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Abstract

Open source software (OSS) has become an indispensable part of society, not
only for personal use but also for corporate use. Projects developed and oper-
ated by OSS are called open source projects, and the number of such projects
is increasing. On the other hand, because anyone can participate in an open
source project, the progress of the project is uncertain due to differences in
project members’ skills, development environments, and time zones of activ-
ity. Therefore, many users and companies need to understand the develop-
ment and operation status of open source project. Then, the developers care-
fully make decisions on upgrading or installing new OSS. In this paper, we
focus on the maintenance effort estimation for open source projects consi-
dering uncertainty. Also, we evaluate the project quantitatively using Earned
Value Management (EVM). Moreover, we examine the appropriateness of the
model for predicting the maintenance effort expeditures. Furthermore, we dis-
cuss the appropriateness of this EVM method.

Keywords

Open Source Software, Stochastic Differential Equation, Earned Value
Management, Software Reliability Growth Model

1. Introduction

Open source software (OSS) is code-designed to be accessible to everyone. OSS
can be viewed, modified, and distributed as desired by anyone. It is often cheap-
er, more flexible, and more long-lasting than proprietary software, because OSS
is developed by an open source community rather than a single author or com-
pany. However, because anyone can join an open source community, there is a
high degree of uncertainty about project progress due to differences in project

members’ skills, development environments, and time frames of activity. There-
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fore, it is difficult to predict the progress in open source projects, and many us-
ers and companies need to understand the development and operation status of
open source projects in terms of making decisions on upgrading or installing of
OSS.

Such issues have led to researches on progress forecasting in open source pro-
jects [1] [2] [3] [4]. Many researches of project progress forecasting include the
estimating of the required effort in order to resolve the reported faults [1] [2] [3].
Moreover, there are several research papers in order to estimate the maintenance
effort required by individual developers [4].

On the other hand, there are few researches that estimate the amount of main-
tenance effort for the entire project and evaluate the stability of the project. Ta-
mura et al. [5] have researched time-series prediction of maintenance effort for
an entire open source project, but their evaluation of the project’s progress is li-
mited because it is limited to simple effort prediction.

In this paper, we examine a method for evaluating project stability based on
maintenance effort in open source projects. In particular, we use software relia-
bility growth models [6] [7] [8] [9] to predict the number of maintenance effort
for open source projects considering uncertainty. For example, there is the sto-
chastic approach based on stochastic differential equation for the other research
area [10]. Then, we evaluate the project stability and quantitatively by using earned
value management (EVM) [11]. Finally, we discuss the appropriateness of the
model used in predicting maintenance effort, and discuss the appropriate model
for this method.

2. Evaluation Approach for Open Source Project Stability
2.1. EVM: Overview

In this paper, we use an EVM methodology for the stability evaluation for open
source project. The EVM is one of the project management methodology for
measuring the project performance and progress. The project progress evalua-
tion by using EVM is used not only for software development but also for open
source projects in various fields.

We can grasp the current cost and schedule condition in the project by using
the EVM. The EVM basically measures the project progress and performance by
using three indices: Earned Value (EV), Planned Value (PV), and Actual Cost
(AC) as shown Figure 1. Also, we can quantitatively grasp the current status of
the project by comparing three indices such as Table 1.

Sone et al [12] have researched the applicability of EVM to open source
projects was verified, However, PV could not be derived due to a difficulty with
the method used to derive the effort. In this paper, we try to derive EVM indices

properly.
2.2. SRGM: Overview

In the testing process of software development, the number of potential faults in
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the software decreases with the progress of testing time, because a lot of re-
sources are spent on fault detection and correction. Therefore, the probability of

software fault occurrence decreases with the testing time. Then, the software re-
liability and the interval of software fault occurrence time increase. Such soft-
ware reliability model describes software fault phenomenon. This is called soft-

ware reliability growth model (SRGM).
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Figure 1. An example of EVM.
Table 1. Several examples of the indices used in EVM.
Explanation

EVM Elements
Planned Value tota

(PV)

Earned Value
(EV)

Actual Cost
(AC)

Budget at Completion
(BAC)

Cost Variance sh

(CV)

