification history of a
file.

In our study, we hypothesize that organizational changes
affect the reliability of the software, hence the number of de-
fects. Therefore, we examine the relationship between origins
and defects. We additionally hypothesize that the relationship
between origins and defects is caused by the change of the
code complexity, which is measured by product metrics related
to maintainability, and the modification frequency. Previous
works have shown that product metrics [4], [5], [6], [7], [8] and
code modifications [9], [10], [11] are good indicators of soft-
ware faults. Hence, we investigate the relationships between
origins, product metrics, the number of file modifications, and

frequency. defects.

Some origins may lower software quality. Previous works
have found that recently changed modules and frequently
| changed modules tend to have a lower quality [9], [10], [11].

' Additionally, Lim [12] has shown that reused code (i.e., code

A software program is not always developed by a singlecreated previously and not modified) has less defects than new
organization. Several organizations may co-develop softwareode. From these works, we hypothesize that modules modified
or a different organization may take over the developmenby multiple organizations or developed by later organizations
before the software is completed. Derivative developmentsiend to be of lower quality.
forks, and a change of developers due to an acquisition or
open-sourcing are some conceivable situations.
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INTRODUCTION

Thus, this work investigates the following research ques-
tions:
Organizational changes may reduce software quality. This

is because an organizational change significantly changes the 1 Are files modified by multiple organizations or
structure of the organization, and the change in the structure developed by later organizations more faulty?
leads to reduction of the software quality. Conway's Law How do product metrics relate to origins and
[1], [2] states that software design reflects the structure of defects? o

its development organization. Because different organizations RQ3 ~ How does the number of modifications relate to

have different structures, an organizational change may lead origins, defects, and product metrics?

to discrepancies. Furthermore, Mockus et al. [3] showed thgkiy ;e 1 shows the relationships between origins, product
developers leaving a project create gaps in tacit knowledgenayies " the number of modifications, and defects, that the
reducing the software quality. Therefore, an organization esearc’h questions investigate ' '

change, which often involves replacing many of the developers, '

can cause a significant loss of software quality. To address the above-mentioned research questions, we

I o ropose origin and the method to analyze software by using
If a software file is developed by several organizations, th‘%rigin. In our study, we analyze two open source projects,

organizations can be divided into those that modified the f”ebpenOfficé and VirtualBo¥, and find the relationships be-
and those that did not. This work uses this characteristic to '

propose a method to analyze the effects of changing the de-1nitp:/mmww.openoffice.org/
velopment organization. We introduce a metric calbeidjins, 2https://www.virtualbox.org/




Graves et al. [10] constructed and evaluated fault predic-
tion models for three module categories: modules changed
Ra3 by organization A, those changed by organization B, and

Code Complexity
(Metric Value)

0 tional those changed by both. Although classifying the source code
rganizationa | based on which organizations modified it is similar to ours,
Change  pF-————=F-——-—- Defects their method is not for cases where different organizations
(Origin) ~ P 1 successively developed the software. Furthermore, our method
Modification ; ) .
Frequency is more generalized, and can deal with source code developed
(# Modifications) by three or more organizations.

