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Abstract

This paper defines software maintenance activities and develops a model for mainte-
nance cost estimation of package software. First, we classified software maintenance
activities which were collected from the literature reviews. Second, we developed a
cost structure for package software maintenance based on the identified activities.
Third, the activity-based software maintenance cost estimation model was devel-
oped based on the software maintenance activities and cost structure. Fourth, we
defined the adjustment factors for the software maintenance cost estimation model
to improve the accuracy of the developed model. Finally, the developed model was
verified using actual data from software maintenance projects. The proposed model
showed reliable performance in terms of the mean magnitude of relative error and
prediction quality. Therefore, the proposed model is suitable for setting budgets and
predicting costs associated with package software maintenance projects.

Keywords Software maintenance - Cost estimation - Activity - Cost model - Package
software

1 Introduction

The proportion of software in systems is increasing, and software has become an
indispensable factor. A 2010 survey showed that approximately 17.6% of software
sales in package software companies in Korea were related to the maintenance of
package software [1]. Revenue from package software consists of license costs and
maintenance costs. The cost of licensing the product is dependent on the mainte-
nance cost policy. The software maintenance cost is an important factor in the pack-
age software revenue model.
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Although the package software sector is growing, there are insufficient stand-
ards in the software maintenance market of the sector. It is difficult to standardize
software maintenance activities because there exist several business activities that
are related, and there is no clear demarcation between defect repair, maintenance,
and free servicing activities. Thus, clear software maintenance cost criteria need to
be defined. To achieve this, we defined software maintenance activity elements for
package software and developed an activity-based software maintenance cost esti-
mation model.

Cost estimation is a valuable task for managers that helps them plan a software
maintenance project and perform cost benefit analysis [2]. A considerable number
of previous studies have been carried out to design cost estimation models of soft-
ware maintenance [2—6], but most of them have focused on specific customer pro-
jects such as in-house systems, not package software. Therefore, there is a need for
research on software maintenance cost estimation for package software. In the usual
scenario, a project owner estimates the software maintenance cost by proportion-
ally considering the specified rate to the purchasing price of the package software
in Korea when he/she sets a budget for a software maintenance project for package
software. Usually the rate to the purchasing price for software maintenance cost esti-
mation is quite low in Korea. Therefore, the companies that make package software
have difficulty achieving profitability in Korea, which shows that there is a need to
have a model to estimate the software maintenance cost of package software [7].

This paper defines software maintenance activities and proposes a model for
software maintenance cost estimation of package software. First, we review the lit-
erature surveys to provide software maintenance activity classifications or activity
factors. Then, we develop a cost structure for package software based on the iden-
tified activity factors, and propose an activity-based cost estimation model. Also,
we develop adjustment factors for software maintenance cost, and completed the
activity-based software maintenance cost estimation for package software. Finally,
we verify the model with actual cost data from software maintenance projects.

The rest of this paper is structured as follows: Section 2 introduces the theoreti-
cal background for this study. Section 3 discusses the design of the model and veri-
fies the developed model. Section 4 provides the conclusions and discusses future
research.

2 Research background
2.1 Previous research

Planning a software maintenance project involves estimating size, effort, duration,
staff, and costs, and it is a key factor for a successful software maintenance project
[2]. To achieve an accurate estimate of the overall software maintenance cost, it is
necessary to define each activity element, estimate individual costs, and combine
these using a suitable model. Previous studies have extensively reviewed software
maintenance activities such as error correction, capability enhancement, obsolete
capability removal, and optimization [8—10]. It is important to note that software
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maintenance cost depends on the size and types of work required, workforce capa-
bility and familiarity with the system, processes and standards in use, and complex-
ity [3, 11, 12].

The relevant standards set by government agencies and standards associations are
an important component of software maintenance projects. ISO/IEC 14764 defined
software maintenance as the modification of a software product after delivery to cor-
rect faults and improve performance or other attributes [9]. ISO/IEC 14764 classifies
four types of software maintenance activities based on ISO/IEC 12,207 components
[9], and the IEEE 1219 model is an extension of ISO/IEC 12207 [13].