Cost Performance Index
(CPI)

Schedure Variance
(SV)

Schedule Performance Index
(SPI)

Estimate at Completion
(EAC)

Estimate to Complete
(ETC)

1 budget estimated at the planning phase
up to a certain point

total budgeted cost resources of processes

completed at a certain point
total actual cost resources invested
total budget to completion defined at

the time of planning

ows whether a project is under or over budget
CV=EV-AC

evaluates how efficiently the project is using
its resources. CPI = EV/AC

determines whether a project is ahead of or
behind schedule. SV =EV - PV

evaluates how efficiently the project team is
using its time. SPI = EV/PV

final cost of the project in case of continuing
current performance trend. EAC = BAC/CPI

shows what the remaining work will cost.
ETC = (BAC - EV)/CPI
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In this paper, we use three models such as the exponential model, the delayed
S-shaped model, and the infection S-shaped model. These are well-known mod-
els in the SRGM. We apply these models to estimate the open source projects by
using EVM.

2.3. Effort Prediction Modeling for Open Source Projects

Considering the characteristic of the operation phase in open source projects,
the time-dependent expenditure behavior of maintenance effort keeps an irre-
gular state in the operation phase, because there is variability among the levels of
project members’ skill. Then, the time-dependent effort expenditure behavior of
operation phase becomes unstable.

The operation phases of many open source projects are influenced from the
external factors by triggers such as the difference of skill, and the time lag of de-
velopment and maintenance activities. Considering the above points, we apply
stochastic differential equation modeling for managing of the open source project.
Then, let Q(t) be the cumulative maintenance effort expeditures, such as find-
ing software faults and improving functionality up to operational time t(t > 0)
in the open source project. Suppose that Q(t) takes on continuous real values.
Q(t) gradually increases as the operational procedures go on. Based on SRGM
approach [6] [7], the following linear differential equation in terms of the main-

tenance expence effort can be formulated as:

20 pwte-a) g

where f (t) is the increase rate of maintenance effort at operational time #and
a non-negative function, and @ means the estimated maintenance effort ex-
penditures required until the end of operation.

Therefore, we extend Equation (1) to the following stochastic differential equ-

ation with Brownian motion [13]:

B _ s+ v} -0, @

where o is a positive constant representing a magnitude of the irregular fluc-
tuation, and v(t) a standardized Gaussian white noise. By using It6’s formula
[14], we can obtain the solution of Equation (2) under the initial condition
Q(0)=0 as follows:

Q(t):a[l_exp{_j; ,B(s)ds—aa)(t)ﬂ, 3)

where a)(t) is the Wiener process which is formally defined as an integration
of the white noise V(t) with respect to time £ Moreover, we define the increase

rate of maintenance effort in case of [ (t) defined as [15]:

dF. (1)
t . dt
B(s)ds = ———. (4)
'[0 (s) a—-F.(t)
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In this paper, we assume the following equations based on software reliability
models F.(t) as the cumulative maintenance effort expenditures function of

the proposed model:
F()=a(l-e”), (5)
afl-(1+pt)e "}, (6)

a{l-exp(-pt)}
1+c-exp(-pt)

where Q, (t) means the cumulative maintenance effort expenditures for the ex-

F.(t)
R (1)

)

ponential software reliability growth model with F, (t). Similarly, Q(t) is the
cumulative maintenance effort expenditures for the delayed S-shaped software
reliability growth model with F(t). Also, € (t) means the cumulative
maintenance effort expenditures for the inflection S-shaped software reliability
growth model with F, (t), respectively.