Fig. 1. Relationships between the origins, product metricsB- Motivating Example

the number of modifications, and defects investigated by the ~Several software projects have had multiple organizational
research questions changes while being developed. One example is OpenOffice,
which was developed by three organizations: Sun Microsys-
tems, Oracle Corporation, and Apache Software Foundation.
- ; = . (Strictly speaking, OpenOffice originated from StarOffice,
g/;/]ededne?ég;ns, product metrics, the number of mOdIfIC"’mons\/vhich was developed by StarDivision.) OpenOffice was ini-
' tially developed by Sun, and was transferred to Oracle after
1) A method to analyze the effects of organizational change®racle acquired Sun. Later, Oracle contributed OpenOffice
on software whose development organization has changdd the Apache Software Foundation. These organizational
several times. changes may have affected the software quality. Although we
2) Analysis of practical two open source projects to find thehypothesize that modules modified by multiple organizations
concrete relationships between origins, product metricspr developed by later organizations are of lower quality (Sec-
the number of modifications, and defects. More preciselyfion 1), a method to analyze this scenario has not been reported,
a) An investigation on the relationship between origins@nd the influence of multiple organizations on software quality
and defects, finding that files modified by multiple has yet to be elucidated.
organizations or developed by later organizations are
faultier. 1. ANALYSIS OF SOFTWARE QUALITY USING ORIGINS
b) An investigation on the relationships between the,
origins, product metrics, and defects, finding that files
modified by multiple organizations or developed by To analyze the impact of development organizational
later organizations are more complex, and consequentlghanges, determining which modules are affected by this type
have more defects. of change is important. Three types of files exist once a
c) An investigation on the relationships between thedifferent organization takes over software development: files
origins, number of modifications, and defects, findingthat are created by the organization, files that are modified
that a difference in the original file causes a differenceby the organization, and files that are not modified by the
in the number of modifications, which consequently organization. An organizational change will impact the first

. Origin of a File

causes defects. two types of files (created or modified), but not the latter
(unmodified). Created files are affected because newly created
I[I. BACKGROUND modules are based on existing software, and many of the
A. Effects of Organizational Change on Quality existing modules are created by previous organizations.

As discussed in Section I, organizational changes can im- Origins can be used to classify the software files by the
. » 019 . 9 rganization that created or modified themnlbrganizations
pact software quality. Although several studies have employeg ccessively developed the software, the origin of a file in the
organizational metrics to analyze the organizational aspects %]u '

. ; oftware is denoted b, ,. ., , wheret ts .. .t,, represents
software development, their focus differs from ours. the sequence of the organizations that modified the file, and

Nagappan et al. [13] used eight metrics mainly based < m < n. Note that the organizations are ordered sequen-
on organizational structure to demonstrate that organizationdially, and that the first term in the sequence of organizations
metrics are superior to code churn, code complexity, codeorresponds to the organization that created the file. Deleted
coverage, code dependencies, and pre-release defect measufigss are not considered here because they are not included in
To investigate the influence of development by multiple or-the final product.

O, ey et 2 et sl messures Ihe PUTE! Figure 2 shows an exampl of the orins voving tree
module. However, this metric only observed the number ofr?haer}'z?g:r?g For simplicity, we denote the origin ,?f%éar
H i P H H Organizationi OrganizationaOrganizations«
g:ggm;gt:gnz and did not consider the detailed changes of ﬂlﬁe first organization develops the software, there is only one
9 ' origin, O1, which is created by that organization. After the de-

To confirm the effectiveness of predicting fault pronenessyelopment by the second organization, there are three origins:
Mockus [3] used five metrics that focused on changes in th&; (created by the first organization and not modified by the
developers within an organization. However, their method didsecond organization});» (created by the first organization and
not evaluate changing organizations. modified by the second organization), afid (created by the



second organization). Furthermore, after the third organization  third column of the table: e.g., if the diff result for a file

develops the software, there are total of seven origins. betweendir; anddir, is “Only in dir2,” that file can be
classified into eithelOy or O,3, so it is classified into

Section 111-B1 describes how our method obtains the origin. Oy U Oas
3) Take the intersection of the nine sets obtained in the
Organization 1 Organization 2 Organization 3 previous step to find the origins. For exampi#,; can
Not Modified oo be obtained by taking the intersection 6f, U Oss,
0, 1 13 023 U O123, and O3 U O3 U Oas.
Modified
0, |:> 0y, |:C> 015[0124 O3
Added
0, 0, O3 . . . .
TABLE [: Pair of sets, diff results, and corresponding sets
Not  Modified ~ Added
Modified Pair of directories

. .. . . . . which the file is in | Diff Result? Set
Fig. 2: Origins when three organizations are involved in Identical 01U O3
software development diry, dirg Differ 012 U O123
Only in dirg O2 U O23

Identical O1

diry, dirs Differ O12 U013 U023
Only In dirs O U O3 UO23
B. Analysis of Origins, Product Metrics, and Defects Identical 0, U0; U012
dirs, dirs Differ O13 UO23 UO123
Only in dirs O3

As previously discussed, because the modification history
varies by organization, origins differ. Thus, the origin can
possess different characteristics in terms of quality. We have
analyzed the effects of the origin on the product metrics and
file defects in software projects.

