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ABSTRACT 
Maintaining and supporting the software of an organization is not 
an easy task, and software maintainers do not currently have 
access to decision support systems (DSS) to evaluate strategies for 
improving specific software maintenance activities. This article 
presents a DSS designed to help locate exemplary practices 
offered by the software maintenance maturity model (S3m). The 
contribution of this paper is to instrument a maturity model with a 
DSS tool to assist software maintenance practitioners with 
locating specific best practices that could help them solve 
software maintenance problems. 
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1. INTRODUCTION 
The knowledge transfer of the many best practices described in 
maturity models has proved difficult [1]. This is especially true 
during the training of an assessor or a new participant in a process 
improvement activity. It is also challenging to quickly refer to, or 
access, the right practice, or subset of practices, when trying to 
answer specific questions during or after a process maturity 
evaluation. 

The software maintenance maturity model S3m contains a large 
number of software maintenance concepts and information, which 
are structured in many successive levels [2]. The first is called the 
‘process domain level’, and groups together the maintenance 
practices in 4 process domains (process management, 
maintenance request management, software evolution 
engineering, and software engineering evolution support). Each 
process domain is broken down into one or more key process 
areas (KPAs). These KPAs logically group together items which 
conceptually belong together. For example, all training-related 
practices are grouped into one KPA. A KPA is further divided 
into roadmaps with one or more best practices spanning five 
maturity levels.  

The complete S3m has 4 domains, 18 KPAs, 74 roadmaps, and 
443 best practices. It would be beneficial to have a decision 
support system (DSS) to help access this complex structure with 
its large amount of information. A potential solution to this 
problem would be to develop a decision-based system for the 
S3m. This DSS could be made available to both maintainers and 
maintenance clients. The proposed modeling of a software 
maintenance DSS was based on the van Heijst methodology [3], 
which consists of constructing a task model, selecting or building 
an ontology [4], mapping the ontology onto the knowledge roles 
in the task model, and instantiating the application ontology with 
this specific domain knowledge. According to van Heijst, there 
are at least six different types of knowledge to be taken into 
account when constructing such a system: task goals, problem-

solving methods, task instances, inferences, the ontology, and the 
domain knowledge (see Figure 1). (Note that Van Heijst uses the 
different types of knowledge in a more generic way than we do in 
this document.)  

         
   Fig. 1. The various components of knowledge models [3] 
For van Heijst, domain knowledge refers to a collection of 
statements about the domain [4], which in our research here is 
software maintenance, divided into four process domains. 
Examples of statements are presented in section 3. At a high level, 
the ontology refers to a part of the software maintenance ontology 
proposed by [5] and presented in section 4. The problem-solving 
methods and tasks are described at length in section 5. The tool 
environment and conclusion, as well as future work, are presented 
in sections 6 and 7. Section 2 begins by presenting the goals of the 
software maintenance maturity model (S3m) used to create the 
DSS. 

2. GOALS OF THE SOFTWARE 
MAINTENANCE MATURITY MODEL 
The software maintenance maturity model (S3m) was designed as 
a customer-focused benchmark for either: 

  • auditing the software maintenance capability of a service 
supplier or outsourcer; 
 or 

  • supporting the process improvement activities of software 
maintenance organizations. 
To address the concerns of the maintainer, a distinct maintenance 
body of knowledge is required. S3m is also designed to 
complement the maturity model developed by the SEI at Carnegie 
Mellon University in Pittsburgh [6] by focusing mainly on 
practices specific to software maintenance. The architecture of the 
model locates the most fundamental practices at a lower level of 



maturity, while the most advanced practices are located at a 
higher level of maturity. An organization will typically mature 
from the lower to the higher maturity level as it improves. Lower-
level practices must be implemented and sustained for higher-
level practices to be performed successfully. 

3. S3m ARCHITECTURE AND 
KNOWLEDGE STATEMENTS 
Software maintainers experience a number of problems. These 
have been documented and an attempt made to rank them in order 
of importance. One of the first reported investigations was 
conducted by Lientz and Swanson [7], who identified six 
problems related to users of the applications, to managerial 
constraints, and to the quality of software documentation. Other 
surveys have found that a large percentage of the software 
maintenance problems reported are related to the software product 
itself. This survey identified structurally complex and old source 
code which had been badly documented. More recent surveys 
conducted among attendees at successive software maintenance 
conferences [8] ranked the problems they perceived as reported in 
Table 1. These are also examples of knowledge statements about 
the domain of software maintenance. Key to helping software 
maintainers would be to provide them with ways of resolving their 
problems by leading them to documented best practices. 