The International Function Point User Group (IFPUG) studied software mainte-
nance activities and proposed a cost estimation model based on function point (FP)
[14]. Other models have been proposed by the International Software Benchmarking
Standards Group (ISBSG) [15], United Kingdom Software Maintenance Associa-
tion (UKSMA) [16], and Korea Software Industry Association (KOSA) [17]. The
National IT Industry Promotion Agency (NIPA) has also proposed definitions of
maintenance activities for open source software in Korea [18], and the Korea Inter-
net and Security Agency (KISA) proposed a model to estimate the maintenance cost
of information security systems [19].

Mather [20] studied software maintenance costs, and Stark [21] studied software
maintenance factors. Hunt [22] investigated cost impact factors through case stud-
ies. Package software maintenance service guide refers to activities such as product
services, technical services, and user support services to utilize and maintain the
software in an optimal state. The guide proposed two types of software maintenance
cost estimation systems: flat fee system and variable rate system [23]. The varia-
ble rate system incorporates license cost and maintenance servicing cost explicitly,
whereas the flat fee system has an annual cost, including license cost and mainte-
nance service cost. This guide suggests that the contractor and contractee adjust the
cost fee by mutual consultation. A guide for cost estimation of a software project
suggests a package software maintenance rate of 15% to the licensing price, but it
does not provide a cost estimation method related to the maintenance activities [17].

2.2 Delphi and Kawakita Jiro method

This study applied the Delphi technique to gather opinions from anonymous online
experts and the Kawakita Jiro (KJ) method to classify similar items subsequently.
The Delphi technique is commonly used to solve uncertain and difficult problems
through an integrated opinion of a group, rather than individual opinions [24]. The
Delphi technique provides impartial and objective feedback by ensuring impartial-
ity through the anonymous participation of experts. The KJ method involves expert
group off-line discussion [25]. The KJ method involves the problem being written on
a paper card with similar response items integrated and named. The analysis phase
of the KJ method consists of the following five steps: target list definition, recording
(on the paper card), expert opinion exchange and grouping of responses, name defi-
nition of the grouped responses, and developing the affinity diagram.
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This paper defines software maintenance activities of package software using the
Delphi technique and literature surveys, and integrates the activity elements using
the KJ method.

3 Research design and research results
3.1 Classification of software maintenance activities

ISO/IEC 14,764 categorizes software maintenance activities into four categories:
maintenance, requests, corrections, and enhancement [9]. IEEE 1219 defined the
categories of software maintenance activities with corrective, adaptive, perfective,
and emergency maintenance, where the corrective maintenance and perfective main-
tenance were the same as activities in ISO/IEC 14,764, and the emergency main-
tenance meant correcting unforeseen errors for continued operation [13]. IFPUG
classified software maintenance activities with corrective, adaptive, and preventive/
perfective maintenance [14]. ISBSG classified them as enhancement, maintenance,
support, and operation [15] and UKSMA defined two categories: perfective/preven-
tive and corrective maintenance [16].

In Korea, KOSA proposed software maintenance activities and a maintenance
cost estimation model for in-house software [17], and NIPA categorized the activi-
ties for security software as preventive, adaptation, repair, support, and daily main-
tenance [18]. KISA classified them as pattern, certification, improvement, and
technical support services [19]. Open source software maintenance activities were
classified as installation services, patch delivery, upgrade, optimization, tuning,
troubleshooting, monitoring, online support, technical consulting, and warranty in
a guide for maintenance service of open source software [18]. In addition, prod-
uct services, technical services, and user support services were elicited as software
maintenance services in the package software maintenance service guide [23].

This paper classified the software maintenance activity elements by integrating
complementary aspects of these various studies. Table 1 shows a classification of
the software maintenance activities derived from the previous studies by literature
surveys.

Among the previous studies, the package software maintenance service guide was
well-organized. Therefore, we integrated the activities based on the guide and classi-
fied the activities into product service, technology service, and support service using
the KJ technique. Some of the criteria we integrated into the activity areas follows:

e Pattern maintenance includes error correction and version patch of the package
software.

e Certification includes services to quantify how well the package software meets
the quality assurance plan.

e Improvement services include adaptive patch service and corrective patch ser-
vice, and developing new defenses for hacking.
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e Technical services include disaster recovery, help desk support, and preventative
maintenance.