2Note that the diff result column does not include all possible results
because file deletion is not considered.

0,U 05
dirt AN

Figure 3 shows the analysis process. (i) First, the origins, N -
product metric values, defect existence, and the number of -1
file modifications in the target software are determined. To
analyze the defects, we use the defects reported after a revision 0,U0,U0;  onymd3 vitey 03 U Op
where the product metrics and origins are obtained so that the
effects of the origins can be investigated. (ii) Second, the data N
is combined. (i) Third, the metric values, defect existence, and
the number of modifications of files are classified by origin. o
(iv) Fourth, statistical analysis of the relationships between the
origins, product metrics, defects, and number of modifications 0,002 1 (022U 0) 1 (01 U 00 U 0y =0
is conducted.

1) Determination of the OriginsAlthough any number of Fig. 4: An example of the determination of an origin

organizations can be involved in software development, for
simplicity, here we assume there are only three organizations.
We call these organizationsrg;, orgs, and orgs, which 2) Product Metrics: As mentioned in Section I, we need
correspond to the order in which they developed the softwareproduct metrics designed to measure the maintainability of
Fi 5 sh that i ible with th a pi_e_ce of software to evaluate the cqmple_xity (_)f the code.
Iguré = Shows that Seven origins areé possibie With thre@ qyqiinnally, as we analyze the relationship with defects,
organizations. The origins of the software files are obtameQNe also use product metrics related to reliability. Here we
F%Ithe' follgwmg pt)rocedur((aj. I1:'5':1ble I:hcr)]ws the summarly of theadopt the GQM approach [14]. GQM approach is a_systema_lt_ic
ollowing descriptions, and Figure 4 Shows an example. approach to define metrics by associating them with specific
rgoals. We set the goals of our model as evaluating reliability
hd maintainability. Table Il shows the GQM model. Every
metrics is considered better if the value is lower. The metrics
are from a static analysis tool called Adqua [15]. Because
directories (three total), as shown in the first column ofS°Me Of the metrics are originally defined in function or class
Table I. When running diff between two directories, e.g.,Units; we redefine them in file units in order to analyze them
dir, anddirs, one of four messages is outputted for eaChv_vlth origins, defects, ang modifications, .wh|ch are 9ef|ned' in
file: “Identical” if if the file is the same in both directories; 1€ units. For example, “number of public methods” (M1) is

“Differ” if the file is in both directories, but is modified; °riginally the number of public methods in a class, but is
“Only in dir,” if the file is only in diry; and “Only in redefined as the total number of methods in the classes in

diry” if the file is only in diry. The possible resuits are & file-

shown in the second column of the table. These results . .
can be classified into one of nine sets as shown in the 10 Measure these product metrics automatically, we created

our own tool using a metrics measurement application called
3http://pubs.opengroup.org/onlinepubs/9699919799/utilities/diff. html Understand [16].

1) Prepare three snapshots of the source code directo
which correspond to the final products @fy,, org-, and
orgs. Let them bedir,, diry, anddirs, respectively.

