
 

 

 

Abstract—The purpose of this paper is to develop a model for 

maintenance cost estimation of package software. First, we classified 

software maintenance activities to develop an activity based software 

maintenance cost estimation model. Second, we analyzed cost factors 

to constitute total software maintenance cost and developed a model to 

estimate software maintenance cost based on the activities and the cost 

factors. Finally, we verified the model with actual cost data of software 

maintenance projects. The results showed that the developed model 

had good performance in terms of MMRE and PRED. This model can 

be used to set budget for the software maintenance project which is 

placed an order by government. 
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I. INTRODUCTION 

OFTWARE maintenance is defined as the modification of a 

software product after delivery to correct faults, to improve 

performance or other attribute [5]. Planning software 

maintenance work which involves estimating size, effort, 

duration, staff, and costs is a key factor for a successful 

maintenance project [1]. Cost estimation is a valuable work to 

maintenance managers in planning maintenance activities and 

performing cost/benefits analysis [1]. 

Over the years, a number of software maintenance cost 

estimation models have been proposed, to emphasize particular 

aspects of software maintenance [1,2,4,7,14]. However, most of 

models for software maintenance cost estimation were focused 

on cost estimation for maintenance services of the customized 

product which was software to be commissioned by a particular 

customer. Therefore it needs to do research on how to estimate 

maintenance cost of package software.  

A survey showed that 17.6% of software sales in package 

software companies in Korea were averagely the sales for 

maintenance of the package software in 2010.  It is quite low 

level comparing with that of global package software 

companies. Also, when a project owner sets budget for software 

maintenance project for package software which is used in 

government, he estimates the maintenance cost just by 
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considering the specified rate to the contract price of the 

package software. Usually the rate to the contract price for 

maintenance cost estimation is quite low level in Korea. So the 

companies of package software have difficulty in profitability in 

Korea. Therefore we need to have model based approach for 

maintenance cost estimation of package software. 

The purpose of this paper is to develop a model for 

maintenance cost estimation of package software in Korea. In 

this paper, we first analyze activities for software maintenance 

service of package software. Second, we develop a model for 

maintenance cost estimation of package software. Finally, we 

evaluate the performance of the developed model with actual 

cost data from software maintenance projects for package 

software. 

II. SOFTWARE MAINTENANCE SERVICE ACTIVITY 

The maintenance cost is affected by a large number of factors 

such as size and types of maintenance work, personnel 

capabilities, the level of programmer’s familiarity with the 

system being maintained, processes and standards in use, 

complexity, technologies, the quality of existing source code, 

and its supporting documentation [2,9,12]. Also, software 

maintenance has very broad activities that include error 

correction, enhancements of capabilities, deletion of obsolete 

capabilities, and optimization [3,5,6]. 

For developing a model for maintenance cost estimation of 

package software, we tried to classify maintenance service 

activities of package software. To do this, we investigated the 

maintenance service activities of security software and open 

source software. 

The maintenance service activities of security software were 

classified into pattern maintenance service, certification service, 

enhancement service, and technology support service [11]. The 

pattern maintenance service includes service to fix errors of the 

package software and version patch of the software, etc. The 

certification service includes service to grasp how much the 

customer requirements accord with the functions of the package 

software and service for planning quality assurance, and so on. 

The enhancement service includes service to develop new 

defense technologies for new types of hackings. The technology 

support service includes failure recovery service, support for 

help desk, preventive maintenance service, and so forth. 

The maintenance service activities of open source software 

were categorized into services for installation, providing patch, 

update, upgrade, optimization, tuning, problem solving, 
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monitoring, online support, technology consulting, and 

indemnification and so on [8]. 

Based on the classification of maintenance service activities 

of security software and open source software, we classified 

maintenance service activities for package software into product 

service, technology service, training service, and quality 

assurance service. The product service is composed of 

corrective patch service, adaptive patch service, and update 

service. The technology service consists of online support, 

urgent visiting service, and regular visiting service. The 

maintenance service activities derived from our research are 

categorized as the TABLE I. 
 

TABLE I 

SOFTWARE MAINTENANCE SERVICE ACTIVITY 

Type Service Service Contents 

Product Corrective 

Patch 

Patch service with which some errors of the 

package software can be fixed. 

Adaptive 

Patch 

Patch service with which the package software 

can work well in various types of software 

environment, for example adaptive maintenance 

service to change of operating system. 