We developed a standard model for software maintenance activities based on the
above criteria and the previous studies. The model has product service, technology
service, and support service. The product service consists of an adaptive patch ser-
vice and a corrective patch service. The technology service consists of online sup-
port, emergency visit service, and regular visit service. The support service con-
sists of training for operation and quality assurance and certification. Table 2 shows
the refined classification for software maintenance service activities of package
software.

3.2 Software maintenance cost estimation model
3.2.1 Model development

The software maintenance costs are made up of the direct labor cost, indirect over-
head expense, engineering fee, direct overhead cost, and value added tax (VAT).

The direct labor cost is the major component of software maintenance cost, and
it is the direct cost of the workforce to perform the software maintenance activities.

The indirect overhead expense refers to the overhead cost not directly associ-
ated with software maintenance activities, such as planning costs, administrative
expenses, and costs for general affairs. According to the engineering cost estimation
model in Korea, the overhead expense can be estimated as110-120% of the direct
labor cost [16, 26].

The engineering fee means the costs of research and investigation, technology
development, technical education, and margins. According to the engineering cost
model in Korea, the engineering fee can be estimated as 20-40% of the sum of the
direct labor cost and the indirect overhead expense [16, 26].

The direct overhead cost and VAT should also be considered. The direct over-
head cost is the direct cost required to perform the software maintenance project
such as the traveling expense, office rental fee, and printing fee. The direct overhead
cost is empirically estimated by the project team. The VAT is assumed to be 10% of
the total amount in Korea. Figure 1 shows the proposed software maintenance cost
structure model for package software.

Direct labor cost Indirect overhead expense Engineering fee Direct
over- VAT.
Direct labor costs of Indirect expenses incurred head || (10%)
h . ; R&D costs, technology t
workforce performing in planning, management, - cos
o e o costs and training costs
maintenance activities general affairs, etc.
\ J \ J
Y Y Y
A B=A*110%~120% C=(A+B)*20%~40%

Fig.1 Software maintenance service cost structure model
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Therefore, the total cost for a package software maintenance project is obtained
by summing the direct labor cost, the indirect overhead expense, the engineering fee,
the direct overhead cost, and the VAT. Therefore, the equation for the total software
maintenance cost is

Total cost = Direct labor cost + Indirect overhead expense + Engineering fee

+ Direct overhead cost + VAT
(1)

As the software maintenance activities mainly include product services such as
adaptive patch services and corrective patch services, technology services which
include online technical support services, emergency visit services, and regular visit
services, and support services which are training services and quality assurance and
certification services as shown in Table 2, the direct labor cost can be obtained by
summing the cost components required to perform the adaptive patch services, cor-
rective patch services, online support services, emergency visits, regular visits, and
support services The direct labor cost components can be individually estimated
based on each software maintenance service activity.

Each direct labor cost component can be derived by the number of occurrences
for each service activity, the average service time for each service activity, the num-
ber of workers required to perform the service activity, and the manpower level
for each service activity. The number of occurrences, the average service time, the
number of workforces required, and the manpower level for each service activity
can be obtained from historical records, which have been accumulated from previ-
ous software maintenance projects. Normally, as a software maintenance project is
carried out every year, historical records for each software maintenance activity are
accumulated year after year. Therefore, those factors can be obtained from the his-
torical records and modified to the current software maintenance project. However,
if a software maintenance project is being carried out for the first time, the required
values should be empirically estimated by experts. Depending on the information on
the manpower level for each software maintenance service activity, the unit cost of
wage can be obtained, as there is a standard unit cost for the wage for each level of
manpower. Hence, the direct labor cost for each software maintenance service activ-
ity can be obtained by multiplying the number of occurrences, the average service
time, the number of people required, and the unit cost of wage. Furthermore, the
total direct labor cost is the sum of the individual direct labor costs for each software
maintenance service activity.