2) Run diff between each two pair combination of the three




Measured Value of Metric #1 : X Measured Value of Metric #1 : A

Measured Value of Metric #2 : Y Measured Value of Metric #2 : B
Defect Existence : Z Defect Existence : C
Number of Modifications : W Number of Modifications : D
(o 7 013 03 )
/ Cil | Cil
Distinguish N File || File Boxplot of Metric #1
Origins
Metric s N
Measure-y 012 0123
— Metrics Values | X | N | X
SOUrce il il il _Analyze+
Code Obtain File File File
— d
Defect Defect ii
(i) |

Data Existence
Count 0, 0, O

L
Oy
Modifications Cil Cil
. # Modifi- Fite Ul Fite (iv)

cations

(i) (iii)

Fig. 3: Analysis Process

TABLE II: GQM model used in this study. All metrics are defined in file units.

Goal Question Metric ID

Evaluate Reliability Is there no unnecessary accessibility to internal Number of public me@hods M1

(Maturity) elements? . ] Number of pub]lc atf(rlbutes ] _ _ M2

Is the memory space initialized appropriately?| Number of static objects which are not initialized explicitly M3

Is the code size appropriate? Physical lines of code M4

Evaluate Maintainability Is the hierarchical structure appropriate? Depth of inheritance tree M5

(Analyzability) Is the abstraction appropriate? Lack of cohesion in methods M6

Are elements concealed appropriately? Number of giobal variabies M/

' Number of public static attributes M8

Evaluate Maintainability | Are there no complex sentences? Number of lines with multiple statements M9
(Changeability)

Rate of methods which call methods in other classes M10

Number of methods in other classes which this class calls M11

Number of functions using global variables defined in other files M12

Are effects of external changes limited?

Number of methods using public static attributes defined in other fileg M13

Evaluate Maintainability Number of functions and methods defined in other files which this ffil&114

(Stability) calls
Number of global variables defined in other files which this file uses| M15
Number of global variables used in other files M16
Are effects of changes on the outside limited?| Number of public static attributes used in other files M17

Number of functions and methods defined in other files which ¢alM18
functions/methods defined in this file

IV. EMPIRICAL EVALUATION determined which revisions to use as the snapshotgifar,
dirs, anddirs. We used some of the newest revisions to obtain

We analyzed practical software projects using our apyetect information (Table Iil). Note that each revisiondsf
proach. Here we describe the details of the target projec nddir, is the last revision of each organization.

defect and modification data, and comment deletion.

A. Target Projects B. Defect Data and the Number of Modification
We chose OpenOffice and VirtualBox as target projects. To analyze the influence of the origins on defects, we

Both are open source projects developed by three organiz&-O"eCted defect information from the Subversion repositories

tions. In order, they are Sun Microsystems, Oracle CorporationOf the target projects. In the OpenoOffice repository, the commit

and Apache Software Foundation for OpenOffice, and Innotek€SSages of most of the defect-correcting revisions have the
Sun Microsystems, and Oracle Corporation for VirtuaIBox.de‘cect ”“”.‘bers reg_|_stere.d In 5“92'”?‘- .Therefore, we consid-
OpenOffice is written in C++ and Java and has about 27,006red the files modified in those revisions to be faulty. We

files, while Virtualbox is written in C and C++ and has about 2/SC included revisions that have *fix" or “correct’ in their
10.000 total files. commit messages so that we do not skip those that do not

have defect numbers in their commit messages. In contrast, the
After investigating the repositories of these projects, wecommit messages in the VirtualBox repository do not contain



TABLE IlII: Revision numbers used for each snapshot

Project diry diro dirs Defect Information
OpenOffice | 264235% | 2758227 | 1413471° | 1414017 - 1488548 (830 Revisiorls)
VirtualBox 8036 28800 41510 41511 - 46354 (4844 Revisions)

20penOffice.org repository
bApache OpenOffice repository

defect numbers. Therefore, we only used “fix” and “correct” as
indicators. The above-mentioned methods are used in previous
work [17], [18], [19].

12000
|

3000

For the number of modifications, we simply counted the i
occurrence of files in all revisions.

