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Abstract 
 

Reuse of the software development process and its 
knowledge and experiences is a critical factor for the 
success of the software project. On the other hand, the 
software development process needs to be tailored to 
reflect the specific characteristics of the software 
project. So, if we can retrieve a similar process to a 
new project, process tailoring will be less costly and 
less error-prone because the retrieved process can be 
tailored to the new case with fewer modifications. In 
this paper, we propose the case retrieval method based 
on structural similarity. The structural similarity is 
calculated by the degree that process elements in a 
past case are applicable to a new project. By 
measuring the structural similarity, the retrieved 
process is ensured to be tailored to the new case with 
fewer modifications. We validate the usefulness of our 
method through the experiments using 30 cases.  
 
 
1. Introduction 
 

The software process has been recognized as a main 
factor for improving the productivity and quality of 
software. One of the key issues in applying the 
software process is how to tailor the software process 
to meet the characteristics of a new project [1],[2]. 
Tailoring software process depends on experts’ 
personal knowledge and experiences. However, the 
quality of the software process cannot be ensured when 
the expert of an organization transfers to other places, 
or a new manager is in charge of managing the 
software process. Moreover, even for the experts, the 
process tailoring is time-consuming, costly and error-
prone [3]. To resolve these problems, a systematic 
approach is needed to manage the experiences and 

knowledge in process tailoring and to reuse them in 
performing similar projects. 

Case-based reasoning (CBR), which serves as a 
framework for managing and reusing previous problem 
situations, has been used as a solution to deal with the 
process tailoring [4],[5],[6]. In the CBR based process 
tailoring approaches, the case base is constructed with 
a process repository and a tailoring knowledge 
repository [4],[6]. With the information of a new 
project case, a similar case to the project is retrieved 
from the process repository. Then the process in the 
retrieved case is tailored using relevant tailoring rules 
of the tailoring knowledge repository. 

A primary concern of CBR-based process tailoring 
approaches is how to retrieve the most similar case for 
a new project. Retrieving the most similar case is 
important because the process in the retrieved case is 
used as a basis for the consequent tailoring. If a large 
part of the retrieved process is not suitable for the new 
project case, it will require much effort to tailor the 
process. Also, the resulted process may become error-
prone due to many modifications.  

Existing CBR-based process tailoring method 
approaches a case retrieval based on comparing values 
of a process classification scheme [4]. This is a 
common way of managing the similarity in general 
CBR systems [7]. However, this approach has 
limitation in that it focuses on the environment, not the 
process itself.  

We propose a method which retrieves a case by 
measuring structural similarity. Since the purpose of 
the case retrieval is to help further tailoring of the 
retrieved process, the retrieved process should be 
easily transformed to the process to be performed. 
Hence, the goal of our method is to find the process 
that can be transformed to the process to be performed 
with minimal modifications using structural 
comparison.  



In real situations, however, we cannot decide the 
process with minimal modifications in advance. That is 
because we are not able to identify the process to be 
performed before performing the tailoring. Hence, our 
method focuses on retrieving the process which is 
estimated to require few modifications in the 
consequent tailoring. 

We assume that the more elements of candidate 
process are applicable to the new case, the fewer 
additional modifications will be required for the 
transformation. The assumption is based on the fact 
that if many elements of a process are applicable to the 
new case, a large part of considerations for the 
consequent tailoring is already reflected in the process 
by adopting those elements in advance. According to 
this assumption, we define the similarity as the degree 
that process elements in a past case are applicable to 
the new case. By measuring the similarity in a 
structural aspect, we can ensure that the retrieved 
process is tailored with fewer modifications. With 
fewer modifications, the suitable process can be 
established with the minimal modification effort and 
errors. 

The remaining sections are organized as follows. In 
Section 2, related work is introduced and compared to 
our method. In Section 3, the process classification 
scheme is described, which is used as initial input for 
the case retrieval. In Section 4, structures for case 
representation are presented, which forms a basis for 
the similarity calculation. In Section 5, the method to 
retrieve the most similar case is described. In Section 6, 
our method is evaluated by experiments. Finally, 
conclusion is proposed with summary and future 
directions in Section 7. 
 
2. Related work 
 

CBR-based systems usually use a similarity 
measure using weighted Euclidian distance based on 
attribute-matching [7]. Similarly, CBR-based process 
tailoring approach proposed by Ahn et al. [4] uses 
factor-matching method in the case retrieval. In that 
approach, values of domain factors in the past cases are 
compared to those of a new project case, and the 
similarity is calculated by the sum of factors of which 
values are identical.  