Therefore, the cumulative maintenance effort, Q,, Q. and €; up to time

tare obtained as follows:

Q, (t) = a[1-exp{-pt-oo(t)}], (®)
Q, (t) = a[1-(1+ pt)exp{-pt-oo(t)} ], 9)
Q (t):a[l—lﬂ:;:ﬁexp{—ﬁt—aa)(t)}:l. (10)

In these models, we assume that the parameter o depends on several noises
by external factors from several triggers in open source projects. Then, the ex-
pected cumulative maintenance effort expenditures spent up to time ¢ are re-

spectively obtained as follows:

E[Q,(t)] :a{l—exp{—ﬁtJr%th, (11)

E[Q,(1)] :a[l—(uﬂt)exp{—ﬂu%ztﬂ, (12)

2

E[o(1)] =a{l—1+—0_ﬁt)exp{—ﬂt+%tH. (13)

1+c-exp(

2.4. Derivation of EVM for Open Source Project

In EVM for open source project, the period of data used for Planned Value (PV)
and Actual Cost (AC) have the different values. Both PV and AC use the data
obtained from the bug tracking system and required by the fault reporters and
the fault correctors. In the open source projects, we assume that the project pe-
riod is from OSS release to EOL (End of Life). Then, we can use the maintenance
effort data until OSS release based on Equations (8)-(13) in order to derive PV.

In particular, the parameter o in Equations (8)-(13) mean as the estimated
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maintenance effort at the time £, when OSS is released. Therefore, the parameter
o can be rephrased as Budget at Completion (BAC) in EVM. AC uses the main-
tenance effort data including after the OSS release. Therefore, the start time of
the data used to derive PV and AC is the same.

Earned Value (EV) is the cumulative maintenance effort expeditures viewed
on the same scale as the project budget (BAC). Therefore, if the OSS develop-
ment effort increases but the fault is not resolved, the value of EV becomes small.
Then, it is regarded as an inefficient open source project. In the derivation of EV
value, the number of potential faults predicted from the fault data reported up to
the time of OSS release is used. We use Equations (8)-(13) to predict the number
of potential faults. We derive the fault resolving cost, Ze, the value obtained by
dividing the number of potential faults from the BAC, as follows:

BAC
y=—".
p

(14)

Then, y means the fault resolving cost, and p means the potential faults at
OSS release. We can derive the EV in cases of F, (t), F, (t), and F (t) by
using the fault resolving cost y and the cumulative number of resolved faults

up to the operating time ¢
EV, (t)= 7[af [1—exp{—ﬂft—ofa)(t)}ﬂ, (15)
BV, (t) = 7 @, [1-(1+ t)exp -t - (1)} ]|, (16)

1l+c

EV,(t)=7-a, {1— )exp{—[)’ft—o-fco(t)}}. (17)

1+c; -exp(-pt

Then, a;, f;, C;,and o; are parameters used to predict the cumulative
number of resolved faults at time £ Therefore, the expected EV required for OSS
maintenance until the end of operation time ¢ are respectively obtained as fol-

lows:

E[EV,(t)]=7-a ll—exp{—ﬁfHU—Z‘tH, (18)

E[EV,(t)]=7-a; [1—(1+ ﬁft)exp{—ﬂft+a—2ft}], (19)

1+c;

E[EV,(1)]=7 -, [1— exp{—ﬂft+ﬁtH. (20)
1+c; -exp(—ﬂft) 2

Then, the resolved cumulative number of faults is counted when the fault sta-

tus is Closed in the bug tracking system.
In this paper, EVM uses the dataset obtained from bug tracking system to de-
rive PV, AC, and EV. We assume the following terms in the Table 2 as the EVM

in the open source project considering the derivation of these EVM indices.
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Table 2. Explanation for EVM used in this research.

EVM elements Explanatory

Planned Value Cumulative maintenance effort as planned value
(PV) up to operational time ¢

Earned Value Cumulative maintenance effort up to operational
(EV) time #viewed on the same scale as BAC

Actual Cost Cumulative maintenance effort up to operational
(AC) time #in actual

Budget at Completion

(BAC) Total budget at the end of open source project

Cost Variance

V) E[CV, (t )] obtained from EV-AC

Cost Performance Index

(cpD) E[CPI* (t)] obtained from EV/AC

Schedure Variance

SV obtained from EV-PV
(SV)

Schedule Performance Index

(SPI) SPI obtained from EV/PV

Estimate at Completion

E [ EAC. (t)] obtained from BAC/CPI
(EAC)

Estimate to Complete

(ETC) E[ETC* (t)] obtained from (BAC — EV)/CPI

3. Numerical Examples
3.1. Data Set

In this paper, we use the data set of open source project for deriving EVM indic-
es. For applying the proposed model to actual project data set, we use the data of
LibreOffice [16] obtained from Bugzilla. LibreOffice is an office suite OSS pro-
vided by The Document Foundation. In particular, the effort and fault data have
been obtained from Bugzilla are version 7.2 for estimating PV and AC. In this
paper, the cumulative number of reported faults are 298 and 878, respectively. In
particular, we use the project data for about 39 weeks, before LibreOffice was re-
leased for estimating PV. For estimating AC, we also use project data for about

112 weeks. Also, each unit data is weekly.