Update Service for development and distribution of a 

new version in which some functions are added 

or modified. 

Technology 

 

Online 

Support 
Service for regular online support including 

remote service for regular support and 

monitoring service. 

Urgent 

visiting 

service 

Serviceman’s visiting service to fix breakdown 

of the package software including reinstallation 

service of the package software. 

Regular 

visiting 

service 

Serviceman’s visiting service for preventive 

maintenance of the package software regularly. 

Training Training for operators and users to use the 

package software well. 

Quality Assurance Legal support to use the package software, 

support for quality assurance,  and support for 

quality certification process, etc. 

III. A MODEL FOR SOFTWARE MAINTENANCE COST 

ESTIMATION 

In this chapter, we will develop a model for maintenance cost 

estimation of the package software, which is based on the 

software maintenance service activities. First, we will analyze 

the cost factors for maintenance services of package software. 

Next we will develop a model for estimating maintenance cost 

of package software. This model will be based on the activities 

for maintenance service of package software and cost factors 

which compose maintenance cost of package software. Finally 

we will obtain actual cost data from the maintenance projects of 

package software and compare the estimated cost and actual 

cost to evaluate the performance of the developed model. 

A. Structure of Software Maintenance Service Cost 

The cost factors for software maintenance service of package 

software are made up of labor cost, overhead expense, 

engineering fee, direct expense, and value added tax.  

The labor cost for maintenance service is the main 

component of maintenance cost and is the direct labor cost for 

workforce to do software maintenance activities. So this cost is 

the direct labor cost for workforce to do corrective patch service, 

adaptive patch service, online support, urgent visiting service, 

regular visiting service, and training. This cost factor can be 

calculated by each maintenance service activity. The cost for 

each maintenance service activity can be estimated by 

multiplication of occurrence frequency, average service time, 

the required number of workforce, and the level of workforce. 

Then the total labor cost can be obtained by summing the costs 

of each maintenance service activity. 

The overhead expense is the indirect overhead costs to do 

maintenance service including planning cost and management 

cost, and cost for general affairs, etc. In engineering cost 

estimation model in Korea, this overhead expense has 

110%~120% to the labor cost [10]. 

The engineering fee means the costs for research and survey, 

technology development, technology training, margin and so on. 

So the costs for updating the package software and for quality 

assurance in TABLE I can be considered as components of the 

engineering fee. In engineering cost estimation model in Korea, 

this engineering fee has 20%~40% to sum of the labor cost and 

the indirect overhead expense [10]. 

Also, we should consider the direct overhead cost and value 

added tax additionally. The direct overhead cost can be 

estimated separately by calculating the required direct cost to do 

the maintenance service. The value added tax is 10% to total 

cost in Korea. 

The structure of software maintenance service cost is shown 

in the Figure 1. 

 

 
Fig. 1 Structure of software maintenance service cost 

 

B. Model for Maintenance Cost Estimation of Package 

Software 

With the maintenance service activities of package software 

and the structure of maintenance service cost of package 

software, we will develop a model for software maintenance 

cost estimation of the package software. 

First, we calculate the direct labor cost for maintenance 

service by each maintenance service activity. The direct labor 
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cost can be obtained by multiplying occurrence frequency of 

maintenance service, average service time for the maintenance 

activity, the required number of workforce for the maintenance 

activity, and the level of workforce to do the maintenance 

service activity. Those values can be obtained from the 

experience points of the previous software maintenance project 

and be modified to the current situation. For example, we can 

guess the occurrence frequency of corrective patch service as 

6.0 times/year, average service time of a corrective patch 

service as 1.0 hour/case, the required number of workforce to do 

the corrective patch service as one person/case, and the level of 

required workforce as high level from the historical 

maintenance profiles of package software. In this example, the 

direct labor cost for corrective patch service is 179.25 dollars (= 

6.0 times/year × 1.0 hour/case × 1.0 person/case × 239 

dollars/person, day × 1/8 hours/day). Then we can obtain the 

total labor cost by summing costs for corrective patch service, 

adaptive patch service, online service, urgent visiting service, 

regular visiting service, and training service. 

 

Direct Labor Cost = 

Σ {Occurrence Frequency × Average Service Time  

× Number of Workforce × Unit Cost of Wage 

 by Level of Workforce}           (1) 

 

Second, the indirect overhead expense can be estimated by 

calculating 110%~120% of the direct labor cost, which is 

defined in engineering cost estimation model in Korea. We 

applied 110% in our model. 