This type of approaches indirectly decides the 
similarity of process using factors of the process 
classification scheme. In other words, they mainly 
consider the environment which a process is performed 
in. However, the goal of the process retrieval is to find 
the process suitable for the consequent tailoring, rather 
than to find the process of which environment factors 
are similar. Also, it is reported that the cost for 

customization in the factor-matching approach is 
higher than in the approach of considering required 
modifications [6].  

Our approach has a common basis with our 
previous work, the Least Modification Principle (LMP) 
[6] in considering the structural aspect. LMP finds the 
case which is estimated to require less modification 
effort to transform it into the new case.  The effort is 
regarded as the number of modifications described in a 
modification rule. In that sense, LMP places the same 
level of importance on every type of process elements, 
such as an activity or a task. However, the importance 
of each type of element is different in the structural 
comparison. Also, even for the modification effort, 
actual modification requires examining and modifying 
all the lower level elements which belong to the 
element described in the rule. Therefore, we refine the 
LMP by selecting a unit of measure and utilize it for 
measuring the similarity. 

 
3. Process classification scheme 
 

Process classification scheme consists of 
characteristics which identify a process from other 
processes. Since the process classification information 
is used for initial input in case retrieval, various 
characteristics affecting the software process should be 
considered carefully when establishing the process 
classification scheme.  

In our approach, we establish the process 
classification scheme by referring process tailoring 
guidelines in international standards [8],[9],[10] and 
literature [11],[12]. Since each standard and literature 
is written for a different domain, the characteristics 
appearing in at least two sources are chosen for 
objectivity. The result of establishing the process 
classification scheme is shown in Table 1. 

 

Table 1.  Process classification scheme for 
knowledge-based process tailoring  

Category Values Multi-
plicity 

Lifecycle 
{Waterfall, Evolutionary, 
Builds, Incremental, 
Spiral}

Single 

Number of 
iterations <Integer> Single 

Application type 

{Package S/W, Web-based 
S/W, Data processing, 
Control-centric, 
Embedded, Platform, 
Command & Control, MIS, 
Component development} 

Multiple 



Development type 
{New-development, 
Maintenance, Prototype, 
In-house, Contracted} 

Multiple 

Project size {Small, Medium, Large} Single
Software 
complexity {Low, Medium, High} Single 
Required 
maintainability { Low, Medium, High} Single 
Software criticality { Low, Medium, High} Single
General purpose { Low, Medium, High} Single
Requirement 
stability and 
firmness 

{ Low, High} Single 

Use of existing 
modules(OTS) { Low, High} Single 
Developers’ 
experience { Low, Medium, High} Single 
Project schedule 
risk { Low, Medium, High} Single 
Cost risk { Low, Medium, High} Single

 
4. Structures for case representation 
 

In our approach, a case is represented as 
combination of process classification information, a 
performed process and a set of applied tailoring rules. 
In this section, structures of the process and tailoring 
rules are explained.  

 
4.1. Process structure  
 

We define the process based on SPEM (Software 
Engineering Process Meta-model) 2.0[13] from OMG 
(Object Management Group). SPEM is used to define 
software and system development processes and their 
components. The main part of the process structure in 
SPEM is concisely introduced in Figure 1. 

 

Figure 1. Process structure 
 

Process is described as combination of Activities. 
Activity represents a higher level grouping of works 
and can be nested to other Activities. Task is a unit of 
assignable work and consists of atomic elements called 
Step. A Role represents the responsibility of 

performing Task. A Work Product represents anything 
produced, consumed, or modified by Task. 

Figure 2 shows an example of a process description 
based on the process structure.  

 

 
Figure 2. An example of a process description 

 
4.2. Tailoring rule structure  

 
Knowledge from the tailoring is described as a 

tailoring rule. A tailoring rule consists of Tailoring 
Actions and Tailoring Rationale. The tailoring rule 
structure is depicted in Figure 3. 

 

 
Figure 3. Tailoring rule structure 

 
Tailoring Action has three types. Add Action 

represents the addition of a process element to its 
parent element. Remove Action represents the removal 
of a selected process element. Likewise, Replace 
Action represents the replacement of process elements 
of the same type according to the process structure.  

Tailoring Rationale describes reasons for tailoring 
and is expressed with factors from the process 
classification scheme. If there are multiple factors in 



the Tailoring Rationale, it means that the factors 
influence the Tailoring Action together. 

The factors can take three types of values: numeric, 
ordinal and nominal. In the cases of factors with a 
numeric or ordinal value, the value-factor pair is 
expressed as an interval form. In the case of factors 
with the nominal value, the factor may be expressed as 
a single value or multiple values according to the 
multiplicity of the value. 