3.2. Estimation of EVM Indices

In this section, we estimate the model parameters of the three SRGM models for
estimating the maintenance effort and the number of faults in case of LibreOf-
fice version 7.2 project. Also, we compare the appropriateness of our model with

appropriate models.
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Table 3 shows the results of parameter estimation of maintenance effort, and
AIC (Akaike’s Information Criterion) for comparison of model equations. Also,
the parameter « in the PV data can be rephrased as BAC. In terms of AIC, the
delayed S-shaped model is the best one for PV estimation. Figure 2 shows the
results of applying the delayed S-shaped model to the open source project data.

Next, Table 4 shows the results of parameter estimation of AC, and AIC. Also,
the parameter «a can be rephrased as the project’s estimated AC. In terms of
AIC, the delayed S-shaped model is the best one for AC estimation. Figure 3
shows the results of applying the delayed S-shaped model to the open source
project data.

Table 3. Parameter estimation of maintenance effort in terms of PV.

Planned Value
exponential delayed infection
model S-shaped model S-shaped model
a 2.867 x 10° 9.283 x 10° 1.859 x 10°¢
i) 3.327 x 1072 2.293 x 1072 3.352 x 1072
parameter
c - - 1.984 x 10!
o 2.361 x 1072 7.504 x 10~ 7.577 x 107
AIC 798.191 647.075 709.147
DATA Actual Cost — Sample Path —— Estimate
1000000 -
,M"‘M
A,o"’/f‘fd
/‘/
750000 - —
< el
a
*
:<Zﬁ 00000
5 -
= .
&
@}
<
o
o
250000 - /
0- _M/
0 50 100 150 200

TIME (WEEKS)

Figure 2. The cumulative maintenance effort expeditures as PV in LibreOffice Ver. 7.2 project by using Equations (9)
and (12).
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Table 4. Parameter estimation of maintenance effort in terms of AC.

Actual Cost
exponential delayed infection
model S-shaped model S-shaped model
a 1.325 x 10° 1.317 x 10° 2.728 x 10°
9.286 x 107 2.387 x 1072 1.253 x 1072
parameter
c - - 3.283 x 10!
o 4.840 x 1073 2.762 x 1073 1.011 x 1073
AIC 1229.007 1163.817 1205.231
DATA Actual Cost —— Sample Path —— Estimate
A'94f’4f/;'f};;;a
//7/}4 B
. les06- = T
& o
: -
a P
* A
= v
< y
2 e
: ¢
Q  Ser0s- y
52
m p//
/ '
/ﬂw
0er00-  —
0 50 100 150 200
TIME (WEEKS)

Figure 3. The cumulative maintenance effort expeditures as AC in LibreOffice Ver. 7.2 project by using Equations

(9) and (12).

Also, Table 5 shows the results of parameter estimation of the estimated num-

ber of potential faults at OSS release, and AIC. We use the parameter « for de-

riving fault resolving cost. There is no significant difference in AIC values among
all the model equations used in this research. Therefore, it is difficult for us to
identify a suitable model for the data used in this research. For convenience, we

assume that the exponential model with the smallest AIC is the appropriate

model. Figure 4 shows the results of applying the exponential model to the open

source project data.

Finally, Table 6 shows the results of parameter estimation of the estimated
number of resolved faults at present, and AIC. In terms of AIC, the infection
S-shaped model is the best method for the number of resolved faults estimation.
Figure 5 shows the results of applying the delayed S-shaped model to the open
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1500 -
; 1000 -
£
o gy
o
.:a
o
m
=
B 500-
Z
0-

source project data.