Third, the engineering fee can be obtained by calculating 

20%~40% of sum of the direct labor cost and the indirect 

overhead expenses. We used 20% in our model. 

Fourth, the direct expense can be obtained by calculating 

direct cost to do maintenance service except the labor cost. 

Finally, the value added tax can be calculated by 10% to total 

cost. 

Therefore total cost for maintenance cost of package software 

can be estimated by the following formula: 

 

Total Cost = Direct Labor Cost  

+ Indirect Overhead Expense + Engineering Fee  

+ Direct Expense + VAT                       (2) 

 

= Direct Labor Cost   

+ 110% of Direct Labor Cost + 20 % of 

 (Direct Labor Cost + 110% of Direct Cost) 

+ Direct Expense + VAT                          (3) 

 

= Direct Labor Cost × 2.52  

+ Direct Expense + VAT                       (4) 

 

Therefore the estimated cost for maintenance service of 

package software can be calculated by (4). Eventually we can 

estimate maintenance service cost of package software by 

calculating the direct labor cost and estimating direct expense. 

The total cost can be calculated with the following template 

easily: 

  
TABLE II 

TEMPLATE FOR MAINTENANCE COST ESTIMATION OF PACKAGE SOFTWARE 

Contract Price 20,000 

Rate for 

maintenance 

service 

13.00% 

Activity 
Correctiv

e path 
Adaptive 

path 

Online 

support 

Urgent 

visiting 

service 

Regular 

visiting 

service 

Training 

Occurrence 

frequency 
6.0 6.0 36.0 6.0 12.0 2.0 

Average  

service time 
1.0 1.0 1.5 1.0 1.0 1.0 

Number of 

workforce 
1.0 2.0 1.0 1.0 1.0 1.0 

Level of 

workforce 
High High Middle Middle Middle Middle 

Cost by each 

activity 
66 133 470 52 105 17 

Activity based 

cost estimation 
2,658 

Actual cost 2,600 

Relative error 2.2% 

 

C. Evaluating Model Performance 

To evaluate the performance of the developed model, we 

obtained 17 actual cost data for maintenance service projects of 

package software from package software companies in Korea, 

which are summarized in TABLE IV. We compared the 

estimated cost which was calculated by the developed model 

and the actual cost for maintenance service. 

In the evaluation of the performance of the developed model 

we applied three measures. 

The first measure is the coefficient of determination R
2
 which 

represents the percentage of variation in the dependent variable 

explained by the independent variables of the model. The 

coefficient of determination R
2
 was 0.94758. Since the R

2
 value 

is so high, it seems that our model has good performance. 

The second measure is the mean of magnitude relative error 

(MMRE) which is based on residual analysis.  The magnitude of 

relative error (MREi) on an observation i is 

 
i

ii

i y

yy
MRE

-*

=         (5) 

where yi  is the value of the i
th

 value of the dependent variable as 

observed in the actual cost data set and yi
*
 is the corresponding 

estimated value from the model. The mean of magnitude 

relative error of N estimates is defined as 

∑
N

i

iMRE
N

MMRE

1=

1
=           (6) 

The MREi for our data set is shown in the Figure 2. The 

MMRE for our data set was 18.1%. 
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Fig. 2 The MRE values obtained by the model for data set 

 

The third measure is PRED which is defined as the 

percentage of estimates where MRE is not greater than the 

specified value. PRED(p) is k / N, where k is he number of 

estimates with MRE values failing in between 0 and p. The 

PRED(0.25) for our data set was 70.6%,  the PRED(0.30) was 

76.5%, the PRED(0.40) was 83.4%, and the PRED(0.50) was 

100% 

The summary of results obtained by the model from 17 actual 

data is shown in the TABLE III. 
 

TABLE III 

ASSESSED MODEL PREDICTIVE PERFORMANCES 

Metrics Value 

R2 0.94758 

MMRE 18.1% 

PRED(0.25) 70.6% 

PRED(0.30) 76.5% 

PRED(0.40) 82.3% 

PRED(0.50) 100% 

 

High performance models are often expected to relate with 

high coefficient of determination R
2
, small MMRE, and high 

PRED. According to the research by Conte et al. [13], 

PRED(0.25) ≥ 0.75 and MMRE ≤ 0.25 are standard acceptance 

levels for effort estimation model. So our model has high 

performance measures. Therefore we can expect that our model 

has good performance and our model can be applicable to 

estimate maintenance cost of package software in real world 

projects.   