Figure 4 shows an example of a tailoring rule. As 
seen in the figure, a Tailoring Rationale only covers 
values of the factors (‘Project Size’ and ‘General 
Purpose’) that explain the reason for the tailoring.  
 

 
Figure  4. An example of tailoring rule 

 
A tailoring rule may include other tailoring rules 

according to a dependency relationship. For example, 
if a tailoring rule replaces some Steps which are added 
by another tailoring rule, then the former tailoring rule 
has dependency on the latter.  
 
5. A Method to retrieve the most similar 
case by structural similarity 
 

Basically, the similarity is defined as the degree that 
process elements in a past case are applicable to the 
new case, as mentioned earlier. Based on this 
definition, our method finds the most similar cases in 
three steps: deciding the applicability of tailoring rules, 
calculating the similarity, and retrieving the most 
similar case. The overview of the approach is described 
in Figure 5.  

 
Figure 5. Overview of the approach  

 
In the first step, we decide the applicability of 

tailoring rules which are applied in each case. We first 
consider the tailoring rules because they describe the 
reasons for tailoring process elements. As a result, the 
tailoring rules in a case are divided into two groups 
according to their applicability. 

In the second step, we calculate the similarity of 
each case. In this step, we utilize Step of the process 
structure as a unit of measure. For each tailoring rule 
group, the number of tailored Steps is calculated. Then 
the similarity is decided by the difference between the 
numbers of tailored Steps of each group. 



In the last step, the most similar case is determined 
by comparing the similarity of each candidate case. 

For the case retrieval method, we only deal with 
tailored process elements of a past case. It is because 
tailored process elements represent the unique 
characteristic of a process, and difference between 
processes can be captured by comparing the tailored 
process elements. 

The description of each step of the method is as 
follows. 

 
5.1. Deciding the applicability of tailoring rules 
 

A tailoring rule is applicable to a new project if it 
conforms to following properties. 
 

 All values of associated factors in the Tailoring 
Rationale match to those in the process 
classification information of a new project. 

 All the tailoring rules which the tailoring rule has 
a dependency on are applicable. 

 
To figure out the Tailoring Rationale matches to a 

new project, each value of associated factor in a 
tailoring rule is compared to those of the new project. 
As mentioned earlier, a factor may have one of the 
three types of values: numeric, ordinal and nominal.  

In a Tailoring Rationale, the values of the numeric 
or ordinal type in a Tailoring Rationale are described 
as an interval form. On the other hand, those of a new 
project are described as a single value. Therefore, in 
the case of comparing numeric values or ordinal values, 
they match if a value of a new project is in the range of 
an interval value of Tailoring Rationale. 

Factors with the nominal value may have a single 
value or multiple values. In the case that a factor has a 
single value, they match if they have the same value. In 
the case that a factor has multiple values, they match if 
all the values in a Tailoring Rationale appear in the set 
of values in a new project. 

Here’s an example of matching Tailoring Rationale 
to the process classification information of a new 
project. Suppose that a Tailoring Rationale of a 
tailoring rule has following values. 

 
 Project Size  

= {Lower Value=‘Low’, Upper Value=‘Low’} 
 Development type={‘New Development’} 
 
Then, suppose that process classification 

information of a new project case has following values. 
Other factors in the classification for the new project 
are omitted for space. 

 

 Project Size = {‘Medium’} 
 Development Type = {‘New Development’, 

‘Software not Delivered’} 
 
In this example, values of ‘Project Size’ do not 

match because the value of the new project is not in the 
range of the interval value of the Tailoring Rationale. 
On the other hand, values of Development Type match 
because the value ‘New Development’ in a Tailoring 
Rationale appears in the set of values {‘New 
Development’, ‘Software not Delivered’} of a new 
project. Consequently, the tailoring rule is not 
applicable to the new project because not all values of 
factors in the rule match to those of the new project. 

According to the applicability of tailoring rules in a 
case, the rules are grouped into two groups: the 
applicable tailoring rule group and the not-applicable 
tailoring rule group. They are used as input of the next 
step. 

 
5.2. Calculating the similarity 
 

In this step, we calculate the similarity of each case. 
As a unit of similarity measure, our method utilizes 
Step of the process structure because it is the minimal 
unit of work. Even though tailoring rules also describe 
other process elements such as Roles and Work 
Products, Roles don’t affect what to perform and Work 
Products are produced by performing Steps. Therefore, 
we regard Step as a unit of measure. 

The algorithm for calculating the similarity is 
described in Figure 6.  
 