Table 1.  Top maintenance problems [8] 

Rank Maintenance problems identified by conference 
participants 

1 Managing fast-changing priorities 

2 Inadequate testing techniques 

3 Difficulty in measuring performance 

4 Missing or incomplete software documentation 

5 Adapting to rapid changes in user organizations 

6 A large number of user requests awaiting attention 

7 Difficulty in measuring/demonstrating the 
maintenance team contribution 

8 Low morale due to lack of recognition 

9 Not many professionals in the field, especially 
experienced ones 

10 Little methodology; few standards, procedures, or 
maintenance-specific tools  

11 Complex and unstructured source code  

12 Poor integration, overlap, and incompatibility of 
systems 

13 Little training available to personnel 

14 No strategic plans for maintenance 

15 Difficulty in meeting user expectations 

16 Lack of understanding and support from IT 
managers 

17 Maintenance software running on obsolete systems 
and technologies 

18 Lack of will to reengineer applications 

19 Loss of expertise when employees leave 

There are a growing number of sources where software 
maintainers can look for best practices, a major challenge being to 

encourage these sources to use the same terminology, process 
models, and international standards. The practices used by 
maintainers need to show them how to meet their daily service 
goals. While these practices are most often described within their 
corresponding operational and support processes, and consist of 
numerous procedures, a very large number of problem-solving 
practices could be presented in a DSS, which would answer their 
many questions about those problems. Examples are presented in 
section 6. Maintenance client problems could also be linked to 
these internal problems, because of their potential impacts. When 
using the software maintenance ontology in the DSS, it is 
necessary to consider the structure of the maturity model 
relationship between the many process domains, roadmaps, and 
practices. This problem is addressed next. 

4. ONTOLOGY OF SOFTWARE 
MAINTENANCE 
We elected to implement only a subset of the ontology developed 
by Kitchenham et al. [5] and Ruiz et al. [9] for the initial trial of 
this research project. The Kitchenham ontology was chosen 
because its author is well known in the maintenance area of 
software engineering. The following authors also write on the 
subject ([9], [10], and [11]) from the point of view of the DSS. 
Figure 2 describes the various maintenance concepts considered in 
a software maintenance activity. Software maintenance is highly 
event-driven, which means that some maintenance activities are 
unscheduled and can interrupt ongoing work. This subset of the 
ontology represents many, but not all, the concepts involved in 
responding to the questions related to the first problem identified 
by Dekleva, which is managing fast-changing priorities. 
Maintainers agree that this is the most important problem they 
face.  

       Fig. 2. Part of the software maintenance ontology of 
(Kitchenham and et al., 1999) 
 
How can they handle the customer’s fast-changing priorities? 
Answers to this problem are likely to be found via the many paths 
through the maintenance concepts of the ontology. Navigation 
through these concepts should lead to associated concepts which 
are conceptually linked and likely to contribute to a solution, like 
the need for better event management, change control, 
maintenance planning, Service Level Agreements, maintenance 
manager negotiation, training, procedures, and so forth. Many 
more concepts must be involved to contribute to all aspects of the 
solution, but our purpose is to show the utility of a DSS in the 
software maintenance domain, and this necessarily starts with a 
constrained number of concepts. Maturity models typically 
include the detailed best practices that could be of help in solving 



this type of problem. The main issue is that the best practice 
locations and their interrelationships are hidden in the layered 
architecture of the maturity model, specifically in its process 
domains, key process areas (KPAs), and roadmaps. It is therefore 
necessary to find a way to link this layered architecture to the 
maintenance concepts of the ontology and then analyze the tasks 
required to build a DSS to support the maintainers in their quest 
for solutions. The next section describes the navigation concepts 
that have been implemented in S3mDSS. The user of S3mDSS 
navigates by means of a sequence of tasks that will lead him to a 
further sequence of tasks. 

5. HIGH LEVEL VIEW OF THE S3mDSS 
According to [3], the first activity in the construction of a DSS is 
the definition of task analysis, which begins, at a high level, with 
a definition of an index of terms. This index includes words 
commonly used in software engineering (see Figure 3). From this 
index, a subset of more restrictive words is identified. This subset 
is a list of keywords specifically recognized in software 
maintenance. Each keyword is then connected to one or more 
maintenance concepts. A maintenance concept in software 
maintenance is a concept found in the Software Maintenance 
Body of Knowledge and ontology (represented in Figure 2). Every 
maintenance problem identified by Dekleva has been translated 
into a case problem and connected to the software maintenance 
ontology. Each case problem is then linked to a set of themes 
(questions), which help the user of the DSS to navigate to a part of 
the maturity model that will propose recommendations in the form 
of best practices. 

 
 
 
 
 
 
 
 
 
 
 
 
           Fig. 3. High-level view of S3mDSS architecture 
 
The link between the maintenance concepts and the maturity 
model is made in the concept of themes. Themes are questions 
which have been developed to hop from node to node in the 
ontology. A close look at Figure 2 reveals that the ontology 
concepts can sometimes combine different maintenance concepts, 
and, consequently, result in a set of recommendations. For every 
best practice of the maturity model, there is a linked theme (or 
choice) that the user can select (the corresponding “facts”) which 
will lead to a final specific set of recommendations.  This one-to-
one matching between theme and recommendation contributes to 
a composition of the set of recommendations directly adapted to 
the user context.  When presenting these recommendations, a 
distinction is made between ‘maintenance engineers/managers’ 
and ‘maintenance users/clients’ when presenting questions. We 

think that the same problems is perceived for both perspectives, 
but we need to adapt the way we ask a question based on the 
particular audience. In this case, when a maintenance client uses 
the DSS, themes are adapted to this culture, terminology, and 
level of understanding.  