The total direct labor cost can be obtained by the following equation:

Direct labor cost = the number of occurrences X the average service time
X the number of workforce X unit cost of wage for level of workforce

@)
As shown in Eq. (1), the total cost for a software maintenance project is com-
posed of the direct labor cost, the indirect overhead expense, the engineering fee, the
direct overhead cost, and VAT. According to the engineering cost estimation model
in Korea, the indirect overhead expense is 110-120% of the direct labor cost, and
the engineering fee is 2040% of the sum of the direct labor cost and the indirect
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overhead expense [26]. If we apply 110% of the direct labor cost for the indirect
overhead expense and 20% of the sum of the direct labor cost and the indirect over-
head expense for the engineering fee, the equation for the total cost of the software
maintenance project can be summarized as

Total cost = Direct labor cost + 1.1 X Direct labor cost + 0.2 X (Direct labor cost
+ Indirect overhead expense) + Direct overhead cost + VAT
= Direct labor cost + 1.1 X Direct labor cost + 0.2 X (Direct labor cost
+ 1.1 x Direct labor cost) + Direct overhead cost + VAT

3)
Total cost = 2.52 X Direct labor cost + Direct overhead cost + VAT (4)

Thus, we can estimate the software maintenance cost of package software by only
estimating the direct labor cost and the direct overhead cost.

The direct labor cost is then estimated for each software maintenance service
activity based on the number of occurrences, the average service time for the soft-
ware maintenance activity, the number of workers required for the software mainte-
nance activity, and the unit cost of wage related to the level of workers to carry out
the software maintenance activity. The values for the cost components are obtained
from previous software maintenance project experience, and can be modified to
match the individual situation.

For example, we estimate the direct labor cost for the corrective patch ser-
vice. First, we assumed that the corrective patch services occurred 12 times per
year, and the average service time for one corrective patch was 1 h, the num-
ber of workers required for the corrective patch service was 2, and the level of
the worker needed to carry out the corrective patch service was highly qualified
persons. Furthermore, the unit cost of wage for the highly qualified worker was
assumed to be 336 dollars/(person, day) X 1/8 h/day =42 dollars/(person, hour).
Then, the direct labor cost for the error patch service can be calculated by 12.0
times/year X 1.0 h/case X 2.0 persons/case X 42 dollars/(person, hour) = $1,008.

Table 3 Template for the direct labor cost based on software maintenance activities

Name of software maintenance project Project A
Activity Corrective Adaptive patch Online support Urgent visit Regular visit Support
patch

Number of 5.0 6.0 3.0 10.0 12.0 4.0
occurrences

Average ser- 3.0 2.0 0.5 2.0 1.0 1.0
vice time

Number of 2.0 2.0 1.0 2.0 1.0 1.0
workforce

Workforce High Middle High High Middle Middle
level
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The total direct labor cost is estimated by summing the costs for the adaptive
patch service, corrective patch service, online support service, emergency visit
service, regular visit service, and support service.

The template for obtaining information on cost components that are included
in the direct labor costs by the software maintenance activity is developed as
shown in Table 3. The number of occurrences, the average service time, the num-
ber of workers, and the level of the workforce are collected for the software main-
tenance project using Table 3.

If we assume that the unit cost of wage for high class workers is 42 dollars/
(person, hour) and that for middle class workers is 32 dollars/(person, hour), the
direct labor cost for the corrective patch service is $1,260 (5x3x2x42), that
for the adaptive patch service is $768 (6Xx2x2x32), that for the online sup-
port service is $63 (3x0.5x 1x42), that for the urgent visit service is $1,680
(10x2x2x42), that for the regular visit service is $384 (12x1x1x32), and
that for the support service is $128 (4x 1 x 1 x32).The total direct labor cost for
the above software maintenance project is $4,283 ($1,260 + $768 + $63 + $1,680
+$384 + $128).

If we assume that the direct overhead cost is $1,000, the indirect overhead
expense is 110% of the direct labor cost, and the engineering fee is 20% of the
sum of the direct labor cost and the indirect overhead expense, the total software
maintenance cost, including the VAT, for the above project is $12,972.48 [(2.52
x $4,283 +$1,000) x 1.1].