 
Figure 6. Algorithm for calculating the 

similarity 

 
For each tailoring rule group produced by the 

previous step, the number of tailored Steps is 



calculated. Then the similarity is decided by the 
difference between the number of applicable tailored 
Steps and the number of not applicable tailored Steps. 
In other words, the degree that the process elements are 
applicable is defined as the difference between the 
numbers of tailored Steps of each group. 

The number of tailored Steps is counted by 
‘getTailoredStepCount’ function in Figure 6. It is 
counted by examining every element in the rule, and 
identifying the number of Steps which the element 
includes. In the case of Replace Action, we add the 
bigger Step count from the injectedElement and the 
ejectedElement. Its detail algorithm is explained in 
Figure 7. 

 

 
Figure 7. Algorithm for counting tailored 

Steps 
 
5.3. Retrieving the most similar case 
 

The most similar case is the case with the maximum 
similarity. Thus, the most similar case is retrieved by 
comparing the similarity of candidate cases.  

 
6. Evaluations 
 

In this section, we validate the usefulness of our 
approach. The research hypotheses to be validated in 
this section are described as follows. 

 
 Hypothesis 1: For a given case, the difference 

between the retrieved process from our approach 
and the actual similar process is small enough.  

 Hypothesis 2: For a given case, the retrieved 
process by our approach is more similar than 
processes retrieved by other approaches.  

 
In Hypothesis 1, the actual similar case is defined as 

the process that can be transformed to the process to be 
performed with minimal modifications. As mentioned 
in Section 1, this case cannot be identified before 
performing the tailoring. However, this case is 
meaningful because the actual similar case is the ideal 
case for the case retrieval method. In the first 
experiment, we show that the retrieved process by our 
method is close to the actual similar process. 

In hypothesis 2, we compare the results from our 
approach to the results from one of the typical factor-
matching approaches [4] to show the superiority of 
ours. LMP in the related work is not applicable to the 
experimental data, because the current data set includes 
tailoring rules which has Tailoring Rationale of 
multiple factors. For example, some Steps should be 
removed when Criticality and Size is both low. LMP 
cannot deal with this situation. Hence, LMP is not 
considered in the experiment. 

For the experiments, we designed 30 cases for the 
military domain based on ADDMe (Advanced Defense 
component Development Methodology) [14], the 
standard process of the Korean armed forces. ADDMe 
consists of 12 Activities, 37 Tasks, 39 Work Products 
and 98 Steps. We modeled the standard process 
according to the process structure, and tailored the 
standard process for 30 cases.  
 
6.1. Validating the accuracy of estimation 
 

The procedure of the experiments to validate the 
Hypothesis 1 is as follows.  

 
 Step 1: Select a case from the case repository 

as a new project.  
 Step 2: Retrieve the process from the other 29 

cases using our approach for the given case. 
 Step 3: Retrieve the most similar process by 

comparing the process of the given case to 
each process in the other 29 cases. 

 Step 4: Compare the retrieved processes.  
 Step 5: Repeat Step 1 to 4 for all other cases. 

 
The result of comparing the experiment is 

summarized in Table 2. In the column of the table, 
modification rate represents the ratio of difference in 



Steps between the process of the test case and the 
retrieved process. It is calculated from the following 
formula. 

 

(1)

 
In (1), T represents the process of the test case, and 

R represents the process of the retrieved case. In the 
case that resulted processes are more than one, the 
modification rate is averaged. 
 

Table 2. Results from comparing the retrieved 
case by our method to the actual similar 

process  

Test 
Case 
# 

The most similar 
process 

Our method 

Selected  
Case # 

Modifica
-tion rate 

Selected  
Case # 

Modifica-
tion rate 

 1 2 9.2%  2 9.2% 
 2 3 5.5%  3 5.5% 
 3 2 5.2%  2 5.2% 
 4 29 11.3%  29 11.3% 
 5 19 14.0%  19 14.0% 
 6 21,26 4.1%  26 4.1% 
 7 21 9.3%  23 10.2% 
 8 17 3.7%  17 3.7% 
 9 19 12.6%  19 12.6% 
 10 22,27 0.0%  27 0.0% 
 11 12 3.1%  12 3.1% 
 12 11 3.1%  11 3.1% 
 13 26 6.4%  24 8.0% 
 14 15 13.5%  15 13.5% 
 15 23 4.6%  23 4.6% 
 16 28 0.8%  28 0.8% 
 17 8 3.9%  8 3.9%
 18 17,20 4.7%  22,26 17.3% 
 19 8 10.2%  9 13.6% 
 20 18 4.5%  8 5.3% 
 21 6 3.9%  28 5.5% 
 22 10,27 0.0%  26 3.4% 
 23 15 4.6%  15 4.6% 
 24 10,22,26,27 1.7%  10 1.7% 
 25 30 0.0%  30 0.0% 
 26 24 1.7%  22 3.4% 
 27 10,22 0.0%  10 0.0% 
 28 16 0.8%  24 4.0% 
 29 4 12.3%  4 12.3% 
 30 25 0.0%  25 0.0% 
Total  5.2%  6.1% 