C. Deletion of Comments 7

Some files have header comments that contain owner i
information. However, the header comments change when the i
owner organization changes, causing a change to the origin _i_ _i EEEE
despite the fact that no changes have been made to the actua =~ ' o, 0,,0,,0,0p, 0, O, O3 Oy, Og3 Oz Osz;
source code. To avoid this, we ignored comments and blank orign orign

lines when obtaining the origins.

Number of Files
2000 4000 6000 8000
Number of Files
500 1000 2000
|

0
L

(@ Number of files in(b) Number of files in Virtu-
OpenOffice alBox
V. RESULTS
o ) Fig. 5: Number of files classified by the origins. Black
Here we show the statistical analysis results of the casgng white bars represent files without and with defects,
study, and discuss our findings with respect to the thregggpectively.

research questions.

A. RQ1: Are files modified by multiple organizations or de-

veloped by later organizations more faulty? To further clarify this, we classified the origins by the num-

ber of organizations and by the last organization to modify the
As stated in Section |, files modified by multiple organiza- file. Table V summarizes the results. From the results above,

tions or developed by later organizations may have a lowewe conclude that files modified by multiple organizations or
quality. To investigate this, we determined the relationshipdeveloped by later organizations tend to be faultier.
between origins and defects.

i L . B. RQ2: How do product metrics relate to origins and defects?
Table IV summarizes the number of files in each project,

which is classified by the origin and the existence of defects. In Section V-A, we demonstrated that origins have a
Figure 5 plots the results as bar chart$; and O.»5 in  relationship with defects. As mentioned in Section I, when
OpenOffice, andDy3 and O;,3 in VirtualBox have relatively ~we surmise the cause of the relationship, product metrics is a
high rate of faulty files. In both projects, all of these files reasonable candidate. Therefore, we conducted an analysis to
involve many organizations and/orgs. These results indicate investigate the relationships of product metrics to origins and
that files modified by multiple organizations or developed bydefects.

later organizations can be considered to be faultier. We first analyzed the relationship between product metrics
and origins. We employed box plots of the product metric for
each origin, and conducted a Wilcoxon rank sum test for each

TABLE IV: Number of files in each project ) o e SO
pair of the origins to test the statistical significance of the

Project [ Origin | Total DNfo . DWfitht (WthDSfEfct ?a;ig " differences between the origins. We used the Wilcoxon rank
erec erects I erects otal H .
O [ 136041 13316 288 51507 sum test because the Kolmogorov-Smirnov test for each origin
0, 250 248 2 0.80% of each product metric indicated that none of the samples could
, Os 1728 | 1491 | 237 13.7% be assumed to have a normal distribution.
OpenOffice O12 461 453 8 1.74%
Ou3 | 8234 | 7865 | 369 4.48% Among all the product metrics, the most significant one
O23 409 392 17 4.16% . . N .
Orss | 2104 | 1,836 | 268 27% is M14 _(Numi_aer_of functlon_s and methods defined in other
0, 1,905 | 1,830 75 3.94% files which this file calls). Figure 6 shows the box plots of
85 o e —ran LRl the metric values classified by the origins. We plotted the
VirtualBox | O 337 28 109 26.0% box plots Without outliers and with outli_er_s to make it easier
813 %gg 28;{3 43937 gg;gﬁa to see the differences between the origins. Table VI shows
23 .07 H H . .
O T 639 T 180 | 459 5% the relationship between the samples of the metric values in