3.2.2 Development of adjustment factors for software maintenance cost

We have furthermore studied the method of applying the adjustment factors to
lower the estimation error rate and raise the accuracy in the developed software
maintenance cost estimation model. Software maintenance cost is affected by
the characteristics of the software, several environmental factors during the soft-
ware production and maintenance process. The software maintenance cost can
be affected by the project size, the capacity of the project workforce, the capa-
bilities of the enterprise, the complexity of the software [27-32]. In a previous
study, Mehdi Hejazi Dehaghani et al. [27] selected 32 components to determine
the software maintenance cost and defined the weights of the components using
analytic hierarchy process (AHP) method. They selected attributes of factors of
project maintenance that are software experience, application understanding,
software development reference access to techniques, document quality, software
aging, group capability, environment dependency, and structure independence.
Rajiv D. Banker et al. [28] proposed function point complexity, project manage-
ment factors, user factors, and technical environment factors as factors affect-
ing software maintenance productivity using data envelopment analysis (DEA)
technique. Edward E. Ogheneovo [29] studied the relationship between software
complexity and software maintenance cost, and found that software maintenance
cost would be increased as software became more complex and bugs increased.
Nexhati Alija [30] proposed cost factors of software maintenance such as team
stability, contractual responsibility, staff skills, program age, program structure,
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stressful sort of work, and fluctuations in the workload and resourcing problems
in a study about the justification of software maintenance costs. Also, F. Niessink
and H. Van Vlient [31] claimed that software maintenance costs should be esti-
mated based on effort, and the effort could be affected by software complexity,
the number of change requirements, and program size. George E. Stark [32] cate-
gorized software maintenance cost factors such as duration, software complexity,
user satisfaction, and level of documentation.

As a result of analyzing the previous studies, the adjustment factors of soft-
ware maintenance cost are developed by the KJ method as shown in Table 4. We
derived five adjustment factors, namely software age, level of documentation,
developer experience, enterprise maturity level, and level of software complexity.

Table 5 shows the weights of the structured adjustment factors which are
obtained by the AHP method and criterion for weight. The weight of software
age can be obtained based on how many years have passed since the software was
developed. The criterion for the weight of level of documentation is composed
of “excellent,” “good,” and “poor.” The weight of developer experience can be
obtained based on the number of years worked as a developer, and the weight
of enterprise maturity level can be obtained based on the number of years since
the company was established, in which the software is being used. The weight of
level of software complexity can be obtained by the types of software approxi-
mately because the level of application complexity is estimated by the types of
application in the guide of the Korean software cost estimation model [26].

3.3 Verification of the developed model
3.3.1 Verification of model performance before applying adjustment factors

The 19 software maintenance projects were selected in Korea to verify the perfor-
mance of the developed model. From the software maintenance projects, the 19
actual data sets for cost components of software maintenance activities were col-
lected. The 19 data sets have four basic cost components that are used to calculate
the direct labor cost for each software maintenance service activity: the number
of occurrences for each software maintenance service activity, the average service
time for doing the service, the number of workers required to perform the soft-
ware maintenance service activity, and the level of the workforce required to do
the service activity. The actual data sets are summarized in Table 6.

With the actual data sets, the software maintenance cost for each software
maintenance project is estimated by the developed model. The estimated cost
obtained by the developed model was compared with the actual contract price of
the software maintenance project to evaluate the performance of the model. Three
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measurements were used to verify the model: the coefficient of determination
(R?), magnitude of relative error (MRE), and prediction quality (PRED) measure.
R? represents the rate of change in the dependent variable with the change in the
independent variable, and is defined on the range [0, 1]; the larger the R? value
of the model, the better it is fit. The magnitude of the relative error for the ith
observed value (MRE),) is defined as

MRE, = Ly‘ %)

Vi

where y; is the actual cost for the ith software maintenance project in the actual cost
data set, and y"; is the estimated value for the ith software maintenance project using
the proposed model. The mean of the MRE of the N estimates is

l n
MMRE,; = — » MRE
=N ©)

The smaller the MRE of the model, the better it is. The third measure is the
PRED for a given threshold, p, which is defined as the percentage of estimates
where MRE is not greater than the threshold. It provides an indication of the
overall fit of a set of data points, based on the MRE values for each data point.
For example, if PRED (0.20)=40%, then it means that 40% of the fitted values
fall within 20% of their corresponding actual values.

PRED (p) = k/N (N

where k is the number of estimates with MRE values failing in between 0 and p.