A comparison of the AIC values during parameter estimation in the three model

equations showed that the delayed S-shaped model and the infection S-shaped

model are appropriate. In the LibreOffice version 7.2 project data, the increase

rate of maintenance man-hours and number of faults at the start of the main-

tenance phase is small. We find that the delayed S-shaped model and infection

S-shaped model are appropriate for such project data.

In open source projects, the number of fault reports increases as the number

of OSS users increases after the release of a particular version. As a result, the

effort required for fault maintenance increases. Therefore, the appropriate mod-

el equation for many open source project data would be the same as in this re-

search.

Table 5. Parameter estimation of number of potential faults in case of LibreOftfice.

Estimated number of potential faults at OSS release

exponential delayed infection
model S-shaped model S-shaped model
a 1.401 x 10° 5.291 x 10? 4.792 x 10?
s 6.274 x 1073 4.818 x 1072 4.718 x 1072
parameter
c - - 2.083 x 10!
o 3.165 x 1073 1.113 x 1072 1.535 x 1072
AIC 238.479 238.613 238.961
DATA Actual — Sample Path - Estimate
\,f*/\/gl‘ VAV‘AV%
50 100 150 200
TIME (WEEKS)

Figure 4. The cumulative estimated number of potential faults by using Equations (8) and (11).
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6000 -

4000 -

NUMBER OF FAULT

2000 -

0 IR

0

Figure 5. The cumulative estimated number of resolved faults by using Equations (10) and (13).

Table 6. Parameter estimation of number of resolved faults in case of LibreOffice.

Estimated number of resolved faults at present

of that version increased.

exponential delayed infection
model S-shaped model S-shaped model
1.019 x 10* 7.887 x 10* 6.054 x 10°
1.501 x 1073 2.767 x 1073 7.143 x 1072
parameter
- - 4.350 x 10?
1.697 x 1073 1.395 x 107 1.595 x 1073
AIC 534.055 488.803 460.932
Actual —— Sample Path —— Estimate
/p{/
50 100 150 200
TIME (WEEKS)

In this research, we derive EVM indices by using the best-fit model equation
for each data set. The fault resolving cost y = 662.419(man -days), one of the
EVM indices, is necessary for the derivation of EV. Figure 6 shows the results of
EV, AC, and PV estimations.

Figure 6 shows that both EV and AC are larger than PV. In particular, the EV
value is very large. This is because the number of resolved faults is estimated to
be higher than the number of potential faults. On the other hand, the EV value is
lower than the EV and AC values around 50 weeks, the time of the version 7.2
release, showing the project is in a delayed state. In other words, after version 7.2

was released, we find that the project became more active as the number of users
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s 3e+06 -
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<
a
*
Z
% 2e+06 -
=
a4
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=
@
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0e+00 - -

Estimate(PV) —— Estimate(EV) —— Estimate(AC)

DATA

Sample Path(PV) —— Sample Path(EV) Sample Path(AC)

50 100 150 200

TIME (WEEKS)

Figure 6. EVM estimation results in LibreOffice project.

4. Conclusions

In this paper, we have examined a method for evaluating project stability based
on SRGM in open source projects. In terms of AIC, we have identified the ap-
propriateness models in the open source project. Then, we have found that the
delayed S-shaped model and the infection S-shaped model are the best models.
We have concluded that the results are the same as other open source project,
because of the characteristic of the number of OSS users’ transitions. Also, we
have derived EVM by using the appropriate SRGM models. As a result, we have
found that the trigger for activating open source projects is after the release of a
particular version.

Researches on stability evaluation methods for open source projects have of-
ten focused on the resolving of individual faults. Therefore, the practical applica-
tion of EVM for evaluating the stability of open source projects as a whole will
contribute to the future development of OSS. On the other hand, since the pro-
posed method evaluates stability based on the cost of the entire open source pro-
ject, it is difficult to evaluate the causes of project stability in fault units. There-
fore, we consider that using not only the proposed method but also individual
fault-based project evaluation methods will provide a better project stability evalu-
ation tool.

As only one open source project data set has been used in this paper, it is ne-
cessary to verify the characteristics of the trends in maintenance effort and num-

ber of faults by using multiple project data sets in the future.
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