each pair of origins. For almost all pairs of origins that show



TABLE V: Number of files in each project classified by the origin category

Project Number of Last Origin Total No Defect | With Defects Defect Ratio
Organizations| Organization (With Defects / Total)
1 - 01, 03,03 15,582 | 15,055 527 3.38%
2 - O12, O13, O3 9,104 8,710 397 4.33%
X 3 - O123 2,104 1,836 268 12.7%
OpenOffice - T Oy 13,604 | 13,316 283 2.12%
B 2 O3, 012 711 701 10 1.41%
B 3 Os, O13, O23, O123 | 12,475 11,584 891 7.14%
1 - 01, 03,03 8,889 7,845 1,044 11.7%
2 - O12, O13, O3 1,087 443 639 58.8%
. 3 - O123 639 180 459 71.8%
VirtualBox B T O, 1,905 1,830 75 3.04%
B 2 03,012 4,030 3,686 344 8.54%
B 3 O3, O3, O3, O125 | 4,680 2,057 1,723 36.8%
statistical significance, the p-value js < .001. The only
exception is betweer®,3 and O;,3 of M14 in VirtualBox g
. o < -
(p < .01). Several trends are observed for each project. . 3
OpenOffice 01, O2, and O3 have small metric values. 84 ° . : = |
O12, O13, and Oy3 have medium metric . : , i . © §
values.O123 has large metric values. s . . E s §
VirtualBox  Oq, Oo, O3, and O, have small metric 5 24 . ; 3 5 81 |
values.O;3 has medium metric valueéls; E . g . 5 ‘
and 0123 have large metric values. £ ' é 1 £ v
S - E - ' 8 | o
. .. . . . ™~ i - [
In both projects, the origins with many organizations or later E * T
organizations tend to be more complex, while in VirtualBox i P T QQD
o PR SPin ol e | | PR s T

012 does not show the tendency a3 is more complex
than Oqo3.

TABLE VI: Relationship between the values of M14 for each
pair of origins.< / >: Differences between the samples in the

origin on the left hand side and those on right hand side side

are statistically significant. The former is smaller/larger than

the latter. - : Differences between the samples in each origin

are not statistically significant.

(a) Relations in OpenOffice

Origin on the Origin on the right hand side

left hand side [OR Oo O3 O12 O13 Oa3 O123
(e - - > < < < <
O - - - < < < <
O3 < - - < < < <
O12 > > > - - - <
O13 > > > - - - <
O23 > > > - - - <
O123 > > > > > > -

(b) Relations in VirtualBox

Origin on the Origin on the right hand side

left hand side | O Oo O3 O12 O13 O23 O123
O, - > > - < < <
Os < - < < < < <
O3 < > - - < < <
O12 - > - - < < <
O13 > > > > - < <
Oa3 > > > > > - >
O123 > > > > > < -

T T T T T T T T T T T T T
04 0z O3 042043 0230423 04 0z O3 042 043 030423

Origin Origin

(a) Metric values of OpenOfficéb) Metric values of OpenOffice
with outliers without outliers
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Fig. 6: Box plots of M14 classified by origins

In almost all other metrics, both projects exhibit similar

Similar to Section V-B, we classified the origins by the trends as above. Therefore, files modified by multiple organi-
number of organizations and by the last organization, andations or developed by later organizations tend to be more
conducted the same analysis. Figure 7 shows the boxpl@omplex.

without outliers, and shows that files modified by multiple

organizations or developed by later organizations tend to have Additionally, we conducted analysis to examine the rela-

high metric values.

tionship between product metrics and defects. We compared
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(a) Number of modificationgb) Number of modifications
. T of files in OpenOffice of files in VirtualBox

i;QQ ol D

123 123 demonstrating that the impact of the number of modifications
# Crganizations Last Crganization is not negligible in VirtualBox. We also calculated the rank
correlation coefficient using the number of defects instead
of the existence of defects, but the difference is negligible.
Accordingly, for VirtualBox, we calculated the partial rank
correlation coefficient between each origin and defects, and
Fig. 7: Box plots of M14 without outliers classified by the between the number of modifications and defects, using each
origin categories origin and the number of modifications as the control variables,
respectively.|p| < .2 for each origin, and5 < p < .6
for the number of modifications, indicating that the number

. . ) of modifications is the main factor to affect the defects in
the product metrics values between the files with defects tQj.+,aiBox.