For the collected 19 data sets, the R*> value between the estimated costs and
actual contract prices is obtained in Fig. 2. In Fig. 2, the x-axis means the actual
contract price and the y-axis means the estimated cost by the developed model.
The R? value between the estimated costs and actual contract prices was 0.939.

Table 7 shows the MRE values obtained by the estimated cost and the actual con-
tract price for the selected 19 software maintenance projects. The maximum MRE
value was 43.91% and the minimum value was 0.61%. Furthermore, the mean MRE
value (MMRE) was 16.69%.

Table 8 shows the measured performance for 19 actual cost data sets in PRED.
The PRED (0.25) was 63%, the PRED (0.30) was 78%, and PRED (0.45) was 100%.
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Estimated Cost
40,000,000

35,000,000

¥=1.342X-1006671
R2=0.939

30,000,000
25,000,000
20,000,000
15,000,000
10,000,000

5,000,000

0
0 5,000,000 10,000,000 15,000,000 20,000,000 25,000,000 30,000,000

Actual Cost

Fig.2 R? value before applying adjustment factors

Table 7 Magnitude of relative

error for estimated cost and No Estimation cost Actual cost ?{/;:;E
actual cost
1 9,129,000 9,000,000 1.43
2 10,104,000 9,000,000 12.27
3 8,253,000 10,000,000 17.47
4 3,954,000 5,000,000 20.92
5 2,959,000 4,500,000 34.24
6 2,658,000 3,000,000 11.40
7 2,524,000 4,500,000 43.91
8 24,583,000 34,682,000 29.12
9 3,590,000 3,000,000 19.67
10 5,193,000 6,800,000 23.63
11 6,035,000 10,200,000 40.83
12 2,825,000 2,772,000 2.59
13 1,301,000 2,200,000 40.86
14 3,948,000 4,250,000 7.11
15 5,367,000 5,400,000 0.94
16 5,052,000 5,105,000 1.04
17 7,600,000 7,702,500 1.30
18 9,688,000 9,950,000 7.64
19 5,335,000 5,000,000 6.70
MMRE 16.69
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Table 8 PRED values obtained

Metri Value (% Metri Val
by the model for data set etries alue (%) etries (62 )ue
PRED(0.20) 63 PRED(0.40) 84
PRED(0.25) 73 PRED(0.45) 100
PRED(0.30) 78 PRED(0.50) 100
PRED(0.35) 84 PRED(0.55) 100

Table 9 Results of MRE after applying adjustment factors

No SA LD DE EM SC F G H (%) 1(%)
1 10 10 10 10 09 9,129,000 9,042,582.0 1.43 0.47
2 09 10 10 09 10 10,104,000 9,006962.1  12.27 0.08
3 10 10 10 10 11 8,253,000 9,990,949.1  17.47 0.09
4 10 10 1.0 09 1.3 3,954,000 5091,278.8  20.92 1.83
5 0 10 10 10 14 2,959,000 4,517,104  34.24 0.38
6 10 10 10 10 10 2,658,000 2,925221.6  11.40 2.49
7 L1 10 10 10 15 2,524,000 45837655 4391 1.86
8 .1 10 10 1.0 12 24583000 357135122  29.12 2.97
9 09 10 1.0 09 09 3,590,000 2,880,6453  19.67 3.98
00 11 10 10 10 16 5,193,000 6,683,366.5  23.63 1.72
11 1.1 10 10 10 16 6,035,000 7,649,383.7  40.83 25.01
12 09 10 10 10 10 2,825,000 2,798,597.6 1.91 2.83
3 1.1 10 10 09 15 1,301,000 2,125,653.8  40.86 3.38
4 10 10 10 10 10 3,948,000 43454352 7.11 225
15 09 10 10 10 10 5,367,000 5315,718.6 0.61 1.56
16 10 10 10 09 10 5,052,000 5,003,717.2 1.04 0.07
17 10 10 10 09 10 7,600,000 7,527,826.0 1.33 0.37
18 1.0 1.0 10 10 09 9,688,000  10,191,178.3 2.63 242
9 10 1.0 10 1.0 10 5,335,000 4,834,979.8 6.70 3.30
MMRE 16.69 3