The recommendations provided constitute a kind of invitation to 
implement a best practice to solve a problem. This approach tends 
to invite both maintainers and clients of maintenance to become 
aware of a possible solution to their common problem.  
Expanding the 6 high-level tasks presented in Figure 3, we 
actually implemented 12 detailed tasks, which help identify a 
subset of best practices related to the S3m.  

6 S3mDSS PROTOTYPE TECHNOLOGY 
Next, we present the technology used, as well as an overview of 
the design of the DSS. Then, we demonstrate how this DSS can be 
used to help a user answer a question and how a maintenance 
expert populates a complete case problem. 

6.1 S3MDSS prototype technology and high 
level design 
The S3mDSS was built using the Java, Java Server Pages, 
JavaScript, CSS, and HTML technologies. This combination of 
technologies was selected for its easy access via the Internet. 
Behind that, a SQL Server database was added to manage the 
knowledge base. This choice was justified by the lack of reactivity 
proposed by XML parsing previously. The architecture is based 
on a 3-tier model, which provides easy maintainability, and is 
composed of a presentation layer, a business layer, and a data 
access object (DAO layer. The business layer design has been 
split into 2 parts: the first part groups together all the controlling 
servlets, and the second part groups together all the business 
methods. Servlets ensure proper communication between the 
presentation layer and the business layer, while the business 
methods communicate with the DAO layer.  

 Table 2.  Examples of DSS questions  

# Questions 

A Are there training plans for new maintenance engineers 
about generic topics like management and process 
activities? 

B Do maintenance engineers periodically update their 
knowledge associated with the software that they maintain 
and its infrastructure? 

C Are maintenance engineers trained and motivated to 
perform well when using the processes/services and their 
support role? 

D Is any training communication with customers offered to 
software maintenance engineers? 

E Are any internal benchmarking data used to guide the 
training of maintenance resources? 

F Does the maintenance organization have a training 
budget? 

G Are there plans describing the training needed for each 
maintenance position and for individual application 
software? 

H Is there planned training time? 

I Do senior maintainers orientate new employees?  

J Are training needs defined for both technical and 



management responsibilities for each development 
project? 

K Do individuals working on predelivery and transition 
receive the training deemed appropriate by the software 
developer? 

 
Currently, more than 550 words and 70 keywords have been 

introduced into the DSS. Five maintenance problems identified by 
Dekleva were introduced and took 17 hours to address. We 
estimate that a further 2,000 hours are required to populate the 
knowledge base for all the S3m practices for maturity levels 0, 1, 
and 2. The DSS has 3 different interface types: administrator, 
expert, and user. The administrator interface manages access 
rights to the DSS, while the expert interface offers experts the 
option of adding new index words, keywords, concepts, cases, 
themes, and recommendations. In the next section, we 
demonstrate how the DSS helps a user answer a specific question: 
How can I improve a maintainer’s training. 

 

       Fig. 4. Effect of Yes/No answers in S3mDSS  
 

The DSS presents the user with the case problems associated with 
the selected maintenance concept in order of priority. A 
percentage of relevance is attached to each case problem that had 
previously been established by the expert. The user chooses, using 
yes or no answers to questions (see Fig 4), one or more case 
problems that represent the situation most similar to the one he is 
experiencing and would like help addressing, in our example: lack 
of training available to maintenance engineers. With this case 
problem, 11 themes were presented to the user in the form of 
questions (see Table 2). The user will find facts for each practice 
(theme), and then he can answer yes or no to any of the themes. 
As a function of the facts chosen, the system composes a set of 
recommendations for the user.  

The DSS prototype has a number of user interfaces that are used 
to query for solutions and also populate the information. This is 
presented in detail during the workshop. To populate the 
information a maintenance expert enters maintenance cases and 
link them to the maturity model set of practices for potential 
solutions. This interface allows maintenance experts to add, 
modify, or delete any of the DSS concepts. With this interface, 
maintenance experts can add a complete case to the DSS by 
respecting the sequence: recommendation, question, case 
problem, maintenance concept, keyword, and word order, because 
of the needed links between elements. Experts can also fill in 
information like the element name, help content, or links to upper 
and lower elements.  

All existing elements are accessible by conventional HTML lists, 
and can be added very easily by selecting and pressing a button. 
When the validation button is pressed, an additional interface is 
presented, where association percentages between linked elements 
can be selected. Experts can use HTML markups to add 
hyperlinks, lists, or tables.  

7. Conclusion and future work 
Next, Identifying the best practices in a maturity model is a 
difficult task, considering the number and the multiple possible 
answers associated with each possible question. In this paper, we 
propose a decision support system (DSS) that could help guide the 
user towards an appropriate recommendation. The next step in this 
research project is to continue the work of populating the DSS 
with a large number of cases [12], add levels of maturity, and 
validate the results with maintenance experts and end-users to 
determine whether or not the DSS could be a useful support tool 
to guide maintainers in exploring the content of the detailed 
recommendations of the software maintenance maturity model.  
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