 
In the results, our approach finds the best cases in 

70% of cases (21 out of 30). On average, the process 
retrieved by our approach only requires additional 
modifications of 0.9%, regarding to entire Steps in the 
process of the given case. Since we utilize only limited 

information that can be obtained before tailoring, we 
can conclude that the results from our method are very 
promising.  

 
6.2. Comparing with the other approach 
 

In this section, we compare the results of our 
method to one of the typical factor-matching method 
[4]. The procedure is same to the previous experiment. 

The results are described in Table 3. In the results, 
our approach outperforms the factor-matching 
approach in 87% of cases (26 out of 30). Even in other 
cases, the results from the factor-matching method are 
not better than the results from ours. 

 

Table 3. Results from comparing our method 
to the factor-matching method 

Test 
Case 
# 

Factor-matching 
method 

Our method 

Selected  
Case # 

Modifica-
tion rate 

Selected  
Case # 

Modifica-
tion rate 

 1  2 9.2%  2 9.2% 
 2  1 10.0%  3 5.5% 
 3  2, 6 12.1%  2 5.2% 
 4  5 15.5%  29 11.3% 
 5  4,8 18.7%  19 14.0% 
 6  2,12,15,23 17.4%  26 4.1% 
 7  16,19 22.0%  23 10.2% 
 8  5,17,19 13.4%  17 3.7% 
 9  2,8 26.4%  19 12.6% 
 10  13 10.3%  27 0.0% 
 11  12 3.1%  12 3.1% 
 12  11 3.1%  11 3.1% 
 13  12 13.6%  24 8.0% 
 14  1 16.7%  15 13.5% 
 15  6,23,29 15.6%  23 4.6% 
 16  7,27 9.3%  28 0.8% 
 17  19 14.0%  8 3.9% 
 18  1,22 13.4%  22,26 17.3% 
 19  17 12.2%  9 13.6% 
 20  16 15.0%  8 5.3% 
 21  28,30 18.1%  28 5.5% 
 22  18 10.3%  26 3.4% 
 23  6,15,29 14.5%  15 4.6% 
 24  30 29.4%  10 1.7% 
 25  30 0.0%  30 0.0% 
 26  12,27 7.3%  22 3.4% 
 27  11,16,26 6.6%  10 0.0% 
 28  21 5.6%  24 4.0% 
 29  15,23 18.8%  4 12.3% 
 30  24,25 11.7%  25 0.0% 
Total  13.1%  6.1% 
 
Further, we statistically analyzed the result above 

using paired t-test. According to the result of the paired 
t-test, the p-value is 5.07E-07. Thus, it is statistically 



proven that our method significantly outperforms the 
factor-matching method at the 1% level of significance.  

 
6.3. Threats to validity 
 

In these experiments, we used artificial cases 
designed by authors. Therefore, a question may be 
raised about the validity of the experiments.  

Generally, it’s very hard to get performed processes 
due to the security problem. Moreover, a number of 
processes complying one standard process are needed 
for these experiments. Therefore, we designed the 
cases by tailoring the standard process with preserving 
the characteristics of project environment. Instead of 
obtaining the performed process data, we could obtain 
the standard process, real project descriptions with 
process classification information and tailoring 
guidelines from the Korean armed forces. Based on 
this information, we designed 30 cases and performed 
internal reviews about the designed cases. 

 
7. Conclusion 
 

In this paper, we proposed an approach to retrieving 
the most similar case for the knowledge-based software 
process tailoring based on structural similarity. In our 
approach, we define the similarity as the degree that 
process elements in a past case are applicable to a new 
project. The applicability of process elements is 
determined by tailoring rules, and the difference 
between applicable process elements and not 
applicable process elements is used for the similarity 
value. By retrieving the similar case based on the 
structural similarity, the process in the retrieved case is 
ensured to be tailored to a new project with fewer 
modifications. 

For the future work, we will devise a method to 
support entire knowledge-based process tailoring based 
on the case retrieval method introduced in this paper. 
Also, we are planning to develop a system to manage 
processes and tailoring rules and to automate the 
process tailoring. 
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