SA: Weight of software age, LD: Weight of level of documentation, DE: Weight of developer experience,
EM: Weight of enterprise maturity level, SC: Weight of level of software complexity, F: Estimated cost
before applying adjustment factors, G: Estimated cost after applying adjustment factors, H: MRE before
applying adjustment factors, I: MRE after applying adjustment factors

3.3.2 Verification of model performance after applying adjustment factors

In order to increase the accuracy of the software maintenance cost estimation model,
we conducted additional tests using the adjustment factors in the software mainte-
nance cost estimation model. To do this, we investigated the weights of the adjust-
ment factors for the 19 software maintenance projects as shown in Table 9.
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Estimated Cost

40,000,000
35,000,000
30,000,000 Y=1.025322X-285840
R?=0.9927
25,000,000
20,000,000
15,000,000
10,000,000
5,000,000
0
0.00 10,000,000.00 20,000,000.00 30,000,000.00 40,000,000.00
Actual Cost
Fig.3 Results of R? after applying adjustment factors
Tablle 10 IZ?SI‘IIIS of l;RED‘after Metrics Before applying adjust-  After applying
applying adjustment factors ment factors (%) adjustment fac-
tors (%)
PRED(0.20) 63 94
PRED(0.25) 73 94
PRED(0.30) 78 100
PRED(0.35) 84 100
PRED(0.40) 84 100
PRED(0.45) 100 100
PRED(0.50) 100 100
PRED(0.55) 100 100

The multiple regression analysis was performed with the data of Table 9, and the
adjusted software maintenance cost can be obtained by the following equation:
Adjusted software maintenance cost

= Estimation cost X Weight of software age X Weight of level of documentation
X Weight of developer experience X Weight of enterprise maturity level
X Weight of level of software complexity x 0.0579(Correction coefficient)

®)
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As shown in Table 9, the maintenance cost of package software can be estimated
by applying the adjustment factors. We compared the MREs of before applying
adjustment factors and the MREs after applying adjustment factors, and the error
rate was reduced from 16.69 to 3% after applying the adjustment factors.

We also compared the R? value of before applying adjustment factors and the R?
value of after applying adjustment factors; the R> was improved from 0.939 in Fig. 2
t0 0.9927 in Fig. 3.

Next, we compared the PREDs of before applying adjustment factors and after
applying adjustment factors, and the results of PRED were improved as shown in
Table 10.

The high-performance models are often expected to have a high coefficient of
determination R?, small MMRE, and high PRED. Conte et al. [33] showed that
the standard acceptance levels for an estimation model were PRED (0.25)>75%
or MMRE <25%. For the selected 19 software maintenance projects, we obtained
R*=0.9927, MMRE=3%, and PRED (0.25)=94%. Therefore, the proposed pack-
age software cost estimation model has a high performance and can be reliably
applied to estimate the package software maintenance costs for actual projects.

4 Conclusion

Although the market for package software is growing rapidly, there are a few studies
on estimating the software maintenance cost of package software. Therefore, this
study investigated package software maintenance activities by reviewing previous
research, classifying the identified activity elements, and proposed a cost estimation
model based on the software maintenance activities. The activity-based model cal-
culates the direct labor costs and estimates the total cost for software maintenance.
To calculate the direct labor cost, the number of occurrences, the average service
time required, the number of workers required, and the manpower level for each
software maintenance activity are obtained.

In addition, we developed the adjustment factors to improve the accuracy of the
model. Software age, Level of documentation, developer experience, enterprise matu-
rity level, and level of software complexity was obtained as the adjustment factors.

To validate the model, we collected the cost data and data for adjustment fac-
tors for 19 actual package software maintenance projects from domestic compa-
nies, and compared the estimated cost obtained by the proposed model with the
actual contract price for each project. The performance of the developed model
was very high (R2> 99%, MMRE = 3%, and PRED (0.25)=94%).

This shows that the proposed model can be reliably applied to predict the pack-
age software maintenance costs for actual projects.

We developed a software package cost estimation model based on actual data.
It is necessary to continuously collect and verify the actual cost data and adjust-
ment factor data to improve the software package cost estimation model.
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