IV. CONCLUSION 

In this paper, we developed a model for maintenance cost 

estimation of package software. The activities for software 

maintenance service were first classified. The cost factors to 

constitute software maintenance cost were deduced and the 

structure of software maintenance cost was developed with the 

cost factors. The model to estimate software maintenance cost 

was developed with the structure of software maintenance cost. 

To verify the model, we obtained the cost data from 17 software 

maintenance projects and compared the estimated cost which 

was obtained by the developed model and the actual cost for 

each maintenance project of package software. The mean of 

magnitude of relative error between the estimated cost and the 

actual cost was 18.1% and the PRED(0.25) of our model was 

70.6%. This implies that the developed model can be applied to 

estimate maintenance cost of package software in real world 

project. 

However, the maintenance cost of package software is 

affected by a large number of factors. So it needs to study on 

some adjustment factors to increase the performance of the 

model as further research. 
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TABLE IV 

DATA FOR EVALUATING PERFORMANCE OF THE MODEL  

NO. 
CP AP OS UV RV TR 

AC EC 

OF ST NW LW OF ST NW LW OF ST NW LW OF ST NW LW OF ST NW LW OF ST NW LW 

1 5 10 3 H 5 5 3 M 24 1 2 M 4 2 1 M 4 1 1 L 4 1 2 M 9,000 9,129 

2 88 0.3 1 L 0 0 0 - 107 1 1 H 0 0 0 - 16 1 1 M 77 1 2 H 9,000 10,104 

3 1 5 5 H 2 20 5 H 5 1 1 M 2 1 2 H 4 1 1 M 1 1 1 L 10,000 8,253 

4 1 5 3 H 2 15 3 H 4 1 1 M 1 1 2 M 4 1 1 L 2 1 1 L 5,000 3,954 

5 10 1 3 H 2 1 1 M 50 0.5 1 H 5 1 3 H 12 1 1 M 5 2 0.5 L 4,500 2,959 

6 6 1 1 H 6 1 2 H 36 1.5 1 M 6 1 1 M 12 1 1 M 2 1 1 M 3,000 2,658 

7 6 1 1 M 6 1 2 M 36 1.5 1 M 6 1 1 M 12 1 1 M 2 1 1 M 4,500 2,524 

8 120 1.5 1 M 40 5 1 M 240 2 1 M 10 2 1 M 12 1 1 M 4 1 1 M 34,682 24,583 

9 5 3 2 H 6 2 2 M 3 0.5 1 H 10 2 2 H 12 1 1 M 4 1 1 M 3,000 3,590 

10 7 2 4 H 10 1 1 M 30 0.5 1 H 15 0.5 1 H 12 0.5 1 M 5 1 2 M 6,800 5,193 

11 7 2 4 H 10 1 1 M 50 0.5 1 H 30 0.5 1 M 12 0.5 1 M 5 1 2 M 10,200 6,035 

12 2 2 1 H 5 1 1 M 120 0.5 1 M 7 1 1 H 12 1 1 M 6 2 1 M 2,880 2,825 

13 1 3 2 H 6 3 1 M 20 0.5 1 M 5 1 1 M 12 0.5 1 M 1 1 1 L 2,200 1,301 

14 6 2 5 M 6 2 5 M 30 0.5 1 L 5 1 1 M 12 0.5 1 L 2 1 1 H 4,250 3,948 

15 4.8 2 1 M 1.2 5 1 M 0 0 0 - 360 0.5 1 M 0 0 0 - 0 0 0 - 5,400 5,367 

16 24 2 2 H 6 5 1 H 0 0 0 - 120 0.2 1 M 0 0 0 - 0 0 0 - 5,000 5,052 

17 24 5 1 M 1.2 20 2 H 0 0 0 - 480 0.2 1 M 0 0 0 - 0 0 0 - 7,500 7,600 

CP : Corrective patch service, AP : Adaptive patch Service, OS : Online support service,  UV : Urgent visiting service, RV : Regular visiting service,  

TR : Training service 

OF : Occurrence Frequency(times/year) , ST : Average service time(hour/case), NW : Required number of workforce(person/case),  

LW : Level of required workforce (High, Middle, Low) 

AC : Actual maintenance cost(dollars), EC : Estimated cost by our model(dollars) 
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