those without defects. Most of the metrics have higher values
in the files with defects than those without defects in both  Additionally, we calculated the Spearman’s rank correlation
projects. coefficient between the number of modifications and each
roduct metric value to determine whether they are related.
From the above results, we conclude that the produclyqever, for all of the metrics, the absolute values of the rank
metrics are ?‘ffeC‘e‘.’ by ongn, and consgquently affect. defectgorrelation coefficients are low (most are less than .1, and the
More specifically, files modified by multiple organizations or jinarc are 1 to :3) in both projects, suggesting that the origins

developed by later organizations tend to be more compleX, anga the main factor to affect the complexity of code
have more defects. '

o -
o ] v

Fig. 8: Number of modifications of files classified by the
origins

Product Metric Value
Product Metric Value

(c) Metric values of VirtualBox(d) Metric values of VirtualBox
classified by the number of oclassified by the last organiza-
ganizations tion

From the above results, we conclude that the number of

C. RQ3: How does the number of modifications relate tgnodifications is related to origins and defects depending on
origins, defects, and product metrics? the project, but relates slightly with the product metrics.

In the previous sections, we examined the relationships be- Figure 9 shows the relationships between all four factors.
tween origins, product metrics, and defects. Here we examinghe files modified by multiple organizations or developed by

the number of modifications and its relationship to the otherslater organizations, namely those that suffer from organiza-
tional changes tend to have complex structures. Additionally,

We first analyzed the number of modifications of the filesthose files tend to be modified more frequently. Due to the
for each origin. Figure 8 shows the results as box plotscomplex structure and high modification frequency, those files
In VirtualBox, files modified by multiple organizations or tend to have faults.
developed by later organizations tend to be modified many
times, and in OpenOfficeQ;, O12, O13, and O123 have
high modification counts. This indicates that the relationships VI THREATS TOVALIDITY
between origins and defects, and origins and product metricA. Threats to Internal Validity

may be intermediated by the number of modifications. e In the analysis, files with testing code are measured and

Therefore, to determine whether the number of modifi- included. These files often have extreme product metric
cations is correlated with the existence of defects, we cal- values, which may affect the analysis results.
culated the rank correlation coefficient between these two. e There are probably more factors besides those we have
p = —.013 for OpenOffice andp = .570 for VirtualBox, used in our analysis (origins, product metrics, the number
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Fig. 9: Relationships between the factors (4]

(5]
of modifications, and defects).

e The development periods of the organizations in our
analysis target projects have large differences, which mayi6]
significantly impact the analysis and should be consid-
ered.

e Since our approach uses diff to detect origins, code”]
movements and renames are considered to be changes
even though they are not.

(8]
B. Threats to External Validity

We conducted analysis on two open source projects,®!
OpenOffice and VirtualBox. Because of the number of projects
and their similarity (both are open source projects and ar 0
developed by Sun and Oracle), the generality is not clear.
Therefore, it is desirable to add more projects in analysis.
However, these projects are sufficiently practical, and signifif11]
cantly famous. Additionally, Sun and Oracle were involved in
different stages of software development. For example, Sun is
the first developer in OpenOffice, but is the second developer iRl
VirtualBox. Therefore, these projects are appropriate projects
to analysis. (13]

VIlI. CONCLUSIONS [14]

In our study, we defined the origin of a file and conducted
statistical analysis using two open source software project$1s]
We found that files found that files modified by multiple
organizations or developed by later organizations tend to be
faultier. The relationships between origins, product metrics,
and defects indicate that these files tend to be complex;g)
and consequently, have increased faultiness. Furthermore, the
relationships between the number of modifications and othen7
factors show that the number of modifications is related to ori-
gins and defects. Thus, the origins affect defects by changing

the product metrics values and number of modifications. (18]

These results suggest that an organizational change affects
software quality, and developers need to pay attention to the
quality of files modified by multiple organizations or developed 19]
by later organizations. This is especially true for developers in
an organization developing software handed-down from many
previous organizations..

In the future, we aim to exclude files for testing from
analysis, to evaluate additional factors, and to analyze more
projects with various development organizations.
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